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Preface

HE roots of this book reach back to my undergraduate vs as
Tenginecring student. In those days, engincers seemed uninterestec
in comprehending the order in the technological world. An exception wa
the course of study in electrical engineering. The solution ol problems it
this field demanded an ability to see relationships, use mathematics im
aginatively, and draw on generalizations. Especially satisfying was a course
in electric power plant design taught by Professor Frederick Morse, whe
had the intellectual strength to use elegant electrical science in solving
problems within a context of economic. political, and geographical factors
He solved not by excluding variables but by bringing to bear powerful and
complex analysis and order.

Despite some disappointment in the way engineering was taught, I never
gave up the search for traces of order in man-made complexities. In grad
uate school I wurned to history and continued the search for expressions
however tremulous, of man's constructive power in a chaotic world. I sough
the patterns that some engineers had imposed in the past on the material
world. These were the engineers who, in the words of their nincteenth.
century biographer Samuel Smiles, “were strong-minded, resolute, and
ingenious,” and who were “impelled to their special pursuits by the force
of their constructive instincts.”

My historian-mentors, Oron J. Hale and Julian Bishko. sought patterns
in political, economic. and diplomatic history. They delighted in finding
coherence in Bismarck's foreign policy or in the seasonal rhythms and
geographical migrations of the mesta in medieval Spain. I sought the ccon-
omy, cfficiency, and system imposed by inventors, engincers, managers,
and entreprencurs of technological change. Early on I found that the most
impressive of the patterns imposed on the world by men impelled by the
force of constructive instincts were systems, coherent structires comprised
of interacting, interconnected components that ranged from relatively sim-
ple machines to regional electric supply networks. Complex systems became
my unit of study.

‘This study of systems has been in progress for more than a decade.
‘Therefore, it has been conceived, rescarched, and written within the con-
text of rapidly changing perspectives on, and assumptions abont, the nature
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of history, especially the history of technology. Initially, the essential prob-
lem seemed to be to delineate a history of evolving ideas and the artifacts
that gave the ideas material representation. The history of a given machine
or process was often written, then, without reference to context. 1 found
that there was interest in the impact of technology on society, but that with
rare exceptions the impact of society, or culture, on the shape of technology
had been virtually ignored. Dissatisfied with the internalist’s approach, 1
turned to an exploration of a broad range of factors, events, institutions,
men, and women involved in complex networks of power—technical, eco-
nomic, political, and social. My exploration of the cultural context was
reinforced when 1 became a member of a history of science department
that used the contextual approach.

As my study of the history of technology continued, I found not only
that technological systems in context were the units for study, but also that
the history of these systems extended beyond national borders. A study of
U.S. electric light and power systems alone would not do. Causal links are
no respecters of political boundaries. I discovered that inventors, engineers,
and managers often drew on foreign technologies—even went abroad in
search of them—as they pursued solutions to their problems. I found that
the newworks of evolving technologies often linked Germany with the United
States because both were industrializing rapidly, and that England often
provided a contrast to events and trends observed in the other two coun-
tries. (Limitations of time, resources, and language prevented exploration
of the sources pertaining to France, ltaly, Sweden, the Benelux countries,
Russia, Japan, and other industrializing regions of the world.)

In time I found that a comparative approach linking three national areas
needed to be modified. In fact, the interaction between region and tech-
nology was more notable than that between nation and technology. Influ-
ences at the national level, such as legislation, affected evolving technolog-
ical systems, but local geographical factors, both natural and man-made,
were more direct and discernible determinants of the shape of the systems.
Stated differently, the factor endowments shaping electric power systems
were more regional than national.

Taking the comparative approach was made more manageable by the
decision to focus on decisions made by i s. engi S, gers, and
financiers who were system builders. This emphasis on the inner workings
of electric supply systems and the dynamics of their growth did not, how-
ever, produce a study that is of interest only to professionals presiding over
technological change. Consumers of technology can more effectively influ-
ence the output of technological systems if they, too, understand the func-
tioning of systems and the nature of the critical decisions made by those
who direct them.

As a historian traditionally trained, I am reluctant to suggest a definitive
model for the evolution of electric power systems. Nevertheless, I have
proposed a loosely structured model because the history 1 explored was
rqoslly' untouched. and I want to provide some landmarks by which other
historians can chart their explorations. | expect my findings to be revised,
my map to be redrawn, and my themes to be redefined as the archives are
explored far more thoroughly in the future. I also anticipate that historians




x1

PREFACE

who reflect on the same material that I have used will find different pat-
terns.

Those to whom 1 wish to ack ledge my indebted for assi e,
encouragement, and support are numerous. Persons who read and com-
mented on chapters or sections of the book are Wayne Astley, James Beard,
Robert Belfield, Richard Bettinger, John Brainerd, James Brittain, Harvey
Brooks, Bernard Carlson, Alfred Chandler, Robert Friedel, Leslie Hannah,
John Heilbron, Richard Hore, Samuel Insull, Jr., Paul Israel, Daniel Kevles,
Wilmer Kleinbach, Forrest McDonald, Judith McGaw, John A. Maneatis,
Merritt Roe Smith, John Staudenmaier, Rosemary Stevens, Edmund Todd,
George Vanderslice, W. C. Watson, and George Wise.

Those who have aided me in researching and illustrating the book include
Arthur Abel, Brian Bowers, Kathleen Bramley, J. Church, William Clough,
Field Curry, Dorothy Ellison, Ted Fedder, Bernard Finn, Hugh Gibb, Janet
Halder, Barhara Kelly, Reese Jenkins, Kurt Mauel, Lynn Nyhart, Corwin
Overton, Ruth Pengel, Samuel Sass, Fred Schoch, Ruth Shoewalker, Pa-
tricia Sikes, Helen Slotkin, C. J. Somers, E. Symons, Diane Taylor, F. Thoma,
Rudolf von Miller, Sigfrid von Weiher, Richmond Williams; students in
my seminars at the University of Pennsylvania; and Agatha H. and Lucian
P. Hughes.

For typing and for editorial suggestions, I am appreciative of the excellent
craftsmanship and careful attention to detail of Eleanore Kurtz. Also in-
volved in the typing of the manuscript were my friends in the office of the
University of Pennsylvania's Department of the History and Sociology of
Science, Marthenia Perrin, Sylvia Dreyfuss, and Pat Johnson.

For their advice and encouragement throughout the publication process,
I am indebted to Jack Goellner, Jim Johnston, Henry Tom, Lisa Mirski,
Susan Fillion, and especially my editor, Penny Moudrianakis, all of The
Johns Hopkins University Press. Ellen Koch of the University of Pennsyl-
vania assisted expertly in the preparation of the index.

Grants in support of my research and writing were awarded by the
American Council of Learned Societies, the American Philosophical Soci-
ety, the Center for Interdisciplinary Research at the University of Bielefeld,
the Fulbright Commission, the John M. Glenn Fund of Washington and
Lee University, the Institute of Electrical and Electronics Engineers, the
Massachusetts Institute of Technology, the National Science Foundation,
the Research Council of the University Center in Virginia, The Rockefeller
Foundation, the Smithsonian Institution, the Social Science Research Coun-
cil, the Southern Fellowship Fund, Southern Methodist University, and the
University of Pennsylvania.

Dr. Bern Dibner, a connoisseur of books, science, and history, generously
supported my endeavor to make this book an aesthetic as well as scholarly
statement.
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CHAPTER 1

Introduction

F THE great construction PI'OJCC[S of the last century, none has been

more impressive in its ic, and ific aspects,
none has been more influential in its social effects, and none has engaged
more thoroughly our constructive instincts and capabilities than the electric
power system. A great network of power lines which will forever order the
way in which we live is now superimposed on the industrial world. Inven-
tors, engineers, managers, and entrepreneurs have ordered the man-made
world with this energy network. The half-century from 1880 to 1930 con-
stituted the formative years of the history of electric supply systems, and
from a smdy of these years one can perceive the ordering,
coordi and izing nature of modern human societies. Electric
power syslems demanded of their designers, operators, and managers a
feel for the purposeful manipulation of things, intellect for the rational
analysis of their nature and dynamics, and an ability to deal with the messy
economic, political, and social vitality of the production systems that em-
body the complex objectives of modern men and women. Robert Venturi,
the contemporary architect, has asked architects to embrace the complexity
and contradictions of the modern world and to make of that world a
habitable environment.! Leading engineers and managers have also rec-
ognized that their drive for order must be tempered by tolerance of messy
vitality. Modern electric systems have the heterogeneity of form and func-
tion that make possible the encompassing complexity.

Man’s making of the complex modern world is an appropriate subject
for the twenticth-century historian. Creation of the material environment
shaped by—and shaping—mankind is not a peripheral subject that can be
left to narrow specialists. To direct ion today to technological affairs
is to focus on a concern that is as central now as nation building and
constitution making were a century ago. Technological all i
rich texture of technical matters, scientific laws, economic principles, po-
litical forces, and social concerns. The historian must take the broad per-
spective to get to the root of things and to sce the patterns. Scientists and

' Robert Venturi, Complexity and Contradiction in Architecture (New York: The Museum of
Modern Art, 1966), pp. 22-23.
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engineers analyze the technical systems they huildt but historians are needed
to comprehend the complex, multifaceted relations of thesc systems and
the changes that take place in them over time.?

For historians, the study of complexity and change is engaging. Edward
Gibbon sat in the ruins of the Capitol in Rome and reflected on the contrast
between what he saw before him and the earlier glory that was Rome. Upon
seeing drums of oil being unloaded from an American ship in an African
port, the American scholar Perry Miller asked how a civilization as new as
the American one could already be exporting the products of its technology
to remote areas of the world that had been settled centuries earlier. Other
historians, taking bareboned statistics from widely separated times, have
sought to explain quantitative change by means of qualitative analysis. The
drama of change provides the historian with an emphasis that sets him or
her apart from the social scientist, who often dissects situations without
including a time dimension.

How did the small, intercity lighting systems of the 1880s evolve into the
regional power systems of the 1920s? In this case, the change is not the
decline that fascinated Gibbon; it is the expansion that attracted Miller.
The focus is not on contrasting data; it is on contrasting physical config-
urations. The problem of this book is to explain the change in configuration
of electric power systems during the half-century between 1880 and 1930.
Such change can be displayed in network diagrams (see Fig. I.1), but the
effort to explain the change involves consideration of many fields of human
activity, including the technical, the scientific, the economic, the political,
and the organizational. This is because power systems are cultural artifacts.

Electric power systems embody the physical, intellectual, and symbolic
resources of the society that constructs them. Therefore, in explaining
changes in the configuration of power systems, the historian must examine
the changing resources and aspirations of organizations, groups, and in-
dividuals. Electric power systems made in different societies—as well as in
different times—involve certain basic technical components and connec-
tions, but variations in the basic essentials often reveal variations in re-
sources, traditions, political arrangements, and economic practices from
one society to another and from one time to another. In a sense, electric
power systems, like so much other technology, are both causes and effects
of social change.

waer systems reflect and influence the context, but they also develop
an lr'uernal dynamic. Therefore, the history of evolving power systems
requires attention not only to the forces at work within a given context but
to the internal dy ics of a developing technological system as well. This
book is not simply a history of the external factors that shape technology,
nor is it only a history of the internal dynamics of technology:; it is a history
of technology and society.

Scientists have done much to cnlighten us about the nature of dynamics
of the structures of the natural world, but historians have as yet only barely

*In his essays, Harvey Brooks, a scientist and engineer, addresses the muhifaceted com-
plexity of contemporary technosocial sysiems. See, for example, Brooks, “A Framework for

Science and Technology Policy.” IEEE Transacts mework |
no. 5 (1972): 584-88. ’ actions on Systems, Man, and Cybernetics, SMC-2.



FIGURE 1.I. THE CONFIGURATION OF EVOLVING SYSTEMS: INNER CITY (1885); CENTRALIZED URBAN (1906); AND
REGIONAL (1930)

Distribution system, Berlin, 1885. From Matschoss et al., 50
Jahre, p. 13.
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Distribution system, Chicago, 1906. Courtesy of Commonwalth Edison Co., Chi-
cago, Ill.
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Transmission system from the Dulch border to Switzerland, 1930. From Koepchen,
“Das RWE" (see Chapter XIV, note 17, below).
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INTRODUCTION

penetrated the surface of the highly organized and evolving systems of the
man-made world. Historians interested in technology have written only a
few monographs that concentrate on the evolution of the massive, exten-
sive, vertically integrated production systems ol' lhc modern industrial world.
Although the public senses the strong org: g forces that o d in
these systems and that today influence their Ilves they only dlmly perceive
the nature of these forces. The technological, or man-made, world awaits
a Darwin to explicate the origins and dynamics of the forces that pervade
it. Quoting Paul Valéry, historian Marc Bloch chides traditional historians
for not taking up the task of explicating “the conquest of the earth” by
electricity, one of those notable phenomena that have “greater possibilities
of shaping our immediate future than all the political events combined.™
How might the technological systems that increasingly structure our ma-
terial environment—specifically, electric power systems—be defined? Be-
cause these systems have varied over time and from place to place, the
historian's definition cannot be as precise as the scientist’s. Ludwig von
Bertalanffy, one of the most articulate of systems theorists, needed a book,
not a paragraph, to define “system.™ Thus, an inadequate approximation
must serve here as an introduction to the concept of systems. Some char-
acteristics of systems are so general that they transcend time and place. A
system is constituted of related parts or These
are connected by a network, or structure, which for the student of systems
may be of more interest than the components. The interconnected com-
ponents of technical systems are often centrally controlled, and usually the
limits of the system are established by the extent of this control. Controls
are exercised in order to optimize the system’s performance and to direct
the system toward the achievement of goals. The goal of an electric pro-
duction system, for example, is to transform available energy supply, or
input, into desired output, or d d. Because the comp are related
by the network of interconnections, the state, or activity, of cne component
influences the state, or activity, of other components in the system. The

3Marc Bloch, The Historian’s Craft (New York: Knopf, 1959), p. 66.

* Ludwig von Bertalanffy, General System Theory: Foundations, Development, Applications (New
York: Braziller, 1968). The literature on systems in general is extensive, and even a selected
bibliography is beyond the scope of—and inappropriate for—a history of a particular kind
of system. The interested reader might first consult the bibliography in Bertalanffy's General
System Theory and the article by Talcott Parsons, “Social Systems,” in Encyclopedia of the Social
Sciences, 1968, 15: 458-72. More specific as an introduction 10 technological systems is Ganter
Ropohl, Eine der Technik: Zur g der Technologie (Munich and
Vienna: Hanser, 1979), which has an extensive bibliography.

In 1978, Bertrand Gille, the French historian of technology, published an extensive historical
survey in which he used a systems model of the developiment of technology to place the history
of technology in the context of gencral history. His model involved technology as structures,
technical ensembles, and technical concatenations. These correspond roughly o machines.

processes, and civil works [ ion, and trans-
portation systems (ensembles); and such :ym-ms d vertically and i
general p or output Gille used the model to range over human

istory and explain technical progress. I am indebted to Professor Cecil Smith for sharing
his unpublished English translation (1981) of Bertrand Gille's “A Systems History of Tech-
nology" (Histoire des techniques [Paris: Gallimard, 1978]). Gille's model was brought 1o my
attention after | completed my manuscript, but I find no cause to revise my own model, which
interprets a relatively circumscribed case history in fine detail.
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network provides a distinctive configuration for the system. For example,
a system can have its components arranged vertically or horizontally.

According to widespread usage, a horizontally arranged system inter-
connects components of the same kind or function, though not necessarily
of the same magnitude, while a vertical system interconnects components
joined in a functional chain. For example, an electrical system of the hor-
izontal kind combines power plants under central control, while a pro-
duction system of the vertical kind might link a coal mine to an electric
power plant through a central control facility coordinating the supply of
coal and the output of electricity. Systems are also arranged hierarchically,
with small systems yielding to the overriding control of a large encom-
passing system. Systems also interact with one another through the coor-
dination of semiautonomous controls, but without yielding to an overriding
control. Although it is customary to deline systems as technical, economic,
political, or social, the centralization of at least a loose control over systems
of these different kinds makes possible the conceptualization of sociotech-
nical systems and the like.

Those parts of the world that are not subject to a system’s control, but
that influence the system, are called the environment. A sector of the
environment can be incorporated into a system by bringing it under system
control. An open system is one that is subject to influences from the en-
vironment; a closed system is its own sweet beast, and the final state can
be predicted from the initial condition and the internal dynamic. Some
systems are planned to their full extent, while others grow by increments
and by confluence with other systems over time. Al of the kinds and
conditions of systems noted in this abstract definition will be illustrated and
described in detail in the history that follows.®

Usually in this study, “system™ refers to a technical system, such as an
electric tr ission system. S i reference is, as noted, to a system
with interacting components, some of which are not technical. Centrally
directed, interacting institutions and technical components comprise such
a system. On occasions, however, the concept of system is used much more
loosely. “System" then means interacting components of different kinds,
such as the technical and the institutional, as well as different values; such
asystem is neither centrally controlled nor directed toward a clearly defined
goal. This usage is similar to that of the historian who writes of a system
of nation-states. Such a loosely structured system is similar to the concept
embodied in “syndrome.” All of the systems, it is important to stress, share
the characteristic of interconnectedness—i.e., a change in one component
impacts on the other components of the system.

* An interesting discussion of clectrical systems and their management is found by Georg
Boll, g un, bundbetriebs in der deutschen Elehtrizitatswirtschaft bis zum
europdischen Verbund (Frankfort on the Main: VWEW, 1969), pp. 13-15. Articles on inter-
connections and clectric systems were freq bli in technical periodicals during
the fatter half of the period covered by the present study, and many are cited in the various
chapters of this baok. More recent helpful discussions of electrical systems include: Hans
Glavitsch, "Computer Control of Electric-Power Systems,” Scientific American, November 1974,
pP. 34-44; Wallace Brand, “Northeast Electric Bulk Power Supply, Public Utlities Fortnightly,
9 June 1966, pp. 65-88; and U.S., Federal Power Commission, The 1970 National Power Survey,
pts. |- (Washington, D.C.: GPO. 1971\
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Electric power systems of the technical kind consist of power generation,
transformation, control, and utilization components and power transmis-
sion and distribution networks. (The primary distinction between trans-
mission and d:slnbuuon is the greater distance covered, and therefore the
higher i ge used, in ission.) During the half-century
1880-1930, power g on included coupled prime movers
such as reciprocating steam engmcs and steam and water turbines. Various
types of generators were coupled to the prime movers. Transformers be-
came the principal modc of changing the characteristics of electric supply
during transmission and distribution. Energy utilization components in-
cluded lamps, motors, both stati y and traction ing), and heating
and electrochemical devices. The system incorporated a multitude of ap-
plications (see Fig. 1.3). Power transmission increased in extent from a few
city blocks to regions comprising tens of thousands of square miles. Power
distribution networks carrled the electric supply from the transmission
network to the power utili hinery and li Control com-
ponents regulated the supply system in accordance with established stand-
ards such as voltage and [requency and directed the system for optimum
performance as measured by goals, including efficiency and economy. The
most difficult challenge in defining an electric supply system arises at the
extreme supply and demand ends of the system. For instance, should the
mechanical prime mover be included in the definition of a system? Should
the various loads be included, considering that they were usually outside
the control of the system? In this study the prime movers have been in-
cluded in the definition of the system because the inventors, engineers,
and industrial scientists treated them as such and because the characteristics
of the prime mover were coordinated with the other components of the
electric system. Furthermore, the prime movers were under the syslem“
control. The invention and development of motors have been lrealed in

motors to those of the electric supply system. Such complications will be
clarified by historical example.

The rationale for undertaking this study of electric power systems was
the assumption that the history of all large-scale technology—not only power
systems—can be studied effectively as a history of systems. It is hoped,
therefore, that this history of a particular kind of system will be of some
assistance to other historians who wish to study other systems. The as-
sumption of similarity is based in part on an analysis of studies of large
systems by other historians who have used the concept of the system to
organize, analyze, and draw conclusions from disparate matcrials.”

*1n another source, | have discussed at some length the usc of the systems approach by
Lynn White, Jr., Medieval Technology and Social Change (New York: Oxford University Press,
1962); Karl Marx, Capital: A Critique of Political Economy, ed. Fricdrich Engels, 3 vols. (Chicago:
Kerr, 1932-33); and Alfred D. Chandler, Jr.. The Visible Hand: The Managerial Revolution
American Business (Cambridge, Mass.: Harvard University Press, 1977). See Thomas P. Hughes,
“The Order of the Technological World." in History of Technology, 1980, ed. A. Rupert Hall
and Norman Smith (London: Manscll, 1980), pp. 1-16.

Among recent books in which other historians discuss technology as systems are Hugh
Aitken, Syntony and Spark: The Origins of Radio (New York: Wiley, 1976); Edward W. Consta
11, The Origins of the Turbojet Revolution (Baltimore: The Johns Hopkins Unveraity Press, 1980);
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Figure 1.3, Unwwersal supply system,
Berlin, c. 1930. from Matschass et al., 50
Jabre, p. 90.
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John Enos, Petroleum Progress and Profits: A History of Process Innovation (Cambridge, Mass.:
M.LT. Press, 1962); Louis C. Hunter, Steamboats on the Western Rivers: An Economic and Tech-
nological History (Cambridge, Mass.: Harvard University Press, 1949); idem, Waterpower: A
History of Industrial Power in the United States, 1780-1930 (Charlouesville: University Press of
Virginia, 1979); Arthur Johnson, The Development of American Petroleum Pipelines: A Study in
Private Enterprise and Public Policy (Ithaca, N.Y.: Cornell University Press, 1956); David Landes,
The Unbound Prometheus: Technological Change and Industrial Development in Western Europe from
1750 to the Present (Cambridge: At the University Press, 1972); Otto Mayr, Feedback Mechanisms
in the Historical Collections of the National Museum of History and Technology (Washington, D.C.:
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Key to Figure 1.3. Trandation of terms

INTRODUCTION

GERMAN

ENGLISH

Steinkohlen-Grube

Hard.coal mne

Braunkohle-Feld Brown-coal open-face mine
Kohlenkahn Coal barge

Stadtbahn Cuty raihway

Fernkraftwerk Drstant power station
Grossraum-Giiterwagen Long-dwtance coal transport
Fernleitung Long-distance transmussion lines
BEWAG-Kraftwerk Berlin power station
Abspannwerk Step-down transformer station
Drehstrom Polyphase current

Glechstrom Durect current

Stiitzpunkt Distribution center

Sonstige Hochspannungs-Abnehmer
Grosy-Lichtverbrauch
Gross-Industne

Untergrundbahn

Netustatton

Transformatoren-Siule
Bahn-Umformwerk

Licht-u. Kraft-Unformuwerk

Special high-voltage consumer

Large-scale light consumer

Heavy mdustry

Subway

Duspatching center

Dustribution transformer

Motor-generator converter
(traction load)

Motor-generator converter
(light and power load)

Strassenbahn Streetear

Elektr. Transportmuttel Electric truck

Kiiche Kitchen appliances

Haushalt Household appliance

Bad Hot water

Schaufenster Display window

Strasse Street lighting

Kleingewerbe Commercial consumer

Handwerk Craftsman

The emphasis on, and deli of, technological systems by histol

and social scientists: the drive of inventors, engineers, appliers of
managers, and financiers to create systems;” and the obvious systematic
character of electric power systems have all stimulated the orga !
this study as a history of systems. The study is complex because it is

Smithsonian Insti

nion, 1971); Bruce Mazlish, ed., The Railroad and the Space Program: An
i M.LT. Press, 1965); Morison, Men,
. Press, 1966): Nath

growth and iechuological change in the chemiical industry as periodized and organized by 1.
F. Haber in The Chemical Industry, 1900-1930 (Oxford: Clarendon Press, 1971).
?One such inventor and engincer, Elmer Sperry (1860-1930), devoted a lifeti

for these sysiems has influcuced my own concepts of techuological systems. Sce Fhomas P.
Hughes, Elmer Sperry, Inventor and Engineer (Baltimore: The Johns opkins Press, 1971).




FIGURE 1.4. GROWTH OF AN ELECTRIC LIGHT AND POWER SYSTEM IN PENNSYLVANIA. FROM PP&L. HISTORY. /' xx.
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comparative one involving developments in three different countries over
a period of filty years. The problem of organization was further compli-
ted by the necessity of selecting representative power systems from dif-
ferent regions for different phases of the history. ‘There were thousands
dependent utility systems 1o choose from. An explanation of each
selection will be given in the body of the text: here the overall structure of
the history will be outlined.

Although the electric power systems described herein were introduced
in different places and reached their plateaus of development at different
times, they are related to one another by the overall model of system
evolution that structures this study at the most general level. The model
has phases, and dominant characteristics are shown to emerge during each;
in addition, the model identifies the particular capabilities and interests of
the professionals who presided over system growth in cach of the phases.
In the first phase. the invention and development of a system are consid-
ered. The professionals playing a predomi role during this phase are
inventor-entrepreneurs, who differ from ordinary inventors in that the
former preside over a process which extends from the inventive idea through
development to the time when the invented system is ready to be used.
Engineers, managers, and financiers also are involved in this first stage,
but they do not preside over the system's growth until later phases.

The second phase ol the model directs attention to the process of tech-
nology transfer from one region and society to another. The transfer of
the Edison electric system from New York City to Berlin and London is a
case in point. The sites are specific, but general observations about the
transfer process can be made. During this phase the agents of change are
numerous; they include inventors, entrepreneurs, organizers of enter-
prises, and financiers.

The essential characteristic of the third phase of the model is system
growth. As noted carlier, the historian is responsible for analyzing growth,
and analyzing the growth of systems is a particularly interesting and difficult
challenge. The method of growth analysis used in this study involves reverse
salients and critical problems. Because the study unit is a system, the his-
torian finds reverse salients arising in the dynamics of the system during
the uneven growth of its components and hence of the overall network.
In labeling such areas of imbalance “reverse salients,” the author has bor-
rowed from military historians, who delineate those sections of an ad-
vancing line, or [ront, that have fallen back as “reverse salients.” The met-
aphor is appropriate because an advancing military front exhibits many of
the irregularities and unpredictable qualities of an evolving technological
system. In the case of a technological system, inventors, engincers, and
other professionals dedicate their creative and constructive powers to cor-
recting reverse salients so that the system can function optimally and fulfilf
system goals.

Having identified the reversc salients, the system tenders can then ana-
lyze them as a series of critical problems. Defining reverse salients as critical
problems is the essence of the creative process. An inventor or applier of
science transforms an amorphous challenge—the backwardness of a sys-
tem—into a set of problems that are believed to be solvable. Engineers in
particular are known for their ability to define solvable problems. The

of
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inventor's or engineer's confidence that the reverse salient can be corrected
increases dramatically once the problems are defined, because the articu-
lation of a problem often implies its solution.

When engineers correct reverse salients by solving critical problems, the
system usually grows if there is adequate demand for its product. On
occasion, however, a critical problem cannot be solved. For instance, the
first of the major types of electric systems, direct current, had a reverse
salient in that it was uneconomical to transmit. Despite precise definitions
of the problem, the direct-current inventors and engineers could not in
the 1880s find a solution. As a result, other inventors found a solution
outside the d.c. system, and for a time the two systems were in conflict.
After a compromise was worked out, the two systems existed in a comple-
mentary way until the newer system became the dominant one. Thus, this
study offers an explanation not only of the evolution of systems as reverse
salients are identified and solved, but also of the occasional emergence of
new systems out of the failure to solve critical problems in the context of
the old.

As a system grows, it acquires momentum. The fourth phase of the system
model is characterized by substantial momentum. A system with substantial
momentum has mass, velocity, and direction. In the case of technological
systems, as defined in this study, the mass consists of machines, devices,
structures, and other physical artifacts in which considerable capital has
been invested. The momentum also arises from the involvement of persons
whose professional skills are parucularly apphcable to the system. Business
concerns, government agencies, profe societies, educational insti-
tutions, and other organizations that shape and are shaped by the technical
core of the system also add to the momentum. Taken together, the organ-
izations involved in the system can be spoken of as the system’s culture. A
system with such mass usually has a perceptible rate of growth or velocity.
Often the rate accelerates. A system usually has a direction, or goals. The
definition of goals is more important for a young system than for an old
one, in which momentum provides an inertia of directed motion.

In the case of electric power systems. the institutions that presided over
and were influenced by them most directly were the utilities, both public
and private. From about 1890 until World War 1, the major electric power
utilities in the United States, Germany, and England concentrated on sup-
plying the most heavily populated and industrialized urban centers. The
decisions made by the utilities’ managers during this penod shaped the
characler of the systems more obviously than did the deci of i ]
and engi s, whose solutions to cnuc:ll bl of a technical kind had
cleared the way for growth through the crealion of a universal system of
supply. With increasing frequency during the two decades before the Great
War, the utilities found themselves confronting other institutional con-
tenders for authority over economic development and social change. The
tension between the utilities and political institutions such as local govern-
ments was high during this phase of systems development. In this instance,
however, a modus vivendi, if not a lasting arrangement, was found by the
contending powers. Three chapters in this study have thus been devoted
to an examination of the evolution of the electric power systems in three
major cities: Berlin, Chicago, and London.
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ELECTRICITY SUPPLY IN GREAT CITIES.
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Figure 1.5, Central stations in London, Berlin, Paris. s and rhum. « 1920, From e Gounty of London Electric Supply Co Lid., Public Inquiry
Held by the Electricity C in C ion with Ap for Gonsent for the Erection of a Power Station at Barking.
Courtesy of NESCO, Newcastle upon Tyne. England.

Despite the momentum of systems and the inertia of motion, however,
contingencies push systems in new directions. To demonstrate this phe-
nomenon, this study explores the impact of World War I on electric power

systems. The engi and gers who presided over these systems
were persuaded by political and military leaders and by public pressure to
their y drive for growth and profit and to

emphasize the cooperative production of energy. Assigning energy pro-
duction a higher priority than either profit or organizational autonomy led
to new managerial and engineering policies for the duration, and some of
these survived the war. The essential point, however, is not the particular
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instance of war as a contingent and shaping force: rather. it is the possibility
of external forces redirecting high-momentum systems.

The last phase of system history delincated by th
by a qualitative change in the nature of the reverse salients and by the rise
of financiers and c I 10 preeminence as problem solvy
Manngers played the Ieadmg role during the pl i
increase in momentum. In the newer phase, which involved pl
evolving regional systems, major reverse salicnts became essenti
lems of funding extremely large regional systems and cl
legislalivc ground. Financiers and associated consulting engincer
1 effectively to problems of this kind and scale. T'he phase was also
characterized by an mcreaszd capabnh(y on the part of engine nd man-
agers, especially I and gers, to plan new s
and the growth of old ones. In some cases planned systems were financed
by government agency entrepreneurs drawing on public funds.

This loosely structured model has been used to bring order and com-
prehensibility to the myriad events in the history of electric power sysiems.
In fact, utility systems did not evolve according to one strict pattern. Chap-
ter X1V, which describes the different styles of three mature regional s
tems, demonstrates variations. All three had the same pool ol tec hnology
to draw from, but because the geographical, cultural,
neering, and entrepreneurial character of the three regions di
power systems were appropriately varied as well (see Fig. 1.5). The concept
of style suggests that there was—and probably is—no one best way of
supplying electricity. Embodied in the different power systems of the world
is a complex variation on major themes that keeps the technology from
becoming homogeneous and dull and that provides the historian with the
challenging task of description and interpretation.

ized




CHAPTER 1II

Edison the Hedgehog:
Invention and
Development

UOTING the Greek poet Archilochus, Isaiah Berlin wrote in The

Hedgehog and the Fox: “The fox knows many things, but the hedgehog
knows one big thing.” Hedgehogs, according to Berlin, are those “who
relate everything to a single central vision, one system less or more coherent
or articulate.” Foxes, in contrast, pursue many ends, ends that are “often
unrelated and even contradictory.” Berlin counted Dante, Plato, Lucretius,
Pascal, Hegel, Dostoyevsky, Nietzsche, Ibsen, and Proust among the
hedgehogs.' Thomas Edison’s name should be added to the list?

Edison invented systems, including an electric light system that took form
as the Pearl Street generating station and distribution network of the Edison
Electric Illuminating Company of New York, now known as the Consoli-
dated Edison Company. Edison focused on one level of the process of

hnological change—i i but in order to relate everything to a
single, central vision, he had to reach out beyond his special competence
to research, develop, finance, and manage his inventions. Because of this

y building drive, he is known as an inventor-entre-

org;
preneur.®

Edison was a holistic conceptualizer and determined solver of the prob-
lems associated with the growth of systems. The history of Edison system
building, therefore, is also a history of ideas and a study of problem solving.
Edison’s concepts grew out of his need to find organizing principles that
were powerful enough to integrate and give purposeful direction to diverse
factors and components. The problems emerged as he strove to fulfill his
ultimate vision

As an inventor-entreprencur, Edison presided over the process of tech-
nological change from problem identification to innovation and technology
transfer. Creative fulfillment, however, came to him mostly from the in-

" Isaiah Berlin, The Hedgehog and the Fax: An Essay on Tolstoy's View of History (New York:
Simon & Schuster, 1959), p. 1.
. ¥ Parts of this chapter are drawn from Thomas P. Hughes, “The Electrification of America:
The System Builders,” Technology and Culture 20 (1979): 124-61

*For a lllscux.\lor} of the concept of an entreprencur as one who presides over invention,
dcvc!opl!lcnl and innovation, see Thomas P. Hughes, Elmer Sperry, Inventor and Engineer
(Baltimore: The Johns Hopkins Press, 1971), pp. 63-70, 241, 290-95.
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ventive act, not from the other phases of technological (I«\clnpmvnl He
counted his patents more than his money, at least until h
he began to look to industrialists like Henry Ford as status models. E
flourished as an inventor-entrepreneur in the kate 1870s and carly cighties,
the period when he was presiding over the invention and introduction ol
his system of electric lighting. His historical peers were other inventor-
entrepreneurs, such men as Robert Fulton, Samuel Morse, and Cyrus Hall
McCormick, who, like himself, did not rest until mmp.umm (usually those
they blished) werc ring their i . Edison formed a
number of companies to organize his invention and the introduction ol
the lighting system: a company for research and development, others for
manufacturing components, and another to preside over the operation ol
the system. In each case, he allied himself with men whose inter nd
capabilities complemented his own. Persons with legal and fiv S
perience, for instance, compensated for his lack of experience and special

I for the plexities of organization and financing. Despite their
presence, however, it was Edlson. as inventor-cntreprencur, who pulled
most of the strings of the complex system. Later in the history ol ¢lectric
lighting and power systems, other entrepreneurs—manager-entreprencurs
and financier-entrepreneurs—took center stage because the most difficult
problems blocking the growth of the system became managerial and fi-
nancial. Inventors and engineers still had roles to play in the history of the
evolving light and power systems, but the inventor-entreprencurs moved
on to other newly emerging fields of technology.

Edison’s genius lay in bis ability to direct a process involving problem
identification, solution as idea, research and development, and introduction
into use. These phases of change need to be defined, but because the
process was, and is, so complex, and because there are so many variations
on the central theme, an enc ing, general definiti suffice here.
In problem identification, an inventor perceives a situation that can be
defined as a problem. The ability to define the situation as a problem implie
that a solution is likely to be found. Experienced inventors recognize that
many situations cannot be defined as problems, because the state of the
technology, availability of funding, or some other factor is not favorable.
Idea response is the inventor's effort—active and passive (subconscious
perhaps)—to formulate concepts that will solve in his imagination his def-
inition of the problem. An imaginary device is functioning in an imagir
environment. Usually the inventor gathers information as he pursues—or
even awaits—ideas. The idea response will become an invention after the
idea has been given form. The inventive concepts of Edison and other
inventors are often, perhaps usually, visual rather than verbal or mathe-
matical. For this reason, the first expression of an idea often appear:
drawing in a notebook or on a scrap ol paper. Subsequently the ide:
given form as a mechanical and electrical device or as a chemical process.
“This invention is then brought by research and development 1o the stage
at which it can be introduced to the ket. Rescarch is an information-
galhcn ing cxcrcnsc and can be done by literature scarch or by scientific
exper D an important part of the innovation proc-
ess, often involves the redefinition of the problem, new idcas, and rescarch
as the i ion is tried in env that are increasingly like the real-
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use environment within which the innovation must function. The invention
is no longer an imaginary device functioning in the inventor’s mind. It is
important to add that the innovation process is not straightforward; it
involves backtracking to identify new subproblems, elicit additional ideas.
and make new subinventions.®

The identification of a problem by experienced inventor-entrepreneurs
like Edison usually involved bridging the gap between resources and de-
mand. The professional identified a demand, either existing or potential,
and the available resources that might fill it. The resources included avail-
able endowments such as existing technology, capital, labor, and land (nat-
ural resources). Having identified the problem of using the resources to
meet the demand. the inventor then created the technology, or the idea
for the technology. that would make the resources usable in filling the
demand. An excellent invention used the available resources efficiently and
economically to respond to the demand precisely. The less-than-excellent
invention needed to be refined to meet the demand. Not every invention
was a response to a demand, actual or anticipated, however; many that
were not demand oriented were ingenious utilizations of available re-
sources. including existing technology. The response to available endow-
ments, especially technological ones, is sometimes identified as “technolog-
ical push” in contrast to “market pull.” Edison, like so many professional
inventors, acted in response (o a combination of the two.®

Edison preferred to invent systems rather than components of other
persons’ systems. During his long career as a professional inventor-entre-
preneur, he turned to the invention of systems to such an extent that
preference for systems can be identified as a salient characteristic of his
approach. The history of several of his major inventions—the quadruplex
telegraph, the telephone, the incandescent electric lighting system, mag-
netic-ore separation, Portland cement, and the storage battery—illustrates
the spectrum of his methads.” Some of these ventures were successful,

“These definitions are developed further with illusirative examples in Thomas P. Hughes,
“Inventors: The Problems They Choose, the Ideas They Have, and the Inventions They
Make." in Tecknological Innovation: A Critical Review of Curvent Knowledge, d. P. Kelly and M.
Kranzberg (San Francisco, Calif.: San Francisco Press, 1978), pp. 168-82.

*“Fhe literature on the nawre of invention is voluminous, and much of it is written by
economic historians, sociologists. and historians of technology. Among the most useful books
arc Jacob Schmookler, Invention and Economic Growth (Gambridge, Mass.: Harvard University
Press, 1966); S. C. Gilfillan, The Sociology of Invention (Cannbridge, Mass.: M.LT. Press. 1970);
and the revised edition of Abbou P. Usher, A /istory of Mechanical Invention (Cambridge.
Mass.: Harvard University Press. 1954). An annotated listing of many articles and books on
innovation (and invention) can be found in S. 11. Cutcliffe. J. A. Mistichelli, and C. M. Roysden,
Technology and Values in American Civilizaton (Detroit, Mich.: Gale Rescarch Co.,

“Edison's inventive activities are described in detail in many bioj . the quality of
which varies greatly. The most recent are Robert Conot, A Streak of Luck (New York: Seaview
Books, 1979); Ronald W. Clark, Edison: The Man Who Made the Future (New York: Putnam,
1977); and Matthew Josephson, Fdison (New York: McGraw-1Hill, 1939). The most thorough
on technical matters and adulatory in tone are Frank L. Dyer and Thomas C. Martin, Edison:
His Life and Inventions, 2 vols. (New York: Harper & Bros., 1910); and the 1929 cdition of
that work, which was written in collaboration with William . Meadowcroft and also published
by Harper & Bros. The most intimate study of the inventor is the account by Francis Jehl,
Menlo Park Reminiscences. 3 vols. (Dearborn, Mich.: Edison Institute. 1937-41) Wvn Wach.
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some were not. Edison's method was not alwavs the same? it varied witl
time and according 1o the problem. as one would expect from a profes
sional. ‘The history of his electric lighting svstem. however, reveals the
essential characteristics of his systems approach.”

Edison is most widely known lor his invention ol the inca
but it was only one component in his electric lighting svstem and was ne
more critical to its effective functioning than the on Jumbo generator
the Edison main and lecder, or the parallel-distribution system. Othet
inventors with generators and incandescent lamps and comparable inge
nuity have been forgotien because they did not carry the process further
and introduce a system ol lighting *

Why did Edison so often choose to work on systems? 11 the inventor
created only a component, he remained dependent on others to invent o1
supply other components. The inve of components could not have the
control over innovation that Edison wanted. An apt example ol an inventor
of components, but not systems, is Joseph Swan (1828-1911), the British
inventor of the incandescent lamp. Swan’s lamps were incorporated with
components invented by others into a system, but in privite conversit
Swan acknowledged the superiority of Edison’s system.

descent bimyp

m

Swan cannot com-

horst’s Thomas Alva Edison: An American Myth (Cambridge, Mass.: M.L'T. Press, 1981
Edison the cultural hero o American valucs. Sec also the exhibit ¢

and Robert Friedel, Eduson: Lighting a Revolution (Wash ne
1979). For a brief study of Edison, see Thomas P. Hughes. Thomas Edison, Professional Inzntor
(London: HMSO., 1976).

* Biographies of Edison usually include discourses on the Edison
“Edison’s Method in lnventing” in Dyer and Edison (
considered, if not critical. G. P. Lathrop (“Talks with Edison,” ffarper Neu
80 (1889-90]: 425-35) rehearses the familiar, but adds occasional helpful it
perceive how an inventor invents. M. A. Rosanoff (“Edison in His Laboratory.”
Magazine 165 [1932]: 401-17) provides a scicni Jppmls.ll which is ot set
H. Schallenberg (“The Alkaline Storage Baery
Synthesis 1 (1972): 1-13) generalizes about the E
bauery. H. M. Paynter of M.IT. kindly provided me with a copy ol his Il
“Edison in Retrospect: Experimental Physicist and Svstems Engincer.
the American Socicty of Mechanical Engineers’ annual meeting in Det
vember 1973. | have also found helpful a paper on Edisons amethod which was prese
his son Theodore 10 the M.LT. Club of Northern New Jersey on 24 fanuary 1969 See b
Conot. Streak of Luck, pp. 455-72; and Thomas P. Hughes, “Edison’s Method, Fechnology
at the Turning Point, ¢d. William B. Pickett (San Francisco, Galil.: San Fa
pp. 5-22.

*This analysis of Edison's methad of inventing systems i
“Edison's Method," pp. §

“Sec G. P. Lowrey 1o
Archives, E:

hethod. The :I

aken in part from Hughes,

Edison, 23 October 1881, and C. Batchelor o Edion. 1 Ocober

Historic Site, West Ovange, N [ (b et ted as
of the inca W Lamp hias troubled many
clers for that priority were Thomis A Edison and Joseph
ome of the controversy has swirled aronmd
LUSwan’s Way ventive
George Wise sensibly locuses on the
tance ot Edison's systems approach
ot the cost of his sysiem were grossly
Lam indebted w0 Wise for allowing
Specorum in Aprit

ians. Among the lea
Swan (of Newcastle upon
a nebulous concept of wha
Style and the E:

invent
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pare with Edison as an inventor-entrepreneur, but his claim to have in-
vented the practical carbon-filament lamp is comparable to Edison's.
Another reason for Edison’s inclination to invent systems was more sub-
tle: he sought the stimulation for inventive ideas which comes from seeing
inad ies in some comp revealed by improvements made in others.
Imbalances among interacting components pointed up the need for ad-
ditional invention. By the time each system was ready for use, therefore,
it involved many patents. Edison, who rarely articulated his method, said
of his invention of an electric lighting system:
It was not only necessary that the lamps should give light and the dynamos gen-
erate current, but the lamps must be adapted to the current of the dynamos, and
the dynamos must be constructed (o give the character of current required by
the lamps, and likewise all parts of the system must be constructed with refer-
ence 10 all other parts, since, in one sense, all the parts form one machine, and
the connections between the parts being electrical instead of mechanical. Like
any other machine the failure of one part to cooperate properly with the other
part disorganizes the whole and renders it inoperative for the purpose intended.
The problem then that | undertook to solve was stated generally, the
production of the multifarious apparatus, methods and devices, each adapted for
use with every other, and all forming a comprehensive system.'®

S el

The interactions p structure, or g for inventive activity.
Other inventors also used the systems approach, having, like Edison, ex-
perienced its stimulating effect."!

Reflection on Edison’s method suggests that he used the systems ap-
proach in order to employ the reverse salient—ritical problems method,
but since Edison did not analyze and articulate his approach and method,
the historian must interpret the record carefully. In fact, the record shows
that other inventors and engineers used the reverse salient—critical prob-
lems method during the hall-century covered by this study; thus, attributing
that method to Edison as well does not seem a far-fetched conclusion (see
pp- 33-37 below). As noted earlier, reverse salients are obvious weak points,
or weak components, in a technology which are in need of further devel-
opment. A reverse salient is obvious, and creative imagination is not needed
to define it. As will be shown, the nondurability of experimental lamp
filaments before 1878 was a reverse salient in incandescent-tamp systems.
Edison and many others were aware of the need for inventive activities in
this area. In contrast to a reverse salient, then, the definition of critical
problems by an inventor does require creative imagination. Critical prob-
lems result from the inventor's defining the reverse salient as a problem,
or set of problems, that, when solved, will correct the reverse salient. (As
will be seen, in Edison’s work the reverse salients were often economic in
nature; the critical problems, technical.) A systems approach facilitates the
use of the reverse salient—critical problems method because reverse salients

""The quotation is taken from a photoreproduction of Edison's public testimony. The
reproduced pages are mA-mbcred 3128-34. The item is on file at the Edison Archives in a
folder labeled “Electric Light Histories Writien by ‘Iomas A. Edison for Henry Ford, 1926.”
Edison archivist A. R, Abel is unable 10 identify the original source of this iem.

v ;:_::::ssrl::nt. als:“ : ’ ir'l ional., ind inventor, i guidance and con-
i lanes prioy i i is simil i X
o tor l'Tpp 51-?3. 53~'7 . ' -I ,:g_ \:;arl;:’ '1.» ‘I.Lxs approach is similar to Edison’s. See




23

Figurell.l. Associates in the Edison
system: Francis Upton, John Kreusi, and
Charles Batchelor. Courtesy of the Edison

Archives, Edison National Historic Site,
West Orange, N.J.
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are observably weak in relationship to other system components, :

cause, as Edison himsell wrote, the impr of one comp
system will reverberate throughout the system and cause the need [or
impr in other comy; thereby enabling the entire system 1o

fulfill its goal more efficiently or economically. In other words, the systems
approach facilitated the conceptual formulation of Gestalt patterns and the
visualization of the incomplete parts of those patterns.

‘The availability of assistants with a variety of knowledge and skills also
stimulated Edison to choose problems that involved a system of compo-
nents. There were superb mechanics, electricians, chemists, glass blowers.
and other skilled persons in the Menlo Park community. After acquiring
funding for his electric lighting projectin the fall of 1878, Edison employed
additional men whose talents were particularly well suited for the project.
Of special importance among them was Francis Upton, the mathemat
and physicist. Others, however, had been at Edison’s side for years
Batchelor, for instance, was an ingenious master craftsman, dexterous
sharp-eyed, and his wide-ranging experimental techniques and me:
aptitude kept him at Edison’s right hand. Batchelor was so closely involved
with Edison in all of his work “that his absence from the laboratory is
invariably a signal for Mr. Edison to suspend labor.”'? John Kreusi, who
was in charge of the Menlo Park machine shop, also played a major role
in building the Edison system. Trained in Switzerland as a fine mechanic,
he could deftly construct Edison’s various designs from nothing more than
rough sketches and cryptic instructions. He, like Batchelor, had been with
Edison in Newark, New Jersey, before the establishment of the Menlo Park
laboratory (see Fig. 11.1).'

When the electric lighting project entered the development phasc, others
at Menlo Park worked on various components of the system. Dr. Hermann
Claudius, a former officer in the Austrian Telegraph Corps, built simu-
lations of the system with batteries for generators, fine wires for the dis-
tribution system, and resistors for the load. Francis Jehl reported that
Claudius had at his fingertips Kirchhoff's laws of conductor networks."!
The names of some of the other pioneers who made it possible for Edison
to invent and develop an entire system include John “Basic” Lawson, J. F.
O, D. A. “Doc” Haid, William J. Hammer, Edward H. Johnson, Stockton
Griffin, George and William Carman, Martin Force, and Ludwig Boehm
(see Fig. 11.2).

These varied talents were supported by a broad array of expensive ma-
chine tools, chemical apparatus, library resources, scientific instruments
and electrical equipment.'® A major reason for the establishment of lhc
Edison Electric nght Company, the patent-holding enterprise, in October
1878 was to acquire funds for addlif I lab ry equipment. The story

'* New York Herald, 21 December 1879, quoted in Jehl, Reminucences, 1: 393,

" jclll Reminiscences,
W 545.

" rm Jehl's description of the scientific instruments, sec ibid., csp. |
Friedel. director of the Center for the History of Electrical Engincering, Ins
and Electronics Engineers, has found no cvidence in the Edison record of Edise
borrowed the Sprengel pumnp. The surviving record suggests that the pump was <|m|...
al Menlo Park. Robert Fricdel, personal communication, | March 1982
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Figure 11.2. Greators of the Edison
system, Menlo Park, 1879. Back row,
right 10 left: A. “Doc” Haid (chemist);
Francis Upton (mathematician); Francis
Jehl; and Charles Batchelor (master
mechanic). Third row, third from right:
Thomas Edison. Courtesy of the Edison
Archives, Fdison National Histore Ste.
West Orange. N.J.
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(perhaps apocryphal) of Edison’s borrowing a Sprengel pump from Prince-
ton University to achieve the vacuum needed in his incandescent-bulb ex-
periments is well known. It may have led to the erroneous conclusion,
however, that Edison and Upton did not sufficiently appreciate the im-
portance of scientific instruments in experimentation, at least not enough
1o invest heavily in them. It may also have led to the equally false conclusion
that Edison’s laboratory was not as well equipped as the laboratories of
major universities. In fact, the Menlo Park laboratory probably built a
vacuum pump of the latest design. Furthermore, Menlo Park had galva-
nometers, static generators, Leyden jars, induction coils (including a
Rithmkor(f coil capable of a 20-cm. spark), batteries, and condensers.
Wooden-boxed condensers “were sirewn everywhere."” for they, along with
variabl, i e boxes, were ial apparatus for telegraphy experi-
ments.'" In addition, the laboratory was equipped with a standard ohm, a
Wheatstone bridge. ‘I'homson high- and low-resistance reflecting galva-

an astatic gal . and a Helmholtz-Gaugain tangent gal-
vanometer. Fdison's experimentation also led to the purchase of other
inventors’ and manufacturers’ apparatus, such as generators, for testing
purposes. ‘The Edison laboratory at Menlo Park was probably one of the
!)esl electrical laboratories in the world. Moreover, Edison also equipped
it, at great expense, as a chemical rescarch laboratory. The expenses and
wages for equipment and personnel were substantial. Edison reported in
January 1879, about six months afier commencing the electric lighting
project, that he had expended $35,000 on the project and that operating

'* leh), Reminiscences. |: 228-99 9r7_70
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expenses continued at the rate of about $800 each weck. By November
1879 more than $50,000 had been spent on the project.'”

There was a feedback relationship in all this. Edison assembled a com-
munity of craftsmen and applicrs of science and the tools and scientific
instruments they nceded in order to work on problems of a systemic nature,
and the presence of these men and their apparatus further stimulated him,
even constrained him, to choose to invent and develop systems. The ex-
istence of acommunity at Menlo Park and later at Edison’s larger laboratory
at West Orange, New Jersey, did, however, lead to controversy about the
significance of Edison's role and about his dependence on his staff. Francis
Jeht insisted in his Memoirs (published years later) that Edison was the
Napoleon with the master plan.'® Other historians have interpreted Edi-
son's contribution and method in light of Jehl's memoirs. As a result, Edison
emerges as the profoundly imaginative formulator of a grand design that
was fulfilled in detail by k ledgeable and skilled assi Edison even
used insights drawn from scientific law—for example, Ohm’s law—to his
own advantage. On the other hand, Jehl, in a confidential memorandum,
assigned the role of master conceptualizer to Francis Upton, the user of
science who invented ingenious solutions to technical problems.'

Upton, a young “scholar and gentl " who was nick d “Culture”
by Edison, joined Edison’s stalf at Menlo Park in December 1878 on the
recommendation of Grosvenor P. Lowrey, Edison's counsel and business
and financial adviser. He became Edison’s mathematician and phy: .
He had been educated at Phillips Andover Academy, Bowdoin College,
Princeton University, and Berlin University, where he anended lectures by
the eminent scientist Hermann von Helmholtz. Notes on Helmholtz's lec-
tures on physics during the winter semester of 1877 survive among Upton'’s
papers at the Edison Archives in West Orange, New Jersey.

The Edison who emerges in Jehl's memorandum is remarkably different
from the Edison depicted in Jehl's Reminiscences.?’ In private, Jehl described
Edison as a “pusher” who gave his financial backcrs confidence that he
would find a way to solve the problems. Jehl r ly ack ledged that
Edison was a genius, but he regarded Upton as the thinker and the con-
ceptualizer of systems. As he put

When an abnormal man can find such abnormal ways and means to make his
name known all over the world with such rocket-like swiftness, and accumulate
such wealth with such little real knowledge. a man that cannot solve a simple
equation, | say, such a man is a genius—or let us use the more popular word—a
wizard. So was Barnum! Edison is and always was a shrewd, witty business man

'? Edison to Theodore Puskas, 28 January 1879, in Letter Book E-3407, EA; Lowrey to
Edison, I3 November 1879, in folder labeled “Electric Light—General,” EA.

'® Jehl, Reminiscences, 1: 216, 362-63; 2: 852-5d.

" The memorandum is in the William Hammer Collection, Museum of Amcrican History,
Smithsonian Institution, Washington, D.C. It was enclosed in a letter from Francis Jehl to F.
R. Upton, 22 April 1913. In a note on the memorandum, Hammer wrote that ycars carlier
Jehl had written a similar letter 10 him from Budapest. | am indebted to Robert Friedel of
the Mistory Institute of the Institute of Electrical and Electronic Engineers for calling my
autention to this item.

 Jehi wrote his Reminiscences years after these events while employed at the Menlo Park
laboratory at Dearborn, Michigan, which had been restored by Henry Ford, a friend and
admirer of Edison's.
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without a soul, an electrical and mechanical jobber, who well understood how to
“whoop things up,” whose only ambition was to make money and pose as a sort
of fetich for great masses of people that possess only a popular notion of an art,
and who are always ready to yap in astonishment at some fire-work display that
is blown off for the benefit of mankind. Yellow journals and hedge-writers claim
him for their own, while the work of Upton is hidden in the lore of progressive
science and research.?!

Jehl insisted in private, as he did in his memoirs, that the work at Menlo
Park was not haphazard experimentation, but in confidence he declared
that the group’s theoretical insights came from the “proficient and eruditive
mind” of Upton. It was Upton who coached Edison about science and its
uses in solving technical problems; it was Upton who taught Edison to
comprehend the ohm, volt, and weber (ampere) and their relation to one
another.?? Upton, for instance, laid down the principles that governed the
project's commercial and economic distribution system and solved the equa-
tions that rationalized it. His tables, his use of scientific units and instru-
ments, made possible the design of the system.

Upton's interpretation of his relationship with Edison was far more ap-
preciative of Edison’s role. In a memorandum on the Edison method,
Upton portrayed Edison as the director of a research and development
laboratory.?* He stressed Edison’s power of concentration and single-minded
pursuit of an objective. Whatever lay at hand was seized upon and molded
to his purpose; occasionally, quite expensive apparatus was ruined because
it was available and could be made to serve an immediate purpose. The
expense mattered little to Edison during the heat of the quest. His power
of concentration also showed itself in his ability to follow a single line of
thought as he read through pages ol densely packed information. Edison
also impressed Upton with his talent for asking original questions. “1 can
answer questions very casily after they are asked.” Upton lamented, “but
find great trouble in framing any 10 answer.” Edison posed questions that
could be translated into hypotheses, which in turn established the strategy
and tactics of experimentation. His questions were often drawn from his
doubts about accepted explanations and procedures. According to Upton,
Edison never took anything for granted: he always doubted what others
thought possible. Sometimes the result was that he found a new way. The
questions sometimes flowed from Edison as if he had no control over his
thoughts but was intuitively penetrating to the essence of a complex and
confusing situation. While waiting for the leading questions to form in his
mind or the right experiment to present itsclf, Edison often passed the
time, Upton observed, by idly doing experiments in the general area of his
concern, which kept his attention focused on the general problem. 1f such
efforts proved fruitless, he would shift 10 another subject area and work
on another project for a time.

Upton was well versed in calculus, and Edison was notorious for his
weakness in mathematics, but the way in which Edison grasped the essence
of quantifiable relationships impressed Upton. Upton's task was to reduce

 Memorandum in Jehl to Upton, 22 April 1913, pp.10-11, Hammer Collection.
2 Ibid., p. 4.

** Folder labeled “Biographical—Upton, Francis.” item E-6285-11, EA.
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Edison’s notions to equations. Edison’s ability to find metaphors that al-
lowed hini to draw on what he knew and impose order on what he did not
know also was a gift. Upton admired the way in which Edison lormulated
general objectives, or solutions, and then worked ingeniously toward the
end in view.

Further research will not ultimately resolve the complexity and contra-
dictions in the surviving testimony ol active, ambitious men like Fdison and
his lieutenants. The relationships were as multifaceted and involuted as
Jehl's analogy of Napoleon-and-staff suggests. Pioneers like Upton en-
hanced the Edison legend; a [ like Jehl, in private, cast doubts
Among those who raised questions openly were Nikola Tesla, the inventoo
of a polyphase power system: W. K. L. Dickson, the inventor of motion
picture apparatus: and Frank J. Sprague, a pioneer in clectric traction
Their, or their advocates’, criticisms generally focus on the alleged failure
of Edison, or history, to ascribe credit due them for work done, or inven-
tions made, while they were employed by Edison. Laboratory notehooks
and other records do suggest that he was often stimulated by the il
achievements of others, inside the laboratory and out. He drew on the ideas
of others by means of literature and patent searches. It is also true that
Edison seldom singled out assistants to attribute to them particul;
ideas, but he often acknowledged their general assistance in newspaper
interviews and he gave them responsible positions in his manutacturing
enterprises.

The tangled connections and contradictory evidence can be clarified
somewhat, however, if we view the Edison group as an organic community
whose members were functionally, or systematically, related. Edison’s role
had 10 be played, as did Kreusi's, Batchelor's, and Upton’s. Jehl might Lave
been covertly jealous of the publicity given Edison. even ol his stature as
a hero, but the myth helped attract financiers who would never have sup-
ported Jehl or even Jehl's hero Upton. No doubt Edison’s immense prestige
also influenced those who were involved in patent litigation. And it is
doubtful that the others could e provided the verve and intellectual
style that gave Edison the power to inspire most of the Menlo Park com-
munity to work long hours at fever pitch. It is understandable, however,
that persons functioning effectively in a community would at times reject
the ego-constraining role the community asked them to play.

The controversy over Edison’s role is clarified somewhat when attention
is directed to the systems approach informally used in his laboratory. As
entrepreneur and manager of research and development, Edison re-
sponsible for the output of his research-and-development community. Eval-
uating him simply as an independent inventor is inappropriate. ‘The qu
tion should not be Did Edison invent? but rather How did he preside over
inventive activity? Biographers have been led astray by focusing on Edison's
patents and their priority. In truth, assigning patents to Edison was prob-
ably in many instances partially a tactical device used to take advantage of
his fame and prestige to impress potential financial backers and cven judges

nventiv

" Gordon Hendricks, The Edison Motion Picture Myth (Berkeley: University of Calilornia
Press, 1961); Harriet Sprague, Frank J. Sprague and the Eduon Myth (New York: Will
Frederick Press. 19471,
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Figure I1.3.  Eduon’s laboratory, Menlo
Park, the wnnter of 1480/81. From Insull,
Public Utilities. facmg p. 40.
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in patent litigation. Because many of his inventions were undoubtedly the
result of collective endeavors, it would have been fair to assign the patents
to several persons in the laboratory including Edison. This, however, is an
issue separate from the question of the role he played as a manager and
entrepreneur of invention and development. It is interesting to note in this
regard that the American inventor Eli Whitney has recently been described
as a manager and entrepreneur.?*

The systems Edison chose were not simply technical ones; they involved
economics as well. For example, from the start of his sustained concentra-
tion on the electric lighting project in the fall of 1878, Edison and his
laboratory assistants analyzed the costs of generating and distributing elec-
tricity. Various notebook entries, though they do not provide a chronology
and complete record of Edison’s i ive ideas and devel, activities,
show the focus of his thoughts on, for instance, the cost of operating the
Gramme and Wallace arc-light generators that were acquired for test pur-
poses.?® From the available literature, Edison and his assistants also ascer-
tained the cost of operating a JablochkofT arc-lighting system, the invention
that had created so much excitement during its display in Paris and other
European cities. Other items in the notebooks lor the early months of the
project also reveal Edison's concern about the cost of copper needed for

 See Merritt R. Smith, /arpers Ferry Armory and the New Technology (1thaca, N.Y.: Cornell
University Press, 1977); and, especially, idem, “Eli Whitney and the American System of
Manufacturing.” in Technolagy in America, ed. Carrall W. Pursell, Jr. (Cambridge, Mass.: M.LT.
Press, 1981), pp. 45-61.

™ Menlo Park Notehook no. 5 (4 December 1H78-30 January 1879), pp. 22-30. Edison's
laboratory notebooks are part of the Edison Archives on file at the Edison National Historic
Site, West Orange, N.J. Hereafter, if only one date is given for a notebook, it is for the first
dated entry in the notebook; if two dates are given. the second is for the last dated entry.
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distribution and generator wiring.?” On 8 September 1878 Edison visited
the Ansonia, Connecticut, plant of William Wallace. the br nanubac-
turer, to see his arc-light dynamo. While there, Edison made rough cal-
culations, including fuel costs and transmission losses.** He also decided
in the early days that a successful lighting system would be one that pro-
duced light at a price lower than the cost of gas.?" Spurred by his vision
of an electric lighting system that would be analogous to existing gaslight
systems, he began—in 1878, according to his own recollections—collecting

every kind of data about gas; bought all the transactions of the gas en
ing socicties, etc., all the back volumes of gas journals. Having obiained
data and investigated gas-jet distribution in New York by aciual observa
made up my mind that the problem of the subdivision of the electric current
could be solved and made commercial.*

Edison could not reduce general statements about the comparative costs

of gas lighting and electric lighting to quantitatively more precise ones until
is of

he had developed some of his inventions and made a detailed analy:
the cost of gas lighting as supplied in a particular locality. From the si
he clearly realized, however, that his system would have to be economi
competitive, and thus he conceived of the problem to be solved by invention
as inseparably technical and economic. He did not set out to invent a lighting
system the cost of which would not be considered until it was buil. As an
economic historian later observed, "From the economist’s viewpoint, the
most significant aspect of Edison's activities in electric lighting was his
concern at every step with economic factors.™' It would perhaps be more
correct to say that he defined problems as econotechnical.

Because technological change involved economic, legal, and legislative
factors as well as technical and scientific ones, Edison needed a Grosvenor
Lowrey to help him fulfill his objectives as an inventor-entrepreneur. Low-
rey guided Edison in matters involving Wall Street, New York City ]mll-
ticians, and patent applications. Edison, however, did not step back, im-
merse himself in technological and scientific problems, and leave the “politics”
1o Lowrey; the surviving correspondence shows that Edison played a prom-
inent role in the financial and political scenarios concerning his inventior

Born in Massachusetts, Lowrey took up the practice ol law in New York

' See Menlo Park Notebook no. 1 (28 November 1878-24 July 1879). sect
calculations: and Notebook no. 12 (20 December 1878), pp. 174-75, 232-33, On the
operating Jablochkoff candles, sce Notebook no. 6, p. 57.

# Christopher S. Derganc, “Thomas Edison and His Electric Lighting System.
trum, February 1979, p. 50.

™ Harold C. Passer, The Electrical 1875-1900 (Cambridge, Mass.: Narvard
University Press, 1959), p. 83.

% Testimony of Edison quoted in Thomas C. Martin, Forty Years of Edison Servuce. 1882~
1922 (New York: New York Edison Co., 1922), p. 9. Contrary to Edison’s claim that he
undertook investigation of the gaslight industry in 1878, notebook records and other original
sources show that 1o systematic research about the industry was done until the end of 1879
and during 1880, when Edison was planning his first central station in New York City. 1 am
indebied to Paul Israel of the Thomas Edison Papers Project at Rutgers University for this
information. Isracl is investigating Edison's method in the Mento Park period. Paul B. Isracl,
personal communication, 16 February 1982.

*" Passer, Electrical Manufacturers, p. 83.

ol

Spec-
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City and rose to prominence there. He acted as cmfnsel o the U.S. Express
Company, Wells Fargo & Company, and the Baltimore & Ohl? Railroad.
He was also legal adviser to the financial entrepreneur Henry Villard, who
became closely associated with Edison. In 1866 Lowrey became general
counsel for the Western Union Telegraph Company, a position which
brought Edison and Lowrey together in connection with telegraph patent
litigation. Lowrey was one of those who persuaded Edison to turn to electric
lighting.» Having observed the sensational publicity given to the intro-
duction of the Jablochkoff arc light in Paris in 1878, Lowrey urged Edison
to enter the field and offered to raise the money Edison needed to expand
Menlo Park. Not only did he advise Edison, he often encouraged the in-
ventor. Lowrey promised in 1878 that the income from electric-lighting
patents would be enough to fulfill one of Edison's dreams: it would “set
[him] up forever . .. [and] enable [him] .. . to build and formally endow
a working laboratory such as the world needs and has never seen.™ (At
that time. the only buildings in the Menlo Park complex were the laboratory
building, the carpentry shop, and the carbon shed; still to come were a
machine shop, library, and office buildings.) Shortly afterward, Edison gave
Lowrey a free hand in negotiating the sale of forthcoming electric-lighting
patents and establishing busi iations and enterprises at home and
abroad: “Go ahead, I shall agree to nothing, promise nothing and say
nothing to any person leaving the whole matter to you. All I want at present
is to be provided with funds to push the light rapidly.">*

Lowrey had close contacts with the New York financial and political
world. His law offices were on the third floor of the Drexel Building—
Drexel, Morgan and Company occupied the first floor. Working closely
with his long-time friend Egisto P. Fabbri, “an Italian financial genius"**
and partner of J. Pierpont Morgan’s, he obtained the funds for Edison
from the Vanderbilts and Drexel, Morgan and Company. His skill and
effectiveness in dealing with politicians and political problems is conveyed
by the following episode. In December 1880 Lowrey arranged a lobbying
extravaganza. The objective was to obtain a franchise allowing the Edison
Tluminating Company to lay the distribution system for the first commer-
cial Edison lighting system in New York City. Behind the opposition of
some New York City aldermen lay gaslight interests and lamplighters who
might be thrown out of work by the new incandescent light. A special train
brought the mayor and aldermen to Menlo Park. Arriving at dusk, they
saw the tiny lamps glowing inside and outside the laboratory buildings.
After a tour and demonstration by Edison and his staff, someone pointedly
complained of being thirsty, which was a signal for the group to be led up
to a darkened second floor of the laboratory. Lights suddenly went on to
disclose a lavish “spread” from the famous Delmonico's. After dinner, Low-
rey presented Edison and Edison's case, and in due time the franchise was

| " Payson Jones, A Power History of the Comsalidated Edison System, 1878-1900 (New York:
Consolidated Edison Co., 1940), p. 27; on Lowrey, sec p. 161.
" Lowrey to Edison, 10 October, 1878, EA.
" Eiwn 10 Lowrey, 2 October, 1878, EA.
wis Corey, The House of Morgan (New York: G. 11, War, 1930, i
History of the Consolidated Edison System, p. 162. . 1930 . 23, quoted n Joner.
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Figure I14. System diagrams: Generators
in series, lamps in parallel, and three-wire
dustribution. Patent no. 274, 290 (20
March 1882). Three-wire distribution was
not introduced until 1883.
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granted.* The [ranchise was as necessary for commercial siceess as a well-
working dynamo.

‘Turning to the simple chronolog
opment of Edison's electric lighting system will serve as a remind
even though Edison’s concepts were holistic and his approach v
tially systematic, his day-to-day activities were analogous to the hunting and
backtracking of a goal-seeking organism that does not know preciselv how
1o proceed. Edison had taken time ofT from some of his other projects to
experiment with incandescent lamps before the fall of 1878, but it was not

history of the invention and devel-
thae

project. To suggest that Edison
lighting was systematic does not imply, however, that from the start of the
project he conceived of the system in all ol its precise technical and cconomic
relationships and quantitative characteristics. What is clear is that he in-
tended from the start of the project 10 invent not only an incandescent
lamp but also related components, such as a distribution network.

The components of the system about which Edison first had inventive
ideas in 1878 may have been the distribution network and the in
lamp. These ideas, as is usually the case with inventions, were improvements
and new combinations. Until Edison’s numerous notebooks with their often
incomprehensible and scrambled entries are more thoroughly analyzed.*
the answer to the question of what exactly he discovered or invented in
the early fall of 1878 will remain in doubt. but circumstances suggest that
the inventions may have been a parallel system of distribution and a fila-
ment lamp with a circuit-interrupting device (see Fig. [1.4). The design of
a circuit-interrupting device in each lamp may have been suggested 1o him
by the design of a tasimeter that he had recently invented to measure the
heat of the sun’s corona during eclipse.*® He believed that these ideas conld
be developed into practical devices. As he wrote to an associate, “Have
struck a bonanza in electric light—indefinite subdivision of light."*"

Edison’s early problem identification and inventive ideas were not, how-
ever, remarkably original. The subdivision of light had been considered a
critical problem ever since it became obvious that arc lamps were (oo intens
for small-space lighting. Subdivision refers to the division of light, or elec-
trical energy, into smaller units. The usc of low-intensity, incandescent-
filament lamps was seen as a likely answer to this problem because a number
of inventors before Edison had designed incandescent lamps of varied
characteristics. These lamps, however, were not durable. Onc historian of
the incandescent electric light cites the invention ol twenty types of

* Jeh), Reminiscences, 2: 778-85.

A the time of this writing the Thomas A. Edison Papers Project, headed by Professors
Reese Jenkins and Leonard Reich, is cngaged in the cditing and anal
collection at West Orange. In cooperation with this project, Dr. Bernard
sonian Institution and Dr. Robert Friedel of the Institute of
neers' history center are making an in-depth study u
of the incandesccnt lamp. Both studi
insight into Edison’s method and activitics.

3 Conol, Streak of Luck, pp. 116, 120.

*Telegram from Edison o Puskas, 22 September 1878, EA. (Edi
Wallace to this cffect on 13 September.)
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descent lamps from 1809 to 1878 (what has been called the precommercial
period). One of the inventors, Moses G. Farmer, was the former partner
of Wallace, whom Edison visited in September 1878.%° Farmer had used a
platinum-strip incandescent lamp as early as July l8§9 :mdl returned to
experimentation in 1877; in 1878 he proposed connecting the incandescent
lamps in parallel. He also used a circuit-breaking device to cool the fila-
ment.*! Edison may have learned of this on his Ansonia visit; in any event,
he had had the opportunity to consider parallel circuits, as contrasted to
series connections, in the telegraph and in arc-light and electrochemical
battery systems.*?

His notebooks for the last three months of 1878 and his early electric-
light patents support the conclusion that his bonanzas were the durable
filament and parallel circuitry. He had decided even earlier to use a plat-
inum filament.*® Early in October he was experimenting with a platinum
filament and a thermostatic device to cool the platinum before it fused. At
the same time, he had in mind a parallel circuit.** He applied for a patent
on a platinum filament with a thermostatic regulator on 5 October 1878
and was granted the patent (no. 214,636) on 22 April 1879.% Edison’s
notebooks and patents suggest that the invention of a thermostatic regulator
and the parallel circuit were inextricably linked because the regulator briefly
interrupted the flow of current to cool the filament and because, if the
lamps had been wired in series, all the lamps would have been extinguished
when the regulator of any one of them operated. Thus the interaction of
components served as the stimulus for invention.*®

With their inventive ideas, Edison and his associates embarked on the
long and tedious research and experimentation that was needed to develop
their general notions into practical devices. Not all of Edison’s experiments
involved physical apparatus. Many were simply calculations: by using data
available in the technical literature and elementary science, such as Ohm’s
law, Edison and his staff could anticipate phenomena. Because the simple
circuit equations and economic calculations used were quantitative, the
experiments, both physical and symbolic. were econotechnical (though Edi-
son and his assistants would never have employed such jargon).

Edison announced his brainchild prematurely, with fanfare, in the New
York Sun on 20 October 1878. He told reporters of his plans for under-
ground distribution in mains from centrally located generators in the great
cities; predicted that his electric light would be brought into private houses
and substituted for gas burners at a lower cost; and confidently asserted
that his central station “[would furnish] light to all houses within a circle

 Arthur A. Bright, Jr., The Electric-Lamp Indusiry: Technological Change and Economic De-
velopment from 1800 o 147 (New York: Macmillan, 1949), pp. 3940,

*1 Conot, Streak of Luck, p. 120; Bright, Electric-Lamp Induastry, p. 46: G ker t
Edison, 22 November 878, EA. P . p- 46: George F. Barker to

“* Frank L. Pope, Modern Practice of the Electric Telegraph (New York: Van Nostrand, 1877).
p. 153; Edwin Houston, A Dictionary of Electrical Words, Terms, and Phrases (New York: Johnston,
1888). p. 131; Memorandum in Jehl to Upton, 22 April 1913, p. 8, Hammer Collection.

+3Charles Stowell 10 Edison, 31 May 1878, EA.,

+ Drawing labeled "Caveat no. 4" and dated 8 October 1878, EA.

1> Bright, Electric-Lamp Industry, pp. 61-64; and Jeh, Reminiscences, 1: 235-36.
 +*Edison also saw the possibility of using a shunt circuit for each lamp o make the lamps
independent. Robert Friede), personal communication, | March 1982,
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of half a mile.” He spoke not only of his incandescent lamp but of other
envisaged components of his system, such as meters, dynamos, and distri-
bution mains. In fact, he had no generator, no practical incandescent lamp,
much less a developed system of distribution—these were at least a year
away. He did however, have the concept. As he wrote in private o an
associate,

I have the right principle and am on the right track, but time, hard work and
some good luck are necessary too. It has been just so in all of my inventions.
The first step is an intuition, and comes with a burst, then difficulties arise—this
thing gives out and [it is] then that 'Bugs'—as such litde faults and difficulties
are called—show themselves and months of intense watching, study and labor
are requisite before commercial success or failure is certainly reached.*’

Others also reported in 1878 that Edison had ideas for a lamp and [or
a parallel g system as well as a general outline for his project. Francis
Jehl, who joined Edison as a laboratory assistant early in 1879 and who
later published reminiscences of the Menlo Park days, believed that in
October 1878—twelve months before the construction of a pracucal incan-
descent lamp and the ement ol his basic g “Edi-
son had his plans figured out, as a great general figures out his battle
strategy before the first cannon is fired."® The key to Edison’s success,
according to Jehl, “lay in his early vision, far in advance of realization.™*

Assuming that Edison was thinking systematically helps explain why he
soon directed his attention away from the durability of the filament to a
combination of durability and high resistance. Analysis of system costs led
him to identify the need for a high-resistance filament. Ultimately this
became the critical problem and the essence of his lamp as a patentable
invention. It is not clear when the search for high resistance began, but in
a 1926 essay that has been attributed to him, Edison stated that in the fall
of 1878 he experimented with carbon filaments, the major problem of
which was their low resistance. As he explained it, “In a lighting system
the current required to light them in great numbers would necessitate such
large pper conduclors for mains, etc., that the investment would be
and ly cial. In other words, an apparently
remole consideration (the amount of copper used for conductors), was
really the commercial crux of the problem "0 Further evidence [or the
dating of his high-resistance concepl is his statement that “about December
1878 1 1 as my ician a young man named Francis R.

Bag!
Upton. . . . Our figures proved that an electric lamp must have at least 100

+7 Edison to Puskas, 13 November 1878, EA.

4 Jehl, Reminiscences, 1: 216.

“Ibid., p. 217.

%9 Thomas A. Edison, “Beginnings of the Incandescent Lamp and Lighting System”
(typescripy), p. 4, EA. The typescript is dated 1926 and identified as an item sent to Henry
Ford at his request; it should be used cautiously, however, because by 1926 Edison and his
patent lawyers had organized history with their own prioritics in mind. Also, it follows in
many ways the account of the incandescent lamp given in the authorized biography of Edison;
see Dyer and Martin, Edison, 1: 234-66. The 1926 typescript was written with the help of W.
H. Meadowcroft, who later collaborated with Dycr and Martin in the publication of the 1929
edition of the Edison biography. | am indebtcd to Robert G. Koolakian for this information.
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ohms resistance to compete commercially with gas.”s! Edison said that he
then tried various metals, including platinum, in order (o obtain a filament
of high resistance, and that he continued along these lines until about April
1879, when he developed a platinum filament of great promise because
the occluded gases had been driven out of it, thereby increasing its infu-
sibility. In his Reminiscences, Jchl maintains that Edison wanted a high-
resistance lamp as early as October 1878, and that he had reached this
conclusion by thinking through his envisaged system of electric lighting.5?
Jehl also states that by applying Joule's and Ohm’s laws, Edison arrived at
the essentials of his system.

Edison seems 10 have been refining his inventive ideas for components
and his more general ideas for a system throughout the fall of 1878 (see
Fig. 11.5). His early emphasis on the durable filament and parallel wiring
was specific, but his notion of a system involving generators, lamps, and
distribution from a central station was vague. He probably first conceived
of it as an analogue of central-station, illuminating gas supply. Experi-
menting with filaments and calculating costs from available data about
existing generator and arc-light systems allowed him, and then Upton, to
introduce the costs into the system. This perspective revealed that a durable
filament and parallel wiring might yield a technically workable system, but
not an economically feasible one. As a result of a systematic analysis of
technical and economic factors, the high-resistance filament then emerged
as the critical problem. Joule’s and Ohm'’s laws, equations that are consid-
ered simple today, were of great value to the inventors, for they allowed
the characteristics of the components to be introduced as variables and
related systematically. The effect of an intended change in one variable
(component) on other variables (components) could be anticipated, and
actual experiments would test the assumptions and predictions.

Jehl's stress on the importance of Ohm’s law, and items in the laboratory
notebooks and secondary literature, suggest more about the nature of Edi-
son's reasoning and that of his assistants, especially Francis Upton.s3 As

* Edison, “Beginnings.” p. 5. Upton stated that Edison had high resistance in mind when
Upton joined Edison’s staff; see Francis R. Upton’s 1918 speech to Edison Pioneers. item X—
EG285-13, folder labeled “Biographical—Upton, Francis,” EA.

52 Contrary to his recollection, however, Jehl did nat come to Menlo Park until the end of
February 1879, “at the earliest.” Paul B. Isracl, 16 February 1982, personal communication
(see note 30 above). Therefore, Jehl's statement should be taken as secondhand evidence.

* Jehl (Reminiscences, 1: 362-63 and 2: 852-54) stresses Edison's reliance upon Ohm's law.
The stress suggested a clue to Edison’s reasoning. In a reference often used at Menlo Park
(the essay “Electricity” in the Encyclopardia Britannica, ik ed. [1878). p. 41), Ohm's law is
stated as R = E/C (resistance equals electromative force divided by current). In a misleadingly
titled article, Marold C.. Passer argues cogently that Edison’s reasoning was as Jehl suggesied
(“Electrical Science and the Early Development of the Electrical Manufacturing Industry in
the United States,” Annals of Science 7 [1951): 382-92). Passer offers no evidence, however,
from the notebooks or other ori Edison sources. Passer similarly discusses Edison’s rea-
soning and concepts in Electrical Manufacturers (pp. 82, 84, and 89). Dyer and Martin’s Edison
(1: 244-60), parallcls the memorandum auributed to Edison in 1926. Josephson's Edison (pp-
193-204, 211-220) stresses Edison’s use of Ohm’s law but does not note the importance of
Edison’s having used Ohm's law in conjunction with Joule’s law in order to conceptualize his
system. Josephson also dates Edison’s first high-resistance lam
filament), but gives no source for the statement (ibid., p. 199); nor docs he provide a source
for the statement that Edison came to the idea for high resistance in a “Rash of inspiration”
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Figure IL.S. Creation of the Edison rystem, Menlo Park. From Leslic’s Weekly (1880). s reproduced m Forty Years of
Edison Service, 18821922 (New York: Press of the New York Edison Co., 1922). facing p. 21
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noted, Edison and Upton saw that the cost of copper, especially that which
depended on the cross-sectional area and the length of the conductors, was
a major variable in the overall cost equation. Large and long conductors
would raise the price of electric light above that of gas. To keep conductor
length down, Edison sought a densely populated consumer area; to keep
the cross-sectional area small, he had to reason further, using the laws of
Ohm and Joule. The notebooks show that Edison and Upton used Joule's
law (heat or energy = current? X resistance = voltage X current) to
calculate the amount of energy that would be expended by the incandescent
filaments.>" They also used an adaptation of that law to show energy loss
in the conductors. Energy loss was taken to be proportional to the current?
times the length of the conductor times a constant dependent upon the
quality of the copper used, all divided by the cross-sectional area of the
conductor (energy loss proportional to C?La/$).%* The formula posed an
enigma, for if Edison increased the cross section of the copper conductors
to reduce loss in distribution, he would increase copper costs, which was
1o be avoided. Obviously, a trade-off, 1o use the jargon of the engineering
profession, was in order.There was, h r, another variable—the cur-
rent—to consider. If current could be reduced, then the cross-sectional
area of the conductors need not be so large. But current was needed to
light the incandescents, so how was one to reduce it?

To solve the dilemma, Edison and Upton could have reasoned as follows
Wanting to reduce the current in order to lower conductor losses, they
realized that they could compensate and maintain the level of energy trans-
fer to the lamps by raising the voltage proportionately (H = C x V). Then
they brought Ohm’s law into play (resistance equals voltage divided by
current). It was a eureka moment, for they realized that by increasing the
resistance of the incandescent-lamp (ilament they would raise the voltage
in relationship to the current. (Resistance was the value of the ratio.) Thus
began the time-consuming search for material suitable for a high-resistance
filament. The notable invention was this logical deduction; the filament
was a hunt-and-try affair.

Edison's reasoning can be illustrated with a simple example using ap-
proximate, rounded-off values. In 1879 he obtained a carbonized-paper
filament whose resistance ranged from 130 ohms cold to about 70-80 ohms
heated.* In order to arrive at a lamp whose candlepower was equivalent
to that of gas, he found, this filament would require—in present-day units—

after 8 September 1878 (ibid., p. 194). Bright's Electric-Lamp Industry does not offer any
additional information on the way in which Edison conceived of his system. Jehl's Reminiscences
remains the most suggestive published source, despite the book's lack of organization; see I:
214-15, 24345, 255-56, and 2: 820-21, §52-54,

™ Menlo Park Notebook no. 3 (21 November 1878), p. 107, and Notebook no. 9 (15
December 1878-10 March 1879), p. 41, contain some of the many early entries involving
Ohm's faw. In Notebook no. 6, pp. 11 ff., Joule’s faw is mentioned: the dates in this notebook
(4 December 1878-30 January 1879, indicate that Edison was using Joule's law early in his
electric lighting project. In Notcbook no. 10 (December 1878~January 1879), the word “Joule”
is jotted down where the equation 1 = C*R is used.

" Menlo Park Notebook no. 12, pp. 174-76.
m;; Menlo Park Notebook no. 52 (31 July 1879), p. 229; the entry is dated 15 December
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the equivalent of about 100 watts. This meant that the product of the voltage
across the lamp and the current must equal 100 watts. Since the resistance
was 100 ohms, the current had to be | amp, for according to Joule’s law
the heat energy was equal to the product of C? and the resistance (100 =
C? x 100; C = 1). It then followed that the voltage must be 100 in order
to fulfill the energy need (H = C x V; V = 100/1 = 100). Therefore,
the approximate specifications of the Iamps in Edison’s system in today's
terminology were 100 watts, 100 volts, 1 amp, and 100 ohms.5?

Another possible explanation for the decision to seek high resistance,
and a complementary one, was the search for a platinum filament with a
small surface of radiation. The objective was to maintain the incandescent
material of the filament at a high temperature with a low expenditure of
energy. To do this Edison shaped the filament into a spiral, thereby re-
ducing the radiating surface as well as the size of the filament.5® The
experimentation with small surfaces of radiation resulted in higher-resist-
ance filaments. With Francis Upton’s help, Edison could then have ascer-
tained the effect of higher resistance on the entire circuit. They could have
serendipitously discovered the advantages of high resistance.

Thc l'unds raused in part by Lowrey for personnel and equipment allowed
the ion and develop of other comp of the
system besides the incandescent lamp. Upton, for instance, was especially
active in the design and construction of an appropriate generator. The
generators on the market—for instance, the Siemens, Wallace, and Gramme—
were designed for arc lights wired in series. A network of feeder wires and
dlslrlbuuon mains for the distribution network also received considerable

The i ive ideas embodied in the various versions of the
components of the system resulted in a large family of patents covering
the Edison system.

In the fall of 1879, about the same time that Edison and his assistants
obtained a filament with the high resistance and durability desired, Menlo
Park announced impressive progress in the design of an incandescent-lamp
generator. On 18 October 1879 Scientific American carried an article—un-
signed, but written by Upton—describing the generator. In contrast to the
earlier, high-resistance g of other i s, the Edison g
had low internal resistance. The article claimed that it would obtain nearly
double the foot-pounds of energy from the same input that earlier gen-
erators had achieved, or an efficiency of 90 percent. Although original in
terms of the specifics that were designed for the incandescent system, the
generator was based on experiments done at Menlo Park with the gener-

* In January 1881 Edison conducted an economy test of the electric lighting system installed
at Menlo Park to demonsitrate its practicability. This was a prelude to his installation of a full-
size system at the Pearl Street station in New York City in 1882. In the test he used two lamp
sizes, 16 c.p.and 8 c.p. The 16-c.p. lamp depended on an electromotive force of 104.25 volts
and a resistance of 114 ohms: therefore, the current in the 16-c.p. lamp was .9 amps. See C.
L. Clarke, “An Economy Test of the Edison Electric Light at Menlo Park, 1881." dated 7
February 1881, and published for the first time in Commitice on St. Louis Exposition of

iation of Edison i Companies, Edisonia: A Brief History of he Fnrly Edison
Electric Lighting System (New York: iation of Edison g C 904), pp.
166-78.

* Derganc, “Edison and His Electric Lighting System,” pp. 55-56.



NETWORKS OF POWER

ators of Gramme, Wallace, and others. In fact, lhg puhlicily(l’or the Edison
generator exaggerated its excellence co'mpared with other inventors’ gen-
erators. The Edison generator was designed for a system of incandescent
lamps connected in parallel and, therefore, a system with low resislan;c.
It correctly had a low internal resistance to match the low txlcrl‘.lal resist-
ance. To compare it with a high-resi ¢ arc-light g lesigned for
a system of arc-lights connected in series, howevgr. was not appropriate.
The Edison generator was not designed for arc lights in series. Still, the
claims made about the generator excited much professional and public
reaction, as was usually the case with the well-publicized Edison i ions,
and Edison should be given credit for secing the need to design components
systematically in relationship to others in the system—a truth other inven-
tors failed to grasp.*®

Believing late in 1879 that the essential design of the incandescent lamp
and generator would prove practical, Edison and his associates shifted their

phasis to develop of the comp and the system. This meant
increased stress on economic factors. As early as 1880 they were calculating
the cost of a central station of 10,000 lamps, possibly in anticipation of the
planned central station for New York City's Pearl Street. They had exper-
imented enough to estimate that 1 h.p. from a steam engine and gencrator
could supply eight 16-c.p. lamps. Therefore they needed about 1,200 h.p.
for their system. The calculations that followed this ption involved
fixed capital, operating expenses, and other costs (sce Fig. 11.6). Finally,
assuming that the 10,000 lamps would be used five hours out of every
twenty-four, and knowing what gas companies charged for five hours of
equivalent light, they calculated the surplus income of an electric utility
charging the same price for light. Edison and the parent Edison company
holding the patents would receive payment from a surplus income of
$90,886.%°

As development proceeded, Edison advanced the level of experimen-
tation from components to laboratory-scale models of the system and then
to a small, pilot-scale system for lighting Menlo Park in December 1879.
Because the components were new and because Edison wanted to control
their manufacture, Lowrey assisted in the formation of several companies.
Edison had to draw heavily on his own resources to fund these manufac-
turing companies. Edison and Lowrey also founded an operating company
to build a central-station system that would both function commercially
and serve as a demonstration for potential franchise purchasers.

The organization and of the comnpanies formed by Lowrey
and Fdison in connection with the electric lighting systein have been de-

* F?r the reaction of the scientific community to Edison, Edison’s inventions, and especially
fhc r!a-ms ade for the generator, see David Hounshell, “Edison and the Pure Science Ideal
in NmeuchthmurY America.” Scientific American, February 1980, p. 614. More general
reactions are analyzed in Jean-Jacques Salomon, "Public Reactions to Science and Technology:
The Wizard Faces Social Judginent,” in Science, Technology and the Human Prospect, ed. C.. Starr
:I!!d P. Ritterbush (New York: Pergamon Press, 1980). pp. 77-93. 1 am indebted to Dr. Thomas
Simpson of St. John's College, Sante Fe, New Mexico, for his views in comparing arc-light
and incandescent-lamp generators.

oF, iscussi N .
o Fora discussion of this cost analysis, see Hughes, “Electrification of America,” pp. 133
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Figure IL.6.  Edison's estimale for a
10.000-lamp central station. From Menlo
Park Notebook no. 120 (1880). Courtesy of
the Edison Archives, Edison National
Historic Site, West Orange, N.J.
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Capital Investment: Depreciation
Power plant building 2% $ 170
Boilers and auxiliary equipment 10% 3.018
Steam engines and dynamos 3% 1440
Auxil:ary electrical equipment 2% 40
Conducton 2% 1.140
Meters 5% 250

Toral $6.058

Operaung and Other Expenses:

Labor (Dails:
Chiel engincer $ 5.00
Assivtant engineer 3.00
Wiper 1.50
Principal freman 225
Awsistant hreman 1.75
Chief voltage regulator 2.25
Assitant soliage regulator 1,75
Twa laborers 3.00
Total $20.50
Labor (Annual) $ 7482
Other:
Executive wages (annual) $ 4.000
Rem. insurance and taxes 7.000
Depreciation 6.058
nual) 8212
S#/h.p. d
ly: 1.200 h.p)
Oil. waste, and water 2,787
Lamps (30,000 at 35c each) 10.500
Toual $45,989
Estimated. Minimum Income from 10,000 Instalicd Lamps $136.875
Expenses - 45989
$ 90,886

scribed well elsewhere.®! Here it is important to stress that the pristine
character of the companies manifested Edison’s determination to create a
coherent system. The first company—the Edison Electric Light Company
(EELC)—was formed on 15 October 1878 essentially to fund Edison's in-
vention, research, and development projects and to bring a return on his
investment through the sale or licensing of patents on the system through-
out the world. The Edison Electric Illuminating Company of New York, a
utility, or operating, company, was incorporated in December 1880 as a
licensee of the parent Edison Electric Light Company. Under Edison’s
personal supervision, the EEIC would build the central generating station
on Pearl Street in New York City which began commercial operation in
September 1882. In 1881 Edison also established in New York City the
Edison Machine Works to build dynamos and the Edison Electric Tube
Company to manufacture underground conductors. The Edison Lamp
Works, organized in 1880, turned out incandescent lamps in quantity (sce
Fig. 11.7). Edison also entered into a partnership with Sigmund Bergmann,
a former Edison employee, to sct up a company to produce various acces-

' Passer, Electrical Manufacturers.
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Figure 11.7. The wcandescent-lamp facory, Menlo Parh, 1880, par of the Edison manufacturing sysem. Executive staf (front row. left to

caght): Philip Drer, William lammes, Francis Upton. and James Bradley. Courtesy of the Edison Archives, Eduson National Historic site, West
Orange. N.J.

sories. As engineer and manager, Edison was the pivotal figure in all of
these companies during the early years, but for him the focus and the
commitment remained invention (see Fig. 11.8).

The history of the design and construction of the Pearl Street Station of
the Edison Electric llluminating Company has been told by many.? One
especially serious engineering problem encountered in the construction of
the station was the laying down of the distribution system underground.
As noted earlier, the cost of the distribution system was a critical problem

" ‘ "y i
pl‘ the secondary works, Matthew Josephson's Edison tells the story with unusual clarity
and interest and includes an extensive bibliography of arti

achievement on various anniversaries of the station's opening. Essays by Edison's contem-
poraries can be found, for example, in the Assaciation of Edison llluminating Companies’
fiduor Especially valuable because of its extensive reprinting of early source material and
information on the Pearl Strect station and the Edison Electric Hluminating Co. is Payson
Jones's History of the Gonsohdated Edison System. '"he Consolidated Edlison Go, of New York is
a successor company to the
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Figure I1.8. Edison's manufacluring system. From Jones, History of the Consolidated Edison System. p. /3. Courtesy of the Consolidated
Edison Co. of New York.

that Edison recogmzed early in the development of the system, and thus,

ive talent and develop I skills were hea vested in the prob-
lem. Subsequently, other utilities also found that distribution and trans-
mission were problems of the first order, the popular attention given to
lamps and generators notwithstanding. The electrical network is, after all,
the essence of the system.

Edison’s ultimate objective was to introduce central-station supply. A
central station would distribute electric light to the public, in contrast to
generating plants, or isolated stations, which would be used only by their
owners. The steam boilers, steam engines, generators, and auxiliary cquip-
ment would be housed in the station building itself; from the central station
the distribution system would, in the case of New York City, fan over an
area of onc square mile. Edison chose 257 Pearl Street, in the financial
district, as the location of the New York City station. So located, the central
station would supply restaurants and shops that could afford the new light
as a way of attracting customers and would illuminate workplaces and
offices that could afford it as an unusually effective light without hazardous
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Figure I1.9. Thomas Edwon, 1882.
Courtesy of the Edison Archives, Edison
National Historic Site. West Orange, N_J.
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and noxious [umes. In the Wall Street district, the station would also catch
the auention of financiers and the investing public, persons who were
needed to fund Edison stations elsewhere.

In 1882 Edison was in New York supervising construction of the Pearl
Street system. As chiel engineer, he spent long hours, week after week,
not in an office, but out with the workers sweating in the hot summer sun
as they wrestled with the new and difficult task of laying the underground
cables for the Pearl Street station. Edison did not stop at supervision; he
worked in the dug-out trenches with the laborers, responding to the most
minute problems, many of which arose from the difficulties of maintaining
adequate insulation. Often after a frantic day unregulated by the clock, he
would sleep for only a few hours on piles of tubes stacked in the station
building, his bed place softened only by his overcoat. Invention continued
as problems arose during the development and engineering phases of con-
struction. Edison applied for 60 patents in 1880, 89 patents in 1881, and
107 in 1882. Most covered inventions pertaining to the electric lighting
system. Only once again in his lifetime, in 1883, a year in which he applied
for 64 patents, would the total number of his patents reach the level applied
for during the three years he dedicated to electric lighting.5

On 4 September 1882 John W. Lieb, an Edison electrician, threw the
switch that fed current from a Jumbo generator in the Pearl Street station
1o the first of the lamps installed in the district. The generators bore the
name of the great elephant brought to America by P. T. Barnum. Edison
switched on the lamps in 23 Wall Street, the offices of Drexel, Morgan and
Company. The single generator was driven by a directly connected Porter-
Allen engine supplied with steam from Babcock & Wilcox boilers (the two
components of the system which were unusual in that they had not been
built by Edison). Initially, only about hird of the ile dis-
trict to be supplied from the station had current and only four hundred
lamps were lit. In place, but not operating the first day, were five other

Jumbos, steam engines, and boilers. The noncondensing Porter-Allen steam
engines were rated at 125 nominal h.p., weighed about 6,500 pounds, took
steam at 120 pounds per square inch of pressure, and ran at 350 revolutions
per minute. They were designed to light twelve hundred 16-c.p. lamps.
When cooled with an air blast, the machines could supply 850 amps at
115-120 volts. The generators weighed about seven times more than the
steam engines driving them.

Control and regulation, vital functions in this and subsequent supply
systems, have been overlooked by many historians, but they were not over-
looked by Edison and his associates (see Fig. 11.10). Voltage regulation was
obtained by inserting and removing resistance from the field circuit of the
generators. An automatic indicator utilizing an electromagnet connected
across the main circuit indicated the voltage level. If the voltage was within
one or two volts of the desired amount, the indicator arm, the armature
of the electromagnet, remained in a neutral position in balance between
the pull of the electromagnet and the pull of a delicately adjusted spring.
If the line voltage rose, the armature would swing under the influence of

 Arthur E. Kennelly, “Thomas Edison,” in National Academy of Sciences, Biographical
Memoirs (Washington, D.C., 1943), p. 301.
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the stronger magnetic field toward the electromagnet and close a contact,
thereby lighting a red lamp; if the line voltage dropped, the attraction of
the electromagnet weakened and the spring exerted the greater pull, caus-
ing the armature to reverse its swing and to close the low-side contacts and
light a blue lamp. The attendant accordingly turned a handwheel to control
the amount of field resistance. To devise such a control to match output
and load was simple for Edison, for electromagnetic devices, like relays,
were the essence of the telegraph he knew so well.*

Edison’s station was noted for its handling of material and for its eco-
nomical engineering. An uninterrupted flow of material and energy would
later characterize power plant engineering. A 20-h.p. engine drove a screw
conveyor for lifting coal from the vault under the building to a position
above the boilers where the coal dropped by gravity into the stoke hole of
the boiler. Another screw conveyor took ashes from beneath the grates and
discharged them into a container under the sidewalk. The exhaust from
the steam engines passed through feed-water heaters and then into the
atmosphere; a fan forced combustion air into the furnace and cooling air
onto the g . Under full headway, the four boilers, rated
at 240 h.p. each, would consume about five tons of coal and 11,500 gallons
of water per day (see Fig. 1L.11).

Initially, the most serious problem arose when two generator sets were
connected in parallel. The governors of the two steam engines began to
hunt, first cutting off and then providing steam for full power. Edison
found an ingenious means of temporarily correcting the anomaly by me-
chanically connecting the governors of the steam engines. In November
1882, however, two Armington & Sims engines were substituted for the
Porter-Allen engines, and when these operated successfully with generators
connected in parallel, all of the Porter-Allen engines were replaced. It is
interesting to note that this difficulty involved a component that was not
designed and built by Edison for the syslem

C less other probl lagued the station during the breaking-in
period. Current leaked from conductors and Juncufm boxes under the
streets. In addition, there were fires from faulty wiring. Slowly, however,
service increased. On 1 October 1882, a few weeks after service began,
wiring was in place for 1,626 lamps in the district and 1,284 were in use;
on 1 October the following year there was wiring for 11,555 lamps and
8,573 were in use. The Pearl Street station remained in service until 2
January 1890, when a disastrous fire shut down the original system. Then,
on 12 January of that year, a reconstructed station began supplying current
from Pearl Street. On 1 April 1894 the station was retired and the building
was sold. Then only a plaque marked the historic site where Edison dem-
onstrated so effectively his system for generating, controlling, distributing,
measuring, and utilizing electricity for lighting.

If the Pearl Street station had not been part of a business as well as a
technological system, however, it might not have survived until the fire of
1890. A similar station in London was abandoned several years after its
founding, for financial and political reasons (see pp. 5562 below). The

#This account of the station and its equipment is based in part on Hughes, Thomas Edison,
pp. 29-36.
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Figure 11.10. Wiring system for the Pearl
Street central station. From Assaciation of
Edison Hluminating Companies,

Edisonia, p. 70.
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Figure I1.11. Pearl Street station, 1882:

g ing drawings. From Association of Edison Hiumi Compay

e ies, Edisonia, p. 64.
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Pearl Street station and the Edison Electric Hluminating Company (EF1C)
were sustained not only because of the capital invested in the plant and
ll\e compauy but also becausc the other companices of the Edison cm

pended on them as showpieces and ind for others to purchase
Edison franchises and Edison equipment. This |nn of the carly Edison
history is rarcly mentioned in the Edison lore; Edison and hi e
were reluctant to release any detailed operating figures at the time.* 1’ Iu
annual reports of the parent Edison Electric Light Company and corry
spondence now available, however, provide evidence of the EE
collapse.

The EEIC did not charge customers for electricity in 1882 and showed
a loss of over $12,000 for the first two quarters of 1883, followed by a net
loss for the year.® In 1885 the company reported a net income of 6 percent
on its capital investment of $828,800 and declared a 4 percent dividend
“T'he latter may have been intended to encourage investors, who were needed
for the construction of a new central station uptown. The company pre-
dicted that the new station would be more profitable because the newer
Edison three-wire distribution system would lower costs substantially and
because the load in the new district would be more evenly distributed o
accommodate use at all hours of the day or night. The relationship between
regularity of load and per-unit cost (load factor) had been recognized as a
critical problem.

Nevertheless, Edison encountered difficulties in funding the pr-vmmn
The Edison Electric Light Company, the owner of one-quarter of the EEIC
operating stock, appropriated $171.200 of this stock as a trust fund 1c
in raising funds. Despite this, the promise of larger profits from the new
station, and the further inducement of a 20 percent bonus on the new
expansion stock to EEIC stockholders, the company still experienced dif-
ficultics. A private canvassing of stockholders revealed that not onc-tenth
of the million and a half dollars authorized could be raised {rom this source.
‘The prominent financier Henry Villard, an investor in Edison stock who
was then residing in his native Germany alter a reverse of his Americ
fortunes, heard from his American correspondent that informed opinion
was disgusted with the entire Edison business and believed t i
officials were getting rich at the expense of EEIC stockhold:
correspondent advised him to ignore the rosy, vague promises of the com-
pany’s officials and not to purchase the expansion stock. Faced by the
apathy of such stockholders, the company then formed a guarantec syn-
dicate with the promise of profit for syndicate participants in the form of
a large bonus of EEIC stock. News of this venture was passed on to Villard
in February 1886 with the advice that he not “touch it with a ten-lfoot
pole.”®? Finally, a “Drexel Morgan Syndicate™ with heavy inve:
the Edison system “[squcezed] out some money somewhere.

% See p. 71 below.

® Edison Electric Light Co., Annual Report, 1883 (New York: EEIC, 1884); and
Electric Illuminating Co., Annual Report, 1885 (New York: EEIC., 1886).

€, A. Spofford to Henry Villard, 12 January, 18 January, 25 January, and 26 February
1886, Box 124, Villard Papers, Harvard University Library, Cambridge, Mass

™ Spofford o Villard, 26 February 1886, Villard Papers.

son
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Not only surviving but expanding, the EEIC, a critical component of
Edison’s system, seems to have stimulated the sale of Edison franchises by
the parent company and of equiy by the f: ing
The sale of franchises in major cities proceeded briskly at the same time
that, behind the scenes, Edison's backers were h:vmg difficulty financing
their showpiece. By 1888, large Edison compames or utilities were located
in Detroit, Michigan; New Orleans, L St. Paul, Mi Chi-
cago, lllinois; Philadel, ylvania; and Brooklyn, New York. Abroad,
central lighting stations had been established in Milan and Berlin. In 1890
the New York utility reported dramatic growth since 1888: the number of
its customers had risen from 710 to 1,698; the number of lamps (16 c.p.)
used had increased from 16,377 1o 64,174; and the company's net earnings
had nearly doubled, jumping from $116,235 10 $229,078.%° Indicative of
the approach of a new era of electric power, in 1889 the company reported
the first “motorload” (470 h.p.).

Edison Electric Hluminating Co.. Annual Report. 1890. (New York: EEIC, 1891).



CHAPTER 111

Edison’s System
Abroad: Technology
Transfer

Emsow and his associates invented, developed, and introduced into use
at the Pearl Street station an clectric lighting system that w. igned
for the New York City site. The technology of the Edison central-station
system incorporated both the natural geography (coal and water supply)
and the human geography (load or demand) of New York City. In addition,
Edison, Lowrey, and others took advantage of the financial resourc
organizational forms that were available in New York City. The legisl:
or regulatory, constraints of New York little troubled the innovators once
they obtained a franchise from city council. The Edison technolo,
manifested the experience and skills of crafismen and appliers ol science
who had been drawn mostly from the native and immigrant populations
of New York City and the industrial Northeast. Thus, without articulating
the intent to do so, Edison and his associates designed a site-specific tech-
nology. Undoubtedly, however, they believed that a system designed for
New York City would function well in the other great cities ol the Western
world.

In fact, the Edison interests were not content to introduce the technology
in New York City or even to limit it to the urban centers of the United
States. Edison and his associates also actively engaged in the diffusion and
transfer of their central-station technology to other American cities and to
the cities of Europe. The history of the transfer of Edison's system to
London and Berlin is instructive, for it reveals different modes of technology
transfer and the fate of a site-specific technology in two new environments.

Grosvenor P. Lowrey promoted the Edison enterprises not only in the
United States but in England and on the Continent as well. i it
provide an outstanding example of modes of technology transfer. Lowrey's
associates, members of the great banking and investment house of Drexel,
Morgan and Company, had the financial resources, the for
and the organizational wherewithal to move technology across national
boundaries. From the start of the Edison electric lighting project, Lowrey
anticipated the business that could be developed abroad. In October 1878
he told Edison that the way to fulfill his dream of building a working
laboratory “such as the world needed and had never seen” to sell

a7
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patents, including foreign ones.! It was not upusual in the 1870s for Americans
to look abroad for financing and for a major market for their technology.
Before the invention of his electric lighting system, for instance, Edison
had s repr ing his telegraph and telept patents in England
and on the Continent.?

For the telephone patents, Edison’s representatives were Colonel George
E. Gouraud in England and Theodore Puskas in Paris. Puskas also handled
Edison’s phonograph business in Paris. Gouraud, a transplanted American
of the “boomer” type, often represented American bankers in London and
had valuable contacts among British capitalists; Puskas, a native of Buda-
pest, was known among inventors as the first Lo suggest a telephone ex-
change.® After Lowrey and Edison agreed that Drexel, Morgan and Com-
pany should dispose of Edison’s inventions in England and Europe, however,
Gouraud's and Puskas’s call upon Edison because of earlier services became
awkward.

When Edison first believed he had struck a bonanza by solving the prob-
lem of subdividing the electric light, he confided in Puskas and Gouraud.
He promised Gouraud that he would be “counted in,” even though the
light was being developed with the economic support of financiers whose
interests would have to be taken into account in making such an arrange-
ment.* Gouraud enthusiastically informed Edison that news of his discovery
had spread throughout the British press and constituted the best, as well
as free, publicity. Gouraud saw more than a million pounds “trembling in
the balance,” pounds that could come down on Edison’s side if the facts of
his invention were made known in detail; there was no time like the present
to launch a great Edison company in England. Furthermore, he reported,
the scientific community waited for more news as eagerly as did the fin-
anciers.”

After communicating the news of the subdivision b G d
and Puskas with the uninistakable implication that they would be benefi-
i Edison gave Grosvenor Lowrey the power of attorney to sell his
financial interest in the electric light in Great Britain. He authorized Lowrey
to select a suitable banking house with correspondents in England and to
form a partnership between Edison and the bankers for the purpose of
taking out patents, organizing exhibitions of the i i and disposing
of the rights. Edison was (o receive one half of the net proceeds: Lowrey
and the banking house the other. Edison took pains, however, to add that
he expected Lowrey to satisfy “any reasonable claims made by Colonel
Gouraud for any services which he may have rendered, desiring you to be

'G. I Lowrey (0 Edison, 10 October 1878, Edison Archives, Edison National Historic Site,
West Orange, N.J. (hereafter cited as EA).
“For a recent account of the Edison telegraph : i 2
accour . graph and telephonc in England, sec Robert Conol,
A Streak of Luck: The Life and Legend of Thomas Alva Edison (New York: Seaview Books, 1979).
e pp 5355, 145-47. Sec also Matthew Josephson, Edison: A Biography (New York: McGraw-
ill, 1959), pp. 102-3, 149-55; and Frank L. Dyer and Thomas C. Martin, Edison: His Life
and Inventions, 3rd ed.. 2 vols. (New York: Harper & Bros., 1930), 1: 148-52.
: _Lr:;‘ephmn. Edison, p. 149; Dyer and Martin, Edison, 1: 179,
" Oml,sl:lrl;)u:,.‘.lés:‘\s. 22 September and 5 October 1878, and Edison 1o G. E. Gouraud.
*Gouraud to Edison. 24 October 1878, F/

o
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not only just to him, but to save me from any fair course of complaint by
10 be treated as one of the expenses. e

Edison also wrote to Puskas, expressing “great dclica
him about the arrangements that would be made for the European b
Explaining that he had turned to “friends” in America for a large sum to
develop the invention, Edison revealed that they had immediately raised
the question of his European patents. He had lold them about his agree-
ments with Puskas for teleph and | busi They wanted
the rights to dispose of the electric hghlmg palenls in Europc, but were
willing to discuss with Puskas his acting as their agent in all European
countries except ltaly; there, according to Egisto Fabbri, the Morgan part-
ner, Fabbri's brother's firm, Messrs. Fabbri & Chauncey of New York,
would be the most effective agent. Edison attempted to console Puskas by
predicting that while Drexel, Morgan and Company would have general
control over promotional matters and negotiations, Puskas's income as agent,
though a reduced share, would actually be larger.”

Lowrey had persuaded Edison that the American banking house and its
overseas partners could transfer Edison’s technology more effectively than
“Continental people,” especially those in Paris. From his and his associates’
experience, Lowrey had concluded *“that Americans are the honestest and
most straightforward, as well as the best hearted people in the world.” The
English, he believed, “are next.” In Paris, Lowrey reported, “[there] was
no chicanery or trick considered to be beneath a great banker.” Therefore,
he urged, Edison should be represented by a strong American banking
house that was capable of dealing with chicanery and tricks. Furthermore,
since the offices of Drexel, Morgan and Company were only twenty miles
from Menlo Park, Edison conld remonstrate quickly if his affairs were not
handled to his liking. In addition, Drexel, Morgan and Company's British
and European network could effectively exhibit the Edison system in Lon-
don, Paris, Vienna, Berlin, and elsewhere in Europe in order to draw
attention to the technology and to dispose of the patent rights. The bankers,
with their highly developed negotiating skills, could define the best ar-
rangements, sometimes selling patents outright, other times reserving par-
tial interest in them. Lowrey added that he wanted Puskas to seule for,
perhaps, 10 percent as an agent, unless Puskas was able to raise $50,000
or more in cash to invest in Edison’s development of the electric light. ‘The
American bankers, whom Lowrey characterized as “a new class of men™ in
Edison’s experience, were not, it seems, prepared to invest more money
for development until more progress had been made at Menlo Park, despite
the “highest confidence in your [Edison's] ability and respect for your
character.”® Therefore, Puskas's cash could alter the 1gements.

The kind of technology transfer agreement that the bankers were ready
to negotiate with the inventor is revealed in a document of 31 December
1878 signed by Edison; Drexel, Morgan and Company: Egisto Fabbri
Lowrey. Fabbri and Lowrey signed as trustees.” 1'he banking hous

®Edison to Lowrey, 29 October, 1878, EA.
7 Edison 1o Puskas, 13 November 1878, EA
" Lowrey to Edison, 10 December 1878, EA.
®Agreement of 81 December 1878, EA.
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(o aid Edison in obtaining electric lighting, power, and heating patents in
Great Britain, Ireland, and poruons of the dominions and to manage and
exhibit the inventions described in the patents. Drexel, Morgan and Com-
pany was to reimburse Edison for prior expenses in taking out British
patents and to defend these and patents for inventions in the subject area
over the next five years (1879-83). Edison agreed to turn over to the
trustees title to all of these patents so that the trustees could assign them
as directed by Drexel, Morgan and Company. If after three years Drexel,
Morgan and Company had not disposed of the principal patents, Edison
could serve notice demanding their return to him at the end of six months.
Expenses arising from obtaining and disposing of the patents, as well as
the cost of exhibiting the inventions, would be deducted from the income
of the joint enterprise before the profits were divided between Edison and
the banking house. Payments to Lowrey, Gouraud, Puskas, or other finan-
cial agents and associates would be made by Drexel, Morgan and Company,
presumably because the agents would relieve the company of some of the
responsibilities assigned to it by the agreement.

Drexel. Morgan and Company did use the international exhibitions ef-
fectively. In so doing, they upheld a tradition established in 1851, when
Cyrus McCormick showed his reaper and Samuel Colt exhibited his re-
volver to great advantage at the Great Exhibition in the Crystal Palace, the
first in a series of major international technological and industrial exhi-
bitions.!® Although it was presented on a smaller scale than the other
international industrial exhibitions, the International Electrical Exhibition
of 1881 in Paris drew the auention of European scientists, engineers, in-
ventors, financiers, and entrepreneurs to electrical technology, especially
electric lighting, and Edison and his associates used this opportunity to
great advantage (see Fig. I11.1).

A. P. Trotter, a leading British electrical engineer, wrote that “electrical
engineering was born at the ... [Paris] Exhibition ..., a lusty child of
science and machinery.”'! The British journal Engineering judged the four-
month exhibition as “literally brilliant™ and as a powerful attraction not
only for technical and scientific visitors but for the public as well. Profes-
sionals were drawn together for the first time by the international congress
for electricians that was held during the exhibition. Altogether, there were
at least fifty different displays of arc and incandescent lighting, including
the incandescent lamps of Swan, Lane-Fox, Maxim, and Edison.'?

°On i ions of tech and industry, see Kenneth W. Luckhurst, The
Story of Exhibitions (l,ondon Studio Publications, 1951). On the Crystal Palace exhibition of
1851 as a microcosm of technology and social reaction a1 mid-century, sec Thomas P. Hughes,
“Industry through the Crystal Palace” (Ph.D. diss., University of Virginia, 1953). Following
the Paris exhibition of 1881, there were clectrical e tions in Munich (1882), Vienna (1883),
and Philadelphia (1884). On the Philadelphia exhibition, see Janc Mork Gibson, “The Inter-
national Elcctrical Exhibition of 1884, IEEE T on Education E-23 (1980): 169-76.

VA, P. Trotter, “Early Days of the Electrical Industry and Other Reminiscences” (typescript
at the library of the Institution of Elect Engineers, London), pp.

2 Engineering 32 (1881): 534. For a listing of publictions about the International Electrical
Congress, Paris, 1881, sce Catalogue of the Wheeler Gift of Books, Pamphlets, and Periodicals in the
Library of the American Institute of Electrical Engineers, ed. William Weaver (New York: AIEE.
1909), vol. 2, items 5422-30
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Figure Hl1.1. Edwon exhibut at the Pars
Exhibition of 1881, From Edison:
Lighting a Revolution (Washingfon,
D.C.: Smithsonian Institution, 1979), p.
56.

TECHNOLOGY TRANSFER

Edison’s incandescent-lamp system was received enthus
Paris exhibition. The display persuaded Europeans that Edison’s
was preeminent in the field and this led entrepreneurs to seck exclusive
rights to manufacture and market the system. The outstanding instance ol
technology transfer involved Emil Rathenau. the founder of the German
Edison Company, later known as German General Electric (Allgemeine
Elektrizitiits-Gesellschalt). A mechanical engineer, Rathenau returned o
Germany from the exhibition determined to obtain an Edison franchi
Young Oskar von Miller visited the Paris exhibition and returned to his
native Munich to help organize an international electrical exhibition ther
He described the exhibilion as “"overwhelming.” and the Edison incandes-
cents as most impressive.' Frank bpng\m who was to become the out-
standing pioneer of electric traction in the United States, visited the Paris
exhibition as a young naval ensign. He was persuaded that a new era ul
lighting had begun, and he believed that the pul nd investors had been
greatly influenced.'* The combined effect of motivated young engincers
and stimulated investors slreammg away from Paris with a
impression of Edison and his works is an informal but important ex
of technology transfer.

Edison sent Charles Batchelor, one of his principal technical
at Menlo Park, to install and superintend the display at the fair p,mnnd\
on the Champs-Elysées. An Edison 200-h.p. generator capable of lighting
twelve hundred 16-c.p. lamps dominated the exhil g 111.2). Some
of the success of the lamp exhibit was auributed to the use of copper wiring

' Walther von Miller, Oskar von Miller Nach Ewgenen Aufwewhnungen, Reden und Biefen
ruckmann, 1932), p. | Tlnemlnrr Heuss, Oskar von Miller und der Weg der Techmk
Deutsches Museum, 1950),

" Frank ). Spraguc, Report on the l'xlnbm at the Crystal Palace Electrical Exhibinon, 1852
\Z 1883), pp. 93,
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Figure I11.3. Incandescent lamps ilhuminaling paintings al the Fans exibition of 1881. rrom
Lumiere électrique ¥ (1881): 227.

of unusually low resistance, ing that was specially made by William
Wallace of the Ansonia Copper Company. Plans for New York’s Pear] Street
station also were on exhibit and stimulated many technical and economic
questions. The French architect C. Garnier asked some of the exhibitors
to light the Paris Opera House, and 1o the Edison group he assigned the
responsibility for lighting the building’s great foyer. This, t0o, attracted
attention to Edison’s system.'*
After the Paris exhibition, Drexel, Morgan and Company supported the
organization of an Edison display at an electrical exhibition in London.
Drexel, Morgan and Company and Edison had placed Edward H. Johnson
(1846-1919) in charge of promoting the Edison system in England. John-
son, once a telegraph operator, had assisted Edison in his telegraph en-
l terprises and subsequently became a close associate in the electric lighting
business. He was an original partner in the Edison lampworks, and in 1886
he would become president of the Edison Electric Light Company. In 1882,
he presided over the Edison exhibit at the International Electric Exhibiti
held in the Crystal Palace in Sydenham, ncar London. Assisting him was
n William Hammer, another of Edison’s close associates.

e the electri
| Figure fll.4 '1 / ' ; e Johnson assured Edison that his display at the Crystal Palace had elicited
" 7 i “the admiration of every Engincer.” As he described it, “All the other work
Histaric Site, West Orange. N.J in the Palace is of the most temporary character. Swan’s lights, for

instance, are just as likely 10 go out as they are to burn.” Johnson stressed
that the crowds left the exhibition persuaded of the superiority not only
of the Edison system but of Johnson’s explanation of electric lighting as

8 Etienne de Fodor, “The Edison System in Europe Forty Years Ago.” Electrical World 80
(1920): 547-48. Fodor was onc of the installers of the Edlison exhihir.
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Figure H11.5. The Edison isolated plant at
the Crystal Palace exhibition of 1882.
Courtesy of the National Museum of
American History, Smithsonian Institution,
Washington, D.C.

TECHNOLOGY TRANSFER

well.'® (See Fig. 111.5.) The London Daily News judged Edison's system more
advanced than all its rivals: “[It] is the wonder of the show, and his rep-
resentative is certainly the prince of all showmen. There is but one Edison,
and Johnson is his prophet.”'?

Judging by his letters to Edison, Johnson was especially effective in in-
forming and impressing British aristocrats and scientists. The emphasis he
placed on influencing them indicates the importance of the role the aris-
tocrats had in financing entrepreneurs, and that scientists had in authen-
ticating the new technology. By contrast, scientists in America remained in
the background as Edison invented, developed, and innovated. Even before
Johnson took charge in London, Colonel Gouraud had approached Sir
William Thomson, one of Great Britain's most distinguished physicists, to
ask him to act as a consultant for the Edison interests in Britain. Thomson
in turn wanted to make an “unprofessional,” comparative test of Edison
and Swan lamps, between which he found little difference, especially as to
economy.'®

One of Johnson's efforts involved guiding members of the Socicty of
Arts through the Edison exhibit and afterwards dining with them in the
Crystal Palace. Lord Alfred Churchill and Sir Frederick J. Bramwell, the

E. M. Johnson to Edison, 19 March 1882, William Hammer Collection. Museum of
American History, Smithsonian Institution, Washington, D.C. 1 am indebted 10 Dr. Robert
Fricdel for guidance in using the Hammer Collection.

7 London Daily Nes, B April 1882, quoted in Payson Jones, A Power History of the Consolidated
Edison System, 1878-1900 (New York: Consolidaied Edison Co., 1940), p. 49.

" Gouraud to W. Thomson, 15 March 1881, and Thomson to Gouraud. 18 March and 30
April 1881, in folder labeled “Electric Light 1880, Forcign,” EA.
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leaders of the delegation, admired the display and Johnson openly, and
their praise was such as “to elicit from Lord Alfred at the dinner the one
toast of the Evening.”'? Johnson envisaged that the scientists and aristocrats
would both invest in and testify to the excellence of the Edison system.
Their support was needed both for the central-station ventures and for
the small, isolated plants Johnson anticipated would be purchased for the
great homes and country estates. The duke of Sutherland saw the Crystal
Palace display and was so delighted that he could not stay away. After his
fourth visit he invited Johnson to dinner at his London residence, Stafford
House, to discuss installation of the system there. Only because of a prior
investment made in the Brush Electric Light Company before he learned
of the Edison system did the duke refrain from associating with the Edison
company in England.?’ The duke of Westminster and the duke of Edin-
burgh also liked the display and expressed their intention to install the
Edison system.

The Crystal Palace display was only part of Drexel, Morgan and Company
and Edison's master scheme, however. Although the banking house did
not want its name publicly associated with the undertaking, the Crystal
Palace exhibition was to be followed by the opening of a central station at
57 Holborn Viaduct in the heart of London.?' Holborn Viaduct would
serve as an “exemplification” for the central stations that the English Edison
company expected 1o license. Holborn Viaduct was to the English company
what the Pearl Street station was to the Edison Electric Light Company of
New York, with the exception that the English company obtained its rights
to the English patents from America.

On 15 March 1882 the English Electric Light Company, Ltd., registered
and held its first board meeting. The major stockholders and directors
included men of scientific reputation, aristocratic connections, and financial
means. (In New York, the directors of the Edison Electric Hluminating
Company were men of business and linance.) Among the board members
characterized by Johnson as “scientific representatives” were Sir Frederick
J. Bramwell (1818-1903), an expert on municipal engineering and a well-
qualified technical witness on legal mauers; William Preece (1834-1913),
chief electrical engineer for the Post Office Department; Sir John Lubbock
(1834-1913), a banker, sometime member of Parliament, and chairman of
the London County Gouncil: and Sheeford Bidwell, who advised Johnson
on Edison patents in Britain. The board initially included Lubbock, Bidwell,
Viscount Anson, Richard B. Wade, and E. Plydell Bourverie.”* With
£1,000,000 in authorized capital, the company's purpose was threefold: to
acquire all of Edison's British patents in electric lighting, heat. and power;
to purchase the lamps, dynamos, and other Edison equipment then on
display in England; and to lcase the property at 57 Holborn Viaduct. The
company agreed to pay £20,000 for the patent rights and equipment and
to allot one fully paid share of “B” classification stock for every £10 of “A”
share stock paid up. There were 50,000 £5 “A” shares and 50,000 £10 “B"
shares.

1% Johnson to Edison, 19 March 1882, Hammer Collection.
w0

d.
?! Ibid.
# [bid.
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Thus Edison shipped two Jumbo generators from New York to the newly
formed English company, and early in 1882 these were installed in the
Holborn Viaduct station. Holborn Viaduct thus had generators of the same
kind as those at New York's Pearl Street station, and its components—
Edison lamps, some underground cable, and other electrical equipment—
were similar to those found in the New York station. Moreover, Edison-
trained electricians (including Hammer) and managers presided over both
the London and the New York station. Yet the New York station survived
and the Holborn station did not. This failure of Edison technology to adapt
and put down roots in London calls for other than strictly technical ex-
planations.

The station formally opened for inspection on 11 April 1882. Equipped
with 1,000 incandescent lamps (but with a capacity for 2,200), the station
lit streetlights from Holborn Circus along the Viaduct and Newgate Street
to the vicinity of the General Post Office. Incandescent lamps in hotels,
stores, restaurants, and other private buildings fronting along the way
enhanced the effect. The four hundred lamps that lit the General Post
Office and the lamps in Dr. Joseph Parker’s City Temple excited comment
among the passers-by and the distinguished and financially affluent visitors
who were given a tour of the station (see Fig. I11.6). Johnson, who remained
in London for a time after the opening and who was a major shareholder
in the English company, later recalled that the station elicited extremely
favorable comment.?* The publicity release of the Edison Electric Light
Company in America described the Holborn station as “a successful ex-
hibition on a large scale of the practical working of the Edison system of
incandescent lighting."?* (See Fig. 111.7.)

The Holborn Viaduct station was much more than a “try out . . . in the
provinces"?® for the American company and more than a pilot plant for
the English company.? The station was both a commercial-technological
venture and an advertisement for the English company.?” With rights to
the Edison patents within the United Kingdom, English Edison had rcason
to expect a substantial profit from the sale of concessions or licenses to
prospective central-station companies throughout the United Kingdom. As
early as 20 May, the London Economist reported the sale of local licenses
by English Edison.?®

The English p i blished rates for Holborn con-
sumers which were calculaled o creale good will and favorable publicity.

 Thomas C. Martin, Forty Years of Edison Service, 1882-1922 (New York: New York Edison
Co., 1922), p. 29. Some of the account of the Holborn Viaduct station and the following
analysis of the effect of the Electric Lighting Act of 1882 is taken from Thomas P. Hughes.
h Electrical Industry Lag: 1882-1888," Technology and Culture 3 (1962): 2744,
Edison Electric Light Co.. Bulletin (New York) 10 (1882): 6.

 Committee on St. Louis E of Association of Edison Iflumi ¢
Edisonia: A Brief History of the Early Edison Electric Lighting System (New York: Association of
Edison 1lluminating Companics, 1904), p. 159,

™ Dyer and Martin, Edison, 1: 336. Edison did, however, use information from Holborn
at Pearl Sireet; see ibid.. 1: 417.

At a mecting of the sharcholders of the Edison & Swan United Electric Light Co., L.,
successor to English Edison, the directors offered this interpretation of the intent of Holborn's
founders.

™ Economist (London) 40 (1882): 604,
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Figure I11.6.  Plan of illuminatian of the

Holborn Viaduct, 1881-82. Courtesy of
the National Museun of American History,
Smithsomian Initution, Washington, D.C.

Figure 1.7 On the left, the Edison
central station at 57 Holborn Viaduct,
London. Courtesy of the National Museum
of American History, Smithsomian
Institution, Washington. D.C.
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From April until July 1882, the station supplied street lighting without
charge to the city authorities; for the next six months the rates were the
same as those for gas. Individual arrangements were made with private
consumers, but the plan for Holborn kept the price of electricity near that
of gas, even if it meant no profit.?? The supply of electricity to customers
at rates comparable to gas rates undoubtedly cost the station at least twice
the selling price in 1882.% Company planners predicted that increased and
more regular loads, along with further technical developments, would re-
duce operating costs. Time would test the wisdom of English Edison’s
investment in the Holborn Viaduct station, but in the spring of 1882 the
station seemed to be proof of the technical workability of the Edison system.
Holborn served as a reminder of the international character of technology.

Holborn was a technical, business, and economic venture. Engineers
awaited the technical results; businessmen and financiers wanted the bal-
ance sheet. Thus English Edison commissioned two of the country’s rising
electrical engi Dr. John Hopki and Dr. J. A. Fleming, to analyze
the costs of the Holborn station. After careful record keeping over several
months and after making assumptions about long-term operations and
load, the two engineers concluded: "It will be possible with careful man-
agement at present prices of plant to supply electricity to the public at the
cost of equivalent gas, and to make a small profit if a fairly full consumption
is maintained for 7 or 8 hours per day.”' (See Tables 111.1 and 111.2.)
They were certain, however, that use of the lamps for less than the whole
night would be unprofitable if customers were charged a rate equivalent
to the price of gas.

The interest created by the Paris and London exhibitions and the opti-
mism generated by the Holborn Viaduct station contributed to heavy spec-
ulation in the spring of 1882 in shares in various electrical manufacturing
and supply (utility) companies. During two weeks in May, sixteen new
companies appeared, and the London Economist recalled earlier bubbles in
railway shares (1845—46) and the submarine telegraph.3? Then, in mid-
May, the stocks fluctuated wildly. The shares of the Anglo-American Brush
Electric Light Corporation, makers of the Brush arc lamp and the Lane-
Fox incandescent lamp, dropped £600,000 in total value in three days of
trading but remained far above their face value. The press generally advised
caution.* The Economist offered sober counsel: “However great a revolu-
tion [in electric light] may possibly be in store for us, the inevitable com-
petition amongst the real electrical systems will effectually prevent the
shareholders from becoming millionaires.”* At year's end, however, the
speculation in electrical shares would stand as Britain’s chiel security mania
of the year.»

 Testimony of Sir John Lubbock, M.P. and major sharcholder and director of English
Edison, before a sclect committee of the House of Lords in 1886; sce p. 63 below.

0See p. 64 below.

%1 John Hopkinson and J. A. Flemi
10 the Dircctors of the Edison Elecui
lection), pp. 22-23,

* Economist (London) 40 (1862): 604.

» Elecrical Review 10 (1882): 343,

“Report on the Central Station, Holborn Viadu
ight Company, Limited” (typescript, Hammer Col-

05.
‘ommercial History and Review of 1882." ibid. 41 (1883)
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TasLE H1.1. CosT OF t1E HOLBORN VIADUCT CENTRAL STATION
Cost Breakdown £ 5. d. £ s. d.

Messrs. Hayward, Tyler & Co.
Tanks, steampumps. waterhcater,

inspector, traveler pipes, and other

ings 60 [ 1 | n
Builder

Erccting shaft 1301 | 7 5

Drexel, Morgan & Co.

Engine and boiler 737 3 3
Two 1.200 light dynamos at £1.830 | 3,660 0 0 | 4397 | 3 3
Installations—Cost of materials
1. Negreti & Zamba 16 7 5
2. Sharp & Co. 8 1 0
3. Vaseline & Co. 7 4 7
4. Hodge & Essex 1 9 1
5. Holland & McConnell 8 | 1 6
6. Steel & Garland 12 16 8
7. W.D. & H. O. Wills 10 4 7
8. Terrey & Co 14 0 3
9. Birch 14 9 '
103 7 2 [ 6358 | 12 7

Source: Hopkinson and Fleming. “Report on the Central Station. Holborn Viaduct.”

In an epoch characterized as “the end of laissez-faire” and in a nation
whose government showed increasing concern for the welfare of the grow-
ing body of the electorate, it is not surprising that Parliament, the central
bureaucracy, and the local authorities reacted to the intense activity and
optimism in the electric lighting industry. Within two weeks of the formal
opening of the Holborn station a select committee of the House of Com-
mons was established. and from 25 April to 12 June 1882 it heard testimony
on proposed central-station legislation.

Newly formed central-station companies needed permission to break
open the streets in order to lay the electrical lines of the underground
distribution systems. In the United States this authorization came from the
local government or authority, but in Britain the problem moved quickly
to the national level, where Parliament and the Board of Trade sought a
general solution in legislation. Thomas Edison had wined and dined New
York City aldermen prior to the erection of the Pearl Street station; but
in Britain, Joseph Swan, ]. E. H. Gordon, and R. E. B. Crompton, all pioneer
entrepreneurs in electric lighting, gave a dinner for the Speaker of the
House of Commons and other leading M.P.’s in a bid to win passage of
the Electric Lighting Act of 1882.%¢

The government's electric lighting bill came from the Board of Trade.
Founded in 1786, this government department “grew like Topsy” during
the industrial era. It held far-reaching regulatory powers not only over
transportation, communications, and various industries but also over the

* Rookes E. B. Crompton, Reminiscences (London: Constable & Co., 1928), pp. 111-12.
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TABLE 111.2. ESTIMATED ANNUAL COST OF ONE UNIT OF THE HOLBORN VIADUCT STATION

Onc steam dynamo and boiler, maintained at an average
of six hundred 16-c.p. lights per night

Coal at £32 per month

Oil at £11 per month

Waste

Wages at £50 per month

Lamps at 2s. Id. (say, 1,500)

Share of rent for one dynamo

Depreciation (10%) on engines, boilers, and other mate-
rials, excluding the value of copper in the mains

Share of management for one dynamo per annum

£2,076.0.0

Source: Hopkinson and Fleming, “Report on the Central Station, Holborn Viaduct.”

surging electric light industry.%” Heading the Board of Trade in the Liberal
Gladstone's government was Joseph Chamberlain, a man who had cffec-
tively socialized the public utilities as mayor of Birmingham and who would
long be r bered for his republicanism in the Victorian era.
Chamberlain’s activities as president of the Board of Trade from 1880
to 1885 d to a fierce onsl: on the abuses of property against
human rights.*® Chamberlain and the Board of Trade drew upon prece-
dent as they moved to regulate a public utility. The Tramways Act of 1870
had limited the tenure of private ownership; the Public Health Act of 1875
had authorized municipal ownership of waterworks;* and an extensive
body of legislation had regulated private gas companies. This legislation
had come to be thought of as protection for the public against the tendency
of public utilities to abuse their monopolistic powers. On the other hand,
the government had been tolerant of regulated, or natural, monopolies if
a duplication of services raised costs exorbitantly.*” The expense of break-
ing open the streets to lay electrical distribution lines would be heavy.
Government ownership, as well as government regulation, was viewed
sympathetically in the twilight of the Victorian era. However, government
ownership meant ownership by the local governing authority."! As mayor
of Birmingham, Joseph Chamberlain had strengthened the movement for
mumcnpal socialism considerably. He had reduced the operating costs and
the price to consumers while improving the service of the public uti

37 George S. Bower and Walter Webb, The Law Relating to Electric Lighting, Being the Electnic

Lighting Act, 1882 (London: S. Low, Marston, Searle & Rivington. 1882). p. 100.
3 ). L. Garvin, The Life of Joseph Chamberlain, 4 vols. (London: Macmillan & Co., 1932-),

1:413

Sir Henry Self and Elizabeth Watson, Electricity Supply in Great Britain . . .
p. 41T

*Gas companics had not begun as monopalies, but had assumed that character when
competing distribution systems involved i P
Act of 1860 confirmed the monopolistic d
up on their own tive. H. H. Ballin, The Organisation of Electricity Supply in Great Britan
(London: Electrical Press, 1946), pp. 1-3.

**Local authorities were those bodies to whom the public health of the United Kingdom
was entrusted—e.g., metropolitan district boards and vestries and urban and rural sa
authorities. Engineering 35 (1883): 374.

on, 1952),
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including the gasworks—he had bought for Birmingham.*? Permanent
Secretary of the Board of I'rade Farrer told a parliamentary committee
holding hearings on the proposed legislation that it was “much too late”
to argue that public enterprise could not compete with private enterprise
or to question bringing the public purse to bear in the public-utility area.+®
The proposed legislation for governing central stations clearly mani-
fested its sponsor’s sympathy with government regulation and tender feel-
ing toward municipal ownership. Yet the claims of private enterprise upon
the economy also were recognized. The bill provided a regulated monopoly
with limited tenure for private enterprise (or a regulated monopoly for a
local governing authority). Private enterprise had the opportunity to risk
capital in an area of the economy that was a technological frontier. After
the time allotted under the tenure had elapsed, the local authority would
have the power 1o purchase the central station and distribution system (now
having stood the test of time) with ratepayers’ (taxpayers’) money. In the
of enthusi; and sanguine speculation of the spring of 1882,
Chamberlzm, Parliament, and the Board of Trade had every reason to
expect private enterprise to venture capital under restricted conditions.

As a matter of fact, the counselor for six private light companies gave
his general approval to the Board of Trade bill, excepting several provi-
sions. A trade publication*! characterized the bill as cquitable and in the
public interest, and the London Economist predicted that the monopoly
given the private central station would allow rates to rise high enough 0
bring a return on the investment within the time of tenure.*> Spokesmen
for private enterprise singled out for criticism the bill’s provision of a seven-
year tenure. Sir Frederick J. Bramwell, of English Edison, told the parlia-
mentary committee the compames nteded a minimum of twenty-one years. s
Edward H. Joh f up the attitude of American inves-
tors when hc told the commlllee he would prefer seventy years, or better
still, no limit, but English businessmen accepted the bill with equanimity
upon its enactment on 18 August 1882. Clause 27 of the bill provided for
a twenty-one-year tenure.

Another of the companies’ criticisms was directed against the so-called
“scrap iron” provision of clause 27. The Board of Trade intended that if
the local authority made a compulsory purchase after the period of tenure
had elapsed, the sale pnu: would be based upon the value, as isolated
elements, of dynamos, wire, bricks, mortar, and other components of the
operating central-station system—bricks as bricks and mortar as mortar,
Board of Trade Secrctary Farrer explained.*” Yet the large number of
applications by companies for authorization** under the Electric Lighting

2 Garvin, Joteph Chamberlain, 1: 190

5 Great Britain, Parliament, House of Gommons, The Electric Lighting Act 1882: Minutes of
Evidence Given before the Select Committee of the House of Commons (Lonclon, 1882), p. 13 (hereafter
cited as House of Commons Hearing, 1882).

 Electrical Review 10 (1882): 283.

* Economist (London) 10 (1882): 907.

* Letter 10 the Times (London). 21 July 1882,

* House of Commany learing. 1882, p. 28.

“Sce p. 62 below.
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Act of 1882+ indicated that in the year of optimism the companies expected
to make a profit, clause 27 notwithstanding.

Other sections of the act would subsequently prove significant, especially
the clauses designed to prevent what were envisaged as monopolistic abuses.
Undertakers (utilities) were not to tyrannize customers by imposing the
system components of only one manufacturer. The central station, for
example, could not prescribe any special form of lamp (clause 18). Potential
customers could demand that supply mains be laid to their premises under
conditions that could prove costly to the central station (clause 19), for
restrictions all but outlawed the cheaper, overhead distribution system. In
short, no British engineer could design a central-station system solely in
terms of economic and technological considerations; instead, he had to
design for an environment permeated by legislation.*° Edison had designed
his technology and his American business venture under legislative con-
ditions that were vastly different from these.

After passage of the Electric Lighting Act, in April, and after the leg-
islated conditions had been defined, Great Britain—still considered the
world’s greatest industrial nation and one distinguished by her scientists
and engineers—seemed ready to move ahead with her central-station in-
dustry. Economic conditions were favorable: 1882 fell within a limited
period of recovery during the “great depression in Britain, 1873-1896."*'
By 1 July, however, it was apparent that the electric lighting companies
and the manufacturers of electrical components were not making prepa-
rations for the anticipated winter demand.>? In September 1882 disgrun-
tled Brush shareholders questioned company policy.>® By the end of De-
cember the value of electric-light company shares had dropped dramatically
from their spring highs.>*

45 & 46 Vict., ch. 56.

# Under the act, three means were provided for bestowing powers on the electrical un-
dertakings: a special act of Parliament, a Board of Trade license, and a provisional order.
The last-named proved to be used most frequently. The powers bestowed pertained chiefly
10 the breaking up of public strects, for if a company could manage to supply electricity
without doing this, there were no legal feters. The Board of Trade bestowed provisional
orders subject to approval by Parli Private ics and individuals and
local authorities could obtain powers. A provisional order defined the arca of supply; the

of the utility ) to supply would-be consumers in the area (who might
not zlways be in lhe nmmcdmle area of supply Imes). the mz)umum rates and the incthod of
assessing rates I 'y meters were not wllngcs in the interest of
public safety; and i P dy o deltrmme il unde had (ulfilled their ob~
ligations. The act is i and the p orders explained, in Eng
(1883): 374.

' Sec H. L. Bealcs, “The ‘Great Depression’ in Industry and Trade,” Economic History Review
5 (1934): 65-75; and A. E. Musson, “The Great Depression in Britain, 1873-1896: A Reap-
praisal,” Journal of Economic History 19 (1959): 199-228.

? Electrical Review 10 (1882): 478,

3 1bid. 11 (1883): 209-10. At a stockholders' meeting of the Devon and Cornwall (Brush)
Electric Light & Power Co. 1882, a small ged the directors’
purchase of the Lane-Fox rights from the parent company. The exchange that followed was
interrupted by another small stockholder, who offered to bring a mine lamp to the company
to make good on any losses that might result from the Lane-Fox blunder—he added that he
saw no reason to wind up the company. The chairman characterized these remarks as a lttle
beside the mark, as he had heard no hint about winding up the company.

*Stock market quotations in Economist (London) 40 (December 1882).
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‘The parent patent-holding and franchise-granting Brush Electric Light
Company had to face not only a decline in the value of its shares but a
legal test of its claim 10 an incandescent-lamp patent. Apparently St. George
Lane-Fox, inventor of Brush's lamp, had assigned the exclusive right of
using and granting licenses for his patents to the British Electric Light
Company on 20 July 1881, and only nine days later had made the same
arrangement with Brush.%* Problems for Anglo-American Brush increased
in 1883 when subsidiary companies, “who [had been] all eagerness 10 obtain
a high-priced concession, . . . [were] only too glad to resell it to the original
grantor on almost nominal terms."”*® A year after the bright promise of
the spring of 82, the Anglo-American Brush Corporation stood revealed
as a patent-holding and manufacturing company which had been founded
on an arc-lighting system that was no longer outstanding in the field and
on an incandescent-lamp patent of doubtful value.”’

Caught in the sweeping reaction, the parent English Edison Company
sought to ease its difficulties. In October 1883 the company merged with
its principal competitor in the manufacture and sale of incandescent lamps,
Swan Electric Light Company, which had been founded on the basis of the
patents of Joseph Swan of Newcastle upon Tyne, the inventor of an in-
candescent lamp that was said to be comparable to Edison’s.*® Thus the
Holborn Viaduct station became the property of Edison and Swan United
Electric Light Company, Lid. James Staat Forbes, director of the new en-
terprise. told stockholders in November 1884 that Holborn had been a
costly affair and had caused the directors a great deal of anxiety, having
been operated at a serious annual loss.* The station then passed from
public view and was abandoned by the company in 1886.

On 20 October 1884 Edison & Swan also informed the Board of Trade
that none of the provisional orders granted the company under the Electric
Lighting Act of 1882, orders that enabled the company to erect central-
station systems in London. would be carried out. In the opinion of the
company's directors, the “vexatious and harassing” legislation of 1882—
especially the limited tenure and “scrap iron” clause—condemned to failure
such ventures on the part of private business. This action indicated a trend:
in 1883 the Board of Trade granted sixty-nine provisional orders for cen-
tral-station systems and sixty-two were subsequently revoked: in 1884 only
four were granted and all were revoked; and in 1885 none was issued.®

By the end of 1884, the doldrums had set in. Bad times had not come
upon the British electrical industry alone, however. Innovators in the elec
tric light and central-station indusiry found their melancholia echoed by

“The Elecirician 10 (1882) (2 and 9 December). In a subsequent setlement, Lane-Fox
repurchased bis patents from Anglo-American Brush and then granted, as part of the set-
tlement, a full and free license to the corporation to sell and use all of his inventions that
were connected with electricity. Electrical Review 14 (1884): 95-96.

* Ecanomist (1ondlon) 42 (1884): 1180,

* Electrical Review 11 (18K9): 452-53.

*"Kenneth R. and Mary E. Swan. /. W. Swan: A Memorr (London: Benn, 1929); Brian
Bowers, "Joseph Swan and the Invention of the Incandescent Filament Lamp.” Papers Presented
at the Fourth Weekend Meeting on the Hustory of Electvical Engineering, Durham, England, 2—4 July
1976 (London: Institution of Electrical Engineers, 1976), pp 68-70.

>*Report of sharcholders’ meeting. Electrical Rewew 15 (1884): 397.

* Emile Garcke, Manual of Electrical Undertakings (London, 1896), p. 993,
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agers [rom the older industries of shipbuilding .and iron
and steel.®! Fighteen eighty-two had marked the end of the recovery evele
within the “great depression™; 1883 and 1881 marked the beginning of a
slump.® Yet spokesmen for the private-enterprise sector ol the electrical
industry were reluctant to view the problems of the industry in the broader
perspective of the overall economy: they prefevrved to linit theiv analysis
to government activity. Because investment in clectric lighting had been
heavy and because influential persons were interested in the clearical in-
dustry, in 1886 Parliament considered amendments to the 1882 Flectric
Lighting Act.

A committee of the House ol Lords heard representatives ol privite
enterprise speak as one in attributing the doldrums o government legis-
lation. Sir Frederick |. Bramwell stated unequivocally that the Electric Lighting
Act of 1882 had set the British electrical industry back four years.*! Lione
L. Cohen, linancier and stock exchange official, testified that capital could
not be found for the industry under the conditions of the * A director
of the Bank of England and leading engincers and scientist \\cllwl the
chorus of u)mplamls that focused upon the tenure and “scrap iron” clse
of the 4

The committee also learned of other provisions within the act
visional orders granted under the act which worked technical and economic
hardships on the engineers and station gers.”” C itte
heard as well that foreign states had not enacted legislation constraining
the electric lighting industry.® Spokesmen for private capital complained
not only of government regulation but also of the stimuli the act
municipal socialism. James Staats Forbes, head of Edison & Swan
that the local authorities would not innovate in the electrical Inghlm;‘ field
nor would they allow private capital to innovate. He asked rhetorically, “Is
that in the interests of the public?” and replied categorically. *1 am stupid
enough to believe that it is not."

Spokesinen for the central government and the local anthoritics, how-
ever, called the autention of the Committee of Lords to the adverse effects
of the speculation mania of 1882 and to the competition offered by cheap

Wl pro-

\
il s

® The real depression of the cighties began in 1883 in shipbuilding, cng nd the
iron and steel industry. Sce ). 1. Clapham. An Economic History of Madern Bratam, 3 vols
(Cambridge: At the University Press, 1931-38), $: 5-6.

% Sec p. 61, n. 51, above: and Walt Rostow, British Economy of the Nuneteenth Century (Oxford,
1949), pp. 49, 50.

% Great Britain, Parliament. Housc of Lords, Report from the Select Commuttee of the Howse of
Lords on the Electric Lighting Act (1886) . . . (London, 1886) (herealier cited as Lovds Commttee
Hearing. 1886).

the type of lamp ar
 Where local (not national) legis was in the ol salety 1egul

nd was intended to prevent interference with telegraph and telephione installations; see Lords

Committee Hearing, 1886, p. 218. In the opinion of one British engineer, the Ameticans were

indifferent to ac L p. 63

*1bid., p. 106.
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gas.” Government electrical engineer William H. Precce spoke' of a “money
making world"” that was eager o “reap the benefit of the patient student,
the ingenious inventor, and the deserving enginecr.””' The town clerk of
Chamberlain’s Birmingham testified that the ratio of the price of gas to
that of electricity was 1:2 in Britain, but only 2:3 in the United States.
is, he contended, had more to do with the progress of electric lighting
than with government legislation.”® Electric light in Britain was a luxury,
he argued, and thus was not suitable for the investment of the ratepayer’s
taxes. Recent analysis of the relative cost of gas and electric lighting at that
time supports the town clerk’s explanation.”

Other explanations for the decline of the British central-station industry
were heard during the time of its doldrums, but in the end the case made
by private enterprise was most effective: the Electric Lighting Act of 1882—
government legislation—had paralyzed the central-station industry. The
spokesmen for the clectrical industry chose to ignore the more complex
questions of national inertia, technology and techrological education, and
business cycles. They conc d on a more i diate problem, the
amendment of the Electric Lighting Act of 1882. Changes in government,
the Irish Home Rule bill, and changes at the Board of Trade all contributed
to the delay in amending the act. The act had passed during Gladstone's
rule; the amending bill passed in 1888 under Lord Salisbury.”™ In 1887
private investors had anticipated passage when capital once again began
to flow into the electrical industry. The London Electric Supply Corpo-
ration registered in August 1887 with an authorized capital of £1,000,000
and bold plans to erect the world's greatest central station in London (see
pp- 238-47 below).”

On 28 June 1888 the amending bill became law. Most significant among
its provisi were the ion of tenure for private companies from
twenty-one to forty-two years and a redefinition of the compulsory-pur-
chase terms to the advantage of the private enterprise. The municipalities
or local authorities, on the other hand, received a limited veto on the
granting of a provisional order by the Board of Trade.

Just as private enterprise had been reluctant to interpret the doldrums
in the industry within the general context of the economic slump, now,
with the amendment of the “iniquitous Electric Lighting Act,” the corre-
lation between the passage of the amendments and the general economic
recovery went unnoticed. The Jubilee Year, 1887, marked the beginning
of a “brisk revival."™ An aumosphere of optimism and enthusiasm now
prevailed among private entrepreneurs. In the House of Lords the earl of
Crawford predicted an outpouring of capital and forty thousand new jobs

™ 1n 1885 the compe light had been even further strengthened by the
intraduction of the Wel h gave a more efficient and agreeable light. Philip
Chantler, The British Gas Industry (Manchester: Manchester University Press, 1938), p. 9.

™ Journal of the Society of Arts 32 (1H83-84): $47.

™ Lords Committee learing, 1886, p. 562.

"1.C. R. Byan, The British Electrical Industry, 1875-1914 (Oxford: Clarendon Press, 1979),
pp. 21-28.

751 & 52 Vict., ch. 12

Sec Engineering 94 (1912): 163-64, for an account of the Deptford station.

™ Claph conomic History of Modern Britan, 9: 54
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in the newly surging sector of the economy.” Engineers belicved that the
technological foundations had been laid.” The editors of British technical
Jjournals were cautious but sanguine. As one of them wrote, At last . ..
the air clears, and activity begins to show itself all round.”" Britain would
move ahead sure-footedly, not plunge ahead with the reckless abandon of
the American central-station managers who hung wire in festoons and the

ers who ed obsolescence. The British
businessman would not drum up demand frenetically, as did his American
cousin.?® Cold statistics supported warm sentiments as the value of electrical
shares turned upward late in 1888, and thc trend conunucd in 1889.* The
best indication of renewed optimism was a d pswing in the number
of provisional orders granted: after 1884 there had been only one: in 1884
there were twelve; and in 1890 there would be seventy-four.*?

Edison’s central-station technology, the kind that had been transferred
to Holborn Viaduct, was not revived, however. During the six years that
separated the original and amended electric lighting acts, new technology
took root in England. The attention of the professionals and the public
shifted to Sebastian Z. de Ferranti, a young British engineer (see pp. 97-
98 below). His plans for electric lighting were as bold as Edison's, and he
soon became known as the British Edison. English Edison’s Holborn station
was remembered by only a few and as a history of the failure of technology
transfer. But in fact it was not the technology that had failed. The disil-
lusionment of private investors in 1882 after the collapse of stock market
speculation together with the passage of the Electric Lighting Act discour-
aged risk taking. The adverse effects of the lighting act may have been
exaggerated by opponents of regulation and municipal socialism, but pru-
dent investors realized that a Parliament that could pass a constraining act
in 1882 had the authority and possibly the will to frustrate development.
Furthermore, in the 1880s, although local governments had the authority
to develop utilities and were often committed to municipal socialism, they
did not believe that ratepayers', or taxpayers', money should be invested
in a technology which had not yet been proven. Also, municipal govern-
ments had invested heavily in gas lighting. The relatively low price of
gaslight discouraged investment in an electrical system. It should be noted,
however, that in the United States the Edison company (and later its com-
petitors) was able to sell central-station light as a luxury.

The relatively slow development of English electric supply systems, es-
pecially in London, is easier to probe with hindsight than it was for analysts
in the 1880s. The mid-decade doldrums were thought by most to be a
transitory phase, but historical perspective reveals that failure of the Hol-
born Viaduct station and other projects was symptomatic of a trend. As
this study will show, the Holborn failure was soon followed by the Dept-
ford failure (see pp. 288-47 below). Morcover, as late as 1920 London's

" Electrical Engineer (London) 1 (1888): 380.
™ Electrical Engineer (New York) 8 (1889): 478,

™ Electrical Engineer (London) 2 (1883): 245.

% Electrical Review 23 (1888): 329-30.

* Economist (London) 47 (1889): 1269.

* Garcke, Manual of Electrical Undertakings, p. 394,
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Figure [11.8.  Emil Rathenav. Courtesy of
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electric lighting and power facilities were judged backward when compared
to the systems employed in other politan centers of the Western world
(see p. 260 below). With the exception of a power system on the r!orlhcasl
coast, the general situation in England was also Judgev:l to be negative when
evaluated in terms of the prevailing criteria of electrical development.

Believing that the economic stagnation of the mid- 1880s was an abnormal
condition, advocates of the development of electric lighting identified only
its immediate causcs, such as the 1882 legislation and the competitive price
of gas lighting. If they could have foreseen the events of the next three
decades, they would have known that after revising the offending legis-
lation, lowering the price of electric lighting, and introducing forms of
electric power with which gas could not compete, London and much of
England would continue to be labeled backward by electrical engineers and
managers when compared to Berlin and Chicago, Germany and the United
States. Knowing this. they too would have probed more deeply for long-
run, or underlying, causes. With hindsight, the frustrating influence of a
series of legislative acts, especially those that were parliamentary in origin,
looms large as an underlying cause. These acts, however, reflected the
pervasively conservative attitudes of ec: ic, political, and technological
interest groups that were quite content with their status and future in a
world without electric power systems. For example, electric power supply
threatened to overrun and weaken the authority of local governments, to
displace the established gaslight technology, and to devalue investments in
that older technology and its institutions. The power of these and other
conservative interests was revealed clearly during the Deptford episode and
during the efforts to bring a unified electric supply system to London (see
pp- 247 and 260 below).

The history of the transfer of Edison technology to Berlin is notably
different, despite the fact that the system exported to Germany was similar
to that installed at Holborn Viaduct. Again, however, the explanation of
how the system fared is not simply technical.

The history of the transfer begins at the Paris International Electrical
Exhibition of 1881. Among the hundreds of thousands of visitors to the
Paris ex| on were three men who are now recognized as outstanding
!'lgnr;s in the history of electrical technology, and all three were influential
in bringing Edison technology to Germany. Werner von Siemens (1816—
1892) already had the reputation of a leading German electrical inventor
and manufacmre_r of telegraph apparatus, and his company, Siemens &
I-Ialske, was moving into arc lighting. Emil Rathenau (1838-1915), a rel-
atively unknow.n mechanical engineer, visited the exhibition hoping to find
new opportunities for technological innovation. M. ng studied in Han-
nover iln(l. Zurich, l}e was a member of the new generation of engineering-
sy;huol-llralne(|_cngmecrs, Before buying and operating a small machine
I‘;nlclo{y in [Ilcrl{n. he Il:ln(l worked as an engineer with the Borsig Locomotive
. orrs :Jn Berlin and in the John Penn engineering shops in Greenwich.
s‘c:‘lz(i':; "'"l'll:‘)fr‘znliaulrl:t;l:l‘ll sold hi§ l:ilclf?l:)’ and traveled cxlen'silvely abroad
Vi youing Doohnr Nt Mmg!)(oll;;:t:nucs, Fhe third German visitor of note
enginceringschoot (Minich .;.»—IE?M). who also had been trained atan
Basarian et oy | e ) anc wonld'lmer become the head of a leading

an electrical engincering consulting firm and a pi in the de-
pioneer in the de:
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Figure l11.9. Decorative incandescent
lamps surrounding statue of Virgin and
child, Munich exhibition, 1882. From

Offizieller Bericht . . .
1882, p. 65.

Miinchen
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velopment of water power and regional power sysiems (see pp. 334-50
below).
After viewing the Edison display in Paris, Rathenau decided to buy lhe

rights to the Edison patents in Germany. He negotiated with the Compag
continentale Edison, which had been established o dispose of Edison patent
rights in Europe. In addition to this pany, the Edison i had

established the Société électrique Edison to market small, isolated plants
and the Société industrielle et commerciale Edison, located in Ivry, near
Paris, to facture Edison i ions.® Rath turned to several Ger-
man banking houses for (‘nancmg and in July 1882 acquired the patent
rights from the French companies. The parties to the agrecement were, on
the one hand, the banking house of Gebriider Sulzbach of Frankfort on
the Main, Jacob Landau of Berlin, and the National-Bank fiir Deutschland;
and, on the other hand, Compagnie continentale Edison and Société élec-
trique Edison of Paris. By agreement the banking houses (and Rathenau)
established a Société d'¢tude (an exploratory venture to ascertain the tech-
nical and commercial feasibility of the Edison system in Germany) with the
intent of establishing a permanent enterprise after a stipulated period of
months.® The Société d’étude pr ded to try the technology and explore
the market in Berlin, Munich, and Stuttgart by making several small in-
stallations in private clubs and theaters and by displaying the system at an
electrical exhibition organized in 1882 in Munich by Oskar von Miller
(1855-1934). Rathenau and von Miller came to know each other through
the exhibition and von Miller joined Rathenau in the new enterprise.
Persuaded of favorable developments, on 13 March 1883 the three Ger-
man banking houses founded a permanent company headed by Rathenau.
The Deutsche Edison Gesellschaft fiir angewandte Electricitat (German
Edison Company for Applied Electricity) was established to exploit “in-
dustrially” all patents granted to Edison in Germany related “to measure-
ment, distribution, and application of Electricity for lighting and the trans-
mission of energy.” To exploit the patents and the license acquired from
Compagnie continentale, German Edison had the right to manufacture or
have manufactured in the factories of the foreign Edison companies the
apparatus of the Edison system and the right to erect lighting installations
or cede this right to others. Cash payment to the Paris company lor the
rights and license: was 350,000 marks. There would also be royalties on
incandescent lamps sold and used in Germany and on the installations
according to horsepower. German Edison was to deal exclusively in the
Edison system of incandescent lighting, but could employ any system of its
choice for arc lighting. The company also had the authority to establish
subsidiary enterprises. Its capital of five million marks was divided into ten

™ Conrad “Die 1l

i g d icitiits-Ge-
sellschaft in den eruen 25 Jahren ihres Bestehens,” Beitrage tur Geschichte der Technik und
Industrie 1 (1909): 5

™ The 1882 ngrccmcnl is summarized in an undated (18832)

in Paris. This document in the Edison Archives is not dated, but is a
1882 agreement. On German banks and the clectrical industry, sce Hugh Neuburger
Industrial Politics of the Kreditbanken, 1880-1914," Business Hustory Review 51 (Summer mm
192.
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thousand shares. By resolution of the board and a general shareh_o]ders
meeting, common stock could be increased and pref?rred stock issued.
Besides stock, there were founders' certificates that entitled the holders as
a group to take 35 percent of the net profits after a 6' percent dividend
had been declared on the paid-up stock. The company issued 2,500 foun-
ders’ certificates. These, however, did not convey a share, or equity, in the
company. One thousand certificates were issued to the first subscribers to
stock on the basis of one certificate for ten shares paid up. The Compagnie
continentale and the Société électrique in Paris received the remaining
fifteen hundred. The Compagnie conti le also had the power to ap-
point two permanent “commissioners” to guard its rights and interests in
the company. The commissioners and directors of the company would get
10 percent of the company surplus remaining after the 6 percent dividend
to stockholders, the 35 percent share of the net profits to the holders of
founders' centificates, and the 5 percent of the surplus to a reserve fund
had been paid.**

The Compagnie continentale, with the sanction of Thomas Edison and
the Edison Electric Light Company of Europe, Ltd., of New York, not only
transferred patent rights and licenses for the manufacture and erection of
lighting installations but also agreed to keep German Edison apprised of
all Edison inventions until 15 November 1886. In addition, the Paris com-
pany would aid and assist German Edison in the technical development of
manufacturing facilities and would furnish 1o German Edison suitable “in-
structors.”®®

In Germany, prudence dictated that the German Edison Company reach
an understanding with the dominant company in electrical technology and
manufacturing. In March 1883, thereforc. German Edison negotiated a
“memorandum of agreement™ with the firm of Siemens & Halske. The
parties to the agreement besides Siemens & Halske were Thomas Edison;
the Edison Electric Light Company of Europe, Ltd.; Compagnie continen-
tale; and the banking houses Gebriider Sulzbach, Jacob Landau, and the
National-bank fiir Deutschland. According to this agreement, Siemens &
Halske, which had tentatively begun manufacturing incandescent lamps
with a license from the Swan Company. Edison's competitor, agreed not
to oppose Edison incandescent-lamp patents through litigation and to man-
ufaclurc'* Edison lamps under license and with royalty payment. Both Ger-
man Edison and Siemens & Halske, as a result, had Edison manufacturing
rlghls fon: incandescent lamps. The latter firm, however, agreed not to
install Edison lighting in Germany, but o leave this work to German Edison.
Intwrn, Qerman Edison would purchase an Edison type of generator and
other equif for these installations (with the exception of the lamps)
from Sxemgns & Halske. The license to Siemens & Halske to manufacture
Edison equipment was (o run for ten years ™

" “Articles of Association of the German Edison G N ) . -
a copy is in the Edison Archives. " Edison Company for Applied Electricity” (1883):
" Articles of Association,” EA.

*“Memorandum of Agreement . . . Si -
von Siemens, Histry of 15 et - Siemens & Halske,” 16 March 1883, EA. See Georg

of Siemens, trans. A. F. Rodger, 2 vols. (Freiburg/Munich:

Alber, 1957), 1: 92-93; and Conrad M i 2
1591 e Vot vt n_dv).r;. m.mschoss etal., 50 Jahre Berliner Elektrizitatswerke, 1884~
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Figure I11.10. “Edison” wn flashing
lamps. Exhubit designed by W. J. Hammer
for the health exhibition in Berlin, 1883.
Courtesy of the National Museum of
American History, Smithsonian Institution,
Washington, D.C.

William Hammer, the experienced Ed|son electrician, left English Edison
1o join Rath ‘s new P for eigl months as chief engineer
and expert for the transfer of the Edison technology. Hammer left the
Edison company because of his differences with Arnold White. Thomas
Edison wrote to Hammer, saying, “1 am perfectly well satisfied that every-
thing [about your departure] is explained by the name ‘Arnold White.' "**
Years later, according to Hammer, Edison confided that Hammer must
have been up against “the two meanest men I ever met .. . Arnold White

* Fdison to W. Hammer, 4 August 1883, Hammer Collection



Figure IIL.11. Thomas Edison and Eml
Rathenaw. Courtesy of Berliner Kraft-und
Licht AG (formerly BEW).

NETWORKS OF POWER

. . Emil Rathenau in Germany."* (See Fig. 111.11.) But in the
:"..E:ﬂ:l? 18;83, Hammer was acting as liaison for Rathenau wjth Edison.
Hammer informed Edison that the German company was looking beyf)nd
the isolated installations of the exploratory enterprise to two central stations
in Berlin: one to supply a block of buildings, includ?ng the Café Bauer, a
well-known Berlin establishment, the lighting of which would attract con-
siderable attention; and another to light central Berlin with fifty thousand
incandescent lamps. The latter would function as a model for central sta-
tions throughout Germany, just as Pearl Street had done for the United
States and Holborn Viaduct had been expected to do for Britain. Hammer
made it clear that Rathenau preferred to obtain his technical information
directly from Edison rather than from Paris. Ralhefrau wanted plans..blue-
prints, and deailed specifications for central stations based on Edison’s
experience. The layout of a central-station distribution system especially
concerned Rathenau, so Hammer wanted to know if a small-scale analog
model of distribution should be built, such as the one done at Menlo Park
in preparation for Pearl Street, or whether Edison could meet the require-
ments sent by the German company by supplying a detailed plan. As agreed,
Rathenau also wanted word of the newest Edison inventions disclosed to
German Edison immediately. Siemens & Halske, anticipating future orders
from German Edison, was already disassembling Edison generators to ana-
lyze construction details. In addition, Rathenau wanted a well-informed
Edison man 10 come to Germany to assist in the establishment of an in-
candescent-lamp factory. In 1883, Rathenau, though obviously dependent
on Edison in electrical mauers, was already planning modifications and
adaptations in steam-engine design, an area in which he had expertise and
in which Edison had relied on others.®®

By the fall of 1883 the bloom was off the rose. Rathenau himself wrote
to Edison telling him that he and his Paris friends had gowten German
Edison into “a very sad dilemma.” The German company had cultivated
the soil well for “the grain we meant to sow,” but the lead in the European
lighting business had passed to others. Among the problems were these.
Because Thomas Edison had told Rathenau that the Edison type-H gen-
erator would run five hundred lamps, he had proceeded to order fifteen
generators from Siemens & Halske and to take orders from customers.
The engineers at Siemens & Halske had opined that the generator would
supply only four hundred lamps, but, relying on Edison, Rathenau had
gone ahead selling the machine for five hundred. When so tried, the ar-
matures of the machines burned through the first day. At considerable
expense Rathenau had to compensate for these losses. Also, Edison had
not sent the detailed plans for generators that would supply a hundred
lf-;mps. and lhfse were the machines for which competitors were finding a
lively market in Germany. Scarcely any reliable help for these and other
problems was forthcoming from Paris, and the state of affairs was becoming
unbcarahlc. as the business went to others, despite the effective preparations
and advertising of German Edison.”!

*Note by Hammer about his conve
“ Hammer to Edison, 16 July 1883, EA
* Rathenan to Edison, 13 October 1883, FA

ion with Edison in 1889, Hammer Collection.
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Another problem was the status of the Edison incandescent-lamp patents
in Germany. These were not secure, in part because of the Swan patents
Edison was advised by Joshua Bailey, a representative for the Edison Kl
tric Light Company of Europe and the Compagnic continentale, to come
to an understanding with Swan in Germany. Bailey also advised Edison to
send, as requested, a thoroughly competent person, like Francis Upton, 1o
Germany to help Rathenau place an incandescent-lamp factory in opera-
tion. German Edison was prepared to pay him up 10 $300. The alternative,
persuading German Edison to purchase lamps from the United Sta
not a viable option because German nationalism would bring Germans o
buy lamps made in Germany: “You may think,” Edison was told, “tha
national feeling does not weigh against economy, but that is a complete
error. Any German interloper would have all the national sympathies, and
would hold the German market against a foreign lamp that should he both
cheaper and better.” Furthermore, German patent law required that within
three years from its granting, the patent should be worked 1o an extent
adequate to supply the market. Since Siemens was manufacturing only one
hundred lamps a day, German Edison needed to place a lactory into pro-
duction. The purchase of lamps from the Paris factory was impractical
because the quality of the lamps was uneven. Also, James Hipple, who
advised the Paris company on lamp manufacture, was believed o be out
of touch with newly developed techniques in the United States. Thomas
Edison was also urged to provide an economic analysis of the costs of the
Pearl Street station since it began operating in the (all of 1882. Despite
publicity from the United States to the effect that large profits were ac-
cumulating, Bailey had been unable to confirm this. Investors were reluc-
tant to invest in central stations in Europe until credible figures were avail-
able. They had heard rumors that the New York utility was operating at
a loss, but even a statement of loss might have been preferable to the
rumors.® In fact, as internal correspondence revealed. the Edison lllu-
minating Company was losing money. but apparently Edison and his ad-
visers were not inclined to share the information (see p. 45 above).

Nevertheless, German Edison went ahead with its plans to build two
central stations. Before the technical problems could become the center of
attention, however, political obstacles had to be overcome. Rathenau, Oskar
von Miller, and the other managers of German Edison had probably |
of the frustrating political situation in Britain and anticipated government
reaction with trepidation. The Berlin government had among its legislators
and officials persons whose views paralleled the views expressed in Bri
Berlin owned its gas u Yo and there were those who wanted the city to
own and operate an clectric utility as well. ‘The central, or national, gov-
ernment deferred to the city government because, as in the United States,
constitutional arrangements provided local authorities independenc
regulation of utilities.”® "The government of the state of Prussia expressed
werest in framing special provisions to govern the incorpol
and operation of electrical enterprises, but serious moves in this di

2

7). Bailey to Edison, 21 October 1883, EA.
9VG. Siegel, Die Elektritititsgebung (Berlin: VDL 1930), pp. 1, 39 40,
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did not come until after the turn of the century.* In the Berlin municipal
council the prevailing argument—also advanced in London—was that pri-
vate enterprise should take the risks of innovation, probably because the
granting of a charter to the German Edison company provided for detailed
regulation of supply and a sharc of profits for the municipal government.
As Burgomaster Duncker summed it up, “All risks fall on the private
company; all financial advantage to the city."*

The city of Berlin and German Edison reached agreement in February
1884 (see p. 185 below).” The company obtained authority to supply elec-
tricity to a defined area in the heart of Berlin using the city’s streets for
the distribution system. German Edison then proceeded to establish an
operating utility much in the manner that the Edison Electric Light Com-
pany had established the Edison Electric Illuminating Company of New
York. On 8 May 1884 the Berlin utility, Stadtische Elektrizitits-Werke
(StEW), was founded with an authorized upiml of three million marks.

In September the company began operating a small (100-kw.) lighting
plant at Friedrichstrasse 85 (o supply the Café Bauer and the block of
buildings in which it was located (sce Fig. I11.12). There were numerous
problems, the character of which is suggested by such stories as that of

% Georg Dettmar, Die Entwicklung der Stark
1940), pp. 139, 293-94.

 Conrad “Geschichli g der Berliner Elcktricitats-Werke von
ihrer Belrumlnng bis zur Ubernahme durch die Stadv,” Beitrdge tur Geschichte der Technik und
Industrie 7 (1916): 9.

*“Verirag zwischen der Stadigemeinde Berlin und der Deutschen Edison-Gesellschaft
G and 19 February 1884: a copy is in the library of the Deutsches Museum. Munich.

ik in (Berlin: ETZ Verlag,
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Oskar von Miller in the basement tending the generators while Rathenau
soothed cafe customers when the lights suddenly went out. ‘The Markgra-
fenstrasse central station, the first constructed by S(EW, opened in August
1885. This, too, had problems, but not as many as the Pearl Street station,
where, the Germans took pains to point out, “in the early d
impossible to operate one of the generators an entire day without repairs
This opinion contrasts remarkably with the memoirs of the Edison pion
who operated the New York station and who reported that, with the ¢
ception of one three-hour interruption, the eight Jumbo generators pro-
duced current without a break from September 1882 until fire destroved
the station in 1890.%%

The generators in Markgrafenstrasse were the Edison type built by
mens & Halske, and the capacity of the station was 754 kw.. of which 492
kw. were for incandescent lamps. Pearl Strect had used 540 kw. for incan-
descents in 1882. In the case of Markgrafenstrasse, however, there were
twelve 41-kw. incandescent-lamp generators instead of six 90-kw. Jumbos
as installed at Pearl Street. The German company also used single steam
engines to belt-drive two incandescent-lamp gencrators and one 27-kw. arc-
lamp generator instead of one engine [or one generator as at Pearl Stre
Current was distributed at 100 volts by a two-wire network.™ (See Figs.
111.14-111.16.) Because of the use of the basic Edison design and because
of the relatively small size of the machines, the German station was not a
bold technical venture. In 1886 the company opened another station at 80
Mauerstrasse, but its capacity of 285 kw. was smaller than that ol its pred-
ecessor.

The incandescent-lighting load carried by the two central stations in the
heart of Berlin constituted luxury lighting. In 1886 the largest percentage
of the load was for “theaters” (24 percent), followed by banks (20 percent).
eating and drinking establishments (20 percent), shops (17 percent), hotels
and guesthouses (8 percent), street lighting for the city (7.5 percent), in-
dustry and trade (2 percent), residences (1 percent), and miscellaneous (.5
percent).'® As in New York and London, electric lighting in Berlin was
not for the poor.

German Edison and StEW began training technical staff and relying less
than at the start on foreign Edison men and information from abroad. In
1884, before either of the German central stations was completed, Wil
Hammenr left Berlin. He had had serious disagreements with Rathenau
“about certain Englishmen,” but the antipathy seems to have been deep
and not localized to a particular episode. In explaining his departure to
Thomas Edison, in whose good graces he wished to remain and 10 whom
he had explained earlier misund dings with the English company,
Hammer besmirched the reputation of Rathenau. Referring 1o him as that
“Jew Emil Rathenau, a man utterly unfit to be at the head of any organi-
zation,” Hammer reported that because of numerous transactions
Rathenau bore anything but a good name in Berlin. Ilammer believed that,

it had been

 Matschoss et al., 30 Jahre, p. 100.

0 Jones, History of the Consolidated Edison System, p. 203.

% Matschoss el al., 30 Jahre, pp. 101, 104, 138, 146, 172, 192, 200,
100 Arthar Wilke. Die Berliner Elektrizitits-Werke (Bevlin, 1890).
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Figure III.15. The Markgrafensirasse central
station. Stages of expansion, 1885 and 1888. From
Matschoss et al., 50 Jahre, p. 101

Figure I11.14.

Intertor of the Markgrafenstrasse central station, 1887
From Matschass et al., 50 Jahre, p. 104

Figure 116 Doy

o the tuteror of the Marhgunfenstrasse stuton, 1886, Courtesy of Rudolf von Milter
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among other unfortunate characteristics, Rathenau harbored prejudice
against foreigners (a characteristic obviously shared by Hammer). To fur-
ther justify his own difficulties, Hammer listed for Edison other employees
who had recently left German Edison because of Rathenau.'®!

As the growing pains of Rathenau's enterprise attenuated, the Germans
became increasingly restless with the ties that bound them to the Edison
company in Paris and with the Siemens company in Berlin. The technology
had been transferred and adapted and the Germans were ready to develop
their own style. A letter signed by both Rathenau and Oskar von Miller,
but probably written by von Miller, whose good nature and diplomatic skills
were legendary, informed Edison of the success of German Edison during
its first two years of operation. Having installed 42,000 incandescent lamps,
not including those of its licensees, the German company had done more
business in Europe than any other European Edison company and more
than the Edison companies in the United States, considering the shorter
time it had been in existence. Edison was told he should drop his prejudices
against his European associates, for the Germans would “glorify” his name
and “honor” his inventions.'* The glory might be short-lived, however.
Edison’s own sources warned of an impending stalemate and possible rup-
ture between the German company and the Edison company in Paris. The
Paris Company wasin poor condluon and its contractual links with German
Edison fr d the i ions of the latter company. Unless strong and
resourceful measures were soon taken, Edison would lose not only income
from the Paris company but his income from Germany as well. A strong
entrepreneur was needed to clarify and reorganize the Edison enterprises
in Europe.'%

Henry Villard (1835-1900) promised to do this—and much more—for
Edison. Villard, who was born in Rhenish Bavaria of an upper-middle-class
family (Hilgard), emigrated to America in 1853. There he achieved rec-
ognition as a correspondent for the New York Tribune during the Civil War
and married Fanny Garrison, daughter of William Lloyd Garrison, the
abolitionist. Drawing on his entrepreneurial skills, his friendship with J.
Pierpont Morgan, and his good financial connections in Germany, Villard
organized a railway empire in the U.S. Northwest, serving as president of
the Northern Pacific Railroad (with Morgan's backing) from 1881 to 1884.
During these eventful years, he also purchased controlling interest in the
New York Evening Post (1881) and took an active role in the affairs of the
Edison Electric Illuminating Company of New York while the Pearl Street
station was being built. He was a director of the EEIC for almost a decade,
and he also served on the board of the Edison Electric Light Company
during its early years. During the depression of 1883-88, however, the
financial exigencies of the Northern Pacific Railroad forced him to resign
from that company and he returned to Germany, where he renewed his
association with German banking houses.

Villard first discussed his plans for reorganizing the Edison enterprises

19t Hammer 1o Edlison, 16 June 1884, EA.

101 E, Rathenau and O. von Miller to Edison, 29 June 1885, EA.

193 Francis R. Upton (in Berlin) to Edison, 3 June 1886, and Upton to Samuel Insull, 7
June 1886, EA.
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Figure I11.17. Deutsche Edison
Gesellschaft admmustration building,
Markgrafenstrasse 44 (middle building).
Note stack for central station in the rear.
From Matschoss et al., 50 Jahre, p. I4.
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in Europe with Francis Upton, Edison's assistant at Menlo Park, who had
become head of lamp manufacture in the United States. Upton, who was
touring Europe in 1886, was persuaded that Villard had the resources, the
intelligence, and the entrepreneurial ability 10 achieve his objectives. These
objectives were to raise money in Germany to stimulate central-station
construction in Europe and in the United States, to resolve the differences
between German Edison and the Paris company, and to negotiate a new
relationship between German Edison and Siemens & Halske. He also wanted
to stimulate the central-station busi of German Edison, possibly by
reorganizing that company.'™ Among other results promised was a sub-
stantial increase in the returns to Thomas Edison and the Edison Electric
Light Company of Europe.

Villard returned to the United States in 1886, but the plan he had put
into motion bore fruit. In May 1887 the German Edison Company was
reorganized and took the new name Allgemeinc Elekirizitits-Gesellschaft
(General Electric Company); the contract of German Edison with Com-
pagnic continentale Edison was abrogated after substantial payment was
made to the Paris company; the contractual arrangement with Siemens &
Halske was revised; and the capital of Allgemeine Elekrizitits-Gesellschaft
(AEG) was raised from five million to twelve million marks to provide for
expansion of the two Berlin central stations and the building of two ad-
ditional stations in the city. The AEG took over management of the Stadti-
sche Elcktrizitits-Werke Berlin and changed its name to Berliner Elektri-
citits-Werke (BEW) (see pp. 183 ff. below for the company's subsequent
history). ‘I'homas Edison was not entirely pleased with these changes, how-

" Upton 10 Edison, 7 and 10 June 1886, and H. Villard (by C. A. Spofford) 1o Edison
Electric Light Co. of Europe, Lid., New York, 29 June 1886, EA.
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ever. AEG was no longer an “Edison” company, and the new companies
did not even carry his name.'®

From the perspective of technology transfer, the initiative taken by AEG
and BEW to develop their own distinctive style of central-station technology
is of particular interest. Indicative of this emerging trend was the design
of the extension of the Markgrafenstrasse station in 1888 and the opening
of the first of the new central stations at Spandauerstrasse 49 in the fall of
1889. The Markgrafenstrasse extension had directly coupled steam engines
and generators, and the Spandauerstrasse station had unprecedentedly
large generators driven by 1,000-h.p., slow-running stcam engines directly
coupled 1o specially designed multipolar generators built by Siemens. Thonas
Edison disapproved of such large units, preferring, in the face of erratic
loads, the flexibility offered by smaller ones. Edison also used high-speed
steam engines that were belt-coupled to generators. The steam engines for
Spandauerstrasse and for the station that would open at Schiffbauerdamm
in 1890 were ordered from the Belgian factory van der Kerkhoven.'"* John
Beggs, vice-president of the Edison Illuminating Company in New York,
described the German engines as an advance unmatched in the United
States. Edison viewed them with skepticism during his visit to Berlin in
1889.'%

Villard's involvement with electrical affairs was by no means at an end.
He returned to the United States in 1886 with a commission {rom the
Deutsche Bank to negotiate with Drexel, Morgan and Company about the
investment of German money in American enterprises, including electrical
companies. In 1889 Villard took the lead in reorganizing the Edison en-
terprises in the United States into a new company named the Edison Gen-
eral Electric Company. It included the old Edison Electric Light Company,
Edison Lamp Company, Edison Machine Company, Bergmann and Com-
pany, and the f: ers of other comp . More than half of the
capital of Edison General Electric was [urnished by German banks and
other German sources.'® Villard then proceeded to take an active part in
promoting the merger of Edison General Electric and the Thomson-Hous-
ton Electrical Manufacturing Company to form the General Electric Com-
pany, a merger that was sponsored in part by Drexel, Morgan and Com-
pany. Again, Edison was not pleased to see his name nated.

The Edison style was indelibly impressed upon the history of clectri
manufacturing and supply in Germany and the United States, however.
Only in England did the technology transfer fail. The most penetrating
explanation for the failure in London and the success in Berlin is neither
technological nor economic; it is political. The comparative price of illu-
minating gas and electric lighting seems to have been about the same in

s Alligemeine Elekirizitits-Gesellschiaft to Edison, 19 February 1889, EA.

100 Felix Pinner, Emil Rathenau und das elehtrische Zeialter (Leiprig: Akademische Verlag,
1918), p. 141.

W, von Miller, Oskar von Miller, p. 52; comments of John Beggs quoted in Jones, History
of the Consolidated Edison System, pp. 330-33.

s Henry Villard, Memoirs of Henry Villard: Journalist and Financier, 2 vols. (Boston: llonuh
ton Mifflin, 1904), 2: 320-26. See also Villard to Charles Coffin, 11 March 1889 (129-60-61)
and 3 April 1880 (190-62:3), Houghtan Library, Harvard Universivy, Cambridge, Mas.: the
mumbers in parentheses refer to box, folder, and letter numbes, respectively.
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both cities, and financing was available in London until a combination of
speculation and restrictive laws dampened investors’ enthusiasm. On the
other hand, in the realm of political power, the situations in the two cities
were different. Rathenau and von Miller, in alliance with the investment
banks and industrial interests (Siemens), had sufficient power to persuade
the local government to clear the way for their electrical ventures. In Lon-
don, the alliance of aristocratic money and influence, scientific eminence,
and technical competence contended with a host of conflicting interests in
Parliament. The result was confusion, contradiction, and parli

constraint. The next decade revealed even more clcarly lhe primacy of
politics in Britain and a coherent political economy in industrial Germany.




CHAPTER IV

Reverse Salients and
Critical Problems

AVING explored the nature of the invention, development. and trans-

fer of Edison's direct-current system, we now turn to the endeavor
of inventors and engi s to maintain the um by solving the ¢
problems that frustrated growth of the system. “Evolution" is an apt meta-
phor for an electric supply system like Edison's because internal forces
alone did not direct its growth; the system grew within a context of geo-
graphical, economic, political, and organizational factors. This chapter will
focus on the inventions and developments that allowed and promoted the
evolution of the Edison systemn within this context. Growth was not fore-
ordained; it was usually promoted. Special note will be taken of the process
by which a new system emerged as a result of the [ailure to solve a major
problem in the old system. At the end of this process, the old and new
systems existed for a time in a relationship of dialectical tension, a struggle
called “the battle of the systems.”

Several terms that will be used in discussing evolving systems need further
definition. The first is “reverse salient.” The term is customarily used to
identify that section of an advancing batle line. or military front. which is
continuous with other sections of the front, but which has fallen behind
or been bowed back. “Reverse salient™ became a houschold expression
during World War 1 because of the protracted struggle of the Germans to
eliminatc the reverse salient along the western front at Verdun. This con-
cepl is preferable to “disequilibrium” or “bottleneck,” which some econo-
mists and economic historians use, because the concept of a reverse salient
refers to an extremely complex situation in which individuals, groups,
material forces, historical influences, and other factors have idiosyncratic,
causal roles, nd in which accidents trends play a part. “Di
quilih m” suggests a rehuvtly straightforward .nlm action of phys
science, and "bottleneck™ is geometr

The idea of a reverse salient suggests the need for conc
(i ion and develop )il is 10 proceed. A reverse
appears in an expanding system when a component of the system does not
march along harmoniously with other components. As the system evolves
toward a goal, some components fall behind or out of line. As a result of
the reverse salient, growth of the entire enterprise is hampered, or thwarted,

cal
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and thus remedial action is required. The reverse salient usually appears
as a result of accidents and confluences that persons presiding over or
managing the system do not foresee, or, if they do foresee them, are unable
1o counter expeditiously. The causes of the lag can arise from within the
system; from its environment, or context; or from some complex combi-
nation thereof. The reverse salient will not be seen, however, unless in-
ventors, engineers, and others view the technology as a goal-seeking system.

An evolving system moves in any given direction for complex reasons.

The factors that cause some components to fall behind or out of line vary
according to time and place, as the episodes in this study show. Movement
often results when those who are presiding over the system want growth
10 extend their authority. On other occasions growth improves the economy
of the system. Economy and efficiency—the first cherished by managers;
the second, especially by engineers—also give direction to the movement
of a system. As noted, analysis of a growing system often reveals the in-
efficient and uneconomical components, or reverse salients.

Innumerable (probably most) inventions and technological developments
result from efforts 1o correct reverse salients. Outstanding inventions and
developments in electric lighting and power during the two decades after
1880 were responses to reverse salients. Independent inventors—and later,
inventors and industrial scientists hired by business enterprises—applied
themselves to solving the problems inherent in reverse salients. They ap-
proached the challenge as inventors and engineers usually do—by defining
the reverse salient as a set of “critical problems,” problems whose solution
would bring the system back into line—i.e., correct the reverse salient.
Outstanding inventors, engineers, and entrepreneurs usually have a record
of defining and solving such problems.'

How did the system builders of the 1880s identify critical problems? As
observed in the case of Edison, a person conceptualizing a technology
systematically or holistically often recognized inadequacies in the patterns
formed by the system's components and networks. Those who did not
observe system growth firsthand surveyed the publications of others who
did. Professionals knew that the competition congregated at reverse salients
and critical-problem sites. A major reason for the simultaneity of invention,
or the simultaneous solution of critical problems, was that inventors in-
ferred from their familiarity with the state of the art the sites, figurative
and literal, of critical-problem-solving activity and the nature of the prob-
lems. The repeated clustering of patents from different inventors within
common subject categories was one indication of the collective focus. Other

inventors' patent applications, as recorded regularly in technical Jjournals,
were especially revealing.?

' Elmer Ambrose Sperry (1860-1930) was a remarkably adept solver of critical problems.
His record includes almost 250 patents, and these, whether actually used or not, were solutions

ely trivial, some of major importance. See Thomas P. Hughes,
Elmer Sperry. Inventor and Engmeer (Baliimore: The Johns Hopkins Press, 1971), esp. pp. 64-

*Scholars in various fields have aacked the problem of simuliancity of
for instance, a recent essay by Arthur P. larrison, Jr.
of an Innovation." Technology and Culture 20 (1979):

) vention. Sec.
Single-Control Tuning: An Analysis
314-15: and an earlier and often-cited
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Inventors like Edison also set out to invent and develop new systems.
Sometimes—and in this chapter such circ will be enc
they invented the nucleus of a new system while responding to a reverse
salient in an existing one. The solution to the critical problem, in other
words, would not harmonize with the existing system’s components, so the
inventor went on to invent or use other components that did harmonize
with his newly invented component.

The electric system introduced by Edison and his associates at the Pearl
Street station in 1882 was a direct-current, limited-area-of-distribution sys-
tem. It suited heavily populated urban areas, but through adaptations it
continued to evolve in the twentieth century. Because it was a loser in
history, however, giving way over a perlod of decades to the polyphase,
universal system, most g and gers and most his-
torians have tended to ignore the steady improvements that were made in
it and to focus instead upon the dramatic rise of the victorious current in
“the battle of the systems.” Such bias obscures the fact that as late as the
first decade of the twentieth century, some leading engineers still argued
that direct current was beuer I'or the city than the polyphase system when

d against co | yardsticks of profitability, reliability, and

efficiency.

The direct-current system is an excellent example of a system that evolved
successfully, up to a point. Reverse salients were defined as critical prob-
lems, and with an exception of surpassing importance—the high cost of
transmission—they were solved. There were many categories of improve-
ments. Edison and Upton increased the efficiency of the d.c. generator,
and hundreds of i b ly improved on their work. Magnetic
fields were wound for higher efﬁcncncy. the tendency of armatures to heat
up was reduced, sparking brushes were dampened, fluctuations in output
under changing load were regularized, and the transfer of energy of the
magnetic field to the armature was improved. Countless patents in the
industrial countries are evidence of the efforts that were made to solve
these critical problems.

In Germany, Friedrich von Hefner-Alteneck (1845-1904), an associate
of Werner von Siemens'’s and a pioneer in the design of arc-light systems,
learned that central-station operators like Emil Rathenau were dissatisfied
with the belt-driven, small-output, high-speed generators built by Siemens
& Halske, an Edison licensee. In 1886, working with Karl Hoffmann, Hef-
ner-Alteneck then developed a large, slow-speed, internal-pole generator
suited for direct coupling to an efficient slow-speed steam engine.> Rookes
E. B. Crompton (1845-1940), an English electrical inventor and engineer,
introduced in England a directly coupled generator that was matched (o

article by Robert K. Merton, “Singletons and Multiples in Science."” in Merton's The Soctology
of Science, ed. Norman W. Storer (Chicago: University of Chicago Press, 1973), pp. 343-82.
For an analysis of the phenomcnon in science, see Thomas S. Kuhn, “Energy Conscrvation
as an Example of Simultancous Discovery.” in Critical Problems in the Hitory of Stience, ed.
Marshall Clageit (Madison, Wis.: University of Wisconsin Press, 1959), pp. 321-56.

*Georg von Siemens, History of the House of Siemens, trans. A. F. Rodger. 2 vols. (Freiburg/
Munich: Alber, 1957), 1: 96-98.
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the British high-speed Willans engine.® To increase generator capacity,
inventors and manufacturers, such as the German firms Helios and C. &
E. Fein, increased the number of field poles. In the eighties, Wilhelm
Lahmeyer, a German inventor and manufacturer, introduced generators
that were designed to reduce magnetic and electrical losses. The firm of
Pége in Germany introduced carbon brushes to take the current from the
commutator.® Carbon brushes, like many of the other improvements made
in the system, were introduced at about the same time in the United States,
the United Kingdom, and other industrial countries.

When improvements reduced the costs of generating electricity, engi-
neers and managers then sought to achieve a motor load that would com-
pete with steam and gas engines. Improvements in d.c. electric-motor de-
sign then became a critical-problems category. Inventors made improvements
in motors that were suited for a particular type of mechanical load. Motors
for streetcars had 1o stop and accelerate often and had to take the abuse
of poorly laid rails and the strain of frequent turns. Motors for elevators
had to respond to even more frequent accelerations and needed to be
unusually reliable to avoid stalling and trapping passengers. Motors for
small home appliances such as fans and sewing machines had to be designed
10 operate without skilled maintenance. Early models of these appliances
were battery powered; later they were designed for connection to central-
station systems.

In the United States, the young inventor Frank J. Sprague (1857-1934)
won a reputation for the excellence of his inventions and developments
related to the problems of d.c. motors. In 1884 he exhibited his first motor;
two years later he 100k a 15-h.p. central-station motor operating at 220
volts and installed it in a freight elevator in Boston, Massachusetts; in 1887—
88, using his motors, he constructed a practical streetcar system in Rich-
mond, Virginia.® He also responded to the complex problem of controls
for the elevators and coupled electric cars used in subways and elevated
transportation sytems. His controls for the latter were known as the mul-
tiple-unit system. Sprague is a superb example of a critical-problem-solving
inventor and engineer who was obviously informed about reserve salients.

Sprague is remembered primarily for his work with large motors. Other
inventors found ways of solving the problems of the small motors used in
home appliances. In 1884, in the United States, Philip Diehl (1847-1913)
invented a variable-speed d.c. motor for dental machines, and later it was
adapted for use on sewing machines. In 1887 Schuyler Skaats Wheeler
(1860-1923), who is credited with inventing the electric fan, was, with
Charles Curtis and Francis Crocker, manufacturing motors designed to

*Brian Bowers, R. £. B. Crompton (London: Science Museum, 1969), p. 12; Percy Dun-
sll;;avln A Hutory of Electrical Power Engineering (Cambridge, Mass.: M.1.T. Press, 1962), p-

* For improvements in d.c. generators, see Geor,
J.c. gen 3 scorg Dewmar, Die Entwicklung der Starkstrom-
Iuhmh. n Dtuur'}laml (Berlin: E7Z Verlag 1940), pp. 36-60. Detmar is :xfeplinnal in his
attention to the improvements made in the system
“On Sprague and the development of indu and tracii
p traction motors, see Harold C. Passer.
The El;clm‘/ll Manufacturers. 1875-1900 (Cambridge, Mass.: Harvard University Press, 1959).
e 237-40; on his construction of the famous Richmond streetcar system, see ibid., pp. 242-
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operate on incandescent-light circuitry.” Other inventors addressed similar
problems in Europe and the United Kingdom.® Following Edison’s and
Swan's nearly simultaneous introduction of the high-resistance filament,
countless inventors improved upon its performance, thus lowering the
initial and operating costs of these lamps. The long and important history
of impro in the i lescent lamp cannot be chronicled here, but
it should be noted that the solution of problems related to this lamp was
especially iniportant for the growth of central-station systems during the
first decade and a half of their history, when incandescent-lamp load was
much greater than the industrial power and traction load of most systems."

In the 1880s i s and engincers steadily imp! ! the generators,
momrs and other components of the direct-current system. With onc out-

ion, the probl of the system were being solved reason-
ably well the excepllon was the high cost of distribution, especially long-
distance transmission. Edison had identified the cost of distributing elec-
tricity by wire or cable as a major reverse salient in the system he was
designing. Distribution costs continued to be about the same as generation
costs and rose prohibitively higher in the 1880s when the radius of distri-
bution from a d.c. station was extended more than a mile. The majority
of engi and station gers did not believe that long-distance “trans-
mission” (as opposed to short-distance “distribution™) of direct current was
feasible without storage batteries.

In 1883 Edison responded, if not entirely successfully, by introducing
his three-wire system. The reverse saliency of distribution costs for electric
systems is reflected in the nearly simultaneous invention of three-wire dis-
tribution by at least three inventors. The Pearl Street distribution network
of 1882 incorporated Edison's feeder-and-main arrangement, which re-
duced costs below what was required (0 run a simple two-wire layout. Yet
Edison and his associates realized that central stations would not find a
market unless the cost of distribution was further reduced. This was es-
pecially true in less densely populated districts. Edison’s official biographer
writes that Edison, “being firmly convinced that there was a way out . ..
pushed aside a mass of other work, and settled down to his problem.”'®
Surely this was a reverse salient. On 20 November 1882, only two months
after the Pearl Street station began operating on a regular basis, Edison
executed a patent application entitled “System of Electrical Distribution”
(U.S. Patent no. 274,290) (see Fig. 1V.1). In the trade it came to be known

*On the manufacturers of d.c. motors in the 18805, see Malcohn MacLaren, The Rise of the
Electrical Industry during the Nineteenth Century (Princeton: Princeton University Press, 1943),
pp. 92-95.

*See Deumar, ik, pp. 36-61 History of Electrical Power Engineer.
ing. pp. 182-87: and E. ). Holmyard. A. R. Hall, and I 1. Williams, eds.. History of Technology
(Oxford: Clarendon Press, 1958).

For developments in France, see Robert Moise and Maurice Dau
trielle,” in Histaire générale des technigues, cd. M. Daumas et al. (Pari
1978), pp. 337-66.

The history of incandescent lamps is given in detail in Arthur A. Bright, Jr., The Electric-
Lamp Industry: Technological Change and Economic Development from 1800 to 1947 (New York:
Macmillan, 1949). Bright includes the history of British and European developments,

 Frank L. Dyer and Thomas C. Martin, Edison: His Life and Inventions, 3rd ed., 2 vols.
(New York: Harper & Bros., 1930), 1: 424.
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Figure IV.1. Drawings from Hophinson's
patent for a threc-wire distribution system

Figure IV.2. fohn ophinson. Courtesy
of the Institution of Electrical Engineers,
London.
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as the th ire system, and it i 10 be used for distribution today.
The three-wire arrangement saved 60 percent of the copper needed to
operate Edison’s two-wire, feeder and main, network.

John Hopkinson (1849-1898), British inventor, engineer, and scientist,
patented a three-wire system a few months earlier (British Patent no. 3,576
dated 27 July 1882). The patent application provides a lucid description
of the invention:

For the purpose of economising the cost of main conductors I place two dynamo
machines in series and place two systems ol lamps or other appliances
consuming electricity of approximately equal capacity also in a series. A main
conductor is taken from each extreme pole of the two dynamos to points
between the two systems of lamps, the intermediate conductor serving to bring
back to the central station any electricity required for one system of lamps in
excess of that required by the other system of lamps."

Edison's representative in London, E. H. Johnson, asked the young Amer-
ican naval officer, Frank ]. Sprague, who was then reviewing the Crystal
Palace exhibition of 1882, to make a report on the Hopkinson system.
When Sprague returned to America in 1883, he went to work for Edison,
who assigned him to the installation of the pioneering three-wire system
in the small town of Sunbury, Pennsylvania (see pp. 432-33 below).

In Germany, hile, Wilhelm von Si on behalf of Siemens &
Halske, also applied for a three-wire-distribution patent, but his application
was rejected because of the priority of Hopkinson's patent.'? Nevertheless,
the three-wire system is an excellent ple of the near simul ity of
perception of a reverse salient.

.»7';373,' ';;l in James Greig. John Hophinson: Electical Enguneer (London: Science Museun.

"2 Detmar, Starkstromtechnik. . 117
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Another ingenious attempt 1o solve the distribution-transmission prob-
lem involved storage batteries. Storage batteries were used to improve the
load factor; in addition, batteries were utilized for d.c. transmission. Divect
current taken from generators at over a 1 volts was tr itted
over substantial distances (at reasonable cost because of the high \nh.q.,x]
and was then fed into batteries connected in servies; each battery took an
appropriate increment of the high voliage in a manner similar to the con-
necting of arc lanips in series in a high-voltage circuit. After ¢ i
bauteries were disconnected from the generator
to obtain a low voltage appropriate for the distribution network.

Because alternating-current transmission ultimately displaced direct-cur-
rent and storage-battery substations, historians have tended 1o ignore the
battery installations. R. H. Parsons, however, historian of the first gener-
ation of central power stations, has succinctly recounted the history of the
use of storage batteries by the Colchester, England, undertaking and by
the Chelsea Electricity Supply Company in London. The South Eastern
Brush Electric Light Company, Ltd., built the Colchester system, which
began operating in 1884. The Brush Company, British counterpart of
American Edison, pioneered in the introduction of arc-light systems, and
the Colchester plan was drawn up to accommodate Edison's incandescent
electric lighting system. High-voliage Brush arc-light gencrators, which
enjoyed a good reputation, were installed in the central station at Colchester
and transmitted current to five battery substations located in cellars beneath
the town’s shops. Batteries that were charged in series discharged in parallel
at 60 volts. The organizers of the plan intended to supply power 1o two
thousand incandescent lamps, but lhey f.ulcd 10 do so because the batteries
caused ding and insur

On the other hand for about forty year; the Chclse Electr
Company successfully used batteries as part of its transmission-clis
system. It used Brush-Victorian generators to send out direct current at
more than 1,000 volts. When the load on the system was relatively low, the
generators charged the batteries, which were connected in s as at
Colchester; when the load was relatively high, the baueries, which auto-
matically reconnected in parallel, discharged 1o the load at about 100 volts.
The company also used motor generators in the substations to act as “con-
tinuous-current transformers.” After 1893 the company supplied virtually
all of Chelsea. Only in 1928 when standardization was introduced through-
out England, did it convert its system to alternating current.'

The simultaneous invention of three-wire distribution systems (later, as
many as five wires were tried), use of the complex combination of gener-
ators and imperfect storage batteries, and experiments with high-voltage,
direct-current transmission (see pp. 131 and 234 below) testify to the rec-
ognition that the high cost of low-voltage distribution and transmission

1R, I1. Parsons, The Early Days of the Power Station Industry (Cambridge: At the University
Press, 1940), pp. 52-55. For exhaustive accounts of the neglected history of the storage battery,
see lln:lwd n. *A‘hﬂllcnb‘:rg‘ Bottled anky' Electrical Engineening and the Evolution of Chemical
Energy (P American P Soci 1982); and idem, he Anomalous
Storage Battery: An American Lag in Early Electrical Engincering.” Technology and Culture
22 (1981): 725-52.

14 Parsons, Early Days of the Power Station Industry, pp. 58-65
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constituted a reverse salient. Edison, it should be recalled, identified the
cost of distribution as a critical problem when inventing system. In the
carly 1880s various inventors and engineers‘ der{nc(l the cnlical_ [)roblem
differently in an attempt to improve the situation. The definition l!lal
ultimately resulted in a practical solution came from a Frenchman working
with an Englishman in London. However, neither their contemporaries
nor historians have given Lucien Gaulard and John GIbbSA the recognition
they deserve. Their history is one of litigation, counterclaims for priority,
frustrating technical problems, and personal tragedy.

More than any other inventors, the Frenchman Lucien Gaulard and his
British business partner, John D. Gibbs, are responsible for the series of
inventions and develog that culminated in the solution of the trans-
mission and distribution problem. Gaulard and Gibbs demonstrated that
by using alternating current and transformers, high voltages could be em-
ployed for the economic transmission of electricity and low voltage for
distribution at the point of consumption.

The history of Gaulard and Gibbs and their transformer system is ex-
tremely complicated. It provides insight info, and raises questions about,
the nature of the invention-and-development process, reverse salients and
critical problems, the emergence of new systems, and priority claims and
patent controversy. Before turning to the particular critical problems that
Gaulard autacked in response to perceived reverse salients, we will consider
briefly the overall state of the technology.

In 1831, almost half a century before Gaulard and Gibbs obtained their
first patent on their transformer system of distribution, Michael Faraday
(1791-1867) discovered the principle of induction. In the intervening dec-
ades, many inventors applied the principle of induction, which stated that
from a practical inventor's point of view, a variation in the electric current
in a coil of conducting wire will induce a current in a coil that is in close
proximity. Many of the applications that preceded Gaulard's were various
forms of the spark inducer, or induction coil, developed by the German
physicist Heinrich Danicl Rithmkorff (1803-1877) in 1848, and introduced
in a more primitive design by Charles Grafton Page (1812-1868) in the
United States in 1836 on the basis of Joseph Menry's independent discovery
of induction. The object of these devices, which came to be known as
Rithmkorff coils, was to induce a high eclectromotive force (voltage) in the
secondary from a low electromotive force in the primary. The resulting
voltage, or tension as it was then called, was transformed, but it was stepped
up, not down.'*

As the use ol arc lamps increased in the late 1870s, several inventors
‘fiddre§sed the problem of preventing the extinguishing of one lamp, either
intentionally or by accident, from breaking the entire circuit and extin-
gu{slllng !he |~eryla|||(lcn* of the lamps. To do this, the primaries of a number
of m(lucuonAcol.Islwcrc connected in series in a circuit supplied by a gen-
erator, and individual arc lamps were connected to the induction coils'
secondaries. Because the secondaries were not in the primary electric circuit

> . Uppenborn, istory of the Tvansfor
of Page that discusses his many clecr
Polittcs: A Biography of Charles Grafton

former (London: Spon, 1889), pp. 6-10. For a biography
ical inventions, see Robert C. Post, Physics, Patents and
Page (New York: Watson. 1976



87

Figure IV.3. Gaulard and Gibbs's patent
for a transformer distribution system, 1882.
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but were related to the primaries through an electromagnetic field, indi-
vidual lamps could be extinguished. The electrical circuit remained un-
broken; only a magnetic-ficld relationship was interrupted. Among 1he
several inventors who employed this plan was the Russian-horn inveotor
Paul Jablochkoff (1849-1894). who displayed his lamps (Jablochkolt can-
dles) at the Paris International Exhibition of 1878. To supply his lamps
which had vertical side-by-side carhon rods separated by the insulator ka
olin, he used the then-famous alternating-current generator developed by
the Belgian inventor and engincer, Zenobe Theophile Gramme (1826
1901). Among Jablochkoll's demonstrations in 1878 were those at the ex-
hibition hall at the Champ de M s du Louvre, on I'Avenue de
I'Opera. Jablochkofl experimented with varying the intensity of the Lamy
by varying the turns and diameter (resistance) of the wire of the induction
coils. ‘Thus he employed the transformer principle.'® Like similar plans
however, employing a transformer with a secondary of higher resi
than the primary raised the voltage rather than lowered it. In ¢
Jablochkoff used the transformer as a mode of connecting lamps to a circuit,
not as a means of transmitting electricity economically at high vol nd
distributing it at low voltage in a safe and usable form.

Up until 1880, the history of the transformer—as distinguished from the
Riithmkorff coil—involved the connection ol primaries in series, the va
of the secondary voltage in relation to the primary. and the supply ol arc
lamps. Prior to that time, no inventor had anticipated by demonstration
the particular combination made by Gaulard: the connection of primaries
in series in a high-voliage, alternating-current, extended circuit: the low-
ering of the secondary voltage: the supply of incandescent and arc lamps:
and the supply of loads of different magnitude from different 1r.
formers."”

Assisted by his business partner Gibbs, Gaulard used existing technology
and knowledge to solve the critical problems of transformer development.
Ie believed that a practical transformer system would correct the reverse
salient of high-cost transmission. Furthermore, in defining the probl
of transformer development, he took into account the sections in the Elec-
tric Lighting Act of 1882 that governed the transmission and distribution
of electricity. In responding to the provisions of the legislation, he also
made possible the use of a single transformer 10 supply various clectric
lamps requiring different voltages and current. The available record does
not make clear, however, whether his primary objective was to [ulfill the
legislative requirements, as he interpreted them, or to design a transformer
suitable for various loads.

Section 18 of the law stated that “the undertakers [suppliers of clectricity|
shall not be entitled to prescribe any special form of lamp or burner to be
used by any company or person.”™ A parliamentary committee had publicly
deliberated the provisions of the legislation in the spring of 1882 and the
act was dated 18 August 1882, so Gaulard and Gibbs had had an oppor-

19 Enganeermy 23 (1877): 366 26 (1878): 63 (1., 125-27, 321-22: and Uppenborn, Htory
of the Transformer, pp. 13-16.

¥ Uppenborn, Hustory of the Transformer, pp. 23-29.

W Electric Lighting Ac of 1882, 45 & 46 Vict., ¢h. 56, $18.
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tunity to consider its provisions before leaving their patent specifications
at the Office of the Commissioners of Patents on 13 September 1882.

Evidence that Gaulard and Gibbs designed their system with section 18
in mind is found in contemporary descriptions. Shortly before the system
went on display at the Westminster Aquarium in London, Engineering,
Britain's leading technical periodical, published an article written by the
inventors about their system. The article began with a reminder that the
Electric Lighting Act expressly proscribed the use of any particular lamp
and that available incandescent lamps varied in specification from 48 o 91
volts. The reader was also reminded that “a divergence of ten percent
above or below this standard is injurious to the life of the lamp, or greatly
reduces its lighting power.""” As the article continued, Gaulard and Gibbs's
system allowed the supplier 10 use current at high tension to the point of
consumption and then made the user “independent of the producer,”
enabling “him 1o apply the current he receives 10 any purpose he may
please. such as arc lighting, incandescent lighting, the generation of power,
or of heat."* A ¢ who was “i dent of the producer,” there-
fore, could not be forced to use the lights or voltages or other specific
components that a supplier, or undertaker, manufactured. sold, or had
other interests in.

Gaulard and Gibbs's design cannot be fully appreciated without taking
into account this response to legislation and the designers’ anticipation of
variations in load. The failure of some critics of the Gaulard and Gibbs
system (o take into consideration its response to the 1882 act explains why
the system was “received with very considerable doubt, not to say con-
tempt.”?! To an cven greater extent it explains the inability of some his-
torians (o appreciate Gaulard and Gibbs's invention.?? The several methods
that Gaulard and Gibbs provided to allow consumers 1o vary the charac-
teristics of supply involved a4 number of complications in design that appear
irrational unless the designers’ intent is known.

A description of the system that Gaulard and Gibbs displayed at the
Westminster Aquarium exhibition in 1883 illustrates the relationship be-
tween legislation and design. The wransformer introduced in 1883 consisted
of four sets of four vertically stacked bobbins. The bobbins, wound with
wire, constituted the secondary of the transformer. ‘I'he primary consisted
of an insulated copper conductor wound on a hollow paper tube. The open
core (E) of the transformer was a soft iron bar fitted inside the tube on
which the primary was wound. (See

The adaptability of the transformer resulted from the fact that the bob-
bins could be connected to one another in different ways, the stacks of four
could be.coml)iucd variously, and the iron core of the primary could be
cranked in and out of the stack of bobbin ch of the sixteen bobbins
commutator that could be

on," Engineering 35 (1883): 205.

L A A Halacsy and G. 1L von Fuchs (“Transformer Invented Seventy-five Years Ago.”
Transactions of the American Institute of Electrical Engineers: Power Apparatus and Systems 80 [1961):

121) make only brief reference 10 hbs, remarking upon the anomalics of their
transformer.
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turned by a crank mounted in the center on top of the transformer. By
turning the commutator, the positive end of each bobbin could be con-
nected to the negative end of the adjacent one in the stack of four; in
another position of the crank, all positive ends were joined, as were all
negative ends; and in a third position, the bobbins were grouped in two
series of two each. Not limited to these permutations, the transformer also
provided terminals on the upper board for the lower and upper ends of
each stack of bobbins and, by means of short picces of wire, the terminals
could be connected in such a way as to group the stacks in serics, in parallel,
or “in sets of two each.”

Gaulard and Gibbs designed this transformer to be connected in the
circuit of an alternating-current generator. The number of transformers
in a circuit varied: they had only two transformers at the aquarium in-
stallation, but their descriptive literature mentioned as many as eleven.*®
They also decided—and this turned out 1o be critical—to connect the pri-
maries of the transformers in series, as was customary at that time. Critics
of Gaulard and Gibbs were of the opinion that the wiring of transformers
in series was an example of their ignorance of transformer principles.
Within a few years, others would connect transformer primaries in parallel,
an arrangement that would prove advantageous and become standard.

At least one c p y authority mi: ! d the Gaulard and
Gibbs transformer, taking it to have a I:1 ratio of transformation (the
reduction of voliage was believed to result solely from the subdivision that
occurred with multiple transformers in series).?* In contrast, the descrip-
tions, undoubtedly supplied to technical journals by Gaulard and Gibbs
themselves, explicitly state that each consumer using a transformer “would
have it in his power to generate currents at a potential of 45, 60, 91, or
other number of volts as he chose.”?®

Another design feature of the Gaulard and Gibbs transformer that was
singled out for criticism was the open core.?® But Gaulard and Gibbs had
good reason to use an open rather than a closed magnetic core. The closed
core, or closed magnetic circuit, would have prevented loss of magnetism
(indeed, Gaulard and Gibbs's successors in transformer design resorted to
it), but Gaulard and Gibbs chose the open core because it could be cranked
in and out of the coils. In this way they intended to provide the means for
varying the secondary output, presumably in response to any minor vari-
ations resulting [rom load changes; in fact, in 1885 Gaulard wrote that he
would dispense with the movable core and use a closed core if the customer
load was invariable.?’

“ Engineering 35 (1888): 205.

9 Uppenborn, History of the Transformer, pp. 35, 41.

 Engineering 35 (1883): 205. “1f the secondary coil be made in several parts, each with
independent terminals, these parts may be variously combined either in parallel arc, or com-
pound parallel arc, or series, according to the conditions under which the second., or locally
generated current, is 1o be employed, and thus it is possible (o generate by means of one
sccondary generator, currents of high or low potential” (ibid.. p. 206).

= Uppenborn,, History of the Transformer, pp. 34-35, 46-49; Telegraphic Journal and Electrcal
Review 17 (1885): 114-16 and 165-66.

2 Letter from Gaulard to the journal, Telegraphic Journal and Electrical Reew 17 (18R5):
&0R
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When the state of the technology and circumstantial factors are consid-
ered, Gaulard and Gibbs’s connecting of the transformer primaries in series
also scems rcasonable. Unlike Edison, who designed an entire system of
incandescent electric lighting, Gaulard and Gibbs designed a transformer
for combination with available comy s to form a system. For example,
they used a Siemens alternating-current generator in the Westminster
Aquarium installation. Originally designed lor arc lights connected in se-
ries, the Si ine was a constant-current machine. This type of
generator maintained a constant current through the entire circuit by means
of an automatic regulator that varied the generator output and electro-
motive force according to the load. By varying the circuit, or terminal,
voltage, the circuit current could be held constant despite variations in
output. Therefore, it scems probable that Gaulard and Gibbs decided 0
take advantage of the constani-current characteristic of the Siemens ma-
chine by wiring the primaries of their transformers in series, as arc lights
were wired. They expected that the constant-current flow through the
circuit would result in the appropriate electromotive force across the sec-
ondaries. They also believed that it would be possible to obtain a variable
secondary current, which was necessary for an incandescent-lamp load
wired in parallel.?® They would have been wiser to design and develop a
generator especially for their system, as Edison had, but they probably were
not able to obtain financing as readily as had the Wizard of Menlo Park.

Before 1885, however, a major flaw in the system had been discovered:
their expectation that a constant primary current would result in a constant
secondary voltage had proved erroneous. If the load in the secondary
varied, as, for example, when incandescent lamps were switched out, the
remaining lamps became brighter. To remedy this, Gaulard and Gibbs
introduced in the secondary circuit an automatic regulator designed to vary
the secondary current in accordance with the load and to maintain a con-
stant secondary voltage. Whatever the success of the device, it added an-
other complication to an already extremely complicated transformer de-

sign.?

Gaulard and Gibbs'’s efforts to rectify the inadequacies of their system
included switching from an open 10 a closed magnetic core, connecting the
primaries in parallel rather than in serics, and varying the winding of the
primaries. Nevertheless, they encountered serious problems. Use of the
closed magnetic core raised the cfficiency of the transformer but eliminated
the advantage of the movable, rod-shaped, open-ended core. In late 1885
or early 1886 Gaulard and Gibbs also tried a cownbination of primaries
connected in parallel and a closed core. They had been told that this com-
bination would provide good voltage regulation, but the resulting system
did not function satisfactorily.® Its components probably required more
redesigning than they could afford or were capable of doing. In the end.
it seems, voltage regulation was the major reverse salient in their system.

™ The Engineer (London) 60 (1885): 430.

2 bid.
*P. Strange, “Some Tests on a Gaulard and Gibbs Transformer," Papers Presented at the

Third Weekend Meeting on the History of Electrical Engineering, Manchester, England, 11-13 July
1975 (London: Instinion of Elcarrical Engineers. n.
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They resorted to extremely complex devices to regulate the secondary

voltage under changing load conditions, but they were unable 1o solve the
problem, and it was other inventors and other engineers who tound the
answer. Outstanding among those who succeceded were three men associ-
ated with one of Europe’s leading electrical manufacturers, Ganz & Com-
pany of Budapest, Hungary (then a kingdom in the Austro-Hunga
Empire).

Before considering the critical revisions made by the Hungarians, how-
ever, it is important to note that Gaulard and Gibbs laid the foundations
for a new system of lighting during their search for a solution to the problem
of transmission and distribution in the d.c. system. In effect, they responded
to a reverse salient in incandescent lighting in general and were not intent
on saving the existing d.c. system, as were Edison and other inventors and
engineers. The general reverse salient that Gaulard and Gibbs observed in
evolving electric lighting was clearly and succinctly described by them. In
March 1883, in an article in Engineering, they described their system as a
solution (o the problem “of the further industrial development of absolute
distribution, that is to say, a system of distribution limited neither by the
distance of the central factory from the point of consumption, nor by the
number of consumers to be supplied.”™" They termed the problem “dis-
i loday, because of the distance envisaged, we would term the
problem “transmission.” (One of the first proposals made by Gaulard and
Gibbs was (o illuminate the Suez Canal using 40,000 volts for transmission.)

To describe Gaulard and Gibbs's work as the invention and dculopmuu
ol a new system is valid for several reasons. First of all, contempor
referred to alternating current with transformers as a new system, 'S
the competition between d.c. lighting and a.c. lighting “the batte of the
currents,” or “the battle of the systems.” In addition, Gaulard and Gihbs
and their successors in the a.c. field had to introduce dilferent components
from those used in the d.c. system, with the major exception of the incan-
descent lamp. Other reasons for categorizing d.c. and a.c. as distinct systems
include the development of different theoretical structures to analy
explain them and the establishment of separate engineering- school courses
to teach them. More important for an undersl.mdmg of technological ()nn.,v
is the fact that the history of the invention and development of
and Gibbs's system is a case of the dynamic movement {rom onc s
another as a result of a flaw in the first being cor recle(l by problem iden-
tification and an invention that became the essential core of a new system.

Because many inventors perccived the reverse salient in the direct
rent system and because some saw weaknesses
system and introduced improvements, there was intense litigation over the
priority of invention and patents.* The basic patent was a provisional
specification entitled “A New System of Distributing Electricity for the
Production of Light and Power" and dated 13 September 1882. ( d
and Gibbs took out related patents in 1884 and 1885. On 11 December

s1“Gaulard and Gibbs System of Electrical Distribution,” Engineering 35 (1883): 205,

P, Sirange. “Transformer Paten Litigation, 1: 1880-1890," Papers Presented at the First
Weekend Meeting on the History of Electrical Engineering, Birmingham, England, 13-13 July 1973
(London: Institution of Electrical Engineers, n.d.), pp. 8/1-8/8.
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1886 Sebastian Ziani de Ferranti, acting for Sir Coutts Lindsay and Com-
pany of London (see pp. 97-98 below) petitioned for the revocation of the
original Gaulard and Gibbs patent, alleging that it lacked novelty and utility.
In March 1887 Gaulard and Gibbs countered with an action claiming in-
fringement of their patent by Ferranti and Sir Coutts Lindsay and Com-
pany.®® The petitioners also claimed that Gaulard and Gibbs's complete
specifications did not conform to the provisional specification. In April
1888 the court allowed Gaulard and Gibbs 10 amend their specifications.
Then, hearing the petition, the judge declared the patent void because of
the insufficiency of the complete and amended specifications. Gaulard and
Gibbs appealed the case to Britain’s Court of Appeal, which held that the
invention was useful and not anticipated, but that the patent was void
because a discrepancy remained between the provisional and complete
specifications and because the amendment extended the scope of the in-
vention. Gaulard and Gibbs then presented an appeal to the House of
Lords, where three members heard their case. The Lord Chancellor did
not see the novelty the Court of Appeal had perceived in the combination
proposed by Gaulard and Gibbs; Lord Farrer Herschell ruled that the state
of public knowledge was such that the alleged invention “was a mere ad-
aptation requiring no invention and possessed of no novel features”; and
Lord Morris decided that by withdrawing through d their claim
to a specially constructed and novel secondary generator (transformer),
Gaulard and Gibbs had left Hamlet out of the play. In July 1890 the appeal
was dismissed with costs.>

In their petition for revocation, Ferranti and his associates cited as prior
publication thirteen British patents, Faraday's Experimental Research in Elec-
tricity, portions ol three works by “Noad,” two articles in the Telegraphic
Journal and Electrical Review of 15 April 1879, and Count du Moncel's
description of the Jablochkol[ system in Exposé des applications d'electricité
(1878). In citing prior use, they were less specific, claiming that the alleged
invention was commonly used in telegraphy; that electricians used the
alleged invention (induction coils carrying alternating current) to supply
light when they found it convenient and appropriate; and that James Ed-
ward Henry Gordon, in May 1880 and subsequently, used the i i
to supply light at his home in Dorking and at various places in London.*®
The reference to use of the transformer system by the well-known inventor
and engineer Gordon was the most specific claim, but his installations were
not discussed in the lords’ ruling.

The two prior patents that were considered most important by the lords
were Jablochkoff's (British Patent no. 1,996 of 1887) and Edwards and
Normandy's (British Patent no. 4,611 of 1878). The lords found, however,
that Jablochkoff's patent did not specify that his transformers would lower,
or step d9vf|?‘ the electromotive force (voltage); he simply did not exclude
that possibility. Ed}vards and Normandy's patent greatly impressed Lord
Herschell because it described a transformer that would lower the tension

» Great Britain, Reports of Patent, Design, and Trade Mark Cases, vol. 4, no. 7 (30 April 18R7),
pp. 18991 T

> Ibid., vol. 7, no. 40 (5 November 1890, pp. 382

*hid., p. 971. " PP 35247 and 388,
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(voltage) and raise the quantity (amperage) of electricity. Lord Herschell
recognized, however, that Edwards and Normandy comemplalcd using not
a high-tension circuit for ded tr ion but a relatively low one
for distribution in a single building from a source of energy in |l|al building.
Moreover, these inventors did not have access to practical incandescent
lamps.

This review of the legal process serves as a reminder that patents and
legal decisions concerning them are not the same as inventions and in-
formed judgments about them. ‘The lords took an ambivalent position, for
example, on the novelty of combinati As Lord Herschell said none too
clearly,

The truth is that the Patentee was simply applying to a greater distance and
working through a greater length of wire that which had been conceived by
other people before him, and i he used an alternating current of high tension,
which they did not, it was simply that he applied to the purpose which he
wanted (o plish the ordinary well-k means of producing that result,
namely, using for long distances an alternating current of high tension.>*

Furthermore, Lord Herschell minimized the significance of the use of
incandescent lamps by Gaulard and Gibbs and not by others by com-
menting, “It was only just previously to the time of the Appellant’s alleged
invention that these incandescent lights had come into use, and it was only
Jjust about that time therefore that people had been concerned to find a
means of combining the carrying of a current to a considerable distance
which could only be done at high tension, with at the same time utilizing
it wherever it was wanted at low tension."$” Because Lord Herschell’s phi-
losophy of invention excluded the definition of problems and the combi-
nation of available technology to effect their solution, one wonders what
he did consider to be an invention.

In making their decision, the lords did not weigh heavily the demon-
strations of transmission and distribution made by Gaulard and Gibbs in
1883 and 1884, demonstrations that were not matched in complexity, ex-
tent, and success by any other inventors of alternating-current transmission
systems before 1885. The first of Gaulard and Gibbs's public demonstra-
tions took place at the Westminster Aquarium exhibition in April 1883. In
November 1883 a system was placed into operation for the Met li
Railway Company using generators at the Chapel Street works and a mix
of arc and incandescent lamps at underground stations at Notting Hill
Gate, Gower Street, King's Cross, Aldgate, and Edgeware Road. The system
extended for fifteen miles and “seems to have worked well according to
reports in the technical press."®

Lacking money to purchase new equipment, Gaulard and Gibbs moved
cqulpmenl from lhe Melropoluan leway Company to Turin, laly, for
an internati ition and competition for the best system of long-
distance electrical transmission. With great water-power sites in the Alps,
the Italians were sensitive to the inadequacies of the Edison and other

3 [hid., p. 386.
# Ibid., p. 387.
s Strange, “Some Tests on a Gaulard and Gibbs Transformer,” p. 4/1
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direct-current, low-voltage systems in transmitting energy from site to ur-
ban load centers. In September 1884 Gaulard and Gibbs placed their trans-
formers on a fifty-mile circuit that lighted the exhibition buildings, the
Turin railway station, and stations at Vencria Reale and at Lanzo, a small
village in the Savoy Alps. For the Turin installation, Gaulard and Gibbs
were awarded the grand prize of 10,000 francs.*® Permanent installations
followed in 1885 and 1886 at Tours, France; Rome, Italy; and Aschersle-
ben, Germany. Gaulard and Gibbs's best-known installation was begun at
Grosvenor Gallery, London, in March 1885.%

The adjudicating lords not only did not consider successful demonstra-
tions and installations to be evidence of an Entwicklungsfihig (“develop -
feasible”) invention but they failed to ponder the particular problems that
Gaulard and Gibbs attempted to solve with their system. Among the con-
ditions Gaulard and Gibbs took into account, and the lords ignored, were
the Electric Lighting Act of 1882 and the varied characteristics of existing
lamps. They intended to use the public streets for transmission and dis-
tribution from central stations, and therefore they correctly anticipated
that their system would have to conform to the provisions of the 1882
legislation. None of the inventors whose patents were cited as anticipating
Gaulard and Gibbs’s had solved that particular contextual problem.

The litigation was extensive, the controversy in technical journals heated,
and the negative court decisions were like trial verdicts for Gaulard and
Gibbs. Broken by these experiences, Gaulard died insane on 26 November
1888 at the Sainte-Anne Hospital in Paris. By then other inventors and
engineers, who acknowledged the priority of Gaulard and Gibbs's dem-
onstrations but stressed their own improvements, were rapidly introducing
the transformer system. The editor of the British journal Telegraphic Journal
and Electrical Review wrote that the cares and disappointments of the long
and bitterly contested patent litigation had aggravated “anterior tenden-
cies” and hastened Gaulard's final breakdown.*' Several months before his
untimely death, Gaulard had appeared at the Elysée asking the concierge
to conduct him 1o the president of France, for whom, he said, he had an
urgent message. The message was, “1 am God and God does not wait.™*?
One French historian of technology describes Gaulard as a suffering in-
verllll?: whose ingenuity cost him not only his money but reason and life as
well.

Gaulard's fate was tragic. His experience also suggests that it is futile for
an inventor, a historian of invention, or even the courts to atempt to prove
who invented a machine, device, or process such as the steam engine, the
telephone, or the transformer. James Watt, for instance, did not invent the

™ Telegraphic Journal and Electrical Review 15 (1884): 363-64, For descriptions of insialla
tions, see J. A. Fleming, The Alternating Current Transformer in Theory and Practice, 2 vols. (New
York: Van Nostrand, 1892), 2: 75-77; and Engineering 38 (1884): 520-30.

*©Sirange, “Transformer Patent Litigation.” p. 812

* Telegraphic Journal and Electrical Review, 93 (1888): 620

:lilmncal Engineer (London) 1 (1888): 147, )

* Pierre Rousscau, I.'Histoire des techniques et des imventiones (Paris: Fayard, 1958), p. 477.

Rousscau describes Gaulard 2 “ruint abandomné. rde o o fause 1 ot oo rofermé
alhospice de alienés, et c'est de jusiesse que Fon sauva ses restes de Ia fosse commune” (ibid).
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steam cngine; he i d ly condensing steam engine. Alex-
ander Graham Bell did not invent the telephone; he put together a tele-
phone system that embodied a particular application of the principles of
variable resistance and induction. And Edison did not invent the incan-
descent lamp; his achi was an incand lamp with a high-
resistance filament. Similarly, Lucien Gaulard did not invent the trans-
former; he built a transmission and distribution system that incorporated
transformers with primaries connected in series in a high-voltage, alter-
nating-current circuit, and secondaries capable of supplying various com-
binations of relatively low voltage and high current to incandescent and
arc lamps. Even such qualifications simplify the nature of these inventions,
however. In fact, the inventions were particular solutions to particular
critical problems defined within the context of place, time, and other cir-
cumstances. The inventors improved on their carly inventions, and other
inventors also adapted and modified them to suit other places, times, and
circumstances.

Gaulard and Gibbs merit a prominent place in history because they in-
vented, dcveloped and demonslraled a system that was, to use the apt
German eXp , Entwicklungsfahig. Once d ated, their i

lated a stream of impr . Their system was a combination of
known principles and devices, but it was a unique combination that func-
tioned to solve a problem and correct a reverse salient. Nevertheless, when
this Entwicklungsfahig invention was introduced, its potential was quickly
sensed; inventors and engineers were aware of the flaw in the d.c. system
and eagerly set about solving the problem. Thus it proved to be difficult
to give Gaulard and Gibbs credit for their contribution in a court of law.

As noted, three inventor-engineers associated with Ganz & Company,
the prominent Hungarian electrical facturing firm, sut ially im-
proved the design of the Gaulard and Gibbs transformer. According to
Gaulard, the Hungarian engineer Ouo Titus Blithy (1860-1939) ap-
proached him about his transformer system at the Turin exhibition. Blathy
is said to have appealed to him not to license the system in Austria until
Blathy could convince his firm, Ganz & Company of Budapest, of its value.**
Blathy acknowledged that he and another Ganz engineer, Charles Ziper-
nowski (1853-1942), did see Gaulard at Turin, but that all they learned
from him was how a transformer should not be constructed.*® Ganz &
Company engineers then bought a Gaulard and Gibbs transformer and in
the winter of 1884/85 made two major improvements in it. Blithy decided
that a closed core could be used to provide a more effective magnetic field
than the open core. Max Déri (1854-1938), also of Ganz & Company, and
Zipernowski recognized ineffective voltage regulation in the secondary cir-
cuits as a reverse salient in the Gaulard and Gibbs system and connected
the primaries in parallel. By May 1885 Déri, Blithy, and Zipernowski had
developed their system and demonstrated it at the Hungarian National
Exhibition in Budapest. Their transformer is considered by some to have

“ Leuter from Gaulard to the journal, Telegraphic Journal and Electrical Review 17 (1885):

508.
4 Letter from Blathy to the journal, ibid., pp. 465-66.
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Figure IV.7. The Déri. Blithy, and
Zipernowshi transformer, 1885. From
Fleming, The Alternating Current

Transformer, 2: 87.
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been “the first commercial, practical transformer."® Fleming describes it
as a major improvement upon that of Gaulard and Gibbs.” (See Fig. IV.7.)

The invention and development of the closed-core, parallel-connected
transformer by Bléthy, Déri, and Zipernowski was not fortuitous—they and
Ganz & Company had built up a momentum in the alternating-current
field that carried them into transformer development generally, and par-
allel connections specifically. In 1878 Ganz & Company assigned part of
its extensive engineering works to the manufacture of electric lighting
apparatus in Austria-Hungary and by 1883 had made over fifty installa-
tions. It offered an entire system consisting of both arc and incandescent
lamps, generators, and other accessories. The fact that it adopted alternat-
ing current exclusively was notable in the era of the Edison direct-current
system."® ‘Two of the engineers who worked on transformer design had
prior experience with alternating current. Zipernowski, founder of the
electrical division at the Ganz factory, designed the company's p
alternating-current system. Blathy, technical director of the electrical di-
vision after 1883, also held many a.c. patents. Although Déri was most
active in the sales division, he 100, contributed to the technical development
of the transformer.

In designing various alternating-current installations, Ganz engineers
used parallel circuits and constant-voltage generators.*® This experience
undoubtedly influenced Zipernowski, Déri, and Blathy to try working the
transformer in parallel, for such an arrangement called for a constant-
voltage generator. Since transformers with primaries wired in parallel and
supplied from a constant-voltage generator were self-regulating, Ganz en-
gineers could dispense with the complex regulator Gaulard and Gibbs had
placed in the secondary circuit.

To understand why Ganz & Company succeeded where Gaulard and
Gibbs failed it is important to note that Ganz & Company had customarily
designed and manufactured an entire system. Because of this, it was not
inclined to develop a licated transformer that permitted adaptation
to other inventors’ and manufacturers’ components. Thus, Zipernowski
and his colleagues did not resort to such ingenious expedients as the open,
removable core and sets of bobbins with connection permutations. The
Ganz approach was more analogous to the systems approach of Edison.
But another major expl ion for the ingenious and compli d Gaulard
anq Gil?bs design and the ingenious and relatively simple Ganz & Company
design is that the Electric Lighting Act of 1882 did not apply in the Austro-
Hungarian Empire. It should also be noted that by 1885, in the United
Kingdom and elsevfhere in the industrial West, lamp voltages were being
standardized, and it was no longer likely that a fixed voltage from the
supplier would dictate the capacity of a particular manufacturer's lamps.

The Ganz & Company system was widely adopted. By 1890 nearly seventy

“* Halacsy and von Fuchs, “Transformer Invented Seventy-five Years Ago.” p. 121

*? Fleming, The Alternating Current Transformer, . 86. A balanced view attril aula
and cihhs_ﬂ-e introduction of a transformer lys:em that could be dtv‘e‘l:::‘:;:: l: G::::l
form (Betriebsféhig), and to the Hungarians the actual introduction of that form. L. '; huler.
Geschichte des Transformators, quoted in Dettmar, Starkstromtechnik 84, R

“* Engineering, 35 (1883): 80-81 and 550. MBS

“bid., pp. 550-51.
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central stations of various sizes had been placed in operation using the
company's alternating-current generators, uransformers, and controls. These
stations supplied 100,000 incandescent lamps and 1,000 arc lamps.*® Both
Ganz & Company and Gaulard and Gibbs displayed their systems at the
Inventions Exhibition in the spring of 1885 at South Kensington in London.
The displays drew the attention of many electricians and engineers (among
them, the American George Westinghouse) to alternating-current distri-
bution.

Others soon joined the Ganz & Company engineers in the ranks of the
improvers of Gaulard and Gibbs's system. In London a train of events was
set into motion that resulted in a modification to the system Gaulard and
Gibbs installed in London’s Grosvenor Gallery. The owners of the gallery
had side-stepped the restrictions of the Electric Lighting Act of 1882 by

stringing their wires along rooftops, thereby avoiding the opening of the
streets. They then wanted an ical means of itting across the
rooftops.

The Grosvenor central station had unorthodox origins. When the twenty-
sixth ear! of Crawford, James Ludovic Lindsay, served as British commis-
sioner at the Paris Electrical Exhibition of 1882, he found the displays of
the new incandescent light—especially that of Thomas A. Edison—im-
pressive. He then persuaded his uncle, Sir Coutts Lindsay, proprietor of
the Grosvenor Art Gallery on New Bond Street, to install a portable gen-
erator, the better to light the works of Burne-Jones, Whistler, and other
contemporary artists. Electric light would not smoke the paintings as did
gas and burning oils and waxes.

New art and technology soon converged. Sir Coutts Lindsay and Com-
pany was founded to supply lighting not only to the gallery but to neigh-
boring businesses whose customers were impressed by the lighting of the
art gallery and its “greenery yallery” works of art.5' To meet the growing
demand, the company turned to Gaulard and Gibbs, who installed their
transformers in series in a 2,500-volt circuit with Siemens single-phase
alternators. As the load increased, however, the system proved virtually
unworkable.®?

Thus, in 1886 Sir Coutts Lindsay and Company called in the young and
bright engineer Sebastian Ziani de Ferranti (1864—1930), the manufacturer
of meters used by the company. Born in Liverpool to an ltalian father who
had once been guitarist to Leopold I of Belgium and a mother who was
the daughter of a portrait painter, Ferranti was a striking person both
physically and intellectually.*® Compared in his youth to Edison, he sub-
sequently had a long and active carcer as an inventor, engineer, and leading
British electrical manufacturer. He had no advanced scientific or engi-
neering training before beginning work in 1881 for Siemens Brothers, the

%0 Fleming, The Alternating Curvent Transformer, p. 121.

81 A, P. Trotter, “Early Days of the Electrical Industry and Other Reminiscences” (typescript
at the library of the Institution of Electrical Enginecrs, London), p. 586.

° Parsons, Early Days of the Poer Station Industry, p. 22.

3 0n Ferranti's life sce W. L. Randell, S. Z. de Fervanti and His Influence upon Electrical
Development (London: Longmans, Green, 1948); Arthur Ridding, S. Z. de Fervanti, Pioneer of
Electrical Power (London: Science Museum, 1964); and Gertrude Ziani de Ferranti and Richard
Ince, The Life and letters of Sebastian Z. de Ferranti (London: Williams & Norgate, 1934).
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British branch of the German enterprise, but at the Siemens works at
Charlton, near Woolwich, his enthusiasm for the new ficld of electrical
engineering grew when he found himself surrolun(led Aby dygamqs_ arc
lights. and other apparatus. He soon impressed his associates with his me-
chanical genius.

Noting his genius and striking personality, Ferranti’s lawyer advised him
in 1883 (o establish himself as a private manufacturer of his alternators
and other equip Ferranti responded by marrying the lawyer's daugh-
ter and gaining his father-in-law as his financial backer. As a bright young
engineer and the respected inventor of an alternator, Ferranti thus drew
the attention of Sir Coutts Lindsay when numerous technical difficulties
arose at the Grosvenor Gallery station.

Appointed chicf engincer of Sir Coutts Lindsay and Company in 1886,
Ferranti followed the precedent of Ganz & Company and changed over to
the parallel connection of the Gaulard and Gibbs transformer primaries.
In 1886, on behall of his new employer, he also petitioned for revocation
of the Gaulard and Gibbs patents. Gaulard and Gibbs had charged fees
for the use of their patented transformer and in turn threatened Ferranti
and Sir Coutts Lindsay and Company with infringement proceedings for
the redesigned transformer. Ferranti also prudently replaced the Siemens
alternators with machines of his own design. In short, he redesigned the
station's components systematically (sce Fig. 1V.8). The Grosvenor Gallery
station then expanded impressively until in 1888 there were five machines,
five circuits, and 34,000 lamps lighting a large district of London. Its peak
load in 1888 was 600 kw.** Grosvenor Gallery was called the only central
station in England worthy of the name and the “one ever green oasis
standing boldly out in the midst of a dismal waste.”* (See Fig. 1V.9.)

In the United States, still another inventor and another company im-
proved on the Gaulard and Gibbs system at about the same time as the
Déri. Blathy, and Zipernowski modifications were being developed in Hun-
gary and the Ferranti system was being built in England. The American,
William Stanley (1858-1916), the Hungarians, and Ferranti all knew about
the work of Gaulard and Gibbs; indeed, they had had intimate contact with
it, despite their insistence that they had Iearned little from it. Patent tactics
suggested that they make this disclaimer. Déri, Blithy, and Zipernowski
went so far as to say that they learned only how not to build a transformer;
Ferranti claimed that the Gaulard and Gibbs invention was not patentable:
and William Stanley observed years later that although the work of Gaulard
was rcfnarknblc in showing a comprehensive knowledge of the laws of the
|nf.!ucl|«§n coil and reactive effects, “it was hopelessly ill-fitted to the con-
ditions imposed by a general lighting system.” As noted earlier. Blsthy

**Clipping rom Engineering, 2 August 1912,
Annual Report, 1888,

::-‘T—?.ﬁ.‘,i.’:”?fuyluml‘-mfﬂ' (l,ulnlt_lmﬂ 1 (1888); ..1431 l!llﬂl-’lliﬂn from ibid. 2 (1888): 386.‘
et "oy of Wil Sk vy
Co. Pinsfcld. Mass. (ereatter cited 2% Martin,“Stanley Bioane oy 1 opor g personal

s y Biography™). Laboratory and persona
notehooks spanning Stanley's carcer professional inventor (c. 1882-1910), as well as
company records and personal materials, are part of the William Stanley Papers on file at

the William Stanley Library. Karen Belmore of the University of Pennsylvania is currently
writing a biography of William Stanley the inventor

d London Electric Supply Corp., Lid.,
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Figure IV.8. Ferranti's 1885 notebook <2y
sketches for transformers installed at the aF
Grasvenor Gallery central station, London.
Courtesy of the Fervani Lud. Archives,
Hollinwood, England.

Figure IV.9. Overhead distribution system
(1887) from the Grosvenor Gallery central

station,




100

-

Figure IV.10.  William Stanley. From
Creating the Electrical Age, ed. Nilo
Lindgren, a special issue of EPRI
Journal 4 (1979); 37.
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discussed the Gaulard and Gibbs system with Gaulard at the Turin exhi-
bition, and Ferranti worked with the system at Grosvenor Gallery. Stanley,
100, had a Gaulard and Gibbs transformer at his disposal as he developed
his own design. The information in Gaulard and Gibbs's patents and in
the technical periodicals was available to all.

The Gaulard and Gibbs device came into Stanley's hands through George
Westinghouse, who by 1884 owned two prosperous manufacturing firms,
the Westingh! Air Brake Company and the Union Switch & Signal
Company (manufacturer of railway equipment). Westinghouse's center of
operations was steel-producing Pittsburgh. His brother, H. H. Westing-
house, who made steam engines to drive electric generators, introduced
William Stanley to George, who, after deciding to enter the field, contracted
with Stanley to devote his time to further development of an electric lighting
system. Westinghouse also purchased the incandescent-lamp and generator
patents that Stanley had assigned earlier to the Swan Incandescent Electric
Light Company of Boston, Massachusetts. Several of the Union Switch &
Signal Company engi s were assigned to electric lighting development
as well.57

Stanley, a native of Brooklyn, New York, was the son of a prominent
lawyer. The family later moved to Englewood, New Jersey, where Stanley
grew up. Encouraged Ly his father to study law, Stanley entered Yale
University, but left after several months. In a note to his father he ex-
plained, “Have [had] enough of this—am going to New York."s® Being
inclined toward mechanical and scientific activities, Stanley first found em-
ployment with a New York manufacturer of telegraphic apparatus. His
father soon became resigned to his predilections, however, and lunded his
entering a partnership in the electroplating business. About 1881 Stanley
abandoned electroplating to join the well-known inventor of the machine
gun, Hiram Maxim (1840-1916), who at the time was engaged in the
i ion, develop and facture of electric arc and incandescent
lamps for the U.S. Electric Lighting Company in New York City. This
company was Edison’s major competitor for the incandescent lighting mar-
ket until 1885, but it had only about one-fifth as many customers as the
Edison enterprise. One of the U.S. Electric Lighting Company's problems
was its failure to develop a coherent system. Maxim concentrated on the
incandescent lamp, leaving the development of the d.c. generator to others.*
After Maxim left the company and returned to Europe in 1881 or 1882,
Edward Weston (1850-1936) became chicf engineer for the company, and
Stanley Ylorkcd for a few months under another of the pioneer inventors
and engincers of the industry.* [n 1882 Stanley went to work for another
manufacturer of incandescent lamps, the Swan Electric Company in Bos-
ton, and several of his inventions were patented by the company. After a
year, however, he returned 10 Englewood, New Jersey, and established his

*" Harry Douglas, William Stanley: A Short Bio i
A S ography (New York: H. S. Robinson, 1903), pp-
59. 64-66; and Passer, Electrical Manufacturers. p. 131. See also the biographical booklet by
Laurence A. Hawkins, William Stanley, 1858-1916 (New York: Newcomen Society, 1951).
** Douglas, Stanley, p. 33.
> Passer, Electrical Manufacturers, p. 148,

“D. 0. Woodbury, A Meas g :
McGrawotiit ot Y A Measure of Greatness: A Short Diography of Eduard Weston (New York:
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Figure IV.11. Entry from William
Stanley's notebook, 18 September 1883,
showing work with allernating-current
generator (G) and translating devices (T)
for transmitting induced currents to
secondary circuils. Courtesy of . Church
and the Stanley Library,

Pittsfield, Mass.
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own laboratory to experiment with electrochemistry, incandescent lamps,
and storage batteries (see Fig. IV.11). From there, in 1884, he was enticed
to George Westinghouse’s company. Stanley's having worked with most of
the leaders in the field before he was thirty indicates how small and intimate
the pioneer community was.

Stanley did not lose his slalus as a prol’essnonal inventor by associating

with Westingh but gh 's supporl of his work was contrac-
tual. The agreement the two men signed on 5 March 1884 specified that
Slanley would assign all future i ions funded by Westingh to West-

gl on condi that Westingh would f: e and sell them.
Stanley was to recelvc one-tenth of the profls and an annual salary of
$5,000. Resp y for the develop of V t s electric light-

ing project thus fell to Stanley. In 1885 he established a factory for man-
ufacturing incandescent lamps of his design, and he designed direct-cur-
rent generators to function systematically with his lamps. He also took out
ten patents on the incandescent-lamp system, plus one that was taken out
Jjointly.

In the summer of 1885 George Westinghouse ordered several Gaulard
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and Gibbs transformers and secured an option on the American patent
rights, which he later exercised, but there are conflicting accounts as to
who at Westinghouse promoted the transformer system. Relying on the
iniscences and correspondence of one of Westinghouse's l
and protégés, Guido Pantaleoni, Harold Passer, the historian of American
electrical manufacturers, concludes that George Westinghouse alone pushed
through the project: “Opposition by ALL the electric part of the Westing-
house organization was such that it was only Mr. George Westinghouse's
personal will that put it through.™®! At Westingh 's request, Pantaleoni
had secured the option on the Gaulard and Gibbs patent rights after dis-
cussing the system with Gaulard at Turin, had consulted Werner Siemens
about it, and had also sought the advice of Ganz & Company.

Stanley himsell minimizes the role played by George Westinghouse in
promoting the system, maintaining that Wi gh was advised against
the alternating-current system by a “trusted expert.” According to Stanley,
Westinghouse's contribution was to make capital available for experimen-
tation, but he did so on terms that were not favorable to Stanley. Only
when Westinghouse saw Stanley's system in operation did he decide to
enter the a.c. field actively.? According to Thomas Commerford Martin,
biographer of Stanley and Edison, Stanley had the greatest difficulty bring-
ing g to a clear und ding of the transformer system.®
Furthermore, Martin concludes, “For some reason, Westinghouse, who
seems to have regarded Stanley as rather unstable and visionary, full of
chimerical projects, and who was probably guided by inside influences not
too friendly toward the impetuous, self-centered young genius, declined
flaly to furnish Stanley with any money 1o build and try out his new
alternating current system."®%

The “trusted expert” and “inside influence” mentioned by Stanley and
Martin was probably Pantaleoni. According to Henry M. Byllesby, a prom-
inent pioneer in the development of electric light and power who assisted
Edison in the design of the Pearl Street station and who joined Westing-
house at about the same time as Stanley, “Pantaleoni himself when 1 first
joined the Westinghouse interests was scornfully pessimistic regarding Stan-
ley and all his work, and the pos: ties of anything worthwhile resulting
from the alternating current. They were wholly antithetical characters, and
the moment they came in contact trouble arose, which was destructive of
any result.”® In sum, Westinghouse probably did push the development
of a translormer system, but not Stanley's approach 1o it.

Wheq Byllesby became general manager of the Westinghouse electrical
cnlerpn.‘i.c. he tried 1o help his friend Stanley, whom he saw as a temper-
amenln!f:\venlnr who did his best work away from the routine and disci-
pline of industry. He supported the decision of Stanley and Westinghouse

Westingh,

™ “Reminiscences of G. Pantaleoni, April 1939, in Westi Electric C
i a , 1 files
and quoted in Passer, Elrcircal Mmm/nunl:ren. bl iRhouse Hletric Company [
William Stanley, “Alternating Current Development in America” (Paper read before a
meeting of the American Institute of Electrical Engineers, 15 February 1912), Franklin Insttute
Journal 168 (1912): 568-73 :
¥ Stanle i in, “ i
o piantey memorandum of 1915, quoted in Martin, “Stanley Biography,” chap. 7. p. 2
 Ibid., p. 5.
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to separate—at least physically. On 24 December 1885 Westinghouse and
Stanley signed a new cont According 10 its terms, Stanley would Io
Piusburgh to n.snlc in Great Il.urmgum Massachusetts. in the Berkshire:
child. Furthermore, Westinghouse
hase back for $12,500. $25.000 worth of securities in i new
Westinghouse company in which Stanley held one-tenth of the shares, the
value of which was $100,000. 1'he remaining shares (valued at $75,000)
were to be delivered fully paid to Stanley. Stanley to use the $12,500
(o operate a laboratory at Great Barrington. He would receive a salary ol
$4,000 annually, or $1,000 less than he was then receiving. Westinghounse
also agreed to contribute $200 a month toward general laboratory expenses.
Inreturn, Stanley was to submit his inventions to the company for patenting
and acceptance. I they were not taken up, Stanley could dispose of them
he pleased.®

Stanley's move to his own laboratory in Great Barrington, M
mirrored Thomas Edison’s quest for greater autonomy. The freedom to
conceptualize a system made up of one’s own invented components won
out over the restrictions of fitting one’s inventions into the concepual
framework of another. Moreover. this harmonious coordination of com-
ponents eliminated reverse salients. 1t is interesting to note that Stanley,
who had been depressed and in poor health in Pitsburgh. was rejuvenated
soon after his arrival in Great Barrington. Early in 1886 he acquired an
abandoned mill, restored an old steam engine, set up a Siemens alternator
loaned to him by the Westinghouse company, hired one assis vl
painstakingly began designing and developing new transformet trims-
formers and lamps were soon installed in houses and busin in Great
Barrington. and on 6 March 1886 the system began to operate on a regular
basis. His alternating-current transformer, central-station system for public
service, “the very first in America beyond all dispute,” used a 25-h.p. steam
engine, transformers supplying either twenty-five or filty incande
and wires strung on insulators attached to the “grand old elms™ that lined
the village strects.®” The length ol the transmission circuit from ceotral-
station laboratory to village center was about 4.000 feet. Connected o it
were thirteen stores, two doctors’ offices. one barbershop, the telephone
exchange, and the post office. Initially, Stanley stepped up the generator
output from 500 to 3,000 volts. transmitted the current to the center of
the village, and then distributed it through the streets alter stepping it
down to 500 volts.

One question remains to be answered: What did Stanley invent and
develop? He had access to the patents and technical literature concerning
the Gaulard and Gibbs and Ganz & Company systems. Following the well-

chusetts,

ser lists laboratory support

“ Ibid.. p. 7.

on the same page that
except 2,000 sl es
lectrical Manufastwrens,

on 8 jmumry 1886. “T'his, however, contradicts
Westinghouse received all the stock in the Westinghouse Electric
(one-tenth), which were sold 10 seven business

- Pope,
he accidentally made
ement. Woodbury,

196.

 Martin, “Stanley Biography
a pioncer in the field of clect
contact with wires leading 10 the Stanley system transformier in his b
Measure of Greatness, p. 143.
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Figure IV.12. The Westinghouse
transformer.
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1 Exhibiti Bud

publicized Ganz display at the Hungarian i in p
in May 1885, Déri, Blithy and Zipernowski displayed their system at the
Inventions Exhibition in London in July 1885.% Then, in the fall of 1885,
Reginald Belfield, an English electrician who had been in charge of a
demonstration of the Gaulard and Gibbs system at the Inventions Exhi-
bition in London, was brought to Pitisburgh by Westinghouse and entered
his employ at about the time that the Gaulard and Gibbs transformers

arrived. Belfield brought with him sub ial knowledge of transformer
design and operation. Despite the prior literature and exhibitions, however,
Stanley faced the extremely d ding challenge of actually building trans-

formers and a system within which they would function. On the theoretical
level, Stanley believed that one of his particularly important contributions
was recognizing the effectiveness of using counter electromotive force in
the transformer to obtain a high degree of self-regulation.

Again. it was Byllesby who sensed Stanley’s worth and recognized his
achievements. In February or March 1886 he visited the installation at
Great Barrington; others in Pitsburgh would pay Stanley no heed. Byllesby
reported to Westinghouse and others that the transformers were properly
proportioned, well regulated, and that he was “profoundly impressed.”
Then, after making a thorough ination himself, Westingh agreed
that the alternating-current system had “arrived.”®® Persuaded that the
system was marketable, Westinghouse tested the Stanley system more thor-
oughly in Piusburgh in the summer of 1886 using an alternator designed
by Stanley to replace the Siemens model, which regulated voltage poorly.
Transmission ran from the plant of the Union Switch & Signal Company
to East Liberty, a distance of three miles. Satisfied by the performance of
this pilot system, Westingh began cial production and shipped
his company'’s first commercial plant to Buffalo, New York, where a local
utility placed it in service. Orders for twenty-five alternating-current plants
followed within a few months.”™

George Westingh and his i contributed substantially to the
development of a transformer system by designing components for eco-
nomical and quantity production. To facilitate manufacture, Westinghouse
patented the design given the transformer by Stanley (see Fig. IV.12).”' A
noted Westinghouse electrical engineer and patent lawyer, Franklin L.
Pope, perceived the essence of the Westinghouse contribution when he
wrote in 1887, “I saw that there were great possibilities in the system
[Gaulard and Gibbs's] although it was not worked out practically at all—
not worked out as we would work it out in this country by any means—
and | was so well satisfied . .. of the possible results which we could get

_ " Halacsy and von Fuchs, “Transiormer Invented Seventy-five Years Ago™ the authors
cite the extensive contemporary literature describing the Ganz system.
#Martin, “Stanley Biography.” chap. 7, p. 13,
k Passer. Electrical Manufacturers, p. 198, In his account of Gaulard and Gibbs, Stanley, and
‘estinghouse, l’ass;r mlnlnktnl): presents the Gaulard and Gibbs system as one without
(v:::;::;ge‘-lmursl'onna:;:u characteristics. I1e may have assumed this because the Gaulard and
lbi(l_,s ;a‘n;;.)rmcr ught by Westinghouse was wired for one 1o one, primary to secondary.
7! Charles F, Scatt,
352,

“Tesla’s Contribution to Electric Power,” Electrical Engineering 62 (1943):
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when we put our young men on it in this country.”” At about the same
time, a writer in an English technical journal lamented. "It is not a very
complimentary reflection for Furopean electricians and capitalists that al-
though all ideas and experimental work needed have come from Europe
it should be reserved for an American firm to take up the system and
make it the commercial and practical success which the Westinghouse Com-
pany is now doing.””® Westinghousc’s manufacture and marketing of the
transformer system was impressive: by September 1887 the company had
in service or under construction central stations with a total capacity of one
hundred thirty-four thousand 16-c.p. incandescent lamps: by 1890 there
were three hundred Westinghouse central stations with a total capacity ol
half a million 16-c.p. lamps.™

7 Telegraphic Journal and Electrical Review 20 (18K7): 349

 Ibid., 21 (1887): 446. ) )

4 Passer, Electrical Manufacturers, p. 149; Fleming, The Alternating Curvent Transformer, 2:
167.



CHAPTER V

Conflict and
Resolution

v THE end of the 1880s, Edison’s direct-current system faced sub-
B stantial competition from the more recently developed alternating-
current system. The Westinghouse Electric Company had introduced the
transformer in America; Ganz & Company had many installations in Eu-
rope; and there were small manufacturers of a.c. equipment with a few
installations in Britain. During the closing years of the eighties, technical
journals and even the popular press kept readers informed of “the bautle
of the currents,” or “the battle of the systems.” Professional societies held
debates concerning the merits of each system, and engineers and station
managers filled the technical journals with articles proclaiming the technical
and economic advantages of one system as compared to the other."! The
debate continued until the 1890s, with low-voltage direct current compet-
ing against single-phase alternating current for the incandescent-lighting
market.

The single-phase alternating-current system originated as a solution 0
a critical (transmission) problem in the direct-current system. Engineers
and managers had greatly improved the d.c. system, but they remained
stymied by the cost of transmission beyond a radius of several miles. Al-
ternating current provided relatively low-cost transmission, but the single-
phase alternating-current system also had a serious drawback; it lacked a
practical motor. So handicapped, the two systems competed intensely, es-
pecially during the years 1887-92. The “"battle” ended in the 1890s, but
not with the destruction of one side by the other. Instead, there was a
notable resolution of the controversy on both the technical and the organ-
izational level. Resourceful invention and development were necessary to
bring it about. Before analyzing the resolution, however, we will follow the
course of the debate, for it represents the kind of conflict between or among
technological systems that has occurred throughout the history of tech-
nological change.

* For an extended discussion of the advantages and disadvantages of the two cur-
rents, sce the serics of papers printed in Electrical Engineer 7 (1888): 166-68, 220-24. See also
Frank L. Pope, “The Westinghouse Alternating System of Electric Lighting.” Electrician and
Electrical Engineer 6 (1887): 33242, for the well-stated opinions of an advocate for aliernaing
current who died accidentally in 1895—a victim of that current.

100
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In some areas the conflict was based primarily on technical and economic
factors. Because the needs of heavily populated cities differed from those
of lightly populated towns and city suburbs, the advocates of the competing
systems could point to clear technical and economic advantages for each.
In city centers, heavy population concentration diminished the need [or
large supply areas to obum a diverse and reasnnably well-balanced load.
In the lightly populated areas, ec ies of tr ion gave the alter-
nating-current salesman the advantage. It was in intermediate situations
that the technical and economic advantages of the two systems were not
clear-cut and that competition was most intense.?

In the areas where technical and economic considerations did not lead
to straightforward, rational decisions, persons skilled in other modes of
argument entered the fray. Their participation and their influence upon
decisions about technology are significant reminders that technological change
cannot be understood if viewed only from the perspective of the designing
engineer and the calculating cost accountant. Special note should be taken
of the way in which political power, particularly that exercised through
law, was brought to bear during “the battle of the systems.” The debate
raged most furiously in the United States, where the use of electric lighting
was most widespread. The leading protagonists were the Westingh and
Edison Electric Light companies, but other facturers, including the
firm of Thomson-Houston were involved. Neither George Westinghouse
nor Thomas Edison was above entering the fracas, even though by the late
1880s Edison was spending much of his time attending to matters other
than the electrical companies he had founded. Reverberations of the strug-
gle were heard abroad, but we will concentrate here on the American
scene.’

The Edison interests first resorted to unorthodox political tactics. For
this, they had a broader range of political contacts on which to call than
did the competition. They and other direct-current advocates realized that
their failure to solve the transmission problem called for a nontechnical
compensatory response. Before the final exchange in “the batle of the
currents,” an attempt was made to create public indignation against an
electrical system that supposedly endangered life. Essentially the episode
concerned one private cmcrpnce s endeavor, through political power and

lation, to outlaw the technological ad ge of another. It was neither
the first nor the last instance of such maneuvering in the history of tech-
nology.
In 1888 the Edison interests were not unhappy to see an unknown, sell-

The technical periodicals have carried historical essays on the struggle; sec especially the
one by L. B. Stillwell in the fiftieth anniversary issue of Electrical Engineering 53 (1934).
“Alternating Current versus Direct Current.” Harold C. Passer, The Electrical Manufacturers,
1875-1900 (Cambridge, Mass.: Harvard University Press, 1953), is informative on the man-
ufacturers’ role.

* There is secondary literature about the struggle in England and Europe. Sec, for instance,
R. A. S. Hennessey, The Electric Revolution (Newcastle upon Tyne: Oriel, 1971), which bas a
chapter on “the battlc of the systems” in Britain; R. H. Parsons, The Early Days of the Power
Station Industry (Cambridge: At the University Press, 1940), which also has a chaptcr so titled:
and Georg von Siemens, History of the House of Siemens, trans. A. F. Rodger, 2 vols. (Fricburg/
Munich: Alber, 1957), which treats the conflict and its resolution in a chapter entitled *The
Alternating Current Revolution.”
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styled electrician who had once sold Edis(“m elcclric pens appear with a
scheme. Harold Brown first achieved public auention—perhaps notoriety
would be a better word—when in July 1888 at Columbia College’s School
of Mines he electrocuted a dog described by him as vicious. The animal
was not simply electrocuted, however; it was [irst subjected to direct cur-
rents of varying voltages and then dispatched by alternating current. It is
obvious that Brown was trying to persuade his audience that direct current
was relatively safe, while alternating current was the deadly current. In-
deed, Brown showed his hand not long after this demonstration when he
told an audience that included New York lawmakers, “It is certain that
yesterday's work [the electrocution of a second dog] will get a law passed
by the legislature in the fall, limiting the voltage of alternating currents to
300 volts.™

A confluence of circumstances complicated the grisly affair. Because the
New York State legislature was seeking a more humane mode of execution
than hanging, Brown seized the opportunity to combine the effort to outlaw
high voltages in the streets with the move to use alternating current for
electrocutions in the prisons. He expected the association of death with
alternating current to facilitate legislation. With the approval of Thomas
Edison and the help of his laboratory staff, including Arthur Kennelly,
later professor of electrical engineering at the Massachusetts Institute of
Technology and at Harvard University, Brown executed calves and horses,
animals that were larger than humans, he pointed out. After the New York
State legislature heard testimony about electrocution from witnesses, in-
cluding Thomas Edison, it voted in favor of the method. Despite the de-
termined ition of Westingh Brown ged 10 acquire a West-
inghouse generator and placed it in New York's Auburn State Prison. In
August 1890, with Brown present, the first person was legally electrocuted.
Then a publicity campaign was launched asking. Do you want the execu-
tioner’s current in your home and running through your streets?

Brown and Edison proceeded with the scheme to outlaw the current,
but met with failure in New York State and clsewhere. In one case before
the Virginia legislature, they both urged that alternating current be limited
to 200 volts. The legislation did not pass, however, because a member of
that body learned that the Virginians were being used in a competitive
struggle between two “Yankee" corporations.

Despite conflicting opinions as 1o the cfficacy of electricity (in its first
test) as a means of execution, New York State retained the system. Ex-
pressing the belief that the use of a commercial generator might have been
unfair “to a particular electrical firm" (Westinghouse), the official report

* Harold P. Brown 10 Arthur E. Kennelly, 4 August 1888, Edison Archives, Edison National
Historic Site, West Orange, N.J. For a detailed account based on original sources, see Thomas
P. Hughes, “Harold P. Brown and the Exccutioner's Current: An Incident in the AC-DC
Controversy, Harvard Business History Review 32 (1958): 143-65. Some inventors and engi
neers, such as Elihu Thomson, were secking means of ensuring the safety of aliernating
currents rather than outlawing them. See Elihu Thomson to Thomson-Houston Electric Co-.
20 December 1889. Elihu Thomson Papers (1.1 4/89-1/90 867-878), Library of the Am
Philosophical Society, Philadelphia, Pa. I am indebted 1o Bernard Carlson of the University

of Pennsylvania for calling my a *
' - atentia . Ca . o .
ooy g my " 10 this letter: Carlson is writing a biography of Elitu
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of the execution did recommend that a generator be specially constructed
for future use in such cases. An unofficial recommendation was that Brown's
name be associated with electrical execution in the same way that Dr. Ramon
Guillotin's had become associated with his device. Brown's name soon dis-
appeared from the nation’s newspapers and periodicals, however, and there
is good reason to doubt that his attempt to associate alternating current
with death had a noticeable effect upon the outcome of “the bautle of the
currents.” Statistics show a steady and rapid increase in the number of
central stations using the Westinghouse system of alternating current dur-
ing the period when Brown was most active, 1888-90.

Free of legal snares, the alternating-current system gathered momentum
as facturing and installation increased, but around 1890 it, too, ex-
perienced reverse salients, and a new generation of inventors and engineers
responded by defining them as critical problems. Comparable to the trans-
mission problem that had frustrated the direct-current inventors, the most
serious problem for the alternating-current system was the need for a
practical motor. Another problem stemmed from the use of higher voltages
in a.c. practice than in d.c. and the resulting need to insulate and ground
circuits to guard against injury and death from electric shocks. While “the
battle of the currents” was being fought in the nontechnical arena, the new
generation of engineers and inventors worked to solve the motor and safety
problems.

There was controversy over priority of invention in the case of the al-
ternating-current motor as there had been about priority of invention of
the a.c. transformer. Because the motor controversy, like the transformer
debate, is an important instance of near simultaneity of invention, we need
to ine the circ es that stimulated a number of inventors to
identify the motor as a reverse salient and define it as a set of critical
problems for which they proposed solutions.

Inventive activity centered on the alternating-current motor in part be-
cause alternating current was well publicized and available for experimen-
tation. Its characteristics could be observed first hand. Gaulard and Gibbs's
system began to attract attention in 1883, and with each successive year,
alternators and transformers became more widely known, tested, and used.
Galileo Ferraris, one of the inventors associated with the a.c. motor, became
interested in alternating-current phenomena, for instance, when he acted
as a technical evaluator of the Gaulard and Gibbs and Ganz & Company
transformers.® Displays at other international expositions, such as those
used by Gaulard and Gibbs i in Lnndon whnch auracled George Westing-
house’s ion, also sti g and experi ion related
to a.c. needs and opportunities. In additi turers loaned or gave
alternating equlpmem to engineering schools so that faculty and students
might use it in research and thus discover its possible applications. Engi-
neers and managers of utilities using the new current became familiar with
its strengths and weaknesses first hand. This is a reminder that new tech-

* Ludwig Guttman, “On the Rotary Magnetic Field and Multiphase Aliernating Current
Distribution,” Electrical World 21 (1898): 276, quoted on page 4 of G. Silva, Galileo Ferraris:
The Rotating Magnetic Field and the Asynchronous Motor, a translated excerpt from the oviginal
ttalian text published in L'Eletirotecnica 34 (1947) (hereafter cited as Silva, Ferranis).
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nology must bc used in order to be improved, or to put it dlf[erenlly,
posunnovauon ion and development are c The origi
cannot envisage all of the opportunities and needs of diverse-use environ-
ments.

With increased competition from a.c. systems, the direct-current utilities
appreciated the advantage they held with their practical motor and decided
to publicize it even more. In response, the competing a.c. forces sensed
more sharply than ever the desirability of correcting the sahem weaknes.
of their system. Notions of load and
became less vague as the 1880s ended, and this clarification of opcraung
economies clearly defined the need for a motor to fill out the load curve
Utilities managers and engineers began looking beyond early problems of
reliability and the market for luxury lighting to a more evenly distributed
and wwenty-four-hour load.

Not only did the utilities define the need for an a.c. motor, but the
ers with i in a.c. lighting systems—for instance, West-
inghouse—also encouraged inventors. In the 1880s the independent in-
ventor was still an important figure; he had not yet been displaced by the
research-prone academics, industrial scientists, and development engineers
the manufacturers would eventually hire. So these independents re-
sponded, sensing correctly that successful invention would be rewarded
because an economic need had been perceived. In the late eighties, the
regular announcement of patents in numerous technical and engineering
periodicals such as the Scientific American kept the acutely sensitive inventors
aware of opportunities.

A number of makers and users responded 1o the need with new inven-
tions, but many inventors and scientists simply analyzed their old discoveries
and inventions from the perspective of the newly perceived need. The
records of patent litigation in the case of a.c. motors include numerous
references to ideas and apparatus that had obviously been rehabilitated
after a reverse salient gave them technical and economic value. The original
ideas and apparatus had often resulted [rom something’s being possible
rather than neceded. ‘The perception of a reverse salient transformed the
playing and curiosity into critical-problem solving. A long list of antecedent
ideas pcrtalmng to the a.c. motor appeared as inventors, patent lawyers,
and indi Is and organizations with i in the a.c. system
began their purposel‘ul attempts o establish priority.

Because the factors that stimulated interest in the development of an a.c.
motor were numerous, the number of inventors who claimed priority and
the variations in historical autribution were numerous as well. Patents and
patent litigation shapc memories so strongly that disintevested accounts
based on them cannot be assumed. For instance, patent holders may recall
the stimulating influences of scientists but not those of other, competing
patent holders. There is also a nationalistic bias to accounts of the invention
and introduction of the a.c. motor system. ltalian histories stress the dis-
coveries of Galileo Ferraris (1847-1897); American accounts often focus

“The term “load factor,” which precisely identified load-management problems, was i
troduced by R. E. B. Crompton, in 1891; sec Parsons, Early Days of the Power Station Industry.
P- 208. For a discussion of this influential concept. see p. 218 below.
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on Nikola Tesla (1856—1943) and the Westinghouse engineers with whom
he worked; Yugoslavian historians recall Westinghouse’s activities, but as
a backdrop to Tesla's heroic contributions; and the Germans quietly but
confidently note that Michael Osipowitch von Dolivo-Dobrowolsky (1862—
1919) and the German General Electric Company (AEG) introduced the
motor in the form that was used most widely by 1900. Swedish historians
remember Jonas Wenstrom (1855-1893), and the Swiss stress the work of
Charles Eugene Lancelot Brown (1863-1924) of Brown, Boveri & Com-
pany. The French call auention to Marcel Deprez (1843-1918), who con-
mbuled concepts to the ac. field, as he did to so many other early electrical

t ly the cir es that focused attention on the
need for an a.c. motor were transnational.

To unravel the tangled skein of priority claims, let us establish a frame-
work of analysis. The categories to be analyzed will be defined by questions.
For example: Who were the scientists or inventors who first articulated the
general ideas underlying the invention and publicized them through lecture
or publication? Who were the inventors who first constructed working
models? Who first applied successfully for a patent?> What persons or com-
panies initially introduced the invention on the market?> And what is the
precise nature of the invention the priority of which is in question? The
answers to these questions must be offered with qualifications and reser-
vations.

Taking the last question first, the invention of interest is the alternating-
current, polyphase motor. To establish a rotating magnetic field in its stator
windings, the polyphase motor uses several out-of-phase, or polyphase,
currents. By 1900 the three-phase system was common, but the two-phase
system also had been used. Polyphase motors were of several designs; the
most common distinction was between the induction, or asynchronous,
motor and the synchronous motor. The induction motor found wide use,
varying in size from the motor in a dentist's drill to the propulsion unit of
a battleship, and today is used throughout the world. “Together with the
petrol engine, it has become the most indispensable machine that man has
made."”

The rotor of the induction motor has current induced in its windings,
or conductors, by the rotating magnetic field of the stator. The reaction
between the induced rotor current and the stator’s magnetic field develops
the torque of the motor. The synchronous motor has a separate source of
direct current for the rotor; as in the case of the induction motor, the
rotating magnetic field of the stator of the synchronous motor is established
by polyphase currents. The synchronous speed of a polyphase motor is the
speed of the rotating magnetic ficld in the stator. This speed varies directly
with the frequency of the applied voltage and, inversely, with the number
of poles. The magnetic revolving field runs at the same speed, pole for
pole, as the alternating-current generator supplying it. As observed, the
induction motor’s rotor runs slightly behind synchronous speed; the syn-
chronous motor’s rotor runs at synchronous speed.®

?Von Siemens, House o{Swvmu, 1 I40.
®For a clear and expertly ion of the motor, see U.S.,
Burcau of Naval Personnel, Bmu Electricity (New York: Dover, l‘Wﬂ). pp. 317-97.
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Figure V.1. Nikola Tesla. Courtesy of the
National Museum of American History,
Smithsonian Institution, Washington, D.C.
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The most widely acclaimed of the inventors of the alternating-current
motor was Nikola Tesla. Tesla is better known than the others not only
because of the success of his invention but also because his native country,
Yugoslavia, has rig ly cubti d his memory; because he was associated
with a leading American manufacturer; because he was greatly honored
by his contemporaries; and because he was a colorful, dramatic personality
who attracted considerable attention in newspapers and periodicals and
about whom a number of books for the general audience have been written.®

Nikola Tesla was born on the northernmost coast of Dalmatia in the
village of Smiljan, Lika, then a part of the Austro-Hungarian Empire and
now a village in Yugoslavia. His father, a Serbian, was a Greek Ortho-
dox priest; his mother was “of a distinguished Serbian family.”'® Because
his mother is remembered as being descended from a long line of inventors,
Tesla was probably brought up in that tradition. He studied engineering
at the Graz Polytechnic in Austria and completed his education at Prague
University at the age of 23, at the time when arc lighting was auracting
much attention and Edison had embarked on his well-publicized quest for
incandescent lighting. Tesla, who was not reticent in autobiographical mat-
ters, recalled on the occasion of receiving the Edison Medal in 1917 that
at the polytechnic school, one of the finest in Europe, he rose each morning
at three o'clock and worked until eleven in the evening for an entire year
without a day's exception. His professors awarded his work the highest
distinctions. Later, he demonstrated his remarkable stamina by outlasting
his employer, Edison, during a nine-month period when Tesla worked
from half-past ten each morning until five the next. Tesla recalled that
Edison said, “I never saw such a thing, you take the cake.”"

2Boksan Slavko, Nikola Tesla und sein Werk (Leipzig/Vienna/New York: Deutscher Verlag
fiir Jugend und Volk, 1934); Thomas C. Martin, The Inventions, Researches, and Writings of
Nikola Tesla (New York: Electrical Engineer, 1894); John ). O'Nill, Prodigal Genius: The Life
of Nikola Tesla (New York: Washburn, 1944); A. ). Beckhard, Nikola Tesla, Electrical Gentus
(London: Dobson, 1961); Incz Hunt and Wanetta Draper, Lightning in His Hand: The Life
Story of Nikola Tesla (Denver: Sage Books, 1964); H. B. Walters, Nikola Tesla, Giant of Electricity
(New York: Crowell, 1961); C. J. Bethenod, Tesla (Belgrade: Société . . . de Ilnstitut Nikola
Tesla, 1938); and Margaret Cheney, Te<la: Man Out of Time (Englewood Cliffs, N.J.: Prentice-
Hall, 1981). In 1956. the centenary of Tesla's birth, an international meeting in Belgrade was
the occasion for publication of Tesla's works. as well as essays about him, by the Nikola Tesla
Mumfm of pel;r:dc. T 'am indebted to Professor Carl Chambers of the University of Penn-
;tylvama.. an invited participant in the mecting, for calling my attention to the meeting and
its publications. Among these are V. Popovit, R. Horvat, and N, Nikolit, comps.. Nikola Tesla:
Lectures, Patents, and Articles (Belgrade: Nikola Tesla Muscum, 1956); V. Popovit, comp.. Tributt
fo Nikola Tesla: Presented in Articles, Letters, Dacuments (Belgrade: Nikola Testa Museum, 1956).
a volume that includes an extensive bibliography of books and articles; and Nikola Tesla
Muscum, Ce_nlenavy of the Birth of Nikola Tesla, 1856-1956 (Belgrade: Nikola Tesla Museum.
1959). The literature in technical journals is extensive, Much of this is noted in John Rattiall
andm'-:h:d,;‘- n:;u«yn, comps., Dr. Nikola Tesla: Bibliography (Palo Alto, Calif.: Ragusan. 1979
i Reming; Nikola Tesla.” IEF. Journal 91 (1944), reprinted in Popovit, T
Pesla's "Address of Acceptance” upon receiving the Edison Medal was reprinicd i

Eoe G AL Jvas originaly published in Elcncal Review nd 10

; % d a5 "Address of Ac ). Information on °
careet is drawn from this address and from Teo's "o pemeeo Recolledtions.” S "
195-9

American, June 1915, reprinted in Papo

(hereafter cited as "Personal Recollccs vit, Horvat, and Nikolit, Nikola Teslo. pP- A

ne'y
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Tesla later insisted it was in 1877 that he first defined the critical problem
which resulted in his invention of the polyphase system. A student at Graz
at that time, he witnessed a professor operating a Gramme generator as a
d.c. motor. The sparking from the generator’s brushes and commutator
was intense, and it was apparent to all that these components would soon
burn out. This demonstration motivated Tesla 1o search for a design that
would eliminate the brushes and commutator. (Other inventors who re-
membered being stimulated by classroom lectures or demonstrations to
make their major inventive contributions were Charles Hall, who isolated
aluminum, and Rudolf Diesel, father of the diesel engine.) It is not clear
whether Tesla then wanted to develop a generator or a motor without a
commutator, or both. Five years later, in 1882, after picturing the problem
and possible solutions in his mind many times, the flash of insight came,
Tesla recalled, as he recited Goethe while walking in the Budapest City
Park with a friend.

Tesla, who memorized “entire books" and could select “from memory
word by word,” was r ded of the following passage:'?

Sie riickt und weicht, der Tag ist aberlebt,
Dort eilt sie hin und fordert neues Leben

O dass kein Fliigel mich vom Boden hebt,
Ihr nach und immer nach zu streben!

Ach! zu des Geistes Fliigeln wird so leicht
Kein kérperlicher Fligel sich gesellen.

At that moment in the park, Tesla’s imagination indeed soared: “In an
instant I saw it all, and I drew with a stick on the sand the diagrams which
were illustrated in my fundamental patents of May, 1888.”'* Inasmuch as
five fundamental, related patents were issued to Tesla in May 1888. the
detail of his insight must have been remarkable.

Five years passed from the moment of Tesla’s brainstorm and his ap-
plication for the patents. Tesla maintains that the vision of the machines
without commutators remained vivid and compelling in his mind during
that time. In essence, he was searching for an entirely new system, for his
motor would require a special polyphase generator. In Budapest, where
he worked as an electrician for the Austro-Hungarian state telephone sys-
tem, his determination to construct the motor persisted; it also survived a
move in 1882 to Paris, where he worked for the French Edison Electric
Light Company, a manufacturer of direct-current apparatus. While in the
employ of French Edison, he helped install central stations, one of them
in Strasbourg, where he worked for two years. In Strasbourg, according
to his reminiscences, he constructed a model of his motor, but was unable
1o find anyone to fund its further development. Then, in 1884, he sailed
for America and in New York found employment in Edison’s Machine

17Personal Recollections,” p. A198. The passage is from Gocthe's Faust, pt. 1. in Goethes
samiliche Werke, 36 vols., introduction by Karl Goedeke (Stuttgart: Gotta, 1867-82), 10:44-45
(lincs 719-22 and 737-38). Looscly translated it reads: “The sun sinks; the day is done./The
heavenly orb hastens to nurture life elsewhere./Alas, no wings lift me from carth/To strive
always to followl’. .. Oh, that spiritual wings soaring so casily/Had companions to lifi me
bodily from earth.” | am indebtcd to Dr. Horst Daemmrich for locating this passage.

" “Personal Recollections,” p. A198.
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Works; there he worked tirelessly, but for less than a year. Tesla reports
that he was discouraged by Edison’s opposition to alternating current, but
Edison’s opposition may have been indiffcreljce. for in 1884 there was liule
competition from alternating current. Francis Jehl recalled years later that
Tesla did tell others at the Edison Machine Works of his enthusiasm for
alternating-current motors without commutators.' Tesla then left Edison
and with several (inancial backers established the Tesla Electric Light &
Manufacturing Company of Rahway, New Jersey. Among the patent ap-
plications he filed for his company in 1885 was his design !‘or a commutator
that would prevent sparking; he also patented an arc-light generator, a
regulator for a generator, and an arc lamp. This evidence that Tesla's
commitment to his concept was sustained is of particular interest because
some of his competitors doubted that he had the idea for an a.c. system
with an induction motor five years belore filing his patent applications.'*

Tesla's activitics after 1884 (it the general pattern established by other
professional inventors. He set up a company bearing his name, one that
was based on his existing patents and his ideas for future inventions. He
concentrated on inventions and developments for which there was ready
funding and a likely market. This may explain why he postponed work on
the problem that was of greatest interest to him. The financial backers of
the Tesla Electric Light & Manulacturing Company had litle reason 1o
invest in an alternating-current system in 1885, for at that time its use was
experimental and its pioneers—especially Gaulard and Gibbs—were yet
experiencing numerous difficulties. In his concentration on the invention
and devel ol major imp in existing systems and on the
solution of critical problems in evolving systems, Tesla followed the road
taken by contemporary professionals like Charles Brush, Elmer Sperry,
William Stanley, Elihu Thomson, Frank Sprague, and S. Z. de Ferranti
He, as did they, took the risk of investing in a breakthrough invention.
Many relatively unk professionals have been more conservative, con-
centrating instead on incremental improvements.

Tesla’s opportunity came in 1887, although detailed information to au-
thoritatively document this critical year is lamentably lacking. Because Tesla
was an experienced inventor, daily diaries, laboratory notebooks, and rec-
ords of patent applications must have been made, but to date, the scholarly
monograph that would authenticate his creative activities has not been
written." Therefore, Tesla's own sparsc recollections, his patents, and a
major technical paper covering the critical period from the fall of 1887 to
lI\g spring of 1888 constitute the information available to the histori

Fesla puts it succinctly: “Early in 1885 people approached me with a

" Gordon Friedls Cesla, Eccentric Ge:

lander relies on Francis Jehl, Menlo Pa

Institute, 1937-41).

*Silva, Ferranis, pp. 19-20,

** For an example of the hely that diaries,
18 the history of

Inventor and Engineer (Baltimore.

Belgrade has

the Library of Congress in

interest on the 18RO

us." IEEE Spectrum, Junc 1972, p. 26. Fried-
rk Reminiscences, 3 vals. (Dearborn, Mich.: Edison

otebooks, and other contemporary records
ve aclivity, see Thomas P. Hughes, Elmer Spem.
he Johns Hopkins Press, 1971). The Tesla Muscum in
me of which have been microfitmed and placed on deposit in
ashington, D.C. 1 examined the microfilm and found little of




116

CONFLICT AND RESOLUTION

proposition to develop an arc light system and to form a company under
my name. | signed the contract, and a year and a half later I was free and
in a position to devote myself to the practical development of my major
discovery. 1 found financial supporters, and in April, 1887, a company was
organized for the purpose, and what has followed since is well known."!”
In another account, he dated the formation of the second company as April
1886 and referred to the construction of a laboratory.'® His first two patents
on the alternating-current motor were filed on 12 October 1887. Part
interest was assigned to Charles F. Peck of Englewood, New Jersey, who
probably was one of the financial backers of whom Tesla wrote.'® Three
more patents pertaining to the system were filed in November and issued
on 1 May 1888, and two were filed in December and also issued on 1 May.2°

The patents issued on 1 May 1888 described a system for the conversion,
transmission, and utilization of energy. E: ially the system involved
generator for converting mechanical to electrical energy and a motor to
convert the electrical energy once again to mechanical power. According
to Tesla’s patents, the system would use high voltage, or tension, for trans-
mission, and a motor would provide uniformity of speed regardless of load.
Tesla depicted the rotating magnetic field as “a progressive shifting of the
magnetism or of the ‘lines of force.” "?' According to expert analysis of the
patents, they covered both the polyphase synchronous and the asynchro-
nous, or induction, motors.??

Like the ideas of many other inventors, Tesla’s concepts were geomet-
rically symmetrical and logically ordered. His idealized images stimulated
his creative endeavors. If the images did not coincide with reality, he en-
deavored to reorganize the real so that it would approximate his ideal. This
approach required invention. For example, in the paper he presented on
16 May 1888 to the American Institute of Electrical Engineers, he described
how generators and motors were and how they ought to be. The polyphase
system embodied in the patents issued to him only two weeks earlier was
“the ought to be." As he wrote in his paper, in direct-current systems,
alternating currents were induced in the generator only to be changed into

'7"Personal Recollections,” p. A199.

'*“Address of Acceptance,” p. A106.

'* "Electro Magnetic Motor: filed 12 October 1887; issued | May 1888 (Patent no. 381,968).
“Electrical Transmission of Power™: filed 12 October 1887; issued | May 1888 (Patent no.
382,280).

"Electro Magnetic Motor" (Patent no. 381,969), “Electro Magnetic Motor” (Patent no.
882,279),and “Electrical Transmission of Power" (Patent no. 382,281) all were filed 30 No-
vember 1887 and issued 1 May 1888. "Method of Converting and Distributing Electric Cur-
rents” (Patent no. 382,282) and “System of Electrical Distribution” (Patent no. 381,970) were
filed 28 December 1887 and issued | May 1888. The October and November applications
have been judged the essential ones. See Silva, Ferraris, p. 14. The December patents refer
10 a rotating field mdep:ndem of motors and to transformers of a kind no one adoptcd.
., p. 15. The seven applications made by Tesla (those listed in n.
19 and those listed here) were derived by him from four applications, three of which were
divided into two applications cach. | am indcbted to David Rhees of the University of Penn-
sylvania for this information.

' Patent no. 382,280.

*G. Revessi, "Galilco Ferraris ¢ Nicola Tesla: L'Invenzione del motore asincrong
della R. Accademia di Scienze Lettere ad Arti in Padova 53 (1936-37), quoted in Silv:
pp. 14-15.

" Memorie
Ferrans,
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direct currents by the troublesome commutator. After distribution to mo-
tors, these direct currents were again changed by a commutator into re-
versing currents in the motor. This, to Tesla, was illogical. Why not use
alternating currents throughout the system, and thereby dispense with the
commutator—"a complicated device and, it may be justly said, the source
of most of the troubles experienced in the operation of the machines"?*’

Having disp d with the . Tesla then faced the problem
of producing a rotation of the magnetic poles, an effect produced in d.c.
motors by the commutator. He proceeded in his paper—and in his pat-
ents—to describe the rotating magnetic field produced by out-of-phase,
a[lernaling currents (see Fig. V.2). Using a series of diagrams to illustrate
his points, he showed that a generator armature revolving within a magnetic
field induced within its segments a magnetic field the polarity of which
rotated around the segments. Then, Tesla told his audience—and the pat-
ent examiner—the rotating ficld caused the same effects as a rotating, or
whirling, magnet. One such effect, long observed by electricians, was that
an iron or steel disc placed in the vicinity of a rotating permanent magnet
whirled sympathetically; the saine thing happened when a metallic disc was
brought into the field of action of the rotating electromagnet. In the latter
case a magnetic field was induced in the disc by the rotating electromagnet

™ Nikola Tesla, “A new System of Aliernate G E -
A S L urrent Motors and Transformers.” a pape”
;"' before the ALEE on 16 May 1888 and published in AIEE Transactions, 5 (1888): 308~
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and the consequent reaction between the swirling magnetism of the clec-
tromagnet and the magnetized disc rotated the disc.

To transmit energy, Tesla ran conductors from slip rings connected to
the segments of the generator’s armature (rotating member) to (nonspark-
ing) slip rings connected to the segments of the stator (stationary member)
of a motor. The stator of the moior, then, had within its segments the same
revolving field as the generator armature. The motor armature (rotor)
then experienced the induced current and magnetism. Because of the slight
lag in phase, a torque was developed. The lag or slippage gave the motor
an asynchronous character; the rotor’s speed was less than that of the
revolving magnetic field of the stator. Tesla also described a synchronous
motor that used direct current to produce the magnelism in the field.

Two fundamental ideas were stressed by Tesla in his description of a
polyph motor sy he elimination of the c and the use
of a rotating magnetic field. However, Galileo Ferraris may have conceived
of the rotating magnetic field before Tesla did. The controversy among
supporters of the Serbian Tesla and the Ialian Ferraris has not ended and
is not likely to be resolved.?* Tesla's testimony that he had the idea of the
revolving field in 1882 is not supported by disinterested witnesses or by
contemporary publications, and Ferraris's claim that he discovered the
rotating magnetic field (in 1885) was not substantiated by lecture or pub-
lication until March 1888,?¢ months after Tesla filed for his patents.

The circumstances surrounding Ferraris's discovery are interesting as :
case of converging scientific and technological influences. As is the case
with so many inventions, Ferraris, a professor of physics at the University
of Turin, discovered the rotating magnetic field by analogy. Furthermore,
his discovery came from a convergence in his mind of technological and
scientific information. Extrapolating from his experiments with alternating-
current transformers, he reasoned that if two simple, harmonic, equal
optical mations with a phase difference of one-quarter produced circular
motion, then two similarly out-of-phase electric currents and their accom-
panylng magnetic l'clds would produce a rotating magnetic field. These

ghts were pi bl lated as well by his awareness of Maxwell's
electromagnetic lheory

Ferraris did build an operating motor, but he did not become interested
in patenting his invention until the Westinghouse Company persuaded him
to allow it to take out an American patent so that the discovery could be
made useful. Ferraris's comp ion from Westingh was a gift of
$1,000. Establishing patent priority here is complicated because other in-

™ Patent no. 382,281 describes one motor element magnetized by a.c. current, the other
“element” drawn by d.c. current.

™ See Silva, Ferraris, p. 4: and the cxtensive publications about Tesla cited in n. 9 above.

% The 1885 models (dated by Ferraris) arc Istituto Elettrotecnico Nationale in Turin.
Sllvl, Fﬂmru, p. 8. The March lecture was published: see Galileo Ferraris, “Rotazioni elet.

prodotte per li i alternate,” Atti dell’Accademia delle Scienze di Torino

23 (1887-88): !00 ff.

??See the remarks made by R. Arnd, a pupil of Ferraris's, in "Commemorazione solenne
di Galilco Ferraris ...," L'Elettrotecnica 9 (1922): 517, quoted in Silva, Ferraris, p. 2; and
Sylvanus P. Thompson, “Galilco Ferraris,” The Electrician 38 (1897): 497, also quoted in Silva,
Fervaris, p. 2.




Figure V.3. Three-phase (polyphase)
transmession system of Friedrich
Haselwander: G = generator; M =
motor. From Offiziclle Zeing - . .
Frankfurt am Main 1891, p. /1.
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ventors constructed motors and ook out patents about the same time that
“Tesla applied for his patents and Ferraris published his discovery. As sug-
gested earlier, the simultaneity resulted in part from the fact that inventors
at that time were experimenting with, or were informecl about, the advances
being made in the alternating-current system. They were familiar with the
most recent improvements in transformers and a.c. generators, and they
saw further implications in the new phenomena observed. They were like
explorers in a new land who witness previously unobserved events and
discover untapped resources. In the case of inventors, the new events and
resources arose from the inventions and developments of other pioneers
on the leading edge of technology and science. These pioncers in electrical
technology were not lonely inventors laboring in intellectual isolation.

In January 1887 Friedrich August Haselwander, an engineer in Offen-
burg, Baden, saw the possibility of substituting slip rings for the three-
section ¢ of ad.c. Thomson-Houston armature he was repairing.
He realized that on both motor and generator, slip rings would allow the
use of alternating current rather than direct current. Subsequently he ap-
plied for a patent on both two-phase and three-phase systems with trans-
formers capable of high-voliage transmission. (See Fig. V.3.) In August
1887 he started constructing a generator with three-phase windings, and
in October 1887 he put it to work supplying lights. The manufacturing
company of W. Lahmeyer & Co. of Frankfort on the Main ook out a
license on Haselwander's patent, but it was subsequently declared invalid
when challenged by another manufacturer, AEG (German General Elec-
tric). Another pioneer in electrical technology in 1887 was the American
C. S. Bradley, who applied for a patent on a polyphase generator and a
synchronous motor on 8 March 1887. Subsequently, however, the courts
ruled that Tesla had priority over these two inventors because of the com-
pleteness and fullness of his patent.?®

The names of Tesla, Ferraris, Haselwander, and Bradley do not exhaust
the list of inventors and scientists who made priority claims or contributions
to the invention of the polyphase motor and the related generator and
transmission system.?” In retrospect, however, it appears that Ferraris sub-
stantiated his claim for priority in demonstrating the idea underlying the
invention of a rotating-magnetic-field system; that Tesla made the first
successful patent application; that Ferraris first publicly announced (by
lecture) the invention or discovery; and that Haselwander and Bradley
built the first full-scale polyphase generators. Nevertheless, the develop-
ment of an economical polyphasc system comprised of both motor and
generator was not carried out alone by any of these inventors. Electrical
manufacturers would take the lcad in that endeavor.

4By 1990 the larger manufacturers had setiled on a three-phase system
with an induction motor. The facturer most responsible for the de-

™ Georg Deun
1940). pp. 67-69;

Die & g der § in (Berlin: ETZ Verlag.
Siemens, IHowse of Siemens, 1: 122; and Anton Schwaiger, “Geschichte des
Drehsirams.” Technikgeschichte 28 (1939): 5354,

" See Silva, Fervanis, pp. 10.and 25, and Schiwaiger, “Geschichte des Drehstroms.” for the
claims of others, including Elihu Thomson, W. Baily, and M. Deprez. Sylvanus P. Thompson.
Polyphase Electric Currents and Alternating Curvent Motors (London: E. & F.N. Spon. 1895) also
Ferranis includes a bibliography related to the priority question.

is helpful. Silva's
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velopment of this system in Europe ( and probably in the rest of the world)
was the German company Aligemeine Elektrizitits-Gesellschaft, of Berlin,
and the engineer of this company who took the lead in developing the
system's motor was Michael Dolivo-Dobrowolsky (1862—1919). Learning of
the discoveries and inventions of Tesla and Ferraris through publications,
Dolivo-Dobrowolsky began experimenting with polyphase machines. He
doubted Ferraris's statement that the polyphase motor could obtain at best
only 50 percent efficiency, and his cxpcrimenls proved that he was right.
He also questioned Tesla and Westing| s choice of a two-phase system;
lhoroughly investigating different |)hase systems with an experimental mo-
tor, he decided on the three-phase arrangement, which he gave the name
now used in Germany, Drehstrom (“turning, or rotating, current”). In ad-
dition, he patented the simplest and most practical induction, or asyn-
chronous, motor with a short-circuited rotor, a motor that has been widely
used and copied. It is interesting to note, however, that in his later years
he developed a direct-current high-voltage transmission system.*

In the United States, the Westinghouse Company invested in the devel-
opment of the Tesla polyphase motor and transmission system. This is not
surprising, considering that the Westinghouse Company-Tesla relation-
ship was much like that between Westinghouse and William Stanley. Both
show how manufacturers related to independent inventors before cngi-
neering-and-development departments and research-and-development
laboratories were organized.

Westinghouse first sent H. M. Byllesby to examine Tesla’s motor and
patents after Tesla read his paper to the AIEE in May 1888. Advised by
his staff that the Ferraris patent would have litle value, George Westing-
house obtained an option to purchase the patents by payment of $20,000
in cash, $50,000 in notes, and a royalty of $2.50 for each motor horsepower

factured. Minii lties were to be $5,000 in the first year, $10,000
the second, then $15,000 each succeeding year. Weslmghouse purchased
the patents in July 1888. When Westinghouse was in dire financial straits
in the 1890s, however, Tesla agreed (o accept a cash settlement of $216,000
in lieu of royalties. Bankers believed that this would place less strain on
the company.®' Years later, Tesla did not consider his compensation gen-
erous enough. Trying in 1920 to interest E. M. Herr, president of West-
inghouse, in his wireless power-transmission system, Tesla wrote that he
was ready to sell the system, provided “your company is willing to come to

3*Dolivo-Dobrowolsky," in Ménner der Technik, cd. Conrad Matschoss (Berlin: VDI, 1925);
and Dcumzr Starkstromtechnik, pp. 70-71. 1t is not surprising that in 1957zceru g prolcs-
sional i the Verband Elektre (VDE) L
browolsky with Ferraris, Tesla, Bradlcy, and Hasclwander as an inventor of the three-phase
system. The VDE committee, which was cspecially commissioned 10 investigate and cstablish
priority in the invention of the system, also included the Swede Jonas Wenstrom and the
Swiss Charles E. L. Brown among its inventors. Wenstrom's work is discussed in Ake Vrethem,
Jonas Wenstrim and the Three-Phase System, Stockholm Papers in History and Philosophy of
Technology (Stockholm: Royal Institute of Technology, 1980).

* Letter of G. Westinghouse, quoted in Passer, Electrical Manufacturers, p. 278. This account
of Westinghouse's relationship with Tesla is based on Passcr (ibid., pp. 278 (1.), who had
access to Westinghouse Co. files; and on Cheney, Tesla, pp. 40 and 48-49. Cheney gives the
original purchase price as about $60,000, of which $5,000 was to be paid in cash and 150
shares of stock plus the $2.50 royalty.
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an understanding with me on terms decidedly more generous than those
under which they acquired my system of power transmission thirty years
ago.™? Tesla believed that the success of Westinghouse Electric was due
to his invention of the polyphase system. )

As part of the agreement in 1888, Tesla worked in Pitsburgh for a year
with ingh gi s to develop a marketable motor and system.
His relations with the Westinghouse staff were not entirely harmonious,
however, and like Stanley, he soon returned (o his independent inventive
endeavors. Tesla later recalled that he encountered much opposition in
Pittsburgh; only Albert Schmidt and Charles F. Scott had faith in the new
system and assisted him. Tesla believed, however, that George Westing-
house’s confidence in him never wavered.**

Other companies in the United States and Germany, including the Stan-
ley Electric Manufacturing Company and the Thomson-Houston Com-
pany, contributed to the development of the polyphase system.>* It is no-
table that the British stood aside. As one British historian writes, “The
polyphase system and the induction motor were developed in the United
States and on the Conti " English engineers and facturers “took
no part in this."*

The introduction of the polyphase motor and system in the early 1890s
and the earlier introduction of the transformer, which was soon adapted
to polyphase function, permitted the alternating-current system to match
the capacity of the older, direct-current system in supplying both power
and light. Furthermore, the polyphase system corrected the fundamental
flaw, or reverse salient, of direct current—its uneconomical transmission.
“The battle of the systems” was not yet over, however. Existing direct:
current utilities in densely populated areas continued to expand to meet
load increases. Their unamortized investment in direct current was so large
that it discouraged replacement with a polyphase system. If the utilities
supplemented the existing direct-current system with an additional and
unconnected polyphase system, they would lose the advantages of scale of
a single system. Furthermore, General Electric, Siemens, AEG. and the
smaller British equip : g companies T ined partially
committed to direct current through capital investments in patents, equip-
ment, and operating facilities as well as in experience and expertise. Because
of their experience and expertise, Edison, other engineers and managers.
and skilled laborers were biased toward the older system. Technical change
was [rustrated by the institutionalization of direct current during the pre-
vious decade. Manufacturers, utilities. and consumers waited cautiously for
the lines of future develop to be clearly deli

Because “the battle of the systems” had become far more complicated
than a technical problem aw: ng a simple technical solution, it ended

M Tesla to E. M. Herr, 19 Octaber 1920, Tesla Collection, Microfilm, Title 7229, Reel 6.
Library of Cangr shington, D).C.
Tesla 10 G. E. Tripp, Chairman of the Westi ica ing Co-
15 rln o G ¥ c Westinghouse Electrical & Manufacturing
M Philip L. Alger and Robert E. Arnold
IEEE Proceedings 64 (1976): 1381-83.

1. C. R. Byau, The British Electrical I - o 29).
pp. 09 and 141 cal Industry, 1875-1914 (Oxford: Clarendon Press, 19

I. "TIhe History of Induction Motors in America.”



121

CONFLICT AND RESOLUTION

without the dramatic vanquishing of one system by the other, or a revo-
lutionary transition from one p.lra(hgm to another. The conflict was re-
solved by synthesis, by L ion of coupling and merging. The cou-
pling took place on lhe technical level; the merging, on the institutional
level. The battle ended with a relatively gentle transition whereby the older
system slowly gave way over decades, first as the new system supplemented
it, then as the new replaced the worn-out and obsolete. On the institutional
level, vested interests were gradually transferred into a stake in the new
system. The history of the resolution of “the battle of the currents” helps
explain why engineers and managers argue that their adjustments to change
are more reasonable than those made in the realm of political and inter-
national relations.

Technical resolution of the controversy was greatly facilitated by cou-
plers, or transducers. The most obviously contributory of these was the
rotary converter. Histories of electrical technology rarely give the device
the place of prominence it deserves. Because the rotary converter was the
solution to a critical problem defined by a number of inventors and en-
gineers who identified a reverse salient, it, too, is a case of simultaneity of
invention. The reverse salient was econotechnical—the need to sustain vested
interests in the old system while making the transition to the new.

In the United States, invention of the rotary converter is attributed to
Charles S. Bradley. Bradley had worked for Edison and invented a poly-
phase generator before establishing a factory at Yonkers, New York, early
in the 1890s to manufacture the converter he invented in 1888. General
Electric soon acquired the Bradley patent and facilities.’® The Westing-
house Electric Company developed rotary converters as well.?” In 1891
Wilhelm Lahmeyer (1859-1907), inventor of various direct-current ma-
chines, introduced a rotary converter with a single armature for changing
direct current first into polyphase and then the reverse. Haselwander,
whose polyphase system Lahmeyer's company acquired, also patented a
rotary converter. Zipernowski and Déri of Ganz & Company took out a
German patent. Other names also are recorded in the history of the rotary
converter.%®

Single-armature rotary converters were used for other and varied trans-
formations, including frequency and phase conversion. Motor-generators
also were used for conversion; the motor, driven by one kind of current,
drove a generator that produced another kind. The highly important ad-
vantage of this capacity for conversion was that various old systems, not
only a.c. and d.c., could be coupled, or synthesized, with new ones. For
example, in an effort to save the investment of utilities in single-phase
alternating-current equipment, Westinghouse ﬁl t introduced a two-phase
motor, believing that it could be acc dated to the single-phase system
most casily. Subsequently the two-phase motor was abandoncd in favor of

* Passer, Electrical Manufacturers, pp. 100.-30|

* Benjamin G.
the early decades of the company and his cont nbl
Engineer: An Autobiography (New York: Putnam, 1926); chap. 6 is about induction motors,
rotary converters, and a.c. generators (1885-1900).

W Deumar, Starkstromtechnik, pp. 74-76.
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Figure V4. Westinghouse exhibit,
Chicago, 1893, From Edward D. Adams,
Niagara Power: History of the Niagara

Falls Power Company, 2 vols. (Niagara
Falls, N.Y. Niagara Falls Power Co.,
1927), 2: 192.
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the three-phase arrangement, but, again, a coupler (in this case a phase-
converter) saved the old system during the period of transition.

The variety of couplers on the market by the early 1890s suggested the
need for a universal electric supply system. and even though it is rarely
acknowledged, the definition and introduction of that system proved to be
one of the most influential innovations in the history of electric light and
power. The concept of a universal system completed the transition from
the era of electric light to the era of electric light and power. Westinghouse
displayed the system at the Chicago exposition of 1893, and the design
(seen in Fig. V.4) can be attributed to the engineering staff of that com-
pany.® The essence of the concept was a unified system embracing, or
coupling, generators (supply) and loads of varying characteristics (demand).
The system was capable of supplying incandescent lamps, arc lights, direct-
current motors for both stationary and traction purposes, single-phase
alternating-current motors, polyphase motors, and energy for thermo-
clectrical and electrochemical uses from a common transmission line or
ring fed by centralized, large-scale gencrators. (See Figs. V.5-V.8.) Its at-
tractiveness (o the ordering and izing mind of the engi and
manager can best be conveyed by describing the unsystematized and dis-

“'TI-isA account of the universal system is based on the “Scott Essays,” a collection of short
essays written by Charles F. Scott in 1938. The collection consists of eight items, each of which
is about ten pages long. Scott, who was a Westinghouse engineer from 1888 to 1911, focuset
on the introduction of the universal system at Niagara Falls, but he also makes some general
observations on the history of electric light and power prior to 1895. 1 am grateful to Robert
Belfield for providing me with 4 copy of these papers. which he located in the archives of
the Niagara Mohawk Power Co. of New York; these archives are now being processed at the
George Arents Research Library at Syrucuse University (hereafter cited as Niagara Archives).
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Figure V.5. The Westinghouse concept of
a universal supply system. From Cassiers
Magazine & (1895): 358.

Figure V.6. Comparison of electric power
systems. From itten memorandum by
Charles F. Scott, “What Was the Niagara

Central Station Plan?" (5 April 1938).
Courtesy of the Niagara Archives, George
‘Arents Research Library, Syracuse
University, Syracuse, N.Y.
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Figure V.7, Nonuniversal electric supply
system of 1890. From typewntten
memorandum by Charles F. Scott, “What
Was the Niagara Central Station Plan?”
(5 April 1938). Courtesy of the Niagara
Archives, Gearge Arents Research Library,
Syracuse University, Syracuse, N.Y.

Figure V.8. The Niagara (universal)
power plan. From typewritten memarandum
by Charles F. Scott, “What Was the
Niagara Central Station Plan?" (5 April
1938). Courtesy of the Niagara Archives,
George Arents Research Library, Syracuse
University, Syracuse. N.V.
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orderly state of electric supply at the time of the introduction of the uni-
versal system (about 1893). The Buffalo General Electric Company, a utility
supplying part of the city from a central station at 40 Court Street, had in
that station seven steam engines of several makes and fifteen generators
of seven different types supplying five different kinds of customers, or
loads, on separate circuits. Fragmented supply meant that when the eco-
nomically critical load factor was low, economies of scale could not be
realized "

The universal system shown at the Chicago exposition used the new
polyphase current for transmission and couplers, including transformers,
to connect established modes of distribution serving different loads. In this
way a utility would not have to scrap its existing distribution circuits. Al
the exhibition a 1,000-h.p. g drove a two-phase Tesla ind
motor. The motor in the dlsplay was intended to represent the prime mover
of the universal system. The motor powered a two-phase generator. which
in turn sent current to step-up transformers for transmission and to step-
down transformers at distribution points. At these points a motor drove
an arc-light generator, a rotary converter supplied direct current for street-
car motors, incandescent lamps were supplied, and various motors were
driven. Inventors and engineers who saw or read about the display quickly
grasped the significance of the universal system.

One of the creators of the universal electric supply system drew an anal-
ogy between it and water-supply systems, which combined springs, private
wells, and cisterns to supply various types of consumers; telephone systems,
which unified the formerly isolated systems of independent companies;
and large railway systems, which integrated smaller ones that had used
short roads with different track gauges. (In more recent times, computer
networks would be considered analogous.) Utilities soon embraced the com-
pelling economic and technical logic of the universal system (see Fig. V.9).
By 1900, technical periodicals were publishing accounts of utility systems
throughow the world that had used the universal system to make the
transition to the era of cleclnc hghl and power.*' Even earlier, leading

f: ers had d th Ives as well to the new resolution of
“the battle of the systems.”

It is important to observe, however, that the struggle between the (wo
systems did not come to an end with the development of a technical so-
lution—couplers joining the old and new; it came with the introduction of
institutional inventions that in turn resolved the conflict on the organiza-
tional level (a conflict so clearly revealed in the episode involving Harold
Brown and the electrocutioner’s current). In the United States the swing
of Edison General Electric to the new way signaled the resolution of the
systems conflict on the institutional level. The reasons for the shift were
complex. For one thing, Thomas Edison, a bitter foe of the new current
who had supported efforts to discredit and outlaw it, relinquished control
of the Edison enterprises in the late 1880s. In the absence of his monu-

42 Charles F. Scott, "What Was the Niagara Central Station Plan?" (5 April 1938), Niagara
Archives.

4'W. L. R. Emmet, "Results Accomplished in Distribution of Light and Power by Alternating
Currents.” Electrical World 27 (1896): 570-72, 593-96.
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Figure V.9. Resolution and transition in
“the hattle of the systems™: Percentage of
drect current (Gleichstrom), mixed
(Gemischte), single-phase alternating
current (Wechselstrom), and polyphase
curvent (Drehsirom) used in Germany,
1880-1935. From Rudolf von Miller’s
article in Technikgeschichte 25 (1936):
112 Courtesy of the Division of Electricity,
National Museum of American History,
Smithsonian Institution, Washington, D.C..
and Rudolf von Miller.
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mental prestige and conservative influence, Edison General Electric’s dog-
matic opposition to alternating current waned. Edison’s withdrawal also
cleared the way for a merger with the Thomson-Houston Company, a rising
manufacturer of electrical machinery that carried a line of both direct- and
alternating-current equipment. After the merger in 1892, the new com-
pany. General Electric, introduced equipment for polyphase systems. An-
other organizational response among manufacturers came in 1896 in the
form of a patent-exchange ag t General Electric and West-
ingh The engi in each pany, and especially the engineers in
the utilities who bought generators, motors, and transformers from them,
had found the proscription of obvious improvements aggravating and they
welcomed this facilitation of rational technical exchange.

The development and introduction of polyphase power also affected
relations among German manufacturers, but in a different fashion. In 1887
Siemens & Halske and the German Edison Company (later AEG) made an
agreement based on the assumption that AEG would engage primarily in
the financing and construction of large generating stations and related
systems and that Siemens & Halske would manufacture the equipment for
those stations. The agreemcent no longer suited AEG, however, after it
found that German cities and towns often preferred to establish their own
municipally owned utilities and after it developed a polyphase power system
designed primarily by Dolivo-Dobrowolsky. Foreseeing a substantial busi-
ness in the manufacture of power-transmission equipment, AEG wanted
to be free of the agreement in order 10 establish its own facilities. In 1894,
two years after Edison General Flectric joined with Thomson-Houston, a
merger that facilitated the move into the manufacture of alternating-cur-
rent cquip AEG and Si canccled their agreement and AEG
gained full freedom (with the exception of cables, which were left to Sie-
mens & Halske) to develop its manufacturing program.*?

‘ll‘lAbolh the United States ancl Germany the stock of a number of electric
utilities was owned by the large manulacturers, and the utilities depended
upon the manufacturers for the design and developent of equipment.
Tlllus. the uuhl.lcs also sought institutional arrangements that would facil:
itate 'lhc d P of the f: ers’ technical solution 1o the systems
conflict. For instance, the history of utilities in Chicago reveals that the

) “'IVnu Siemens, House of Siemens, 1: 148; and Conrad Matschoss, “Die geschichtliche Ent:
wicklung der Allgemcinen Elekiricitits-Gesellschaft in den crsten 25 Jahren ihres Bestehens.”
Peitelige xur Geschichte der Techuik und Industrie | (1909): 60,
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organizational response, or invention, there was merger. Early direct-cur-
rent stations with franchises covering small central-city districts merged.
Polyphase transmission allowed for large-area supply, so the alternating-
current utilities supplying the suburbs merged into new organizations with
the intention of gaining the entire urban market. The series of mergers
that occurred in America and Germany, and to a lesser extent in Britain,
are documented in numerous utility histories.*

Agreement about technical standards also contributed to the resolution
of “the battle of the systems” and the establishment of the polyphase, or
universal, system. During the period from 1887 to 1892, when the struggle
was intense, utilities and manufacturers chose different [requencies. De-
pending upon the particular character of supply and load, different fre-
quencies had distinct advantages. Therefore, a general agreement about
frequency did not come through the establishment of one frequency’s ob-
vious technical superiority over the others; rather, a spirit of flexibility and
compromise among the various utility interests, and especially among the
manufacturers, was primarily responsible for the agr . Other im-
portant [actors were precedent and successful practice—e.g., Edison’s in-
troduction of 110 and 220 volts for power distribution in the United States.

43 Utility histories vary greatly in quality. Outstanding among them are Forrest McDonald,
Let There Be Light: The Utility Industry in Wisconsin, 18811955 (Madison, Wis.: The American
History Research Center, 1957), a study by a leading American historian which treats Wis-
consin utilities and provides an overview of utility history that is applicable to the entire
country; Raymond C. Miller, Kilowatts at Work: A History of the Detrait Edison Company (Detroit,
Mich.: Wayne State University Press, 1957) and The Force of Energy: A Business History of the Detroit
Edison Company (East Lansing: Michigan State University Press, 1971), two scholarly volurmes
about two utility magnates who greatly influenced the industry, Alex Dow and Walker L.
Cisler; and Nicholas B. Wainwright, History of the Philadelphia Electric Company, 1881-1961
(Philadelphia: Philadelphia Electric Co., 1961), an account of one of America’s largest and
oldest utilities. An overview of utility development is given in Creating the Electric Age, ed. Nilo
Lindgren, a special issue of EPRI Journal 4 (1979). Histories of other utilitics include Charles
M. Coleman, P.G. and E. of California: The Centennial Story of Pacific Gas and Electric Company,
18521952 (New York: McGraw-Hill, 1952); Glenn Weaver, The Hariford Electric Light Company
(Hartford, Conn., 1969); Thomson King, Consolidated of Baltimore, 1816-1950: A History of
Consolidated Gas Electric Light and Power Company of Baltimore (Baltimore, 1950); Jack Rilcy.
Carolina Power & Light Company, 1908-1958 (Raleigh, N.C.. 1958), Wade H. Wright, History
of the Georgia Power Company, 1855-1956 (Atlanta, 1957); George Bush, Future Builders: The
Story of Michigan's Consumers Power Company (New York: McGraw-Hill, 1973); Edward G.
Nelson, KPL in Kansas: A History of the Kansas Power and Light Company (Lawrence, Kans.:
Center for Research in Business, University of Kansas, 1964); John Dierdorff, How Edison’s
Lamp Helped Light the West (Portland, Oreg., 1971); Thomas C. Wright, Otter Tail Power Company
from Its Origin through 1954 (Fergus Falls, Minn., 1955): Howard R. Fussell, A History of Gulf
States Utilities Company, 1912~1947 (Houston: Texas Gulf Coast Historical Assoc., 1967); Her-
bert W. Meyer, Builders of Northern States Power Company (Minneapolis, Minn.: Northern States
Power Co., 1972); Indianapolis Power & Light Co.. Electrifying Indianapolis (Indianapolis, Ind..

1960).

Georg Boll, Entstehung und Entwicklung des Verbundbetriebs in der deutschen Elektrixitétswirtschaft

bis zum europdischen Verbund (Frankfort on the Main: VWEW, 1969), includes in his list of
sources many histories of German utilitics. The history of electric supply in the state of Bavaria
is given in Verband Bayerischer Elektrizititswerke E. V., Elektrizitat in Bayern, 1919-1969
h: VBE, 1969). For British utilitics, see Leslie Hannah, Electricity Before Nationaltsation
(Baltimore: The Johns Hopkins University Press, 1979), with its citation of numerous utility
histories; and Parson, Early Days of the Power Station Industry, which provides accounts of British
utilities up to about 1900. Other references to utilities discussed throughout the book in hand
are provided in the footnotes; sce, especially. Chapters VII, VL, and IX.
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These historical circumstances and events ought to be remembered because
later generations often assume that standards necessarily represent the
clear technical superiority of one system over another.

During the early years of alternating and polyphase currents, 133Y, 125,
8314, 66%4, 60, 50, 40, 30, and 25 cycles were used.” Designers and en-
gineers chose the frequency that was optimum for the particular set of
characteristics created by the coupling of incandescent lamps, transformers,
arc lighting, induction motors, synchronous converters, or other apparatus.
Because design of this equif was changing rapidly, , an al-
ready complex situation became more complicated. In America, the en-
gineering stalf of the Westinghouse Company played a leading role in
dispelling the disorder; they pted to rationalize production by stand-
ardizing frequency. Freedom to decide on a standard [requency was con-
strained by the fact that a large number of Westinghouse-designed central
stations were supplying incandescent lamps with 60 cycles, but the die was
not cast. The Westinghouse designers also took into account the spread of
the slower-rpm, directly coupled (rather than bel-driven) generators that
had first been introduced in Furope. The slower generator, or alternator,
was less complex when designed for lower frequencies such as 60 cycles
because fewer field poles were needed for them than for higher (requencies
such as 133% cycles. Yet other designers advocated a high frequency be-
cause it reduced incandescent-lamp flickering. The development of a syn-
chronous converter that operated well at 60 cycles encouraged supporters
of this frequency because utilities could couple existing single-phase sys-
tems, direct-current systems, and the polyphase extensions and transmis-
sion networks. This ability to couple the old with the new lessened support
for 40 cycles, a frequency that had been advocated by some because of its
suitability for motors and transmission. Design of unprecedentedly large
equipment for a Niagara Falls installation also shaped the ultimate decision.
George Forbes, chief consulting engineer for the Niagara site, proposed
16% cycles, but Westinghouse engineers then wanted 33'% cycles. The
relatively low frequencies were well suited for power transmission. The
midpoint of this particular difference was 25 cycles. By about 1900, West-
ingh the other facturers, and the utilities were settling for two
standards: 25 cycles for transmission and for large motors, and 60 cycles
ft?r the more general-purpose systems. Introcluction of the high-speed tur-
bine as prime mover accelerated the trend toward 60 cycles because gen-
erators with fewer poles could be used than with the slow-moving, recip-
rocating steam engines. A Westinghouse engineer who took part in the
technical activity surrounding the frequency question took pains to point
out (hal' the struggle to set dards was not a competition between man-
ufacturing i}nleres(.& as was the casc with many issues during “the battle of
:he syslrems " ralhﬂr, ul was an effort by technical persons to find a means
o reinforce an all-embracing, eral sys s
indend over.ds g. general system of supply. The battle wa:

In Germany the decision on a standard [requency may have been less

“Benjamin G. Lamme, “T'he Technical § - _
(1918); 6. hnical Story of the Frequencies,” IEEE Transactions
“ . 82
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difficult to reach because AEG, spurred by Emil Rathenau, encouraged
the use of the slower-speed, directly coupled generators from which high
frequencies, such as 133% cycles, were difficult to obtain and because
synchronous converters, for which low frequencies, such as 25 cycles, were
most suitable, had not been widely adopted. The outcome in Germany was
a standard of 50 cycles.

Thessituation in Britain remained disorderly. The tendency before World
War I was toward variation, not standardization. London led the trend; by
1914, at least ten different frequencies and a bewildering assortment of
voltages were in use in that city. Reasons for the variety included the absence
of oligopoly in the electrical manufacturing industry and the prestige and
influence of the consulting engineers.*¢ One British manufacturer com-

plained that his competitors, fident that individuali not b

opporlumsm. characterized professional e, carried individual
ism in the design of equipment to an cxlreme Having a hlghly -parncu-
larized design seemed to show that the : er and his gners

were “engaged in a superior branch of applied science, not in an industry,
still lcss ina lrade ™?R.E.B. Cromplon a small manufacturer and leading
I d that the I gi s with their de-
slgn fads; the mumclpal governments that cmploycd them and took pride
in having their own ideas about how “switchboards and other plant .
should be done”; and the small manufacturers, who were content 0 have
a small order for individual components, retarded not only the move for
standardization but the overall growth of the British electrical supply in-
dustry.*® An exception to this rule was the system of electric supply on the
northeastern coast of England, where Charles H. Merz, consulting engi-
neer, was the primary influence on the design of a regional system (see
Pp- 443-60 below). Merz standardized 40 cycles in the region centered
around Newcastle upon Tyne. His reasoning was logical and systematic,
for he took into account the characteristics of the region. His rationality
proved expensive, however, when after World War 1 his system had to be
integrated at great cost into an all-British one in which 50 cycles was the
standard frequency.*®
About the same time that U.S. and German utilities and manufacturers
were reorganizing to facilitate the introduction of the universal electric
power system and the adoption of standards, another major advantage of
the polyphase system was demonstrated. A display of power transmission
at the International Electrical Exhibition in Frankfort on the Main in 1891
showed not only the potential of using distant water-power sites to supply
electricity to heavily populated industrial areas bul also the suitability of
polyphase systems for | di power tr ion. The Frankfort
exhibition highlighted the possibilities of what came to be known as “point-

*See Chapter IX for a full discussion of British parochialism.

* Adam G. Whyte, Forly Years of Electrical Progress: The Story of G.E.C. (London: Benn,
1930), p. 20.

“ Crompton's testimony, in Official Report: Committee on Electrical Legislation 1901, IEEE
Reports and Resolutions, pp. 36, 43, 47 sce also Alderman Pearson's testimony before the
committee, ibid., pp. 83-84, 89.

“®Charles H. Merz, “Autobiography.” chapter entitled “Cork,” pp. 7-9, Merz & McLellan
Co. Archives, Amberley, Killingworth, near Newcastle upon Tyne, England.
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Figure V.10. Honarary chairmen of the
Frankfort exhthinon of 1891: Adalbert von
Waltenhafen and Thomas Edison (top):
Marcel Depre: (center); Silvanus P.
Thompson (bowom Icfo): and Werner von
Siemens (botom right). Yon Waltenhofen
was professor of lectrical technology af the
Technische Hochschule m Vienna.
From Offiziclle Zeitung . . . Frankfurt
am Main 1891, p. 828.
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to-point™ tr 1 from

ission. as distinguish
works or rings. The Lauffen-to-Frankfort transmission line, 175 km. in

by way of net-
length, is an excellent ple of poi point t ion; the regional
power systems of the 1920s are examples of network or ring transmission
(see Chapter XII below).*®

The Frankfort exhibition was a skirmish in “the battle of the systems.”
In IB'G)() the city of Frankfort had to decide on a current for its municipal
clectrical ?vnrks. Cologne's choice ol alternating current shortly before made
the selecuorf more difficult, for, until then, no large German city had opted
for alternating current. The electrical engineers who were brought in as
con§l’|lanls could not save the municipal authorities of Frankfort from a
dcclmon I.)y nlmking a clear-cut recommendation in the face of viable alter-
natives. The issue assumed the proportions of a battle for the city of Frank-

"in g i
Ina il:.;'(m;t given a the Frankfort exhibition, Sylvanus P. Thompson judged the pover
[)[/‘.(:lslp ;y a major scientific event of the century. “Das neue Gebiet der Wechsel
zielle Zewung der Internationalen Ausstellung Frankfurt am Main 1891, p. 788.




131

Figure V.11. Charles E. L. Brown.
Courtesy of Bron, Boven & Co., Baden,
Switzerland.
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fort as it engulfe f: ers, and well-informed burgh-
ers.”! Leopold Sonnemann, a banker. politician, and founder of the Frankfurter
Zeitung, then suggested that the controversy be resolved by holding an
electrotechnical exhibition in which the advocates of alternating current
could demonstrate the most recent advances in their systems.

A younger generation ol engincers and designers contributed substan-
tially to this exhibition. Prominent among them were Oskar von Miller,
Charles Eugene Lancelot Brown, and Michael Dolivo-Dobrowolsky. A per-
sistent vision of harnessing the water power of the Alpine region of his
Bavarian homeland stimulated von Miller; Brown brought to the exhibition
the mechanical genius of the Swiss, with whom his father, an English en-
gineer, had setlled and with whom he himsell worked; and Dolivo-Dob-
rowolsky was intensely involved in developing polyphase machinery. Be-
hind Brown was the Swiss mechanical-engineering manufacturing firm of
Maschinenfabrik Oerlikon, and supporting Dolivo-Dobrowolsky was the
Berlin electrical manufacturer AEG.

In 1882 von Miller had helped organize an electrical exhibition in his
birthplace, Munich. On that occasion, he showed his determination to make
power transmission a reality by arranging for the leading French engineer,
Marcel Deprez (1843-1918), to design a power transmission system ex-
tending 57 kilometers from the village of Miesbach, at the foot of the
Bavarian Alps, to the exhibition in Munich's Glass Palace. In the palace
itself an electric motor pumped a waterfall to symbolize the transmission
of water power. Deprez used direct current for transmission, as he had in
other demonstrations, and ordinary telegraphy wire for the high-voltage
transmission line.*? (See Figs. V.12 and V.13,

Von Miller looked upon international technical asan effective
means of introducing new technology to a wide engi ing and busi
audience. He wanted a dramatic new technology to be the centerpiece of
cach exhibition. At Munich and Frankfort he chose power transmission;
when consulted about the planning of the Chicago Exhibition of 1893, he
recommended as the highlight of the exhibition the electrification of a
long-distance railroad running out of Chicago.

In 1890 von Miller, who headed his own consulting engineering firm in
Munich and had been named technical director of the proposed Frankfort
exhibition, called a planning session to discuss the long-distance transmis-
sion. Present at the ing were repr ives of Maschinenfabrik Oer-
likon, whose director, P. E. Huber-Werdmiiller, was an enthusiastic sup-
porter of the project; AEG whose dlrcclor, Emil Rathenau, was a graduate
of the Zurich Eidgends Py hnical higher school), as was
Huber-Werdmiiller; and a cement works at Lauffen, on the Neckar River,
where von Miller had recently completed a hydroelectric installation. The
two facturers agreed to develop and supply polyphase equipment,

81 Von Siemens, House of Siemens, 1: 120,

$20n the Munich electrical exhibition of 1882 and Deprez and von Miller's power trans-
mission display, see Offiieller Bericht iiber die im Kaniglichen Glaspalaste tu Miinchen 1862 . ..
Internationale Elehtrizitits-Ausstellung, ed. W. von Bectz, O. von Miller, and E. Pfeiffer (Munich:
Autotypic Verlag, 1882).
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Figure V.12 Artificial Munich waterfall
driven by power from Miesbach, 57
Kilometers away. From Offizieller Bericht
... Minchen 1882, p. 105.

Figure V.13. Direct-current motor
driving the pump for waterfall at the
Munich exhibition of 1882 (Miesbach-to-
Munich power transmission system designed
by M. Deprez). From Offizicller Bericht
... Manchen 1882, p. 104.
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and the cement works agreed to allow its surplus power to be transmitted
over the 175-kilometer line to Frankfort.*®

In January 1891 Charles E. L. Brown, who was technical director of the
clectrical machinery section of Maschinenfabrik Oerlikon, provided the
technical commission of the Frankfort exhibition with evidence that a high-
voltage power transmission would prove successful. At the Oerlikon plant
he set up a laboratory test unit to prove that the use of oil-insulated trans-
formers stepped up voltage 1o 40,000 volts, that his transmission line in-
sulators could function with voltage of such extraordinary intensity, and
that stepped-down transformers reduced the voltage to distribution level
(see Fig. V.15). The possibility of insulating the transformers and trans-
mission line had been in serious doubt. The experiment was unusual in
that it incorporated both a step-up transformer with a low-voltage generator
and oil-bath insulation, an idea that had been tried earlier with transmission
cable. Despite the success of the laboratory test, however, there was still
doubt about the efficiency of a long-distance transmission.>*

The full-scale Lauffen-to-Frankfort transmission system for the exhibi-
tion incorporated an international array of machinery (sec Figs. V.14-
V.17). At Lauffen, the cement factory turned over to the planners a 300-
h.p. water turbine; AEG supplied a switchboard and two step-up trans-
formers; and Maschinenfabrik Oerlikon furnished the third transformer,
insulated in an oil bath, and a three-phase generator. Financial support
for the erection of the 175-kilometer transmission line and right of way
for the line was provided by the imperial and local governments. At Frank-
fort, Maschinenfabrik Oerlikon supplied one transformer and AEG pro-
vided two. AEG also built a large advertising sign with 1,000 incandescent
lamps and a waterfall powered by a pump with a new AEG polyphase
motor. Power from Lauffen lit the lamps and drove the waterfall.** (See
Figs. V.18, V.24, and V.25.)

The transmission system was not operative until 24 August 1891, shortly
before the exhibition ended. On that date the brilliant lighting display was
illuminated and the waterfall began to flow. Leading electricians viewed
the installation and made critical analyses of its performance. The trans-
mission efficiency surprised critics, for they had expected 50 percent losses.
Transmitting 190 h.p. at about 25,000 volts, the efficiency measured from

» ibung und lehtrischer Werke welche nach den Projehten und Unter Leitung
des Technischen Bureaus Oskar von Miller (Munich, 1898-99). This publication by von Miller’s
consulting engincering firm was kindly loancd to me by Oskar von Miller’ son and successor
as head of the firm, Rudolf von Miller. I have di he chapter on the Frankfort exhi
of 1891, Also informative on the exhibition is Walther von Miller, Oskar von Miller Nach
Eigenen Auferichnungen, Reden und Briefen (Munich: Bruckmann, 1932), pp. 55 If.

4B, A. Behrend's "“The Debt of Electrical Engincering to C. E. L. Brown"” (reprint from
Electrical World and Engineer, 16 November 1901-1 March 1902) was kindly supplied by F.
Thomas of Brown, Boveri & Co., Ltd. (BBC), Baden, Switzerland.

$3“Dic Lauffener Kraftibertragung.” Offiielle Zeitung . . . Frankfurt am Main 1891, p. 825:
Karl E. Milller, “50 Jahre Drehstrom-Kraftiibertragung,” Oerlikon Bulletin, no. 231 (May-Junc
1941), pp. 148743, and no. 232 (July-August 1941), pp. 1445-52; William Boveri, 75 j:hrr

L BBC
Itmbcr-Oﬂober 1966, pp. st-zs Hans Happoldt and Karl Merz, "Die Entwicklung dtr
G seit der gung L. kfurt," ibid., pp. 526-31; Karl Schios-
ser, " des " ibid., pp. 534-39; and Heinz Mors, Karlheinz
Herzig, and Joachim Ufermalm. “Hochspannungs-Freilcitungen,” ibid., pp. 563-64.
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Figure V.14.  Oil-filled, three-phase

transformer used in the Lauffen-to
Frankfort transmission system. From
Offizielle Zeitung . . . Frankfurt am
Main 1891, p. 1045
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Figure V.16, Three-phase motor designed
by Doltwo-Dobrownlsky (the type used in the
Lauffen-to-Frankfort transmission system).
From Offiziclle Zeiwung . . . Frankfurt
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Figure V.15. Model designed by Charles E. L Brown for testing alternating-current transmusion
system (January 1891): Generalor (center); two oil-msulated transformers (left); and motor (right)
which drove the generator. Courtesy of Brown, Boveri & Co., Baden, Switzerland

Figure V.17. Three-phase generator (designed by Charles E. L. Brown of the Maschinenfabrik

?;gm:; iven by wnte turbinesat Lavfen. From Offzielle Zeitung . Frankfurt am Main

the Lauffen turbine 1o the low-voltage side of the transformers in Frankfort
was 7:1.5 percent. At78 h.p. the efficiency was 68.5 percent. Not only did
this dls!)la.y promise practical application for long-distance or point-to-point
transmission (from a mountain waterfall, for example, to an industrial city
on the lowland plain), but the ransmission system, working with three-
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phase current, also contributed greatly to the establishment of this system
as standard instead of the two-phase system that was being tried by West-
inghouse in the United States and by other manufacturers abroad. Oil
emerged as a pracucal insulator. Only the working [requency of 40 cycles
was not adog and designers throughout the world looked
upon the Frankforl exhibition as Jjustification for further transmission ven-
tures, mcludmg a Niagara Falls project.

Beginning in 1889, decision making over a four-year penod in connec-
tion with a Niagara project reflected the c lexity, the confr
and the ultimate resolution of “the battle of the systems.” The central

Figure V.18. Pouer transmission, y
Lauffen to Frankfort: Waterfall and i

incandescent lamps at Frankfort powered by ¥ P
natural waterfall 175 kilometers away. VAT i r/r o
From Offizielle Zeitung . . . Frankfurt iR puwmnm T »‘ \nm ;nw“
am Main 1891, p. 828. RN
4 e

Figure V.19. Logo of the official
periodical of the Frankfort exhibition of
1891. From Offfizielle Zeitung . . .
Frankfurt am Main 1891, p. /.
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Figure V.22, Advertisement for electrical

manufacturing company owned by Albert

Einstein's uncle. From Offizielle Zeitung
Frankfurt am Main 1891, p 166

Figure V.21. Electrical engmeers and managers al the exhibition. Courtesy of Rudolf
von Miller

Figure V.20. Celebrating the opening of the exhibition: “Out of darkness into light "
From Offizielle Zeitung .. . Frankfurt am Main 1891, p. 101
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Figure V.24. Scenes along the route of the Lauffen-to-
Frankfort transmission line, 1891. From Offiziclle Zeitung
... Frankfurt am Main 1891, p. 30.

/
/ L |

oA H

Figure V.25, Route of the Lauffen-to-Frankfurt
transmission line. From Offizielle Zeitung .. Frankfurt
am Main 1891, p. 32

characters remained the same in several instances, for Thomas Edison and
George Westinghouse were involved, the first as a consultant and the second
as a manufacturer, and Charles Brown of Switzerland was consulied for
his expertise. The plan to harness the power of Niagara Falls had a long
history, but it took well-defined organizational form and acquired mo-
mentum when financiers, including J. P. Morgan, formed the Cataract
Construction Company in 1889 to develop a coherent scheme for large-
scale utilization instead of numerous small water-wheel mills. At the start,
the company considered using water turbines to discharge the water into
a central tunnel that would empty into the Niagara River below the falls,
thereby providing a drop, or head, below the level of the surface canals
that diverted water to the turbines from the Niagara River above the falls.
The company was also interested in transmitting power to Buffalo, a man-
ufacturing city twenty miles distant, and considered mechanical as well as
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linkages 10 accomplish this. Within a year, the company was

Icanmg toward the development of one or two electric power stations that

would use the discharge tunnel, but that, in contrast to the numerous intake

canals and turbines envisaged earlier, would need only one surface canal.

The success of the Frankfort transmission in 1891 helped persuade the

engmecrs 1o support electric transmission to Buffalo. Plans from the West-

Company for a phase system, together with the advocacy of

a polyphasc system by Professor George Forbes of England, chief clectrical
consultant, carried the day for polyphase generation and transmission.

The Westingh plan was a refi of the Chicago idea (see Figs.
V.26 and V.27). It involved long-distance, high-voltage transmission to
Buffalo. The Westinghouse engineers who engaged in the invention and
development of the universal system at Niagara included Charles F. Scout,
who by inventing a coupler in the form of a transformer connection made
posslble the lwo-phase [} lhree -phase conversion; Oliver B. Shallenberger,
who developed an duction meter; Benjamin Lamme, who im-
proved the magnetic cnrcuury of the syslem 's generators and motors: Albert
Schmid, who contributed mechanical improvements; and a group of en-
gineers headed by Lewis B. Stillwell, chief electrical engineer at Westing-
house.*® Indicative of the change that was taking place in the mode of
invention and development is the need (o identify groups rather than
individuals as the sources of invention.

The Niagara power station went into service in August 1895. Wesling-
house built the first two generators (two-phase), the switchgear, and aux-
iliary power-house equipment; General Electric constructed the trans-
formers, the transmission line to Buffalo (three-phase). and the substation
there. The transformer connection invented by Charles Scott permitted
the coupling of the two- and thr currents. Tr ission began in
1896, but consumption at the rapidly expanding industrial complex using
the universal system at Niagara exceeded the power transmission to Buf-
falo.5?

% Robert Belficld, “The Niagara System: The Evolution of an Electric Power Complex at
iagara Falls, 1883-1896," IEEE Proceedings 64 (1976): 1349, Belfield's Ph.D. disscrtation,
“The Niagara Frontier: The Evolution of Electric Power Systems in New York and Ontario,
1880-1935" (University of Pennsylvania, 1980), is an in-depth study of the Niagara system.

7 See Belficld, “The Niagara Sysiem™ and “The Niagara Frontier.” See also Harold Sharlin,
“The First Niagara Falls Power Project,” Business History Review 35 (1961): 59-74; and Passer,
Electrical Manufacturers, pp. 282-95.




CHAPTER VI

Technological
Momentum

RANKFORT in 1891, Chicago in 1893, and Niagara in 1895 were sub-
F stance and symbol. Demonstrating the technical practicality of the
polyphase universal electric supply system, they stimulated enthusiasm for
the new technology. Moreover, it was not by chance that entrepreneurs
chose to display the new technology dramatically at such world exhibitions.
Nor is it surprising that the installation at the awe-inspiring site of Niagara
Falls auracted unusual atention.

During the 1890s the polyphase system gathered momentum. Because
it encompassed the old lers in “the battle of the systems"” (direct
current versus single-phase alternating current), the new system gained
widespread support from men and institutions in the rapidly growing field
of electrical engineering, scicnce, and industry. A supportive context, or
culture, formed rapidly. Men and instituti leveloped ch istics that
suited them to the characteristics of the technology. And the systematic
interaction of men, ideas, and institutions, both technical and nontechnical,
led to the development of a supersystem—a sociotechnical one—with mass
movement and direction. An apt phor for this is “m
tum.” So reinforced by a cultural context, and interacting in a systematic
way with the elements of that context, the universal system. like high-
momentum matter, tended in time to resist changes in the direction of
development. Development proceeded along lines that could be extrapo-
lated. The universal system gathered a conscrvative momentum. lts growth
generally was steady, and change became a diversification of function.

The momentum initially came mostly from an aggregate of manufac-
turers who invested heavily in resources, labor, and manufacturing plants
in order 1o produce the machinery, devices, and apparatus required by the
new system; later, educational institutions taught the science and practice
of the new technology; then research institutions were founded to solve its
critical prohle{n nd all the while a growing number of engineers, skilled
|aborv.trs, appliers of science, managers, and other persons invested their
experience and competence in the new polyphase universal system.

T'he pol(yphnse universal system gained momentum in part because of
the commitment made by a new generation of inventors and engineers.
The first two decades of electric light and power supply witnessed several
140




Figure VLI, Elihu Thomson, c. 1885.
Courtesy of the Elihu Thomson Papers,
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waves of pioneers: first the direct-current men led by Edison; then the
single-phase alternating-current group, including Lucien Gaulard and S.
Z. de Ferranti; and finally the developers of polyphase current, among
them Nikola Tesla and Michael Dolivo-Dobrowolsky. Edison did not make
the transition from direct current to other forms. In fact, his stubborn
resistance intensified “the battle of the systems.” Moreover, Edison decided
not to exercise his option on the a.c. system of Ganz & Company, a system
his company could have used to compete cffectively against Westinghouse.
After 1890 he entered into inventive enterprises that were only remotely
related to electric light and power. Gaulard was unable to modify his stance
successfully, and he saw others greatly improve upon his system before his
untimely death. Tesla, after his brcaklhrough into polyphase power, em-
barked on discoveries in even morc esoteric fields, such as wircless power

tr ion and ¢ ication. A notable exception to these ploncels
lnﬂe)ublluy was lhe dogged determination of Elihu Thomson to maintain
ap of I ghout the rapid fluctuations that hit electric
llghl and power. Thomson (1853—l937), who was born in England but
grew up in Philad T d the electric power spec-
trum from his early concemrauon on arc lights, through direct-current

d lighting, into alternating and polyphase systems. Thomson

Philadelphia. Pa.

not only made the necessary transitions but he moved from the status of
independent inventor to that of scientific consultant. After his company,
Thomson-Houston, merged with Edison General Electric to form General
Electric in 1892, he assumed the position of senior industrial scientist and
adviser in research and deveclopment for the new firm.

Thomson was one of a small group of mostly young men of various
nationalities who helped bring about the shift 1o polyphase, the event “which
ushered in a new economic epoch.™ These young inventors and electrical
engineers differed from most of their predecessors in that their scientific
or engineering training included mathematics, an extremely important
competence for those wishing to analyze polyphase systems. Philadelphia’s
Central High School, where Thomson taught, offered advanced technical
and scientific courses that were not altogether different from the courses
given in the Technischen Hochschulen (“technical higher schools”) in Central
Europe. Tesla trained at the Technischen Hochschule in Graz and at the
University of Zurich. Michael Dolivo-Dol Isky led a Technisch
Hochschule in Germany (Darmstadt), as was common for Russian-born as-
pirants to careers in science and engineering.

Following close behind Tesla and Dolivo-Dobrowolsky was a group of
electrical inventors and enginecrs who not only attended institutions of
higher learning but also had the opportunity to take courses in clectrical
engineering. So trained, these men took part in the rapid professionali-
zation of the ficld of electrical engineering, and expanding electrical en-
gineering cducation and prof lization greatly reinforced the com-

1 Georg von Sicmens, History of the House of Siemens, trans. A. F. Rodger, 2 vols. (Freiburg!
Munich: Alber, 1957), 1: 114. Biographies of the leading electrical engincers of the early
generations are identificd in Thomas |. Higgins, “A Biographical Bibliography of Electrical
Engineers and Electrophysicists.” Technology and Culture 2 (1961): 28-32, 146-65. See also
idem, "A Classified Bibliography of Publications on the History and Development of Flecirical

inceri physics.” Bulletin of 20, nos. 3-7 (1950-52).

and Elec
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mitment to, and momentum of, the system of power and light that had
been ushered in by the pioneers during the 1890s. Courses in the Tech-
nischen Hochschulen and in colleges of engineering were organized on the
basis of the knowledge and experiences of the pioneers, and technical
Jjournals and neetings spread information and attitudes, thereby consoli-
dating the predominant trends in practice.

The training and education of the electrical technicians, engineers, and
scientists who filled the increasing number of positions offered by electrical
utilities and manufacturers occurred on many levels and in many ways
during the first two decades of electric light and power. In Germany,
England, and the United States, the sources of this training included ap-
prenticeship programs, technical and trade schools, and secondary schools
with technical programs. Germany's rapid industrialization in the late nine-
teenth century, including the impressive rise of its electrical industry, has
been atributed in part to the German system of secondary, trade, and
technical education outside of institutions of higher learning.? Especially
in Germany. electrical manufacturers established sizable apprenticeship
programs to train skilled workmen, some of whom became foremen and
plant superi d After the f: ers began designing and pro-
ducing highly complex polyphase generators, motors, and transformers,
they also offered practical training for graduates of engineering schools,
many of whom were thought by manufacturers to be overexposed to ir-
relevant theory. Cooperative programs requiring participation in the class-
room and in the workplace spread throughout the United States after 1900.

Such varied modes of training notwithstanding, auention here will be
limited to several leading degree- or diploma-granting three- or four-year
engineering colleges in the United States and England and to the leading
Technischen Hochschulen in Germany. Those selected were among the first
to offer courses in electrical engineering, to organize sets of courses con-
stituting programs in electrical engineering, or to establish departments of
electrical engineering. Special attention will be paid to the way engineering
institutions formed a bridge between physics and the practice of engi-
neering. Concentration, therefore, will be on the early engineering pro-
fessors as contributors to the science of electrical engineering. The term
“applied science” will be avoided because it suggests a one-way relationship
from fundamental science to practical application; instcad, “science of elec-
trical engineering” will be used as a broader reference to organized, quan-
tified, and generalized information, or expcrience derived from practice.
. During the transition from direct to polyphase current, the number of
institutions of higher learning granting engineering degrees or diplomas
‘continucd o grow. The number of courses, programs, and departments
in elecgrical engineering increased even more impressively. During the
formative years of the electrical industry, the existence of a substantial
number of engineering institutions influenced the growth of the industry,
and the risg qfll\e industry shaped electrical-engineering institutions. One
fesult of this interaction was the scientific character of electrical engineer-
ing. In contrast, civil and mechanical engineering developed before engi-

* William M. Dawson, The Fvolution of Modern Germany (New York: Scribner's, 1914). See
especially his discussion of the technical schools in Saxony (pp. 99, 135).
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neering education was considered a sine qua non for the professional, and
their cast was less scientific.

When the Pearl Street station opened in New York in 1882, about seventy
us. itutions offered a prof | education in engineering.’ Many
of these had been founded with funds provided by land grants made under
the Morrill Act of 1862, according to which each state that endowed ag-
ricultural and mechanical colleges would be given 30,000 acres of public
land for each congressional district. None had courses in electrical engi-
neering, but a number included lectures on electricity in their physics
courses. By 1899, the number of these institutions was eighty-nine, and 98
percent of them offered a four-year course in engineering. Forty-nine had
courses in electrical engineering; sixty-seven taught civil engineering; and
sixty-one offered mechanical engineering. 1t should be noted, however,
that students could also prepare for work in the electrical industry by
studying mechanical engincering In the United States in 1899 there were
2,397 students enrolled in electrical engineering programs and there were
370 graduates of these programs. For mechanical en meenng the figures
were 3,293 students and 480 graduates; for civil engineering, 2,667 stu-
dents and 419 graduates.*

In Germany after 1860 several technical schools were given the status of
institutions of higher learning. They were characterized as universities that
would prepare students for industrial careers. These institutions offered
students a course of study that was more advanced than the curricula of
U.S. engineering schools. The institutions that received the Technische
Hochschule (TH) constitution were Karlsruhe (in 1865), Munich (1868), Aachen
(1870), Dresden (1871), Brunswick (1877), Berlin-Charlottenburg (1879),
and Hannover (1880).* Their organization and curricula were substantially
influenced by Franz Grashof (1826-1893), a leading engmeerlng professor
who called for a grounding of the engi in the fund; Is of science.®
Franz Reuleaux (1829—1905), another of Germany's pioneering engineer-
ing educators, also stimulated the development of higher technical edu-
cation with an emphasis on the sciences by pointing out the superiority of
America's industrial displays at the Philadelphia exhibition of 1876.” The
Germans looked upon education as a means of borrowing technology from
other nations and advancing beyond it; they also recognized that electrical
engineering was particularly well-suited to a scientific emphasis.

In England, concern among manufacturers and engineers about the state

number was derived from statistics giving the number as cighty-nine in 1899 and
it as an increase of 21 percent over that for 1878. T am indebted to Robert Belfield
my attention to statistics on cngincering cducation. His sources were 1. O. Baker,
“Engincering Education in the United States at the End of the Century,” Science, 2 NthllIl)tr
1900, pp. 666-74: and Charles R. Mann, A Study of Engineering Education

Committee on Engineering Education of the National Engineering Socictics, 1918). esp. pp.

" er, “Enginecring Education,” p. 668.

*Willelm Teeue, “Die Geschichic dea Technischen Unterrichs,” in Festschnft wur 123
Jahefeier der Technischen Hochschule Hannover, 1831-1936 (Hannover, 1956), p. 60.

F. Grashof, “Uber dic Organisation an polymnmul.m Schulen zugrunde legende Prin-
zipicn,” Zeitschrift Verein Deutscher Ingenieure, 1864, p. 5

? Friedrich Klemm, A History of Western Technalogy. trans. . W. Singer (Cambridge, Mass.:
M.LT. Press, 1959), pp. 926, 339.
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of technical education was widespread during the second half of the nine-
teenth century, especially after 1880. The convening of several parliamen-
tary committees to consider the state of technical education in Britain re-
vealed this concern.® The impressive industrial competition among foreign
exhibitors at London’s Great Exhibition in 1851 was a major stimulus of
activity aimed at improving Britain's situation.

General concern about the erosion of Britain's industrial leadership in
the late nineteenth century led to a number of efforts to improve the
country's system of technical and engineering education. In 1878 the his-
toric livery companies, or guilds, established the City and Guilds of London
Institute for the Advancement of Technical Education. The institute used
subsidies and its considerable influence to promote technical education
throughout the country. In London the institute-supported Finsbury Tech-
nical College opened in 1883, and in 1884 the institute contributed to the
opening of the Central Institution in South Kensington.? Finsbury College
would train those desiring an intermediate post, including that of foreman,
in industry and those preparing for the advanced courses offered at en-
gineering colleges such as University College and King's College of the
University of London. In 1907, after several reorganizations, the Central
Institution achieved university status as part of the Imperial College of
Science and Technology of the University of London.'® Other centers of
higher technical study in Britain in the 1880s included Manchester. Bir-
mingham, Liverpool, Leeds, Bradford, and Glasgow, as well as the engi-
neering facilities and courses at Cambridge University.

These U.S., British, and German institutions of higher technical edu-
cation responded to the rise of the electric supply industry in various ways,
and here the trends among them can be detected by considering the re-
sponses of several: the Massachusetts Institute of Technology and Cornell
University in the United States, the Central Institution in London, and the
Technischen Hochschulen at Darmstadt and Berlin in Germany. In each case
several questions will be raised: When was electrical engineering introduced
into the institution’s curriculum? When was a separate department of elec-
trical engineering established? What constituted the educational and prac-
tical background of the electrical engineering faculty, and in what research
and consulting activities were faculty members engaged? How did the cur-
ricula reflect the transition to, and thereby the momentum of, the poly-
phase, universal system and long-distance transmission?

In Germany, Werner von Siemens, an influential figure in the engi-
neering and science ity, sti d the blish of profes-
sorships of electrical engineering. He realized that the need for young
electricians grounded in science would excced the number forthcoming

"Sec, for example, Great Britain, Parliament, Hous of Commons, Sessional Papers: Second
Report of the Royal Commissioners on Technical Instruction, 3 vols. (London: HMSO. 1884), 1:
XXIX-XXX].

© Centenary of the Imperial College of Science and Tech ‘A8 Colle
A Symenaryof ge of nd Technology: A Short History of the Impenial College

'" William Wickenden, A Comparative Study i i

" . A Con Iy of Engineering Education in the United States and
s;mpe_, Society for the Promotion of Engineering Education, Bulletin no. 16 (Lancaster, Pa.:
:5 e Lancaster Press. 1929), p. 38: Centenary of the Imperial College of Science and Technology. p-
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Figure V1.2. Charles Cross. Courtesy of
the M.I.T. Museum and Historical
Collecttons, Cambridge, Mass.
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from related fields or from informal educati king in D b
1881 before Germany's Elektrotechnische Verein (Socnely of Electrical En-
gineering), von Siemens called for the establishment of a chair of electrical
engineering in all THs in order to familiarize young men with the theory
and practice of electrical engineering.!' So moved, the Technische Hochschule
in Darmstadt appointed Erasmus Kittler (1852-1929) the first professor
of electrical engineering in Germany, and he, in turn, established the first
department of electrical engineering He came to the Darmstadt TH in
1882 after serving as an II‘ISll’uClOl’ in physics at the Munich TH. There
were only 137 stud, lled at the languishing Darmstadt TH in 1882,
but within several years Kittler's electrical engineering program was inter-
nationally renowned and had turned out a large number of Germany's
leading electrical engineers, among them Dolivo-Dobrowolsky.'?

In 1882, at the Berlin-Charlottenburg TH, Adolf Slaby (1849-1913) in-
augurated a two-hour course in electrical machinery. In 1883, also at the
Berlin TH, Werner von Siemens established the first chair of machine
construction and electrical engineering (a position held by Slaby). When
the Berlin TH moved in 1884 into impressive new buildings on ground
provided by Kaiser Wilhelm I, the faculty established an electrical labo-
ratory, after which the study of electrical engineering expanded rapidly;
by 1892, eighty students were engaged in laboratory work there. Electrical
engineering was not, however, a separate department at Berlin as it was at
Darmstadt; it was part of the mechanical engineering curriculum. Unlike
other early German electrical engineering professors, Slaby had a back-
ground in mechanical engineering rather than physics.'® From 1895 until
1905 Gisbert Kapp (1852-1922), a pioneer in the scientific analysis of
electrical machinery. taught electrical engineering at Berlin. The presence
of the two ma_|or manufacturers of Cerman electrical machinery (Siemens

and AEG) in Berlin probably lated the emphasis on machinery, or
mechanical engmeermg, courses. "
The M h of Technology blished the first four-

year course in electrical engineering in America in 1882. Its action was
based on the belief that the rapldly increasing developmenl “of the various
b hes of electrical engil ing, and the c q d for persons
conversant with the theory and applications of electricity,”'* called for an
academic response. Initially the course reflected the interest of its planners
in the better-established field of electrical communications, but emphasis
eventually shifted to light and power. Administratively, the course was part
of the physics curriculum, and Professor Charles Cross (1848-1921), head
of the physics department, planned and directed it. A separate department

" Georg Dettmar, Die Entwicklung der in (Berlin: ETZ Verlag,
1940), pp. 279-80.

12 Von Siemens, House of Siemens, 1: 116.

 Chronik der Kaniglichen Technischen Hochschule tu Berlin, 17991899 (Berlin, 1899), p. 17,

“Roll
Monopolinteresse im Spiegel der Elekirotcchnischen Zeitschrift, 18801900, NTM-Schrifienr
Gesch., Technik, Med. (Leipzig) 11 (1974): 1, 67. Other carly developments in clectrical engi-
neering education in Germany included a professorship at the Munich 77
Beetz (1822-1886) and lectures given by W. Dictrich at Stutigart begin
Kohlrausch (1855-1936) cstablished a program at the Hannover TH in 1884,

% Electrical Review 12 (1883




Figure V14 Silvanus P. Thompson.
Courtesy of the Institution of Electrical
Engineers, London.
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of electrical engineering was established in 1902, with Louis Duncan (1862—
1916) as chai . In 1907 Dugald C. Jackson (I365—I9§I). head of the
electrical engineering department at the University of Wisconsin, moved
to M.1T. to replace Duncan. Six students had enrolled in M.LT.’s four-
year course at the outset, and the catalog of the institute suggested a modest
outlay for special laboratory equipment. In the 1890s, however, enrollment
in clectrical engineering rose to match that in civil and mechanical engineering,
and two years after Jackson’s arrival, the department had 200 full-time
students.'®

In 1883 Cornell University announced a program in electrical engi-
neering headed by William A. Anthony (1835-1908), a professor of physics.
By 1885 Cornell was offering a four-year undergraduate program and a
one-year graduate program in electrical engineering. In 1887 Professor E.
P. Roberts received an appointment to teach electrical engineering and
became Cornell's first full-time faculty ber in electrical engi
Professor Harris J. Ryan (1866~1934) succeeded Roberts in 1889. By 1905
the department was offering eleven courses and was staffed by one pro-
fessor, one assistant professor, and one instructor.'?

The Central Institution of the City and Guilds of London Institute opened
in 1884 offering courses in electrical engineering taught by William E.
Ayrton (1847-1908), a leading electrical engineering scientist and head of
the physics department. Ayrton had toured Germany investigating its elec-
trical-engineering facilities before establishing the curriculum at the Central
Institution.'® The courses offered within the physics department extended
over three years. In 1899, by way of identifying electrical engineering as
its major interest, the department changed its name to electrical engineer-
ing. The new designation reflected the philosophy expressed by the Prince
of Wales at the school's opening-day ceremonies in 1884: “The altered
conditions of apprenticeship, and the almost general substitution of ma-
chine for hand labour have made the teaching of science, in its application
to productive industry, . .. necessary.”""

Electrical engineering was also nurtured in London by Sylvanus P.
Thompson (1851-1916), author of widely influential electrical engineering
texts and principal of Finsbury Technical College for many years. John
Hopkinson (1849-1898), a developer of engineering theory and a con-
sultant to the Edison interests in England, was the first incumbent of the
chair of electrical engineering at King's College (1890) and twice served as
president of the Institution of Electrical Engineers. He had studied engi-
neering at Owens College in Manchester and had continued at Trinity
College, Cambridge, in mathematics after winni ga h ics fellow-

5 Report of the

Electrical Enginecring Deparument
y 1922, i hu Thomson Papers, Library of the
rerican Philosoph i am indebted 10 Bernard Carlson of the
University of Pennsyl i and other items at the APS Archives.

'? Waterman T Hewett, Cornell University: A History, 4 vols. (New York, 1905), 2: 316-17;
Electrical World G (1885): 154. Other ly departments of elecirical engineering in the United
States were located at the University of Missouri (1486) and the University of Wisconsin
(1891). Frederick E Terman, "A Bricl History of Electrical Engineering Education.” IEEE
Proceedings 64 (1976): 1401,

" Centenary of The Impenal College of Scien e 6

i e of 72 g of Science and Technology, p. 16.

ing Committee Assigned to the
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Figure VL.5. John Hophinson and
students at King’s College, London. From
Greig, John Hopkinson, p. 35.
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ship. Focusing on electrical science and generator design, his publications
in the early 1880s established him as a leading electrical engineering sci-
entist. He became a Feilow of the Royal Society in 1877.

The character of the professors who staffed the new departments and
taught the electrical engineering courses in England, Germany. and the
United States influenced the field both in theory and in practice. A common
characteristic of the founders of electrical engineering courses, judging
from the above sample, was their study of physics, which helps explain the
scientific bent of the courses. The prior inclusion of electrical science in
physics courses suggests why physics professors associated with engineering
programs blished electrical engineering courses. Charles R. Cross of
M.LT,, for instance, graduated from M.LT. in 1870 and remained there
to become head of the physics department in 1876. He not only created
the four-year course in electrical engineering but also did private consulting
work and published papers on acoustics and telephony. Cross also served
as vice-president of the American Institute of Electrical Engineering (AIEF).

William A. Anthony, another of the first generation of professors to
cultivate electrical engineering programs, held the chair in physics at Cor-
nell University from 1872 10 1887 before organizing a four-year course in
electrical engineering there. Earlier he taught mechanics and physics at
lowa State University and in secondary schools. FHe held a doctorate {rom
the Yale Scientific School (1856), where he was first in his class, and shortly
after graduation he worked as a mechanical engi inacot achinery
plant. He left Cornell to do consulting work and night teaching at Cooper
Union. Three years later he became president of the AIEE. Among his
publications were several textbooks.

Louis Duncan, who headed M.L'T"'s electrical engineering program after
Cross, also had a background in physics. An 1883 graduate of the U.S.
Naval Academy, Duncan was sent by the navy after several years' service
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Figure VL7. Louis Duncan. Courtesy of
the M.1.T. Museum and Historical
Collections, Cambridge, Mass.
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to Johns Hopkins University to do graduate work in physics and electricity
under physics professor Henry A. Rowland. At Hopkins, Duncan helped
establish the unit of electrical resistance for the U.S. government. After
receiving his Ph.D. in 1887, he resigned his commission to teach in a Hop-
kins program in applied electricity that had been established in 1886. Dun-
can had major contracts as a consultant, including work on the Washington,
D.C., underground trolley system and, in 1886, the first electrification of
a portion of a main-line railroad, the Baltimore wunnel of the Baltimore &
Ohio Railroad. He also played a leading role in the electrification of the
‘Third Avenue elevated railroad in New York City (1897-1901). His ap-
pointment as chairman of the new electrical engineering department at
M.LT. from 1902 to 1907 was characterized as unfortunate because of his
preoccupation with consulting work.2 Among his consulting associates was
Frank J. Sprague. Duncan was elected president of the AIEE in 1895. He
wrote numerous research papers.?!

Soon a second generation took over the American programs. Dugald C.
Jackson and Harris J. Ryan of the second wave had remarkably similar
careers. Both were born in Pennsylvania and both studied electrical science
and technology at Cornell under William A. Anthony. Jackson took the
postgraduate course in 1885-87 and Ryan worked as a research assistant
to Anthony. Together, in 1887, the new graduates established an engi-
neering firm in Lincoln, Nebraska, but after a year Ryan returned to Cor-
nell 1o teach and Jackson became an engineer for the Sprague Electric
Railway & Motor Company and then a district engineer in Chicago for the
Edison manufacturing interests. Jackson was called to the University of
Wisconsin in 1891 and established the electrical engineering department
there; Ryan was head of electrical engineering at Cornell from 1895 to
1905. Both wrote basic texts: Jackson, Alternating Currents and Alternating
Machinery (1896); Ryan, Electrical Machinery (1903).

In 1905 Ryan became chairman of the electrical engineering department
at Stanford University; in 1907 Jackson assumed that position at M.L.T.
Ryan did applied research as head of the high-voltage laboratory at Stan-
ford, which was later named for him. While he was a professor at M.LT.,
Jackson headed Jackson & Moreland, a Boston ¢ ing engi ing firm.
Ryan also was active as a consultant, serving, among other clients, the Los
Angeles power bureau. Jackson was president of the AIEE in 1907; Ryan,
in 1923. Dugald Jackson also served as president of the Society for the
Promotion of Engineering Education in 1905. During World War I, Jackson
supervised the provision of power to American forces in France and Ryan
headed a laboratory project on submarine detection.

In Germany, Erasmus Kittler (of the first wave) had the background in
physics. He had a doctorate in physics and was a lecturer in physics at the
Munich TH before moving to Darinstadt. At Darmstadt, however, he ar-
ranged for electrical technology and science 1o be offered in an independent
department rather than under the jurisdiction of physics. His confidence

“"Samuel Prescowt, When M.1T. Was “Boston Tech,” 1861-1916 (Cambridge, Mass.: M.1.T.
Press, 1954).

" i - . .
| am indebied (o Robert Rosenberg of The Johns Hopkins University for information
on electrical engincering education at Hopkins.
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Figure VI.8. D. C. Jackson. Courtesy of
the M.1.T. Museum and Historical
Collections, Cambridge, Mass

Figure VL9. Professor and Mrs. Harris
J. Ryan. Courtesy of the Cornell University
Archives, Ithaca, N.Y.

Figure VLI0. Erasmus Kitiler. From
Offizielle Zeitung . . . Frankfurt am
Main 1891, p. 103.
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in the future of the subject may have been stimulated by the Munich
electrical exhibition of 1882, which he served as a section judge. The ex-
hibition generated the interest of the grand duke of Hessen, head of the
province, who gave his support to Kittler and the subject.?? Kittler's pro-
gram of study served as a model for others in Germany. It involved eight
semesters of natural science, mathematics, theoretical and applied me-
chanics, economics, and the science and practice of electrical engineering.
He introduced a final, prehensi ination (Abgang: later
the Diplompriifung) as well as a qualification requirement (Priifungsordnung)
that was to follow at least a year of practical experience.

Kittler stressed the need for practical experience to complement theory.
He was a I on projects, including twelve large central
stations and many isolated plants for industry, commerce, and public fa-
cilities. He assumed responsibility for entire projects, admirers reported,
from the planning stages to successful operation. Many of his students
attributed their success to his emphasis on a thorough grounding in the
practice, as well as the science, of engineering.?* Kittler was also the author
of a widely used th 1 text, Handbuch der Elek hnik (2nd ed.,
1892).

Adolf Slaby and Gisbert Kapp, who developed the program in electron-
ical engineering at the Berlin-Charlouenberg TH, differed from Kittler
and their U.S. peers in that the background of both was mechanical en-
gineering rather than physics. This emphasis on machine theory and design

7 Deumar, Starkstromtechnik, pp. 279-80.
1R, Werner. “Zu Kittlers 70. Geburustag.” Elektrotechnische Zeitschrift 43 (1922): 865-66.
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Figure VI.12.  Gusbert Kapp. Courtesy of
the Siemens Museum, Stemens AG,
Munich.
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at the Berlin school resulted in part from the influence of Werner von
Si who as a f: er was i d in machine design, espe-
cially that of generators and motors. When Slaby’s interest turned to elec-
trical communications, a field in which he published a pioneering text, Die
Funkentelegraphie (1897), and in which he took out major patents, he brought
Gisbert Kapp, another clectrical engineer with a mechanical background,
to the Berlin TH faculty. Kapp had had extensive experience in England
in the design of electrical machinery and electrical central stations. A lead-
ing advocate of polyphase transmission and power systems, Kapp's books
and articles on electrical machinery and transmission were authoritative
guides to the science of electrical engineering. Kapp also served as first
secretary of the Verband Deutscher Elektrotechniker (Association of Ger-
man Electrical Engineers). In 1905 he gave up his faculty position in Berlin
and returned to England, where he became professor of electrical engi-
neering at the University of Birmingham and eventually president of Brit-
ain’s Institution of Electrical Engi 24

England's William E. Ayrton, who taught electrical engineering at the
Central Institution in London, had a notably diverse background. He passed
the first B.A. examination of the University of London in 1867 with honors
in mathematics. He later studied electricity under Sir William Thomson
(Lord Kelvin) at Glasgow. From 1873 to 1878 he held the professorial chair
in physics and telegraphy at the Imperial Engineering College in Tokyo,
which at that time was the largest technical university in the world. In 1879
Ayrion returned to London o become a professor at the recently founded
City and Guilds Institute. From 1881 to 1884 he was professor of applied
physics at the institute’s Finsbury Technical College. Next he became head
of the physics department and professor of electrical engineering at the
City-and-Guilds-supported Central Institution.

Ayrton, like his peers in Germany and the United States, had extensive
practical expertise. Before moving to Tokyo, he worked for the Indian
telegraph service. In England he served as a consultant to the government
on electrical equipment for the navy and advised private companies as well.
His applied research included work on transformers, power transmission,
and measuring devices. Ayrton published numerous papers and a widely
used text, Practical Electricity (1887). In 1892, he was elected president of
the Institution of Electrical Engineers. Ayrton's wife, Hertha, also was a
scientist and engineer of reputation. John Perry, Ayrton's departmental
colleague at Central Institution, collaborated with him in practical research
as well as in teaching.

For the most part, then, it was physicists who organized the early electrical
engineering courses and departments, and soon graduates of these de-
partments were teaching in them. Judging from the careers of these second-
gencnuion‘scicnlisl-cngineers. they placed considerable emphasis on prac-
tical experience as well as the science of electrical engineering in their
academic anfl(cnnsnlling activities. Thus they faced in practice the challenge
of the transition rom direct current to the polyphase, universal system.

." Wedding, “Adolf Slaby,” ibid. $4 (1919): 429-30; B. A. Behrend, “Gisbert Kapp Dies at
II!! Home, ctrical World B0 (1922): 499; D. G. Tucker, Gisbert Kapp, 1852-1922 (Bir-
mingham: University of Birmingham, 1979).
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This transition, as has been seen, fundamentally altered practical endeavors
and introduced new problems for those who were developing a science of
clectrical engineering. The nature of the response can be seen in the changes
made in electrical engineering curricula between the early 1880s and the
turn of the century.?

In 1884, during the direct-current era, M.LT.’s description of its four-
year course in electrical engineering read:

Thorough instruction is given in the theory of electricity. Also an extended
course of lectures is devoted to the consideration of the various technical
applications of electricity to land and submarine telegraphy, the telephone,
electric lighting, and the electrical transmission of power. Instruction is given by
lectures and laboratory exercises upon the processes of photometry, especially as
applied 1o the measurement of electric lights. Advanced instruction in electrical

luding work with dy lectric hinery, together with a
course in the electrical testing of tel ph lines is provided. The subjects of
construction, specificati and also receive ion.?®

‘This summary reflects the physicist's view of technology as the application
of science. It also indicates an enduring interest in telegraphy, a subject
that had engaged teachers of physics for years and that would metamor-
phose to dominate the curriculum again a half-century later when wireless
and electronic communications evolved. The electrical transmission of power
refers not to long-distance transmission in contrast to central-station dis-
tribution, but to the general study of electricity as a substitute for me-
chanical power transmission.

Fifteen years later, the annual M.1.T. catalog still contained much of the
wording of the earlier description, a fact that perhaps reflects the pro-
pensity of faculty members to assign low priority to catalog copy. Several
general statements in the 1899 description, however, manifested the rev-
olution that had taken place in the field. “Utilization of power” had been
added, and the subject matter of the new and extended series of practical
lectures included alternating-current generators, motors, and trans-
formers. Among the practicing engineers listed as guest lecturers were
Louis Bell (on the transmission of power) and John Blood (on the design
of alternating-current machinery). The most substantial addition to the
description was a two-page listing of the equipment used in the laboratory
of electrical engineering, most of it for alternating and polyphase light and
power systems.?” Because the first year of the M.1.T. curriculum was the

9 For further comparison of the curricula in U.S. engineering schools, see Francis C.
Caldwell, “A Comparative Study of the Electrical Engineering Course Given at the Different
Institutions,” Proceedings of the Society for the Promotion of Engineering Education 7 (1899): 128.
Professor Caldwell of Ohio Statc University drew conclusions from a close study of the courses
of study in eighieen leading American technical universities.

For the university and college catalogs and bulletins on which the present analysis is based,
I am indebied to Mrs. Jeanne Pingrec, archivisi of the Imperial College of Science and
Technology, London; the archivist of the Hessische Landes und Hochschulbibliothek Darm-
stadt; M. J. E. Boell, director of archives, University of Wisconsin; Mrs. Faith M. Towle,
assistant reference librarian at M.LT.; the reference librarian at Cornell University; and Mr.
J. Louis Kuethe of The Johns Hopkins University library.

10 M.1.T. Annual Catalogue, 1884-1885, pp. 43-44.

v |bid., 1899-1900, pp. 89-90,
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1CAL. ENGINEERING COURSE OF STUDY, 1884-1885

Tamg VLI M.LTs E

Fourth Year

First Term Second Term

Physical Laboratory: Electrical Testing, and  Physical Research

Construction of Instruments Technical Applications of Electricity
“Testing of ‘Telegraph Lines, Dynamo Ma-  Advanced Physics, Memoirs, etc.

chins, etc. Differential Equations
“Technical Applications of Electricity to Tel-  Theory of Probabilities

egraph. Telephone, Electric Lighting, Method of Least Squares

ete.: Lectures Calculus of Variations

Mechanical Engineering

Mech. Engineering Laboratory Mech. Engineering Laboratory

Applied Mcchanics, Thermodynamics, Hy-
draulics. etc.

Note: The student is advised 10 take Advanced German.

Source: M.LT. Annual Catalogue, 1884-1885, p. 28.

same for all students, and because in the next two years, both in 1884-85
and 1899-1900, students concentrated on physics, mathematics, and me-
chanical engineering, the fourth-year courses best show the state of elec-
trical technology and science from the perspective of the faculty. A com-
parison of the two catalogs reveals an impressive increase in complexity
and richness within a decade and a half (see Tables V1.1 and V1.2).

In 1885 Cornell University's Sibley College of Mechanical Engineering
and the Mechanical Arts offered an electrical engineering program that
was nearly identical to its mechanical engineering curriculum for the fresh-
man, sophomore, and junior years; included in this program were “draw-
ing, mathematics, mechanics, mechanism, machine design, the elementary
study of physics, and preliminary practice in the use of electrical and other
instruments.”?* The work in the senior year in electrical engineering dif-
fered from that in mechanical engineering only in the spring term, when
training in the 1esting, construction, and maintenance of electric lighting
and telegraph systems was offered. Sibley College also offered a one-year
program of graduate study in electrical engineering comprised of courses
in electrical machinery and plants.

By 1900 William Anthony was no longer at Cornell. and the electrical
engineering department had become closely associated with mechanical
engineering. A student’s course of studly was the same during his first three
years regardless of his intention to concentrate in mechanical or electrical
eng?ncer' 1g. In his fourth year he could choose special work in electrical
engineering, but his degree was in mechanical engineering; a statement
was made in the diploma (o the effect that he had elected to do work in
the electrical engineering department.2?

Th'e Dc])ﬂlrlﬂlcnl of Light and Power, in which the cdepartments of me-
chanical engineering and electrical engineering were associated, asserted
(h.e “business” character of Cornell's program. This emphasis harmonized
wnl!\ Cornell’s status as a land-grant institution dedicated to industrial and
agricultural education. The Department of Light and Power insisted that

™ Cornell University, Register, 188596, . 107
" Ibid.. 1900-1901, p. $32. v 10T
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TasLE V1.2, M.LT.'s ELECTRICAL ENGINEERING COURSE OF STupy, 1899-1900

Fourth Year

First Term

Second Term

Technical Applications of Electricity to Telephony, Electric Technical Appli
Lighting. Electrical Generation of Power,

Railroad Signals, etc.
Methods of Dynamo Testing (lectures)

tions of Electricity; Electric Motors:
Alternating Current Machines 400, 11€¢
400, 403 Transmission and Distribution of Energy i
402 Methods of Dynamo Testing (lectures) 102

General Electrical Testing 405 Prinnrlcs of Dynamo Design AME
Electrical Engineering Laboratory; Testing of Dynamos, Telephone Engincering 114
Electric Lamps, etc. 420 Electrical Engi

Electrical Measuring Instruments and Methods (lectures) 406 of Dynamo Electric Machmery. Specnal Methods 420
Theory of Periodic Currents 404 Theory of Periodic Currents 404
Photometry 392 Discussion of the Precision Measurements 428
Steam Engineering 540  Engineering Laboratory Bt
Dynamics of Machines 543 Economics of Corporations 261
Hydraulics 471 Thesis

Engincering Laboratory 545

Strength of Materials; Friction 86

Method of Least Squares 57

Note: Students having the requi
and other subjects. With this end i
Chemistry, as extra studies.

ite preparation and ability may pursue more advanced courses in the mathematical theory of electricity
view, competent students may take Fourier's Series and allied topics, also Energetics and Elcctro

Source: M.L.T. Annual Catalogue, 1899-1900. p. 41.

its methods, like those of the Sibley College of Engincering as a whole,
were, “as far as practicable, those of the business establishment or engineer's
office, and admission and discharge will be governed as far as possible by
business rules.”* Unlike M.LT., which required liberal-arts courses of its
undergraduates in engineering, Sibley College assumed that students had
completed their general academic education before entering its fonr-year
program, and therefore it organized its entire course of study solely to

meet the d ds of the engi ing profession. The result was a mix of
mathematics, physical science, and shopwork courses during the first three
years.

The electrical g courses the stud were required o take in

their fourth year in this busi iented engineering envi dealt
with the design and construction of electrical machinery, the distribution
of electric light and the electrical transmission of power, as well as the
construction and maintenance of electric lighting and power plants. Re-
quired courses in physics gave special attention to the needs of “the practica
electrician.” The electrical engineering laboratories at Cornell, like the one
at M.L.T., were equipped with alternating and polyphase machinery. In
the fourth year of study students were encouraged to show a capacity for
“intelligent study of spccnl or ongm.‘ll problcms by writing a thesis rep-

ing special y both theoretical and experimen-
tal.*' Professor Ryan, wlm. |)oss|bly in .lccord.mcc with lhc Innmc«s i
ronment of the collegc. was identified as “c 1 g " offered a
two-semester course in electrical engincering to fourth- -year students. Ryan
also taught courses on “the finance of the production and utiliz
electrical energy” and “a history of the development of clectri

% Lbid.. p. 930.
* Ibid., p. 345.
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neering." (To offer a history of a field that was so young was remarkable.)
For graduate students there was Ryan’s year-long course in electrical en-
gineering. Henry Norris, who held a degree in mechanical engineering
and was listed as “electrician,” and a “Mr. Hoxie” also taught electrical

gi ing courses; in additi Norris taught a graduate course on elec-
tric railways.

Because of the slow growth of electric power systems during the 1890s
in London by comparison with Chicago and Berlin, and because of the
failure of polyphase power systems to take hold in England before 1900,
it is interesting to compare the electrical engineering curriculum at Lon-
don’s City and Guilds Central Technical College with the programs offered
at M.1.T. and Cornell. It should be recalled that the Central Institution,
whose name was changed to Central Technical College in 1893, was founded
by the City and Guilds of London Institute to promote technical education
in London and throughout the country. Toward that end, the Central
Technical College conducted ordinary as well as honors examinations in
electrical engineering. Students prepared for these not only at the Central
Technical College but at other technical institutions throughout Britain.
Certification of the successful letion of the inations was com-
parable to a diploma in engineering in the United States. Passing the ex-
aminations was also considered equivalent to the status obtained after com-
pleting the y pprenticeship that traditionally qualified one for
admission to a craft guild.

Ayrton, who was one of the first two professors appointed by City and
Guilds Institute and who was briefly associated with Finsbury Technical
College before becoming one of four professors at the Central Institution
in 1884, presided over the institution’s program in electrical engineering
from 1884 to 1908. He organized the electrical laboratories, gave related
lectures, and administered a small department (at first three, but by 1899
seven persons). He also administered the electrical engineering examina-
tions conducted by his institution. As early as 1886, 151 candidates from
various parts of Britain presented themselves for one of the two exami-
nations in electrical engineering.*2 In 1885 the honors-grade examination
included one question calling for the description of an alternating-current
motor and another asking how two alternating-current generators might
be run in parallel, or series (“coupled up”). an arrangement that had not
yet been widely introduced in practice.*

In 1885 Ayrton was assisted by a laboratory associate, T. Mather, who
became department head in 1910, and a workshop instructor. Together
they provided a three-year program in what was then called the physical
department, a program that focused on electrical engineering, but that also
promised, according to department description, to organize courses in op-
tical instrument making and probleins of heat and ventilation.

In 1899 the three-year course ined e ially h ics, chem-
istry, physics, mechanics, and clectrical engineering luboratories and related
lectures. Central Technical College emphasized laboratory work to the
point that “instruction is given largely by tuition in the laboratories, the

* Telegraphic Journal and
“*For a copy of the exan

lectrical Review 19 (1886): 120, 170, 240.
ation for the year, see ibid. 16 (1885): 511.
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lectures being rather for the purpose of aiding the Students in their lab-
oratory practice than of forming a distinct course by themselves."** Lab-
oratory work in the first year consisted of quantitative experiments that
were arranged to verify the laws of physics: the second-year laboratory
prepared the students to carry out original, independent investigations.
During the third year, students were expected to spend much of their time
on original research projects.®® Ayrton's lectures and related laboratory
work included a large unit dealing with alternating and polyphase systems.
His lectures also explained load curve and other aspects of the economics
of electrical engineering. Languages, the social sciences, and the humanities
were excluded from the curriculum.

Judging by these course and laboratory descriptions and by the quality
of the faculty, the British student was receiving an education in electrical
science and technology that equaled the offerings at M.1.T. and Cornell.
This seems to have been the case despite the relatively siow development
of electrical supply, especially electric power systems, in England. A partial
explanation for this seeming paradox might be that the backwardness of
Britain’s electric supply industry was quantitative, not qualitative. Germany
and the United States had more central-station, distribution, and trans-
mission systems, but those that existed in England provided ample expe-
rience for the country's electrical engineering faculty and students. If true,
this explanation raises serious doubts about the value of the parliamentary
hearings that were held to investigate technical education as a cause of the
slowing pace of British industrialization.

The program established by Kittler in Germany in 1884-85 was the same
the first two years as for all Darmstadt TH students. Electrical science and
practice were stressed in the third and fourth years. Comparison of the
curricula for students entering M.1.T. and Darmstadt in the academic year
188485 reveals that the German students were almost a year more ad-
vanced than M.L.T. students. Mathematics courses, especially analytical and
descriptive geometry and differential and integral calculus, were taken the
first year at Darmstadt and the second year at M.L.T. The German students
ook general physics the first year and physics laboratory the second; M.L1.T.
followed this sequence in the second and third years. As noted, M.L.T.
students concentrated on electrical engineering in their fourth year; Darm-
stadt students began this specialization in their third year.3® As of 1884—
85, Darmstadt students were required to take political economy in their
third and fourth years; they could elect history of literaturc and foreign
languages. This comparison with M.1.T. supports the generalization that
German students entered institutions of higher learning at least one year
more advanced in their studies lhan U.S. students and that a gradu.ue of
four years of sludy at a Tech Hochschule had the eq of a
master’s degree in the United States.>”

Of the curricula considered here, the development of the course of study

[ (,numl 'mhmm/ College. Session 1899-1900, Programme, p. 20.

* 1bid.,

‘”I’w‘mmm dn Growhersoglich Hessichen Technischen Hochschule u Darmstadt f.d. Studienjah
188485, pp. 57-58.

¥ Wi len, A C Study of Engi Education, pp. 248-49.
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at Darmstadt from the early 1880s to 1900 was the most impressive. By
1900, Darmstadt’s basic electrical engineering courses were taught in the
first and second years rather than in the third year as formerly. As a result,
the third and fourth years included more specialized courses such as power
transmission systems, water-power technology, and the design and con-
struction of central stations. Kittler limited his teaching in the third and
fourth years to the general course on electrical engineering and the Prak-
tikum, or “practical training,” for examination.*

In addition to teaching, c Iting, and curriculul g, academics
engaged in rescarch. They often designed their experiments to probe the
reverse salients of the evolving power systems and to gain information and
theory conducive to the definition and solution of critical problems. Since
research occasionally involved graduate students, it depended to some ex-
tent on graduate education, but less so than in recent decades. Of the
institutions considered here, only Cornell University listed graduate courses
with those for undergraduates. In the United States before World War 1,
the general attitude was that practical experience, with large manufacturers
such as General Electric or Westinghouse or with a utility, was superior to
study beyond the bachelor's degree. Many employers viewed graduate study
as a waste of time “hanging around college” and as a means of avoiding
facing up to the real world.* The special programs initiated by the large
manufacturers during the decade before World War | lessened interest in
promoting graduate studies. There was little “hanging around.” In elec-
trical engineering during the period 1900-1909, M.1.T. awarded only six
master’s degrees and no doctoral degrees; the figures for Cornell were
fourteen master's degrees and two doctorates.*®

In Germany the graduate of a four-year TH program was at least a year
ahead of graduates from an American university and therefore had earned
the equivalent of a master's degree. Thus, the Priifungsordnung, or “qual-
ification requirement,” offered by Kitiler and in programs modeled on his
was more advanced than the master's program in the United States. The
THs in Germany did not win the jealously guarded privilege of awarding
doctoral degrees, however, until 1899, when Kaiser Wilhelm 1 persuaded
the universities to accept the Technischen Hochschulen among the elect. In
England, professional engi ng societies blished their prerogative
in recognizing the highly qualified engineer by awarding him membership
after examination. The string of leters signifying membership therefore
signified experience and advanced learning.

Despite the paucity of graduate programs and research assistants in elec-
trical engineering before World War 1, the academics conducted research
and published their results. They chose research problems related to evolv-
ing light and power systems. Their approach was scientific, if by “scientific”
one means using and attempting to formulate general statements or laws;
resorting to mathematics as an analytical tool and language: formulating
hypotheses; and designing experiments in the laboratory or in nature to

** Programm der Grassherzoglich Hessischen Technischen Hochschule tw Davmstadt {d. Studienjahr
1900-1901, pp. 64-65.

*Terman, "History of Electrical Engineering Education,” p. 1402.

“ Ibid... p. 1408,
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test these lheoncs. Not only was lhelr research methodology scientific, but
their acad dentials in some were comparable to those of
research sclenusls Because of this common melhodology and shared ed-
ucational experience, the academic electrical engineers can be called en-
gineering scientists and their work the science of engineering. The aca-
demics often carried on their research in the universities and engineering
colleges. but they also did it as consultants to industry, both in the plant
and in the ﬁeld After 1900 more engineering and nalural scientists found

genial research envi nt in the ind ies of the United
Slalcs and Germany.

The academic engineering scientists chose their research projects in the
context of reverse salients, not in response to an evolving pure-science
paradigm. From about 1890 until World War 1, reverse salients arose in
the universal urban system and in point-to-point high-voltage transmission,
developments that followed upon the resolution of “the battle of the sys-
tems" and the introduction of polyphase systems. Electrical engineers who
established the earliest electrical engineering programs published early in
their careers. They, (oo, focused on problems related to the main line of
development and thereby contributed to the mounting momentum. They
did not make breakthrough inventions like those of the independent in-
ventors, but they worked on critical problems that, when solved, allowed
further development of urban systems and point-to-point transmission.
After the founding of the American Institute of Electrical Engineers in
1884, they often used its principal organ, the AIEE Transactions, as their
medium of publication.

Louis Duncan, who taught at both The Johns Hopkins University and
M.LT., published an article in the Transactions in 1887 on the improvement
of alternating-current motors, one of the critical problems of the decade.
Two years later, he published a paper about conducting efficiency tests of
a.c. apparatus in urban central stations. At this early date, Duncan stressed
the technical and economic significance of the load diagram. Two more
articles on a.c. systems followed in 1892 and 1894, when he directed his

ion to the critical problem of polyphase motors.*! Dugald C. Jackson,
who succeeded Duncan at M.1.T., also published early and often. He, too,
concentrated on critical problems iated with the develoy of al-
ternating and polyphase systems. Furthermore, Jackson directed his atten-
tion to electrical engineering education.*?

4 Louis Duncan, “Ahernating Current Electric Motors.” AIEE Transactions 5 (1887-88):
211-35; idem, "Some Tests on the Efficiency of Aliernating Current Apparatus.” ibid. 7
(1889-90): 109-27; idem, "Note on Some Experiments with Alternating Currents,” ibid. 9
(1892):179-91; and L. Duncan, S. H. Brown, W. P. Anderson, and $. Q. Hayes, “Experiments
on Two-Phase Motors.” ibid. 11 (1894): 617-38. | am indebied 1o Robert Belficld for his
extensive and detailed scarch for, and catego 1 of, the academics who published in the
AIEE Transactions from 1887 o 1904.

2D, C. Jackson and R. ). Ochsner, “Ahternating Currents and Fuses,” ATEE Transactions
11 (1894): 430-40; D. C. Jackson and S. B. Fortenbaugh, "Some Observations on a Direct-
Connected 300 K.W. Monocyclic Alternator.” ibid. 12 (1895): 350-57; D. C. Jackson, “The
Commutated Current Wave of a Com e Wound Alicrnator,” ibid. 15 (1899): 403-8; idem,
“The Technical Education of the Electrical Engincer.” ibid. 9 (1892): 476-99; and idem, "T'he
Typical College Courses Dealing with the Professional and Theoretical Phases of Flectrical
Engineering,” ibid. 22 (1903).
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Harris J. Ryan of Cornell, anot!aer of the second wave of electrical en-
gineering academics, wrote an article on transformers for the Transactions
in 1889 and also reported on alternating-current apparatus. In 1899 he
published in the same Jjournal an article on the wave form of alternating
currents. In 1903 he wrote about a cathode-ray alternating-current wave
indicator, an important instrument for analysis of problems arising in high-
voltage transmission. Ryan's 1905 article, “The Conductivity of the At
mosphere at High Voltages,” also pertained to high-voltage transmission.*

Because Ryan taught in a major electrical engineering department and
engineering college and was influential in the field, his early and persistent
research pertaining to the critical problems of high-voltage transmission
provide insight into the character of advanced academic research in elec-
trical engineering before World War 1.** While studying at Cornell under
Anthony, Ryan first became interested in what would become his chief
focus—the study of high-voltage pl . The cir es of his
early commitment involved a visit arranged by Anthony in about 1886 1o
the works of Frank Sprague, pioneer in electric traction and motors.
Sprague's remarks about electric power transmission “started me out in life
with a never-ending enthusiasm for the study of high voltage phenomena,”
Ryan recalled.*® The fact that he was awarded the Edison Medal of the
AIEE in 1925 “for his contributions to the science and the art of high-
tension transmission of power” suggests that his self-analysis was sound.*¢

The bibliography of his numerous technical articles in various journals
shows that after publishing thirty-seven articles on diverse subjects (but
with a tendency toward alternating-current problems) he turned in 1903
or 1904 to high voltages and transmissions and that his attention remained
focused on this subject until his last article, which appeared in 1925. Of
the forty-four articles published by Ryan after 1903, all but ten are iden-
tifiable by title as dealing with high-voltage and transmission problems.*”

Ryan's major paper on high-voltage problems was published in 1905
after being read before the AIEE on 26 February 1904.4® “The funda-
mentals set forth in this paper were a distinct contribution to electrical
science.™ Charles F. Scott, a pioneer in the working out of the universal
system and in transmission, said: “The paper we have just heard read is a
remarkable one, and will probably be considered unique among the papers
presented to our /nstitute.”" Such attention and high praise are not sur-

bid. 7 (1889-90): 1-29: “Some Ex-
pp. $24-65; “The Determination of
Maker,” ibid. 16 (1899): 345-60: “The
93 IL.: and “The Con-
of the Atmosphere a1 High Vol (1904): 101-34.

*4On Ryan's research see W. F. Du r "Marris Joseph Ryan, 1866-1934,
National Academy of Sciences, I} Memarrs, vol. 19 (Washi D.C.. 1938), pp-

285-306 (hereafier cited as “Ryan,” Bingraphical Memorrs).
-

“Harris |. Ryan's articles included “Fransformer
p upon ing Current i
Wave Form of Alternating Currents withou

71 have relicd on the Ryan bibliography appended 0 Durand’s memoir as the basis for
my analysis. 1bid.. pp. 302-6.
“*Ryan, "High Volages.
“Ryan," Biographical Memors, 19: 204
** Discussion of Ryan's 1904 paper, AIEE Transactions 23 (1904: 135,
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prising. however, for by using a scientific method. Ryan had solved a critical
problem defined by Scott in experiments for the Westinghouse Company—
a problem that had cast serious doubt on the powb- n) of exceeding 40,000~
50,000 volts in long-distance power

Ryan had been attracted to the problem by Scott’s 1899 article describing
power losses in high-voltage transmission lines due to the corona effect.™
He defined more precisely the variables affecting the onset ol corona and
the attendant loss between lines. After experimentation and analysis, he
formulated an equation expressing the relation between the critical, coror
causing voltage, conductor sizes, and their separation. He also sought the
value of the rupturing electric field and the distance from the surface of
the conductor at which rupture occurred.

This is not the place to discuss the equation, its va
for Ryan has done that with admirable clarity in his papcr but the
of Ryan's style of research merits attention. His method was scientific: his
hypothesis can be summarized. Accepting clectric-field theory, he assumed
that an electric force applied to the terminal faces of a dielectric produced
a“distortion of the atomic structure of the dielectric.” Because high-voltage
transmission lines in proximity were separated by a dielectric (atmosphere),
the electric force of the high voltage distorted the electric field in the
atmosphere. Corona, a visible effect described earlier by Scott (see p. 162
below),3® and power loss finally occurred, Ryan believed. when the dielectric
was ruptured by the force of the high-voltage and high-displacement cur-
rent. When rupture came at the critical voltage, ordinary conduction cur-
rent in the dielectric and corona brought substantial real-power loss from
the lines because the resistance of the conducting zone produced a lag in
the charging current, thereby giving it a power component in phase with
the voltage. Ryan hypothesized that the critical, corona-causing voltage was
a function of transmission-line diameter and spacing, for these determined
the characteristics of the dielectric. In his preliminary statement of theory
and hypothesis of capacitance reactions, Ryan cited the prior rescarch of
Charles P. Steinmetz, J. J. Thomson, and others.**

Ryan used the experimental observations of Scott. but it became evident
that he needed, in addition, to plan and design a sevies of experiments to
obtain the data necessary to write the formulas expressing the relation of
the factors conditioning the start of atmospheric loss and corona. In the
spring of 1903 Ryan set up the experimental apparatus with the help of
his students. He suspended the wire, or conductor, that simulated the
transmission line at the center of a metallic tube. The electric field was to
be established between wire and tube. The tube also facilitated control of

¢ and heric it Having already established the
value of cathode-ray |ndlcau)ls for observing alternating currents, he used

* “Ryan.” Biographical Memoirs, 19: 203. In his memoir on Ryan, Durand expressed the
belief that Scott’s work cast serious doubt on the use of voltages above 40,000,

*" Charles F. Scout, “High-Voltage Power Transm AIEE Transactions |5 (1899): 531

* Charles P. Steinmnetz bad used the term “corona” in an 1893 paper on high-voltage
discharge (ibid. 10 (1893): 85). Sce Ryan, “High Voltages.” p. 104,

 Ryan, “High Voltages,” pp. 105-4.
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an oscilloscope in this experiment.*® He also placed outside and alongside
the tube a brass rod in order to observe differences on the oscilloscope
between the charging current for wire and tube and the charging curremt
between tube and brass rod. Fe assumed no atmospheric discharge would
occur beiween the tube and rod. Switches allowed him, for comparison, to
alternate the wire and the rod in the high-voltage circuit. Thus he estab-
lished his reference. His apparatus also included high-voltage and voltage-
adjusting transformers and a phase-adjusting induction motor.

Ryan and his assistants watched as the charging current from wire to
tube remained the same as that from the rod to the tube as the voltage was
increased. Then, at the critical point in the voltage rise, the anticipated
hump in the display of the current charging the wire occurred; no com-
parable event was seen in the other charging current. If the room was
darkened, the corona appeared at the same instant. The design worked,
and the experimenters turned to collecting data on different diameter wires
and other factors affecting corona. The objective was not obscure; Ryan
wanted to supply engineers and manufacturers with tables (calculated by
means of his equation) that showed what diameter of line conductor and
what spacing had 1o be used to avoid loss between conduction lines on
which specified voltages were to be transmitted.*® He was interested not
only in the highest voltage then being used commercially but also in those
that could be reasonably anticipated in the near future. Ryan's research
and his results dealt with contemporary problems of high-voltage engi-
neering; they also reached into the future.®”

Academics like Ryan did research in the engineering schools and the
universities, but the most active research site increasingly became the elec-
trical manufacturing company. After 1900 the large electrical manufac-
turers blished researck level laboratories, but until then
the engineering deparunents of manufacturing companies were respon-
sible for invention and development. The engineering departments there-
fore dominated research and development during the interval after the
apogee of Edison and the independent inventors and before the establ
ment of the major industrial research laboratories. General histories of
technology and science tend to ignore the important role of the engineering
departments during the formative years of the electrical industry.5*

**Ryan pioncered in America in the usc of the oscilloscope as a rescarch tool for the study
of altermating-current phenomeni. See . Buographical Memoirs, pp. 202-
“The Cathode Ray Alteraating Currem Wave Indicator,” pp. 539 IT.

* Ryan. “tligh Voltges," p. 127,

**See remarks of Charles F. Scott in discussion of Ryan's "High Voltages.” AIEE Transactions
29 (1904): 195,

™ Harold Passer, The Electrical Manufacturers, 18751900 (Gambridge, Mass.: Harvard Uni-
versity Press, 1953), describes the problem solving that was done by the engincering staffs of
leading American manufacturers, especially General Electric and Westinghouse. ‘The third
part of his baok h the invention and development associated with the rise of electric
traction and alternating: and polyphase-current cquipment (pp. 211-345). Arthur A. Bright.
Jr.. The Electric-Lamp Industry: Technological :hange and Economic Development from 1800 to 1947
(New York: Macmillan, 1949), tells of research, invention, and developments within the
industry not only in the United § England and Europe as well. His study also
shows that manufacturers presided over research and development after 1890. Von Siemens.
House of Siemens, discusses light and power systems research and development at Siemens &
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There are countless examples of critical problems being solved by man-
ufacturers’ engineers. Note has been taken of the development of trans-
formers and motors at Westinghouse in the United States and AEG in
Germany, and of rotary converters at both Westinghouse and General
Electric. Manufacturers also focused on the problems of transmission. Con-
ceivably the utilities might have taken responsibility for research anct de-
velopment. Nevertheless, after the independent inventors and along with
the academics, equipment manufacturers such as Westinghouse took the
initiative in solving the salient critical problems. As a result, solutions in
the form of new equipment tended to be standardized in the United States
and Germany, where the manufacturing companies were large and influ-
ential. In contrast, in Britain the consulting enginecrs and utilities specified
characteristics, and a confusing variety resulted.

In the United States one example of company engineers solving problems
involves Westinghouse and two of its engineers, Charles F. Scott and Ralph
Mershon. Their experimentation and field work stimulated the laboratory
research of Harris Ryan. Scott, who was born in Athens, Ohio, in 1864,
attended Ohio University and then received a bachelor’s degree from Ohio
State University. In 1886 and 1887 he did advanced work in physics, math-
ematics, and chemistry at The Johns Hopkins University. In 1888 he began
working for the Westinghouse Electric & Manufacturing Company, where
be became assistant electrician in 1891, electrician in 1893, and chiel elec-
trician in 1896. Besides taking a lead in articulating the universal electric
power system, he invented the Scott connection in 1894, which was used
between the Niagara power plant and the transmission line to Buffalo. The
Scout connection “T-connected” two transformers to change two-phase cur-
rent (o the three-phase arrangement and was widely used.*® In 1911 Scout
accepted the professorship of electrical engineering at the Sheffield Sci
entific School, Yale University, where he served as department head until
his retirement in 1933. Ralph Mershon, his associate. was born in Zanesville,
Ohio, and received a degree in mechanical engineering in 1890, also from
Ohio State University. Joining the Westinghouse Company in 1891, he
designed the transformers the company displayed at the Chicago exposition

Halske and includes data on other German manufacturers. Sigfrid von Weiher and Herbert
Goetzeler, The Siemens Company: Its Historical Role in the Progress of Electrical Engineering (Berlin
and Munich: Siemens, 1972), survey inventions and innovation within a company setting.
There are no studies comparable 0 Passer’s Electrical Manufacturers or Bright's Electnc-Lamp
Industry as far as the British manufacturers are concerned. . C. R. Byau, The Britwsh Electncal
Industry, 1875-1914 (Oxford: Clarendon Press, 1979), stresses economic rather than tech-
nological developments: Lord Hinton of Bankside, Heavy Current Electricity in the United King-
dom: History and Development (Oxford: Pergamon Press, 1979), offers an ghtful lml relatively
short survey of Britain's electrical supply and manufactus ing ind
Electricity Before Nationalisation (Baltimore: The Johns Hopki versity Press, 1979), con-
centrates on Britain's supply industry, stressing business, cconomic, and political developments
ramer |I|au rescarch and developmcm
in other i ies also underwent the transition

from the era of the independent, pml'u.uonal inventor to that of the industrial research
laboratory. See, for example, 1oddeson, "The Emergence of Basic Rescarch in the
Bell Telephone System, lB'ND-I‘II’- Technology and Culture 22 (1981):512-44.

" James E. Brittain, ed., Turning Points in American Electrical History (New York:
1976). pp. 181-34.

EEE Press,
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in 1893. He also designed rotary converters, another of the major system
couplers. Both became president of the AIEE, Scott in 1902, Mershon in
19125

After observing t ission-line ph a4 on gl exper-
imental lines, Scott suspected energy loss. He described them vividly:

Westinah

The wires began to give a hissing or crackling sound and in the dark began to
appear luminous at a little below 20.000 volis. As the voltage was increased the
sound became more and inore intense, the wires vibrated and became more and
more luminous, until at the higher voltages they were surrounded by a coating
of soft blue light many times the diameter of the wire. Often there were bright
points along the wire, probably corresponding to bits of dust or rough places
resembling points on the wire.*!

Scott and others suspected that this dramatic phenomenon was accom-
panied by substantial energy loss. Later, when Ryan investigated it, the
effect was commonly named corona; for the time being, Scott simply iden-
tified it by its most unwanted effect—"loss between the lines.”

These early observations led Scott and other Westinghouse engineers in
1894 to turn for field observations to the pioneering Telluride, Colorado,
transmission line that had been placed in operation in 1891 by Westing-
house and the San Miguel Gold Mining Company. Because of the prohib-
itive cost of transporting coal in the mountains and the scarcity of wood at
its high elevation, the mining company had desperately sought to draw
electric power from a water-power site more than two miles away. The
facility has been called the first large alternating-current power transmis-
sion line in America.%? It was angle phase. however, with a synchronous,
rather than an induction, motor.

In preparation for their work at Telluride, Scott and Westinghouse shipped
recently developed high-voltage, high-capacity transformers to Colorado.
One of these was designed for the unusually high output of 200 kw and
could be stepped up to as much as 60,000 volis for transmission. Two
generators and several interchangeable armatures also were available at
Telluride. These provided different frequencies and wave-form outputs.
Scott's primary interest was to observe losses “between lines™ as the voltage
level was varied under different climatic, load, frequency, wave-form, and
spacing conditions.

Ultimately, the results of Scott and Mershon's observations and analysis
were presented in a set of tables, a form of communication that was readily
understood and appreciated by working engi s designing tr issi
lines. The rescarch led Scott and Mershon to conclude that varying the
[r‘cqyencies and wave forms had little effect on very high voltage trans-
mission and, surprisingly, that different weather conditions also had rel-
atively little impact. Precipitation increased energy losses, but the increase

™ The Mershon Papers arc in the Mershon Archives at Ohio State University, Columbus.
Ohio. For a biographical sketch and his published essays, see Edith Cockins, Ralph D. Mershon.
2 vols. (Columbus: Ohio State University, 1956). The Scout Papers are at the Yale University
Library, New Haven, Conn.

' Scout, “High-Voltage Power Transmission,” p. 536.

“ Ibid., pp. 531-32. For a history of the Telluride installation, sec Charles C. Britton, “An
Early Electric Powcr Facility in Colorado,” Colorado Magazine 49 (1972): 95.
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was small. What did prove interesting to them was the high level of loss
that occurred between lines once the critical, corona-causing voltage had
been reached. The measurements led Scott to the general conclusion that
the losses between tr ion lines were ically acceptable below
45,000 volts, but increased rapidly when “about 50,000 volts” was ex-
ceeded.®® They had clearly ldcnured a reverse salient in the advancing
front of high-voltage tr ion; their resp was Lo rec nd lim-
itations until the problem was solved.

Manufacturers enhanced the invention-and-development capacity of their
engineering departments by hiring young men such as Scott and Mershon
(graduates of the new electrical engineering programs) and by entering
into merger and acquisitions agreements. Economic historians stress the
economic importance of the numerous company mergers that occurred
during the closing decades of the nineteenth century; they do not, however,
sufficiently emphasize the technological consequences of mergers and ac-
quisitions, particularly in the electrical industry. The companies acquired
often brought to the merger the men, material, and ideas that were nceded
to rectify inadequacies in the acquiring company's system of production
and products. The merger of Edison General Electric and Thomson-Hous-
ton in 1892 resulted primarily from the fact that the patent holdings of
the panies were compl y-* Edison General Electric held a strong
position in urban d.c. stations, d.c. power transmission, and street railways;
Thomson-Houston's strength lay in arc lighting and alternating currents.®®

The mergers were a way of acquiring the services of inventors and en-
gineers as well as their patents. In some instances, an engineer or inventor
with the acquired company became a salaried member of the engineering
department of the acquiring company. In other cases, the acquiring com-
pany obtained the right to patent the future inventions of an inventor or
engineer in a specified area. The i d the status of c I
vis-2-vis the company. In 1888 Charles J. Van Depoele (1846-1892), one
of the pioneering inventors of electric streetcars, joined the electric railway
department of Thomson-Houston after his company was bought. The com-
pany and patents of Elmer Sperry, who invented several improved electric
streetcar components and electric mining machinery, were purchased by
Thomson-Houston. Sperry agreed to act as a consultant to Thomson-Hous-
ton for two years at an annual salary of $5,000 to develop this equipment.
In 1895 Sperry made a similar arrangement with General Electric, agrecing
to turn over applications, patents, and future patents on the electric street-
car brake and (o act as a consultant in developing the patented inventions.®®

In 1893, when General Electric acquired the firm of Eickemeyer & Os-
terheld of Yonkers, New York, it also obtained the services of a young
electrical engineer and mathematician whose career would be inextricably
linked with the history of General Electric. In 1889 Charles Proteus Stein-

" Scott, “High-Voltage Power Transmission.” pp. 543 and 556,

™ Passer, Electrical Manufacturers, p. $21.

 [bid., p. 325,

“Fhomas P. Hughes, Elmer Sperry, Inventor and Engineer (Baktimore: The Johns Hopkins
Press, 1971), pp. 71-74.
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Figure VI.13. Charles Steinmetz and
Thomas Eduon. Courtesy of the Samuel
Insull Archives, Loyola University.
Chicago, 1il.
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metz (1865-1923), a recent immigrant from Breslau, Germany, had found
work as a draltsman at the Yonkers company, which factured hat-
making machinery and electric motors. Rfaliling that Sleinmglz could solve
complex design problems because ol his advanced education in mathe-
matics and mechanical engineering in Germany and Switzerland, Rudolf
Eickemeyer, also a German immigrant, assigned Steinmetz the task of de-
veloping an alternating-current motor. Working in a small laboratory ar-
tached to Eick yer's factory, Stei z derived equations for analyzing
magnetic hysteresis and eddy currents, two critical causes of inefficiency
in electrical machinery. He published his investigations and conclusions in
1890 and 1892 in the Electrical Engineer. In 1893 he presented a major
paper on the application of the algebra of complex numbers to the analysis
of alternating-current circuits. His application of mathematics to solving
alternating-current-machinery and circuitry problems was especially in-
structive for engineers because he presented his results in a congenial
format.*” After joining General Electric, Steinmetz became a member of
the company'’s calculating department; he would remain with GE until his
death. In the eyes of many American engineers, he became the symbol of
successful scientific engineering research and development. Long-distance
power transmission was one of the research problems on which he, like
Scott. Ryan, Mershon, and others, concentrated for years.

Steinmetz had completed his doctoral dissertation in mathematics at the
University of Breslau, but fearing arrest because of his participation in the
socialist student movement there, he had emigrated 10 Switzerland. In
Zurich he studied mechanical engineering at the Polytechnic School. one
of the world’s outstanding engineering institutions. Thus he brought with
him to America the prestige associated with a Central European education.
It should be recalled, however, that American academics and industrial
engineers also were moving beyond empirical studies and taking a math-
ematical and scientific approach to solving critical engineering problems.
Moreover, in Europe, academic engincers and engineers employed by in-
dustry were carrying on research comparable 10 that being done in America.
Educated in his much-emulated department at Darmstad, Kittler's students
enhanced the research-and-development capacity of Germany's electrical
manufacturing companies.

By 1900 the capacity of scientifically trained engineers and of academics
with backgrounds in the natural sciences to solve the technical problems
of the expanding electric supply systems had been amply demonstrated
and some leaders in the ficld Ived to develop an organizational form
"““. was especially well suited to the problem-solving style of the research
engineers and industrial scientists. The industrial research laboratory was
well knov{n in the chemical industry, especially in Germany, but leaders of
llle.clyclrlcal industry saw the need and opportunity to adapt the form for
their nlnvcu(ion. rescarch, and development functions.

An immediate reason for forming a research laboratory at General Elec-

tric was the r that research g s were preoccupied with rou-

" ‘. Brittai
James E. Britain, rles Proteus Steinmetz,” in Dictionary of American Biog ed
cs E 3 . ography.

John A. Garraty (New York: Harper & Row, 1974), pp. 103 See also John W. Hammond.

3
Charles Proteus Steimmetz: A Biography (New York/London: The Century Co.. 1924).
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Figure VII4. First home of the GE
Research Laboratory, Schenectady, N.Y.
Courtesy of the General Electric Co..
Schenectady, N.Y.

tine problem-solving (see Fig. VI.14). The stationary power and traction
business was expanding rapidly, and the problems of designing improve-
ments in existing generators, motors, transformers, and other machinery
took an increasingly large share of the engineers’ time. Men who had come
to GE's engineering department with a history of invention or with aspi-
rations to invent found themselves burdened by ruuune Charles Stein-
metz's work in the 1890s involved more bl ing than scientific
research.®® Edwin W. Rice, vice-president of General Elecv.nc observed in
1902: “Although our engineers have always been liberally supplied with
every facility for the development of new and original designs and im-
provements of existing standards, it has been deemed wise during the past
year to establish a lab y to be d d exclusively to original research.
It is hoped by this means that many profitable fields may be discovered."®
Designs and standards were not the same as “discovery,” so Rice was an-
nounclng the birth of the General Electric Resear:h Laboralory, an insti-
tution which was g lly idered a land in the
history of mdustnal research.

% George Wisc, "A New Role for Professional Scientists in Industry: Industrial Research
at General Electric, 1900-1916," Technology and Culture 21 (1980): 412. This is a perceptive
account of the origins of the GE Research Laboratory and of the new definition of role for
scientists that stitutionalized. Wise used sources at General Electric and elsewhere that
were not available to earlier historians. Also valuable is Kendall Birr., Pioneering in Industrial
Research: The Story of the General Electric Research Laboratory (Washington, D.C.: Public Affairs
Press, 1957). Birr was one of the first professional historians to write about industrial rescarch.
Laurence A. Hawkins, an executive engincer of the GE laboratory, also cont ted with his
Adventures into the Unknown (New York: Morrow, 1950). The risc of the physics profession
and its growing interest in applied research is placed in broad perspective by Daniel J. Kevles
in The Physicists (New York: Knopf. 1978).

* General Electric Co.. Annual Report for 1902 (New York. 1903), p. 13. quoted in Wise,
“A New Role for Professional Scientists,” p. 408.
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Figure VLIS, Nerust lamp. From 50
Jahre Electrotechnischer Verein, ed.
Hans Girges (Berlin: ETV., 1929),

p. 227.

NETWORKS OF POWER

General Electric also founded the laboratory in response to a technical
challenge from Europe. After almost two decades of concentrating on
inventions in power, distribution, and transmission systems, GE discovered
that some types of European-invented incandescent lamps were threatening
to displace the carbon-filament bulb invented years earlier by Thomas
Edison. The mechanical and electrical engineers and inventors in GE's
engineering department had the capacity (o react o competitors’ improve-
ments in machinery, but the new incandescent lamps from Europe were
the invention of highly educated chemists. The combination of a routine-
burdened engineering department and the need for research chemists
provoked the decision by GE leaders Edwin Rice, Charles Steinmetz, Albert
G. Davis (a GE patent attorney), and Elihu Thomson (inventor and founder
of Th Houston) to rec 1 10 GE's president, Charles Coffin,
the establishment of a rescarch laboratory. Coffin concurred.”

Another reason General Electric wanted a research laboratory was its
awareness of the importance of patents in securing market advantages.
This had been sharply impressed upon the company by the expiration of
major carbon-filament patents. GE faced the alternative of either buying
the patents of outside i s OF companies or i ing and applying
for its own. The research laboratory was expected to provide the company
with that option and the ability to negotiate with outside patent holders
more effectively; for instance, the company could withdraw from negoti-
ations and search for ways of “inventing around” the competing patent il
the price for patent license was too high. These considerations explain why
GE'’s patent attorney rec led the blist of a research labo-
ratory.

The market competition was forthcoming. In the fall of 1900 Steinmetz
wrote to Edwin Rice, alerting him to the challenge from the Nernst lamp.
Walther Nernst (1864-1941), a professor of electrochemistry at the Uni-
versity of Gottingen and a founder of the science of physical chemistry,
had patented his lamp in 1899. The lamp had a filament of refractory
metallic oxides (see Fig. VI.15). Operating at higher temperature than the
carbon-filament lamp, the Nernst lamp was more efficient and economical.
The Nernst lamp cost four 10 five times more than the improved carbon-
filament lamp, but this higher first cost was offset by lower operating costs.
especially in Europe, where clectricity prices were higher. The Nernst lamps
were widely used in Europe during the first decade of the twentieth century.
The Aligemcine Elektrizitits-Gesellschaft had patent rights in Germany
and produced about 7,500,000 of them before 1907. The Westinghouse
Company then obtained rights in the United States, thereby causing ad-
ditional concern at GE.”!

Even more provocative was the research under way at Siemens & Halske,
the German electrical manufacturer. Wilhelm von Siemens (1855-1919),
who s‘uccecded his father, the founder, as head of the company, took a
keeln interest in finding a metallic filament 10 replace the carbon one. He
assigned $he task to Werner von Bolton ( 1868-1912), a young scientist who
had studied at Leipzig under Wilhelm Ostwald (1853-1932), a pioneer,

72 Wise, "A New Role for Professional Scientists.” p. 414,
™ Bright, Elpctric-Lamp Industry, pp. 172-73,
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Figure VI.16. Werner von Rolton
Courtesy of the Siemens Museum, Siemens
AG, Munich

Figure VILI7. Advertisement for the
tantalum-filament lamp. Courtesy of the
Stemens Museum, Siemens AG, Munich.

Figure VLIS, Making tantalum
filaments at the Siemens Co., Berlin, 1906.
Courtesy of the Siemens Museum, Siemens
AG. Munich.
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Figur

Figure V1.20. Carl Auer von Welsbach.

Courtesy of the Siemens Museum, Siemens
AG. Munich.
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like Nernst, in physical chemistry. Von Siemens provided von Bolton space
in the company's laboratory in Berlin-Moabit, where he concentrated on
the possibilities of tantalum. The major problem was to obtain a pure and
malleable tantalum, which Bolton succeeded in doing by using an electric
arc furnace. In 1902 the scientist and his assistants announced their success
to Wilhelm von Si p 1 impr in design and pro-
duction methods followed. After 1905 the company successfully marketed
the tantalum lamp. (See Figs. V1.17 and V1.18.)

Competing not only against the Nernst and tantalum lamps but also
against a widely used osmium-filament lamp (Fig. V1.19) invented by the
Austrian Carl Auer von Welsbach (1858-1929),” who had been trained
by Robert Bunsen at the University of Heidelberg, the GE laboratory strove
to invent and develop improved-and new filaments. Challenged by inven-
tor-scientists who had been trained in Germany in physical chemistry, a
field in which Germany excelled, it is not surprising that GE brought te
its laboratory research chemists who held the German doctorate. Willis R.
Whitney (1868-1958), the first laboratory head, had a doctorate from the
University of Leipzig, where he, like Werner von Bolton, studied under
Ostwald: William D. Coolidge (1873-1975), who became the first assistant
director of the laboratory, also was a physical chemist who received his
Ph.D. from Leipzig; and Irving Langmuir (1881-1957), the third member
of the triumvirate that dominated the GE laboratory in its early years, held
adoctoral degree from the University of Géttingen, where he studied under
Nernst. Whitney and Coolidge taught at M.1.T. before going to GE; Lang-
muir was an instructor at Stevens Institute of Technology. General Electric
responded to the impact of German excellence in chemistry at least a decade
before World War I and the embargo of German chemical imports made
the fact dramatically clear. (See Fig. V1.22.)

Scientists at the GE laboratory soon developed new filaments. Whitney,
using a heat-treatment process in an electric-resistance furnace of his own
design, drove off impurities from the carbon filament and gave it a harder
graphite coating. By 1904 this brought the greatest improvement in the
carbon incandescent lamp since 1884. The company manufactured the new
lamp under the name of GEM (General Electric Metalized). Coolidge in-
vented and patented methods for making ductile molybdenum and tung-
sten. In 1910, $54,000, or one-third of the total expenditures of the GE
lab y went to the develog of the process, and substantial amounts
were spent annually from 1906 10 1911. Before Goolidge's successful patent
application in 1912, GE bought the wngsten-filament patents of outside
companies and inventors, paying out $490,000 in 1909 alone.”™ When GE
auempted to use its tungsten patent in Europe, the Siemens & Halske
Company, AEG, and the Auer Geselischaft persuaded GE that they had
conflicting patents and priorities. (Auer held the patents of Carl Auer von

""1n 1891 Carl Auer von Welsbach had greatly enhanced the competitiveness of gaslight
with his invention of the Welsbach mantel. 1is company, Osterreichische Gasglahlicht und
Elekirizittsgesclischalt, successfully marketed both his mantel and his osmium lamp in Ger-
mantdespne the strengih of AEG and Siemens. Hans-Joachim Braun, “Gas oder Elcktrizitit?
Zur 2weier Bel . 18R0-1914,” T hichte 47 (1980): 11-

13
**Von Siemens, House of Siemenc 1- 900_a
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Figure VI.21. Irving Langmuir's
laboratory, 1912, Schenectady, N.Y.
Courtesy of the General Electric Co.,

Schenectady. N.Y.

Figure VI.22. First permanent home of
the GE Research Laboratory, Schenectady,
N.Y. Courtesy of the General Electric Co.,

Schenectady, N.Y.
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Welsbach.) General Electric and the thrce German companics then agreed
to share rights in the use of the Coolidge and Siemens patents covering
the manufacture of tungsten-filament lamps.

The Gencral Electric Research Laboratory not only scparated invention
and research from everyday production problems and minor system im-
provements but it offered scientists alternative roles to those of the academic
and consultant. In the laboratory, persons with inventive instincts had access
to facilities for research and i ion without the ties
for developing and marketing the inventions. I’urlhermore, Wlnluey en-
gendered an atmosphere that was found congenial by Ph.D. scientists:
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Figure V1.23. Early laboratary
colloquium at the GE Research Laboratory:
Wallis Whimey (fourth from right);
Walliam Coolidge (far right). Coustesy of
the General Electric Co., Schenectady, N.V.

Figure VI.24. Staff at the GE Research
Laboratory, ¢. 1912: Willis Whitney (third
from lefv); Irving Langmuir (far right).
Courtesy of the General Electric Co..
Schenectady, N.Y.
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weekly colloquia, publlcaunn ol’ scwnurc papers. and enmuragemem o
acquire a greater fund: g of technological p -
ena.™ (See Figs. V1.23 and V1.24.) Paradoxically, the pr ional scienti
were assuming the role of the independent inventors, whose empirical and
commercial style so many of them disdained.

While GE distanced its researchers from commercial activities, it looked
upon their patents as commercial property. Scientists were encoumged to
do work of the highest quality and to i gate relevant fund
problems, but patent rights belonged to the company. As Whitney said
categorically in 1909, “Whatever invention results from his [the laboratory
staff member’ s] work becomes the property of the company. | believe that
no other way is practicable.”™ So much for the myth that the laboratory
was insulated from economic concerns.

The General Electric Research Laboratory was not the sole site for in-
vention and research a1 GE, however. The company had a range of prob-

" p. 426,
Research,” Journal of the American Chemical
tists,” p. 422
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lems to solve—theoretical, design, and operational. Other GE laboratories
focused on problems outside the Research Laboratory's special competence.
The Research Laboratory's work ranged widely, however, from manufac-
turing tungsten X-ray targets to fundamental studies of the structure of
mateer. After 1910, for instance, Langmuir worked on gas-filled incan-
descent lamps and electronic vacuum tubes. Others at the laboratory con-
centrated on early radio problems, X-ray radiography, insulation, and ma-
terials science, or metallurgy.” Much was left to others, however, especially
in relationship to the invention, development, and design of generators.
transformers, motors, and transmission systems. In Lynn, Massachusctts,
before World War I, there was a research facility for Elihu Thomson and
a laboratory concentrating on arc lamps. In Schenectady, New York, there
were other laboratories in addition to the Research Laboratory: the General
Engineering Laboratory (general develoy work); the Insulations Lab-
oratory; the llluminating Laboratory; and the Department of Consulting
Engineering. General Electric also had research-and-development facilities
in Erie, Pennsylvania; Harrison, New Jersey; Cleveland, Ohio; and Pitts-
field, Massachusetts. By 1918 General Electric had twelve laboratories, the
largest of which was the Research Laboratory, judging by the record of its
expenditures.””

The consulting engineering department was Steinmetz's brainchild. He
had declined :he opportunity to head the Research Laboratory, perhaps
because he and others believed him to be too individualistic for major
administrative responsibilities. He may have considered himself more an
engineer than a research scientist.”® As described in 1912, the consulting
engineering department should have appealed to engineer-inventors, much
as the Research Laboratory was intended to autract and hold scientists with
inventive talent. Steinmetz wrote that his department was to advise other
GE departments about | design req nts, or trou-
bles it encountered. The deparlmenl would also advise customers and work
on problems of general interest o the clectrical engineering profession.

z wanted each ber of his dcparlmem to choose his own work,
and he emphasized that such a diversity of activities required an organi-
zation different from the “autocratic” system employed by traditional en-
gineering departments.” Among the problems Steinmetz judged to be of
general interest to the electrical engineering profession and to General
Electric were high-voltage transmission, including the corona effect and
instability. A loss of power in 1919 in the Chicago systemn of Commonwealth
Edison was the type of customer problem to which he responded.* Stein-
metz modeled the system with circuit equations in order to locate the
problem.

™ Birr, l’umzmug in Industrial Research, pp. 41, 45, 1748,

" 1bid., pp. 82-8;

™ James E. Britain, "C. P. Steinmetz and E. F. Alexanderson: Creative Enginccring in
Cnrpnnlc Setting," IEEE Proceedings G4 (1976): 1414,

i

Ibi

= Chaes P. Steinmetz, “Some Problems of High-Volage Transmissions,” AIEE Tranvac-
tions 31 (1912): 167-73; idem, “Instability of Electric bid. 32 (1913): 2005-21. For
an example of how Steinmetz responded to a customer problem, sce hi bout a power
loss in the Commonwealih Edison system in Chicago on 18 September 1919, “Power Control
and Swability of Electric Generating Stations,” ibid. 39 (1920): 1215-70.
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The impressive development of metallic filaments in Germany notwith-

standing, the head of Siemens & Halske in 1911 viewed American research
achievements in the electrical industry with envy. Wilhelm von Siemens
noted that as a country of thinkers and scientific researchers, Germany had
risen to [irst rank as an industrial power, but that America’s private en-
terprise system cultivated an uninterrupted stream of impressive research
results. Von Siemens acknowledged the role in Germany of the universities,
the Technischen Hochschulen, and the newly established Kaiser Wilhelm Ge-
sellschaft, but feared that his country would fall behind unless other meas-
ures were taken and institutions founded.®!
Siemens & Halske had a tradition of laboratory research, but these ac-
ies remained dispersed among the company’s various works, or plants,
until 1920, when a central laboratory was established. Research there, as
at the General Electric Research Laboratory, was intended to be less tied
to production and routine improvements than was the case in the other
laboratories. At first. the central laboratory was called the Physical Chem-
istry Laboratory, but then the company changed the name to the Research
Laboratory of the Siemens & Halske Company. Dr. Hans Gerdien, formerly
a lecturer at Gottingen University, became director of the central labora-
tory. but because the managers of the different works preferred to maintain
their specialized laboratories, he had a difficult time centralizing the basic
research. To coordinate the various research centers, the company in 1919
named D. Harries 10 head a central office for scientific and technical re-
search (Zentralstelle fiir Wissenschaftlich-Technische Forschungsarbei-
ten).®?

Research laboratories provided institutional structures that supported
and increased the momentum of the cvolving electrical supply systems.
Further reinforcement arose from the growth of professional societies with
their periodicals, annual meetings, and encourag of professional ed-
ucation. The professional socict like the manufacturers and their lab-
oratories, directed the auention of scientists and engineers to the problems
of general urban systems and high-voltage transmission.

Paradoxically, considering the subsequent history of the organization,
the American Institute of Electrical Engineers was established in 1884 by
men primarily concerned with telegraphy. By 1900 the institute's emphasis
had shifted to what the Germans aptly named Starkstrom (“heavy current”).
in contrast to Swachstrom (“light current”). Heavy current involved light
and power; light current was used essentially in telegraph communications
before the wireless assumed importance about 1900. Of the twenty-five
men who signed the call for formation of a national electrical society.
twenty-one were telegraph inventors or manufacturers or were generally
classified as being in the “telegraph busi “¥* The first president of the
AIEE was Norvin Green, president of the Western Union Telegraph Com-

™ Ferdinand ‘Trendelenburg, Aus der Geschichte der Forschung im Hause Siemens (Diisseldor:
VDI, 1975), p. 45.

* Von Siemens, House of Siemens, 2: 85-36:
4548

**Donald McNic
(May 1994): 675.

“Frendelenburg. Geschichte der Forschung. pp-

elegraph Men Founders of the A.LE

" Electrical Engineering 53
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pany. Others among the early officers of the institute were Western Union
managers or executives.*

The AIEE soon achieved recognition as the professional organization of
U.S. electrical engineers. Electrical inventors and manufacturers held the
office of president during the institute’s first decade, but electri
neers or teachers of electrical engineering dominated the office du
second decade. Of the eight presidents who served during the
decade, Edwin J. Houston (1893-1895) taught at Central High ¢
Philadelphia, Pennsylvania: Louis Duncan (1895-1897) taught clectrical
engineering at M.LT.; Francis Crocker (1897-1898) received a Ph.D. in
electrical engincering from Columbia University before teaching there:
Arthur E. Kennelly (1898-1900) was appointed professor of clectrical en-
gineering at Harvard University two years after serving as AIEE president:
Carl Hering (1900-1901) was a professor at the University of Pennsylva
and studied at Darmstadt under Kittler; Charles Steinmetz (IQ(H—I‘N)")
held a professorial position at Union College in Schenectady, New York,
while a GE engineer; and Charles Scott (1902-1903) took postgraduate
courses at The Johns Hopkins University and later became a professor of
electrical engineering at Yale after serving as AIEE president. As a group,
these men bridged the academic and practical worlds.*

The publication of papers in the institute’s Transactions enhanced the
formation of a community of discourse centered on critical problems. A
classification of AIEE papers for the years 18841899 shows that the sub-
Jjects most frequently discussed were alternating-current practice, traction,
dynamos, motors, and incandescent lighting. This concentration accords
well with the focus of problem-solving found during the period of “the
battle of the systems™ and its resolution. Only three papers dealt explicitly
with polyphase systems (as compared to filty-two on alternating-current
practice), but, as noted, the general rubric “alternating current” included
single-phase and polyphase systems.®¢

Other periodicals contributed to the identification of problem arcas for
electrical engineers. The leading trade, as contrasted with professional
society, journal was Electrical World. The forebear of this journal, The Op-
erator, was founded in 1874 and was published for telegraphers. Reflecting
the same changes as occurred in the character of the AIEE leadership, The
Operator broadened its purview in 1883 to include electric lighting and
changed its name o The Operator and Electrical World. James H. McGraw,
publisher of a rival journal, the American Electrician, bought out The Operator
and Electrical World and another journal, the Electrical Engineer, and by 1906
had combined them under the title Electrical World. The McGraw Publishing
Company also owned the Street Railway Journal. Besides McGraw's publi-

™ A. Michal McMahon, “Corporate Technology: The Social Origins of the American In-
stitute of Electrical Engineers,” IEEE Proceedings 64 (1976): 1385.

™ “Great Names behind the Institute.” Electrical Engmeering

* Charles F. Scott, "The Institute's e assumed that
the listing “A.1E.E. Papers—1884-99 and 1929-33" refers to papers publis! the AIEE
Transactions. The second category on the list, “miscellaneous and theory." is too inclusive and
vague 10 be ranked with the others. Robert Belfield. who analyzed issucs of the AIEE Trans-
actions dating from 1887 to 1904, found discussion of polypliase problems in many of these
articles.
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cations, there were numerous other trade journals in the electrical field by
1900. Other professional societies, such as the National Electric Light As-
sociation, which organized utility engineers and managers and was the
organization of Edison light and power companies, also held meetings and
published papers. The preferred journal for scholarly papers dealing with
matters new and ding, however, r ined the AIEE Transactions
because of its professional prestige.*’

In Britain, the professional society for electricians and electrical engi-
neers had earlier origins than the AIEE. In May 187} a group of men
associated with telegraphy met in London and founded the Society of
Telegraph Engineers. With the increase in interest in electric lighting,
however, the society in 1880 added “and of Electricians” to its name, and
in 1889 changed the name to Institution of Electrical Engineers (IEE). It
was recognized as the professional society for British electrical engineers.
Professor William Ayrton of the City-and-Guilds-sponsored Central Insti-
tution, South Kensington, edited the IEE Journal.

As in the United States, the latest news in the field was supplied in part
by trade journals. Among these were The Electrician, founded in 1878; the
Telegraphic Journal and Electrical Review, established in 1872; the Electrical
Engineer (London), begun in 1882; and Lighting (later The Electrical Times),
which first appeared in 1891. General publications such as The Engineer
and Engineering, which were founded in 1856 and 1866 respectively and
enjoyed an international reputation, also reported developments in elec-
trical engineering.®®

In Berlin in 1879 a group organized by Postmaster General Heinrich
von Stephan and stimulated by the support of Werner von Siemens founded
the Elektrotechnischer Verein zu Berlin, which, beginning in 1880, pub-
lished a periodical entitled Elektrotechnische Zeitschrift. Another early peri-
odical, the Zeitschrift fiir angewandte Elektrizitétslehre (1880), later renamed
Centralblatt fiir Elektrotechnik (1883), merged with the Elektrotechnische Zeit-
schrift in 1889 to become the leading professional journal in the field.
Among other German professional electrical engineering societies was the
Elektrotechnische Gesellschaft founded in Frankfort on the Main. In 1893
the Verband Deutscher Elektrotechniker was formed through a merger of
local electrical societies, thereby establishing a national society.®®

" Scort, “The Institute's First Hall Century,” p. 667.

™ For this account of the Institution of Electrical Engineers, | have drawn upon Percy
Dunsheath, A Hustory of Electrical Power Engineering (Cambridge, Mass.: M.LT. Press, 1962).
Pp- 319-32. The authoritative work is Rollo Appleyard, History of the Institution of Electrical
Engineers, 1871-1931 (London: Institution of Electrical Engineers, 1939).

" Deumar, Starkstromtechnik, pp. 267-91; and Sigwart Ruppel, ed., Elektrotechnische Gesell
schaft Frankfurt, 1881-1931: Geschichistafeln der Elektrotechnik (Frankfort on the Main: Flektro-
technische Gesellschaft, 19312).



CHAPTER VII

Berlin: The
Coordination
of Technology
and Politics

DURIN(; the late-eighteenth, nineteenth, and early twenticth centuries,
two waves of industrialization swept over the Western world. The
first, commonly known as the Industrial Revolution, impressively trans-
formed regions of England and Scotland; the second, occasionally called
the Second Industrial Revolution, changed newly united Germany and the
United States. The 1870s are often cited as the decade of transition from
the first to the second industrialization phase. The British Industrial Rev-
olution is usually associated with a system of production and transportation
that was heavily dependent on coal, steam, and iron: the rapid industrial-
ization of Germany and the United States involved these components, but
steel, electricity, and man-made chemicals, both organic and inorganic,
were layered on the earlier technologies as well. The second era of rapid
industrialization is not as well understood or defined as the first, but when
future historians probe its phenomena and structure, electric power—es-
pecially high-voltage transmission and the universal system of electric light
and power made known to the world at Frankfort and Niagara Falls—will
figurc intricately and promi ly in their intery and p

tions. Just as Manchester, Birmingham, and other British cities \vcn: the
centers of the first wave ol industrialization, certain cities will be clearly
identified as the sites of the second. Among the urban centers of the sccond
wave will surely be Chicago and Berlin; among the cities by-passed will be
London. Consideration of the electrification of the first two before 1915
and the laggard development of the third will provide some understanding
of urban industrialization in thec modern era.

During the four decades between the founding of the German empire
and the outbreak of World War 1, Berlin, the empire’s capital, w. dy-
namic urban center. It became the leading industrial and commercial city
on the Continent, and in wealth and popul tion ranked behmd only Lon-
don and Paris. With regard o administration and org; contem-
poraries named it the model city of Europe and praised its citizens for the
remarkable burst of energy that transformed a provincial capital of Prussi:
into a c politan city of international e.! The municipal au-

* A. Shadwell, Industrial Efficiency, 2 vols. (London: l.ongmans, |smm. + 159-60; and
Sigfrid von Weiher, Berling Weg tur polis: Technik.und an der Spree
(Berlin: Stapp, 1974), pp. 83-134.
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thority was widely judged the ultimate in enlightened, efficient, and socially
purposeful government in a progressive era that looked to its cities as
standard-bearers in an urbanizing and industrializing civilization. On the
Continent, and especially in Germany, a city was “idealized as a great family,”
organized for economic, political, and social ends and its government was
seen as the means for obtaining these ends.? Among the means were public
utilities, including transportation, water and gas, waste disposal, and light-
ing. By World War 1, a hallinark of the modern progressive city was cul-
tivation of a new and subtle form of light and power—electricity. Berlin
was not found lacking.

Because the city government in Berlin so effectively regulated the private
ty that provided the metropolis with light and power, and because the
history of technological change in the city cannot be understood without
taking the regulatory activities of the government into account, a brief
description of the government’s structure and functions is needed. In 1881
Berlin became an administrative area distinct from the Prussian province
of Brandenburg, and subsequently the civil government of Berlin was or-
ganized into two major divisions, the Magistrat and the Stad: d
sammlung (“common council”). The Magi consisted of an Oberbiirg
metster (“chief mayor”), a Biirgermeister (“mayor”), and a Stadtrat (“city council”)
of thirty-two members, fifteen of whom were paid administrators and sev-
enteen of whom served without pay. The 144 members of the Stadtverord-
netenversammlung were chosen by manhood suffrage. For general decisions,
the Mag and Stad ds lung met in common and some-
times named ¢ i that were rep ive of the whole. These
committees had jurisdiction over public services such as water supply, the
lighting and cleaning of the streets, and drainage. Detailed contractual
arrangements with the private company supplying Berlin with electric light
and power were executed by the Magistrat.

Not only was Berlin progressive but it was industrial. As in Chicago, this
fact deeply affected the city's electric utility. London and other European
capitals had become world centers earlier, when cities were the focus of
government, commerce, and religious activities. Berlin's formative years as
a national capital coincided with Germany's rapid industrialization and rise

hnological .

o g p following the Franco-Prussian War and the
country's unification. Berlin, more than Vienna, Paris, or London, was
shaped by industrial imj ives and technological opportunities. By 1900

the quaint two-story houses so characteristic o? Prussian Berlin had given
way to business blocks that housed not only commercial enterprises but the
headquarters of the industrial corporations and financial institutions (in-
cluding the Reichsbank, Deutsche Bank, Diskonto Gesellschaft, and Jacob
Landau) that served them. The administrative boundaries of “old Berlin.”
with a population of about two million, remained as they had been since
1860, encompassing only about twenty-nine square miles—six miles across
and about [ive and a half miles from north to south. Industry, however,
mushroomed in so-called “greater Berlin,” radiating ten miles from city

. ?Frank S. Hoﬁm:'m, “Municipal Activities in Germany,” Qutlook 58 (1898): 1063. | am
m(le!)l,«l to Alan Sreiner for calling my auention 1o the Hoffman article and 10 sources about
Berlin's transportation systems.
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center. More than 50 percent of the working population of old Berlin was
employed by industry, and the percentage in greater Berlin, with a pop-
ulation around three million, increased as new industries and factories
found ground there. Berlin manufactured wool, worked iron and steel,
turned out heavy machinery (including steam engines and locomotives),
produced sewing machines and bicycles, organized chemical processes, and
designed and assembled heavy and light electrical equipment for Germany
and the rest of the world. When burgeoning industry within the city threat-
ened to demean the architecture and the environment, the municipal au-
thorities constructed a great canal south of the city to connect the Sprec
and Havel rivers and provide a transport artery that would draw industry
away from city center.

Berlin was not only an industrial city but one whose industry was notably
electrical. Two of the world's leading manufacturers of electrical machin-
ery, Siemens & Halske and Allgemeine Elektrizitits-Gesellschaft (AEG),
had central offices and factories in Berlin and its immediate surroundings.
About 50 percent of the personnel of Germany's electrical industry worked
there until World War 1. With good reason, then, it has been called the
Elektropolis.® This burgeoning industry helped maintain the vitality of Ber-
lin's—and Germany's—economy during periods of mild recession in the
three decades preceding World War 1. Siemens & Halske’s and AEG's
presence also furthered the electrification of industry and transportation
in Berlin. The histories of both companies involved at one time or another
not only electrical manufacturing but also electrical supply in the city. In
1883 Siemens & Halske was party to the founding of Deutsche Edison
Gesellschaft, which in time metamorphosed into AEG, which in wrn, in
1887, founded the Berliner Elektricitits-Werke (see pp. 68-77 above).

The founder of Siemens & Halske, Werner von Siemens (1816-1892),
his associates, and the company stimulated an ethic of science and profes-
sionalization as well as invention and industry in Berlin.* In 1879 von

i was instr 1 in the establish of the Berlin Elektrotech-
nischer Verein (Electrotechnical Association), which in turn, in 1894, stim-
ulated the founding of the Verband Deutscher Elektrotechniker (later the
leading professional organization for the field in all of Germany). Von
Siemens also urged the government to establish in Berlin an institute de-

3See von Weiher, Berlins Weg zur Elehtropolis. On AEG in Berlin, see 75 Jahre AEG, a booklet
published by the firm in 1958, especially pp. 29-30. On the Berlin electrical industry after
World War 1, see Peter Czada, Die Berliner Elektroindustrie in der Weimarer Zeit (Berlin: Col-
loquium, 1969).

* Biographies of Werner von Siemens and historics of Siemens & Halske are numerous,
due in part 1o the existence of the company's archives in Munich. Among the works are
Werner von Siemens, Inventor and Entrepreneur: Recollections of Werner von Siemens (1892;
reprinted ed., London: Lund Humphries, 1966); Georg von Siemens, History of the House of
Siemens, 2 vols. (Freiburg/Munich: Alber, 1957); Jirgen Kocka, Unternehmensverwaltung und
Angestelltenschaft; am Beispiel Siemens 18471914 Zur Verhilinis von Kapitalismus und Biirokratie
in der deutschen Industrialisierung (Stutigart: Klew, 1969); Sigfrid von Weiher. Wemner von Sie-
mens: Ein Leben fiir Wissenschaft, Technik und Wirtschaft (Géutingen: Musterschinidt, 1970); and
Sigfrid von Weiher and Herbert Goetzeler, The Siemens Company: Its Historical Role in the Progress
of Electrical Engineering (Berlin and Munich: Siemens, 1972). See also Jargen Kocka, “Sicmens
und der Aufhaltsame Aufsticg der AEG," Tradition 17 (1972): 125-42; and, primarily for
later developments, Czada, Die Berliner Elehtroindustrie.
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voted (o basic research. In 1883, in an appeal to the Prussian government,
he wrote, “Research is the firm foundation of technological progress; a
country's industry has no hope of attaining an international, leading po-
sition and sustaining itself unless it is in the forefront of scicntific research.”
Siemens offered to linance the building of such an institute with funds
that had been left to him in the estate of his brother, William. The German
Reichstag eventually accepted a modification of Siemens'’s proposal and
established the Physikalisch-Technische Reichsanstalt (Imperial Physical-
Technical Institute), of which Hermann von Helmholtz (1821-1894), then
Germany's leading physicist, became the first president in 1887. Besides
these contributions to the scientific life and intellectual spirit of Berlin,
Werner von Siemens was responsible for the installation of chairs in the
new field of electrical engineering at German Technischen Hochschulen (see
pp. 144—45 above).® These institutions, their engineers, and their scientists
helped ensure that technology in general, and such advanced fields as
electrical engineering specifically, would flourish in Berlin.

By 1900 Berlin's Aligemeine Elekurizitits-Gesellschaft was a larger man-
ufacturer of electrical machinery and apparatus than Siemens & Halske.
It had 17.300 employees, while Siemens had 13,600; it had 60 million marks
in share capital, while Siemens (including its foreign subsidiaries) had 54.5
million.” When founded in 1887, AEG was primarily a financier and op-
erator of electrical utilities and a maker of incandescen:t lamps. In contrast,

i wasa facturer of equif Within a decade, however, AEG
had expanded its manufacturing to include power equipment and had
introduced a line of polyphase machinery. The company continued to
finance and build central power stations and during the 1890s became
especially active in the construction of electric streetcar systems. It acquired
the rights to the designs of Frank Sprague, the American pioneer in electric
traction. The company followed i policy of financing its customers, whether
they were horsecar companics converting to electricity or companies with
new franchises. In cooperation with banks in Berlin and elsewhere, it also
financed and constructed power plants for electric supply utilities and
industrial facilities that used heavy-power equip In 1888, for pl
with the help of several banks, AEG established Aluminum-Industrie A.G.
in Neuhausen, Switzerland. By 1900 AEG had established 248 power plants
with a total capacity of 210,000 h.p.* AEG also grew by amalgamation, the

blish of Inte gemeinschaft (ad hoc c -interest organiza-
tions), and cartel (price-control) arrangements. With the Union Elektrizi-

>Quoted in Sigfrid von Weihier, Werner von Stemens: A Life m the Service of Science, Technology
and Industry (1970; Eng. trans., Géttingen: Musterschmidh, 1975), p. 73,

©Von Siemens, House of Siemens, 1:115.

?If, however, the 7,400 employees of Schuckert & Co. are included, then the Siemens-
controlled enterprise was larger. In 1903 Siemens & Halske and Schuckert & Co. of Niirnberg
established a holding company, Siemens-Schuckeriwerke. The new entity operated the electric
power equipment manufacturing facilities of the two companies. The sharcholding, man-
agement, and profits of Siemens-Schuckertwerke were weighted slightly in favor of Siemens
& Halske. Sicinens & Halske held 45.05 million marks of the holding company’s capital:
Schuckert, 44.95 million. Von Siemens. House of Siemens, 1:192, 196.

“Conrad Matschoss, "Die geschichtliche Entwicklung der Allgemeinen Elekiricitats-Ge-
sellschaft in den ersten 25 Juhren ihwes Bestehens,” Reitrage zur Geschichte der Tecknik und
Industrie | (1909): 62.
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tits-Gesellschaft (founded by Ludwig Loewe and Thomson-Houston In-
ternational), AEG formed an Interessengemeinschaft that divided the market
and profits in the electric streetcar field, where Union had a firm pe
In 1903 Emil Rathenau, the founder ol AEG, reached an agreement with
General Electric in America to divide their world markets: AEG would
continue to be preeminent in Europe: GE, in North Ame G oand
GE also agreed to cooperate in the development of the Riedler-Stumpland
Curtis steam-turbine patents when steam turbines began displacing vecip-
rocating steam engines in power stations. AEG further strengthened i
position in the turbine field by exchanging stock with the Swiss electr
manufacturing firm Brown, Boveri & Company, which held rights to man-
ufacture the Parsons turbine.”

AEG’s influence among German utilities through stock ownership was
extensive. Because the control was that of a supplier over its market, the
relationship resembled vertical integration. In 1911 AEG owned some part
of 114 public power plants (Elektriziti ke), and these lied 31 percent
of the connected electric load in Germany. Siemens-Schuckert owned a
part of 80 power plants, and these supplied 6.3 percent of the connected
load. The two manufacturers held a disproportionate interest in the rel-
atively few large-capacity plants rather than in the large number of small
ones. Power plants with a capacity of more than 10,000 kw. supplied 31.6
percent of the connected load, and the two manufacturers owned an in-
terest in the twelve of these that supplied 26.4 percent of the load."" Much
of the capacity of the central stations in which AEG had invested was located
in Berlin or its suburbs and was operated by the AEG subsidiary, the
Berliner Elektricitits-Werke (BEW).

Considering the investment network and AEG's pivotal role in it. it is
not surprising that Emil Rathenau, the company’s founder, was known in
Germany as the inventor of the principle of market creation through in-

financing. Rath also founded and presided over the Berliner
Elektricitits-Werke until his death.!' Like that of Werner von Siemens,
Rathenau’s name looms large in the history of the electrical industry in
Germany and also in the establishment of Berlin as its Elektropolis, but while
von Sicmens came to represent invention, engincering, and industrial s
ence, Rathenau stood for the powerful and widely influential interaction
of investment capital, industrial enterprise, and highly organized market-
ing. His son, Walther (1867-1922), succecded him as head of AEG in 1915
and went on to display organizational abilities on an even greater g
than had his father. During World War I, Walther directed the

ion

. pp. 64-65.

g2 Nussbaum, “Versuche zur reichsgeseuzlichen Regelung dev deutschen Elektrici-
tawswirtschaft und zu ilrer Oberfuhrung in Reichseigentum, 1909 bis 1914, Jahrbuch fiis
Wirtschaftsgeschichte (Berlin, 1968). pr. 3, pp. 137-38.

" See pp. 66-78 above for a discussion of Rathenau and the founding of AEG and BEW.
Biographics of E Rathenau include A. Ricdler, Emil Rathenau und das Werden der Gross-
wirtschaft (Berlin: Springer, 1916), and Felix Pinncr, Emil Rathenau und das elekirusche Zealter
(Leipzig: Akademische Verlagsgesellschaft, 1918).
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Figure VILI. lieadquarters of Berliner
Electricitiits-Werke and Allgemeine
Elehtrizitats-Gesellschaft, Berlin, 1891.
From Offiziclle Zeiung . . . Frankfurt
am Main 1891, p. 163.
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his desire to fulfill the reparations terms of the peace setlement. Walther,
; \ itted hil

who was p y c top phy and the arts, probably en-
couraged his father to appoint the famous architect Peter Behrens (1868
1940) as art and architectural adviser to AEG. Behrens designed the famous
1909 AEG turbine factory in Berlin. He also designed various electrical
appliances manufactured by the company.'?

No account of the Berlin environment in which the Rathenaus nurtured
AEG and BEW would be adequate without due emphasis on the role of
the investment banks (Kreditbanken) there. Gonsideration of these and their
relationship with the electrical industry focuses attention on Georg von
Siemens. A cousin of Werner's, Georg rose through the ranks to become
a head of the Deutsche Bank in Berlin after having worked for Siemens
& Halske. The Deutsche Bank was one of the leading Kreditbanken, which
were, in effect, a combination of commercial and investment banks, banks
that have been characterized by many historians as the centers of great
industrial influence—almost control—during the rapid industrialization of
Germany after 1871."" Georg von Siemens advised and assisted in the
financing of both Siemens & Halske and Rathenau's enterprises until AEG

'? Books and articles about and by Walther Rathe: are numerous, but most focus on his
political views. economic and social philosophy, and aesthetic interests. Hermann Brinck-
meyer. Die Rathenaus (Munich: Wicland, 1922), does direct auention to his AEG association.

'3 Hugh Neuburger, he [ndustrial Politics of the Kreditbanken, 1880-1914," Business His-
tory Review 51 (1977): 190207, challenges the argument that the banks dominated the bank-
industry relationship in Germany, a thesis advanced by Rudolf Hilferding, Das FinanzAapital
(Vienna: Ycr!ﬂg der Weiner Volksbuchhandlung. 1923), and others. Neuburger sees the
relatiouship as one among negotiating. aulonomous powers. This view is also advanced in
Kocka, Unternehmensverwaltung, p. 431
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became a strong facturing competitor of the Si firm. In 1896
Georg resigned his chairmanship of the board of AEG when his plan, which
was for AEG 1o function prlmanly as a financer ol’ utilities and power
plants and Si as a r, was obviously no longer viable.
Georg von Siemens had great respect for Rathenau, believing him to be
the best financial and commercial head in the industry, but AEG's managers
believed that Ceorg. because of his relatives, was too deeply involved in a
conflict-of-interest situation. For his part, Georg thought that Rathenau
was ded as fi facturer, and op of electrical
utilities. AEG made a profit fmm selling heavy machinery, selling the utility
shares it took in payment for the equipment, and then from operating
some of the utilities. Although Georg von Siemens, with his German sense
of order and cooperation, was frustrated in his auempt to balance the
activities of the two leading manufacturers, he was able to bring about the
transformation of Siemens & Halske from a nonshare, family-owned en-
terprise to a stock company whose shares were owned by the family. This
made it possible for banks such as the Deutsche Bank, which made loans
1o Siemens & Halske, to place members on the board of directors (Auf-
sichstrat) of the share company.'*

Motivated by industrial needs and the desire to seize technological op-
portunities, Berlin developed an exemplary transportation system. As was
the case in Chicago, Berlin's electric utility supplied the power when much
of the city’s transportation system was electrified. Earlier, the Prussian state
became involved in the planning and funding of a transit system in order
to facilitate military mobilization by railway. The location of industry, worker
settlements, and middle-class suburban neighborhoods, as well as military
considerations, shaped the structure of the state’s transportation network.
Berlin, like London and Paris, was a railway nodal point; twelve main lines
converged on it. Concerned, as London had been, that additional main-
line railway stations in center city would mar and congest, Berlin ringed
itself with main-line stations. These were connected by a Ringbahn (“ring
railroad”), which opened in sections beginning in 1872 and which, after
1882, fed into the Stadtbahn (“city railway") that extended across Berlin
from east to west. C ing with the Stadtbahn, streetcar lines honey-
combed the city. The elevated portion of the Stadtbahn was carried about
twenty feet above the streets, and its stations are rich in historical conno-
tations—Friedrichstrasse, Zoologischer Garten, and Alexanderplatz. De-
spite both the excellence and the original excess capacity of the Stadtbahn,
as well as the extensions of the streetcar lines, increased demand and grow-
ing congestion led in 1896 to the start of construction of an elevated and
subway system across center city, mostly to the south of the Stadtbahn. The
city demanded that the system go underground in the western section to
eliminate noise and traffic in the choice residential areas in the vicinity of
Charlottenburg. Earlier the city insisted that electric streetcars run off’
storage batteries in center city to avoid unsightly and dangerous overhead
power lines. Because of technical problems with storage battcries, however,
the requirement was subsequently eased. At the wrn of the century the

'* Von Siemens, House of Siemens, 1: 148-49, 154-58.
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U.S. consul general in Berlin attested to the artistic beauty, the architectural
charm, the fitness, and the general excellence of the Berlin systems of mass
transit.'®

As in other industrializing cities, electric light and power helped shape
Berlin's architecture; decply influenced the design of its factories, and
workshops, and chemical plants; stimulated industrial growth; determined
the location of the city's transportation systems; provided telephone and
telegraph ication; and, when substi 1 for steam power, lessened
noise and dirt. In short, electrification affected the way in which workers
labored, management organized, and Berliners lived. Because of this, the
private company that supplied most of the electric light and power for
Berlin until 1915, and the municipal government that regulated electrical
supply, shaped the history of Berlin.

On the eve of World War 1, the Berliner Elektricitais-Werke (BEW)
ranked as one of the world's leading electric supply utilities. Engineers and
managers looked to it, along with the C Ith Edison Company of
Chicago. as pacesetters in the establishment of world standards, both tech-
nical and commercial, for the electric supply industry. The city engineers
of Melbourne. Australia, included Berlin and BEW on their world tour in
1912, observing that “on the Continent one naturally visits Berlin, being
electrically the most important city, not only from an electric supply point
of view, but on account of the fact that the two most powerful electrical
manufacturing concerns in Europe have their factories here."'® In 1913
Georg Klingenberg, head of AEG's power-plant division, brought the de-
tails of Berlin’s electric supply system to the attention of the technical world
in his analysis of the utilities in the German capital, Chicago, and London."
Samuel Insull of Commonwealth Edison included the Berlin system in his
comparisons of the technical and economic characteristics of leading util-
ities. In Germany, BEW was the largest of the urban utilities.

Those who compared the state of electrification in various cities found
that Berlin had lit the streets of the metropolis beautifully, in part with arc
lighting from BEW and in part with gaslight [rom the city-owned plant.
The delegation of engineers from Melbourne waxed eloquent. Berlin's
streets, they said, were among the finest in the world—wide, smooth, and
clean. Nowhere else was there a thoroughfare more beautiful than Unter
den Linden as it stretched through the heart of the city and into the
Tiergarten. Its lighting was supplied by newly introduced flame-arc lamps.
The street was so smooth that “a considerable proportion of the youth,
male and female, during their leisure, disport themselves on roller skates,
incurring thereby some considerable risk from the rapid automobiles that
abound everywhere.” The leading thoroughfares, with or without skaters,
had arc lights, and other streets had excellent gaslighting.'®

"*Frank I1. Mason. “I'ransportation Problems and Progress in Germany,” U.S. Consular
Reports, no. 273 (June 1908), p. 176: idem, “New Electric Underground and Elevated Railway
at Berlin," Advance Sheets of U.S. Consular Reports, 29 March 1902, p. 7.
wl‘:c y (:; Mclbourne, City Electrical Engineers’ Notes on Tour Abroad (Melbourne, Australia,

2), p. 18.
‘0('.’ Georg Klingenberg, “Electricity Supply in Large Cities,” The Electrician 72 (1913): 398~

""City of Melbourne, Engineers’ Notes, p. 98.
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BERLIN: TECHNOLOGY AND POLITICS

As early as 1890 Berlin's utility was superior, in many particulars, to that
in New York, the city where Edison had inaugurated central-station electric
lighting. John Beggs. vice-president of the Edison Electric Hluminating
Company of New York, paid a professional visit to Rathenau’s Berlin fa-
cilities i in the spring of 1890, and his reporls glowed with admiration. In
his d he had insf d stations in America and Europe—
Berlin’s central stations had “attained the greatest degree of perfection
reached up to the present time.” He found them, “architecturally, me-
chanically and electrically considered, models of neatness, efficiency, reli-
ability, economy and permanency.”'?

The history of central-station supply in Berlin before the establishment
of AEG or BEW, its fully owned subsidiary, has already been told (sce pp.
66-76 above). In 1884 Deutsche Edison Gesellschaft (DEG), the Rathenau
company that held Edison patents, established the Stadtische Elektrizitits-
Werke (StEW) to take over the supply franchise that had been given to
DEG by the city of Berlin. The new company built central stations in Berlin
on Markgrafenstrasse and Mauerstrasse, opening them in 1885 and 1886
respectively. In 1887 StLEW'’s name was changed to Berliner Electricitiits-
Werke, and Rathenau founded AEG. AEG then took over the management
of BEW, located the BEW offices in the same building with its own on
Schlegelstrasse, and formed a common management, or executive, board
(Vorstand) consisting of Rathenau, Oskar von Miller, and Felix Deutsch.

The tone of the annual report of the Berliner Elektricitits-Werke was
sanguine for a year and a half after this reorganization. The lighting of’
Unter den Linden, the broad thoroughfare from Pariser Platz to Span-
dauerstrasse, was greeted “[by] the citizens of Berlin and by the entire
electrical industry with joy."?® The rapid increase in demand emboldened
the company’s directors to install capacity beyond the load that could be
immediately connected. They were not concerned that capacity would stand
idle; the demonstrated “preference of the public for electric light, especially
the lively nightlife of the city, the erection of numerous new buildings and
the rising living standards of the city" assured them that the system’s load
would soon again reach the limits of capacity.?

BEW soon ranked as the largest of the German utilities. The first annual
statistics published in the 1895 Elektrotechnische Zeitschrift, Geimany's most
authoritative journal in the field, showed the Berlin utility ranking well
ahead of its closest rivals, Hamburg, Frankfort on the Main, and Munich.
At that time BEW had four central stations: all supplied dircct current,
and they had a total generating capacity of about 9,900 kw. The municipal
works in Hamburg had a capacity of about 2,400 kw. A decade later, BEW,
with a capacity of 85,100 kw., continued to outpace other urban utilities.
‘The Hamburger Elektricititswerke followed with 25,400 kw. In 1913, on

" John Beggs 10 Board of Dircctors of EEI Co., New York, 8 April 1890, published in
Payson Jones, A Poer History of the Consolidated Edison System, 1878-1900 (New York: Con-
solidated Edison Go., 1940), p. 33).

 Berliner E , Sechster der Actien-Gesellschaft Berliner Elekinn-
citds-Werke bereffend das Geschiftsjahr vom 1. Januar 1887 bis 30. Junt 1888 (Berlin: BEW, 18RB),

1.

P
' bid.. p. 2.
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the eve of World War I, BEW was still ahead, with a capacity of 192,700
kw., compared to the Hamburg utility’s 44,300 kw.??

Berlin, then, was an industrializing, well-ordered capital that sustained
the development of modern technology, especially electrical technology.
BEW used the most advanced light and power cquipment and presided
over the introduction of the general urban system that had been invented
and developed during “the battle of the systems.” AEG owned BEW and
used it as a site for full-scale testing of new technology. Besides AEG
engineers and managers, the experts at Siemens & Halske, by virtue of
their presence in Berlin, stimulated BEW to excel. The Charlottenburg
Technische Hochschule and the University of Berlin also enhanced the spirit
of achievement. The municipal government was not, however, overawed
by the technical. managerial, scientific, and financial power of its private
utility. Berlin's officials drew upon the proud tradition of the Prussian civit
service, demanding and receiving the same respect and authority that public
officials of the state and national governments received. The strong Berlin
government strove o direct and regulate its public utilities, including elec-
tricity, in order to fulfill its high standards and to satisfy the more broadly
enfranchised electorate’s increasing demand for public services. Always in
the background, in an era of spreading municipal socialism, or municipal
ownership of utilities, was the possibility that socialists and their allies in
the Stadtverordnetenversammlung would take over the utility when its fran-
chise expired. The socialists argued that government ownership would
bring service that was more responsive to the electorate than that provided
by the private utility. Until such an eventuality, however, the city was de-
termined to tax the revenues of the utility in order to meet the increasing
cost of sacial wellare.

Berlin before World War 1, therefore, is an excellent setting for a study
of the interactions of an effective, informed. and strong regulatory au-
thority with a well-managed, well-linanced, and technologically advanced
private enterprise supported by various financial and banking interests.
The various contracts negotiated between the city and the utility manifest
not only the city's determination to share in the revenues of the private
company but also the kind and extent of services the municipality believed
its T hether h hold, commercial, traction, or industrial—
should have. In addition to the profit drive, the contracts reflect the utility's
decisions about what was, or was to be, technically feasible. Finally, the
arrangements made between the two parties manifest the technical style of
a large-scale, capital-intensive, science-based enterprise. As in England,
regulatory legislation could have retarded technological change by impos-
ing conditions that reflected an outmoded state of technology or by im-
posing limits to growth, but in Berlin this was not the case. As in Chicago,
politicians could have been so pliant as to have litle effect on the utility,
but, again, this was not true in Berlin. Berlin managed to coordinate tech-
nical and political power and create a working political economy.

*These statistics arc taken (rom Elektrotechnische Zeitschrift 16 (1895): 223-26: 26 (1905):
24: and 34 (1913): 1450. Numbers have been rounded off to the nearest 100 kw. In the
statistics for 1913, Disscldor{-Reisholz and Gleiwitz rank ahead of Hamburg, but these are
assumed 1o he area supply siations rather than urban utilities.
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The first contractual agreement was reached in 1884 between the city
and Deutsche Edison Gesellschaft and incorporated essential categories
found in later agreements. Berlin required an income from the utility, and
the contract specified that 10 percent of the utility's gross income and 25
percent of its annual net profit would go to the city. These percentages
were calculated after a dividend of 6 percent on share capital was declared
and deducted. In addition, the city would regulate rates by requiring Mag-
istrat approval of prices for electricity supplied to customers. Because the
city wanted the exciting new light for its streets and public buildings, the
price for this service was specified. The utility was required to supply any
customers who agreed to take service for three years.

The wording on compulsory purchase and the duration of the franchise
caused debate and created problems. The Berlin negotiators undoubtedly
recalled the confusing and generally negative impact of the compulsory-
purchase clause enacted by the British Parliament in 1882. According to
the Berlin-DEG agreement, the franchise was intended to extend for thirty
years, but upon two years' notice after 1 October 1895 the city would be
able to demand purchase at the tax value. If the city raised the taxes on
the utility, the purchase price for the city then increased (a subtle control).
The agreement specified as well that the utility had to set aside 2 percent
of its gross income yearly until it had a depreciation and replacement fund
amounting to 20 percent of the share capital. This provision guarded against
a private concern's running down its plant before the time of compulsory
purchase.

An interesting article in the 1884 contract provided that the city would
have to pay 150 percent of the appraised value if the utility was taken over
after fifteen years, and 3.33 percent more for each year less than the fifteen.
For each year in excess of fifteen, the price would be reduced by 3.75
percent. The intent was to compensate the owners for too short a period
in which to obtain a return on their investment. The effect was that after
twenty-eight years Berlin could purchase the utility without paying a pre-
mium.?

What did the private company receive? In essence, the city conceded a
monopoly on an inner-city area with a radius, centered on the Werdersch
Market, of about half a mile. The arca matched the economical distribution
area of the early d.c. plant at the Pearl Street station in New York. In this
area the utility could lay conductors under the street, thus also following
the Pearl Street precedent. Considering the state of the technology, the
area was appropriate. Technical change would soon extend the range of
distribution, however, and then the company would want the franchisc
extended.

Before the two sides reached an agrecment, the Stadtverordnetenver-
sammlung engaged in heated debate. To some members, the granting of a
monopoly to a private enterprise was a blow struck against progressive
municipal practice. Others found it hard 0 believe that the city would
consider cultivating an clectric lighting system in private hands while it

* Hugo Meyer, “Municipal Ownership in Germany." Journal of Political Economy 14 (1906):
563; Robert C. Brooks, "Municipalization of the Berlin Electric Works,” Quarterly Journal of
Economics 30 (1916):192.
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owned an operating gaslighting plant in which it had invested heavily. The
persuasive argument in favor of the contract was the same as that used in
England: because electric lighting was a new, unproven technology, private
enterprise should take the risks, and the franchise-granting government
should share the income and look forward to compulsory purchase after
the utility had been tried and proven. Taxpdyers money was not—it was
thought th tobei d in technical i of ac cial kind.
In time a large majority of the common council accepted the Berlin-DEG
agreement. According to the enthusiastic endorsement of one Berlin news-
paper, “Nothing characterizes the significance of a new creation better than
that at the moment of birth it is recognized as a common good for all.”
Other cities and utilities throughout Germany patterned their relationships
on the Berlin arrangement.?*

In later years BEW negotiated contractual revisions as Berliners outside
the original monopoly zone sought service. Requests for extension of service
brought a response from the municipal authorities. The franchise service
area was extended to provide a load for the direct-current stations on
Markgrafenstrasse and Mauerstrasse and for the Spandauerstrasse station,
which opened in 1889. In 1890, however, the Magistrat refused to allow
expansion of BEW's facilities beyond the three central stations already in
operation and another under construction (Schiffbauerdamm). Further-
more, the city limited expansion of BEW's total plant capacity to 28,000
h.p. This was probably done to protect the lighting market of the city-
owned gasworks. The rapidly increasing demand for electricity, however,
soon brought strong pressure against these constraints. Within the territory
of supply, BEW made adjustments by thickening its network of distribution
lines and, when the distances of transmission exceeded good d.c. practice,
by building storage-bat bstati that could be charged from the
central-station generators during the low-load daylight hours and then be
used 1o supplement the supply during the heavy-load evening hours. But
the moratorium on the building of central stations and the limits on plant
capacity frustrated the drive of BEW’s managers and engineers 1o enhance
the development of electric light and power.

The demonstration of a universal supply system at the Chlcago exposition
in 1893 and ol the technology of high-voltage power tr ion at Lauf-
fen-Frankfort in 1891 made ohsolete—from the viewpoint of BEW's en-
gineers—the 1884 contract between the city of Berlin and BEW. In 1896,
polyphase equipment was introduced at a new central station on Schiff-
bauerdamm (Fig. V11.3). At the central station on Markgrafenstrasse, en-
gineers installed transformers and converters to change 3,000-volt poly-
phase current from Schiffbauerdamm into 220-volt direct current for
distribution. The transformation of the Markgrafenstrasse station—the first
central station in Germany—into a substation was indicative of the shift to
the universal system. The new technology challenged old legislation, and
the contradiction between technology and legislation sharpened further as

Conrad L G ichtli E g der Berliner Elektricitats-Werke von
ihrer Begriindung bis tur Ubernahme durch die Sud(, Beitrage zur Geschichte der Technik und
Industrie 7 (1916): 8; Conrad Matschoss et al., 50 Jahre Berliner Elehtrivititswerke, 1884-1934
(Berlin: VDI Verlag, n.d.), p. 12.
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Figure VIL3. First polyphase generator
n Berlin, Schiffbauerdamm central station,
1896. Courtesy of Rerliner Kraft-und Licht

AG (formerly BEW).
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the central-station managers in Berlin sought to supply the recently elec-
trified urban transit system with power. BEW wanted to build a large
polyphase station outside city center in order to satisfy the demand not
only for Ilglmng but for stationary and traction power. The utility's goal
reflecled lhe interest of AEG, the m.lnuf'lclurem)wnu. in introduct ing the
r:ew P ”, P its ng| Michael Dolivo-Dobrowolsky hi
; 1. Emil Rat) considered buildi
on the Spree River about ten miles from the city where r
cheaper, cooling water was available, and coal delivery and
i ing three-phase t
mission to reach substations and the cente ibution system.**
BEW's negotiations with the municij the rights to fulfill
these technical possibilities were drawn out and difficult.
tended from the summer of 1897 until the end of 1898. Besides
determination to expand by full'llmg technical possibilitie:
profits from related economies, there was the underlying issue of private
versus public ownership, which the Social Democrats in the city government
kept alive, and the related practical question of when the city should ex-
ercise the power of purchase. BEW wanted a clear and precise understand-
ing about the purchase option so that it could plan its expansion and

**The History of a Great Electrical Company,” Electrical Review 37 (1895): 627
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establish profitable rates. On the other hand, the majority of the Magistrat
and Stadtverordnetenversammlung wanted the utility to flourish so that con-
sumer needs would be met and the utility would be sound when taken
over. The situation called for constructive negotiation rather than adversary
confrontation.

The rapid increase in electric street railway load alter 1896 posed a major
issue for negotiation. In 1879 Werner von Siemens had displayed an electric
locomotive at a Berlin trade fair, but the importance of this mode of trans-
portation did not become clear until the 1890s. In 1894 the power load
(traction and stationary) on BEW was only one-tenth of the total; in 1900
the traction load matched the combination of stationary power and light
load. The city wanted the rate for traction power to be low in order 10
facilitate the transportation of lower-income groups, especially the increas-
ing number of industrial workers. The utility wanted to increase the power
load in order to utilize enlarged plant capacity more fully, improve the
load factor, and lower unit capital costs. The two parties finally agreed that
all electric-streetcar franchises granted by the city would require that the
enfranchised enterprise take electricity from BEW. In return, the utility
agreed not to exceed charges of 10 pfg./kwh. for the electric-streetcar power
supply: this was substantially lower than the 16 pfg./kwh. that had been
charged since 1894 for power current, a rate which had scarcely exceeded
costs. The company took the risk that economy of scale and improved load
factor would lower costs below the price. Each five years the price was to
be renegotiated, but it was not o be higher than that charged by the three
largest German cities that supplied current for electric traction [rom steam-
generating plants,

On the issue of the area of BEW's supply monopoly and the duration
of its tenure before compulsory purchase was possible, the 1899 contract
provided a monopoly for all of Berlin and specified that the compulsory-
purchase option could not be exercised before 1915. The ceilings placed
on generating capacity were raised but not eliminated in 1899, again sug-
gesting a reluctance on the part of various interests represented in the city
government to see electric light and power rapidly displace gas lighting.
The agreement of 1899 stated that capacity inside Berlin should be limited
10 42,500 kw. and that power [or the city originating outside Berlin should
not exceed 37,000 kw. This provided for the high-voltage polyphase ca-
pacity BEW wanted outside the city and at the same timne assured com-
pulsory purchase of these facilities along with those in the city (see Fig.
VIL4). The contract also specified that all electric generating plants and
supply franchises held by AEG as well as BEW within a radius of 30 kil-
ometers from the center of Berlin would be subject to purchase in 1915.
By means of this understanding, the two parties avoided the possible di-
!cmmn of the private enterprise extending its facilities beyond the political
jurisdiction of the government authority holding a purchase option—a
chronic problem in London before World War 1.

Increasingly burdened by expenditures for city services, Berlin ook ad-
vantage of the renegotiation of the contract to raise its share of BEW's
income. Berlin continued to take 10 percent of the gross income, but dou-
bled its share of the company's profits. The 1899 contract specified that
the municipality would receive 50 percent of the net profits after a 6 percent
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Figure VIL4. BEW polyphase system,
1900: Central stations (A); motor-
generator conversion substations (O); and
the cuty limits of Berln (=~ ). From
Matschass et al., 50 Jahre. p. 127.
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dividend on stock shares had been declared and deducted.*® (In 1911-12
the total income of the city from BEW was 7 million marks.)

The city also specilied that when profits (Reingewmn) exceeded 12.5
percent of the share capital. customer rates would be reduced by up to 10
percent. By 1913 (a year for which comparative rates with other major
world cities are available) BEW. with city approval, charged 40 pfg./kwh.
for lighting, with discounts based on the annual bill for current: 16 plg./
kwh. for night service and advertising: and 11 pfg./kwh. for power. (There
was no charge for meters.)*”

Differential rates favoring industrial consumers, both traction and
tionary, kept light a luxury for private consumers but spurred industrial-
ization. In 1914 only 6.6 percent of Berlin houscholds were connected for
electricity supply; only in 1927 did the number reach 50 percent (sce Fig.
VIL5).2* As observed, the share of light in the total load dropped sharply
after 1894, and the traction load far surpassed the light load a the turn
of the century. The most notable change in the load mix after 1900 was
the steady increase in stationary power load (see Fig. VILG). In 1900 BEW

2 Saling's Borsen-fahrbuch, 190011901, p. 1090; 1901/1902, pp. 1176-77.

?7The County of London Electric Supply . Ltd.. Public Inquiry Held by the Electncity
Comumissioners in Connection with Application for Consent for the Evection of a Power Station at Barking
October 6,7, 8, 9, 1920: Justification of Evidence Grven by Mr. Chavles 1. Merz, app. 3, “Electrity
Supply in Great Cities Throughout the World™ item in Merz & Mctellan Co. Archives,
Amberley, Killingworth, near Newcastle upon T he information on Nee
Tor the years 1911-13; sce p. 258 below for a comparison of rates for Berlin aud other cities
Another source, City of Mclbourne, Engineers’ Notes, p. 13, veported the u
from BEW revenues in 1910-1 y's share of the
with its share of the profits totaled $7 percent of BEW's gross . W. Fellenberg, “Die
Entwicklung der Starkstrom technik in Deutschland und in der Vereinigien Staaten von
Nordamerika," Elektrotechnusche Zeitschnft 30 (190!

" Matschoss ¢1 al., 50 Jahre, p. 56.
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Figure VIL.S. Increase in electricity
consumption in Berln: Percentage of
Berlin howscholds connected (table left):
merease i kilowatt-hours consumed per
caputa (graph right). From Matschoss et
al.. 50 Jahre, p. 56.

Figure VIL6. Development of various
loads. BEW: Light and power (Licht und
Krafu): electric traction (Bahnen): and
Iigh-voltage transmussion
(Hochspannung). From Matschoss et al.,
50 Jahre. p. 89.
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supplied 52,014,612 kwh. Connected to the Berlin network by the end of
fiscal year 1899/1900 were 4,964 motors, 303,304 incandescent lamps, 12,396
arc lamps, and 676 miscellaneous apparatus. ‘The total connected load was
36,350 kw. In addition, the streetcar | amounted to 8,000 h.p. Of the
total consumption, in contrast 10 connected load, light amounted to 28
percent; stationary motor power, 24 percent; and streetcar, or traction
power, 48 percent.*" In 1900 the connected stationary power load surpassed

“* Saling's Biirsen-Jahvbuch,

190111902, p. 1176. These suatistics refer to the business year
1 July 1899 10 30 Junc 1900,
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TABLE VIL.1. MOTOR LOAD OF BERLINER ELEKTRICITATS-WERKE IN BERLIN CLASSIFIED
ACCORDING TO Usk, 1914

Load No. of Motors  Kuw.
Metal Working 7,023 24,155
Elevators 4.940 28,939
Woodworking 3816 11464
Presses 3,749 8.997
Ventilators 3,297 1.240
Meat Packing 1724 5.287
Sewing Machines 1,638 1.280
Washing Machines 1.026 1.947
Pumps 880 5813
Paper Mills 698 1,831
Cloth Cutting 630 390
Leather Working 571 1615
Grinding and Polishing 493 1.381
Dough and Butter Machines 400 1881
Stirring, Mixing. and Grinding 395 2,154
Spinning 274 558
Dynamo Drive 188 2,743
Coffee Making 156 273
Tobacco Manufacturing 146 393
Hat Pressing 53 113
Various 4686 14,030
Total 36783 116,484

Source: Berliner Electricitits-Werke, Geschaftsbericht . . . 1914115, pp. 10-11.

the connected light load for the first time. (As noted, traction load about

1 the t of stati y power load and lighting load.) From
that point on, BEW was primarily a power company. By 1907 the traction
and stationary power loads were about equal. After 1910, when BEW began
supplying industrial consumers by means of 100-h.p. motors directly from
a high-voltage network rather than from the regular 220-volt system, the
stationary power load surpassed the traction load and continued to grow
larger. BEW promoted in factories the introduction of electric motors to
replace steam engines with belt-transmission systems by renting motors at
a modest cost and allowing their return or purchase after thorough testing
and evaluation. The close coordination between AEG, the manufacturer
of these motors, and BEW furthered the electrification and industrializa-
tion process.” (See Table VIL.1.)

Further breakdown of the load according to type of consumer throws
light on the nature of industrialization in Berlin. In 1910-11 the total
output of BEW, including energy used in its own central stations, amounted
to 198,031,743 kwh. The total was categorized as follows: lighting, 26
percent; power, 37 percent; traction, 32 percent; and high-voltage supply
(probably stationary power), 5 percent. In contrast to the output, the con-
nected load was 206,726 kw., 39 percent of which was in lighting, 54 percent
in power and heating (mostly stationary and traction power), and 6 percent
in high-voltage supply.*' In 1911 the connected load for all German central
stations was 38 percent lighting (incandescent and arc) and 60 percent

30 Matschoss, “Berliner Elektricitits-Werke." pp. 20-21.
3 City of Melbourne, Engineers' Notes, p. 13. Klingenberg, “Elcctricity Supply in Large
Cities,"” p. 398, lists BEW's 191011 output as 192,100,000 kwh
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Figure VIL.7. BEW load curves on days
of highest load (Hchstlast). From
Matschoss et al., 50 Jahre, p. 71.
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power and heating (stationary, 43 percent; traction, 15 percent; and heat,
2 percent).” The correlation between Berlin and the rest of Germany,
urban and rural, in load mix is partially explained by the fact that while
Berlin had about 8 percent of the total connected load on central stations
in Germany, other large cities also had substantial shares. Like Berlin. the
large cities were industrializing and providing mass transit. The traction
share of the total power load, however, was much higher in Berlin than in
the rest of Germany.

By World War I. BEW had created a universal supply system of the kind
found in Chicago, a system that was still notably absent in London. BEW
had taken the initial step toward establishing such a system in 1896 with
the inauguration of polyphase supply at the Schiffbauerdamm central sta-
tion. Its major move was made in 1899 (at the time of its new contract with
Berlin) with the takeover of the Oberspree power station from AEG (see
Fig. VIL8). This was a large station located outside Berlin. AEG had put
Oberspree into service in 1897, before BEW was authorized by the city 1o
operate power plants outside the city. With an initial capacity of 1,000 kw.,
the power plant had the advantages of lower-cost real estate, available
cooling water, and casier coal and ash handling. Oberspree was also equipped
for power transmission 1o western Berlin and the city's western suburbs at
6 kv., but before 1899 the plant supplied industry in the immediate vicinity.
including an AEG cable-manufacturing plant (see Fig. V1.8, p. 198). After

*Georg Detma; k der Elekurizititswerke in Deutschland nach dem Stande
vom | Aprit 1918," Elektrotechnische Zeitschrift 34 (1913): 1447-50.
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Figure VIL8. The polyphase central station at Oberspree (left) and the AEG Cable Works, its primary load (right), 1897. From Matschoss et al., 50
Jahre, p. 30.

capacity restrictions on BEW were eliminated in 1907 by a revision of the
1899 contract, BEW increased the capacity of the Oberspree plant, install-
ing 52,000 kw. by 1912,

As the load within the area of the city already supplied with two-wire,
110-volt current steadily increased, BEW decided (in 1899) to enlarge the
capacity of its distribution system by raising the voltage to the consumer
from 110 to 220. BEW was the first utility in Germany to move to the 220-
volt system, and it set a precedent that spread throughout the country,
much of the Continent, and to England. (I'he United States stayed with
the 110 system.) With the change, BEW assumed the cost ol converting
consumers’ appliances and motors to the higher voltage. The consequent
lowering of distribution costs because of more econonnml d rlbnnon (less
copper) would comp the company. D of a metallic in-
candescent-lamp filament ulp.lblc ofwnhsmn(lmg the higher voltage made
the changcover possible.**

The metallic-filament lamp introduced in Berlin in 1906 used only one
watt for each candle power of illumination and about hird the energy
of the carbon filameni. The attendant reduction in the cost of lighting

" Matschoss, “Berliner Elcktricitits-Werke." p. 19.
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Figure VIL9. Polyphase supply system.

BEW, 1915: & = central stations; O =

curvent conversion (motor-generators). —

= transformer stations. From Maischoss et
al., 50 Jahre. p. 168. 2

made the incandescent lamp atractive to an even larger segment of the
population that had formerly used gaslight.* Several years earlier BEW
had reached out for lower-income customers after being sharply challenged
by the lower rates of small isolated stations operated by the owners of large
apartment and office buildings for their own and their tenants’ use. These
“block stations” were able 10 offer low es because they did not use the
streets for distribution, needed no revenue-sharing franchise from the city,
and concentrated on high-load districts. ‘T'o meet the challenge. BEW had
I()wcred its general lighting vates in January 1904 to 40 pfg./kwh., a re-
duction of 25 percent. Instead of an increase in demand, however, BEW
experienced a sharp 1 inc ption during the win-

 Matschoss et al., 50 Jahre, p. 38; Hans-Joachim Braun, “Gas oder Elektri

ier Bel a1 Zur Kon-
kurrenz zweier B 1HBO-1914." Technikgeschichte 47 (1980): 1914
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Figure VIL10. Comparative size of
reciprocating steam engine with generator
(bottom) and steam turbine with generator
(top). From Matschoss et al.. 50 Jahre, p.
132,
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ter of 1908/9. This resulted in part from the introduction of the more
efficient meallic-filament lamp, but it also followed the government’s lim-
iting shop hours to eight, the more efficient use of elect
and the city-owned gas plant's reduction in rates. BEW countered with
further rate changes, especially those that encouraged the large power
users.>® The enticement of heavy power consumers was a response 1o the
endemic problem of the isolated plant from which large industrial con-
sumers supplied their own needs. As the graphs of BEW output show, the
trend was agnm s|eeply upward in 1909 (See Fig. VI Lsolated pl
supplying individual industries continued to offer sul I competition,
however: in 1913 it was estimated that isolated plants and “block s
supplied about 40 million kwh., or the equivalent of almost one-fifth of
the cnergy sold by BEW.*

BEW continued to build a generalized system by introducing steam tr-
bines beginning in 1902 (see Fig. VIL.10). The early history of turbine use
by BEW shows the close relationship of AEG as facturer and BEW
as full-scale testing ground. AEG entered the wurbine field soon alter carly
installations of Parsons turbogenerators in England and Par type tur-
bines built by Brown, Boveri & Go. of Baden/Mannheim
the Swiss firm, in Elberfeld, Germany, provided strong
invention's practicality and potential improvements. AEG mad
by attempting to develop the Riedler-Stumpl design. ‘The I(u-«l
turbine was an adaptation ol the basic constant-pressure desigi i
by the Swedish inventor Carl G. P. de Laval in 1883, By me
cross-sectional turbine blades and the reordering of add
zles, AEG hoped to hold the speed of rotation to practical limi
large turbinc of this design was installed in 1902 in BEW's Moabit power
station (see Figs. VILII and VIL.12). Atits maximum speed, 3,800 rpm,

* Matschoss et al., 50 Jahre, pp. 37-38
* Klingenberg, “Electricity Supply in Large

" pp. 98-99
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Figure VIL.I1.  Moabit central statum:
1907: Reciprocating steam engines and
generators (foreground): turbines (rear).
From Matschows et al., 50 Jahre, p 36,

Figure VILI2. Moabit ceniral siation,
1914. Drauang by Juseph Pennell. From
Matschos et al., 50 Jahre, p. 37
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the Ricdler-Stumpf wrbine produced 2,000 h.p.. but AEG decided that
larger models would have stability problems and be prohibitively expensive
to install, so it abandoned the design.

AEG then made an agreement with the General Electric Company ol
Amcrica to use the Curtis design that GE had developed and patented.
The manufacturers also agreed to exchange development and operational
cexperience as they worked on the turbine. From 1904 until 1917 all BEW
turbines except one were of the Curtis type. ‘The exception arose when
AEG was unable to supply within a short time a Curtis turbine when BEW's
load demand suddenly incrcased sharply in 1905. The utility ther
placed a Brown-Boveri-built Parsons type of turbine of 5.800-kw. capacity
into operation at Oberspree. More turbines were installed at Oberspree,
but BEW's first all-turbine station—a station comparable to the Fisk Street
station opened in 1903 in Chicago—was Rummelsburg, which began op-
erating in November 1907 with a 13,500-kw. capacity. Further evidence
that the post-Edison era had arrived was the complete conversion
same year, of the original Markgrafenstrasse direct-current station 10 a
substation.*’

By the eve of World War I—and the takeover of the utility by Bevlin in
1915—BEW had acquired salient characteristics that define | ng ullmn
systems even today. Its supply area spread beyond the 5-kilometer r:
of old Berlin out to the 30-kilometer radius specified in the 1899 contract.
Drawing heavily on the Oberspree plant, BEW supplied about a hundred
small districts, or local authorities, mostly to the east, south, and north of
Berlin (see Fig. VI1.13). This suburban region had a population of about
2.5 million (compared to the 2 million within old Berlin). By 1915 BEW
had two other polyphase plants (Moabit and Rummelsburg) and three
inner-city plants (Mauerstrasse, Spandauer, and Schiffbauerdamm). These
six plants had a combined capacity of 155,000 kw. There were twenty-lour
substations (twelve within the city) for the conversion of polyphase current
to direct current and for transformation of voltage. Transmission and
distribution cable extended 7.740 kilometers. Within the city, gencral
tribution was almost entirely 440/220-volt direct current for the lighting
and small-power consumers. Also available in this area were 550-600-volt
direct current for traction and 6-kv. polyphase current for heavy stationary-
power users. After 1904 the level of transmission voltage was raised. Ob-
erspree and Moabit supplied distant substations with 10-kv. tr issi
and in 1911 BEW pioneered on the Continent by constructing a 30-kv.
ring supply for Berlin's northern and southern suburbs. The
voltage necessitated the introduction of oil-cooled switches
tem.»

Georg Klmgcnl)crg, the engineering head of AEG's powm plant design
and construction division, an engi of internati putation and au-
thor of definitive works on power-plant design and opelali(m. described
and analyzed BEW around 1913.% Comparing the Berlin wtility with those
in Chicago and London, he found that the capital cost of the power stations

37 Matschoss et al.. 30 Jahre, pp. 133-5, 218-19.
3* Ihid., pp. 43, 165-70.
 Klingenberg. “Electricity Supply in Large Gities.” pp. 398-401.
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Figure VIL13. Expansion of BEW:
Inner boundary, Berlin before 1920;
outer boundary, Berlin after 1920;
crosshatching, other utilities. From
Matschoss et al., 50 Jahre, p. §9.
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and the capital cost of the distribution system per installed kilowatt were
lowest in Berlin. Berlin's per-capita consumption of current was higher
than London'’s and lower than Chicago's, but the comparison did not take
into account block and isolated stations, of which there were an unusually
large number in Berlin. Klingenberg also noted that Berlin had the most
evenly balanced lighting, traction, and stationary-motor loads. Berlin’s load
[actor, the highly significant indicator, was higher than London’s and lower
than Chicago's. Examining the cost characteristics of the three systems,
Klingenberg observed that the Berlin utility's operating costs were the
lowest, and he concluded that this resulted from lower wages and lower
fuel consumption per kilowatt-hour of output. Economy in the consump-
tion of coal was counicrbalanced. however, by the higher price of coal in
Berlin compared to Chicago and London. The total cost per kilowat-hour,
then, was higher in Berlin than in Chicago. Not only was the price of coal
higher there, but the Berlin government took a large share of BEW's
revenues. (See Fig. 1X.9, p. 258 below, for a detailed comparison of the
three cities’ utilities.)

In view of the large revenues the city derived from BEW. some contem-
poraries expressed surprisc that Berlin would seriously consider exercising
its contractual right to take over BEW in 1915. The Social Democrats in
the common council advocated municipal ownership for ideological as well
as economic reasons. The utility could be more easily directed toward the
fulfillment of various social objectives if it was owned and operated by the
f:ily, they argued. Rates, for example, could be adjusted to favor lower-
income groups. In addition. the socialists argued, profits taken by the
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Figure VILI4. Georg Klingenberg, an
AEG engineer noted for central-station
designs. Courtesy of Berliner Kraft-und
Licht AG (formerly BEW).
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private owners, especially AEG. should come to the city. By 1915, those
who favored the takeover believed that since the period of high financial
risk had passed, it was appropriate for the utility to be government owned
and managed, as were other, older utilities such as gas. They also believed
that full government control of the city's electric power supply would bring
increased control of the city's industrial development.

Empowered by contract to purchase the utility in October 1915 il notice
of intent was given two years in advance, the city began negotiating with
BEW in 1911 the question of extending the contract or purchasing the
utility. The principal points at issue were rates and the relationship between
BEW and AEG. The city wanted lower rates (for which there was precedent
in Germany) and less AEG influence. Having lowered its rates consistently
over the past thirty years, BEW argued that further reduction was impos-
sible unless costs were substantially lowered. If, BEW insisied, the city
allowed it to take ad ge of advanced ur ission and generation tech-
nology by constructing a large mine-mouth power plant at the Biuerfeld
lignite fields almost eighty miles from Berlin, lower costs would follow.

The imperial German government, however, frustrated BEW's plans for
a Biuerfeld power plant. It seized the lignite deposits to exploit them for
critical wartime needs and then, in 1916, supported the construction of the
Golpa-Zschornewitz power plant there (see pp. 288-89 below). Deprived
of the cost-reducing technology, BEW agreed only to an extension of the
existing franchise—and the existing or slightly modified rate structure for
the next slx years. Led by an Olznburgermmm who favored municipal own-
ership, a Stad! d by socialists and their allics,
and a Magistrat that had come to agr« with the common council, the city
then purchased the Berliner Elektricitits-Werke and took over manage-
ment of the utility in October 1915.

Like the general contractual arrangements between the city and the util-
ity, the specific provisions for purchase were complex and ingenious. Bc-
fore the renegotiation of the contract in 1899, the city had had the right
to purchase BEW at the tax value determined by two experts, one :|ppomu d
by the city and the other named by the utility. They were to “appraise the
properties as an interdependent whole according to commercial princi-
ples."*® In 1899, the parties had agreed that the plant and real estate would
instead be purchased according to book value. Subsequent analysis showed
that the book value (original cost) of the utility's real cstate was 4,195,000
marks lower than the appraised value in 1915, but that the book valuc of
the plant was 1,700,000 marks higher than the appraised value in 1915,
The book-value purchase price of plant and real estate in 1915 was, there-
fore, 2,495,000 marks lower than the appraised value. The city council
voted to purchase BEW for 130 million marks; the exact sale price was
132,400,000 marks.*!

]udgmg by its unwnlhngmss to ne;,mmlc purposefully after the collapse
of the h power-plant proposal, AEG may not have been reluctant
o sell BEW in 1915. The salc prnvidc(l AEG with substantial capital for
new investments; moreovcr, the ycars of BEW ownership had brought

" Brooks, "Berlin Electric Works,” p. 192.
' Ibid., pp. 188, 193; Matschoss et al.. 50 Jahre, p. 223,
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“quite acceptable dividends to shareholders™ and had proved “a veritable
gold mine to the holding company [AEG).™?

In America, utility managers, who often found themselves in an adver-
sary, even hostile, relationship with government, may have been surprised
10 learn that leading exccutives from the private German company were
taking jobs in the municipally owned plant. The newly named Stadtische
Elek ts-Werke Berlin (SLEW) was determined to have the best man-
agerial and technical talent available and was willing “to pay accordingly.™*
Members of the Vorstand (“executive committec”) were o receive a guar-
anteed salary of 15,000 marks as well as increment according to net income,
so long as the total did not exceed 39,000 marks. Dr. Herman Passavant
from BEW's Vorstand became a member of StEW's Vorstand. Gustav Wilkens,
who had been a deputy member of the old Vorstand, held the same position
in the new committee. Emar Wikander, a manager at BEW, became a
member of StEW's Vorstand and technical director of the plan..** On 18
April 1915 the Berlin common council voted to purchase BEW, and on |
October 1915 the utility passed into new ownership. Emil Rathenau died
on 20 June of that year.

* Brooks, “Berlin Eleciric Works,” pp. 190, 191-02
"1bid., p. 199,
** Matschoss et al., 30 Jahre, pp. 44, 95



CHAPTER VIII

Chicago: The
Dominance
of Technology

THE early history of many utilities is told in terms of collective enterprise
and organization. In those instances, no individual serves well as the
focus or center about which to structure such an account. Chicago, however,
offers an exception. The history of the Ci Ith Edison Company,
the utility that came to dominate electric supply in “the windy city,” can be
organized most effectively around the person of Samuel Insull (1859
1938). Presenting the history of electric supply in Chicago in this manner
does not mean that Insull was a great man whose actions made history: it
means that he was the pivotal figure during four decades of the company's
history. A look at the electric supply industry in Chicago through his cyes
provides an encompassing view. Furthermore, Insull was a master of public
relations, and his speeches, addresses, and papers are informed sources of
the company's history.

By World War I, Chicago was a creature of the industrial age, in contrast
to Berlin and London, the two cities with which it will be compared. Berlin's
long history as a capital city, as well as the strong Prussian traditions, sct
the stage for the remarkable transition the city underwent during the period
of rapid industrialization in Germany. London bore the marks of modern
industrial influences, but its shape and substance reflected a long prein-
dustrial experience. Chicago, however, was pliable and open 10 influence
and so transportation, industry, and electric power, the primary compo-
nents of industrialization, interacted and developed there relatively free of
conservative, or traditional, constraints. The electric supply industry
Chicago did not face the challenges posed by the forces of parochialism in
London or the strong-willed, rational government of Berl

Railroads stimulated the first great wave of physical, economic, and s
growth in Chicago. By 1905, about 14 percent of the world's railway mil
passed through Chicago, and the city was the ‘ltknowledged railway u:nler
of the United States. The Midwest, the nation's great agricultural region,
transported its goods by railroad and by Lake Michigan from Chicago to
the other great cities of the United States, and from their ports to many
other parts of the world. Movement within the city was facilitated by an
elevated railway and by streetcars, an extensive system that was largely
clectrified before World War 1. Many of Chicago’'s citizens, however, con-
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Figure VIILL. Samuel Insull, 1895.
Courtesy of Commonwealth Edison Co.,
Chicago, Ill.
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sidered the system inadeq and its g riddled with corruption,
and this attitude led to many reform efforts, including endeavors to es-
tablish municipal rather than private ownership of the transportation net-
work. Thus Commonwealth Edison became deeply involved in politics as
it sought to power the system.

The increase in Chicago's population at the end of the nineteenth century
was impressive, even by the elevated standards of urban growth in the
United States. From 1890 to 1910, the formative years of the electric light
and power industry, Chicago's population increased by 599,000; the growth
during these two decades was the largest in the city’s history. The value of
products manufactured in Chicago in the first decade of the twentieth
century was second only to the value of products made in New York City.
Slaughtering and meat packing was the city's leading industry, but foun-
dries, machine shops, and other producers of iron and steel products op-
erated on a large scale and were numerous. There were countless oppor-
tunities for a utility seeking o electrify industrial operations and to include
them in a system of central-station service.

Unlike Berlin, Chicago was not known for the efficiency and honesty of
its government. But venal, pliable politicians and ill-defined political insti-
tutions did not automatically frustrate the growth of public electric supply.
In the first decade of this century, Chicago was subsumed under the an-
tiquated general charter of the state of lllinois, a charter the city had
accepted in 1875. Subsequently, the city grew dramatically and faced new
problems to which the charter did not speak. A city council and mayor
shared power, but their influence and effectiveness were hampered by the
conflicting and contradictory powers still exercised by state and county
authorities and by the surviving autonomy of townships that had been
absorbed by the city in its growth. The power of the city to tax was con-
strained by state law, and city services suffered. Major exceptions were the
water-supply system and the great drainage canal, which had been con-
structed between 1892 and 1900 to provide lor sewage disposal without
pollution of Lake Michigan. On the other hand, the transit system, though
consolidated and electrified, was in the hands of private owners and subject
to the influence of corruptible politicians. The city had erected an electric-
lighting plant in 1887, but by 1900 the electric supply system also was for
the most part privately owned.

In 1892, blustery, vigorous Chicago became the home of Samuel Insull,
a manager-entrepreneur of incomparable vitality.! When Insull left the
newly formed General Electric Company to assume the presidency of the
Chicago Edison Company (after 1907 the Commonwealth Edison Com-
pany), he gave up the vice-presidency of a $50 million corporation to
become the head of an $885.000 one. He also left the electrical manufac-
turing business to enter the utilities field. Insull had recommended himself
for the new position aflter heing asked by the Chicago concern for sug-
gestions. He had realized that General Electric, the company formed from
the merger of Edison General Electric, in which he had played such a

' This account of Insull and Commonwealth Fdison is drawn in part from Thomas P.
Hughes, “The Elec on of Amevica: The System Builders.” Technology and Culture 20
A979: 124-61
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prominent role as head of sales and manufacturing, and Thomson-Hous-
ton, the company led by the impressive Charles Coffin, would be dominated
by Thomson-Fouston men.? Insull, who was thirty- two years old, accus-
tomed 1o exercising authority, and inspired by Edi ive Lo create and
construct, was ready to build his own system.

Chicago Edison’s acceptance of Insull's nomination is ¢
lor Insull, despite his youth, had an impressive rcpu(;uiun in the ¢l

Iv understood
ectric

lighting ot
become hlls(m s personal secretary. Edison’ impression of him was
not positi Insull was young. weighed 117 pounds, and had been seasick

for ¢ight successive days. Soon, however, Edison understood why Edward
H. Johnson had recommended the young man who had worked as priviue
secretary for Edison's London representative: Insull was knowledgeable,
intelligent, ambitious, and bold. Only hours after meeting Edison, il
suggested a way (o raisc the additional $150,000 needed to establish com-
panies to manufacture components for the clectric lighting system being
built at the Pearl Street station and soon to be erected elsewhere in America.”

Insull was of great value to Edison, but Edison’s influence on Insull was
of greater consequence. Between 1880 and 1892, Insull was the inventor’s
secretary and personal representative and then became manager ol the
Edison General Electric plant at Schenectady. These were [ormative years
lor the electric light and power industry and for Insull. He was in at the
start when Edison presided over the construction and early operation of
New York's Pearl Street station; he took part in the establishment of the
manufacturing facilities that ultimately became General Electric; he par-
ticipated in numerous conferences involving inventors, engincers, entre-
preneurs, mechanics, financiers. managers, electricians, and others who
shaped the early history of the electrical industry. both utility and manu-
facturing. In short, he studied in the Edison school, absorbing its creative,
problem-solving, inclusive, systematic. innovative, and expansionist ap-
proach. He knew its graduates, who spread far and wide to take part in
the growth of the industry. Furthermore, as a leading member of the school,
Insull was very close to the master. Insull later said: “(Edison] grounded
me in the fundamentals. . .. no one could have had a more considerate
and fascinating teacher.™ Insull never tired of characterizing Edison as the
greatest man he had ever known and the one who had the strongest in-
fluence on his character.

Years later, in 1934, when Samuel Insull went on trial for using the mails
to defraud in connection with his bankrupt holding company, his defense

interested in managing productive technology:
predatory holding-company tycoon. His son, Samuel lnsull
after the government prosecutor heard the defense, he

o | Press, 1962), pp. 50
mucl Insull Papers. Loye
‘mission of Samuel nsull, ).,
ok Janet Halder for her help in

he
Insull Papers. 1 would like to
sorting through the collection.

“Samuel Insull, “Memairs of Samucl Insul

* (typescript written in 1934-85), p 37, Tnsult
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the son, “Say, you fellows were legitimate businessmen.” Samuel Insull
was acquitted, but he was exhausted; the immense system of utilities he
had built up lay fractured, never to be in his hands again. History has not
dealt generously with Insull; the disastrous climax of his career burned
itself into the public's memory. For newspapermen, politicians, and former
competitors, Insull was a Depression scapegoat; the decades of complex
system-building were easier (o ignore or forget—they involved difficult
concepts, esoteric technology, uncommon economics, and sophisticated
management.

The creation of an all-embracing system of electric light and power for
Chicago was Insull's prime objective [or almost two decades. In the end he
reached out beyond the city and interconnected the Chicago system with
suburban companies and then linked these with neighboring municipalities.
The scope of the system became regional. The history of the Public Service
Corporation of Hlinois (a regional system) and of Insull's Middle West
Utilities Company (a holding company on a national scale) are important
chapters in the life of Insull and the history of electric light and power.®
An account of the Chicago system alone, however, reveals the powerful
and effective conceptual synthesis of technology and economics that guided
Insull and his associates as they knit together and managed the Chicago
system—considered by many as early as 1910 to be the world’s greatest.

When Insull arrived, the Chicago Edison Company was but one of more
than twenty small electric-lighting utilities. Within two decades, Insull and
his associates had cre.ued a monopollsuc mass-producing, technologically

efficient, and ec pany for all of Chicago.” Insull
became a spokesmen for lhe uullues mdmtry, and his company was a
pacesetter in both technological and g policy. (See Fig. V1I1.2))

The system and the way in which it was crcated became models for other
urban utilities. For the historian, it was both the leading edge and a rep-
resentative case of the waves of development that followed.

Under Insull's direction, his company took the lead among utilities in
technological innovation. The growth of the Chicago system cannot be
explained without taking into account this technological component. Nei-
ther, however, can the evolution of the system be explained without con-
sidering the political situation in Chicago and the state of Illinois and the
role Insull played in this particular scene. Insull did not simply manipulate
politicians and political forces: the entire situation was ripe for manipu-
lation. At about the same time, another entrepreneur of electrical supply,
Charles Merz, found London to be a remarkably different problem (see
pp. 249-54 below).The developments in London and Chicago direct at-
tention not only to the two men but to their situations.

Insull, of Chicago Edison, and Merz, of the Newcastle upon Tyne Electric

*McDonald, Insull, p. 331.

* Historical sketches of the Middle West Utilities Co, can be found in the company's annual
reports on file in the Insull Papers (see especially "Report . .. for the Fiscal Year Ending
December 31, 1926%). See also “Presentation of Public Scrvice G ‘ompany of Northern Illinois
in Competition for the Charles A. Coffin Prize Award April 1st 1924.” Insull Papers.

7 H. A. Seymour, “History of Commonwealth Edison Company.” (typescript completed in
1935), p. 200, Commonwealith Edison Co. Archives. Chicago. lll. T am grateful to Helen P.
Thompson, libvarian, for help in using the archives and the library.
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Figure VIIL.2. Prominent electrical industry executives, 1897: Samuel Insull (second row, cighth from lefu): John Krursi, General Electric Co
(second row, third from left); Charles Baichelor (second row, seventh from left): Louis Ferguson, Chicago Edison Co. (second row, ninth
from left); /. W. Lieb, Edison Electric llluminating Co., N.Y. (third row. third from left); and T. C. Martin, editor of Electrical World (fourth
row, seventh from left). From the author's private collection.

Supply Company, were good friends and professional associates. Both
displayed an impressive drive to build systems. Both, like Edison, were
hedgehogs. Within the spectrum of entrepreneurial talents extending from
engineering to management, Merz would be placed toward the engineering
end, but the abilities of both men ranged from engineering to management
and to politics and finance as well. Yet Merz was frustrated by political
power in his efforts to bring a unified electrical system to London, while
Insull used politics to create a system in Chicago that the utilities world
envied.

In London during the decades before World War 1, Merz and his as-
sociates found themselves confronted by the effective resistance of pro-
ponents of local government and the foes of private ownership (sce pp.
253-54 below). In Chicago, Insull learned how to deal with the local pol-
iticians and eventually organized representatives of the state government
in support of his system building. In addition, he held the advocates of
public ownership at bay with a steady barrage of publicity. In London, the
politicians were not receptive to Merz's plans; in Chicago and lilinois, pol-
itics became a part of Insull’s system. Forrest McDonald, Insull's biogra-
pher, believes that Insull was for about thirty-five years the most powerful
political operator on the American business scene.*

McDonald, fnsull, p. 82. My discussion of Insull in politics is bascd on McDonald's bi-
ography.
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Chicago’s politicians, especially those on the city council, exploited the
franchise-granting power of government. An outstanding example of the
ingenious way in which they obtained wealth from political power without
having to steal public money is the Ogden Gas Company case. Insull learned
much from observing their maneuvers. In 1895 a group of politicians that
later became known as the Ogden Gas Crowd helped pass an ordinance
that granted a long-term franchise to the Ogden Gas Company, an enter-
prise they had founded and in which they held a large block of stock. The
already existing gas company, the Peoples Gas Light & Coke Company,
envied the franchise holders and regretted the competition the new com-
pany could offer. So the Ogden Gas Crowd sold the franchise to the Peoples
Company for over $7 million and several politicians made an individual
profit of almost two-thirds of a million dollars. There were other variations
on the franchise theme, as Insull, head of Chicago Edison, would learn.?

Insull also took note of how Charles Tyson Yerkes, Chicago's leading
transportation-utilities magnate, survived, even flourished, in Chicago. By
1897 Yerkes, also a system builder, had forged a unified and electrified
urban transportation system. To do this he had been forced regularly 1o
bribe members of the city council to extend the many short-term franchises
he acquired in building his transportation network. Because it was difficult
to obtain long-term loans or to market long-term bonds with short-lived
franchises, and because the bribes were unending, Yerkes in 1897 made a
bold and rational move. He arranged for the introduction in the state
legislature of a set of bills to extend all streetcar and elevated railway
franchises in the state of Illinois for fifty years, require companies to pay
the cities they served an initial fee and an annual percentage of gross
revenues, and remove control of the transportation companies from city
councils and place regulation in the hands of a state commission. Shifting
responsibility to the state level might reduce corruption; it would surely
extend the jurisdiction of the regulatory authority to accord with the ex-
panding transportation networks. The bills did not pass, but the legislators
did authorize city councils to issue (ifty-year [ranchises.

Insull got a taste of the city council's franchise enterprise soon thereafter.
Members of the Chicago City Council asked how much he would pay to
block the granting of a fifty-year franchise o a rival company. Following
the Ogden Gas Crowd pattern, the council voted a franchise to the Com-
monwealth Electric Company, which had been established to hold the fran-
chise. Insull did not yield, however, so members of the council and their
friends went ahead with plans to transform the dummy company into an
operating competitor. Then they lcarned why Insull had stood his ground:
he held exclusive rights from every American manufacturer to buy elec-
trical equipment for Chicago. So daunted, the creators and owners of
Commonwealth Electric sold the valuable fifty-year franchise and the com-
pany to Chicago Edison for $50,000.'

Insull and like-minded utilities men were to succeed where Yerkes had
failed; they would bring about the transfer of regulatory powers to the
state. Insull first mustered the support of leading utilities executives through

*Ibid., p. 83.
" Ihid., pp. 88-89.
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the National Electric Light Association (NELA), a trade organization. In
his NELA presidential address in 1898, he called for state regulation of
rates and service; he also advocated that municipalities be empowered to
purchase, at cost minus depreciation, the plant of any utility that failed 10
render satisfactory service. On this occasion and throughout most of his
career, Insull showed his respect for the public service responsibilities of
the utilities, and he let the public know of his concern. He was a pioneer
in utility public relations. Although the NELA membership was not ready
for Insull's policy in 1898 and relegated the proposal to a committee, within
a decade it realized that state regulation would both facilitate expansion
and counter the rising tide of municipal ownership. A new NELA Public
Policy Committee submitted a strong report favoring state regulation and
the membership endorsed it. In 1907, when the municipal-bond market
contracted severely and municipal ownership therefore became less at-
tractive, its proponents joined the call for state regulation as a reform. The
National Civic Federation (in which Insull played an important role as
member of the executive committee made up of business and labor lcaders
and public representatives) also decided that state regulation of public
utilities was an important step in its effort to bring about urban reform
throughout the nation. Its report of 1907, which coincided with Insull's
and NELA's views, prowded the basis for most reguhlory laws, ncludmg
those that governed the pioneering regulatory d in
Wisconsin, Massachusetts, and New York in 1907. Ironically, because of
complexities in lllinois law, especially in the ﬁcld of lransporlauon ut
Insull’s state did not h a state regul ion until 1914. "

When the effectiveness of London's local aulhormes in resisting the tran-
scendence of their authority is recalled, it seems remarkable that Insull and
others encountered relatively ineffectual resi e in Chicago as regul.
Jjurisdiction was moved up to the state level. There was, however, a delayed
reaction. Almost simul ly with the establish of the Illinois Public
UlililyC ission in I9|4 a called “Home Rule" was launched
in Chicago to return jurisdiction to the municipal government. The strength
of this movement was reinforced in the next few years by a complex alliance
of Chicago politicians who were acutely aware of their loss uf influence;
by critics of pre king from defense expendi , especially by public
utilities; and by advocates of government ownership. The movement took
on a midwestern character as Progressive leaders like Robert La Follette
of Wisconsin, William Borah of Idaho, Burton Wheeler of Montana, and
George Norris of Nebraska turned against war profiteers and. by 1919,
especially the public utilities. (As in England, advocates of local and central
government ownership combined against the expanding, privately owned
utility system.)

During World War 1, Insull headed the State Council of Defense in
Illinois and was especially e in mobilizing public opinion in the war
effort. After the war, with utilities, not the United States, under attack, he
used this public rel or as a model for the
Illinois Public Utility lnform.-uun Committee. Other utilities and NELA
followed his lead, and speeches and publications poured forth. “By the

'"hid., pp. 118-14, 117,121, 177-78,
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mid-twenties, hating utilities was, in Chicago, as rare as hating mother and
the flag."'? The threat of “Home Rule” had passed.

Relegating political authority to the subservient position deemed appro-
priate by American entrepreneurs, Insull proceeded with the fulfillment
of his primary objectives, which were in the technical and economic realms.
Within two years of his arrival in Chicago, Insull demonstrated the boldness
of his intentions by raising funds to build the Harrison Street central station
during a year of financial panic. This generating station became known
for its advanced engineering and rapid growth during its first decade of
operation. Given his thorough exposure to the technology of electric light
and power while he was with Edison and his companies, Insull took far
more than an abstract managerial interest in the way the Harrison Street
station was equipped. Opening in 1894 with 400-kw. direct-current gen-
erators totaling 2,400 kw. and driven in pairs by highly efficient 1,250-h.p.
condensing, reciprocating steam engines, the station expanded within a
decade to a total capacity of 16,200 kw. generated by 3,500-kw units. Lo-
cated on navigable water, it had easy access to coal and cooling water.
Moreover, as its capacity increased, a larger and more diverse market evolved.
On the business level, Chicago Edison acquired twenty Chicago utilities
and their market areas. The culmination of the expansion was its formal
merger with Commonwealth Electric to form Commonwealth Edison in
1907. (The two companies had been jointly managed for some years.)'?

In presiding over the growth of the Chicago system, Insull demonstrated
how the new technology could be coupled to the old in the universal supply
system. As the small and inefficient companies were absorbed, their gen-
erating plants were used for a time. After 1896 and the introduction of
polyphase current, however, obsolete generating stations were transformed
into substations. Insull believed that after Sebastian Z. de Ferranti, he was
the first to transform inefficient stations into substations. (The very prefix
“sub-" indicated the emerging hierarchical system.) Ferranti, the forward-
looking British engineer and entreprencur, had converted the small Gros-
venor Gallery station into a transformer substation for the mammoth Dept-
ford generating plant across the ‘Thames." Like Ferranti, Insull and his
associates not only utilized polyphase current, transformers, and high-volt-
age distribution lines but also employed the newly invented rotary con-
verter. (See pp. 121-22 above.)

The rotary converter proved to be an effective tool in the hands of the
Chicago electrical enginecrs and managers who were intent upon growth.
A frustration for them had been the combined heavy investment in down-
town direct-current stations of the Edison type and isolated suburban al-
ternating-current stations. Knowing that economies of scale would result
whether one measured generator capacity or area of district served, they
introduced the converter to couple the a.c. and d.c. systems at their inter-
face, thus integrating the old and the new and building a universal system.

At the Chicago exposition in 1893 a rotary converter was exhibited by

" Ibid., p. 185,

""Commonwealth Edison Company” (typescript prepared c. 1934 for Samwuel Insull prior
10 his federal trial), pp. 2-3, Insull Papers.

** Arthur Ridding, S. Z_ de Fervanti, Pioneer of Electiic Power (London: HMSO, 1964).
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the Westinghouse Corporation. Insull and his chiel engineer, Louis Fer-
guson, believed that they were the first to order the new invention (in May
1896) but acknowledged that Boston Edison had used it first. In the case
of Chicago Edison, Ferguson and Insull first shut down an inefficient d.c.
station on Wabash Avenue, installed a reversed rotary converter at the
Harrison Street station (direct current from the generators was changed
into alternating current), and sent the high-voltage alternating current over
the transmission line three miles to the former generating station, now
converted into a substation, where a rotary converter changed alternating
current to direct current for use by consumers in the district.'* This was
a variation on the usual pattern of conversion.

By 1900 Insull, who usually depended on General Electric for electrical
equipment, had the rotary converter, the frequency changer, and, of course,
the lransl'ormer Schooled by Edison, Insull never lost his sensitivity to
technological devel his ic and busi acumen allowed
him to grasp qmckly how to exploit them. At his side were Louis Ferguson,
his chief engmeer, who was recognized as a leader by his peers, und Frank
Sargent, a I i whose ref ion as a power-plant designer
grew rapidly as he became primary consultant to Chicago Edison (see Fig.
VIiI1.3).'¢

Insull not only spread his distribution system but he increased the scale
of the generating units wnh n the system. As in lhe case of his coupling of
the old and new technologies, he was i 4 by a highly developed

ic sense and an aptitude for identifying the technology of the future.
One historic technological achievement of which he was immensely proud
was the Fisk Street station, which opened in 1903 (see Figs. VI11.4 and
VIIL.5). His controversial d on to build the station followed from the
realization lhal large generating units were more efficient than small ones.
Also infl g him was the realization that reaprocaung steam engines
with more than a 5,000-h.p. capacity (the limit of the unit recently installed
in the Harrison Street station) would be impractical because of their size.'?
Adhering to his objective of amassing production in large units, he wurned
10 the stcam turbine, which was winning praise in Europe for its relatively
small size, simplicity of mechanism, and moderate first cost. In this decision,
as in many others, Insull demonstrated his awareness of European tech-
nological developments and his inclination to transfer and adapt technol-
ogy.'®

Having seen stcam turbines in a central station in Germany, Insull sent
Ferguson and Sargent to Europe early in the summer of 1901 1o inspect

**Seymour, “History of Commonwealth Edison,” pp. 308-9. In a paper presented at the
Organization of American Historians' Seventy-fifth Annual Meeting, Phi Pa., 1 April
1982, Harold Plau discussed Insull's supply-side marketing techniques, stressing Insull's ap-
preciation of the economic importance and use of the Wright Demand Meter and the rotary
converter. See Harold L. Plau, “Sam Insull and the Electrification of Chicago, 1880-1925."

'*On Sargent see Sargent & Lundy, The Sargent & Lundy Story: Seventy Years of Engineering
Service (Chicago: Sargent & Lundy 1961).

'?Seymour, “History of Commonwcalth Edison.” p. 819.

 When traveling in Europe as a young man, Samuel Insull, Jr., investigated technological
developments there at his father's request. He later confirmed that his father had paid close
attention 10 European technological developments (interview with Samuel Insull, Jr., Chicago,
14 August 1975).
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Figure VIII.3. Offices of the consulting
engineering firm Sargent & Lundy.
Fredenck Sargent, consultant to Samuel
Insull (left); Ayres Lundy (seated at
desk). Courtesy of Sargent & Luncy
Engineers, Chicago, .

Figure VIII.4. Fisk Street station,
Chicago. under construction. 1903. From
Sargent & Lundy, The Sargent &
Lundy Story, p. /5.

Figure VIILS. Fisk Street station. From
Sargent @ Lundy, The Sargent & |
Lundy Story, p, 22. ‘
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turbine installations. In England, Charles Parsons had introduced the sicam
turbine generator drive in 1884. There were small steam-turbine in-
stallations there, and in 1900 a major central-station insta
pleted in Elberfeld, Germany.' Development of the steam turbine brought
a marked decrease in weight per horsepower as compared to the recip-
rocating engine. I Insull had been content 1o try a 1,000-kw. unit, there
would have been little controversy about the decision: the turbines at El-
berfeld were 1,000-kw. units, and the Hartford Electric Company in Amer-
ica had ordered a 1,500-kw. turbogenerator from Westinghouse in 1900,
Committed to size and efficiency, however, Insull wanted 5,000-kw. units
for the Fisk Street station.

In Europe, Ferguson's and Sargent’s enthusiasm for turbines increased.
Successful installations of water turbines also encouraged them. They saw
the Milan Edison Company's water-power station at Paderno, with its seven
2,000-h.p. turbines; the company’s chief engineer informed them that the
turbines had been so successful that he had ordered two steam turbines
rated at 4,000 h.p. each. Greatly stimulated, Ferguson and Sargent then
visited the works of Brown, Boveri & Company in Baden, Switzerland.
where the larger Milan Edison turbines would be built. There they also
learned of an order from Frankfort, Germany, for a 4,000-h.p. turbo-
generator; they were convinced that Europe “was tending very definitely
10 the turbogenerator unit."?'

Back in the States, Charles Coffin, president of General Electric, was
interested in supplying Chicago Edison with a small, 1,000-kw. turbogen-
erator, but he would offer none of the customary guarantees for larger
units, certainly not the 5,000-kw. unit Insull had in mind. Insull persisted,
having decided to go ahead and “bore with a big auger” rather than live
“from hand to mouth” by adding a small turbine to a reciprocating-engine
station.?” The compromise reached was that General Electric would take
the manufacturing risk and Chicago Edison would assume the expense of
the installation whether it succeeded or failed. (For example, the bmldmp,
would have to be remodeled extensively if the turbine proved un:
tory.) Insull placed his order for the 5.000-kw. turbine on 28 Dcu.mbcl
1901 and the unit went into service on 2 October 1903 (see Fig. VIIIL.6).
Three more 5,000-kw. units followed by 1905, but these were then replaced
by 12,000-kw. units. By 1911 there were ten 12,000-kw. units at the Fisk
Street station.*

Insull and other Edison officials celebrated their pioneering decision,

" Armold T. Gross, “Zeittafel zur Entwicklung der Elektrizi " Technikge-
schichte 25 (1936): 131; R. H. Parsons, The Larly D \o/'lhrl’ouw.‘lnhon Industry (Cambridge:
Al the University Press, 1940). pp. 170 (1. On the introdduction of the steam turbine in centr

Klung der

stations, sce also Kuri Mauel, “Die der Damy
clekirischen Encrgicerzeugung,” T

“The Hartford Eleciric L
Pearl Strect plant in 1901. This Westinghouse-Parsons
for a wility. Sec Glenn Weaver, The Hariford Electric Light Company (Hartford.
p. 87
P Commonwealih Edison Co.. Edison Round Table, November 1928, p.2

 Ibid.. p. 1.

# Commonwealth Edison Co., Principal Generating Stations and Transmussion System (Chicago:
CEC, 1911), pp. 3. 16.

it Co. installed a single 1,500-kw. sicam turbine in its existing
i in America
onn., 1969),
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Figure VIIL6. Fisk Street station: First
5,000-kw. turbine unit (foreground), the
largest steam turbine in existence in 1903.
From Sargent & Lundy, The Sargent &

Lundy Story, p. 14.
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but Insull later admitted that the first steam turbines were not economical
to operate, perhaps not as economical as the reciprocating engines. “I think
it was the fourth turbine," he recalled, “that was a really efficient turbine.”**
However, the low first cost and labor savings of the unit offset operating
problems. The installation also helped introduce the wrbine to America;
within a year after the Fisk Street station began operating, General Electric
and Westinghouse received orders for a total of 540,000 kw. of turbo-
generator capacity. Ferguson idered Insull’s introd of the large
wrbine daring, despite the European precedent. “European conditions,”
he remarked, “individualized [the] design of each machine, the careful
coddling of new devices and the infinite pains and complication which is
of the nature of European engineering gave an utterly different environ-
ment from American conditions."*

A look at Commonwealth Edison about 1910 shows how the Harrison
Street, Fisk Street, and other components had been shaped into a universal
system (see Fig. 1.1, p. 3). In addition to the central generating stations,
there were sixty-seven substations in the Chicago system; some were con-
verted, obsolete generating stations, but others had been specially built as
substations. In 1910 Fisk Street remained the largest of the generating
stations, but just across a slip of the Chicago River stood the Quarry Street
station, which began operating in 1908 and by 1910 had six 14,000-kw.
turbogenerators. Frequencies and voltages were manipulated with inge-
nuity. All of the Fisk Street units generated three-phase alternating current
at 9,000 volts and 25 cycles, but three 5,000-kw.-capacity transformers
raised the output of three of the generators to 20,000 volts. The higher-
voltage current was for transmission to the more distant substations. In the

# Edison Round Table, November 1928, o2
1bid.. ». 3.
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Figure VIIL7. Generator capacity,
Commonwealth Edison Co.. 1903~11.
Courtesy of the Samuel Insull Archives,
Loyola Unversity, Chicago, .
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Quarry Street station four of the generators worked at 9,000 volts and 25
cycles, which facilitated the interchange of current with Fisk, but two other
generators produced current at 12,000 volts and 60 cycles. The Quarry
Street station also used frequency changers to convert 25-cycle current for
the 60-cycle load. The system’s substations received current by direct line
from the Fisk, Quarry, and Harrison Street stations.

The combination of technologies made possible the supply of incandes-
cent-light load, stationary-motor load, and sireetcar/elevated railroad load.
Transformer substations reduced the 25-cycle current to usable voltages
for the large motors of industrial enterprises; rotary converter substations
received very high voltage, alternating, polyphase current direct from Fisk
or Quarry and transformed it into direct current at the 600 volis needed
by the streetcars and the elevated railway; and the 12,000-vol, 60-cycle
current was transformed in substations into the low voltages used by in-
candescent-light consumers. Since large-capacity tie lines connected Fisk
and Quarry, the stations assisted each other in handling the varying peak
and low loads. The single Chicago system was impressive. Its total gener-
ating capacity was 219,600 kw.; its high-voltage transmission lines extended
for 525 miiles; and its low-voltage distribution system (mostly underground)
spread to all parts of the growing metropolis.2®

No description of the technology of the universal electric supply system
around 1910 would be complete without consideration of the load dis-
patcher, for he functioned as the control center of the system. After his
role was defined, the system concept was consciously and operationally
articulated. The load dispatcher’s office at Commonwealth Edison dated
back to 1903. According to a company publication of that year, “{The]
system had assumed sufficiently definite proportions to call for the organ-
ization of an operating olfice prepared to handle at all times the steadily
increasing intricacy of detail connected with the operation of a centralized
system of electrical supply.” In other words, the system could be operated
as a “coherent whole."?’

A primary responsibility of the load dispatcher was to run the Fisk and
Quarry Street stations in tandem, or parallel, so that each would carry a
reasonable share of the varying system load. Also, when generators in one
of the stations fallcd ur had to be taken off load for repair, it was the load
dispatcher’s resy y to locate the comt ion of generators and sub-
stations 1o carry the load in the interim. (T'here were storage batteries in
some ol the substations and these facilitated the meeting ol peaks under
usual and unusual conditions.) T'he load dispatcher was not only a trou-
bleshooter but something of a historian. At his disposal were load curves,
or graphic records, of the varying output from different parts of the system
for each hour and each day during past years. By analyzing these, the
dlspa(cher anticipated loads resulting [rom the social customs and industrial
routines of Chicago's population. (The load dispatcher even knew when

 Commonwealih Edison Co., Pruncipal Genevating Stations, pp. 21-22.

* National Electric Light Assoc., Commonwealth Edison Section, comp., How Commonwealth
Edison Works (Chicago: NELA, 1914), p. 62. The following section on he load dispatcher is
based on the essay by R. B. Kennedy, e Load Dispatching of Old, and
of Today.” ihid., pp. 62-66.
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Figure VIILI0. Generating-station
operating chart, 1914. From Natonal
Electric Light Assoc., 1ow
Commontwealth Edison Works, p. 111.
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people left work early on Christmas Eve, for the industrial, stationary-
motor load dropped and that of the sireetcar and elevated railway rosc.)
He also knew that Chicago observed the Sabbath, and he planned system
operations accordingly (see Fig. VIIL.11).

The load dispatcher’s operating board provided a graphic model of the
system for information and control. It showed all generating units, the
frequency changers, the transformers, and the layout of the high-voltage
transmission lines and the low-voltage distribution system. Indi
the condition of all switches. Measuring instruments gave cor

importance to the load dispatcher w.

the direct-connected telephone sys-
tem that provided control over all gene i

. The com-

work and differential analyzers—were used severa
some of the load dispatcher’s problems.

In its technology and organization, the Chicago system represented a
synthesis of the ideas and activities ol innumerable inventors, engineers,
entrepreneurs, manubacturers, and managers from all parts of the world.
Insull did not invent the Chicago system in the sense that Edison invented
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Figure VIILIL. Incidents in the routine
of load dispatchmg, 1914. From National

Electric Light Assoc., How
Commonwealth Edison Works, p. 63.
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the Pearl Street system. Edison acquired patents on the essential compo-
nents of his system, and the organizing concept of the system was clearly
his. Insull, on the other hand, was not a professional inventor or an en-
gineer. He was, however, a systems conceptualizer comparable to Edison,
though on a highly abstract level. Edison was deeply aware of the inter-
woven fabric of economics and technology, but was relatively naive about
the long-term economic and social {actors that made up the environment
within which his system functioned. Others, like Grosvenor Lowrey, advised
him on such matters as the cxpansion of consumer and money markets.
Furthermore, Edison did not articulate his technological and economic
concepts sufficiently to enable a large organization to make decisions and
carry out policies without his immediate supervision.

Insull, by contrast, analyzed and articulated concepts that could and did
guide policies not anly for the Chicago system but for other utilities as well.
His conceptual synthesis involved social and market needs, financial trends,
economic principles, technological innovations, engineering design, and
managerial techniques. Insull discussed his concepts, policies, and expe-
riences in addresses to utilities groups and the public.?* The speeches dating
from around 1910 are especially informative and important because they
were given after he had had time 10 reflect on the formative years in Chicago
and while he was presiding over the development of a large and complex
enterprise. From the start, Insull was committed by policy to large units—
generators, steam engines, transformers, and others. In order to use large,
efficient units, he amassed production and distribution facilities into the

™ Samuel Insull, Central-Station Electvic Service: Iis Commercial Development and Economic Sig-
nificance as Set Forth in the Public Addvesses (1897-1914) of Samuel Insull, ed. William E. Keily
(Chicago: Privately printed. 1915); idem, Public Utilities in Modern Life: Selected Speeches, 1914-
1923, ed. William E. Keily (Chicago: Privately printed, 1924).
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large generating stations at Harrison, Fisk, and Quarry streets. He also
adhered 1o the principle of low rates to increase consumption and of a
tariff structure differentiated according to the pattern of customer de-
mand. Insull also consistently sought to improve the diversity of load and
load factor by means of carefully planned sales and load management. In
order 10 reduce the cost of borrowing money and thereby the unit cost of
output, which included interest paid on capital invested, he sought a regular
return on his investments; in this way he hoped to establish a highly fa-
vorable market for his company's stocks, bonds, and debentures. His con-
cepts were interrelated. By means of a mass-producing monopoly he could
supply a diverse load broadly based on low, differentiated rates and obtain
a fair return from efficient production and maximum utilization of capital
borrowed at reasonable rates of interest. Insull’s pursuit of his policics was
facilitated by his company's superb statistics department, which kept him
informed of output, performance, costs, and other variables in his business
and technological system.

The way Insull's utility managed Chicago's power load deserves special
attention. It is comparable to the historic managerial contributions made
by railway men in the nineteenth century and is as interesting as the widely
publicized managerial concepts and policies of John D. Rockefeller and
Henry Ford. Insull explained his method on many occasions, but never
more clearly and graphically than in a 1914 address.?” He began by ex-
plaining diversity of demand. Referring to data on a block of apartment
buildings in Chicago. he defined the critical items as the “customers’ sep-
arate maxima” (92 kw.) and the “maximum at transformers” (29 kw.). The
first amount was simply the sum of the individual annual maximum de-
mands of the 193 customers in the apartment block. Because of the varied
habits and activities of the customers, the maximum demand of each oc-
curred at a different time during the year. Therefore, the maximum si-
multaneous demand measured at the transformers supplying the apart-
ment block was only 29 kw. A diversity factor of 2.3 was arrived at by
lividing the separate c maxima by the maximum at the trans-
formers (sec Fig. V111.12).

Citing eleven different classes of consumers, Insull explained the ad-
vantages of a dlversul’ed load. 1f the maximum demand of each had oc-
curred simull y, C Ith Edison’s peak load from these cus-
tomers would have been 26,640 kw. As a matter of fact, on the day the
utility carried its maximum load in 1914 (6 January), the eleven customer
categories made a simultaneous demand of only 9,770 kw. Insull's graphics
showed the maximum demand made by each class of customer during the
winter of 1913/14; the shaded portion of each column represented the
demand made on 6 January 1914, indicating thereby the responsibility—
or lack of it—of cach class of customer for the utility’s béte noire, the annual
peak load. Insull enjoyed expanding on his theme, describing the various
characteristics of cach cuslomcr or cl‘lss of customer, and explaining how
these could be analyzed and combined to achieve ec ies of scale. For
instance, the profile for ice manufacturers was optimal because their level

“Samuel Insull, “Cenralization of Encrgy Supply.” in Central-Station Electric Service, pp.
445-75.



Figure VIILI3. Chicago load on the Commonwealth Edison system, 3 January S
1912: Duwersity factor advantage, 72,260 kw. From Insull, Central-Station

Electric Service, p. 267.
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of activity was low on cold January days when Commonwealth Edison’s
capacity was strained by the heaviest loads of the year. The brickyards and
quarries also fit in well with Insull's scheme of things, for “frost interferes
with their business.”™ (See Fig. VIIL.14.) If it had not been for the complex
metering and information-gathering techniques of C Ith Edison
and the analytical services of the company's statistics department. Insull
would not have had the indicators that allowed him to exploit diversity and
manage the system’s load.

Closcly related to the concept of diversity was load factor. Early in his
carcer as a central-stati ger, Insull recognized the load factor as
the most important operating principle in central-station economy.*' The
concept was not his invention, but he relentlessly pursued the policies that
followed from it. Load factor is the ratio of the average load to the max-
imum load of a customer, group of customers, or the entire system during
a specified period.

Insull considered load factor to be the paramount economic principle of
central-station operation, but others had defined it for electrical engineers,
and especially for station managers, carlier. ‘I'he term may have been in-
troduced in 1891 by Colonel R. E. Crompton, one of the pioneers of British

Ibid., p. 452.
** Sumuel Insull, “Vhe Development of the Central Station, " in Central-Station Electnie Service,
p.27



219

Figure VIILI4. Diversity of large
customers, Chicago. From Insull, Cenral-
Station Electric Service, p. 150.
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electrical engineering (see p. 58 above).’? Even before it was defined,
Edison and others who were concerned about the economics of electric
supply realized that regularity of load and maximum practical utilization
of generating capacity were the dominant commercial aspects of central-
station supply. Long before the rise of electric supply, managers in
fields, such as railroad operation, also realized the importance of uti
capital (plant and related facilities) fully in order to obtain a maximum
return on investment. As articulated so well by electrical engineers and
managers, the reason load factor was critical for electric supply is that
electricity cannot readily be stored; it must be used when generated. (Stor-
age batteries and pump-storage facilities are excepllons to the rule.) Be-
cause electricity cannot be stored, generating capacity cannot be used to
produce power for storage when demand is off, say, in shoe or sewing-
machine manufacture.

To raise the load factor, Insull sought customers whose load curves lacked
high peaks and low valleys. He also wanted types of customers whose
combined load curves were diverse and combined well. (He recognized the
relationship between diversity and load factor.) To have had several classes
of customers with good individual load curves but simultancous peak de-
mands would have resulted in a poor system load factor despite the good
characteristics of the individual loads. Through load management and
planned salcs of m.lchlnery and appllanccs that would improve the load,

Ith Edison imp d the load factor from year to year. As a
resull' the cost per kilowatt resulting from fixed, or investment, charges
fell, which greatly pleased Insull. He identified interest on i t as
the “most important factor in cost in any public service business.™*

Insull later recalled that he became aware of the importance and com-
plexity of the load factor when he first met Arthur Wright, manager of a

7 Parsons, Early Days of the Power Station Indwh). pp 208-9.
3 Insull, “Development of the Central Station,”
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small municipal station in Brighton, England. Wright also informed him
of the critical relationship between metering and load factor. “We had to
go to Europe,” Insull noted, “to learn something about the principles under-
lying the sale of the product.”** Vacationing in England during the Christ-
mas season of 1894, Insull first encountered the results of Wright's system
of metering. In Brighton, Insull noticed that small shops burned electric
light as though indifferent to the amount they consumed. Upon inquiry
he found that Wright had developed an ingenious metering system that
measured not only actual use but also the extent to which each customer
used his installed capacity. So metered, the customer paid a charge that
was fair and economical. His bill reflected his share of the central station’s
fixed costs that resulted from the generating capacity the central station
had installed in order to carry his peak load; the bill also mirrored his
share of operating costs, which varied with the amount of electricity he
consumed. A customer with many seldom-used electric lamps paid more
than one who had the same number of lamps installed and used them
often—unless the rate he was charged reflected the installed load as welt
as use. In essence, Wright's metering system took into account the custom-
er's load factor. Insull acknowledged that Boston Edison Company may
have considered adopting the Wright system before Commonwealth Edison
did, but he asserted that it was his company that developed and promoted
the system in the United States until it became a widely used basis of
charging for energy.>

The usefulness of the load factor and related load curves as guides to
utility policy making was greatly enhanced by the introduction of the uni-
versal supply system in Chicago and elsewhere. As noted, the universal
system provided for load diversity, so by inspecting load curves and ana-
lyzing the load factor, a manager like Insull could see where his utility’s
load curve needed to be raised and could cultivate the appropriate load,
or customers (see Fig. VI11.15). One early discussion of load factor was
succinat and direct:

“Load factor” is the convenient term which has been introduced to express
this percentage, and a load factor of 40% is rare; 20% is more like the average
results. Take for instance a load factor of 25%, with a station which pays 6%
dividends. This means, that with one quarter its greatest possible output,
the investment is earning the whole of its interest in addition to the running
expenses and depreciation, due to the actual output. Consequently, if additional
load can be added to the same plant, any excess of income from it, over the
entire running expense and depreciation due to it, is so much net profit. For
special services limited to the slack hours, the station can profitably make special
prices. With the load curve before his eyes, showing plainly and definitely the
hollows to be filled up and the low levels 10 be raised, the manager can best
apply his local k ledge of his s and possible to devising
plans for meeting their needs without increasing his plant—plans increasing his
customers or their profits, and showing to his own satisfaction on his annual
balance sheet.”

**Samuel Insull, "Stepping Stones of Central-Station Development through Three Dec-
ades,” in Central-Station Electric Service, p. 351.

f’ On the adoption of Wright's meter system, see Insull, “Memoirs,” pp- 88-89; Seymour,
“History of Commonwealth Edison,” pp. 278-79.

3 Canadian Electrical News, December 1894, p. 168.
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Figure VII.IS. Load diagrams,
Commonwealth Edison Co., 1907-8. From
Insull, Central-Station Electric Service,

p. 56.
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Not only could station managers plot business strategy using the load factor,
but manufacturers could as well. They could anticipate the kinds ol ma-
chines and appliances the utility manager would want to have available for
those customers who would improve the load factor. For instance, in the
1920s, household appliances were pushed by manufacturers and utilities.
Before World War 1, Insull and others were cultivating the traction (street-
car, elevated railway, subway, and interurban lines) and industrial, or sta-
tionary-motor, loads. The manufacture of equipment in these areas was
correspondingly brisk.

The remarkably large traction load cultivated by Commonwealth Edison
reflects the management strategy .ldopled by Insull and his associates in
1901. By 1908, a year for which i are available, the company’s
traction load was 65 percent of its sales. For several years this percentage
increased slightly and began to decline only at the outbreak of World War
1 as the percentage for large power users swung rapidly upward. (See Fig.
VI11.8, p.213.) The disproportionately large traction load followed from
C Ith Edison’s decision to take ad ge of an opportunity cre-
ated by the departure from Chicago of Charles T. Yerkes, the transpor-
tation magnate, in 1901. With Yerkes no longer in the picture, streetcar
and elevated railway operators were free Lo make choices. In the past, they
had constructed and openucd their own power plants because Yerkes wanted
the portation comy he ¢ lled to buy electric generating

from the facturers he controlled. (Insull did not have

q
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exclusive rights in Chicago for traction equipment as he did for power
equipment.)¥

Drawing upon the capacity of his staff to make statistical analyses, Insull
had data prepared showing that the transportation companies could buy
power more inexpensively from his company than from their own isolated
plants. His advantage was that Commonwealth Edison could exploit di-
versity of load more elfectively than could isolated plants, with their con-
centration on one type of load. T'o put it differently, Insull realized that
an increased traction load would improve his company's load factor and
thereby reduce the unit cost of power produced. His analysis of load curves
revealed that the lighting, stationary-motor, and traction loads peaked at
different times during the average twenty-four-hour period and that there-
fore the general-purpose utility could take on a traction load without in-
creasing its generating capacity to the same extent. The traction load would
consume some of the unused stationary-power and light-generating ca-
pacity that was available during the early morning and evening rush hours.
Similarly. the lighting and stationary-power customers would use some of
the newly installed capacity when the traction load decreased.

Insull's company obtained its first major transportation contract in 1902
from the Lake Street Elevated Railroad and within a relatively short time
had signed contracts with all elevated railway and surface streetcar com-
panies in the city.>® To obtain these contracts, Insull and his salesmen
negotiated especially low rates with their large customers. In about 1910
Commonwealth Edison’s traction rates ranged from less than a cent per
kilowatt-hour down to four-tenths of a cent. These rates differed from
those for relatively small commercial and residential customers, to whom
a uniform rate schedule was applied. Regularly reduced, these uniform
rates dropped from twenty cents per kilowatt-hour in 1892 to ten cents in
1908. (The average rate for all classes of customers dropped from twenty
cents per kilowatt-hour in 1892 to two and a half cents in 1901.)* The
company'’s small customers may have complained that they were subsidizing
the low rates for the traction companies, but Commonwealth Edison would
most likely have argued that the cost of electricity in Chicago for all cus-
tomers was below that in most other large cities, and that furthermore, the
precise costing of service was a bookkeeping decision.

Insull’s innovative decision in 1901 1o introduce 5,000-kw. turbines in
the Fisk Street station and his decision 10 sell electricity on a large scale to
the transportation companies was interrelated. His anticipation of the large-
capacity power units and of lower generation costs fueled his company’s
drive for the large customers. At the same time, care and foresight were
exercised to avoid scheduling new demand before additional capacity—
especially the new turbines—had been installed and satisfactorily tested. In
the case of electric utilities, sales pressure—or the lack of it—signals idle
capacity or threatened overload.

3" McDonald, Insull, pp. 96-97.

3 Notes prepared on § May 1926 by William E. Keily for a speech delivered by B. E. Sunny
at the Franklin Institute in Philadelphia on the occasion of the unveiling of a portrait of
Samuel Insull, p. 6, Insull Papers. Keily edited Insull's two books of speeches, Central-Station
Electric Service and Public Utilities in Moder Life.

*McDonald, Insull, p. 104.
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Many businessimen considered the rapidly increasing traction |
the important market for electricity. The original names of n
utilities included the word “railway.” After 1910 Insull saw the danger of
their myopic concentration on traction, and the kilowatt-hour sales of Com-
monwealth Edison began to include an increasing pet H
large industrial customers with whom special contracts
gotiated. A disproportionate tracti
diversity. By 1925 the company’s large stationary-power and lighting loads
amounted to 40 percent of the total, the traction load only 32 percent: in
1929 the figures were 47 percent for the large light and power customers
and 25 percent for traction. "

Insull was determined 10 replace all of Chicago's isolated power plants,
both traction and stationary, with his system. In May 1908 the Electrical
World and Engineer reported that “although isolated plants are still n r-
ous in Chicago, they were never so hard pressed by central station service
as now. . .. The Commonwealth Edison Company has among its customers
establishments formerly run by some ol the largest isolated plants in 1he
city. ... The manufacturing districts also have been invaded and all-day
motor load secured."' The Electrical Review and Western Electrician con-
firmed the trend, noting that in addition to the great growth in traction
load there was an increase in stationary-motor load, including a number
of smaller factories and shops and “a large number of great manulacturing
and industrial plants.”*? Testifying before the London County Council i
1914, Insull boasted: “Now we do a big industrial business. We have six
customers who buy from us 100,000,000 units a year.™** This amounted
to about one-tenth of the total power generated by Commonwealth Edison
in 1913. Insull also told the London County Council that his company. in
spending the equivalent of £100.000 annually to get new business, matched
the amount spent toward this end by all the utilities in Great Britain and

Ireland. (Opp of icipally owned ¢ in Britain also cr
icized their poor sales effort.)

In 1909 the C Ith Edison Company opcned an “Electric Shop”
in downtown Chncago The ground floor | liances;

the floor below, an “Industrial Power Room” with a wide variety ‘of motor-
driven machines, including lathes, drills, pun:hes. and so on.* Ci v engi-
neers from Melbourne, Australia, who stopped in umngu on their tour
of electric supply businesses and technology centers in North America and
Europe, found the “Electric Shoy i cheme.
They did not find that individual Chicagoans or Americans “hustled™ no-

the Insull Papers labeled “used in lederal
assumed that the figures labeled Y

5 from a set of tables and graphs
see especially pp. 7 and TA. 1
include al types of traction lid.

¢ Systems and Operating Practice of the Commoniwi
cago." Electrical World and Engineer 51 (1908): 1023,

47F. B. Bernhardt, “New Features of Central Station Service in Chicago,” Electrcal Review
and Western Electrician 54 (1909): 975.

3 Testimony of Samucl Insull, 23 January 1914, in London County
mittee on London Electricity Supply, 1913-14 (privatcly printed paper on file
McLellan Co. Archives, Ambetly, Killingworth, ncar Newcastle upon Tyne,

44*The Chicago ‘Electric Shop,’ " Electrical World and Engineer 53 (1909):

of Chi-

h Edison Compan

Souncil, Special Com.
he Merz &
igland), p. 7.
HA-HY.
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ticeably more than individuals elsewhere in the world; what impressed them
was the organized “hustling” they observed. (“Of individual hustle little
was (0 be seen, but of efficient organisation there was a great deal.”)** They
were also impressed by Commonwealth Edison’s contract agent, who was
generally responsible for sales and who employed five assistants at $3,000
annually, one of whom concentrated entirely on sales to very large con-
sumers with isolated plants. They also took note of the company’s 125
salesmen, or solicitors, who did canvassing for an annual wage of $1,000
plus commissions. This sales machinery impressed the Australians.*®

Commonwealth Edison also made good use of newspaper and periodical
advertising and publicity. It published the names of the large industrial
customers it incorporated into its system and ran newspaper advertisements
appealing to “Mr. Private Plant Owner.""” Beginning in January 1912, a
leading trade periodical, the Electrical Review and Western Electrician, carried
a series of articles on the introduction of stationary power in industry.
Between 20 January 1912 and 7 February 1914, thirty-four major articles
appeared, and half of these dealt specifically with Chicago industries, nine
of which were identified as being supplied by Commonwealth Edison. Many
of these articles probably origi d with G ealth Edison, a practice
that was not unusual among trade journals.*®

By providing inexpensive and convenient power, both stationary and
traction, Commonwealth Edison enhanced Chicago's attractiveness o in-
dustry. As Insull said in one of his many addresses, Chicago’s greatness
depended on outstanding leaders and material advantages, and among the
lauer “the possibility of procuring cheap electric power is most impor-
tant.”*® That he made this extravagant claim for electrification as early as

" City of Melbourne, City Electrical Engineers' Notes on Tour Abroad (Melbourne, Australia,
1912), p. 26.

*“lbid., p. 27.

7 “Electric Service in Chicago.” Electrical World and Engineer 61 (1913): 1144,

" The following industrial customers were listed in these articles as taking power from
Commonwealth Edison: Hafner Furniture, Palmer House Laundry, Empire Matress Co.,
Garden City Sand Co., Bunte Bros., Roberts Sash & Door Co., Daniel Burkharismeier Coop-
erage Co., A. O. Fisher Co., Morand Bros., Imperial Leather Manufacturing Co., and E. B.
Miller & Co.

Listed as Commonwealth Edison customers in “Electric Service in Chicago.” Electrical World
and Engineer 61 (1913): 113745, were L. Wolff Manufacturing Co. (plumbers' supplies).
Crane Co. (pipes, valves. fittings), Joseph T. Ryerson & Son, Ajax Forge Co.. Union Drop
Forge Co., Vierling Sticel Works, Federal Engraving & Coloriype Co., Oscar Heineman Co.
(silk manufacturers), and Hugo DuBrock & Co. (maker of shirtwaists).

In addition, “Electric Service in Chicage Suburbs,” ibid., pp. 1243-54, listed the following
as the company's customers: American Brake Shoe Foundry, Melrose Park; Bliss & Laughlin,
Harvey: Chicago Hardware Foundry Co., North Chicago (est. in Chicago area 1902, but
according to Moody's Industrials, 1912); Edgar Allen American Manganese Steel Co., Chicago
Heighis; Franklin Park Foundry Co., Franklin Park; King & Andrews Co., Chicago Heights;
The Buda Co., Harvey; Central Locomotive & Car Works, Chicago Heights; Cyclone Fence
Co., North Chicago; Forsyth Bros. Co., North Chic: ictor Chemical Co., Chicago Heights;
United Car Co., Chicago Heights: Vulcan Louisville Smelting Co., North Chicago: Acme
Brick Co., Chicago Heights: Whiteacre Fireproofing Co., Chicago Heights; and Dolese &
Shepard, Hodgekins.

}am indebted to Barbara Kimmelman of the University of Pennsylvania for this compilation.
“$;Mrl4o;:sull on the Sale of Electric Energy in Chicago," Electrical World and Engineer 54

): N
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1909 is notable, even though he made it before an audience as s
as the Flectric Club of Chicago. Cheap electric power attracted industry w
the city in the way that natural resources drew industry to the countryside.
After the exploitation of Niagara Falls. many of Insull’s contempor:
nawrally assumed that water power would become the focus of a cluster
of industries. However, the combination of a large, concentrated market
and cheap electricity in the nation's large cities had a more powerful, if
less dramatic, attraction for industry.®® ‘T'his trend was ironic in that some
visionaries, including Peter Kropotkin in 1899 and Ebenezer Howard in
1902, had predicted that transmission of electric power would disperse the
population across the green countryside.®'

By equipping production and distribution facilities with large, high-cf-
ficiency units, increasing the Chicago system’s diversity and load lactors,
and adopting a metering system that reflected the principle of foad factor,
Insull articulated, clarified, and synthesized many technological and cco-
nomic principles during his first two decades at Commonwealth Edison.
Moreover, by 1914 his concepts had brought an order that embraced even
more complex and abstract variables. For example, he exphmu--l the re-
lati between kil hours sold per capita, a utility come per
kilowau-hour sold, and a system’s annual load factor. For purposes of
comparison he chose the municipal utilities of large American citics, Berlin,
and London. (Insull. who had close contacts abroad, often compared con-
ditions in America with those in England and Germany.) According to hi
analysis, as the income per kilowatt-hour fell, the output per ta in-
creased: correspondingly, as the income per kilowatt-hour decreased and
the output per capita increased, the load factor increased. Of the s:
Insull analyzed. the one at Niagara Falls had the highest output per ¢
the lowest income per kilowatt-hour, and the best load factor; London had
the poorest. Cheap hydroelectric power and a wide area of transm
explained the data on Niagara: London had dispersed. small gener
stations and a relatively small industrial (or motor) load. among, from
Insull's point of view, other problems. Insull took satislaction in pointing
out that despite its dependence on thermal plants, Chicago compared la-
vorably with Niagara and San Francisco. which utilized hydroelectric power.*
(See Fig. 1X.10, p. 259.)

Insull usually had at his fingertips an impressive array of statistical data.
Besides what has been noted, he could cite for Commonwealth Edison—
and often for other utilities—total capitalization ycar by year (growth w.
steady until 1930); the number of the company’s customers and the size
ofChicago‘s population (the former increasing more rapidly lh.m the Latter,
again until 1930); the gross operating revenue and tot: g expenses
of the company: its total payroll; the connected load by class ol consumer

"'l\fl('l’IIHMJIllem‘:liluliililyufslcamlpowtl’illlln-urb. centers of the United States diew
from the countryside with power sics nto the urban centers located
Waln’luuw A Hutory of Ddwsirial

1979, pp.

e City m Huistory (New York: Marcount, Brace & World, 1961), pp.

3 Insull. ralization,” pp. 461-63.
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ially a breakd into light, stati y power, and railway); taxes;
and interest charges (see Flgs VIIL8 and VIILY, p. 2]3)
Insull’s blend of tech gy, finance,

drive was by no means exhausted in the mass producllon ofcheap electricity
for Chicago. As early as 1910 Insull applied his concepts, technology, and
managerial techniques to small-town and rural electrification in Lake County,
Iilinois. His biographer, Forrest McDonald, believes that “the Lake County
experiment was the first demonstration anywhere that systematized electric
service was economically and technically possible in large areas, rural as
well as urban. The news of it exploded upon the industry."** To fulfill his
concept of an integrated, centrally supplied system, Insull acquired isolated
utilities serving small towns and their vicinities, shut down their inefficient
generating plants, erected substations, and supplied electricity from a few
large generating plants by means of transmission lines. By 1911 he had
organized the entire Lake County enterprise into the Public Service Com-
pany of Northern Illinois. By 1923 the company was supplying a territory
of 6.000 square miles and 195 communities. In the process fifty-five mu-
nicipal or privately owned electrical plants were shut down or dismantled
and replaced by substations and 875 miles of high-tension transmission
lines from four large, efficient central stations.*

After successfully interconnecting the central stations of a Chicago utility,
and interconnecting Lake County utilities physically by high-voltage trans-
mission lines and then organizationally by merger or acquisition, Insull
continued to expand by means ol the holding-company structure. By the
mid-twenties, when holding companies were flourishing in the American
utilities field, Insull operated one of the largest, the Middle West Utilities

pany, which had subsidiaries in ni n states. This comp. lied
8 percent of the commercial total of kilowau-hours for the Unued Slalct 5

*YMcDonald, Insull, p. |

> Presentation of Pul, rvice Company ol Northern Hllinois,” p. 3.

" U.S., Congress, § Electric-Power Induwstry: Controi of Power Companies, 69th Cong.,
2d sess.. 1927, S. Doc. 213, p. xxxvii.




CHAPTER IX

London:
The Primacy
of Politics

COMI’ARED to Chicago and Berlin, London was a backward metropolis
in the early twentieth century. Electric power was believed to be the
hallmark of progress in enlightened cities like Chicago and Berlin, and
London had notably little of it. Furthermore, London's electrical supply
industry was disordered and small-scale in a time of rationalization and
mass production. Chicago and Berlin each had a centralized light and power
system supplying the entire city from a handful of modern power stations:
Greater London had sixty-five electrical utilities, seventy generating stations
averaging only 5.285 kw. in capacity, forty-nine different types of supply
systems, ten different frequencies. thirty-iwo voliage levels for transmission
and wwenty-four for distribution, and about seventy different methods of
charging and pricing.! Londoners who could afford electricity toasted bread
in the morning with one kind, lit their offices with another, visited associates
in nearby office buildings using still another variety, and walked home
along streets that were illuminated by yet another kind. This was a night-
mare for the supplier of electric lamps and appliance: interesting probl
arose when one moved one’s home or business. London’s engineers .m(l
businessmen made such remarks as “The largest city in the world offers
an excellent example of what electric supply ought not o be™ and “What
exists in London to-day is hardly worth talking about.”™ By World War I,
London's progressive citizens were waiting eagerly for the city to get in
step and catch up.

Those who equated technological change with progress and
stimulate remedial activity referred to the Chicago and Berlin ut
models of technological achievement in lamenting the state of aflfairs
London. Closer at hand was another exemplar, the electric supply system
on the northeast coast of England. Among those who testified belore P:

n((‘d )

""These sttistics are for the year 1913, Sce London County CGouncil, Report on London
Electricity Supply. prepared by Merz & McLellan (London, 1914), app. 2. pp. 37, 38

2“Electrical Development in England." Electrical World 82 (1929):1056. Sce also testimony
of Charles M. Merz, 6 June 1913, in London County C “Special Commitice on Landon
Electricity Supply. 1913-14" (privately printed paper supplicd (o council members for their
information only). p. 8; copies in Merz & Mcl.cllan Co. Archives, Amberley, Killingworth,
near Newcastle upon Tyne, England.
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liament, the London County Council, and engineering society committees
on the subject of electricity in London were Samuel Insull of Chicago,
Georg Klingenberg of Berlin, and Charles Merz of the Newcastle upon
Tyne Electric Supply Company. Merz and Insull were their respective
countries’ leading spokesmen for large electric power systems. They were
good [riends, exchanged engineering and managerial information, and
lamented the situation in London. Merz used Chicago and his own district
as models for London and called on Samuel Insull to explain to Londoners
his enviable success in Chicago. Georg Klingenberg also was brought 1o
London 1o tell the city how backward it was electrically. Klingenberg's
authority came from his position as chief engineer for power systems for
Allgemeine Elektrizitits-Gesellschaft, the electrical manufacturing com-
pany that also owned and operated the Berlin utility.

On the eve of World War 1, Merz, Insull, and Klingenberg all testified
to London'’s retrograde condition. (See Fig. 1.5, p. 16.) Merz also prepared
a report for the London County Council suggesting ways 1o reform the
electric supply industry in the metropolis. Speaking in London, Insull, who
was mindful of English civility, tactfully avoided making any explicit com-
parisons: he simply showed how advanced his Chicago system was. Back
in America, however, he displayed a chart that revealed London's place in
the hierarchy of the electrical supply world. His graph showed that of ten
leading Western cities, including Chicago and Berlin, London had the
lowest output of electricity per capita, the highest utility income per kilo-
watt-hour, and the lowest load factor.® These were the antitheses of Amer-
ica’s mass-production style. Insull, a champion of American mass produc-
tion (whether of kilowauts or mechanical gadgets), was appalled to find that
most London utilities managers were contenl to earn a high rate of return
on a relatively small investment from profits that were distributed over
relatively few units.

Merz never tired of describing the irrationality of electric supply in Lon-
don. In 1913 he advised the London County Council that if London used
electricity on the same scale as Chicago, consumption would rise threefold.
He said: “We use . . . an absurdly small amount of electricity. . . . we ought
10 be first, not second, or third, or last; and I am afraid that at the present
rate of progress there is very great danger of our not only being last, but
of our remaining last.”

Klingenberg, in a paper read in 1913 before the Institution of Electrical
Engineers in London, also compared London with Chicago and Berlin. He
told his audience that use of electricity in London was only 110 kwh. per
capita as compared to 310 kwh. in Chicago and 170 kwh. in Berlin.> He
noted that London had the most-fragmented supply system of the three
cities. He also reported that London's power plants worked the least eco-

*Insull's data are presumed 1o be for public supply and for the year 1913 or 1914. See
Samuel Insull. “Centralization of Energy Supply,” an address given in New York on 20 April
1914 and published in his Central-Station Electric Service: 1ts Commercial Development and Econamic
Significance as Set Forth in the Public Addresses (1897-1914) of Samuel Insull, €d. William E. Keity
(Chicago: Privately printed. 1915, p. 461.

“London County Council, Report (1913-14), p. 3.

*Georg Klingenherg, “E
400

Electricity Supply in Large Cities.” The Electrician 72 (1913); 39—
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nomically. Following his comp ive analysis, Klingenberg volunteered :
plan 1o make London more like Berlin and (,hu:.lgo His paper created a
stir among the British engineers; while some cited it as more evidence of
the need for reform, others defended London by interpreting the statistics
differently. For example, the statistics for the centralized Berlin and Chi-
cago systems included a substantial supply of power for traction, but this
was not the case in London, where traction load was supplied mostly by
isolated, private plants. Others, however, argued that the fact that traction
was not supplied by public power stations in London was an additional
indication of the need for a centralized system. The editor of the trade
journal The Electrician heard the various arguments and then sided with
those who found London's electricity supply “the maddest sort of per-
formance.”®

In 1913 London was the largest city in the Western world. The population
of Greater London was 7.25 million; Greater Berlin had a population of
only 3 million; Chicago counted about 2 million: Paris, nearly 3 million;
and New York, 5 million.” The City, the small financial district in the heart
of London, remained the financial heart not only of the empire but of the
world as well. The port of London still drew the world’s largest annual

mnnage
This great city had an extremely complicated administrative structure
that defied compreh by non-Londoners and reform-minded Lon-

doners alike. The complex structure had a long history and was reinforced
by a strong respect for tradition. London’s pluralistic and historic admin-
istrative structure deeply affected the growth of the electric supply inclustry
there.

On the local government level, electricity supply in London, as elsewhere
in England, was under the jurisdiction of local authorities, a complex array
of administrative units. After passage of the Local Government Act of 1888,
these administrative units, or local authorities, included counties, municipal
boroughs, and parishes. As would be expected in a country so scnsmve [}
history, there were numerous lies that defied ta
The situation in London, for instance, involved exceptions. The
London, 673 acres of financial activity, was one of the local authorities of
Greater London, and one with substantial autonomy and influence. The
City and twenty-eight other local authorities (municipal boroughs) made
up the structure of the Administrative County of London, which at the
turn of the century was a part of Greater London. in 1888 a move toward
centralized authority for London was made through the creation of the
London County Council, whose members would be elected. The council’s
Jjurisdictional aspirations included the counties of London, Middlesex, and
portions of four other counties. The power of the county co

*1bid. ). F. C. Snell presented the London situation more favorably in the ensuing dis-
cussion (sce ibid.. p. 400). The editorial appeared on p. 393 of the same issuc.

Tbe population count depended upon the area being defined as the city. Greater London,
for instance, included not only the Gounty of London, with an arca of 117 square miles, but
also the whole of Middlesex County and parts of four other contiguous counties, or an
additional 693 square miles. The radius of Greater Berlin extended ten miles from city center,
but “old” Berlin was smaller and its population was about 2 million
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challenged by the local authorities, or the counties, borough councils, and
the City.

The functioning of the aggregate of administrative authorities was fur-
ther complicated by Parliament’s powers, which included the authority 10
enact Icgisl;\lion defining electric supply undertakings (privately owned
companies and gover nment-owned enterprises) and establishing the con-
ditions of regulation. The parliamentary legislation affccung electrical sup-
ply in the country and in London consisted of a series of enactments.
Generally, each of the electric lighting (laler, powcr) acts was passed fol-
lowing the deliberations of a parli The c
were formed when Parliament deemed that the state of the technology had
changed to the extent that the introduction or modification of regulations
was necessary. Usually, however, the legislators were unable 1o keep pace
with the inventors and engineers. The first Electric Lighting Act (see pp.
58-61 above) came in 1882 after a committee headed by Lyon Playfair
decided that electricity supply enterprises were of sufficient import to re-
quire statutory recognition and regulation. The act of 1882 enabled the
Board of Trade, a department of the central government, to grant pro-
visional orders for electric supply to local government authorities or 10
private companies. Provisional orders by-passed the expensive and time-
consuming private bill in Parliament, but after issuance had to be confirmed
by Parliament. This law, in the opinion of private enterprise, stifled the
development of the electric supply industry because the provisional orders
provided that private companies could be purchased after twenty-one years
upon demand of the local authority within whose territory the company
supplied electricity. The Electric Lighting Act of 1888, lhc provnslons o(
which were rec ded by another parli: Y C
this period to forty-two years, but left electric supply in the hands of local
authorities, such as the municipal boroughs of London, or with private
companies whose territory was coextensive with that of the local authority.
Political boundaries continued to definc the range of technology.

Further parliamentary deliberations and decisions affected electric sup-
ply following the development of the universal power and light system in
the 1890s. Because the British electric supply undertakings (private com-
panies and local-authority-owned enterprises) were not introducing the new
system 10 the extent it was being adopled abroad, a joint committee of both
houses of Parliament in 1898 i gated and rec led modifications
in the Electric Lighting Act of 1882 and the amending act of 1888. The
committee, headed by Viscount Cross, recommended that authority be
given to utilities to supply power in bulk, or wholesale, to other undertak-
ings, whether privately or local-authority owned. It was expected that smaller
enterprises located in the territory assigned 1o the large power undertakings
would thus distribute the power to consumers. The power undertakings
could also supply power—not light—directly in districts where no supply
undertaking existed. Parliament then proceeded to enact a number of bills
cs(.xblﬁhlng the power undertakings, most of which were private compa-
nies. The bills were all opposed by local authorities, but they included
clauses recommended by a House of Commons committee headed by Sir

James Kitson stating that power should not be supplied by a power company

to any district alveady being supplied by an electric supply undertaking
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unless that undertaking approved. Unreasonable denial was precluded and
could be overruled by the Board of ‘Frade. Power companies. however,
were slow 1o grow under the new authority, and they argued that the
reasons were the withholding of approval by local authorities for the power
undertakings to supply power directly to large customers in their districts
and the failure of local authorities to negotiate seriously (o buy power in
bulk for distribution. Al of these conditions and effects applicd to London,
where the local authorities guarded their privileges in the face of would-
be power suppliel

In addition to administrative complexity, both local-authority and par-
liamentary, the state of industrial development in London must be taken
into account in explaining the history of electric supply there. Statistics
suggest that the symbiotic relationship between industrialization and elec-
trification that was observed in Chicago and Berlin was not rife in London
In 1911 only 39 percent of London's kilowatt-hours were used for power;
in Berlin, stationary motors and traction used 66 percent of the kilowatt-
hour output supplied by BEW: and in Chicago, stationary and traction
power took 81 percent of the kilowatt-hour total.” Insull boasted that Com-
monwealth Edison had six large industrial customers who bought 100,000,000
units annually; this was about one-third of the total electricity sold by the
London utilities in 1911.¢

London in the early twentieth century was a manufacturing center
thercfore a potential market for electric power. It was the site of the greatest
amount of economic activity in the country as measured by the number of
workers employed. About one in five English and Welsh workers in man-
ufacturing and services were located in Greater London. On the othet
hand, large-scale and heavy industries were situated in the Midlane
in the north. Most of London'’s factories were small. Despite the commit-
ment of twentieth-century engineers and industrialists to large-scale un-
dertakings. London maintained its historic character as a sustainer of small-
scale enterprises. As late as the 1930s there were 55,000 factories and
workshops in the London factory avea (an area slightly larger than ater
London), but only 34 factories employed more than two thousand workers:
22,000 employed fewer than twenty-five workers, and more than 10,000
employed under ten. This smallness of scale retarded mechanization."" T'he
most important industries in London were engineering works (metal trades
such as watchmaking, for instance), building. clothing. printing and paper,
food, and furniture. The heavier enginecring enterprises were concen-
trated in southern and eastern London, near the Thames River: furniture
and clothing manufacturers were located in Bethnal Green, Shoreditch,
and Hackney; and printing works were concentrated in the southwest part
of the City and in Southwark. Later in the century. with the development
of road transport and suburban railways, industry would migrate to the
outer ring of London.

and

*Klingenberg,

?"Testimony of Samuel Insull, 28
). p. 7.

'®Merz & McLellan, Report on Electric Service m New York, L.ondon, Pans, and Berln, prepared
for Consolidated Edison Co. of New York (London: Merz & Mclellan, 1937), p. 41. This
report estimated that about 20,000 factories in London were using power, mostly eleciriciny

ectricity Supply in Large Citics,” p. 399,
anuary 1914, in London County Council, Report (1913
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In London the authorized electrical utilities carried not only a small
industrial load but, compared to Berlin and Chicago, a small traction load
as well: in London, traction was 12 percent; in Berlin, 31 percent; and in
Chicago, 69 percent of the total kilowatt-hours sold."! Traction companies
in London generated power in their own plants. If the public utilities had
supplied the city’s underground, trams, and suburban lines, London’s total
supply figures would have been more impressive, for the metropolis was
rapidly electrifying existing transportation systems and constructing new
electrified routes. The [irst section of the London underground, or subway,
was opened in 1863. Before 1900 this line and others used steam traction.
Because of poor ventilation, however, the underground was extremely
uncomfortable, so with the coming of electric power, experimental elec-
trification was tried in 1900. Beginning in 1906 the District system was
extensively electrified and the Metropolitan system also introduced elec-
tricity. During the next decade large power stations were constructed at
Chelsea and Neasden 10 supply the network, and new electrified lines were
constructed. London's surface trams were owned and operated mostly by
the county council. These, too, were converted to electric motors. As some
observers commented. “Nowhere in the world is there a finer system of
electric tramways than those (o be seen in London, and controlled by the
L.C.C.""? The failure of the transportation system to draw more power
from the multitude of London general-service utilities also partially ex-
plains the utilities’ failure to develop into large-scale systems. The under-
lying question remains Why did the London transportation system fail to
take power from the utilities as the Berlin and Chicago systems did?

Berlin in the early years of the twentieth century could with reason be
called the electrical metropolis. Two manufacturers, Aligemeine Elekiri-
zitits-Gesellschaft and Siemens, had large plants for the building of power-
station equipment there. In contrast, on the eve of World War I the leading
British electrical manufacturers as a group produced less heavy electrical
machinery than either of the two leading German firms and less than either
General Electric or Westinghouse in the United States.'* Furthermore, not
one of the foremost British manufacturing companies had built a major
plant for the production of heavy electrical machinery in London. The
leading British producers of power equipment were subsidiaries of foreign
manufacturers. British Westinghouse had its major plant in Trafford, near
Manchester; British Thomson-Houston, a subsidiary of American General
Electric, had a major manufacturing facility in Rugby: and Siemens in
England manufactured dynamos at Stafford, in central England. The lead-
ing British-owned manufacturers of power-plant equipment before World
War | were Dick, Kerr & Company and Parsons. T'hese companies had
manufacturing facilities for electrical machinery in Preston and near New-
castle upon Tyne respectively. The British-based companies were cspecinlly

** These statistics are lor the period 191012 see Klingenberg, “Electricity Supply in Large
Cities." p. 399.

"*City of Mclbourne, City Electrical Engineers’ Nutes an Tour Abroad (Melbourne, Australia.
1912). p. 52.

**I. C. R- Byan, The British Electrical Industry, 1875-1914 (Oxford: Clarendon Press, 1979).
tables on pp. 150 and 166. Compared are the gross output in clectrical machinery in Britain
and the clectrical manufacturing sales of the German and American companies.
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active in the manufacture of cquipment for power plants supplving a trac-
tion load. The only substantial electrical manufacturing plants located in
or near London produced incandescent lamps and telegraph cable. The
head of the British General Electric Company (GEC) (not associated with
American General Electric) explained that manufacturing plants were sit-
uated where the relevant manufacturing skills had become almost hered-
itary. GEC, for instance, chose Witton, near Birmingham, for heavy ma-
chinery because of the presence of the iron and steel industries there: it
situated its lamp-manufacturing plant (Osram) in Hammersmith because
London had an almost limitless rescrvoir of skilled female workers.'*

In London, as in Berlin, ouls(anding members ol the academic com-
munuy taught eleclncal engmeerlng (sce pp- 146—47 above). The academ-
ics' influence was P d by ¢ g firms with world-
wide experience and by the Institution of Elecmcal Engincers. These
professionals were abreast of the latest technological developments in clec-
trical engineering even though, by international standards of sizc and ra-
tionality, London’s utilities were considered backward. In papers and lec.
tures the academics and practicing electrical engineers reminded Londoners
of their perilous condition in an i ly cnmpelilive lcchnologiml workd.
They also lamented England’s inability to practice its skills in its own capital.
Those engineers who were satisfied with things small and beautiful (some
of the London stations were models of that kind) were definitely in a
minority.

IEE lectures and papers called for the development of large, centralized
power systems of the kind that were being built in Chicago. Berlin, New
York, and elsewhere. In his presidential address to the IEE in 1901, Sy
vanus Thompson said: “Larger areas of supply and fewer generating cen!
in an area arc necessities—it is recognized that the secret of economic
working is to generate on a large scale and to distribute over a large avca
at an appropriate high voltage.”'® The IEE collectively tried to reorgan
the electric supply network in London and all of England. Holding meetings
and taking testimony from experts for several months in 1901, an X
committee looked into the backward state of the electrical supply industry
‘These hearings focused on legislation that affected the industry. The report
adopted by the committee on 10 April 1902 identified parochialisi on the
part of local authorities as the major cause of the problem. In June a
deputation from the IEE presented the committee’s findings to Gerald
Balfour, president of the Board of Trade. Speaking for the deputation.
James Swinburne said: “We hold that electrical enterprises should have
their limits and boundaries set by economical considerations only, and that
arbitrary boundaries, mostly of medieval ecclesiastical origin, should not

" Adam G. Whyte, Forty Years of Electrical Progress: The Story of G.E.C. (London: Benn,
1930), pp. 50-51, 73. On the British electrical manufacturers, sce Byau, Brtwh Electncal
Industry, chap. 8; and Robert Jones and Oliver Marriot, Anatomy of a Merger (London: Cape,
1971). Electrical manufacture in London included cables, lamps, domestic appli
mulators, and, later, electronic apparatus. On London industries in general, sec P. G.
The Industries of London since 1861 (London: Huichinson, 1962), pp. 21. 26, 35-36, 148, 151-
52.

" Quoted in R. A. S. Hennessey, The Electric Revolution (Newcastle upon Tyne: Oriel, 1971),
p. 36.
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limit the distribution or the growth of electrical systems."'® The recurring
and persistent clash of values between those favoring technological order
and those attached to the historical constitution of things was thus expressed
succinetly.

The IEE committee wanted to lay to rest the concern that backwardness
of science might be the reason why London failed 10 develop a centralized
electric supply system. LEE worthies insisted that England still led the world
in science and especially in those disciplines on which electrical invention
depended. Paradoxically, the nation's great institutions of science—The
Royal Society. the Royal Institution of Great Britain, the British Association
for the Advancement of Science, and the Society of Arts—were all head-
quartered in London, a city that was unable to organize its electric supply
network according to “scientific” principles.'?

The opinion of so many ¢ F y experts not ling, inter-
esting developments in electric supply were taking place in London. The
city provides an unusual opportunity to consider the development of small-
scale technology in an era when large-scale enterprises held the interest of
most observers. These small undertakings were often appropriate for the
demand they met and for the legislative circumsiances of the day, and
London station managers and engineers took pride in their style of supply.
The relatively small scale of the undertakings and of the technology they

ployed enc ged a sense of p linvol and influence; the
wide variations in choice of equip and organizati i d per-
sonal expression. Furthermore, several of the London companies showed
operating efficiencies and economic achievements that were comparable to
those of the largest urban stations. Before considering efforts to introduce
large-scale electrification in London, we should survey the small—and by
some believed to be the more appropriate—utilities.

The Westminster Electric Supply Corporation, Lid., was one of the oldest
of the privately owned companies; like several others, it supplied London’s
wealthy West End.'® A. B. W. Kennedy, chief engineer of the Westminster
Company from 1890 to 1926, was conservative in his attitude toward tech-
nology. A consultant to the London County Council on electrical matters,
he testified in 1905 against Merz's plan for a unified supply system in the
metropolis. Kennedy argued, for example, that the current of the future
was single-phase alternating current, not the three-phase arrangement (a
prediction that was far off the mark).' He designed for the Westminster
Company the small plants at Millbank, Eccleston Place, and Davies Street,
which in 1890-91 supplied, among other districts, Belgravia and Mayfair,
London’s most fashionable quarters. The system is an excellent example
of the use of low-voltage, direct-current supply at a time when many en-
gineers judged alternating current to be the way of the future.?’ All three
stations had storage batteries charged in parallel with the load during lower-

"“IEE Journal 31 (1901-2): 1324.
"7 The Electrician 49 (1902): 46.
_""The account of the Westminster Eleciric Supply Corp. and other supply wilitics given
in this section is based on R. H. Parsons, The Early Days of the Power Station Industry (Cambridge:
At the University Press., 1940), pp. 71-135.
" Byau, British Electrical Industry, p. 125,
“Pavsons, Early Days of the Power Station Industry, p. 98.
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demand, daylight hours; late in the evening, after the load had lightened.
the generators were shut down and batteries supplicd the system, most of
which was lighting. Kennedy selected equipment from a number of man-
ufacturers and in so doing ignored the move toward standardization of
equipment and concentration of manufacture that was then taking place
in the United States and Germany. His choices included Siemens, Cromp-
ton, Willans, and Parsons machinery.

Faced with a shortage of cooling water for its stcam condensers, the
Westminster Company ingeniously collected rain water from the roof of
the Victoria Railway Station and carried it in underground mains to the
supply stations. In summer, when the utility's load was relatively light, the
company operated ice-making machines at its stations to improve the load
curve without expanding the area of supply. In 1902 Westminster joined
with the St. James' & Pall Mall Company to construct a joint generating
station at Grove Road, St. Marylebone. This station transmitted with three-
phase current at 6,600 volts to the older stations, whose motor generators
converted the supply to direct current for distribution.

‘T'he Metropolitan Supply Company, another privately owned London
supply company, operated a central station at Whitehall Court. Designed
in 1888 by . E. H. Gordon, the station attracted attention because Gordon,
who had been a leading exponent of alternating current during “the baule
of the systems,” used direct current at Whitehall Court. He anticipated a
much more regular load there as well as increased economies from the use
of storage batteries charged by direct current during periods of low load
and discharged during peaks. Lows and peaks were accentuated in a station
that carried mostly a lighting load. Willans high-speed engines were directly
coupled 1o 110-volt generators, a common arrangement at that time in
Britain 2"

After passage of the Electric Lighting Act of 1888. the Metropolitan
Company obtained provisional orders to supply the St. Marylebone,
Bloomsbury, Lincoln's Inn, and Covent Garden districts. an area with thea-
ters, shops, fashionable residences, and educational and public institutions.
Before the turn of the century and the increase in power load. such an
area was highly desirable because of its large lighting load. In 1889 Met-
ropolitan commissioned the Sardinia Street station at the southwest corner
of meoln s Inn Fields. Shifting 1o alternating current for this station, the
c lled American Westingh, single-phase. 125-kw. alterna-
tors with a generating capacity of 1,000 volts.?? The importation of ma-
chinery by English utilities, both from the United States and Germany. was
increasingly common after 1890.2* After a fire almost destroyed the Sar-
dinia Street station in Sef ber 1889, the company reequipped it with
turbines, and in 1897 converted it from alternating to direct current—a
rational decision, even in 1897, for an urban utility supplying lighting to
a densely populated area from a centrally located power station.

By installing Parsons’s turbo-alternators (turbines and alternating-cur-

pp. 72-78.
“ Ibid., p. 76.
“On the export and import of electrical machinery and apparatus, see Byat, Brtish Elec-
trical Industry, pp. 167-170.
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rent generators combined) in another station at Manchester Square in 1894,
Metropolitan proved that London stations need not be technical laggards.
Each unit had an output of 350 kw. at 1,000 volts and 100 cycles, which
was more than twice the capacity of any other turbogenerator constructed
up to that time.** Precipitating the choice of turbines was legal action taken
by neighbors of the Marylebone station who complained that vibration from
the originally installed reciprocating steam engines was an intolerable nui-
sance. The grounds for this decision differed from those usually given for
the introduction of turbines: large units for a large area of supply. Turbines
therefore both prolonged the life of, and made obsolete, the relatively small
urban central stations.

A rare account of the experiences of engineers and workmen operating
an early central station concerns the Manchester Square station after the
first turbines were installed. During the first year and a half of the station’s
operation, these resourceful men kept the turbines running despite the
loss of as many as one-third of the turbine blades. They cooled overheating
bearings with water and oil—at least until the smoke drove the crew out
of the engine house. They held relay valves open with corks and tied weights
onto starting levers to keep turbines operating after the steam pressure
had dropped below recommended levels. Despite these difficulties, the
engineers seem to have approved highly of the new steam engines—at least
years afterward when writing their memoirs.

Increasing demand, rising real estate costs, and complaints about smoke,
dirt, and noise caused Metropolitan finally to locate a plant outside the
district it would supply. In 1897 the company began constructing the Wil-
lesden station along the Grand Junction Canal and two railroad lines (six
miles from the station’s demand center). Again the company turned to
American Westinghouse, this time for two-phase, 60-cycle alternators from
which current would be transmitted at 10,000 volts to the load center, where
rotary converters would change the supply to direct current for distribu-
tion. The universal system had finally reached London.

Other privately owned London companies at the turn of the century
were the Charing Cross Electric Supply Company, which supplied cus-
tomers in the City and in the Strand: the City of London Electric Lighting
Company; and the County of London Electric Lighting Company. To meet
demand, the Charing Cross Company in 1900 constructed a station four
miles (rom the City and transmitted with three-phase alternators, at 11,000
volts, 10 substations for conversion to direct current. Because of the shortage
of cooling water, the station used sixteen circular steel-cooling towers. The
City of London Company's Bankside station became one ol London's larg-
est. Among other customers, it supplied the City's printing establishments,
which needed direct-current distribution; the company persuaded the
printing plants 10 abandon their own isolated installations.

In 1911 in the area under the jurisdiction of the London County Council
(LCC) there were thirteen privately owned and fifteen local-authority-owned
electric supply utilities. The number of utilities and the number of mu-
nicipal boroughs were the same (twenty-eight). (There were sixty-five util-
ities in the Greater London area.) In the LCC area, private companies had

" Parsons. Early Days of the Power Station Industry, p. 79.



Figure IX.1. Sebastan Ziani de Ferranti
at the age of twenty-two, shortly before hus
appointment as engineer of the London
Electnic Supply Corp., Ltd. Courtesy of the
Ferranti Ltd. Archives, Hollinwood,
England.
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invested £14 million, compared to local authorities’ investment of £6.25
million.?* The leading local-authorit 1 supply companies were those
for St. Marylebone, Stepney, St. Pancras, Hammersmith, and Poplar. Gen-
erally, the local-authority utilities had 10 supply the industrial and poorer
housing areas of east and south London. The vestry of St. Pancras the
first local authority in London to supply electricity. Its original intent in
1883 in obtaining a provisional order was to keep private companies out
of its district, but in 1890 the early policy of * ‘masterly inactivity’ could no
longer be maintained, in view of the intentions of the Board of Trade that
a supply of electricity should be available to all who needed it."?" Secking
the best advice, the vestry turned to Professor Henry Robinson, Dr. John
Hopkinson, and Sir William Preece. The resulting direct-current station
with storage batteries near Regents Park was a model of its kind. Water
for its condensers was cooled on top of the central-station building, and
the steam clouds rising from it became a well-known part of the cityscape.
The vestry's second power station, on King's Road, also was interesting: it
operated in conjunction with a refuse destructor. According to availability,
either hot gases from the burning refuse or coal could be used to fuel the
station.

There were other refuse-burning, electric power stations in London. The
Ealing Local Board opened a central station in 1894 which supplied seventy
arc lamps and the equivalent of eight thousand 8-c.p. incandescent lamps.
The refuse plant raised sufficient heat to supply an estimated fifty horse-
power: the remainder came from burning coal. Not content with this in-
genious use of waste matter, however, the designers of the station used
converted sewage as condenser cooling water. In 1896 the local authority
at Shoreditch carried out an even more ambitious scheme. Having paid a
contractor nearly £2,000 annually to remove ashbin refuse, the station’s
designers installed twelve “cells,” each of which had the capacity to burn
8-12 tons of refuse per day as fuel. Considerable controversy—especially
over regularity. of supply—arose concerning the value of refuse as fuel,
but a spokesman for the Shoreditch station stated in 1897 that enough heat
was raised from the refuse to drive the 250-kw. plant.?”

The small-area station, both privately and local-authority-owned. pre-
vailed in London before World War I. Parliamentary legislation. the small
scale of the city's industrial enterprises, the absence of electrical manufac-
turers, and concern for the preservation of local government, among other
factors, sustained this style of electrification. There were, however, two
considerable attempts, led by two outstanding British engineers, 1o swim
against the tide and bring large-scale, centralized supply to London. Both
efforts followed modifications in existing legislation and the develof
of political attitudes that seemed to favor a change of style. The first en-
deavor, headed by the engineer Sebastian Z. de Ferranti, was stimulated
by the amending Eleclnc Lighting Act of 1888, and the second, Ic(l by
Charles H. Merz, was ded 10 take ad ge of the rec
of the Viscount Cross Committee that Parliament authorize power com-

" City of Melbournc, Engineers' Notes, p. 1.
* Parsons, Early Days of the Power Station Indusiry, p. 124.
Ibid., p. 195.
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panies. 1t is worth noting that Ferranti’s endeavor coincided with the de-
velopment of alternating current and that Merz’s endeavor followed the
wide acceptance of the universal system.

In conjunction with the easing of the recession of the mid-1880s and the
rapid rise of the central-station industry in America, the Electric Lighting
Act of 1888 dramatically increased interest in electric power in Britain,
especially in London. Faced by a number of questions concerning the reg-
ulation of future supply in London and with requests from fifteen private
companies and local authorities for authorization to supply London, the
Board of Trade, which exercised parliamentary authority over electric util-
ities. resorted to a committee headed by F. A. Marindin for guidance in
issuing provisional orders. Among the questions the committee considered
were whether utilities should be allowed 1o compete in the same local-
authority district and to what extent a local authority could use parlia-
mentary powers 1o exclude a private company from supplying electricity
within its jurisdiction. The ongoing struggle between proponents of the
direct-current and alternating-current systems brought additional com-
plexity to the debate. Among the applicants for provisional orders was the
London Electric Supply Corporation, which wanted 1o build a power station
of unprecedented size across the Thames at Deptford. Other utilities wanted
to establish relatively small area supply systems.?*

After hearing the testimony of experts and representatives of the local-
authority and private interests from 3 April to 1 May 1889, the Marindin
Committee recommended that local authorities be given priority in ob-
taining provisional orders, but that if they did not intend to apply, they
should not be allowed to block the granting of provisional orders to private
companies. The committee also urged the Board of Trade to grant pro-
visional orders to two suppliers within the same local-authority district if
one of the suppliers used alternating current and the other used direct.
(The committee, inlluenced by “the battle of the systems,” believed that
alternating current had not been proven and that therefore customers
should be given the alternative of the more reliable, direct current.) Ap-
parently the committee did not consider the possibility that with further
development alternating current would become as reliable as direct current
and then would be discriminated against because of the competition pro-
vision. Nor did it provide well for the a.c. system’s greatest strength: large-
area supply using high-voltage transmission. Furthermore, the commitiee
did not anticipate the increase in the city's power load and the resulting
need for large power stations to supply numerous districts. The Marindin
Committee perpetuated the pattern of small-scale electric supply first de-
fined in the Electric Lighting Act of 1882.

Despite the committee’s failure 10 support alternating current and large-
area supply. however, the London Electric Supply Company went ahead
with its bold scheme for a central station on the Thames in Deptford, a
soulhczlfl London borough. It chose S. Z. de Ferranti to head the project.
Fcrranjnl}'s reputation as an inventor and engineer and his success in re-
organizing the Grosvenor Gallery system notwithstanding, it is difficult to
understand why he and his linancial backers took such a great leap beyond

™ The Electrician 23 (1889):56-59,
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the state of existing technology in their Deptlord project. Ferranti’
nators, or a.c. generators, at the Grosvenor Gallery station were 700-h.p.
units transmitting at 2,500 volts; what he proposed for the new central
station were 10,000-h.p. alternators transmitting at 10,000 volts. Not until
the first decade of the nexi century did engincers design, and financial
backers risk, 10,000-h.p. units, and these were then driven by turbine—a
steam engine that was more adaptable to large-scale transmission than the
reciprocating engines envisaged by Ferranti.?”

In proposing this remarkably large increase in scale, Ferranti not only
defied traditional engineering conservatism in the development and use
of new inventions but he introduced a system that had not been fully proven
by widespread use under various conditions. The installations of Ganz &
Company and Westinghouse in the United States were then relatively |
in scale, involving alternators rated in hundreds, not thousands, of kilo-
watts. Therefore, mistakes in these systems would not be so costly. Fur-
thermore, Ganz and Westingl fed to get lved in the serial
production of machinery, lhe problems of which could be solved by modest
and [requent modifications, or model changes. Even though Ferranti had
established a manufacturing enterprise in 1887 at Charterhouse Squarc in
London to make dynamos, transformers, switches, and other apparatus,
the Deptford station could not be justified as a “tryout” for equipment he
intended to improve upon and sell in quantity, for few financiers and
engineers in the world were ready to scale up so dramatically.* What
Ferranti was bringing into use was a system that had not been successfully
developed and for which there was little foreseeable opportunity for de-
velopment.

Why was the excessively bold project embarked upon? First. it should be
noted that Ferranti did envisage the future, at least in part. He wanted his
giant power plant to be located on the Thames, where land could be pur-
chased cheaply, coal wansported conveniently and inexpensively. waste
removed expeditiously, and cooling water used easily. Erom this site clec-
tricity could be transmitted across the river to the heavily settled distr
of London and there distributed by transformers. Therefore, Ferranti s
beyond the local direct-current stations that were soon to mushroom in
London. On the other hand, despite the absence ol a practical motor, he
used single-phase alternating current. But the future lay with motors (power)
and lighting, not just with lighting. Others considered the lack of a pract
motor for the a.c. system (o be a critical problem and were energetically
trying either to solve it or to avoid using alternating current aliogether (see
p. 110 above).

Another explanation for Ferranti's project was the entrepreneurial spirit
of his financial backers. Ferranti's youth and brilliance undoubiedly cap-
tured their imagination. Sir Coutts Lindsay and Lord Wantage (Robert
James Lindsay, a brother of Coutts Lindsay) were the heaviest subscribers

™ A Description of the Inception and Growth of the l.ondon Electric Supply Corporation Limited and
115 Deptford Generating Station, 1889-1912 (.p.. n.d.), a 20-page pamphlet loaned 10 the author
by Mr. J. Hood of London.

%W. L. Randell, S. Z. de Ferranti and His Influence upon Electrical Development (1London:
Longmans, Green, 1948), p. 8.
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(o the undertaking. These two were members of the Lindsay family headed
by their nephew the earl of Crawford. Lord Wantage, with shares valued
at £220,000, was the largest sharcholder. His relationship 1o Ferranti was
similar 1o that of Wall Street financiers to Edison. Wantage represented
that segment ol the British aristocracy which had a history of financing
technological change. (Edward Jot fori ppealed to it when
he brought Edison’s system to London.) Distinguished of bearing, Eton-
educated, a member of the Scots Fusilier Guards, husband of the heiress
10 a princely fortune, soldier, and patron of worthy causes, Wantage had
financial daring to match the daring of Ferranti’s engineering. R. H. Par-
sons believed that Lord Wantage's linancial courage was comparable to the
physical courage that had earned him the Victoria Cross in the Crimean
War. M

Account should also be taken of the bullish spirit that had resurfaced
among British iuvestors by 1887. A number of entrepreneurs who had
pulled out of electrical investments in 1882 and 1883 were now optimistic
that Parliament would soon pass a bill more favorable to private ventures
than the act of 1882 had been.* There was talk of a mighty Britain shrug-
ging off her lethargy and closing the gap between herself and the enter-
prising Yankees in the development of electrical supply.%* Soon the news-
papers were comparing the young Ferranti with the young Edison; perhaps
Sir Coutts Lindsay and Lord Wantage had been struck earlier by the same
analogy.

On 26 August 1887 enthusiastic [inanciers registered the London Electric
Supply Company (LESC) with an authorized capital of £1 million.* The
company's twenty-three-year-old chief engineer designed the Deptford sta-
tion house with stark, rectangular, 150-foot chimneys. The building was
10 be 210 [eet long and 195 leet wide. There were to be two engine rooms
within the structure: one containing two 1,250-h.p. Corliss engines driving
5,000-volt Ferranti alternators; the other housing four mammoth 10,000-
h.p. engines, each directly coupled to a 10,000-volt Ferranti alternator. The
station’s ultimate capacity was 1o be 120,000 h.p.

Like Edison before him at the Pearl Street station, Ferranti specified or
designed most of the major components of his system and planned the
layout of his plant. A British electrical journal dubbed him a Michelangelo,
and Punch created a dialogue between John Bull and Edison in which
Ferranti was a champion of Britain's electrical progress.

Edison
- . you still have some go,
You haven't yet mastered the big dynamo.

' Parsons, Early Days of the Power Station Industry, p. 23.

* Clipping Irom Money, 7 November 1888, “Deptford Clipping Book,” Science Museum.
London, used with the kind permission of Dame M. K. Weston, then keeper of the Electrical
Engincering Collection at the museum

" Clipping from Electrical Engineer (London). 26 October 1888, “Depiford Clipping Book.”
Science Museum, London.

™ Deptford, a short historical pamphilet reprinted from Notes and Records of the Royal Soctety
of London 19 (1964): 2: and Money, 7 November 188K,
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Figure IX.2. S.Z. de Ferranti, the
modern-day Colossus, astride the London he
intended to light. Cartoon in Electrical
Plant, May 1889.
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John Bull
No. that's what | fear, my own knowledge is scanty.
And | can't decide between you and Ferranti:
But. if we are licked by Berlin I must try
To stir up the slugs of the “London Supply.™*

Construction of the Deptford station began in 1888, and Ferranti hoped
to be supplying London from the station's two 1,250-h.p. sets by 1889.
These would carry the load until the 10,000-h.p. units were in place. In
October 1888 The Electrician proudly referred to the Deptford station as
an answer to "Yankee boasts,” and Electrical Engineer said it would “cause
our American cousins to reconsider the verdict of continued backwardness
of England in the matter of central stations for electric lighting."®

By 1889, however, problems had developed, among them the deliber-
ations of the Marindin Committee, which pertained especially to Ferranti's
new company. Almost a dozen companies had applied for the right to light
London districts under the provisions of the Electric Lighting Act of 1888,
and LESC sought a lion’s share of the metropolitan area. As would be the
case in 1905, when another bold scheme for London was proposed by a
private company, the local authorities of London now opposed LES
request for a large supply area. The Strand and St. Marylebone authorities,

38 Punch, 5 October 1889, quoted in Gertrude Ziani de Ferranti and Richard Ince, The Life
and Letters of Sebastian Z. de Ferranti (London: Williams & Norgate, 1934), p. 64.
% Clippings from The Electrician, 26 October 1888, and Elecincal Engineer (London), 26

October 1888, “Deptford Clipping Book,” Science Museum, London.
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the St. Margaret and St. John (Westminster) vestries, and the St. Pancras
vestry all objected before the Marindin Committee. Each stated the inten-
tion to establish its own system and claimed priority over the private com-
pany.*” Unfortunately, from the point of view of the Deptford plan, the
Marindin Committee in May 1889 decided to reduce the territory sought
by LESC and to allow competition between a.c. and d.c. systems within the
company's London districts. Even R. E. H. Crompton, of the competing
Metropolitan Supply Company, later called unfair to LESC the Marindin
Comnmittee's district apportionment. In justice to the committee, it should
be noted that telling criticisms of the new a.c. system were raised during
the hearings. These included the prediction that a.c. transmission lines
would interfere with telegraph and telephone service and the warning that
the concentration of energy in one station would introduce the risk of a
single accident’s darkening much of London. The d.c. stations, transmitting
over a limited area, spread the risk of blackout over a number of stations.
Deptford—a great experimental venture—would have to compete with the
small d.c. stations that had almost a decade of operating experience.

LESC's directors adjusted to the Marindin Committee’s report by limiting
Ferranti to two instead of four 10,000-h.p. generator sets and by deciding
10 build elsewhere another 20,000-h.p. station. By the summer of 1889 the
two 1,250-h.p. steam engines had been erected and the alternators were
near completion. The 10,000-h.p. steam engines were being built by Messrs.
Hick, Hargreaves & Company, Ltd., which had the heaviest steel ingots in
British history cast for forging into engine crankshafts. At Deptford. Fer-
ranti used immense machine tools to finish the station’s alternator com-
ponents. (See Figs. IX.3 and 1X.4.)

In September 1889 Thomas A. Edison visited the Deptford station, which
was gaily bedecked for his arrival. The London Daily News reporter who
accompanied him wrote that Edison looked enervated by his cold. but that
his expression brightened when he saw the 1.250-h.p. units. Edison was
also said to have listened with interest to the description of the 10,000-h.p.
units, despite his firm advocacy of d.c. stations and his partisan role in “the
battle of the currents.”**

When a reporter asked Edison, “"Now, Mr. Edison . . . how do you think
we are getling along in this country?” he replied, “You may be slow to
begin but | must say that when you do go ahead, you may even beat us.”
Edison pointed out the danger to life of 10,000-volt transmission, as com-
pared to his own low-vohage system, which did not endanger even a child.
Yet when summing up his impressions of Deptford for the reporter, he
exclaimed in his way, “Oh, it will go!"»

Qul it did not go, at least not as Ferranti had envisaged it would. The
station transmitted no electricity in 1889—a disappointment to investors,
who had been led to expect transmission in 1888. Ferranti’s enthusiasm
did not lag, however. As his wife wrote, “The principal thing I remember

" The Electrician 23 (1889): 148,
GI:"ﬁls.andau Daily News, 26 September 1889, quoted in Ferranti and Ince, Life of Ferranti, pp.

3 Engineering News & Post, 26 September 1889, “Deptford Clipping Book," Science Mu-
seum. London



243

Figure 1X.3. Fervanti's sketch of the
Depiford station boiler and economizer,
dated 1887. Courtesy of the Ferranti Ltd.
Archwes, Hollinwood. England.

Figure IX.4. A Ferrann alternator under
construction, Deptford station, 1889.
Courtesy of the Ferranti Lid. Archives,
Hollinwood, England.
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during those first months of married life was Deptford, and again Deptford.
We talked Deptford and dreamed Deptford.™*

When, for example, Ferranti found that the cable he had purchased to
transmit 10,000 volts to London would not do, he designed his own. The
Ferranti “mains” excited much comment at the time and are recognized
today as a landmark in the develop of paper-insulated cable. Ferranti
maintained the outer conductor of his cable at earth potential high-voltage
and by means of a dramatic demonstration proved the cable safe under
these circumstances (thereby also relieving the anxiety of public authori-

“ Ferranti and Ince, Life of Ferranti, p. 95.
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Figure IX.5. Deptford central station.
From London Ilustrated News, 26
Octoher 1889. Courtesy of the Fervanti L.
Archiwes, Holtinwood. England.
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ties). While onc of Ferranti's assistants held a cold chisel, another drove it
through the live 10.000-volt cable. The chisel short-circuited the main, and
a fusc cut the supply. Years later, on 3 March 1910, Ferranti wrote with
justifiable pride to his son, Vincent: “Although these mains werc made in
a great hurry and with somewhat faulty appliances, and with a great want
of knowledge, notwithstanding that, at least half the quantity of mains
originally laid down are still supplying London on 10,000 volts today. the
remaining portion of these same mains being still in use but working at a
lower pressure.™'

In October 1890 the Deptford station transmitted current to London,
and hopes ran high. On 15 November 1890, however, the first of a series
of mishaps occurred. The old Grosvenor Gallery station, now converted
10 a substation with a bank of transformers to step down the voltage, was
destroyed by fire. The fire began when an arc formed as a station auendant
removed a plug switch carrying high voltage. The attendant extended the
arc by pulling the plug back instead of replacing it, and the arc ran up the
woodwork, setting fire to the ceiling. The blaze destroyed the substation
in twenty minutes and cost LESC about £15.000 in uninsured apparatus.
Ferranti blamed the attendant. In an interview he argued that the man
could have reinscried the plug switch, pulled the switch nearby to cut ofl
the current to the plug switch, or pulled the nain safety switch to cut off
the supply from Deptford. With hindsight, an engincer today might judge
the human components of the system overloaded.

The company made repairs quickly and by December had restored serv-
ice from Deptford via the Grosvenor substation, but on 3 December 1890
the system again failed when one repaired transformer at Deptford burned
out and transferred its load to the already fully loaded remaining trans-
formers. The bank ol transformers burned out in succession. All Deptford-

“_Ffrrami l’rivale‘ Letters, vol. 4, letter no. 477b. 1 am indebted to C. J. Sommers, company
archivist for Ferranti Lid.. Hollinwood, England. for calling my attention to this leuer.
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Figure IX.6. A London Electric Supply
Corp., Ltd., leaflet, c. 1893. From
Ridding, S. Z. de Ferranti. p. 17.
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The London Flectric Supply Corporation Limited,

ELECTRIC LIGHTING.

EM

) REGULAR LIGHT |

supplied lights blacked out. After the second disaster, the company dis-
continued service for three months to carry out major modifications in the
system. Rewinding of the two 1,250-h.p. units would raise their output
voltage from 5,000 to 10,000, thereby making it possible to feed the output
into the 10,000-volt mains without using a step-up transformer. In the
meantime, Ferranti planned to use two 200-kw. alternators brought over
from the old Grosvenor station. The small output offered no problem,
since three-quarters of the Deptford station's customers had been lost dur-
ing the shutdown. The company went ahead with the construction ol ad-
ditional substations at Trafalgar Square, Blackfriars, and Deptford, and by
August 1891, 30,000 lamps were connected. When Ferranti learned that
the company would not complete the giant alternators, however, he re-
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signed. After his departure, failure of system components continued to
plague the Deptford station. In November, the board chairman remarked,
“The whole thing came to a collapse; the dynamos, mains, and everything
went wrong. . . ."'2 A much-changed Deptford survived, but a reevaluation
of stock in 1898 revealed that the London Electric Supply Corporation had
lost at least £400,000.

Two leading British electrical engineers were brought in to assess the
situation. John Hopkinson and John Ambrose Fleming concluded that
because of its high-voltage, long-distance transmission, the Deptford station
was constitutionally afflicted and was surviving “on very thin ice.” The
consulting engineers hoped that the ice could be thickened. The only total
solution would be to build new, small d.c. stations near the area of con-
sumption. In an era when “the battle of the currents” was being waged by
the advocates of alternating and direct current, this was an especially hu-
miliating blow for the a.c. champion, Ferranti. The consultants made many
technical suggestions to salvage the best of what they judged a bad engi-
neering situation. They recommended reducing the transmission voltage
to 5,000 if the pany continued a.c. ission, but would give no
assurances of the system's performance.*®

Historians' and engineers’ assessments of Ferranti have been more sym-
pathetic. R. H. Parsons, in The Early Days of the Power Station Industry, says
that at Deptford, Ferranti's prescience with regard to electrical develop-
ment was “little short of marvelous; his engineering courage in attempting
to realize his vision . . . no less wonderful.” W. L. Randell, in §. Z. de Ferranti,
dismisses the system's failures by stating that in that magnificent and daring
enterprise Ferranti achieved what engineers of standing considered im-
possible. In Oxford's five-volume /listory of Technology the “collapse™ of the
Deptford station is ignored and Ferranti's experiment is characterized as
the forerunner of all large central stations. Percy Dunsheath, in A History
of Electrical Power Engineering, writes of the great reputation Ferranti earned
from his scheme. On the other hand, Lord HHinton of Bankside notes “that
if you feel that the great enginecr ought 10 be not merely an innovative
genius but should also give good value to his financial sponsors then Fer-
ranti cannot stand beside men like George Stephenson or Telford or Watt.™*
At least Ferranti is associated with the great Smilesian engineers. '

Ferranti’s reflections almost half a century later provide an interesting
defense of his plan and execution of it. After noting a number of mechanical
and electrical problems solved in the course of construction, testing, and
early of ion, he | | the company's failure to install the 10,000~

* Parsons, Early Days of the Power Station Industry, p. 39,

. A. Fleming and John Hopkinson, “Report of December 1891"; copy in the Electrical
Engineering Collection, Science Museum, London.

* Parsons, Early Days of the Power Station Indusiry, p. 28; Ri
Dunsheath, A History of Electrical Power Engineering (Cambridge, Mass.: M.1.T. Press, 1962).

J. Holmyard, A. R. Hall, and I". L. Williams, edls.. A History of Technology.

5 vols. (New York: Oxford University Press, 1958), 5: 199-200; Lord Hinton of Bankside.
Heavy Current Electricity in the United Kingdom: History and Development (Oxford: Pergamon
Press, 1979), p. 0.

**On the character of the Smilcsian engineers, see Thomas P. Hughes, ed., Selections from
Lives of the Engineers (Cambridge, Mass.: M.1T. Press, 1966), pp. 1-29,

wdell, Fervanti, pp. 9-19; Percy
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h.p. units, which, he states, were builtand never erected. He found it highly
significant that reciprocating steam engines for the New York subway con-
structed ten years later were also 10,000 h.p., had two low-pressure cyl-
inders of the same diameter (88 in.) as his, and the same piston specd
(about 750 ft./min.). “[I] seems a curious coincidence,” he wrote, “that ten
years later on the best engineering practice was still considered to be what
we had planned and built for Deptford.” The failure of the Deptford station
was, he recalled, “settled before it started.” He referred to the decision
made by the Marindin Committee to greatly reduce the presumed area of
supply, and “worse than this," he continued, “we had petition from
local stations arranged for in every part of our area.” These competitors
ook actual and potential customers as Deptford experienced its break-
downs. With a monopoly, the company could have held on and modification
would have been possible, Ferranti concluded.'®

Ferranti's Deptford station was begun in 1888, about the time Tesla and
the other inventors of the polyphase system were taking out their patents;
it was abandoned in its grand dimensions in 1891, the year that polyphase
power transmission was successfully demonstrated at Frankfort on the Main.
During the years when it was being built a large number of single-phase
alternating-current central stations were constructed, but by the mid-nine-
ties engineers and station managers had begun to comprehend the advan-
tages of the universal, polyphase system for supplying light, stationary
power, and traction. In short, Ferranti set out on his bold venture in a time
of transition and pursued a course that briefly appeared to be the main-
stream but took him out of the rising tide of technological change.

Other London utilities also expanded greatly during the period of tran-
sition and then failed to commit themselves to the universal, polyphase
system. There was a flurry of construction of new ventures after passage
of the Electric Lighting Act of 1888. London seems to have been the Eu-
ropean city best lighted by electricity in 1891, but it opted for direct current
and single-phase alternating current. During the Frankfort exhibition the
organizers conducted a survey among the leading electrical manufacturers
in auendance (o ascertain the location of major central stations in Europe
and discovered that London had more incandescent lights lit from central
stations than Berlin, Paris, or any of the other metropolises. According to
the 1891 compilation, London had 473,000 incandescent lamps rated at
16 c.p., Berlin had 75,000, and Paris 67,600.7 Of the London lamps,
307,000 were connected to single-phase alternating current. Even though
the compilers stressed the incompleteness of the survey, and even though
there are obvious errors in it, London’s lead was significant. After this burst
of light, h , Lond and England—virtually ignored the polyphase
system during the 1890s, formative decade of the new system. Natives could
once again at the turn of the century lament, as they had in the eightics,
Britain’s electric lighting—and now power—lag.*®

By 1900 Parliament was being told that electrical technology pushed to

0 Clipping from The Engineer, 1G June 1944, p. 469.

** Offisielle Zeitung der Internationalen Ausstellung Frankfurt am Main 1891, pp. 634-39. There
are apparent omissions and errors in this list.

" Byau, British Electrical Industry, p. 69.
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TaBLE 1X.]. LEGISLATION RELATING TO ELECYRIC SERVICE IN THE LONDON AREA

Titte General Scope of Act

General Acts

Electric Lighting Act, 1882 Conditions of franchises: carly terms of purchase
(21 years)

Electric Lighting Act, 1888 Extended period of franchises and improved

terms of purchase
Electric Lighting (Clauses) Act, 1899 Standard clauses for special orders and private

acts
Electric Lighting Act, 1909 Prohibited unauthorized competition with statu-
tory utilities
Electricity (Supply) Act, 1919 Established electricity commissioners and provided
for establishment of joint electricity authorities
Electricity (Supply) Act, 1922 Conferred further powers on clectricity commis-
sioners and joint electricity authorities
Electricity (Supply) Act, 1926 Established Central Electricity Board and the Grid
Electricity (Supply) Act, 1928 Minor amendments to the 1919 act
Electricity (Supply) Act, 1933 Minor amendments to the 1919 and 1922 acis
Electricity (Supply) Act, 1935 CEB authorized to sell energy to railroads

Electricity Supply (Meters) Act, 1936 Minor importance

London Acts

London Electric Lighting Arcas Act,  Adjustment of service areas of utilities
1904
London Electric Supply Act. 1908 Purchasing powers of local authorities transferred
1o London County Council
London Electric Supply Act. 1910 Constituted London County Council purchasing
authority for utifities to which 1908 act did not
app!
Londor Electricity (Nos. 1 and 2) Repealed purchase provisions of earlier acts. Im-
Acts. 1925 posed sliding scale
London and Home Counties Joint Conferred additional powers on Joint Electricity
Electricity Authority Act, 1827 Authority

Source: Merz & McLellan, Report on Electric Serce in New York, Landon, Paris, and Berlin
p.49.

bursting the seams of local-authority confines. Private capital sought au-
thority to establish power companies outside London in order to supply
electricity in bulk over a large area from large-scale power plants housing
the newly introduced steam turbine as prime mover. Some engineers con-
sidered London to be suitable ground for an embracing, universal system.
There was also discussion of taking advantage of Viscount Cross’s rec-

dations for parli y power bills and establishing a power com-
pany for London. Once again, however, the political power of England’s
local authorities was manifest. In London, the London County Council and
the local authorities conferred about the future of large-area supply and
adopted a resolution that expressed well the realities of the situation there:

While reserving intact the rights of the local authorities in regard to electric
lighting and energy, it is desirable that the London County Council should be in
a position to undertake if it 5o determine, or if so requested by the local
authorities, 1o supply electrical energy for the convenience of any districts
desirous of being supplied, provided the Council does not become competitive
with the local authorities."

So laced with “ifs” and “provideds," the resolution should have been fair

London County Council, Report (1913-14), app. 2, p. 34.
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warning for would-be entrepreneurs who envisioned a centralized London
system.

When Charles Merz surveyed the London scene in 1904 from the per-
spective of Newcastle upon Tyne, his sense of system, technological scale.
and economic efficiency must have been offended. London motivated him
10 attempt to reorder the situation in accordance with his achievements in
systematizing large-scale supply at Newcastle. Because Merz is among the
leading figures in the history of British supply, and because he is encoun-
tered not only in connection with his bold London scheme but as a pioneer
in the establishment of the British Grid, his background is of interest.

Charles Hesterman Merz (1874-1940) was born into an influential and
affluent family (see Fig. XIV.29, p. 449). His mother, a Quaker, was a sister
of the Newcastle shipbuilder John Wigham Richardson, and his father was
a man of remarkable culture. John Theodore Merz (1840-1922) is known
1o scholars as the author of A History of European Thought in the Nineteenth
Century (4 vols., 1896—1914). Among his peers he was known as a chemical
manufacturer on Tyneside (his company was eventually absorbed by Im-
perial Chemical Industries). Finally, he was a founder and chairman of the
Newcastle upon Tyne Electric Supply Company. Young Merz therefore
had access to persons ol wealth and political influence. As a consulting
engineer presiding over large-scale projects with political and financial
dimensions, he must have found associations of this kind helpful.

Charles Merz attended Bootham School at York Armstrong College in
Newcastle, but left without taking a degree to pursue more worldly matters
as an apprentice at Pandon Dene, the first central station of his father's
Newcastle upon Tyne Electric Supply Company (NESCO), and later at
British Thomson-Houston (BTH). He then joined BTH and became man-
aging engineer of a utility it owned at Croydon. These early experiences
help explain Merz's q in power-plant
equipment. In 1899 Merz set up a consulting engineering firm, the name
of which was changed to Merz & McLellan after William McLellan joined
him in 1902. From the beginning Merz and the firm manifested a bias
t d d aptitude for—the creation of large-area electric power sys-
tems.

Prior to his i luction of parli legislation in 1905, which was
intended to revolutionize electrical supply m London, Merz gathered with
a close-knit group of Northeast Coast leaders. This meeting and those that
followed in 1905 and 1906 in connection with the London project provide
an example of the nature of technological entrepreneurship. Merz was a
system builder, a hedgehog like Thomas Edison and Samuel Insull; he had
less inventive genius than Edison, less managerial experience than Insull,
but he manifested sufficient instincts for i ion, talent for g
and exceptional sensitivity to the world of politics and finance to perform
as a superb originator and to preside over the fulfillment of bold tech-
nological projects. (See pp. 449-60 below for his experiences as a consulting
engineer for NESCO, and pp. 350-57 for his role in the building of the
British Grid.)

On 28 September 1904 Merz met in Newcastle upon Tyne with men of
experience and influence in large industry, railroads, finance, law, parlia-
mentary politics, and electrical supply. Their collective perspective was
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needed for the encompassing project that was to be discussed. Present were
G. B. Richardson, a director of the shipbuilding company Wigham Rich-
ardson & Company, James Falconer of the Mersey Railway Company; and
Robert Spence Watson, a Quaker who married the sister of Merz's mother
and who was a member of a firm of solicitors, a leader of the Liberal party
in the Tyneside region, and a champion of educational and social reform.
Also participating was Merz's father, who had become chairman of the
electrical supply company NESCO and of the chemical concern Sir C.
Tennant & Company of Carnoustie, as well as a director of British Thom-
son-Houston. Not present, but wishing to be kept informed, were Sir An-
drew Noble, chairman of Armstrong Whitworth & Company, a heavy en-
gineering concern famous for armor and guns; and, from outside the
district, Samuel lnsull, John Annan of Annan, Kirby, Dexter & Soc., and
A. S. Northcote of London. At the meeting, Merz outlined the London
electric supply problem, Spence Watson discussed the difficulties in ob-
taining parliamentary powers, and the group cheered itself on by referring
to the successes of NESCO in supplying power to industry and the railways.
“The group decided to form the Electric Power Development Company in
an effort to solve London’s problem in a similar manner.*

Charles Merz, who had been mulling over the London problem for
several years and who had established a branch of his consulting engi-
neering firm on Victoria Street in Westminster, London, spearheaded the
Newcastle-born project. His enthusiasm was fired by the analogy that elec-
tric supply in the Newcastle region provided for the London project. The
Newcastle upon Tyne Electric Supply Company, which his father chaired
and he advised as consulting engincer, entered a period of dramatic growth
in 1900 when the company began to focus on power rather than lighting
(see pp. 447-48 below). Persuading heavy industries in the Tyneside area
to take power from its system rather than generate from their own power
plants, NESCO dramatically reduced its production costs per kilowatt-hour
and, correspondingly, the price it charged for clectricity. In so doing, the
company’s manager foll | the strategy of mass production adopted
by Insull and other progressive power companies in the United States and
Germany. Merz also promoted steam turbines, one of which he had recemly
installed at the Neptune Bank station, as the key to large-area supply from
units of unprecedented size.

By November 1904 Merz had formulated his basic argument. As director
of the London project, he pointed out that London was a manufacturing
center with over 30,000 factories and workshops and 600,000 employees.
(He did not stress the average small size of thesc plants.) The startling
paradox, to Merz, was the fact that the metropolis used only one-fifth as
much electric power per capita as Berlin and one-tenth as much as his own
Newcastle district. His major explanation for this paradox was the smallness
of scale of the utilities in London, which meant large capital and operating
costs—three times more in both instances than large-scale utilities experi-
enced elsewhere. Drawing again on an analogy with the NESCO system,

*Notes of meeting held in Newcastle upon Tyne, 28 September 1904, Merz & McLellan
Papers (Folio 70/M 53.5/55), 'yne and Wear County Council Archives, Newcastle upon Tyne,
England (hereafier cited as Merz & McLellan Paners).
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road took power, Merz projected a
and the nonder-

from which 80 miles of suburban rai
system (or London that would feed railroads, tramway
ground.®!

In a strategic move to gain approval for their power company. Merz and
his associates decided to present a power bill 1o Parliament. They named
their company the Administrative County of London and District Electric
Power Company because power bills were generally taken up in alphabetical
order. The tactics and strategy used in the cffort to gain passage ol the
bill demonstrated young Merz’s sensitivity to the problem of communicat-
ing the essence of technology and cconomics to the nontechnicall
but they also revealed, in the long run, an overconfidence in the rational
technical argument. During the course of Merz's sustained endeavor Liovd
George, who was then president of the Board of Trade, took the pains ta
say to the then relatively inexperienced Merz, when he, “with the usual
enthusiasm of an Engineer,” spoke about the technical merits of his London
scheme, “My dear young friend, this is not a question of engineering, it is
a question of politics.”?

From a technical and economic point of view, the campaign for Mevz's
bill was well mounted. Because there was no census of industrial production
available, Merz had his associate T. H. Minshall, who headed the consulting
firm's London office, spend several weeks at the British Museum going
through three hundred Ordnance Survey maps of London in order to
locate the factory sites. Then Minshall checked with the owners to find out
what kind of power they used and if cheap electricity would be a boon 10
them. The information Minshall gathered about London was then com-
pared with statistics for other industrial cities. Included in the data were
estimates of the electrical requirement of London. coal consumption in
Greater London, the anticipated savings from adoption of electricity, the
total amount of hnrsepower installed in London, the percentage of power
supplied by existing utilities, and various comp.nmllve costs of existing
power systems and of power under the Merz project (see Fig. 1X.7). By
the time the parliamentary hearing on Merz's bill began on 16 March 1905
Merz had had his data printed and bound in a handsonte leather book
copies of it had been distributed to committee members. “The whole s
and style of the preparatory data was something new in the Parliament:
Commituee Rooms.” Merz recalled that “such tables became the fashion
afterwards but up to then I do not think anything had ever been more
completely or clearly stated and shown."s*

According to Merz and his associates, their power company would op-
erate a power station with six turbo-alternators capable of supplying a

*' Charles H. Merz to The Electric Power Development Co., Lid., November 1904, Mcrz
& McLellan Papers.

**Charles H. Merz, “Awtobiography,” May 1936, p. 19; copy in Merz & Mclcllan Co
Archives. The account of the London project given here draws upon the chapter entitled
“London,” and the page numbers cited hereafter refer to this chapter. John Rowland’s Progress
in Power: The Contribution of Charles Merz and His Associates to Sixty Years of Electrical Development,
1899-1959 (London: Newman Neame, 1960) closcly follows Merz's autohiography: on Lon-
don sce pp. 38-50. | am indchted to Ms. Kathleen Bramiey, former librarian at Merz &

for calling my attention to this privatcly published work
. 12
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Figure IX.7. Table and graph prepared by Merz & McLellan for Charles
Merz's testmony before a parliamentary committee in support of a London
electric supply bill. From Merz & MeLellan. Administrative County of
London and District Power Company. 1906. Courtesy of the Tyne and
Wear County Council Avchives, Newcastle upon Tyne. England

maximum load of 20,000 kw. (Insull had introduced 5,000-kw. units in
Chicago in 1903, and the Metropolitan Flectric Supply Company had in-
stalled a 3,000-kw. unit for London supply in 1904.) From this 20,000-kw.
station, transmission lines would deliver power dircctly from the power
company to industries in east London and would supply power in bulk, or
wholesale, to existing utilities, especially in west London. After conversion
to direct current or other forms, this bulk current would be distributed by
the existing utilities, through their own systems, mostly for lighting. By
lcfwing much of the lighting supply to the small utilities, Merz hoped to
win their support for his plan. The new power company would be especially
geared 10 supply London's growing traciion load. Merz predicted that by
taking advantage of economies of scale and diversity of load, his company
could sell in bulk to the smaller London utilities for a lower price than
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Figure IX.8. Location of London electric
light and power stations, ¢. 1923. From
Electrical World 82 (1923): 1057.
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what it would cost them to generate that power, even in new, expanded
plants.

Merz and Minshall won support. for their bill in the form of a pcuuon
signed by 250 London f: ing firms. In addition, more i
figures in the field of finance and industry becaine supporters of the project
and invested in shares in the syndicate, among them, Walter Cunliffe, later
governor of the Bank of England; through him, Merz hoped to bring in
more City-financed interests. Because Merz also had the support of Baring
Brothers, he believed that he “never had any criticism of the financial
stability of the promotion.™ It is interesting to note, however, the absence
of leading representatives of Britain’s electrical manufacturing companies,
interests that would have figured prominently in a similar American or
German scheme.

Arraigned against the bill on the opening day of the hearings were over
one hundred local authorities from London and elsewhere in England as
represented by thirty-five counsel. In the size, diversity, and influence of
Merz's opposition lies a key to understanding the history of clectrical supply
in London. Moreover, the bill brought concert between pattics who were
normally opposed. The London County Council (LCC) firmly opposed the
bill. The LCC and local authorities, which were engaged in a long-term

bid.. p. 8.
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struggle over the governance of London, united to oppose a private com-
pany that, it was said, would both prevent the LCC from establishing a
London power company and subvert existing local-authority- and privately
owned undertakings. The Progressive party, which dominated the LCC,
opposed Merz's bill as a challenge to the LCC's p ial role in electric
supply, and some of the more radical Progressives challenged the bill be-
cause of their advocacy of municipal socialism. Issues involving London
often involved national political parties, and in the case of electrical supply,
this was to be expected because of the role Parliament and the Board of
Trade played in questions regarding the regulation of electrical supply.
The Conservative party was in power in Parliament in 1905. Although
normally it would be expected to favor a private enterprise scheme, in this
case it felt that the new power company might overwhelm existing private
utilities in London and also the political authority of local government,
which Conservatives championed in London. Even private London gas
companies joined the opposition.

During the committee hearings and in the face of such opposition, Merz
modified his bill. Agreements were reached assuring the future of private
companies, especially in London's West End. The Metropolitan Supply
Company, for example, was promised a large supply district there, and a
special arrangement was made with the County of London Electric Lighting
Company. With some private companies agreeing to the modifications, the
Board of Trade lent the bill its support. The bill then passed the Lords’
committee, the second reading in the House of Commons, and, after a
protracted hearing, the vote of the select committee. Delay by the select
committee, however, doomed the bill because there was not time to have
the third reading in the House of Commons before the Conservative gov-
ernment of Arthur Balfour collapsed. Merz viewed the delays in committee
as a subtle tactic intended to deflcat the bill.*»

Introduced again in 1906 alter the Liberals came to power in Parliament,
the Administrative County of London bill competed with an LCC proposal
and with a power bill promoted by the Hackney and Shoreditch boroughs,
authorities that wanted to build and interconnect stations. Acting on the
advice of the Board of Trade, the newly convened parliamentary committee
rejected them all. David Lloyd George. chancellor of the Exchequer in the
new government, was of the opinion that any scheme for unified and
centralized supply would continue 1o meet considerable opposition from
existing interests. With regard to the Merz bill, he believed that any scheme
placing electricity supply in the unfettered control of a private company
would continue to arouse such opposition as to exclude it from the realm
of practical politics. The LCC proposal was, in his view, oo tentative, 100
protective of the vested interests of the existing utilities and therefore
destined to fail in the effort to bring about the efficiency and economy of
a truly centralized supply system. Because of the scheme’s speculative na-
ture, he also had doubts about a public authority’s right to carry out such
a bold plan with taxpayers’, or ratepayers’, money. Lloyd GL‘OI;EC leaned
toward a cooperative venture in which a private company would carry out
the more speculative steps and the LCC would handle the nonspeculative

* Lbid., pp. 17-18.
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details. After such a project was proven and private investors had reaped
a return, the LCC would be allowed to acquire the entire system.* In 1907
an LCC bill along the lines of the compromise envisaged by Lloyd George
and following the rec dations of a select par C ittee
seemed likely to pass the House of Commons, given its large Liberal ma-
Jjority, but the victory of the conservative Municipal Reform party over the
Progressives in the LCC election in March of that year led to the aban-
donment of the proposal. According to the Times, the LCC election of 1907
turned on the electricity issue. The Municipal Reform party then modified
the LCC bill and called for the cooperation of the LCC and Merz's Ad-
ministrative County of London (.,ompany Despite Lloyd George's Gupp()ll
however, the parli y repr ing a Liberal majc e
jected the compromise.®’

The politics of technology and the controversy over private versus public
ownership of electrical utilities continued after 1900 with the rise of the
Fabian Society. Led by Sidney and Beatrice Webb, G. Bernard Shaw, and
other progressives, the Fabians viewed municipal enterprise, and especially
municipal ownership of public utilities, as an essential part of a well-or-
icipal ownershlp—-somcumes called
municipal socialism—to traditional pnvale enterprise and the persuasive
tracts of the Fabians help explain why, in the words of H. H. Ballin, “wk
should have been a comparison of the economics of small-scale and large-
scale supply, developed into a dispute on the merits of private versus public
enterprise, in which the technical aspect was only of secondary impor-
tance."*®

After 1907 the utilities of London improved their technical performance
but made little progress toward establishing a unified, centralized supply
system before the outbreak of World War 1. The technical options open
to them included the interconnection of load and supply among utilities,
the transformation of obsolete generating stations into substations through
the conversion of bulk power, cooperation among utilities in the construc-
tion and operation of large power plants, and the standardization of dis-
tribution and transmission currents. Managerial conservatism and resist-
ance to institutional innovation, however, usually frustrated the adoption
of these options. Parliamentary law forbade the institutional amalgamation
of utilities; and engineers and managers of the existing utilities showed
liule enthusiasm for the formation of joint committees to preside over
technical interconnection—probably because they would lose their individ-
ual aulhomy Even lhough several utilities c.ooperalcd in building and
operating power stations, the private comy; Py I a Lond, ide

* Memorandum by David Lloyd George, 18 Junc 1906, in the files of the Electricity Council,
London (COAAB. 87/83-no. 56) and brought to my auention by Dr. Leslic 11 .

57 H. H. Ballin, The Organisation of Electricity Supply in Great Britain (Londo v
1946), pp. 81-83; Leslie Hannah, Electricity Before Nationalisation (Baltimore: ‘T'he Johns Hop-
kins University Press, 1979), p. 47.

s* Ballin, Electricity Supply in Great Brilain, p. 22. On the relationship between priva
public enterprisc in France, see Pierre Lanthicr, “T'he Relationship between State and Private
Electric Industry, France, 1880-1920." in Recht und Entwicklung der Grossunternehmen m 19.
und frihen 20. Jahrhundert, cd. Norbert Horn and Jiirgen Kocka (Géuingen: Vandenhoeck
& Ruprecht, 1979), pp. 590-603.
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endeavor presided over by the LCC. The municipal companies and the
LCC continued to be wary of a London power company. In view of the
investment that had been made in innumerable voliage, frequency, and
other current variations, standardization seemed improbable. Through
parliamentary acts, however, the LCC did acquire the right to purchase
London companies in 1931, a right that had formerly been held by the
local authorities.*®

In 1914 Merz & McLellan again made a proposal, this time at the request
of the London County Council. A commitice of the council had taken
testimony [rom Insull, Ferranti, and others, and Merz & McLellan sub-
mitted a detailed report on the London supply situation. They suggested
that a company formed by the existing private London utility companies
would be the most promising institutional arrangement by which to co-
ordinate a London-wicle supply network, provided the LCC was supportive.
An LCC committee rejected this arrangement, however, and adopted, in-
stead, a plan for a mixed undertaking that combined local-authority own-
ership and private-company management. References were made to similar
endeavors in Germany. The London County Council as a whole, however,
refused to send a bill to Parliament incorporating the plan. The opposition
of the London local authorities was substantial.

The war that began in 1914 would greatly influence the development of
electric supply in London and elsewhere in Britain. Therefore, the year
1914 is an appropriate point from which to assess a quarter-century of
electric supply history in London and in the country at large. It should be
noted that a discussion of the state of London’s electric supply industry
to an extent a discussion of the British supply industry. London’s population
was so large and its economic activities were so extensive that they consti-
tuted a substantial share ol the entire nation’s population and economic
endeavors. In the decade before World War 1, the population of Greater
London amounted to about 15 percent of that of the United Kingdom,
and the electricity sold in the Greater London area amounted 10 between
one-quarter and one-third of that sold in the nation as a whole.®

During the second half of the nineteenth century, the British had ex-
pressed growing concern about the state of the country’s industrial devel-
opment. After the opening of the era of incandescent lighting in 1882, this
concern was exacerbated by an awareness that the country, especially Lon-
don, was not doing well with this new and exciting technology. A century
later, they would have spoken of a lag in high technology. Testimony of
contemporary witnesses and the meager statistics that are available do leave
litle doubt that Britain fell behind the United States in electric lighting
during the period between passage of the two electric lighting acts (see pp.
62-64 above), but London, at least, experienced an increase in lighting
installations and central station construction once the amending clauses
were passed in 1888. The explanations offered for the earlier lag were

> Ballin, Electricity Supply in Great Britain, pp. $4-89.
*These are approximations based on statistics in Hannah, Before Nationalisation, pp. 427~
28: By, Hritish Electrical Industry, p. 98: the Merz stistics presented 10 a parliames

commitice in 1906 (see p. 252 above): and Klingenberg, “Electricity Supply in Large Ci
o genberg y Supply in Larg




LONDON: THE PRIMACY OF POLITICS

varied, ranging from the compulsory-purchase clauses of the 1882 act to
the availability of gas lighting at lower cost. The recovery was generally
attributed to the extension of the period before compulsory purchase could
be elfected and the resulting availability of finance—especially for London’s
private utility companies. The argument based on the comparative price
of gaslight and electric light seems, then, to have lost its validity: at least
the inventors believed it had.

As this chapter has shown, London did not make the transition from
electric lighting to electric power after 1890. Therefore, the question was
no longer the dimness of London's electric lights but the feebleness of the
electric power supplied from her central stations. By the turn of the century,
there was again a chorus of lament over London'’s failure to keep abreast
of developments in the advancing technology, a technology that was in-
creasingly seen as the technology of the new century. By 1900, statistical
information and professional judgments confirmed the lag. The Institution
of Electrical Engineers called attention to the backward state of affairs in
1902, and Merz tried to make the condition of London alarmingly clear
in 1905. There were qualifications to be made—such as the generation of
traction load in isolated plants in London instead of by utilities as in Chicago
and Berlin—but this was not stressed in the comparative statements and
figures on the output of central stations.

In 1913 Klingenberg provided a comparison of the Chicago, Berlin, and
London systems that was Germanic in detail but British in emphasis on the
backwardness of London's electrical technology. Klingenberg's audience of
British engineers hardly questioned his presentation, for it reinforced what
most of them had been saying. The ptions were the gers and
engineers of the small and often well-run London stations. Having an-
nounced the most obvious of the statistics—consumption of current in
kilowatt-hours per capita—Klingenberg proceeded to the more esoteric
figures (see Fig. 1X.9). Chicago and Berlin each had capacity concentrated
in six large central stations; London, in sixty-four stations. The installation
cost per kilowatt was higher in London than in the other two cities. In
Chicago the traction load predominated; in Berlin the power, lighting, and
traction loads were more nearly equal: and in London, as the audience
knew, the central stations’ supply was used mostly for lighting. As scen in
Fig. 1X.10, London had the poorest load factor, as Samuel lnsull had often
stressed. Despite the higher cost of coal in Berlin, the total operating costs
per kilowatt-hour sold were lower in Berlin than in London, and the ratio
of profit to real value was highest in Berlin and lowest in London.®' The
British had reason to be concerned.

The testimony of contemporaries leads 1o the question, Why were Lon-
don's utilities judged backward by such progressive engineers as Klingen-
berg, Merz, and the members of the 1EE? To them, a progrcsswe urlmn
utility was, as defined by Insull, a mass-producing poly that suppli
by means of a universal system a diverse load over a wide area at broadly
based low rates and obtained a fair return resulting from efficient pro-
duction and maximum utilization of capital borrowed at reasonable interest.

* Klingenberg, “Flectricity Supply in Large Gities,” p. 399,
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Figure IX.9. Comparison of electric
supply from central stations in Berlin,
Chicago, and London. From Kiiy s
article in The Electrician 72 (1915).
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Figure IX.10.  Utilities of the Western
world: Relation of income to output and
load factor. From Insull, Central-Station
Electric Service, p. 461.
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London’s sixty-four utilities did not fill the bill of particulars. The reasons
were diverse and complex.

A partial explanation is suggested by a comparison of the context in
which the three cities' utilities developed. Insull boasted of his large in-
dustrial power consumers, and in Berlin, BEW supplied the heavy indus-
tries that were flourishing in the old city and in the newer suburbs. There
was even a special category in Berlin's load statistics for the large industrial
power users. London’s industrial base was relatively small-scale. More spe-
cifically, the utilities in Berlin and Chicago cooperated with large electrical
manufacturers that had the research-and-development strength to develop
capital-intensive machinery that would not only raise consumer demand
but improve the load factor. The London utilities had to work with relatively
small British electrical I €rs or import equip from the large
manufacturers in Germany and the United States. Furthermore, the Berlin
utility was owned and managed by a large manufacturer and therefore
represented a symbiotic, vertical coordination of supply and demand. All
three cities were electrifying their transit systems, but while Commonwealth
Edison and BEW integrated traction into their diversified and universal
electric power systems, London’s traction load remained small, only 12
percent of the utilities’ total load.

Although contemporaries often looked to the condition of technological
and scientific education and the health of science in general for an expla-
nation of the state of technology, the situations in Berlin, Chicago, and
London were so much alike that this rationale is of little help in explaining
the differences in the development of the three utility systems. Major tech-
nical and scientific institutions were located in Berlin and London. and
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Chicago’s electrical manufacturers could employ engineers and scientists
who had been trained in leacling engineering colleges throughout the United
States.

Another contemporary cxplanation might be called the “American view.”
The editor of a leading American trade journal, Electrical World, opined as
late as 1923, after a visit to London, that electricity was “almost, but not
quite, as unknown” in Great Britai d especially Lond the Chris-
tian's God was in ancient Athens. Referring to an altar St. Paul had found
there on Mars Hill and its inscription, “to the Unknown God," the editor
wrote that, similarly, the British showed signs of only dimly comprehending
the god electricity. There was some hope, he added, that the streets of
London would not always be lit by gas lamps. To drive home his point, he
further observed that the estimated output of electricity from generating
stations in the United Kingdom was approximately 5 billion kwh., or less
than the total generated in the metropolitan district of New York. (The
United Kingdom, he hastened to add, had 45 million people; New York
City. 7 million.) The American blamed government ownership for “as we
have reason to know in the United States,” he said, “that is a severe hand-
icap.™? The American editor's diagnosis of Britain's “sickness” as a case of
repressive government ownership was biased by his own ideology. Perhaps
he, and Americans generally, were not aware of comparisons of the per-
formance of local-authority and privately owned utilities in London and
Britain; such comparisons showed that one was not clearly superior to the
other when measured by criteria including costs and return on invest-
ment .5

The political, or legislative, explanation for the overall backwardness of
London’s utilities is persuasive. The two great technological failures in
London—Deptford and the Merz power scheme—foundered on the rocks
of legislative obstruction. Ferranti took too giant a step and commitied
himself to a kind of current which had little potential for development,
but his testimony that the Electric Lighting Act of 1888 and the Marindin
Committee’s interpretation of it imposed crippling handicaps must be taken
seriously in view of supportive evidence. There is no doubt that Merz's
plan was frustrated by legislation. Without legislative support, he simply
could not go ahead. At the same time, the Chicago and Berlin utilities were
acquiring franchises that were coextensive with technological limits.

The question remains, however, What frustrating forces were behind
the legislation? What interests, values, and traditions did the legislation
manifest—or better, not represent? The question can best be approached
indirectly by reference to Berlin (see Fig. 1X.10). Chicago does not provi
as instructive a comparison, because Chicago's politicians were pliable.
Technology and economics dominated politics in Chicago, where political
power was a component in an embracing technological-economic system.
“The Chicago system was American and “go-ahead.” It was coupled to the
future, not rooted in the pasi. In Berlin, on the other hand, political and
technological power were not as thoroughly integrated as they were in

W, H. Onken, Jr.. “Elcctrical Development in
* Hannah, Electricity Before Nationalisation, pp. 50-
ain, p. 27.

land.” Electrical World 82 (1923): 1055.
12 Ballin, Electricity Supply in Great Bri-
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Chicago, and they could—and oflen dnd—confhcl Unlike lhe situation in
London, | , the confr in 1 di
tion and cooperation rather than in stalemate. In Berlm there were in-
dividuals who built bridges between the world of technology and that of
politics. The presence of bankers and industrialists on the advisory board
of BEW was a manifestation of the coherence and coordination of finance,
industry, and utility in Berlin. Such a progressive combination of coordi-
nated forces was needed to overcome vested and historical interests in
London, but such a combination did not exist. Instead, the proponents of
local government authority, of municipal socialism, and of private enter-
prise confronted one another in a pluralistic debate that from the point of
view of the forces for technological change produced a stalemate. When
the IEE delegation presented its resolution to Gerald Balfour, president
of the Board of Trade, in 1902, he acknowledged that Britain's supply
industry lagged behind that of the United States and Germany, but he
expressed doubt that this was altogether due to legislative regulation. He
insisted that there were in Britain “a large number of strongly established
interests which produced a very strongly developed instinct of conserva-
tism."%* He recognized the primacy of politics—in this instance, the power
of conservative political interests.

M IEE Journal 31 (1901-2): 1326.



CHAPTER X

California
White Coal

THE confluence of steam-turbine technology and the universal supply
system pushed the development of urban power systems fueled by
coal, and in the symbiotic interaction .of water-turbine technology and the
universal system lies a major explanation for the rapid utilization of white
coal. Because the efficiency of a turbine increases with capacity, the steam-
turbine power plants were located in or near cities where demand was
heavy; for the same reason, water-turbine power plants situated at the
water-power sites had to reach across many miles with transmission lines
in order to supply a large load. Long-distance transmission and the uni-
versal system provided the market needed for large, efficient hydroelectric
plants. This chapter deals with the integration of these plants, long-distance
point-to-point transmission, and urban distribution systems in California.

int int tr ission, as distinguished from t ission net-
works, or grids, is defined as the long, overland transmission of high voltage
uninterrupted by large-capacity distribution and switching stations along
the way. Transmission networks, or grids, also use high voltage, but they
consist of a number of relatively short transmission sections tied together
at major nexus, or load centers, from which distribution lines spread. As
will be seen, point-to-point transmission is appropriate where a great dis-
tance separates the power sources (water or coal) and the urban and in-
dustrial load. At the turn of the century, more densely populated regions,
such as the urban centers of Germany, tended toward the use of trans-
mission networks. In California, point-to-point transmission reached its
greatest heights—or distances.

The early history of transmission involves many so-called firsts through-
out the world. There were major transmission demonstrations in ltaly and
France, as well as in Germany and the United States. Before the 1880s,
these demonstrations involved direct current. Canada, Japan, Mexico, Chile,
India, Brazil, ltaly, Tasmania, South Africa, Spain, Sweden, France, Switz-
erland, the United Staies, and Germany all had transmission systems of
70,000 volts or more before World War 1. Of the fifty-five systems then
using 70,000 or more volts, forty-nine transmitted from large hydroelectric
power plants; the remaining six transmitted from coal-fired plants, several
from mine-mouth plants. The transmission distance was over a hundred
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miles in half of the installations.! More of these high-voltage transmission
systems were in the region of California (eight) than in any other region
of the world, and all eight California systems transmitted hydraulic power.

The highly developed state of water-turbine technology at the time high-
voltage transmission became feasible greatly facilitated the use of hydro-
electricity. Water turbines had been around for a long time. Essential tur-
bine principles were incorporated in the horizontal water wheels shown in
drawings by sixteenth-century European engineers. The history of the
turbine principle in other parts of the world may be even older.? Turbines,
which are generally classified as water wheels, differ from traditional water
wheels in that they depend for power more on the momentum of the water
as it enters the turbine housing than on the fall due to gravity of the mass
of water at the site of the wheel. In effect, the blades of the turbine whecl
must be forced aside (rotated) in order for the high-momentum water to
exit, or escape, from lhe turbine housing. The importance of the difference
for the engi gning, and the capitalists financing, hydroelectric
projects is that lurbme wheels of much smaller size can be used to obtain
the same power as a much larger water wheel of the traditional kind.
Because buildings, penstocks, flumes, dams, and other civil engineering
works make up the largest share of the cost of a hydroelectric installation,
reduction in size from the traditional water-wheel type is of great impor-
tance. Furthermore, turbine efficiency had been notably improved by 1890
through experiment and analysis that drew on scientific knowledge.

Turbines, especially those of the Francis type, which had been developed
in the United States but were based on European experience and hydraulic
science, were well-suited both for the high-head sites of California and the
lower-head sites of the eastern seaboard of the United States. The California
engineers also utilized an i ise, or ial, water wheel devel P |
by Lester Pelton and others in 'California and in other mountainous regions
of the West.® The impulse wheel was driven by an extremely high velocity
jet of water playing on buckets at the periphery of a high-strength iron or
steel wheel. These water wheels depended not on the mass of water falling
the distance of the diameter of the wheel, but on the velocity and mass of
the impacting jet of water. Therefore, these wheels, like turbine wheels,
were much smaller in di than the ¢ ional water wheel.*

'U.S., Department of Commerce, Burcau of the Census, Central Electric Light and Power
Stations and Street and Electric Railways, with Summary of the Electrical Industries, 1912 (Washington,
D.C.: GPO, 1915), foldout facing p. 182.

?F. M. Feldhaus, Die Technik Der Vorzeit, Der Geschichtlichen Zeit und Der Naturvilker (Leipzig
and Berlin: Engelmann, 1914), p. 1304.

3 Charles M. Coleman, P.G. and E. of California: The Centennial Story of Pacific Gas and Electric
Company, 1852-1952 (New York: McGraw-Hill, 1952), pp. 112-15.

*On the history of the turbine, sec Louis C. Hunter, Waterpower: A Hustory of Industrial
Power in the United States, 1780-1930 (Charlouesville: University Press of Virginia, 1979), Pp-
292-342; Edwin T. Layton, ientific Technology, 1845-1900: The Mydraulic T
and Origins of American Ind ial Rescarch,” Technology and Culture 20 (1979):64-89; 4.
Joachim Braun, “Technische Neucrungen um dic Mitte des 19. Jahrhunderts: Das Beispiel
der Wasserwurbinen," Technikgeschichte 46 (1979): 285-305; and Terry Reynolds, Stronger Than
a Hundred Men: A History of the Vertical Water Wheel (Baltimore: The Johns Hopkins University
Press, 1989).

<
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The development of electric power transmission inaugurated a new phase
in the history of hydraulic power. Water-power sites were exploited only
by local crafts, mining, and industry so long as power transmission was
timited to mechanical means, primarily belts and gears. As a result, water-
power resources in i areas { the world were only
partially developed. After the introduction of direct-current generators
and motors during the 1870s, however, cngineers and entrepreneurs saw
the possibilities of long-distance electric power transmission. Among those
who led in power-transmission experiments and demonstrations was Marcel
Deprez, the French engineer who tried direct-current high-voliage trans-
mission in many demonstrations. Oskar von Miller, as noted earlier, invited
Deprez to install a power-transmission demonstration on the occasion of
the Munich electrical exhibition in 1882 (see p. 131 above). Two years later,
at the Turin exhibition, Gaulard and Gibbs demonstrated transmission of
electricity over long distances for use in lighting (see p. 94 above). In 1891
von Miller, whose interest in power transmission was greatly stimulated by
the huge water-power potential of the Bavarian Alps not far from his native
Munich, also helped organize the world's first substantial demonstration
of polyphase-current transmission over a long distance (see p. 131 above).
About a decade later von Miller began the investigations and planning that
would culminate in the construction of a large Alpine hydroelectric station
at Walchensee, in the Bavarian Alps, from which power was transmitted
in a grid throughout Bavaria (see pp. 337-50 below).

Early demonstrations of power transmission were made in Germany
Britain, and the United States, but the history of high-voliage long-distance
power transmission from water-power sites does not lend itself to com-
parison, for developments in the three countries were not comparable.
Neither Britain nor Germany had a major (ranked on a world scale) point-
to-point hydraulic power transmission system by 1914.% The major reason
for the less impressive development of the technology in Germany was the
density of that country's sertlement and industrial development. The major
causes in Britain were density of settlement and the lack of major mountain
ranges. Germany had major water-power sites in the Alps spread along
her southern and southeastern borders, but load centers were within tens
of miles rather than hundreds. Britain had much less potential water power.
and her industrial areas were within a relatively few miles of her high hills
and low mountains, with the exception of the Highlands of Scotland. Both
countries had hydroelectric stations before World War 1—Germany's were
large-capacity installations—but the combination of large capacity and
transmission distances of a hundred miles or more was a California phe-
nomenon.

Because of its dramatic beauty and the immense amount of water power
it harnessed, some historians have concluded that the electric power project
at Niagara Falls, not the California systems, was the turning point in the
history of long-distance power transmission in the United States. ‘I'he en-
ginecrs and entreprencurs who presided over its construction expected
Buffalo, New York, a heavily industrialized city almost twenty miles from
the power site at the falls, to be the load center. Instead, an industrial center

* Bureau of the Census, Central Electric Light and Power Stations, foldout facing p. 132.
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sprang up at the falls. Most of the 15,000 h.p. that was made available in
the in installation of 1895 was put to use in the metallurgical and
electrochemical plants that located there to use the cheap electricity. A
transmission line to Buffalo did not open until 1896, and had a capacity
of only 1,000 h.p. Not until 1910 did a major long-distance transmission
line extend from Niagara Falls, and this was the work of the Hydro-Electric
Power Commission of Ontario, a government-owned system supplying To-
ronto and the province of Ontario. In 1914 the Toronto Power Company
constructed the second major transmission line from a power plant at the
falls.®

Within the United States, only the southeastern region extending from
Virgima to Alabama witnessed development of hydroelectric power trans-
mission -:omparable to that of the California region. There the water power
available in the Appalachun M ins, the relatively thinly p
uplands, and the concentration of industry a hundred or more mlles distant
on the coastal plain all favored long-distance transmission. By 1914 North
Carolina had two major tr ission systems in operation, one i
96 miles and the other 210 miles; Virginia-West Virginia’s system covered
75 miles; Georgia had a 170-mile system; and Alabama’s and Tennessee's
systems extended 150 and 140 miles respectively. Distribution systems in
urban centers and regional grids or networks would connect to these south-
eastern transmission lines in a way that was similar to the California con-
nections. The only major difference between the hydroelectric plants in
the two regions was the classification of those in California as high-head
plants, ranging from 1,000 to 2,000 feet, and those in the Southeast as
medium-head plants, measuring in the hundreds of feet.”

It was in California, however, in the 1890s, that an era of long-distance
hydroelectric power transmission began. “The first faint glimmerings of a
new dawn,” the Electrical World observed in 1912, “were just visible and the
new dawn was in the West.” “California,” the journal had claimed earlier,
“is the birthplace of real long-distance power transmission on this conti-
nent.” Subsequently the region became “the great center of developments,
the world’s laboratory of brilliant and successful experiments in high-ten-
sion energy transmission.”® The history of the episode is a striking example
of human beings using technology to mediate between themselves and
nature, a relationship as old as human history.

The history of hydroelectric development and power transmission in
California is an outstanding example of the way in which technology can
c for natural inadequacies. Nature had left the California region

°For a comparative study of the use of Niagara power in Canada and the United States,
see Robert Belfield, “The Niagara Frontier: The Evolution of Electric Power Systems in New
York and Ontario, 1880-1935" (Ph.D. diss., University of Pennsylvania, 1980). The contem-
porary and historical literature on the Niagara project is extensive. Belfield cites many of
these sources.

7*The Great Southern Transmission Network,” Electrical World 63 (1914): 1201, reprinted
in Turning Points in American Electrical History, ed. James G. Brittain (New York: 1EEE Press,
1976), p. 163.

““The Larger Aspect of Gentral Station Work," Electrical World 59 (1912):1141; “The
World's Longest Power Transmissions,” ibid. 39 (1902): 188.
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short of energy resources.” Forest covered the lower elevations of the Sier-
ras, but the rapidly growing population on the coast could not afford to
transport this wood for fuel. The Electrical World summarized the plight
of the region, with its expanding population and limited energy supply:

The unwooded plains and bare foothills [on the coast] smoothed as with a
Titan's trowel, give small supply above ground and save for a modest supply of
pclmleum near Los Angeles there is little below. Until the beginning of power
transmission by electricity the main reliance was Australian coal and the cost of
power was almost prohibitive.'®

Considering the San Francisco area, another contemporary observed:

Unul of late power for mdusmal uses has been a commodity as expensive as it is
ble. Except in localities, wood is not to be had for fuel,

while the supply of California coal I\.n thus far been really insignificant when

compared with its total consumpti

On the positive side, California did have natural endowments that were
transformable by lﬂ.hnu]ogy into energy resources.'? The history of electric
power in California is a notable reminder that ch g technology can
make nature a resource, a factor of production. Tl he commg of long-dls-
tance power transmission made the remote lakes, streams, and rivers of
the Sierra Nevada power sources first for relatively nearby mining towns,
then for neighboring farm communities of the great central valley of Cal-
ifornia, and finally for the far more heavily settled coastal cities. Until the
advent of power transmission, the Sierras were perceived by coastal in-
habitants as obstacles to the wagon trains and railroads, as the location of
gold and silver mines, and as the site of winter snows, which, during the
spring thaw, brought water for irrigation but floods as well.'*

Before describing the way in which technology moved energy a hundred
miles or more, however, it is pertinent to consider the natural endowments
in California that engincers and others exploited 10 accomplish this power
transmission. Natural geography invariably figures prominently in accounts
of hydroelectric projects. The moisture-laden winds passing eastward from
the Pacific first encounter the Coast Range running along the ocean and
ranging in height from about 2,000 10 8.000 feet. Twenty to forty miles in
width, these hills and mountains receive some rain as they deflect the moist
air upward, but not enough to maintain regularly flowing streams. Nor is
water accumulated as deep snowfall. Therefore, the Coast Range has been
of little consequence to the energy-sceking coastal communities. In contrast,
in the castern reaches of the state, rivers and streams flow from the sloping
face of the Sierra Nevada. This north-south range extends about 430 miles

Hamilion Wright, “Long-Distance High-Tension Transmission of Power in California.”
Scientific American 88 (1903): 373: M. G. Butler, “Pools of Power.’ Survey Graphic 51 (1924):
605; Albert W. Atwood, “Testing Big Business in the West,” Saturday Evening Pust, 22 De-
cember 1923, p. 16.

**“A Notable Transmission System.” Electrical World and anlmn 45 (1905): 375.

"' George P. Low. “I'he World's Longest Electric Power ‘Fransmission,” Journal of Electricity.
Power and Gas 11 (1901): 145.

** I have concentrated on California in this section on the history of power transmission.
lar developments occurred in other mountain states of the American West.

" “Rivers of the Wes1.” Electrical West 129 (1962): 344-45.
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with elevations ranging up to 14,495 feet. The northern halfl normally has
an annual rainfall of more than 400 inches; the southern portion usually
has 10-20 inches, with the exception of the southernmost tip, which reaches
into the low-rainfall area below Fresno and above Los Angeles. Natural
basins and deep, river-worn canyons punctuate the Sierras and offer power
and flood-control sites for dams, making possible year-round utilization of
the abundant winter precipitation. The Yuba, the Feather, and the Stan-
islaus are among the rivers that provide sites for dams.

‘The Coast Range and the Sierras rim, and virtually close in at both ends,
an extensive valley. From north (o south it extends about 430 miles from
latitude 40° to latitude 35°. In width it averages about 40 miles. The re-
sulting 17,200-square-mile area is drained by the Sacramento and San
Joaquin rivers into the San Francisco Bay. The cities in the valley, which
include Sacramento, Fresno, San Jose, Stockton, and, at the bay's opening
to the sea, Oakland, Alameda, San Francisco, and Berkeley, waited for
irrigation powered by electric pumps to make possible the intensive culti-
vation of fruits, vegetables, and other crops. Similarly, these communities
awaited the arrival of energy to relieve the constraints on their growth.
They would spring to life dramatically as the transmission lines reached
them, a situation not unlike that which occurred when canals and railroads
first spread in the United States.

As was the case throughout the world before the era of electric power
transmission, the water power in the mountains benefited mostly the local
inhabitants, who were few in number because of the difficult terrain. Among
those few were usually miners, who took advantage of the natural proximity
of minerals and water. The water was used to wash ore free from the earth,
and the rushing streams powered the wheels that drove the bellows and
other machinery used by the processors of the ore and metal. Californians
in the 1850s and sixties constructed waterworks to facilitate mining and
metallurgical operations. In Nevada, Placer, Eldorado, Amador, Calaveras,
Stanislaus, and Tuolumne counties, mining or water companies built stor-
age reservoirs and canals to carry the water to mining sites to wash away
the sand and gravel hills in which the gold lay buried. By the early 1860s,
over 5,000 miles of artificial water courses had been built. As mining tech-
niques changed and mining activity waned, some of these facilities were
modified for use in irrigating the nearby valleys, and even later some of
the engineering works were taken over for hydroelectric development.'!

The history of hydraulic development, the abundance of rainfall, and
the high elevations with rushing streams in eastern California, together
with the coastal communities aspiring to grow, the extensive valley lands
awaiting irrigation, and the nascent coastal industry needing cheap energy,
formed a reverse salient, defined a Lrlllv..ll problv:m. and suggested a so-
lution. The situation called for engi s, facturers, con-
struction crews, and entrepreneurs to provide technology, to bring new
power where it was disposable. The history of the organization of hydro-
electric power and point-to-point transmission in California is extremely
complex and can only be highli approach will concentrate
on repr ive acts of | { ission from the Sierra

4 Coleman, P.G. and E. of California, pp. 92-94.
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Nevada to the bustling San Francisco Bay area and later to sprawling Los
Angeles and its environs.

Local financiers with eastern sources of capital, as well as local repre-
sentatives of eastern electrical manufacturers, were involved, but during
the first two decades of power transmission in California, most of the
electrical equipment and technical advice came from eastern manufacturers
and consultants. A list of turbines, generators, and transformers used in
major hydroelectric stations includes the names of the Stanley Electrical
Company of Massachusetts, the Westinghouse Company, and the General
Electric Company. The exceptions to the eastern bias were the Allis-Chal-
mers Manufacturing Company of Wisconsin, supplier of generators, trans-
formers, and turbines; the Ohio Brass Company, maker of critically im-
portant strain insulators for the transmission line; and the Pelton Company
of California and 1. P. Morris of Philadelphia, Pennsylvania, producers of
water wheels and turbines.'> The modification of equipment to suit Cali-
fornia conditions, the supervision of construction, and the overall design
of systems. however, increasingly became the work of California engineers,
some of whom had been educated at Stanford, the University of California
at Berkeley. and other California institutions.'® Among these Californians
there was “no respect for constituted authority ... [on] hydraulic, me-
chanical and electrical matters. If an impossible dam has to be erected . ..
they build it . . . if an altogether unheard-of bit of tunnel has to be made
10 connect with a quite impracticable flume . . . they bore the tunnel and
build the flume . . . if three or four stations must be operated together in
defiance of all precedents, in go the switches and the plants operate."'”

Several of the early power plants and a short-distance point-to-point
transmission line were concentrated in the Sierras to the north and west
of Sacramento, the capital of the state. The Folsom power plant on the
American River, which transmitied 20 miles to the city. was conceived of
and constructed under circumstances that in many ways were represent-
ative of the early development of hydroelectric power in California (sce
Fig. X.1). The history of the small plant has almost been forgotten, but
when it began transmitting electricity to Sacramento in the summer of 1895,
contemporaries celebrated the occasion by illuminating the capital with
thousands of incandescent lamps, firing hundreds of guns in salute, and
making boastful addresses. Local newspapers and journals proclaimed it
the largest power plant in the world as well as the longest point-to-point

" From a survey of the Journal of Electrrcity, Dr. Avthur Norber;
for the History of Science and Technology, University of Califo
that through 1925 there was no major ni turer of dyna
in the West; instead, there were many siles representativ
however, western manufacturers of power-line switches (Pax
of Napa. K-P-F Electric Co. of San Francisco, and Agutter
wheels, and turbines.

1% A wumber of instructors of electrical engineering i
contributed 10 the growth of the wility systems through their te:
for the utilities and manufacturers or as consulting engineers. U and manufacturers
also .mmrihmc(l 1o re: j nd facilities at leading departments of electrical engi-
neel:lng,surh as those a1 St d the Throop Institute of Technology (later the California
Institute of Technology). See the section on high-voltage laboratories, pp. 377-80 below.

7“The Tr: n Systems of the Greaw West,” Electvical World 59 (1912): 1142,

and his stalT at the Center
at Berkeley, concluded
05, generators, or large motors
from the 1. There were,
fic Clectric Manufacturing Co.
swold of Seattle, Wash.), water

a cofleges and universities
hing and also by working
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Figure X.1. Folsom pouer plant, 1958.
Courtesy of the Pacific Gus & Electric Co.,
San Francisca, Calf.
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transmission of power. The engraved invitation for a "Grand Electrical
Carni referred to “the greatest operative electrical plant on the Amer-
ican continent.™'*

In several aspects, Folsom, California, was like Lowell, Massachusetts,
before the development of Niagara Falls, the best-known water-power
in America. In 1850 Horatio Gates Livermore had come from New England
10 Eldorado County. California, where gold was first discovered. with an
image of water-powered Lowell in his mind. He envisioned a similar in-
dustrial city at Folsom, a stop on the Sacramento Valley Railroad, and he
pictured logging, mining, and other industries along the nearby American
River. In 1850 Livermore intended to build a Lowell, but his initial steps
culminated quite differently. in 1895, because of electricity.

In 1867 Livermore constructed a dam on the American River as part of
his grand design for the economic d:velopmcnl of Folsom. His pl Iso
called for a canal on each side of the river extending about two miles from
the dam to the town of Folsom: one, a power canal, would provide a head
of about 80 feet above the river for powering water wheels; the other would
carry logs and irrigate the potentially rich farmland in the region. Earlier,
Livermore had invested in a system of water-carrying ditches to supply the
placer mines with water to wash the gold-bearing soil. The elder Livermore,
like so many other enterprising Californians, ingeniously utilized water as
a multifaceted resource.

" Coleman, P.G. (',' E. of Califorma, pp. 116-17. The account of Folsom is based on ibid.,
pp. 116-27; and olsom Power Plant,” Journal of Electncity, Power and Gas, as
reprinted in Pacific rm and Electric Company: Historical and Descriptive (n.p., n.d.), pp. 1-21,
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Figure X.2. Horatio P. Livermore.

Courtesy of the Pacific Gas & Electrc Co..
San Francisco, Calif.
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Various troubles delayed completion of the power canal and the dam
until 1893, however. (Convict labor had been used in the construction.) By
then, Horatio P. Livermore, a son of Horatio Gates Livermore, had read
reports of the power-transmission experiment at Frankfort on the Main
and of the successful completion in 1888 of Frank Sprague’s pioneering
streetcar system in Richmond, Virginia. So stimulated, H. P. Livermore
decided to build a hydroelectric plant at the termination of the power canal
in Folsom, transmit with alternating current over the 20 miles to Sacra-
mento, and, to ensure the system a load, or market, acquire a streetcar
franchise in Sacramento. Lowell, Massachusetts, was no longer the working
model for the system. For financing, the younger Livermore turned first
1o San Francisco, where local capitalists, including the head of the Edison
Electric Light & Power Company, appealed to the Electrical Securities Com-
pany of Boston. Electrical Securities underwrote the Folsom utility's bonds,
drawing upon the advice of Charles Coffin, president of the newly formed
General Electric. Financed by Electric Securities, Livermore ordered his
generators, transformers, and other equipment from Coffin’s General Elec-
tric. The Folsom plant first transmitted 3,000 kw. from four GE alternators
at 11,000 volts by means of 60-cycle three-phase current. The transmission
line was carried atop 40-foot cedar poles set up in two lines along each side
of a country road. At Sacramento, converters supplied direct current for
the streetcar load, and lower-voltage current went to the utility's other
customers. Industry did not need to move to the water-power site; the
power had traveled over small wires (o industry.

The Livermores (another of Horatio Gates's sons, Charles, also had be-
come involved) did not anticipate, however, the region’s summer droughts,
which caused the American River to run low. In 1897 and 1898, despite
the construction of 2 supplementary, 750-kw. hydroelectric plant at Folsom,
the increasing industrial and street-lighting load in Sacramento could not
be fully met because of drought conditions. Nor did an auxiliary steam
plant under construction in Sacramento promise to provide a solution to
the problem. Therefore, in 1899 the Livermores and their associates in the
Sacramento Power & Light Company contracted to take power from the
Yuba Electric Power Company's Colgate hydroelectric power plant 61 miles
away.

Newer and larger than Folsom, the Colgate power plant was to become
much better known because its owners and engineers would reach beyond
Sacramento in the great transmission leap to Oakland, on San Francisco
Bay. The construction of the Colgate plant was begun in 1895 by two
California entreprencurs, Eugene J. de Sabla, Jr., and John Martin. It
would become the nucleus of a system-building that culminated
in the Pacific Gas & Electric Company. onc of the world's largest utilities.
Both de Sabla and Martin came 1o the field without technical experience.
De Sabla in 1892 headed an import-export house established by his father
in San Francisco, and Martin dealt in pig-iron and cast-iron pipe.' Also
involved was Romulus Riggs Colgate, a financier, an enthusiastic advocate

" The account of de
128-43; and Archie Ric

Gas, as reprinted

.G. & E. of California, pp.
ants.” Journal of Electricity, Power and
W Pacific Gas and Electric Company, pp. 76-97.




Figure X.3. John Martin, 1904

Courtesy of the Pacific Gas & Electric Co.,

San Francisco, Calif

Figure X.4. Eugene de Sabla, Jr., 1910.
Courtesy of the Pacific Gas & Electric Co.,
San Francisco, Calif.
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of hydroelectric power, and the wealthy grandson of the founder of the
Colgate Soap & Perfume Company.

William Stanley, the developer of Westinghouse's alternating-current sys-
tem and by 1895, head of the Sunley Electrical Manufacturing Company,
a supy of polyph we encouraged and advised Martin
and his assocnales on the Colgale and other hydroelcctnc projects. Smnley
assigned Martin the agency for Stanley equipment in California after in-
terviewing him at the Stanley plant in Piusfield, Massachusetts. Later Stan-
ley dispatched one of his engineers to California to instruct Martin in
electrical theory and practice and in the installation of Stanley equip
Stanley became a l'amllmr name. in Calll'orma power transmission, and
Stanley d to be used in the region after the
Stanley Electrical Manufacturlng Company was absorbed by the General
Electric Company.

A common financial interest in the gold mines of the Yuba River region
to the north of Sacramento brought de Sabla and Martin together. In search
of a power source for their mines that would be more economical than
steam, they turned to hydroelectric power. They may have been spurred
on by the successful development of the nearby Folsom plant. Before build-
ing the Colgate plant, they constructed a 6,100-kw. power plant on the
South Yuba River, about four miles from Nevada City, California, a center
of gold-mining activity. De Sabla raised the capital and found the customers
for the Nevada City plant, and Martin, the self-taught hydraulic and elec-
trical engineer, assisted by Stanley, installed 133-cycle two-phase Stanley
generators and Pelton wheels in the plant and erected a 5,500-volt trans-
mission line to Nevada City and Grass Valley. Work began on the Nevada
plant (Fig. X.5) on 5 July 1895, and seven months later the system was in
operation. As de Sabla succinctly summed up the entrepreneurial history
of the Nevada power plant,

1 owned some mining interests at Nevada City and I started by trying to get
electric power for use in the mines. The problem was to take water by ditch
from the South Yuba and, by a gradient less than the river's, carry it down to
some point where a sufficient fall could be secured to operate electric
generators. Land and water rights were acquired, plans made for the
undertaking, a site selected for a dam, and, some three miles further down
stream, a spot chosen for a power house at a point on the river about 15,000 ft.
above the level of the ocean.?®

With the success of the Nevada City plant, de Sabla became confident
there was a market for more power in nearby Sacramento, and even in
San Francisco. He raised more money for hydroelectric projects from R.
R. Colgate, who later helped finance the power plant that was named for
him. Martin then bought power rights from water companies that owned
systems of ditches, flumes, and canals that had been built for irrigation
and for supplying water to mines. One of the most promising properties
for conversion to hydroelectric power was located on the north fork of the
Yuba. There the partners erected the Yuba powerhouse, taking advantage
of the head of water provided by an irrigation canal situated alongside a

 Archie Rice, “Story of the Nevada Power Plant.” Journal of Electricity, Power and Gas, as
reprinted in Pacific Gas and Electric Company, p. 59.
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Figure X.5. Nevada power plant; Low-
head and high-head penstocks (rear).
Courtesy of the Pacific Gas & Electric Co.,
San Francisco, Calif.

mountain. By locating the power plant below in Brown Valley, they ob-
tained a fall of 295 feet. Completed in 1898, the Yuba power plant had a
capacity of 1,080 kw. An 18-mile transmission line carrying 16.000 volts
ran from it to mines and power customers in Marysville.

The success of the Nevada and Yuba power plants kindled the enthu-
siasm, provided the experience, and engendered the commitment that led
Martin, de Sabla, and Colgate to cooperate in the construction of the Col-
gate plant (see Fig. X.6). With a contract 1o supply 2,200 kw. to the Liv-
ermores’ water- and power-short Folsom plant in Sacramento, Martin, de
Sabla, and Colgate in January 1899 formed the Yuba Power Company, a
million-dollar corporation. ‘I'he company's immediate objective was to con-
struct, on the Yuba River eight miles above the 1898 Yuba plant, the Colgate
plant, which would supply both the local load and Sacramento, over 60
miles away.

The Colgate plant, which was named for the man who helped finance
it, had many of the technical features that came to characterize the high-
head, California hydroelectric plants. Extensive civil-engineering construc-
tion was nceded. Water diverted from the highly elevated river at the dam
site flowed in a wooden lume (7 feet in width and 5 feet in depth) that
snaked along the course of the river. The fall of the river was steep, but
the flume lowered the clevation of the diverted water gradually, the gra-
dient being a gentle 12% feet to the milc. By the time the flume reached
the power plant, which was situated at river level 8 miles downstream from
the dam, the fall from the llume to the power plant was 702 feet, or more
than four times the height of Niagara (see Fig. X.7).
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Figure X.6. Colgate power house and
penstock (rear). Courtesy of the Pacific Gas
& Electric Co., San Francisco, Calif.

Figure X.7. Flume line to Colgate power
house. Courtesy of the Pacific Gas &
Electric Co., San Francisco, Calif.

Originally two, and later five, 30-inch pipes, or penstocks, carried water
down to the power plant where nozzle-ends played streams of water, the
thickness of a man's arm, upon the steel buckets of “man high” impulse
wheels. The force of the water inspired awe among contemporary observ-
ers. Visitors were warned that a slip into the icy, surging waters of the
flume meant sure death: they also heard that a man could hammer upon
the jet of water issuing from the nozzles as if using a sledge upon an anvil.
The Colgate power plant began operating in 1899 carrying the local mine
and industrial load and supplying Sacramento. Because of the variations
in existing motors, the plant had both t) phase 60-cycle and two-pl
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133-cycle Stanley generators. By 1901 Colgate’s capacity was 14,000 h.p.,
3,000 of which could be delivered to Oakland.2!

In 1901 Martin, de Sabla, and Colgate made a historic decision that
resulted in the construction of the world's longest transmission line from
Colgate 1o Oakland, on San Francisco Bay, a distance of 140 miles. The
eastern bond firms E. H. Rollins & Sons and N. W. Harris & Company
helped facilitate the project. Sceking refinancing, the Oakland Transit
Company, which operated 126 miles of street railway, negotiated with the
Rollins and Harris companies. The financiers decided that the transit com-
pany needed low-cost power to improve its economic health. Engineers of
the bond houses examined the feasibility of transmissian from Colgate.
Upon receipt of a favorable report, the financiers suggested in June 1900
the formation of the Bay Counties Power Company to consolidate the
companies operating the Nevada, Yuba, and Colgate power plants. De Sabla
became president and general ger, R. R. Colgate a member of the
board of directors, and Martin helped carry out the transmission project,
drawing upon his Stanley connections.?*

After consulting in Pitsfield with William Stanley and two of his asso-
ciates, John F. Kelly and C. C. Chesney, both prominent engineers, Martin
decided on 60,000-volt transmission, double the voltage recommended by
General Electric and Westinghouse. Two parallel lines, one copper and
one aluminum, carried on cedar poles 25 feet apart, reached from Colgate
to the substation at Oakland. The duplication seemed necessary to insure
the reliability of the pioneer project. San Francisco’s Journal of Electricity
heralded the delivery of power on 27 April from the Sierras to the Bay
area as “the greatest electrical engineering triumph ever accomplished.”?®

Not only the transmission line, with its unprecedented length and re-
markably high voltages, but also an impressive water crossing excited that
comment. Because it was necessary to cross San Francisco Bay in order to
reach Oakland, the engineers had to decide between a subterranean and
an overhead crossing. They chose suspension at a narrow gap, the Car-
quinez Strait, where the water reached a depth of 120 feet and ran in heavy
and dangerous currents near the northern extremity of San Francisco Bay.
The strait was 2,750 feet wide, with a bluf[ rising to 162 feet to the north
and a hill rising to about 400 feet to the south. The north side presented
a special problem because the land was marshy behind the bluff, making
anchorage for the cables difficult. The towers could not withstand the tons
of lateral pull from the four suspended cables, so they had to be anchored
in rock or concrete behind and helow the main towers. Two principal towers
were erccted, a 225-foot stecl struciure on the north and a 64-foot one on
the 400-foot elevation of the hill. Behind the north tower, at a distance of
1,385 feet, a short tower was needed to suspend the cables over the marshy
ground before they were carried down to their anchorages (see Fig. X.8).
The horizontal distance between the principal towers was more than three-
quarters of a mile, the clearance above the bay of the suspended cables at

# Rice, "Colgate and Yuba Power Pl
Transmission,” pp. 154, 167,

# Coleman, P.G. & E. of California, pp. 14445,

2 Low, “World's Longest Electric Power Transt

2" . 95, Low, "World's Longest Electric Power

ion,” p. 145,
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Figure X.8. Transmission Span,
Carguinez Strait, 1936. Courtesy of the
Pacfic Gas & Electric Co., San Francisco,
Calif.

CALIFORNIA WHITE COAL

their lowest point was just over 200 feet, and the cable length from an-
chorage to anchorage was 6,292 feet. Each cable exerted a pull of 12 tons
on its anchorage. The problem of insulating the cables at the towers and
anchorages was a difficult one.?*

After completion of its great point-to-point transmission project, the Bay
Counties Power Company entered a new phase of development—inter-
connecting within its 14,000-square-mile supply area its several Sierra power
plants and various kinds of loads in the Sierras with consumers in the
farmlands along the route of the transmission line and with those at the
terminus of the line in the rapidly developing Oakland region. According
to the practice of the day, the company tied together the Nevada, Yuba,
and Colgate plants to enable them “to be operated in unison as a single
station as easily as though they were combined under a single roof."?
Through interconnections with other independent companies, power from
the Colgate, Nevada, and Yuba plants in the Sierras reached California
counties to the north and south of Oakland and San Francisco. The industry
and agriculture in the region served thereby included street railway, man-
ufacture, shipping, mining, stock raising, and fruit growing.”® Yet Bay
Counties remained primarily a power-generating and -transmitting com-
pany, in contrast to a utility that is strongly based in distribution. Within
a few years, however, mergers and the acquisition of distribution systems,
especially in San Francisco, would change the system's character.

 George P. Low, “The Great Carquincz Transmission Span,” Journal df Electricity, Power
and Gas 11 (1901): 91-102.

 Low, “World's Longest Electric Power Transmission.” p. 151; Wright, “Long-Distance
Transmission,” p. 878.

 Low, “World's Longest Electric Power Transmission,” p. 164.
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In 1903 de Sabla and Martin, seeing the economic advantages—especially
the improvement in load factor—that would follow further interconnection
and system-building, formed the California Gas & Electric Company (CG&E)
to acquire and merge power companies, not only to interconnect them.
CG&E merged several Sierra hydroelectric power companies with its own
Bay Counties Company. One of these, the Standard Electric Company,
operated the Electra hydroelectric plant in the Sierras, which transmited
power to the Bay area using 30,000 volts. California Gas & Electric also
absorbed the Sacramento Electric Gas & Railway Company, which owned
the pioneering Folsom plant and took power from Colgate as well. A third
company that was acquired early was the Central California Electric Com-
pany, which served a district, between the Folsom and Colgate plants, with
three hydroelectric plants. By 1905, further expansion had brought into
the CG&E system ten hydroelectric plants with interconnecting transmis-
sion lines and two long-distance, high-voltage lines extending 10 the Bay
area.

On the demand (or load) side, CG&E obtained, in addition to the rela-
tively small distribution systems acquired with the Sierra power companies,
several utilities in the Bay area. In 1903 Martin purchased the long-estab-
lished Oakland Gas Light & Heat Company, which supplied Oakland and
Berkeley, and the United Gas & Electric Company, which served com-
munities south of San Francisco, including San Jose. Obviously the next
prime objective for de Sabla and Martin as system builders was a distribution
system in San Francisco. They fulfilled this goal in 1906 when they acquired
the San Francisco Gas & Electric Company. After more than a decade of
sharp competition in San Francisco, the San Francisco Gas & Electric Com-
pany had established itself as the dominant utility there. The prior history
of competition, merger, and acquisition in San Francisco was similar to that
in other urban centers such as Chicago. As in Chicago, an Edison direct-
current lighting system was the nucleus of early supply in San Francisco.
The Edison Light & Power Company of San Francisco. established in 1891
and funded in part by the Edison General Electric Company of New York,
merged with the San Francisco Gas Light Company in 1896 to form the
San Francisco Gas & Electric Company. This company acquired competing
San Francisco utilities during the next decade before being acquired b;
CG&E. (See Fig. X.9.)

Just as New York financiers had stimulated the formation of the Bay
Counties Power Company and the tr ission from Colgate to Oakland,
N. W. Halsey & Compuny, a New York i and brokerage house,
took the lead in merging the San Francisco utility and CG&E to form a
new corporate entity, the Pacific Gas & Electric Company. Halsey & Com-
pany was acquainted with the development of California power, having
underwritten a $3 million bond issue of the Valley Counties Power Com-
pany, a subsidiary of Bay Counties Power Company. Martin and de Sabla
approached Halsey again in 1905 with the proposal that it organize the
merger. After an audit and engineering study by Ilalsey auditors and
engineers, the financial house agreed.

The creation of the new wiility was an ingenious exercise of eastern
financial expertise. The Pacific Gas & Electric Company (PG&E) was in-
corporated in October 1905 with a capital of $20 million in common stock.
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Figure X.9. PGOE mergers and
consolidations. Courtesy of the Pacific Gas
& Electric Co.. San Francisco, Calif.
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$10 million in preferred stock, $10 million in collateral trust bonds, and
$4.5 million in debentures. The Pacific Gas & Electric Company acquired
the almost $16 million in outstanding stock of the San Francisco Gas &
Electric Company (SFG&E) by payment of PG&E bonds (worth $10 million)
and cash, some of which derived (rom the sale of PG&E debentures. The
outstanding stock of the California Gas & Electric Company (CG&E) was
acquired by PG&E in exchange for PG&E preferred stock worth $10 mil-
lion. The stock purclmsed from the San Francisco Gas & Electric Company,
which retained its corporate identity, was deposited with the Union Trust
Company as security for the PG&E bond issue.

Atabout the same time that PG&E was incorporated, Halsey incorporated
the Pacific Gas & Electric Investment Company, the purpose of which was
to acquire and hold the stocks, bonds, mortgages, and so on, of other
corporations. The company's authorized capital was $20 million. Halsey
turned over to the investment company the options to purchase the stock
of CG&E and SFG&E and agreed to advance not more thau $4.5 million
(secured by note) to the investment company. The in
gave all but 10 of its shares to Halsey for the I'ormauon of PG&E, assngnmcm
of rights, .ldvance of funds, and Ilalsty s year of expensive mvcsuganons
and neg Thei pany then transferred o the
the rights and the advance of c.'lsh which it needed to pay to the
for its stock. In return, PG&F. turned over all but 15 shares of its common
stock to the investment company. As a result of this t
N. S. Halsey & Company received common stock of the investment com-
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pany worth potentially $20 million because of the $20 milfion in PG&E
stock the investment company owned. The shares of the investment com-
pany, it was understood, were divided equally among Halsey, de Sabla,
Martin, Frank Drum (a San Francisco financier who participated in de
Sabla utility enterprises), and the company's treasurer, in a potential $20
million return for creating property of value in excess of the value of the
two formerly independent utilities.?” Pacific Gas & Electric began business
in january 1906.28

The San Francisco company brought steam power plants to the new
Pacific Gas & Electric Company. These plants complemented the PG&E's
hydroelectric power by carrying peak loads when demand rose high and
when winter [reezes or droughts lowered the capacity of the hydroelectric
system. The steam plants also aided in regulating the whole system because
of their ability to respond rapidly to load changes. Such a symbiotic rela-
tionship was not unusual at this point in the history of electrical utilities,
but the use of petroleum-fired boilers for the steam plants was. A conflu-
ence of circumstances made California petroleum available at about the
same time that hydroelectric power reached San Francisco. In 1907 PG&E'’s
largest steam plant, located in San Francisco, used 546,000 barrels of Cal-
ifornia crude and generated 73 million kwh. In 1913 the company's hy-
droelectric capacity of over 123,000 h.p. was supplemented by oil-fired
steam plants in San Francisco, Oakland, Sacramento, and San Jose with a
combined capacity of more than 110,000 kw.2?

A brief survey of the history of the company up to 1914 will show that
by then the transition from a power company to a company presiding over
an integrated regional system was complete (see Fig. X.10). PG&E had
become the largest system on the Pacific Coast and ranked among America’s
five largest utilities. Operating in thirty counties of central California, the
company, virtually a single operating unit of interconnected plants, sup-
plied an area of 37,000 square miles and a population of 1.3 million (1910
census). PG&E had 36 percent of the electric and gas business in California.
The number of hydroelectric plants remained about the same during the
first eight years of the company's existence, but the installed hydroelectric
capacity increased by 64 percent. The number of steam plants declined,
but larger units brought a 160 percent increase in capacity. The consump-
tion of oil as fuel increased. The peak demand on the system increased
from 63,000 h.p. in 1906 to 160,000 h.p. in 1913.%

The relative increase in steam-generating capacity as compared to hy-
droelectric capacity is notable. The utility had begun, in 1906, with almost
twice as much hydroelectric plant as steam plant and with extensive water-
power rights in the Sierras. The decreasing price of California crude oil
anq the increasing Bay Area load partially explain the company's failure
to invest in additional hydroelectric facilities. Another reason for not ac-

** Coleman, P.G. & E. of California, pp. 230-81.

™ Ibid., pp. 227-33.

™ Pacific Gas & Electric Co., Eighth Annual Report of the Pacific Gas and Electric Company for
the Fiscal Year Ended December 31, 1913 (San co: PG&E, 1914). During the winter of
1910, the company installed its first steam turbine; four years later 85 percent of its stcam
capacity was the turbine type.

3 1bid., p. 11.
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Figure X.10. California Gas & Electric
Co. (later (PGEE) distribution and
transmission system, central California,
1904. Courtesy of the Pacific Gas &
Electric Co., San Francisco, Calif.

dditional faciliti b

quiring was the y of low-cost hydroelectric
power from the Great Western Power Company. Although Great Western
had owned a power line from Big Bend in the Sierras to Oakland since
1909, it had lacked a distribution system in San Francisco, and so it whole-
saled power to Pacific Gas & Electric for sale there.

In 1911 Great Western finally acquired a distribution system in San
Francisco, and in 1912 it laid a transmission cable under the Bay from
Oakland to San Francisco. Anticipating the loss of wholesale power, Pacific
Gas & Electric embarked on a hydloelcc(rn. project to increase the gen-
erating capacity of the company's system by 80 percent. T he Drum station,
the first power plant in a related projected series of six, came into operation
in 1913, adding more than 33,000 hydroelectric horsepower to the Pacific
Gas & Electric system. Drum accounted both for the first substantial in-
crease in the system's hydroelectric power since the founding of the com-
pany and for the relative rise of hydroelectric generation to the level of
stcam gencration in 1913."

The purpose of the Drum project was to utilize the watershed of the
South Yuba and Bear rivers. The scope of the concept extended far beyond

* For accounts of the project see iid., pp. 12, 14; and Rudolph W. Van Norden, "Lake
Power " Journal of Electricity 31 (1913); 525-41
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the Nevada, Yuba, and Colgate schemes of slightly more than a decade
earlier, however. Rights and facilities had been acquired in the 120-square-
mile watershed in 1905. Two company engineers, Frank Baum and ). H.
Wise, the first a graduate of Stanford and the other of the University of
California at Berkeley, foresaw the enormous potential of the watershed
for power and for irrigation and in 1905 began surveying and planning.
The two men were in charge when construction on the Drum power plant
began in 1912, but Wise died later that year.

The comprehensive plan in 1912 called for an increase in the capacity
of Lake Spaulding to 97,000 acre-feet in order to utilize more of the flow
of the South Yuba River and the runoff from the watershed. Drum and
five other powerhouses were to be stepped along the Bear River and along
artificial waterways for a distance of about 50 miles in order to make use
of the 4,600-foot difference in elevation from the reservoir to the last
powerhouse. The ultimate capacity of the six plants was projected as 190,750
h.p. A 110-mile steel-tower transmission line carried the power a1 100,000
volts to Cordelia, Pacific Gas & Electric’s load center and switching station
near the Carquinez span across the San Francisco Bay. After passing through
the last of the power plants, the harnessed water was to supply an irrigation
system.

Construction of point-to-point transmission lines from the distant moun-
tains to the energy-short coast was carried out by other utilities elsewhere
in California. The preeminence of California among regions of the worid
that were developing long-di tr ission systems prior to World
War | was made clear by the U.S. Census Bureau’s listing of transmission
systems operating at 70,000 volts or more throughout the world in 1914.
Twenty-eight of the systems were located in the United States and, as
observed earlier, eight of these were in California. Four, including Pacific
Gas & Electric’'s Drum-to-Cordelia system, terminated in the San Francisco
Bay area, and four served the Los Angeles region. Michigan had three
transmission systems operating at 70,000 volts or above, but no other Amer-
ican state had so many. Canada and taly led the other nations with four
each; England had none; and Germany had two, both of which were coal-
fired plants (see Fig. X.11).*

The history of Pacific Gas & Electric is representative in many ways of
the history of the other utility companies operating the major California
transmission lines and related gencration and distribution systems. These
utilities—like Pacific Gas & Electric—resulted from mergers of power trans-
mission companies and urban utilities. In northern California the Great
Western Power Company competed with Pacific Gas & Electric for the
Oakland and San Francisco markets. With hydroelectric facilities at Big
Bend in the Sierras, Great Western also built up a distribution system in
the Bay area by acquiring small companies that survived alongside the San
Francisco Gas & Electric Company and thereby avoided merger with Pacific
Gas & Electric. Held by an eastern power trust with headquarters in New
Jersey, however, Great Western merged with its competitor in 1930. An-
other of the northern California long-distance transmission enterprises,

3* Bureau of the Census, Central Electric Light and Power Stations, foldout facing p. 132.
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the Sierra & San Francisco Company, sold all of its power to San Francisco
transit operators, but Pacific Gas & Electric acquired it as well in 1927.%

Two of the southern California utilities, the Pacific Light & Power Com-
pany (PL&P) and the Southern Sierras Power Company, had point-to-point
power transmission of greater length than the companics in the north. In
1913 Pacific Light & Power completed the 241-mile Big Creek~to—Los
Angeles transmission.* It competed in the Los Angeles area with the South-
ern California Edison Company, which of 1 the 117-mile-plus Kern
River—to—Los Angeles transmission. Pacific Light & Power supplied power
from Big Creek to the Los Angcles Railway Corporation and the Pacific
Electric Railway, the largest intercity railway system in the United States.
By 1915 Harry E. Huntingdon, the railway and industrial financier, owned
substantially all of the stock of Pacific Light & Power and all of the stock
of the Los Angeles Railway Corporation. In 1917 PL&E merged with South-
ern California Edison.>® The Southern Sierras Power Company, later the
California Electric Power Company, was the first to transmit power from
the Sierras southward to the southern California communities. The com-
pany's Bishop—to-San Bernardino line, stretching across the Mojave Desert
and using 2,000 steel towers, extended 238 miles. A network of distribution
lines radiated out from San Bernardino into Riverside and San Bernardino
counties.

The most unorthodox of the California power transmission and distri-
bution utilities was the Los Angeles aqueduct system with its transmission
lines extending from San Francisco to Los Angeles over a distance of 383
miles at 100,000 volis. The system was unusual because an extended ag-
ueduct was used to supply water to Los Angeles, the water was used to
generate electric power, and the system was municipally owned.

The transmission lines and related irrigation systems of southern Cali-
fornia, like those in the north, transformed a region “by Nature left with
a wholly insuffigient water supply and parched from lack of it” into “[one]
of the garden spots of the continent."3 The power systems in the south,
along with those in the north, also moved the entire state to the forefront
among electric-power-generating regions. As early as 1902 and still in 1912,
California ranked second only to New York State in the capacity of water-
powered prime movers in central electric stations; and by 1912 California
had risen from seventh to fourth behind New York, lllinois, and Penn-
sylvania in steam-power-station capacity. The combination placed the state
at that time second to New York in the general category of primary power
capacity in central electric stations. And in the ranking of the states ac-
cording to total kilowau-hour output, California’s central stations, com-

" Sketches of the history of the Pacific Coast uiiliics can be found in the seventy-fifth

suc of Electrical West, 129 (1962).

Creek-to-Los Angeles transmission linc, because it operated with the highest

y. and was the longest of the major world transmission

ty. Sce, for example, A. J. Farnsworth, “The Big Greek

Power Development,” Stone & Webster Journal 11 (1912): 167-75; J. H. Anderton, *

Features of the Big Creck Development,” ibid. 18 (19183): 326-

Creek Development: Hydraulic and Mechanical Features.” ibid.. pp.
s“Merger of California Hydroclcctric Sysiems,” Electrical World 68 (1916): 1134-35,
s0+A Notable Transmission System,” p. 875.
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Figure X.11.  Transmuswn systems of the world operating at and above 70,000 volts, 1914, ranked according to operating voltage. & = mesh grouping (three phases joined as
equilateral tnangle). ¥ = star grouping (three phases united at a common junction). From table compuled by Selby Haar as a supplement to Electrical World. 25 Apnl 1914, and revued
and brought up to date by Haar for the Hydro-Electro Section, National Electnc Light Convention, Philadelphia, Pa.. 2-5 June 1914 Reprinted in Bureau of the Censws, Central
Electric Light and Power Statons. foldout facing p. 132. Data on transmusion lines not included here.
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mercial and municipal, were second only to New York State’s.*” Comparison
of California with the leading clectric-power-generating states—New York,
and Pennsylvania—reveals that California had the largest per-
centage increase in kilowatt capacity and in kilowati-hour output during
the decade 1902-12.

*" Bureau of the Census, Central Electric Light and Power Stations, pp. 30,
50. The statistics are for private and municipally owned central stations suppl
sec ibid., p. 15,

34, 46, and
g the public:



CHAPTER XI

War and Acquired
Characteristics

ENGINEERS and managers engaged in prediction prefer the extrapo-
lation of trends to the formulation of complex scenarios based on
likely interactions of trends and contingencies suggested by historical prec-
edents and analogies. Before World War I they undoubtedly anticipated
that the trends of the past decade or so would extend into the future.
Because of the momentum of the electric supply industry, this was a rea-
sonable assumption. Moreover, the factors influencing the growth—the
context in which it occurred—were, by implication, projected into the fu-
ture. The combi of growing um and reinforcing context was
expected to overwhelm contingent perturbations. History, ol course, raises
grave doubts about extrapolations, but the study of history is not required
of engineers and managers.

History is a record, among other things. of contingencies, even ol un-
anticipated catastrophes, natural and man-made. In August 1914 a m.
made catastrophe struck Europe and later spread to America. The im-
mediate effects and consequences of World War I have been documented
by historians. The effects of the war on the evolving electric power systems,
however, have been overlooked. These systems, 100, were affected by the
war and acquired characteristics that survived into peacetime.

The perturbations and lasting changes brought by catastrophes such as
war result from forces that are strong enough to disrupt the momentum
of systems. Or, to use a different metaphor, a change in the environment
selects out different characteristics. World War 1, for instance, altered the
relative influence of the various contextual factors affecting clectric power
systems. Engineers and managers who. because of their experience and
special T were ¢ itted to of scale nevertheless ac
knowledged the primacy of output when pcr&onzll and national survival
seemed to depcud on it. L|kew15c cmnp.nues and governments that were

i and ideol itted 1o vested interest and authority
yielded in the face of the same |mpe| ative. A history of power supply during
the war will show this.

Because technology is often
processing equipment, structures,

i

4 in material form—muchines,

nd tools—its lasting effects
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observed. Ideas and events, historians argue, have effects far beyond the
time in which they occur, but their effects are less visible. In the case of
technology. even the casual observer knows that he is surrounded by things
that were made in the past, things that were often made under substantially
different circumstances. In a sense, thercfore, surviving technology brings
to the present the character of the past, a past that imposed its characteristics
on the technology when it was first invented, developed, and introduced
into use. The technology of electric power systems that was introduced
during World War I notonly caused perturbations in trends but also carried
into peacetime certain aspects of the wartime environment. The extremely
large electric generating stations that were built to fill the pressing and
unusual needs for electric power during World War | survived the war
and became, in a sense, a solution in search of a problem. Another, less
obvious case is the large number of interconnections of electric light and
power systems that were made during the emergencies of wartime and
carried over into peacetime.

This chapter considers how war brought the governments of Germany
and the United States to fund the development of power plants of un-
precedented size. The reader’s attention is also directed to the series of
wartime interconnections in Great Britain and the United States that re-
sulted from the I, even radical, d ds that were made on formerly
reluctant utilities by central governments concerned about survival. After
noting the creation ol wartime artifacts, this chapter further observes the
efforts made by the three governments to maintain in peacetime the mo-
mentum of their wartime planning and nurturing of technology. The ef-
forts failed in the three cases considered here. The reason for the [ailure
was in part a conservative reaction comparable to that which is often en-
countered in the political realm after radical changes have been introduced.
Once the disruptive force—in this case, war—is removed, the prewar con-
text again prevails. There were other causes, however, and they differed
from country to country.

The fact that the exigencies of war caused the accelerated development
of certain technological characteristics—in this instance, large size and in-
terconnection—shows again that the rate and direction of technological
change can be shaped by nontechnological factors. In other words, tech-
nology is not necessarily a simple extrapolation of its past, or a working
out of inherent technological implications. The cases considered suggest
that war did not so much stimulate the invention and development of new
technologies as clear away the political, economic, and other nontechno-
logical factors that prevented or retarded the utilization of existing tech-
nologies. The imperatives of war did not reverse the direction of techno-
logical evolution nor did they cause mutations: her, they broke a
conservative crust that had restrained adjustments in course and velocity.
The wartime history of electric power supply suggests that a society under
the influence of even more pressing demands—a moral equivalent of war—
could alter the shape of technology even more drastically.

In the United States an outstanding instance of a mammoth artifact built
under the emergency circunistances of war, and standing like a large white
elephant at war's end, was the nitrate-fixation plant and its partially com-
pleted hydrocelectric power station and dam located on the Tennessee River
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at Muscle Shoals, Alabama.' The large demand for nitrates used in fertilizer
and explosives, coupled with America’s tenuous dependence upon Chile’s
nitrate monopoly, persuaded the U.S. Congress—even before the country
entered World War I—to include in the National Defensc Act of 1916
provision for the construction, within the United States, of facilities capable
of fixing atmospheric nitrogen. Already in Germany, several nitrogen-
fixation processes had been developed, including the high-pressurc and
high-temperature Haber-Bosch process.? Such a plant was built in the United
States at Sheffield, Alabama, but the government, doubtful of the abi
of American engineers and scientists to handle the Haber-Bosch process,
also contracted with the American Cyanamid Company for the construction
of a cyanamide-processing plant. In comparison to the Haber-Bosch method,
the ¢ ide process d large of energy; thus the plan
was to build the Muscle Shoals hydroelectric station and dam and use its
cheap power to supply the cyanamide plant.

The Muscle Shoals nitrate facility was completed just before the war
ended in November 1918. Close to $70 million had been invested in it, but
no nitrates from it had been used during the war. A transmission line had
been erected to bring power from a steam power station because the dam
and hydroelectric power station were not yet completed. The government
continued construction of these until 1925, by which time an additional
$45 million had been invested.® Government financing provided the capital
investment of more than $100 million in the nitrate plant and hydroelectric
facility, for private capital was reluctant o invest the large sums demanded
by the high first cost but relalively low operating cost hydroelectric plants.
As the values and imperatives of wartime faded, Muscle Shoals stood like
an organism that had passed into a foreig hostil

Wartime demands for energy forced the Germans to build giant power
plants as well. While the United States took a leap forward in the devel-
opment of hydroelectric power, Germany accelerated the development of
electric power plants fueled by brown coal, or lignite. In both cases the
energy source was abundant and cheap, and the plants that were built 1o
utilize it were large-scale and capital-intensive. Because of the emergency

' For a general study of the Muscle Shoals nitrate plant and power station and the postwar
controversy they stimulated, see Preston ]. Hubbard, Origins of the TVA: The Muscle Shoals
Canmmer.ry 1920-1932 (New York: Norton, 1961). On the response to the emergency demand
for nitrates in the United States, sce U.S., War Department, Ordnance Office, Nitrate Division,
Report on the Fixation and Utilization of Nitrogen, War De} Report no. 204 1 (Washi
D.C.: GPO, 1922).

7 For a description of nitrogen-fixation processes, especially the Haber-Bosch method, see
J- R. Partington and L. H. Parker, The Nitrogen Industry (New York: Van Nostrand, 1928).

3 Hubbard, Muscle Shoals, p. 7; the government invested $68 million in the nitrate plant.
In History of the Georgia Power Company, 1855-1956 (Atlanta: Georgia River Co., 1957), p. 274,
Wade H. Wright states that the hydroelectric power station at Muscle Shoals was completed
in 1925 184,000 kw. installed at a cost of $45.6 million.

+ During the war, the private utilitics complained of difficulty in raising funds for expansion.
The Philadelphia Electric Co., a large utility that was extremely hard-pressed by wartime
demands arising from shipbui g on the Delaware River and from munit lants, was
not able to raise the $25 million it needed to construct the “Delaware Station,” which was
sorely needed to meet anticipated demand in 1918-19. See Nicholas B. Wainwright, History
of the Philadelphia Electric Company, 1881-1961 (Philadelphia: Philadelpl ctric Co., 1961),
pp. 197-40.
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nature of wartime, central governments provided the necessary capital.
The particular imperatives of war accelerated economies of scale and the
use of capital-intensive technology, thereby creating a wartime style of
technology. Two giant German plants spawned by the war were Knapsack
(later renamed Goldenberg) and Golpa-Zschornewitz. The former, located
in the large brown-coal fields near Cologne, became a part of the Rheinisch-
Westfilisches Elektrizitdtswerk system that supplied heavy industry in the
Ruhr valley. Golpa-Zschornewitz, like Muscle Shoals, was constructed in
response to a critical wartime shortage of nitrogen.

Some experts predicted that the shortage would paralyze Germany's
armies and starve her people soon after the war began. The world’s largest
importer of nitrogen compounds before the war, Germany had depended
especially on Chile's natural coastal deposits. The country’s other major
source of nitrogen was a by-product of her own coke and gas production.
After the British navy cut Germany's supply lines, the German people faced
dire shortages of explosives and agricultural fertilizer, both of which re-
quired nitrogen. They had to rely on stored nitrogen compounds until new
processes for their production could be developed within the country.
These processes required unusually large amounts of electrical energy.® A
major response to this critical problem was the Golpa-Zschornewitz power
station.

The history of the Golpa-Zschornewitz station dates back to 1915, when
Germany's stored nitrog pplies neared exh ion and the g
derivable as a by-product from the manufacture of coke and gas from coal
could not match demand. The situation was alleviated only as the Germans
brought into operation the new plants for fixing in compounds the nitrogen
of the atmosphere. After the government found that private companies
were not willing to build plants of sufficient capacity unless the government
guaranteed a long-term market, it decided to finance the building of its
own nitrogen plants and to turn over to private industry the operation of
the plants. One of the largest of these, Piestcritz, was situated in the brown-
coal fields about 80 miles southeast of Berli

Piesteritz required a giant power station. Early in 1915 the Reich, or
central, government persuaded the Braunkohlenwerke Golpa-Jessnitz AG,
owner of the brown-coal fields and a subsidiary of the Allgemeine Elek-
trizitdts-Gesellschaft, to build the Golpa-Zschornewitz station (Fig. XI.1).
The government contracted to buy electric power for the nitrogen plant
from the station. Under the direction of Georg Klingenberg, the inter-
nationally known head of electric power plant design at AEG., the station
was completed in the remarkably short period of nine months. The design
was for 180,000 kw., and the station went into operation in January 1916
with 128,000 kw. installed. Braunkohlenwerke formed a new company,
Elektrowerke Akuengeselhcll.ul’( (EWAG), to own and manage the Golpa-
Zschornewitz station. The station soon developed technological and eco-
nomic problems, however, and these were intensified because the guar-

*Thomas P. Hughes, “Technol in History: g in Germany,
1898-1993." Past and Present, no. 44 (Augllsl 1969), pp. 106-32.
Georg Boll, und g des in der deutschen Elektrizititswirt-

schaft bis zum européischen Vrrbumt 1Frank(ml on the Main: VWEW, 1969), pp. 27-29.
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Figure X1.1. Golpa-Zschornewitz power
station at the mine mouth. From Electrical
World 75 (1920): 602.

WAR AND ACQUIRED CHARACTERISTICS

WEE —_— -
anteed price of current for Piesteritz was too low. In May 1917 the situation
became more troublesome when a neighboring plant exploded and dam-
aged the Golpa-Zschornewitz station. For a while the energy demands of
the nitrogen plant at Piesteritz could not be met. The series of problems
led to negotiations for the government to purchase the Electrowerke com-
pany and its power station. The Reichstag agreed and on | October 1917
the Reich government took over operation of the station.”

Supplying the needs of Piesteritz, but faced with an excess capacity after
the explosion of the neighboring plant (which had also been a consumer),
Elektrowerke, now Reich-owned, began in 1918 to construct a 110,000-volt
transmission line to Berlin, where the city government had recently a
quired BEW. The establishment of high-voltage transmission to absorb the
excess capacity of the Golpa-Zschornewitz station heralded the develop-
ment of a peacetime transmission system centered on the giant artifact the
war had spawned.

Giant power plants were built to meet the increased wartime demand
for electricity in Germany and the United States. Interconnection was an-
other means used by the belligerents to raise output; it was a way 1o increase
supply without building new plants. In Britain, where there was a shortage
of building materials, interc ion seemed especially attractive. When
Britain entered the war, her electric supply industry was shaped by the
political power of local governments. The situation was ripe for intercon-
nection. Wartime soon brought shortages of labor, coal, and electricity (the
last-named caused, in part, by the other 1wo). A shortage in the supply of
electric machinery also developed as the electrical manufacturers turned
to more profitable munitions contracts. The government provided exemp-

? 1bid., p. 28,
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tions for workers in the electric supply industry, but shortages of coal and
machinery created critical problems because the growth and modernization
of the armaments, or munitions, industry depended upon increased elec-
trification of the means of production. Engineers and managers from var-
ious fields of industry were brought into the departments and committees
created by the wartime cabinet, and these men tended to sce the answer
to the problem in further electrification, especially in economies of scale,
and in coordination and systematization through interconnection.® The
Newcastle upon Tyne Electric Supply Company (NESCO) stood as a model
for them in British electricity supply.

Several of the committees and departments that were established during
the war had particular responsibilities for electricity supply and machinery
manufacture. Before 1917 these committees concentrated on short-term
responses to shortages; after 1917 they dealt with technological changes
that responded not only to immediate wartime needs but also to anticipated
peacetime industrial needs. Charles Merz and his partner, William Mc-
Lellan, were asked by the government to serve in these departments and
committees because of their remarkable success in creating before the war
an exception to the British rule, a large regional power system (see p. 446
below). McLellan became the advisor on power supply to the director of
production in the Ministry of Munitions created by Prime Minister Lloyd
George in May 1915. The importance of power supply was further rec-
ognized by the establishment of a Department of Electric Power Supply in
June 1916 with McLellan as head. Merz became a member of the Coal
Conservation Sub Committee of the cabinet's Reconstruction Committee.
This subcommittee was headed by Lord Haldane, who admired the in-
dustrial organization and efficiency of the Germans. Lord Haldane dele-
gated most of the committee’s work to Merz, and an interim report on
electric power supply was presented in April 1917. Merz, who had been
unable to reorganize London's supply in 1905-6, now applied his concepts
to reorganizing the supply network of the entire country.

As an advisor on power supply, McLellan advocated interconnection. He
knew that interconnecting parochial utilities would increase the diversity
of load and the load factor, thereby bringing a [uller use of existing capacity.
He and his associates had to contend, however, with the deeply entrenched
spirit of competition, even hostility, that prevailed between the municipally
owned utilities and the private ones. Ideological tensions were compounded
by the bewildering variety of supply systems, voltages, and frequencies in
Britain, a variety that made interconnection a much more difficult task
than it was in the United States. Nevertheless, spurred on by wartime
exigencies, the British government and its advisors effected limited agree-
ments among competitive utilities and financed interconnection. At the
urging of Merz, the Board of T'rade, which had jurisdiction over the British
electric supply industry, in May 1916 promised priority in the allocation
of labor and materials to utilities that would interconnect. In September
1916 two leading trade associations, the Incorporated Municipal Electrical
Association and the Incorporated Association of Electric Power Companies,

“ Leslie Hannah, Llectricity Before Natualisation (Baltimore: The Johns Hopkins University
Press, 1979), pp. 53-57. :
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transcended their differences sufficiently to issue a joint recommendation
for the establishment of liaison groups to discuss interconncction. The
lnsulullon of Electrical Engineers also organized discussions of the inter-

and reorganization of England's electric supply system. ‘The
imperatives of war stlmuhlcd a radical change in atitudes and actions.
Tangible results were not as impressive as giant power plants of the United
States and Germany, but the change that was brought about in the direction
of development was a more Herculean achievement.

William McLellan and Arnold Gridley, also a consulting engineer and
McLellan's successor in the Department of Electric Power Supply, comple-
mented interconnection by arranging for industrial consumers to take elec-
tricity from utility systems rather than use inefficient, isolated plants or
expand isolated-plant capacity. This policy resulted in an increase in the
capacity of the most efficient utility power plants and in economies of scale.
McLellan and his staff were disappointed by the unwillingness of the gov-
ernment (o insist more often on expansion with postwar reorganization of
the nation’s power supply in view.? However, expansion of the more ef-
ficient plants in industrial areas and the interconnection of plants did save
coal and allowed the supply industry to increase output at about the same
rate as during the prewar years. The charts of these statistics concealed
notable changes beneath their smooth curves, however. Aggregate sales in
the United Kingdom rose from 2,100 gwh. (gigawatt hours) in 1914 to
about 4,000 gwh. by 1918, but the London increase was only 14 percent
between 1914 and 1918. The load factors of generating stations increased
from a national average of around 23 percent before the war to 30 percent
by 1918.10

In the United States, power consumption also continued upward in 1915
as the country looked to its defenses. After the United States entered the
war in the spring of 1917 and before the war's end in the fall of 1918,
more than two million horsepower was added to the electric-generating
capacity of the country, an increase of 10 percent in less than two years.
Experts nevertheless predicted there would be a dire shortage of electrical
power in the winter of 1918-19 if the war continued. Faced by the likelihood
of a shortage, Bernard Baruch, head of the War Industries Board formed
by President Wilson in July 1917 1o mobilize the economy, ordered a survey
of the electrical generating facilities in the United States. In order to de-
termine capacity, efficiency, and the extent to which the output was being
used by war-related industries and services, army engineers acting for the
board examined power stations in the critical regions where war industries
were concentrated. The survey not only allowed the board to identify areas
of shortage and excess, and to locate new war contracts accordingly, but it
also revealed—and this proved important for the long-range development
of the electrical power industry—the possibility of using existing power
facilities more effectively by interconnecting power stations and utilities
that had complementary load and diversity factors.'!

" [bid.. pp. 59 and 61.

1 Bernard Baruch, American Industry in War: A Report of the War Industries Board (March
1921) (Englewood Cliffs, N.J.: Prentice-Hall, 1941), pp. 298-99: U.S., Congress, House,
Emergency Power Bill, 65th Cong.. 2d scss.. 1918, 1. Rept. 795,
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Striving to meet the anticipated power shortage of the winter of 1918
19, the War Industries Board and other government agencies, local and
federal, stimulated—even ordered—i ions of private utility sys-
tems in order to raise the load factor.'? Privately owned utilities had been
infrequently interconnected in the United States before World War 1, de-
spite the practicality of high voltages for transmission of power between
large-area utilities.'® As Electrical World observed during the war, “The
incentive for interconnecting electric service systems has been absent where
each individual company has been able to meet its local requirements and
at the same time maintain a sound financial condition."'* War changed the
local requirements; the utilities were no longer able to meet them; and the
“incentive"—at least among those in government and industry who were
aware of the impending critical shortag ged. B utilities were
regulated by commissions in each of the states and because regulatory
conditions varied from state to state, the actions that were needed to stim-
ulate or order the interconnection of utilities in 1917-18 varied. One major
interconnection in one state suggests the general character of the wartime
endeavor in the United States.

Interconnection in Massachusetts involved the Salem Electric Lighting
Company, the Malden Electric Company, and the Revere Suburban Gas
& Electric Company. The decision to interconnect these three companies

lted from their I y load and diversity factors and illustrates
how these factors were taken into account. The three companies served
districts to the north of Boston. The Salem and Malden companies carried
an industrial, commercial, and domestic load, while Revere's load was greatly
influenced by the seashore resort district it served. Each company had
salient characteristics: Salem had an excess of generator capacity; Malden’s
generator capacity was slightly below the maximum load it could anticipate;
and Revere, the resort district, experienced its maximum load at 8:00 p.m.
on summer evenings (the other two stations carried maximum loads during
the winter months at about 5:00 p.m., when factories and businesses were
still open and homes were lighted for the evening). Interconnection meant
that Salem could share its excess capacity with Malden and that Revere,
because of its diverse character, could supply power to the other two during
winter peaks and draw power from them during the summer evenings.
Notonly did the interconnection result in increased power where and when
needed, but it raised the load factor for each company.'®

Following the war, the technology of interconnection was used appro-
priately; interconnections were used or not, as circumstances required.
Compared to the financing of the wartime giant-power plants, the capital
investment in interconnection was small. By contrast, the central govern-
ments in the United States and Germany faced a serious problem in de-

" House, Emergency Power Bill, pp. 2-3, 6-9.

'* Editorializing about interconnection, the Electrical World wrote: “War accelerates nego-
iations between interests which in peacetime might work for years with litile or no physical
tion.” Electrical World 71 (1918): 1246.

Interconnection a Boon to New England Plants,” ibid. 70 (1917): 422. 1 am indebied
10 Thomas Guider of the University of Delaware for calling my attention to this and other
references cited on wartinie interconnections in Massachusetts.

™ 1bid., pp. 122-24.
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Figure XI.2. Interconnections raising
load factor in Massachusets. From
Electrical World 71 (1918): 1192.

termining the future of the giant power plants. They were, in peacetime,
exotic artifacts because of their large size, government financing, and de-
pendence upon nearby munitions plants. For the U.S. government the
problem of Muscle Shoals was nearly unsolvable. The National Defense
Act of 1916, contrary to the traditional American opposition to government
ownership, unrealistically provided that after the war the government should
maintain ownership of the plant, using Muscle Shoals to manufacture ni-
trogen for explosives and fertilizer. Congress, however, defeated the Wads-
worth-Kahn Bill, which would have maintained government ownership by
means of a corporation whose stock was entirely owned by the government.
The new administration of President Warren Harding in 1921 asked for
offers [rom private sources that would guarantee the government a return
on its investment. A straightforward and substantial commitment from
private enterprise seemed unlikely, however, because the total investment
was unprecedentedly large for the electric power field.'® With continued
government operation doubtful and private investment improbable, dra-
matically resourceful and innovative responses were needed to solve the
problem posed by Muscle Shoals.

On 8 July 1921 Henry Ford submitted a bid for Muscle Shoals. In ret-
rospect this commitment is understandable: Ford had proven himsell an
industrialist of dramatically broad vision in the development of his system
for the mass production of automobiles; the innovative character of the
man matched the exceptional nature of the problem. Furthermore, Ford
was fascinated by opportunities to organize production on a mammoth

8 As of 1912, the largest-capacity hydroclectric power station in the United States was the
112,500-kw. plant on the i River at Keokuk, lowa; it was built at a cost of about
$25 million by the Mississippi River Power Co. U.S., Department of Commerce, Bureau of
the Census, Central Electric Light and Power Stations and Street and Electric Railways, with Summary
of the Electrical Industries, 1912 (Washington, D.C.: GPO, 1915), p. 123 and foldout facing p.
192,
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scale, and Muscle Shoals provided him an opportunity to produce power
massively. His financial offer was not remarkably gencrous; among other
stipulations in it was the right to lease the power facilities [or 100 years
and amortize the government’s investment by a modest annual payment
of $46,547. This payment, he calculated, would produce the total sum
desired by the government if it was invested at 4 percent and compounded
semiannually for 100 years, after which time ownership would pass to him."?

If Ford’s plan [or financing was closefisted, his vision of Muscle Shoals's
future was expansive. Ford indicated not only that he expected to use
Muscle Shoals hydroelectric power to support an industrial complex in the
immediate vicinity but that he was also thinking in terms of the regional
development of the Tennessce valley. He and his engineers were well aware
that the recently established practicality of transmission voltages as high as
110,000—even 220,000—volts meant that electnc power from an abundant
source like Muscle Shoals could be tr ically throughout a
region.'® In seeking support for his offer, Ford, who dissociated himself
from the financiers of Wall Street and identified himself as a productive
industrialist, relied heavily upon the American faith in technological genius
and industrial entrepreneurship: he even brought in his [riend and hero,
the venerable Thomas Edison, to advise him.

Ford's vision matched the scale of Muscle Shoals, but his offer was l'rus-
trated by a coalition that formed against him in the Harding admi
and Congress. Nevertheless, by 1924 his offer had stimulated widespread
interest in the future of Muscle Shoals, for he had appealed to the public,
especially in the South, to whom he promised a new prosperity through
regional development. With the widespread interest, new points of view
were formulated, and the issue became more complex. As Preston J. Hub-
bard concluded from his study of the Muscle Shoals project, the problem
of the ultimate disposal of this wartime edifice became the core of a major
controversy in the power fight of the 1920s involving advocates of private
enterprise, contenders for public power, proponents of regional devel-
opment, and factions within lhcsc broad groups. " A wartime expedient
had d ated a technological | ial and revealed the inherent po-
litical, economic, and social prol)lems associated with it.

More specifically, the parties to the controversy over the Ford offer,
whose positions were backed by congressmen and administration officials,
included privately owned electric utilities (led by the Alabama Power Com-
pany); Wall Street industrial and banking concerns; Andrew Mellon, sec-
retary of the treasury under Presidents Harding and Coolidge; John W.
Weeks, secretary of war under Harding; and Senator George W. Norris

7 In Muscle Shoals, pp. 28~146, Hubbard explores the Ford offer and the reaction 10 it.

" For data showing the increase in transmission voltages between 1889 and 1934, sce
Electrical World 83 (1924): 998. According 1o this source, transmission voltages of roughly
110,000 were practical in 1908, and by 1923 the number hid risen 10 220,000, However,
these cstimates were based on pioncering endcavors rather than on commion practice. The
world's first 110,000-volt transmi a5 buili from Croton-Grand Rapids to Muskegon.
Michigan, in 1906; the second wi from Niagara Falls to Toronto and St. Thomas,
Canada, in 1910. Bureau of the Gensus, Central Electric Light and Power Stations, foldout facing
p. 182,

 Hubbard, Muscle Shoals, pp. vi
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of Nebraska, chairman of the Agriculture Committee, a leader of pro-
gressive congressmen and an advocate of public power and regional plan-
ning. The way in which these various advocates intended to exploit Muscle
Shoals reflected not only different economic and political views but the
different ways in which the technology of electric power could be devel-
oped. The utilities were agreeable o government ownership of the hy-
droelectric plant at Muscle Shoals, but lhcy wanted the government to sell
them the power wholesale for transmission and distribution to their cus-
tomers; the Wall Street bankers and the well blished energy-i
manufacturing industries like aluminum and carborundum had the twofold
objective of opposing Ford's monopoly of Muscle Shoals power and fa-
voring development of isolated industrial power sites along the Tennessee
River; and the advocates of public utilities envisaged the coordinated de-
velopment of power, agriculture, and industry.

Only the coming of another national emergency could resolve the con-
troversy posed by these lechnological |mphcauons The imperative for em-

loy and develop posed by the Great Depression
broughl about dramatic and decisive action comparable to the decisions
that had created Musclc Shoals. In May 1933 Congrcss enacted President
Franklin R ’s T dation for the d P of the Ten-
nessee valley by means of the Tennessee Valley Authority Act, and the
Muscle Shoals dam and power station became the keystone of the new
government-constructed, -owned, and -operated system.?®

In the United States, the existence of the giant, government-owned plant
at Muscle Shoals caused an ideological clash that for more than a decade
thwarted effective utilization of the plant in a regional system. In Germany,
by contrast, the Golpa-Zschornewitz plant, whose origins were similar to
those of Muscle Shoals, made the transition to peacetime with relatively
lite ideological conflict. After the German central government in 1918
constructed a 132-km. high-voliage line from Golpa-Zschornewitz to Berlin,
lhe cny-owned utility, the former BEW, had the capacity to supply an

works at R Isburg, near Berlin. Another line, 18 km. in

length, was built from Golpa-Zschornewitz to Bitterfeld to supply an alu-
minum works. After the war, EWAG, the Reich-owned utility that operated
Golpa-Zschornewuz‘ conunucd 10 supply the nearby wartime nitrogen plam,
for it turned from ions to the production of nitrogen-comp.
fertilizers. Following the success of the Berlin and Bitterfeld transmission
lines, EWAG reached out in 1920 with a 110,000-volt line to Leipzig. EWAG
then acquired the brown-coal plant at Trauendorf, which had been built
in 1915 by the Swiss electrical manufacturer Brown Boveri to supply elec-
tricity to nearby Lonzawerk, an energy-intensive, carbide-producing plant.
A 110,000-volt transmission line was then erected to connect Trattendorf
with Golpa-Zschornewitz. By acquiring other power plants and utilities and
making contracts to supply large industrial consumers and small utilities
in bulk, EWAG in the 1920s became one of Germany's largest regional
utilities.?' Because of the absence of paralyzing conflict between govern-

7 The literature on the Tennessee Valley Authority is extensive. One recent study is ‘Thomas
K. McCraw's TVA and the Power Fight, 1933-1939 (Philadelphia: Lippincou, 1971).

# Boll, Verbundbetriebs, pp. 28-30.
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ment and private interests, the transition of wartime technology to peace-
time use was smooth.

The giant wartime power plants, with their enormous capacity, sprouted
peacetime transmission systems as they reached out for new markets. In
England, the United States, and Germany, the wartime experience with
centrally planned interconnections influenced peacetime thinking about
systems. The success of emergency warlime interconnections stimulated
the planning of further interconnections, not only in anticipation of postwar
demand, but also in light of the imperatives of future wars.?? The engineers
and managers who had been called into wartime government service were
especially interested. Beyond a simple increase in interconnections lay the
integration of utilities. A simple interconnection tied together at one junc-
ture or a limited number of points only two utility systems; often the
capacity of the tie line was small, permitting transfer of only a limited
amount of excess power. Control of each system remained independent.
By contrast, integration would bring two formerly independent systems
under common control. No longer would it be possible to distinguish the
boundaries of these systems by their tie lines, for these would become part
of the transmission-line network of the integrated system.?® Institutional
merger did not follow immediately, however.

In the United States in 1919 Secretary of the Interior Franklin Knight
Lane expressed a carry-over of wartime attitudes when he wrote, “The
enormous development of war industries had created an almost insatiable
demand for power, a demand that was over-reaching the available supply
with such rapidity that, had hostilities continued, it is certain that we should
now be facing an extreme power shortage." For this reason he recom-
mended that Congress study the feasibility of developing a comprehensive,
“superpower” system for the generation and distribution of electricity in
the Boston-Washington industrial region. The secretary’s interest was fo-
cused on supplying large industry and transportation networks with cheaper
power. Others, like GifTord Pinchot, governor of Pennsylvania, and Morris
Cooke, his adviser on electrical supply, called for unified power systems
that would supply (economically) more general social needs, such as the
need for cheap power in rural areas. The governor maintained that a
unified giant power system, with its improved load factor, would result in
“raising the standard of living . . . eliminating the physical drudgery of life
- .. winning the age-long struggle against poverty."?*

Only one month after World War 1 ended, William S. Murray, a con-
sulting electrical engineer, urged the secretary of the interior to prepare

** Maj. Gen. William Crozier, “Giant Power and National Defense,” Annals of the American
Amdtmy o Political and Social Science 118 (1925): 105,
N After the war some utility executives strongly .l(lvum(cd interconnection to counter the
loss of company i that followed i they were reluctant (o sce holding
or the g (by ion) take over the il d systems. Alex Dow,
head of the Detroit Edison Co.. was a n point. Raymond C. Miller, Kilowatts at Work: A
;g-;lwy of the Detroit Edison Company (Detroit, Mich.: Wayne State University Press, 1957). p.
“W.S. Murray eval., A Superpower System for the Region between Boston and Washington, U.S.
Department of the fnterior, United States Geological Survey Professional Paper no. 123
(Washington, D.C.: GPO, 1921), p.
*Gifford Pinchot, “Giant Power." Survev Granhic 51 (10241 &61
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the ground for this superpower system by supporting a detailed survey ol
the energy resources of the industrial Northeast from Boston, Massachu-
setts, to Washington, D.C. The survey would be similar 1o the one made
earlier for the War Industries Board. In transmitting the request to Con-
gress, the secretary of the interior wrote, “The country is now passing
through a period of transition, which, 1 firmly believe, will soon be followed
by one of industrial activity and expansion.”*® Congress agreed, and the
survey was carried out. Using the results of the survey, Murray and his
associates submitted in 1921 a report or plan for a superpower system
which he projected could be fulfilled by 1930. In essence, Murray rec-
ommended that the large-scale and elficient power plants then owned by
northeastern private utilities be supplemented by new superpower plants
(60,000-300,000 kw.), both thermal and hydroelectric; transmission lines
of 110,000 to 220,000 volts would integrate these. Having been joined by
this network, the power plants would feed their output into a power pool.
which would be tapped at load centers for distribution by the utilities 10
consumers. The utilities' existing high-voltage transmission lines (33.000
volts) would be used for distribution to customers in 1930—to industrial,
electrified railroad, and smaller consumers. Holding companies funded by
investors would own and manage the superpower corporation’s faciliti
the new large-scale power plants and the high-voltage transmission lines.
Utilities would own the lower-voltage distribution network. Murray esti-
mated that, compared with the cost of an unintegrated system supplying
the same region, an investment of $1 billion by 1930 would result in an
annual saving of more than $200 million because of the higher load factor
and other economies of the integrated sysiem.?” (See Fig. X1.3.)

Giant Power was another idea spawned by wartime conditions. It, too,
involved a plan for an integrated system, but it was limited to the state of’
Pennsylvania. The moving spirit behind the discussions ol Giant Power in
the early 1920s was Governor Gifford Pinchot (1865-1946) of Pennsyl-
vania, a leading conservationist and progressive follower of Theodore Roo-
sevelt. Pinchot' s able technical assistant was Morris Llewellyn Cooke (1872-
1960), a c 1 i with a reputation for liberal social views. Gi
Power differed from s superpower in technological aspects, blll—pfrh.lpi
more interestingly—also in its social potential. Pinchot saw Giant Power
a means of bringing a social revolution through cheaper electricity, rural
electrification, and giant mine-mouth plants.

The history of Giant Power is one of failure. Conceived of under the
influence of wartime circumstances, the plan experienced the chill of the
postwar reaction, or return to normalcy. Similar bold plans in Britain and
Germany also Ianled to reach fruition. For a time, however, Nt Power
attracted consid professional and public ion; the electrical jour-
nals and the popular press gave it frequent and broad coverage. Proponents
saw it as a step toward a New Jerusalem; opponents considered it an alien
scheme that threatened continued progress in the utilities field. Its most
prominent proponent, the governor of Pennsylvania, described it as fol-
lows:

~

 Murray ct al., Superpower System, p. 9.
7 For a summary of the superpower pl

. sce especially ibid.. pp. 9-26.
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Figure X1.3. William S. Murray's plan for a superpower system. Murray et al.. Superpower
System, plate I11.

Giant Power is a plan 10 bring cheaper and better electric service to all those who
have it now, and to bring good and cheap electric service to those who are still
without it. It is a plan by which most of the drudgery of human life can be taken
from [the] shoulders of men and women who toil, and replaced by the power of
electricity.™

An opponent, the head of the P ylvania Electric Association, which
represented 90 percent of the state’s utilities, said:

The very clear purpose of this plan is to take from any electric service system
the benefits it has thus far accrued by reason of able management, successful
financing, painstaking research work, [and) courage in the replacement of

“* Report of the Giant Power Survey Board to the General Assembly of the Commomwealth of Penn-
sylvania (Marrisburg, Pa.: Telegraph Printing Co., 1925), pp. iv-v (hereafier cited as Guans
Power Survey). ‘The account of Giant Power presented here is taken from Thomas P. Hughes.
“Technology and Public Pol Failure of Giant Power," IEEE Proceedings 64 (1976):
1961-71. Sce also Jean Christie, “Giant Power: A Progressive Proposal of the Nincteen-
Twenties." Pennsyluania Magatine of History and Biography 96 (1972): 480-507.
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apparatus. . . . Private initiative is to be driven out of the electric service
companies and [to] be supplanted by a political plan based upon a socialistic
theory and offering all the possibilities of the construction of a state-wide, all
powerful, political machine.?

The issues and origins of Giant Power were, however, far more complex
than the rhetoric of the governor and this industry spokesman indicates.
The controversy consisted of far more than a simplistic confrontation be-
Lween the politician and the capualnl Itinvolved differing views about the

of newly developed technology in the field of electrical power;
it was fired by the cnlhusmsm of conservationists who had flourished in
d 's Progressive party; it was heightened in intensity by

the waxing power of privately owned holding companies in the United
States, and the achievements of publicly owned utilities in Canada and
Europe; it aroused public interest in the Northeast because there was evi-
dence that the South and Far West were moving ahead in the development
of electric power; and it was influenced by the prior confrontations of the
personalities involved. With so many complications, the problems raised
by Giant Power could not be solved by rhetoric. Nor could they be settled
by technological expertise. For one thing, engineers disagreed among them-
selves; for another, the variables and the options extended far beyond the
technological realm to the political, economic, and social arenas.

These were some of the attitudes and general trends in the context of
which Morris Cooke and Gifford Pinchot introduced their Giant Power
plan. Cooke’s concept can be traced back directly to his wartime experi-
ences. As an adviser on energy and transportation problems, he had rec-
ommended that the government lighten the freight load on railroads by
financing the construction of large power plants at the mine mouth and
by transmitting power from these to load centers by high-voltage lines.
Specifically, Cooke wanted mine-mouth plants built in eastern Pennsylvania
to supply Philadelphia.®® In making these recommendations, Cooke raised
the possibility of a confr ion with the Philadelphia Electric C
The war ended before Cooke’s recommendations could be acted upon, bul
his plans reveal his early commitment to one of the central objectives of
Giant Power. They also marked the beginning of a struggle between Cooke,
Philadelphia Electric, and other utilities. The passions invoked by Giant
Power and even the character of the plan itself cannot be comprehended,
however, unless we first review the history of Cooke’s activities in relation-
ship to Pennsylvania’s utilities. Long-term trends were manifest in Giant
Power, but the role of individuals like Cooke cannot be ignored.

Cooke studied engineering at Lehigh University, but he gained promi-
nence more as a reformer than as a technical expert.®' Early in his career

™ pennsylvania, General Assembly, Giant Power: Proceedings before the Committee on Corpo-
rations of the Senate and the Manufacturers Committee of the House of Representatives, being a Joint
Hearing on Senate Giant Power Bills Nos. 32, 33, 34, 35, 36, and 37. Extraordinary Session of 1926,
pp- 34-85 (hereafter cited as Joint Hearing on Giant Power).

2 Cooke to Robert Woolley, 15 April 1918, Morris L. Cooke Papers (Group 40, Box 200,
file labeled "Cheap Electric Power"), Franklin D. Roosevelt Library, Hyde Park, N.Y. (here-
after cited as Cooke Papers).

% The biographical sketch of Cooke is drawn from Edwin T. Layton Jr.s Revolt of the
Engineers (Cleveland: Press of Case Western Reserve University, 1971), pp. 154-71.
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he became an advocate of scientific management and an associate of Fred-
erick Taylor, the originator of the movement. Cooke, however, did not
make a name for himself by applying principles of scientific management
1o industrial problems; he used scientific management as the ideological
foundation for his advocacy of social reform as well as the reform of the
engineering profession which social reform entailed. Cooke wanted to sce
experts, especially engineers, solving social problems through the appli-
cation of engineering and rational management principles: he was con-
vinced that this would never come to pass, however, unless the professional
engineer could distance himself from the influence of private business and
finance. Since most engincers were hired by large manufacturers and util-
ities, Cooke believed that it was difficult for thein to serve the public interest,
for public and business interests conflicted. Because Cooke was an effective
publicist with influential contacts in the publishing world, his ideology alone
was enough to threaten business interests.

Cooke suited his actions to his ideas by using his political skills to construct
a power base for himself and other like-minded engineers within the Amer-
ican Society of Mechanical Engineers (ASME). He believed that the ASME
and the other professional engineering societies could promote the public
interest much more effectively than individual engineers could. He saw the
electrical utilities as the major obstacle to this goal. He considered domi-
nation of the American Institute of Electrical Engineers (AIEE) by the
electrical utilities a notorious fact; the utilities’ domination of his own ASME
was less obvious but no less certain to him. Because of his close association
with Frederick Taylor (1856-1915), who became president of the ASME
in 1906, and because of a reform movement among younger members of
the ASME, the utilities had 10 take Cooke seriously in professional-society
politics.

As if that were not enough for the wilities, Cooke engaged in a hotly
contested rate case involving one of the country's largest utilities, the Phil-

delphia Electric Company. Rudolph Blankenberg, the successful reform
candidate for mayor of Philadelphia, named Cooke director of public works.
His appointment may have resulted more from his family background,
cultural style. and political sentiments than from his engineering expertise,
for Cooke, like many other reform politicians of his day, came from a
genteel and moneyed family dedicated to reform carried out in the public
interest by professional elites. Whatever the reasons for the appointment,
Cooke, as a result, was in a position to obtain information about utility
services and to publicize his interpretation of that data. In the case of
Phi!adelphia Electric, which he brought to court, he was convinced that the
utility was overcharging the city for street lights and residential customers
for general service. The overcharging resulted, Cooke believed, from the
utility’s inflating the value of its assets.

Because the state's regulatory body, the Public Service Commission, al-
lude utilities to earn a percentage of their assets as profit, inflated val-
uation resulted in increased profits. Cooke managed to have Philadephia
Electric bring in outside engineering experts to make a new evaluation.
but the results, he insisted, were biased by the pro-utility prejudice of the
company's principal consultant. Because that consultant was Professor Du-
gald C. Jackson, head of the electrical engineering department at M.L 1.
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(pp. 148—49 above), and because Cooke alleged that a number of utility
consultants from the academic world were prejudiced like Jackson, Cooke's
reputation as a radical grew. In the case of Philadelphia Electric's rates,
however, Cooke succeeded in getting the company to reduce them, both
for the city and for residential customers.

Cooke's authorship of the Giant Power recommendations was certainly
enough 10 cause the utilities Lo view the plan apprehensively, and Governor
Pinchot’s sponsorship of it did nothing to relieve the tension. Pinchot had
a long history of reform activities motivated by his conviction that public
and business interests were not synonymous. A formidable advocate of the
causes he chose to champion, he was characterized as enthusiastic, ambi-
tious, and self-righteous.*® Like Cooke, Pinchot's family was affluent and
had close contacts with the high-minded progressive reformers of his era.
Furthermore, and also like Cooke, he was an effective publicist. After
studying forestry in Europe, he became chief forester of the U.S. Forestry
Service. His program called for the scientific management of timberlands
and for the conservation of these lands as a national resource for his and
future generations. He had seen Europeans husband their limited re-
sources (forest and other), and he was determined to stem the thoughtless
exploitation of the resources in America that he knew to be finite, popular
opinion to the contrary.

Pinchot's activities drew him into a close political alliance with his long-
time progressive friend Theodore Roosevelt. They also sparked a contro-
versy with politicians and financial-business interests that he believed were
intent upon exploiting the coal-rich lands in Alaska and the hydroelectric
power sites in the American West that he wanted reserved for government
control. His stand brought him into conflict with, among other powerful
persons and corporations, the Morgan-Guggenheim syndicate. Because of
his reputation for making ies, he carried a legacy into the Giant Power
controversy that only increased its intensity. He was motivated in his ad-
vocacy of Giant Power by his conviction that he was waging a struggle
against selfish and avaricious monopolies organized by powerful financial
interests. Among these was the old foe, the House of Morgan, which,
according to Pinchot, controlled the Philadelphia Electric Company, among
other utilities. (Pinchot and Cooke, it appears, had much in common.)

In 1922, having gained a reputation for his reforms and his objectives,
Pinchot won the Pennsylvania gubernatorial election. Shortly afterward, in
1923, he established the Giant Power Survey Board, among whose prom-
inent members was Philip P. Wells, deputy attorney general of Pennsyl-
vania. An advisory committee o the board included Samuel Gompers,
Arthur E. Morgan, Henry L. Stimson, and William Allen White. Morris
Cooke was director of the board. In 1925 the board submitted its report
to the General Assembly of Pennsylvania (sce Fig. X1.4).* T'he report was
widely circulated by the governor so as (o draw nationwide attention to the
principles of Giant Power; it also included proposals for legislation.

Numerous newspapers and journals, popular and technical, carried sum-

* Gifford Pinchot, The Power Monopoly: Its Make-up and 1 Menace (Millord, Pa.: Py
printed, 1928), p. 5.
M See Giant Power Survey.

cly
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maries of the plan. Electrical World printed a matter-of-fact summary, but
did so under the heading “Pinchot Takes Radical Stand."* This signaled
the reaction of the utilities, but before the opposition could mount an
effective campaign, the governor and Cooke were receiving considerable
autention for their program. In essence, the Giant Power plan, as developed
in the report and as later incorporated in legislation, called for the estab-
lishment of giant mine-mouth power plants (each with a generating capacity
of at least 300,000 kw.) in western Pennsylvania; the construction of a
network of high-voltage transmission lines capable of carrying 100,000 or
more volts; and the adaptation of the distribution systems of private, mu-
nicipal, and cooperative utilities to deliver electricity from the high-voltage
network to industrial, residential, traction, and other consumers. The mine-
mouth power stations were 10 be integrated with plants that processed raw
bituminous coal to derive gas, benzol, ammonium compounds, and other
chemicals before delivering low-grade fuel material to the power plants.

The Giant Power concept led to utility engi and gers
because its bold use of advanced technology, large-scale power plants, and
id grids of tr ission lines promised efficiency and economy.

However, once Pinchot and Cooke’s proposals concerning regulation, li-
censing, ownership, rates, corporate structure, and securities were com-
prehended. the bloom was off the rose. Taken together, these aspects of
the plan, as legislative hearings and public debate revealed, could, in the
opinion of the utilities, be labeled government interference, even a prelude
to government ownership. As issues were defined and the controversy
developed, it became clear that in the case of Giant Power, the question
was not so much whether or not to adopt the new technology as who would
own and control the technology and in whose interest.

Regulation by the state was to be achieved through both the established
Public Service Commission and a new, permanent Giant Power Board. The
latter would authorize incorporation of Giant Power generating companies
and Giant Power transmission companies.* Since all major power plants
and transmission facilities in the future were 10 be of the new and large
kind, the state would determine not only the kind of technology used in
general but also the regulatory details of the charters issued to the new,
privately funded Giant Power corporations. Existing utilities could apply
for Giant Power charters, but other investors would have the opportunity
o app!y for the right to incorporate for the purpose of constructing and
operating the generation and transmission facilities as well. The generating
companics were to be given authority by the Giant Power Board to appro-
priate by condemnation enough mining lands 10 supply fuel for not more
than fifty yes

The transmission companies were 10 be common carriers of clectricity
purchased at wholesale prices from the Giant Power generating companies
and from surviving utility power plants when they had a surplus above the
needs of their own distribution systems. The routes of the transmission

M Electrical World 85 (1925): 421-22.

W The follows
The following description of the Giant Power plan is based primarily on Giant Power

Survey and Report of the Giant Powr 2 “
(Horitbar et ";{m ower Board o the Governor of Pennsylvania, December 7. 192
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lines would be determined by the Giant Power Board. The transmission
companies would sell power to distribution companies, the majority of
which, at least for the foreseeable future, would be the existing utilities.
Because authorization for new power plants would be limited to Giant
Power companies, the existing utilities over the years would be gradually
transformed from multipurpose enterprises to simple distribution com-
panies.

As if the prospect of this transformation were not enough for the owners
of the powerful utilities to ponder, there was another bitter pill they would
have to swallow if Giant Power legislation was enacted. After fifty years,
the state would have the right (o take over the Giant Power facilities and
operate them upon payment of the money the Giant Power companies had
prudently invested during that period. During the fifty years, the com-
panies would have paid an annual fee to amortize the cost of the land
mined or used as right of way for transmission. (The right of way would
have been acquired by the companies through the state's power of con-
demnation or by simple purchase.)

The Giant Power companies (both generating and transmission) were
expected Lo make a profit. As in the case of existing utilities, the profits of
the new companies would be regulated by the state. What was new was the
rate base. Morris Cooke had seen in the valuation procedures of the utilities
an opportunity for them to make excessive profits despite their rates being
regulated on the basis of percentage of investment. Under Giant Power
laws the rate base would not be replacement value of the plant at the time
of rate change: it would be the amount prudently invested in facilities. The
rate of return on investment was to be adjusted to allow sufficient profit
to attract needed capital. Through the Public Service Commission the state
would also control the issuance of securities, the par value of which had
1o correspond to the amount of capital invested.®

To an American utilities industry already alarmed by nationalization
legislation in Great Britain, Germany, and elsewhere in Europe, Giant
Power signified ultimate government ownership. Anxieties were further
aroused by Pinchot and Cooke's commitment to rural electrification. Only
6 percent of the power generated by utilities served farms in 1925. Ac-
cording to the Giant Power plan, the Public Service Commission would be

ed to require ion of distribution systems to unserved ter-
rllory. furthermore, the formation of rural mutual and district distribution
companies was authorized and encouraged. Mutual companies were to be
formed by voluntary associations of consumers; district companies would
be created upon the favorable vote of a majority of the district’s inhabitants
and of the owners of “a sulficient majority of the acreage.” The district
companies would have the power to tax, assess benefits and damages, and
so on. These companies would buy power from the Giant Power trans-
mission companies in the same manner as utilities.

Another part of the Giant Power plan (subtle, but not lost on the holding
companies) pertained to the interstate transmission of power. Pinchot and
Cooke deplored the opportunity that large utilities and holding companies

3% Giant Power Survey, pp. 4-8.
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had to operatc outside the jurisdiction of the state and federal governments.
The federal government had not yet enacted legislation regulating the
interstate flow of electricity, and the states found it frustrating to regulate
a utility or holding company whose activities extended beyond their political
boundaries. Among other provisions, the proposed Giant Power legislation
called for Pennsylvania to make pacts with other states to regulate interstate
electric transmission and thereby avoid the question of federal jurisdic-
tion.»?

The Giant Power plan had to be presenled to the Pennsylvania Ieg:slalurc
in the form of bills, a process that would p ize the utilities’

Pinchot probably anticipated the opposluon he may even have expected
defeat in the legislature; but he looked beyond it to the national impact
the publicity atendant upon the introduction of the legislation and the
publication of the lengthy Report of the Giant Power Survey Board would
have.®® (Pinchot considered Giant Power 1o be a national issue, and he
himsell was thought of as a likely candidate for national political office).
Since both Pinchot and Cooke were expenenced publicists, lhe presenlauon
of Giant Power to the legisl d to the pe

its per i . The arg went beyond lechnlcal detail and beyond
the dry statements of legislative advocacy.

In his message of transmittal of the Giant Power report, Pinchot com-
pared the electrical supply revolution to the steam revolution. “Steam,”
Pinchot wrote, “might well say of electricity, ‘One mightier than I cometh,
the latchet of whose shoes I am not worthy to unloose.’ "3 Steam power
had changed the face of the earth, the governor believed, but its potential
for the good of all the people had been lessened by the conflict between
capital and labor and by the unplanned character of the industrial revo-
lution. The United States especially, he continued, had benefited from
steam, gaining the highest ratio of mechanical power to citizen in the world,
but if electricity were used for all the people, it would bring an even higher
standard of living. Pinchot wanted every home to have electric light, heat,
and labor-saving appliances; he wanted every farm to have electricity for
milking, feed cutting, wood sawing, and a multitude of other onerous tasks.
He called for clectricity 1o be generated in such a way and in such places
that the cities would be free of the nuisance of smoke and ash. He forecast
that electricity would effect the substitution of garden cities for slums, small
industrial communities for gargantuan, chaotic cities, and would bring
about a return to the countryside.

Pinchot beli 1 that these develoy would be possible only if the
spreading net of clectric power could be brought under public control.
Pointing out that the interconncction of wtilities had already made regional
systems a reality, he predicted the development of a nationwide grid. Grids
integrated power under central control as steam never had been able to.
Pinchot foresaw the growth of technological systems; he also predicted that
centralized (inancial and business systems would control and monopolize

** Ibid, pp. 9-10.

* Pinchat to Cooke, 18 February 1925, and Cooke to Pinchot, 20 April 1925, Cooke Papers
(Group 40, Box 35, File 391).

S Giant Power Survey, p. iv.
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the technology. On the good side, electric power was capable of showering
upon the people “gifts of unimaginable beauty and worth.” “On the bad
side,” Pinchot observed, “it is as though an enchanted evil spider were
hastening to spread his web over the whole of the United States and to
control and live upon the life of our people."®
The evil spider was the monopolistic utility financier, and the net was
the spreading holding company Governor Pinchot had no doubt that a
unified electrical ding throughout the nation was inevitable
and close at hand. lhe only question was would a selfish few control it or
would the people regulalc it. If the utilities would not cooperate in public
lation, then control through public ownership was the only alternative.
Giant Power, the governor argued, provided for public regulation; it ac-
cepted private ownership. “As Pennsylvania and the Nation deal with elec-
tric power,” he concluded,

. 50 shall we and our descendants be free men, masters of our own destinies
and our own souls, or we shall be the helpless servants of the most widespread,
far-reaching, and p poly ever known. Either we must control
electric power, or its masters s and owners will control us.*!

Morris Cooke, also no mean master of rhetoric, let the governor paint
with a broad brush; Cooke masterfully described the technology and eco-
nomics of Giant Power so that the intelligent layman concerned about public
policy could understand and support it. Cooke probably saw the task of
winning over the utility engineers and managers as an exercise in futility.
He settled instead for the Henry Stimsons, the William Allen Whites, and
the Charles W. Eliots. Cooke appealed to the intellectuals and the elitist
reformers and took little heed of the impact of his recommendations upon
vested interests in the utility field.

In his section of the 1925 report, Cooke recommended that the existing
utilities eliminate their generating plants as these became obsolete and that
they ultimately limit themselves to distributing electricity bought wholesale
from the Giant Power companies. Pinchot said this in general terms; Cooke
was succinct and blunt. As for the generating stations then operating, if
they were efficient, they would be used for peak loads; if they were inef-
ficicnt, they would simply be eliminated. (Cooke did not indicate the fate
of those who had expected a long-term return on their investment in these
power plants.)*?

Cooke also emphasized by-product recovery from coal at mine-mouth
plants (see Fig. XI.5). Boldly, he recommended the use of 20,000 tons of
bituminous coal each day by combined by-product recovery plants and
500,000-kw. electric power plants. As a precedent, he could cite only the
largest coal distillation plant in the United States, the Clairton high-tem-
perature distillation plant of the U.S. Steel Corporation, which provided,
among other products, coke for blast furnaces and gas for steel- workmg
furnaces. He assumed a demand for the large amounts of ammonium
sulfate, benzol, tar, gas, coke, and other substances that the Giant Power
plants would pour upon the market. Because consumption of the world’s

“©1bid, p. -ii
* Ibid. p.
“1bid, pp. 36, 42.
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BETTER KNOWN PRODUCTS DERIVED FROM BITUMINOUS COAL

A PARTIAL LIST ONLY

TAR AND TA L3

Figure XI.5. Giant Power project: Pretreating bituminous coal to derive by-products before burning residue in mine-mouth power planis. From
Giant Power Survey, p. 104.

petroleum resources was expected (o be rapid, he also suggested that oil
and gasoline be derived from coal distillation.** Cooke may have heard of
the decision of the I. G. Farben Company in Germany to invest heavily in
a process for producing gasoline from coal: both he and 1. G. Farben
anticipated petroleum shortages, unaware as they were of the immense oil
fields that would be found in the southwestern United States within several
years.

Cooke anticipated the objcction from utility engineers that the coal-min-
ing regions lacked an adequate supply of cooling water. Generally it was
agreed that an electric power station needed at least 400 tons of cool water
to condense the steam exhausted [rom turbines for each ton of coal used
in producing the steam for the turbines. ‘The customary way of obtaining
cooling water in Pennsylvania in the twenties was to situate power plants
on large rivers or on tidewater. The Allegheny was one of the few rivers
in the coal-mining districts of castern Pennsylvania that had sufficient sum-
mer flow (0 cool Giant Power plants. Cooke recommended that dams be
built to provide this water in slack times. The dams, he argued, would also
serve as a means of flood control and would provide a more regular supply

3 [bid, p. 3.
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of water for waste and sewage disposal. In addition to dams d here he
went far beyond American practice—he urged the consiruction of mam-
moth cooling towers, which allowed a given amount of water to be circulated
through the condensers, cooled in the towers by the atmosphere, and cir-
culated once again through the condensers. He called attention to the
practice in Europe, especially at Golpa-Zschornewitz and Trattendorf in
Germany, where power plants with cooling towers needed water only to
make up for loss due to evaporation.*!

As a young student of forestry, Pinchot had observed how Europeans
husbanded their limited forests, and he urged similar ways upon resource-
rich and profligate Americans. It is not clear whether Cooke realized that
by referring to European precedents in electric power practices such as the
cooling towers he, too, was asking that the techniques of a resource-short
region be adapted in one acc 1 to an abundance of resources. He
did not explicitly acknowledge that in Europe, especially in Germany, mine-
mouth plants and cooling towers were located where low-heat-value coal,
brown-coal (lignite), was being exploited, a fuel that was too low in calorics
to be transported because of the high weight-to-caloric-content ratio.** The
power plant moved to the fuel; the fuel did not move to the site of powel-

plant cooling water and load. Cooke p! 1 E preced
as he referred lo the American prccedenl in high- vollage lransmlsslon in
California—simply as advanced tech howing the way of the future.

The subtlety of suiting technology to faclor endowmenl may have been
lost on him.

Cooke, like Pinchot, was greatly concerned about the farmers' lack of
access to electricity (see Fig. X1.6). Cooke showed that of 202,250 farms in
Pennsylvania, only 12,452 were estimated to have public utility service. (His
estimate, he wrote, was higher than that made by the utilities.) Nearly
20,000 farms had either their own electric plant or gas plant, but that left
171,581 farms without modern means of illumination in the second decade
of the twentieth century.*® (Some of these farms were Amish, however,
and in those instances electricity was refused for cultural reasons.) The
major reason so many farms went unserved was that the utilities would not
invest in the distribution lines needed and would not levy rates similar to
those they charged their industrial customers. Because farms were widely
scattered, investment in the necessary distribution facilities was relatively
high compared to the cost of serving urban customers, and partially because
of this the farmers were charged rates like those of residential or lighting
consumers in the cities. Like Pinchot’s plan, Cooke’s proposal for solving
this problem included mutual companies and district utilities, but it also
called for utilities to allocate as much as 5 percent of their current annual
capital expenditures to rural electrification. In addition, Cooke wanted
lower rates which would encourage increased consumption. Cooke’s rec-
ommendations became more significant with hindsight for he was ap-

440n the problem of cooling, see also August Ulimann, Jr., “The Influence of Water an
the Location of Giant Power Plants,” Annals of the American Academy of Political and Social Science
118 (1925): 14148,

“In 1924 Cooke sent O. M. Rau, an engincer who was assisting him on the Giant Power
project, to Europe o observe the electric supply practices followed there.

0 Giant Power Survey, pp. 7 1.




308 NETWORKS OF POWER

Figure XI.6. Areas of Pennsylvania within economical vange o/ existing electric supply. c. 1920; only 50 percent were served. From Giant Power
Survey, p. 39.

pointed head of the Rural Electrification Administration under the New
Deal.

Some of the utilities' responses to the idea of Giant Power were shrill.
One enginecr labeled Cooke's ideas communistic.*” Representative of a
more rational reaction from the utilities was a 1925 address by Charles
Penrose.*® In contrast to Cooke, whose technical achievements were limited,
l’cnrosc. an electrical engineer from Princeton, had worked as an electrical

for the Philadelphia Electric Company and was its engi in
charge of erection of Schuylklll No. 2 Station in 1914-1915. From 1920
he had been assistant general manager of the prominent Philadelphia con-
sulting engineering firm of Day & Zimmermann. He was, in 1925, chairman
of the Public Relations Section of the Pennsylvania Electric Association (the
trade association of the state’s utilities) and a member of the Public Relations
Executive Committee of the National Electric Light Association (the trade
association of utilitics nationwide).

7W. S. Murray, letter to ed
engincer, had another scheme [

v, Electrical World 85 (1925): 513. Murray, a consulting
e power stations and high-voltage transmission. He
called his plan Superpower. It to cover the northeastern United States.

“Charles Penrose, "Power in Pennsylvania” (Address before the Hydro-Electric Confer-
ence, Philadelphia, Pa., 10 March 1925): offprint in Cooke Papers (Group 40. Box 199, file
lubeled “Propaganda™).
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Addrcsting engineers in conference in Phihdelphia. Penrose struck two
responsive chords: (1) an experlenced engineer opled for reasonable prog-
ress from a sound base of experience; and (2) cngmeers had the respon-
sibility of informing the public about sound policy in order to save it from
the reckless ventures of politicians and other laymen treading on the en-
gineers' ground. He also insisted that technological change should not play
fast and loose with vested interests, which to him were economic ones, and
that industries should not subsidize farmers and residential consumers by
allowing them to be charged rates comparable to what the industries paid.

In arevealing remark, Penrose labeled Giant Power technology “radical.”
To an experienced and prudent engineer it was radical because the length
and voltage levels of the transmission lines proposed had not been thor-
oughly proven in practice and because the 500,000-kw. power and by-
product plants were unrealistically large for the mine-mouth. Penrose also
questioned the wisdom of making industrial Pennsylvania power plants
dependcnl upon the mining district’s limited supply of cooling water (dams
probably could not comp for droughts) or upon cooling towers. Ar-
tificial coolmg in America had been limited, he reported, to installations
less than one-tenth the size of Giant Power plants. He also doubted the
common sense of a proposal that would have all of eastern Pennsylvania
relying on 300-mile-long transmission lines. (Reliability of service meant
more than lower rates to many industries.) The electrical utilities in Penn-
sylvania, Penrose insisted, were moving ahead at a reasonable rate in their
effort to interconnect systems, raise transmission voltages, and improve
diversity and load factors. Pennsylvania, he observed, was a prosperous
state, and Philadelphia was “the Workshop of the World."

Pennsylvania’s utilities also attracted capital because they were recognized
as being prudently managed and profitable. Penrose clearly spoke for those
who had invested in the utilities when he said:

When we reflect upon the immense investment represented in generating
capacity operating today in the electric public utility systems in Pznnsylvan , we
will appreciate why such a proposal must merit the closest economic scrutiny.
This is self-evident because of the intimate relationship, in Pennsylvania as
elsewhere that exists between the financial stability of the electric utilities and the
financial stability of Industry, Manufacture, and indeed Business itself with the
State. You may be the judges as to whether the proposal (I quote), “our service
companies will be relieved of the necessity for providing generating stations,” is
10 say the least startling!*®

He also asked shrewdly if the authors of the Giant Power plan had con-
sidered what might be the reaction of industrial corporations that had
already invested heavily in supplying the coal by-product market that Giant
Power plants would enter.

After auaching the label “another utopia” to Giant Power, Penrose ended
his address by asking the engineers to take responsibility for the future of
the state of Pennsylv.mla by seeing to it that the publu "shall know what
are the facts.” There seems to have been no doubt in his mind that his
informed analysis, based as it was upon prudent engineering practice and
sound economic principles, provided those “facts.”

*1bid.. p. 4.
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The history of the Giant Power proposals in the P
|nvolved committee hearings and reformulations. One ma)or change was

a retreat from the initial position that generating, transmission, and dis-
lribulion companies should be separate entities. The fate of the bill was
finally decided in January and February 1926 at a joint hearing held by
the Committee on Corporations of the Senate and the Manufacturers Com-
mittee of the House of Representatives. Advocates and opponents of Giant
Power were on hand to testify.*"

The strategy of the bill's opponents had been indicated by Penrose; others
offered variations upon his themes. To substantiate the argument that
Giant Power was unrealistic, radical technology, three well-known profes-
sional engineers, Professor Arthur E. Kennelly, Professor Paul M. Lincoln,
and Harold Buck, were called to testify. They had been sent to the hearing
by the American Engineering Council at the request of the joint committee.
The three said that they did not represent the council but were on hand
as experts to offer opinions and present facts. Their facts and opinions
turned out to be just about the same.

Harold Buck spoke first and stated the consensus.*' A consulting engi-
neer from New York City, he declared that he represented no one but
himself. In the past, h . he had been employed by the General Electric
Company and had served as an electrical engincer for the Niagara Falls
Power Company before entering private practice and engaging in the de-
sign and construction of large hydroelectric and power transmission sys-
tems throughout the country. Echoing Penrose, Buck told the legistature
that to support Giant Power was to tamper recklessly with a successful
industry, the public utilities in Pennsylvania. That which was sound about
the Giant Power plan was already being put into practice by the utilities,
he noted: interconnection for the exchange of surplus power; economically
prudent rural electrification; load-factor increases; and improvements in
the economics of generation. Other aspects of Giant Power technology had
not been and would not be adopted by utility engineers because, Buck
argued, they were preposterous. e called the legislators attention to the
electrical systems of Canada and Great Britain as examples of the baleful
influence of government control and regulation. (Others at that time held
up the publicly owned Ontario regional system as a model for the United
States to follow.) Aflter hearing Buck’s remarks, the spokesman for Giant
Power asked Buck if he had ever appeared as an expert witness in a public
controversy other than for a private company. Buck recalled two such
occasions.

Professor Arthur Kennelly was well known even to laymen. He had been
a principal assistant to Edison at the West Orange Laboratory for about
seven years and had served General Electric and other companies as a
consulting engineer, residing for a time in I’l\iladelph‘m Subsequently he
had become professor of electrical engineering at the Massachusetts Insti-
tute of Technology and at the time of the hearing he was at Harvard. Alter
seconding Buck’s remarks and amplifying some of them, Kennelly sounded

*See Joint Hearing on Giant Power.
* Ibid., pp. 64-74.



WAR AND ACQUIRED CHARACTERISTICS

a recurring theme: “In my opinion the present system is working well."*?
He, too, expressed the view that government interference retarded the
utilities industry abroad; he I'eared that mterference by lhe state govern-
ment—in contrast to state regul as g lly practice Id dry up
the sources of needed capital.

Professor Paul Lincoln, director of the School of Electrical Engineering
at Cornell, had carlier worked for Westinghouse and the Niagara Falls
Power Company. He repeated many of Buck’s pronouncements and went
on to stress his concern about the stability of a 220,000-volt transmission
line carrying more than 125,000 kva. Like Buck, he urged the continued
transport of coal (energy) by railroad to power plants rather than the
transmission of electricity (energy) from such plants to the load via high-
voltage lines across hundreds of miles. Not only was rail more reliable but
it was more economical, he testified. He referred to high-caloric—not brown—
coal. In cross-examination, Lincoln was asked if he had ever prepared a
study recommending the use of large mine-mouth plants to transmit power
from the Pennsylvania coal fields to the industrial East. As was expected
in view of his testimony, Lincoln said never. Counsel for the bill then laid
before the committee a study done by Lincoln in 1919 in which he advised
that there was no engi )

g ing obstacle to building in the P ylvania coal
fields a 500,000-kw. plant capable of 220,000-volt transmission. The witness
admiued that his memory was poor in this instance; he also said that in
1919 he had not known what he knew in 1925 about the stability problem.**

Proponents of the Giant Power bill presented no engineers from private
utilities or eleclrical facturers, no engi ing professors, and only
one ¢ I alist in cooling towers, which was still an
mslgnlﬁcam field in America. Howevcr they did have an impressive witness
in T. A. Panter, assistant chief engineer of the Los Angeles Water and
Power Bureau, a municipally owned utility. Supplying the city of Los An-
geles with about 70 percent of its total energy, the bureau purchased a
substantial portion of this energy from the privately owned Southern Cal-
ifornia Edison Company’s transmission system. Southern California Edison
drew much of the power it sold to the municipal utility from hydroelectric
plants in the Sierra Nevadas, 250 miles away. Pantcr testified that on the
basis of his experience with service from this transmission line, he antici-
pated there would be no serious difficulties with Giant Power transmission.
He also stated, contrary to Lincoln, that he thought 125,000 kva. could be
transmitted without stability problems on a 220 000-volt line.>

In general, the testi and ¢ ion at the hearing pro-
ceeded unemotionally and matter-of-factly. The exception was an oration
given by a member of the U.S. Congress for many years, James Francis
Burke of Piusburgh. Burke began by saying that a more dangerous and
destructive set of measures had never been presented to the legislature.
He then warned that if the legislature should ever become sufficiently
socialistic to enact Giant Power into law, it would also have to provide a
“burial place for the 750,000,000 dollars already invested in good faith in

52 1bid., p. 81; for Kennelly's testimony in its entirety, sec ibid., pp. 79-83.
#1bid., pp. 75-79.
*Ibid., pp. 88-92.
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the industry.” Giant Power, he said, not only smelled of socialism but was
“pregnant with the vicious elements of confiscation.” It was “false bait for
the farmer” and would lead to one-man control of the vast industry by the
governor. He closed by asking, “Is Pennsylvania to lead America in follow-
ing Russia into the dismal swamp of commercial chaos and financial dis-
aster? Are we to forget our Franklins, our Westinghouses, our Edisons,
our Stei and all the geni whose names light up the horizon of
industrial progress?"*® (The fact that Steinmetz had run as the Socialist
party's candidate for New York State Engineer seems not to have disturbed
Burke.)

It is difficult to understand why Burke was called to appear before the
committee—his appeal differed so dramatically from the general temper
of the hearing. Perhaps the answer lies in knowing more about the members
of the committee. In any case, whether moved by Burke, more reasoned
discourse, or other considerations, the joint committee rejected the Giant
Power legislation, reporting the bills negatively on February 8. The Senate
subsequently concurred; the House never bothered to report.

The history of Giant Power is instructive. At issue was the attempt by an
“external force,” the Pinchot administration in Pennsylvania, to change the
direction of the development of the electric light and power industry in
the United States. The effort failed, but the proponents of Giant Power
do not seem to have understood the deeper reasons why. Pinchot blamed
the power of a great and growing monopoly masterminded by giant fi-
nancial interests; Cooke shared this view and also attributed the failure to
the conservatism of the enginecring establishment, an attitude he had strug-
gled against as a member of the American Society of Mechanical Engineers.
Both men gave more credit to the influence of human will—perhaps they
would have preferred to say human machinations—than to long-range
trends or factors.

The historian can focus on trends, factors, and the momentum of a large
and growing industry. Philip P. Wells, Pinchot's deputy attorney general,
was nearer to the mark when he told the joint committee that in fact the
utilities opposed Giant Power not on an engineering basis but because of
the “regulation and the pooling and the farmers' bills."%® Charles Penrose
and Arthur Kennelly were much closer to the roots of the opposition when
they called attention to the heavy investment of capital that had been made
in the existing technology by the utilities and to the possibility that a scheme
like Giant Power might drive away the investors who were financing the
orderly development of the industry. They would have been even nearer
the mark if they had gone on 1o say that Giant Power would shift the
authority and responsibility of presiding over the growth of electric light
and power systems from the engineers, managers, and owners of the ex-
isting utilities to the new men of the Giant Power system. Pinchot and
Cooke were not simply proposing a radical technology; they were proposing
radical change in the deepest sense of the word. They were calling for 2
shift in power, an economic revolution.

d., pp. 54, 56, 59.
* Ibid., p. 30.
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By the mid-1920s the superpower and Giant Power movements had lost
momeuntum. The wartime spirit of imperative innovation had given way to
a more conservative attitude. America’s utilities proceeded with intercon-
nection, but not in accordance with a master government scheme for an
entire state or region. The vision of planned social revolution through
technology gave way to the long-standing confidence that privatc enterprise
and American technological genius would bring profit and progress.

The plan for Giant Power in the United States had provided for gov-
ernment planning and control at the state level, and the resulting ideological
conflict had been between state government and private enterprisc. In
Germany after the war another bold plan for government rcorganization
of electric supply was advanced. There the ideological conflict developed
between the central and state governments, not between private and public
power. The central, socialist-dominated government passed an electrifi-
cation law in December 1919, when the disruptive, unconventional, ex-
treme environment of wartime was still motivating radical actions. On 8
August 1919 the Reich Treasury Minister Wilhelm Mayer had presentect
to the German National Assembly at Weimar the government’s proposal
for establishing a unified electric supply system for all of Germany. Mayer
made his proposal under the general provision of the Socialization Law
passed by the National Assembly on 23 March 1919. Paragraphs 2 and 4
of this law empowered the Reich government to socialize, with compen-
sation, undertakings that exploited natural resources, especially coal and
water power, to develop energy from them. These undertakings were to
be integrated into a national economy.%”

The Reich government thought that a unified German system of supply
would solve several pressing problems. By increased utilization and ex-
pansion of existing central German brown-coal and south German hy-
droelectric power plants, and through additional construction of these, the
government hoped to relieve a postwar coal shortage resulting from the
loss of hard-coal (Steinkohle) mines under the terms of the Treaty of Ver-
sailles and from shorter working hours and lower productivity in the mines.
The government, as noted, also faced the problem of finding a market for
the large-capacity power plants that had been built during the war to mcet
special wartime manufacturing needs, such as aluminum refining and ni-
trogen fixation. Construction of high-voltage transmission systems would
make possible in peacetime the distribution of electricity from these very
large plants over a wider market area. A large area of distribution would
also bring a diversified load and the essential high load factor for these
large, capital-intensive plants.

Intent upon utilizing the brown-coal deposits of Germany, the govern-

5 The discussion of the 1919 proposal for the socialization of electric supply in Germany
is based on Treasury Minister Wilhclm Mayer's address of 8 August 1919; see E. Heilfron,
ed., Die Deutsche Nationalversammiung im Jahre 1919 [und 1920), vol. 7 (Berlin: Norddeutsche
Buchdruckerei und Verlagsanstalt, n.cl), pp. 509-21. Tlie account of the effort to stablish
an all-German system is based on ‘Thomas P, Hughes, “Technology as a Force for Change
in History: The Effort to Form a Unificd Electric Power System in Weimar Germ:
Industrielles System und politische Entwicklung in der Weimarer Republic, ¢d. 1. Mommsen, D.
Petzina, and B. Weisbrod (Diisscldor: Droste, 1974), pp. 153-66

Y.
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ment, for reasons of economy, favored high-voltage transmission supply.
Because it is high in calorific value, hard, or stone, coal—the principal
source of thermal energy used by German power plants before World War
I—is relatively economical to transport by railroad. For this reason, hard-
coal electric power plants in the Ruhr region and elsewhere were built near
urban or industrial centers where the demand for electricity was concen-
trated and heavy. By contrast, brown coal, having a low caloric content, is
uneconomical to transport. For this reason, power plants using brown coal
were built at the mine site and the energy had 1o be transmitted to urban
centers via high-voltage transmission lines.*

A shortage of hard coal, the problem of large power plants deprived of
their wartime markets, the availability ol brown coal, and the existence of
water-power resources in southern Germany were some of the special cir-
cumstances that shaped the Reich government's plan. The general objec-
tives of higher load factor and harmonious optimization of varied plant
characteristics also were conditioning factors. For instance, the government
assured south German hydroelectric utilities that interconnection with ther-
mal plants elsewhere in the Reich would assure a regular supply of elec-
tricity in the south during times of relative drought. Correspondingly,
electricity generated by thermal plants in other regions could be supple-
mented by excess cheap hydroelectric supply at the point of origin. The
government's proposal was presented as a highly rational means of using
German resources (o supply electricity efficiently and cheaply to all ol
Germany.

The Reich’s plan for nationalization was described as moderate and flex-
ible. Emphasis was placed on the construction of a high-voliage neiwork
of transmission lines by the Reich government; all lines above 50,000 volts
would be Reich-owned. Electricity would be fed into this all-German pool,
or network. by power plauts throughout Germany. Electricity would be
distributed at lower voltages to local centers in all of Germany and (rom
these o consumers—urban, industrial, rural, and railway. The Reich would
gain centralized control over all major power plants by acquiring majority
stock in them or by purchasing them outright, but state and local govern-
ments would be urged to share in stock ownership as well. Through cen-
tralized control, the Reich would expand and interconnect individual plants
as well as existing or envisaged regional systems. In 1919 the latter included
the Rheinisch-Westfilisches Elektrizitatswerk (RWE) system, a mixed pri-
vate and local-government enterprise; Elektrowerke AG (EWAG), a Reich
system; and the projected Bayernwerk, a Bavarian state enterprise. In his
argument before the National Assembly, Treasury Minister Mayer em-
ghafizcd the Reich government's desire to share ownership with the pro-
vincial governments and to be advised by them in [ulfilling the plan. He
compared the electrification plan to the proposal by Friedrich List, a cen-
tury earlier, for a unified railway system in Germany; Mayer confidently
predicted that the acceptance of the plan by the National Assembly and its
successful fulfillment would demonstrate 1o the world the vitality of the

N "“I'“;_' Bria n Forcign Olfice and Ministry of Economic Warfare. Economic Advisory
ranch, Economie Survey of Gy S . Poun N .
1MSO. 1940y 1. 46, ’y of Germany, Section D: Fuel, Power, and Public Utility Services (London,



WAR AND ACQUIRED CHARACTERISTICS

new Germany. The law providing for the socialization of electricity was
enacted on 31 December 1919.

The new law was never impl d, h . An advnsory C
was charged with the respons:b:lny of carrying out its provisions by pre-
paring detailed plans and procedures. The committee, which included
members from the Reich and state governments, as well as from mixed-
ownership and private companies, met without practical result. The inac-
tivity of the committee frustrated the plans of the various electric supply
undertakings, for these, not knowing what course of action later might be
decided upon by the committee, were reluctant to act at all. Under these
confused conditions, Dr. A. Julius Curtius of the Economic Ministry re-
sponded in 1926 to Oskar von Miller's suggestion that the Reich govern-
ment authorize and support the preparation of a technical report on the
present and future condition of electric supply in Germany. Von Miller
believed that a report filled with information about the technology and
economics of systematic electric supply might prove to be a basis on which
a unified electric supply structure could be erected. An eminent Bavarian
engineer, von Miller, who had successfully planned regional electric supply
systems (including the Bayernwerk in Bavaria), had proven himself adept
in formulating plans that responded to the particular interests of private
and government-owned utilities and to the principal objectives of a unified
system.

Von Miller's report, Gulachten iiber die Reichselektrizitd was
published in 1930. It was based on an analysis and projection of detailed
information he had obtained by questionnaire from German electric supply
undertakings. Von Miller envisaged a high-transmission ring, or Ringlei-
tung, of 200,000-380,000 volts gathering and disseminating electricity
throughout the country (see Figs. X1.7 and X1.8). The Ringleitung would
bring the benefits of higher load factor, optimization of varied power-plant
characteristics, and coordination through central control. Von Miller cir-
cumspectly advised that the objective might be achieved in several ways,
such as legislation or voluntary cooperation. His report, however, brought
no practical result during the Weimar years; his biographer writes that the
regime did not have the “power and will” to overcome the opposition to
il‘59

Other explanations were given for the failure of plans for an all-German
grid, and they, too, emphasized German parochialism. In 1935 a publi-
cation of the Wirtschaftsgruppe Elektrizititsversorgung der Reichsgruppe
Energiewirtschaft der deutschen Wirtschaft (Electric Supply Section of the
German Energy Group of the German Economy) (WEV) asserted that the
fruitless endeavors to form a unified electric supply system in Germany
came to an end only in 1933 with the triumph of the National Socialists, a
regime, the WEV believed, which had the strength to overcome parochi-
alism, or particularism, and other obstructionist factors.®® More recently,

% Wilhelm L. Krisl. on weiss-blaue Despot (Munich: Pflaum. n.d.), p. 274.
" gung der Reichsgruppe Energicwirtschaft der
h (WEV). Die El ititdtsuirtschaft im deutschen Reich, 1935 (Berlin, n.d.),

p il
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Figure X1.7. Oskar von Miller's proposed
220,000-valt grid system for Germany.
From Oskar von Miller.
Reichsclektrizitits-Versorgung (1930).
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a German source attributed the Weimar Republic's failure to the diverse
contending interests of a middle-class state, a particularism that was sus-
tained by a complex economic structure involving private, county, state,
and Reich ownership of power plants.®'

During the Weimar period, the relative importance of government-owned
and mixed government- and privately owned power plants grew rapidly.
In 1928, 57.3 percent of Germany's power-plant capacity was publicly owned;
28.9 percent was controlled by mixed government- and privately owned
companies; and only 13.8% was privately owned.® The government owners
included the states, cities, counties, and the Reich. Proponents of a unified
system generally agreed that the non-Reich government owners and the
private capitalists were at the root of the particularism that undermined
their efforts. An American authority also luded that this o hi
structure, supportive as it was of regionalism, was a principal factor blockmg
the fulfillment of such plans for unification as von Miller's.®® As a consulting
engineer and as a member of the Bavarian parliament, Oskar von Miller
had struggled on behalf of large, unified, efficient systems of supply for
many years. During that time he had become intimately acquainted with
the diverse interests that might be, or feared they would be, adversely
affected by the creation of a unified supply system. Writing in 1926 on the
problems of the German electric supply industry, he argued that a rational
plan for efficient supply to all arcas of Germany, rural and urban, industrial
and agricultural, needed to be carried out irrespective of the interests of
various political parties, local governments, and competing private enter-
prises. Undoubtedly, when thinking as an engineer, he tended to be im-
patient with those whose goal was other than efficiency. Von Miller, it
seems, considered the objective of supplying all of Germany with low-cost,
efficiently generated electricity to be a rational and nonpolitical goal.*

Dr. Ing. Oskar Oliven, member of the Vorstand (Executive Committee)
of the Gesellschaft fiir elektrische Unternehmungen Ludwig Léwe, AG,
Berlin, also atributed to narrow political interests the opposition to large,
unified systems of electric supply. Oliven was well known for his advocacy
of a unified system that would extend beyond Germany to include neigh-
boring European countries. In 1930 Oliven believed that the opposition of
locally owned German utilities was so great and their political power in the
Weimar Republic was so strong that the best tactic for those, like himself,
who advocated large, rational systems was to seek, through compromises,
small, progressive steps. Oliven, 0o, believed that his goal of efficiency was

o See Helga “Versuche zur rei ichen Regelung der d Elck-
tswirtschaft und zu ihrer Dberfiihrung in Reichseigentum, 1909 bis 1914," in Jahrbuch
intschafisgeschichte (Berlin, 1968), pt. 3, pp. 120-121, who cites Hans-Joachim Hildebrand,
Wirtschaftliche Energieversorgung (Leipzig: Deutscher Verlag for Grundstaffindustric, 1965),
1: 45-49.

e Robert A. Brady, The Rationalization Movement in German Industry (Berkeley: University
of California Press, 1933), p. 214.

 bid., p. 229.

o “Ausfiihrungen des Sachverstindigen Dr. Oskar von Miller dber die derzeit wichtigsten
Fragen der ElekirizitAtswirtschaft,” in Ausschuss zur Untersuchung der Erieugungs- und Absalz-
bedingungen der deutschen Wirtschaft: Die deutsche Elehirizitdtswirtschaft . . . (Berlin: Mittler, 1930)
p. 145.
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nonpolitical. Furthermore, he d that a technology was prog

if it contributed to large-scale efficiency.®®

The electric supply system in the state of Wiirttemberg in 1928 mani-
fested the characteristics that underlay Germany's parochialism. The region
was characterized by numerous distribution systems in close proximity. In
the lowlands, large and small cities predominated, and therefore communal
(local-government) stations of varied characteristics prevailed. Overland
power stations, however, supplied the rural regions between the small cities.
Because of the agricultural economy and the absence of heavy industry
such as chemical plants, a widely dispersed population used electricity in
such a way that the load factor was low in comparison to the more heavily
industrialized regions of the country. Efforts were made to consolidate the
distribution systems of the large stations and the communal power stations,
but in the late twenties the electric supply system in Wiirttemberg was “sehr
zersplittert.”*®

The owners of Wiirttemberg (and other) autonomous utilities, whether
local-government or privately owned, resisted rational reorganization be-
cause they foresaw various consequences the progressive engineers had
overlooked.*®” As a result of centralized control, owners and managers of
existing power plants could anticipate a loss of authority. Owners of small
and inefficient power plants could reasonably expect their plants o be
retired from service, a step that would cause them a financial loss, loss of
authority, or both. Persons with vested interests in power plants that had
a very high load factor because of fortuitous local circumstances could look
forward to having to share this advantage with plants that were not so
fortunate. Similarly, power plants that utilized energy which was unusually
convenient or cheap would probably have to supply this very cheap power
to the general system in order to lower the overall costs of drawing power
from the system. The end result would be higher costs for local customers,
whose new rates would be determined by system costs, not by the costs of
the local station. Similarly. the system would probably supply power to
rural regions, where power generation would be costly because of the widely
distributed load; in effect, the large urban and industrial-area stations could
end up subsidizing rural consumers. ‘I'hese are but a few of the changes
that could be anticipated; these few, however, illustrate how the existing
electrical supply technology was the foundation for a host of political and
economic dependencies that would be altered by the substitution of a new
technological foundation for the existing one. Such was the nature of pa-
rochialism.

Consideration of these vested i suggests a g lization about
the nature of technology: existing technologies give rise to binding nuclei
for a host of dependent political and economic interests. Interwoven with

"Ausfiihrungen des Sachverstiindigen Dr. Oliven iiber dlie Wirtschafilichkeit der deutschen
Elektrizititsversorgung.” ibid., p. 195

“Ausfhrungen des Sachverstindigen Dr. Sicgloch iiber die Elektrizititsversorgung des
Landes Wiirttemberg,” ibid., pp. $73-75

*"The explanations for particularism are derived by analogy from Oskar von Miller’s
addresses in support of the Walchenseewerk and b, k as printed in Stenographisch
Bericht iiber die Verhandlungen der Kammer der Reichsrite des bayerischen Landtages, 1908-18; a
copy of this stenographic record is in the Bavarian State Library. Munich.
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political and economic interests of particular kinds, technology is far from
neutral. Like other political and economic forces, it can be labeled as con-
servative or liberal—or even radical. Furthermore, acute politicians, busi-
nessmen, and other decision-makers can sense—even if they do not artic-
ulate their perceptions—that a conservative technology will maintain the
existing structures and trends and that liberal ones will bring changes in
the direction of societal development. Manifestly, numerous persons with
political and economic power in the Weimar Republic foresaw the changes
that a unified electrical system would bring and they opposed these changes
on the grounds of their personal or corporate interests. The technology
of unified electric supply systems was by no means a neutral technology.
The dice were loaded in favor of Reich authority and a national economy.

World War I also stimulated radical thinking in Britain about the peace-
time reorganization of electrical supply under government direction. The
British had an added incentive for bold schemes because many believed
that their supply industry was backward compared to the supply systems
of Germany and the United States. Even before the war ended, parlia-
mentary committees began to propose guidelines for peacetime electricity
supply. A Ministry of Reconstruction commiuee headed by Lord Haldane
(with considerable input from Charles Merz) and two Board of Trade
committees, one headed by Charles Parsons and the other by Sir Archibald
Williamson (with Merz as an influential member), made similar proposals
for the reorganization of Britain's electric supply industry.%®

The Haldane-Merz Report took the offensive against parochial British
interests:

Parliament was apparently convinced that the generation and supply of
electricity must be dealt with in a big way, though how important this would
become they perhaps hardly foresaw. They were, however, apparently afraid to
insist on the amalgamation of the existing lighting enterprises which, as has been
shown, were and are still each limited to a few miles of area instead of covering,
as they should, a few counties.®®

Merz and others bauling for regional supply had to find a means of ov-
ercoming Parliament's fear.

The report demonstrated Merz's skill in appealing to British pride.”®
Experience had taught him that reorganization of the electric supply in-
dustry was a political problem, so he appealed to the mood of a people
concerned about national survival. He equated the wartime struggle for
survival with the struggle that would inevitably follow in peacetime—the
ceaseless struggle to maintain industrial supremacy. The essence of his logic

% Great Britain, Ministry of i ion Ce ittee, Coal Cor
Sub-Committec, Interim Report on Electric Power Supply in Great Britain (London: HMSO, 1918)
(hercafter cited as Haldane-Merz Report); Great Britain, Board of Trade, Electric Power
Supply Committee, Electric Power Supply (London: HMSO, 1918).

© [aldane-Merz Report, p. 15; italics added.

7 For another example, sce Charles 1. Merz, “Electrical Power Distribution,” Engineering
102 (1916): 262-63, where he wrote: “Proceeding on these lines [high-voltage distribution
for the compact industrial districts of England] we shall not be merely copying America or
G y—we shall be doing something that is right for England because it is England, because
England is radically different from other countrics as regards the technical development and
layout necessary to secure cheap power.”
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was syllogistic: the world's leading industrial power exploits the most ad-
vanced energy technology; the most advanced energy technology is regional
electricity supply: and therefore, in order to lead, England must adopt
regional supply. The report illustrated and provided evidence for this
argument by veferring to the higher level of use of electric power per
worker in the United States; the vital new industrial processes involving
electricity in Norway, Sweden, and Germany; and the larger supplies of
hydroelectricity available to other industrial nations. The conclusion to be
drawn was obvious: parochial interests had to give way to national prior-
ities.”!

For its part, the Board ol Trade appointed Charles Parsons, the steam-
turbine inventor and manufacturer, to head its “Committee on Electrical
Trades after the War.” The responsibility of this c i was 1o report
on the state of Britain's electrical manufacturers and supply utilities. The
committee concluded that the backward state of the latter had caused the
depressed condition ol the former. The Parsons committee, like Haldane
and Merz, viewed the electric supply industry—both the utilities and the
manufacturers. a key to national strength.”? A major reason for the
failure of the British supply industry to develop as successfully as its Amer-
ican and German counterparts was thought to be vested interests and po-
litical constraints resulting from the “conventional conceptions of public
privilege” represented by Parliament and the local authorities.”® The public
privileges to which the committee referred included protection against
monopoly and against environmental nuisance and hazard, such as over-
head wires. Considering both the manufacturing and supply ends of the
industry, the committee declared that the war had demonstrated that noth-
ing less than the well-being of the empire depended on the large-scale
employment of electricity in industrial production. Referring often to Ger-
many as a model, the committce concluded that the absence of a close
alliance between Britain's industrial banks and its large-scale electrical man-
ufacturers (a major explanation for the advanced state of electrification in
Germany) had handicapped the electric supply industry in Britain.”™

In 1917 the Williamson committee took heed and concluded that Britain
needed to do more than interconnect existing utilities: it needed to develop
a comprehensive system for the generation of electricity and therefore to
reorganize the entire supply system.™ The committec called for the estab-
lishment of district electricity boards to consolidate electricity generation
and provide regional transmission by purchasing the most efficient of the
existing power plants and by constructing new large-scale plants and high-
voltage transmission systems. Distribution was to be left to the existing
utilities, whether privately or publicly owned. The boards were to be non-
profit, mixed-ownership corporations set up outside the civil service and

™ Haldane-Merz Report, pp. 4, 7, and 8.
™ Great Britain, Board of Trade, D CGommittee, Report of the I Com-

mittee Appointed by the Board of Trade to Consider the Position of the Electvical Trades after the War
(London, HMSO, 1918), p. 5.

P
™ Baard of “Trade, Electric Power Supply, p. 1.
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owned in most cases by public bodies, such as local governments, but also
by private enterpriscs, such as the private power companies.”® Britain’s six
hundred or so electric supply utilities would in time be coordinated, or in
many instances eliminated, by the new district systems. The committec also
envisaged the creation of a small board of electricity commissioners to take
over regulation of the supply industry for the Board of Trade.

The recommendations of the Parsons and Williamson committees, which
represented a cross section of established political and industrial views,
were not acted upon until after the signing of the peace in 1918. Peace,
however, brought a muting of the values the exigencies of war had stim-
ulated. Vested private and public interests that had been willing to relin-
quish authority to the national government in the interest of central co-
ordination looked once again to the nurture of private and local autonomy.
Even though the schemes of the central government had originated with

hnical and gerial professionals like Charles Merz and William
McLellan—in short, with private industry—in the minds of many they now
represented government intervention. One dissenter from the chorus of
committee members calling for district electricity boards anticipated the
conservative reaction (o a radical reorganization of Britain's electric supply
industry when he insisted that state control would lead lO state management,
and that state g was inh ly

The legislation that emerged in response to the Haldanc-Merz, Parsons,
and Williamson reports represented a complex compromise between in-
novative wartime concepts and peacetime reaction. The Electricity Supply
Act of 1919 left fulfillment of the general reorganization scheme to vol-
untary action on the part of existing utilities and to the power of persuasion
the electricity commissioners could bring to bear. The idea of district elec-
tricity boards took the form of joint electricity authorities (JEAs, an or-
ganizational concept borrowed in part from German practice). These could
be established under the 1919 law if and when the authorized undertakers
(private and public utilities) in a district chose to do so. The utilities within
a district could turn over to the JEA all or any one ol'lhc powers the utilities
held for supplying electricity. Furthermore, the utilities could transfer o
the JEA their plant, transmission, and distribution facilities. In short, the
JEA would be given the responsi y for coordinating and developing the
district's supply of electricity if the existing uullues so decided.”

On the national level, five electricity were 10 be apy
by the Board of Trade, the government department that had regulated
and authorized electricity supply since the 1880s. The Electricity Supply
Act of 1919 stated that the electricity commissioners should exercise the
powers conferred upon them by the law, but that they “shall act under the
general directions of the Board of Trade.” Some reformers who advocated
more radical reorganization had wanted the commissioners placed under
the jurisdiction of a department other than the Board of Trade, with which
the hlslory of Britain's elcclncuy supply was closely associated. The gcncml
charge given thec was pr gulation, and supervision

* Hannah, Electricity Before Nationalisation, pp. 65-66.

 Ihid.. p. 6.
7* Electricity Supply Act of 1919, 9 & 10 Geo. 5, ch. 100, § 6.
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of the supply of electricity as provided by the several electric lighting acts.
The law specified that three of the commissioners should be full-time of-
ficers and three should be selected for their practical, commercial, and
scientific knowledge.”

The third major provision of the 919 act stipulated that the electricity
c issi could desig electricity districts after holding a local in-
quiry and providing ample opportunity for advice from and consultation
with all parties concerned—public, private, and large consumer. The intent
was to establish supply regions that had good load diversity, higher load
factors, an economic mix of generating stations, and a coordinated and
ec ical system of tr ission and distribution. These regions would
not be coextensive with existing electricity districts. The electricity com-
missioners would have the power to require that utilities facilitate coordi-
nation by standardizing the type of current, frequency, and voltage they
used. The Board of Trade, however, could exempt utilities when it decided
that compliance with such an order iled unr ble exp

Even though the 1919 legislation left ultimate power over the utilities in
the hands of the Board of Trade and its general mode was voluntary action
and persuasion, the reaction against it was immediate and substantial. The
local-government utilities had habitually opposed reorganization plans that
would create electricity supply on a scale larger than the geographical limits
of their political authority. In the case of the 1919 act, however, there was
some ambivalence among them. They realized that a JEA could usurp the
power enjoyed by an autonomous utility; on the other hand, a JEA, if
controlled by the local authorities in a district, could frustrate the rise of
private regional power companies that had hitherto languished because
the municipalities refused to buy power wholesale from them and thereby
left them the more expensive task of supplying the less industrialized and
less populated districts.

By the mid-1920s the optimism expressed in the early reports of the
electricity commissioners had given way to the admission that their efforts
were meeting with limited success. Interminable public inquiries and ne-
gotiations among undertakings, in accordance with the 1919 act's insistence
on persuasion and voluntary cooperation, were part of the problem. Utility
engineers and managers resisted the closing of inefficient stations and the
transfer of technological control of joint electricity authorities when this
meant loss of authority and status. Small companies, both public and pri-
vate, especially those associated with a local government jealously protecting
its autonomy, fought absorption by larger ones. Municipal utilities contin-
ued to refused to buy bulk or wholesale power from private power com-
panies. Ingenious arg were p  to defend the generation of
power within small, local-government-owned utilities. It was said that gov-
ernments could borrow money at lower interest rates than private power
companies could, and that they thereby offset the technological efficiencies
lhc(large power companies might claim. In general, “[the] divisive tend-
encies inherent in the ownership structure of the industry had effectively
reasserted themselves.™!

ibid., § 1.

*1bid., § 5 and § 24.

* Mannah, Electricity Hefore Nationalisation, 1. 85,
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The history of electric supply in the Greater Lancashire area after World
War I illustrates all the merua divisive tcndencles. and parochnahsm that
frustrated the newly appoi d electricity i s. As in London,
electric supply in Greater Lancashire was notoriously fragmented. Large
and small municipalities guarded their autonomy. The Power Securities
Corporation, a holding pany, controlled the bulk supplier in the area,
the | hire Power Company. Wartime t ht some interc
and the engineers in the area agreed in 1917 that central control and
planning for the area were needed. Thirty-five supply authorities, however,
rejected the engineers’ proposal because mixed ownership would have re-
sulted. The advantages of mixed ownership as practiced in Germany, es-
pecially by the Rheinisch-Westfalisches Elektrizititswerk, did not override
British objections. After 1919 the electricity commissioners advocated a
joint electricity authority for the area, but the utilities rejected the proposal,
preferring to remain independent. In the end, only a weak advisory board
and piecemeal interconnections were achieved.®?

To observers considering the long history of tense and frustrating efforts
to reorganize Britain’s electric supply industry, the remarkable turn of
events that led to the establishment of the Grid in 1926 came as a distinct
surprise. The first question that arises is, What confluence of trends and
events countered the existing inertia and changed the course of develop-
ment of electricity supply in Britain? The question takes on added signif-
icance when one recalls that many persons considered reorganization of
this industry to be the key to Britain’s recovery of industrial strength and
leadership. The story of this reorganization will be told in the following
chapter.

* [bid., p. 82.



CHAPTER XII

Planned Systems

HE radical change in needs and attitudes brought by World War [
T stimulated bold concepts for peacetime projects, but as has been seen,
the postwar return to normalcy dampened enthusiasm for government-
sponsored technology in the United States and technology controlled by
the central government in Britain and Germany. Private ownership in the
United States, parochial control in Britain, and local or regional develop-
ment in Germany regained their prewar momentum. There were new
technological opportunities to utilize, however, and the more traditional
owners and managers of electric supply facilities sought to do so. As a
result, innovations were made, but in the United States and Germany the
changes were less radical than Pinchot and Cooke's Giant Power proposal
and Germany's Socialization Law of 1919. By contrast, in 1926 a major
change in direction was brought about in the development of power supply
in Britain.

The developments that took place in electric supply systems in the 1920s
are comparable to those that occurred in railway systems in the second half
of the nineteenth century. Major railroad systems were then interconnected
and standardized with respect to gauge and equipment. As a result, the
major traffic centers and routes of regional and national systems were
identified. The principal routes were then upgraded, traffic nexus and
switching yards were laid out, and the trunk lines of the regional and
national systems were further developed.

The post-World War | rationalization of electric supply took many forms,
but itis generally categorized as having been either evolutionary or planned.
In a subsequent section, consideration will be given 10 the way in which
the well-established, large-area utilities with relatively long histories evolved
into regional systems integrated by high-voltage transmission networks. In
this section, emphasis is placed on the new systems that were established
according to master plans. The purpose of these new systems was to knit
together, on 4 regional scale, utilities that had formerly evolved independ-
gnlly. The. planned networks, or grids, usually took the form of high-voltage
lines ringing a supply region, or polygon, the sections of which met at
major load centers. They differed from the evolving networks, which, be-
cause of the generally less orderly character of historical change, usually

324
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were more complex in form. The planned grids represented the pooling
of energy from utilities that preserved their legal identities, primarily as
distributors of the pooled energy. In some instances, a separate corporate
entity owned and managed the grid; in others, the utilities presided over
the grid, or pool, using a committee structure. Because the participating
utilities preserved their corporate identities and because they often nego-
tiated decisions about the operation of the power pool. such grids were
logous to confederations of nation-states. Under some plans. the utilities
or power companies fed the pool from their own power plants. Under
others, the grid took power both from its own plants and from the plants
of participating utilities. Fere we will focus on three variations upon the
essential grid, or pool, concept: the Pennsylvania-New Jersey Intercon-
nection (PNJ), the center of which was Philadelphia, Pennsylvania; the
Bayernwerk in Bavaria; and the National Grid in Great Britain. In the case
of both the Pennsylvania—New Jersey Interconnection and the Bayernwerk,
large hydroelectric plants fed the grid's pool of power. Utilization of such
large blocks of hydroelectric power was part of the original plan for each
of these systems; in contrast, peacetime utilization of the giant networks at
Muscle Shoals, Alabama, and Golpa-Zschornewitz was an afterthought.

The PNJ was clearly a more conservative response to technological op-
portunities than Giant Power had been. The history of the PN]J pool and
related hydroelectric power plants also demonstrates that the builders of
these giant electric power systems faced organizational and financial prob-
lems that demanded solutions as original as the technology itself, or even
more so. Managers and financial entrepreneurs would make commitments
that were as bold as those made by engineers.

One such commitment was made on 20 February 1926, at about the time
Pinchot and Cooke's Giant Power project was voted down in the Pennsyl-
vania legislature. The timing was not entirely fortuitous. On 20 February
the Philadelphia Electric Company, long an adversary of Cooke'’s, obtained
a license from the Federal Power Commission to build a hydroelectric plant

on the Susqueh River at C ingo, Maryland. The plant was to
become one of a number of plants that fed power to the interconnected
P ylvania—N wjerscy tr issi gnd The state of Pennsylvania had

losl the opportunity to lead the nation in the development of government-
sponsored electric supply systems, but a privately owned Pennsylvania util-
ity did take the lead in devising an innovative mode of exploiting inter-
connection and high-voltage transmission. The FPC licensc authorized the
Philadelphia power company to build on the Susquehanna River at Con-
owingo the nation’s second-largest hydroelectric project; the construction
of Conowingo set the stage for the formation, by interconnection, of the
nation’s largest power pool.

‘The Conowingo project provided a means of controlling and utilizing
the forces of nature, which is the traditional function of technology. For
more than half a century, various schemes had been formulated (or har-
nessing the Susquehanna as it gradually dropped about 150 fect in the last
twenty-five miles before it emptied into the head of the Chesapeake Bay.'

'C. W. Kellogg, “The Conowingo Hydro-Electric Project.” Stone & Webster Joural, April
1926.



326

NETWORKS OF POWER

In 1912 the Pennsylvania Water & Power Company had erected a hy-
droelectric plant at Holtwood to harness 60 feet of the fall, but an annual
power output of about 1,280,000,000 kwh. remained to be developed.

If the flow of the river had been regular, the water could have been
regularly drawn off to energy-intensive industries attracted by cheap elec-
tricity. The flow had been recorded for years, however, and seasonally and
unpredictably it varied greatly. At the time of the famous Johnstown flood
of 1889, 750,000 sec.-ft. were measured; on another occasion, a low of
2,200 sec.-ft. was recorded. These natural variations suggested the need
for a power system that would connect a hydroelectric plant at Conowingo
with existing steam plants. In times of low water or drought, the thermal
plants would carry the base load, and Conowingo would carry the peak;
in times of high river-flow, the base load would be transferred to Con-
owingo, and the thermal plants would absorb the peak.

The Philadelphia Electric Company, which in 1921 was the nation's sev-
enth-largest utility, planned to feed the power of Conowingo into a grid
formed by interconnecting Philadelphia Electric with two neighboring util-
ities. the Public Service Electric & Gas Company of New Jersey and the
Pennsylvania Power & Light Company (PP&L), which operated in central
and eastern Pennsylvania. Not only would the market for Conowingo be
expanded but the diversity of load within the load area with which it was
connected would increase. (See Figs. X11.1 and X11.2.) The technology for
the Conowingo plant and the interconnection scheme was available; the
project’s planners introduced management and financial innovations to
nurture their particular adaptation of the technology.

The interstate character of the project complicated the planning, how-
ever. The dam and power plant would be located in Maryland; the upper
half of the reservoir, in P ylvania: and the tr ission system, in
Pennsylvania, New Jersey, and Maryland. The dam and power plant re-
quired action by the public service commissions (the regulatory agencies)

of both Maryland and P ylvania. Because the Susqueh River was
navigable, the hydroelectric installation also needed a license from the
Federal Power Cc ission. The Philadelphia Electric Company r led

T
to the regulatory and licensing challenge by forming the Philadelphia Elec-
tric Power Company, a Pennsylvania corporation, to hold title to the Penn-
sylvania property outside Philadelphia Electric's domain. The Susquehanna
Power Company, a subsidiary and a Maryland corporation, would hold
title to the dam, powerhouse, and Maryland portions of the reservoir and
transmission system. Because they would not supply consumers directly,
these power and transmission facilities would not be subject to state reg-
ulation, as were the utilities.

The joint hearing held by the Pennsylvania and Maryland public service
commissions and the Federal Power Commission was eventful. Opponents
of Conowingo focused on the financial aspects of the project. Most vocif-
erous was Thomas E. Mitten of the Philadelphia Rapid Transit Company,
a company that bought power from Philadelphia Electric. Mitten's lawyer
contended that Philadelphia Electric had paid an exorbitant price for the
franchise on the Susquehanna and that interest rates and other costs would
burden Philadelphia Electric’s ¢ s. Mitten insisted that his primary
concern was 10 avoid the resulling increase in rates for his company and
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other major customers; others, however, grguec} ‘lhal his objective was to
gain control ol Philadelphia Electric py dlscrgdlung the company’s man-
agement. Mitten did solicit Philadelphia Electric voting proxies {or himsel{
and his associates while Philadelphia Electric was under attack.? The alleged
takeover attempt failed. The Conowingo project was supported by Phila-
delphia Electric's stockholders and was licensed to the extent necessary by
the regulatory agencies, but Mitten’s charges relating to “interest rates and
allied matters were largely ined by the C issions.”™

Drexel and Company, stockbrokers of Philadelphia, then formed a syn-
dicate with Brown Brothers and Harris, Forbes & Company to market the
Philadelphia Electric Power Company's bonds, which were valued at $36
million. The allocation of the subsidiary's preferred stock to Philadelphia
Electric shareholders raised an additional $12 million. Drexel and Com-
pany, however, had acquired the option on the Conowingo property several
years before transferring it to Philadelphia Electric for financial consid-
erations. Critics of Drexel and the utility pointed out that by acting pru-
dently and decisively, Philadelphia Electric could have acquired the option
directly. Mitten's supporters made the “totally unwarranted™ allegation that
Drexel had bribed a vice-president of Philadelphia Electric to facilitate
Drexel’s involvement in the acquisition.”

Gifford Pinchot, whose Giant Power project had been voted down “by
vigorous opposition of the companies” days before this hearing, also chal-
lenged the Conowingo project.” He feared that the Federal Power Com-
mission would allow Philadelphia Electric to issue bonds in excess of the
net amount invested in the project. Then, he believed, the company would
base its profit and regulated rates on an inflated valuation of Conowingo.
Pinchot also opposed allowing control of the project by Philadelphia Electric
Company owned common stock, favoring instead control by the nonvoting
preferred stock held by investors. In a letter to the Federal Power Com-
mission he stated categorically that voting power and the major investors’
risk should not be separated. The executive sccretary of the Federal Power
Commission informed Pinchot on 27 February that his agency had rec-
ommended limitation of the total par of securities to the amount of the
net investment in the construction of the project and had denied the is-
suance of no-par common stock. Pinchot called the decision “a great step
in public utility regulation for Pennsylvani

With the hearing over and the project licensed. the engineer-managers
at Philadelphia Electric must have been rclieved 1o proceed beyond what
they pejoratively called “politics.” As was customary for private utilities,
l’hi]zldclphin Electric turned to consulting enginecrs for assistance in car-
rying out a project that was beyond the technical expertise of the company.
Stone & Webster, the Boston c Iti i ing firm, designed and

g ¢ng

*Nichol
Philadelpl
*bid.,

*1bid., p. 176.

." l’iucI‘ml and Federal Power Commission correspondence, 13 February to 8 March 1926,
printed in Report of the Giant Power Board to the Governor of Pennsylvania, 7 December 1926
(Harrisburg, Pa., 1927), p. 13,

“1bid., pp. 100-103; quotation on p. 103

wright, History of Philadelphia Electric Company. 1381~1961 (Philadclphia:
ctric Go., 1961), p. 175,
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supervised construction of the hydroelectric facility, and Day & Zimmer-
mann, another c Iting firm, installed the tr ission lines. The Arun-
del Corporation of Baltimore constructed the main body of the solid con-
crete dam. Construction of the hydroelectric installation began in March
1926; on 1 March 1928 power was transmitted to the Plymouth Meeting
substation northwest of Philadelphia, a major facility in the new power
pool.

The principal engineer for Conowingo—the man who had enthusiasti-
cally spearheaded the undertaking—was W. C. L. Eglin. Afier studying
engineering in Glasgow, in 1889 he joined the Philadelphia Edison Com-
pany, a predecessor of Philadelphia Electric. Described as “testy, impulsive,
and very surc of himself,” Eglin is remembered as “an aggressive, brilliant
worker” who modernized and unified Philadelphia Electric's system.” As
carly as the spring of 1922 he undertook preliminary studies and com-
missioned special reports on the Ci ingo site. He enci ged Drexel
and Company to take the option on the franchise when his own company
declined the offer. During the construction phase, as chicf engineer he
coordinated the contractors and pressed to keep the work on schedule.
Only three weeks before the project was completed, however, he died at
the age of fifty-seven. Having begun as a dynamo-tender, he was vice-
president and director of Philadelphia Electric at the time of his death.

Construction of the Conowingo plant was presented to the public as a
heroic manifestation of America's powerful building instincts and tech-
nological slrenglh (see Fig. X11.3). The removal of a railroad, the rerouting

of the main Ball e-10-Philadelphia highway across the crest of the dam,
and the duplacemem of(he vnllage at Cnnowmgo——tllanges made necessary
by the d ing of the Susqueh major challenges. Moreover,

a temporary town had to be built to house the thousands of construction
workers. Publicity releases boasted that if set up on Pennsylvania Avenue
in Washington, the dam would fill the avenue from curb to curb, reach
the height of a ten-story office building, and extend from the Capitol
grounds to the Raleigh Hotel.* The size of the power plant building matched
that of the Equitable Building in New York City, in which 15,000 persons
worked; the turbines in the power plant were the largest ever built. Even
Philadelphia, then called the “Workshop of the World,” would have had a
hard time absorbing Conowingo's annual power output.

Conowingo was comparable to the widely publicized Niagara Falls and
Muscle Shoals projects (see Table X11.1), but it needed a regional load and
a power pool. Eglin used load curves to make this point. In the first, which
was drawn for winter conditions, the crosshatched area represents the base
load Conowingo would carry. The lower load curve, the demand of Phil-
adelphia Electric, dips below Conowingo's capacity in the early morning
hours. Thus, the capacity of Conowingo indicated by double crosshatching
would be lost. If, on the other hand, Conowingo were integrated into a
power pool (whose load curve also is shown), then all of Conowingo's
capacity could be used. Another set of load curves shows the advantages
of inter ion during the months, when, because of slower

* Wainwright, Philadelphia Electric, p. 69.
“Kellogg, “The Conowingo Hydro-Electric Project,” p. 2
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1927. Aerial photo by Victor Dallin. Courtesy of the Fleutherian Mills Hustorical Library,

igu
Wilmingt

on (Greenville), Del.

river flow, Conowingo would carry only the grid's peak load. Even in the
months when water flow was low, Conowingo could be utilized more fully
as part of a utility pool than if it were operated with only a load from
Philadelphia Electric."

As noted, by means of a high-voltage grid, the systems of Philadelphia
Electric, Public Service Electric & Gas of New Jerscy, and Pennsylvania
Power and Light were interconnected. In 1923, when there was much talk
about superpower and Giant Power and an “atmosphere of State and Fed-
eral involvement,"'" the threc utilities initiated planning for the hookup.

*W. C. L. Eglin, “Symposium on ion: Conowingo My
icular Refi w0 " AIEE 1 47 (1928): 380.
mment on “The Osgood Report,”* an undated memorandum in the Philadelphia
ic Co. Archives, Philadelphia, Pa., p. 1.

ic Project, with
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TABLE XIL L. CONOWINGO IN COMPARISON

Iatalled

Plant Qumer Horve P'ower
Niagara Falls ara Falls Power Co. 452,500
Conowingo Philadelp! i 378.000
Muscle Glmals United States rnment 260,000
Holwood Iva Water & Power Co. 158.000
150,000

Keokuk

ppi River Power Co.

Area of watershed

Average river flow

Length of dam

Area of reservoir

Height of dam (river bed
to 10p of bridge)

Concrete

Spillway lengih

Flood capacity

Initial installed capacity

Number of units initially

Capacity of each unit

Foundation

Conowingo

Muscle Shoals

27,000 sq. mi.
40,000 c.ls.
4.700 fi.
8,600 acres
105 fi.

660,000 cu. yd.
2,385 1.

880,000 c.[s.

378,000 h.p.

54,000 h.p.
granite

30,500 sq. i
51900 c.s.
4.500 1t
BG40 acves
140 Mt

1,350,000 cu. vd
3,050 fi.
950,000 « s,
260,000 h.p.

8

32,500 h.p.
blue limestone

Source: Kellogg. “The Conowingo Hydro-Electric Project,” pp. 7 and 9.
They employed Professor Malcolm MacLaren of Princeton University to
make a study of load diversity in the area each utility served. MacLaren’s
favorable report led the three companies to form a committee to study
interconnection. The committee issued its report on | August 1925, and
on 16 September 1927, while Conowingo was under construction, the three
companies signed an agreecment establishing a new entity, the PNJ Inter-
connection. Thus, the world’s largest integrated. centrally controlled pool
of electric power (1.5 million kw.) came into being.""

The agreement called for a ring of 220,000-volt trunk lines 210 miles in
length with two transmission lines from each participant’s system to the
other two. The trunk lines were of high capacity, which distinguished the
interconnection from those in which small tie lines only loosely connected
systems. Construction and costs were apportioned among the utili he
Public Service Electric & Gas Company of New Jersey constructed a switch-
ing station at Roseland; a 220-kv. line from Roseland to Bushkill, Penn-
sylvania; and another from Roseland to the Pennsylvania-New Jersey line
ncar Lambertville. Philadelphia Electric b substation at Plymouth

ing, to which tr ission lines from C go were exte nded, and
a trunk line from Plymouth Meeting to T T p. Pennsyl-
vania; it also constructed a 220-kv. trunk line to Lambertville to connect
with Public Service. Pennsylvan Power & Light erected lrunk line hom
Towamencin Township to its Siegfried substation. An cxlslmg yh
Power & Light trunk line extended to Bushkill, the site of PP&L's W.lllen-
paupack hydroelectric plant (see pp. 440—41 below). The ring began service
in 1930. The last leg, between Roscland and Bushkill, was delayed by right-
of-way difficultics; the Plymouth Meeting-Siegfried section, the first to be
completed, began operating on 10 February 1928.

1 Eglin, “Symposium on Interconnection.” p. Y81,
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Power [rom the hydroelectric and thermal generation stations ol the
three utilities fed into the interconnection ring at the various substations
(Conowingo, for example, at Plymouth Meeting). The utilities also took
bulk power [rom the interconnection at the substations; they agreed not
(0 tap the ring directly for customers. The agreement also called for the
extension of the Plymouth Meeting—'Towamencin-Siegfried trunk line
PP&L’s Frackville substation, which would make it possible for the ring 1o
draw power from the thermal station that was planned at the coal mines
near Sunbury. The ring and its connections therefore combined diverse
but complementary power sources.'?

Load dispatching was of central importance to the power pool, as it had
been to the separate utilities earlier. The Depression frustrated plans for
a PNJ control center at PP&L’s Sicgfried substation, so Philadelphia Electric
dispatched the power generated by the three companies. The central, or
PNJ, dispatcher was authorized to direct the three utility dispatchers when
switching was required. Philadelphia Electric kept load records and from
this and other information predicted load variations. Prediction facilitated
quick resp to changing conditions as well as opti use of the steam
and hydroelectric plants feeding into the transmission system. “Only the
most alert and skilled load dispatching,” Eglin observed, “will realize all of
the possible benefits [from interconnection].”"*

The integrated and centrally controlled PNJ power pool differed from
the mergers and utility holding-company structures that were then prolif-
erating. In concept, it can be compared to the confederations of nineteenth-
century railroad systems that were formed to facilitate cross-country traffic
cooperation. The utility managers and engineers who operated the power
pool began o see the PN] as electrically one company, but financially and
organizationally a commitiee of peers negotiating planning and opera-
tions.'* The PNJ brought the economic benefits of a large system and at
the same time preserved the utilities’ corporate identities.

Operations by committee introduced problems, but according to utility
executives familiar with the history of the PNJ, the record has been one
of constructive, realistic negotiations within a broad context of general
understanding and trust founded on performance. This interpretation has
been sustained by the continued growth of the system, which in 1956 was
renamed the Pennsylvania-New Jerscy~Maryland Interconnection and which
in 1981 coordinated the bulk power supply of eleven “investor-owned elec-
tric utilities.” With a capacity of 45,693,200 kw., the pool comprised roughly
8 percent of the nation’s total capacity in 1975."

The general economic guidelines for operating the interconnection were

Copy of agrecment entered into on 16 September 1927 by the Public Service Electric &
13 Co., the Philadelphia Eleciric Co.. and the Pennsylvania Power & Light Co. A copy showing

the changes that went into effect on | January 1936 is on file in the Philadelphia Electric Co.
Archives.
" Eglin clion.” p. $77.
, . Sympoes .
197‘ Interview with Ted Fetter and Gharles Waison of the Philadelphia Electric Co., 18 May
6.

LY’ New J. Maryland 1

Jersey
ol the pool (19762): and mem
1981,

a booklet prepared by the management
ddumt of Wilmer Klcinbach, PJM manager, 30 December
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relatively easy to articulate. A major benefit arose from load diversity.
Throughout the year the Pennsylvania Power & Light Company had peak
loads in the morning, for it supplied coal mines and other industries; the
other two utilities, the “seaboard” companies, experienced their largest
loads in the evening. Not only did the daily curve differ, but PP&L ex-
perienced its yearly peak on an October morning, while for the other two
wtilities it came on a December evening at about 5:00 p.M., when factories
were still operating, lights were coming on, and commuters were on their
way. Each day, therefore, diversity in loading, or in peaks, encouraged the
exchange of power in order to maximize the use of capacity. The seaboard
companies could dispatch less capacity during the December peaks, and
the PP&L could use less to cover October mornings. Despite the early
emphasis on the benefits of load diversity, however, the operators of the
pool soon found the benefits arising from the application of principles of
economic mix, or the exchange of economic power, to be as—or more—
notable.

The equitable allocation of intere ion benefits among pool mem-
bers demanded patience and mutual interest. Immediately following the
signing of the PN] agreement in September 1927, each utility named one
representative to an operating committee. Initially, the committee included
a general manager from Public Service Electric & Gas, an assistant chief
engineer from Philadelphia Electric, and the general superintendent from
Pennsylvania Power & Light. In its meetings over the next decade the
committee focused on forecasting interconnection loads and planning gen-
erating capacity and construction.'® The negotiators, or planning engi-
neers, established the “scheduled,” or predictable, diversity and discussed
the reaction to and use of “call,” or unpredictable, diversity. They deter-
mined what charges would be made for bulk power exchanges. They also
agreed to the allocation, over a period of years, of scheduled diversity.
Only with this knowledge could the individual utilities plan the construction
of new plants to provide the capacity each needed to meet and maintain a
reserve for reliability. Compromises based on mutual interest were nec-
essary; unilateral tactics could have resulted, for instance, in each de-
manding power from the others o meet its own peaks and thereby avoid
investing in new plants. Instead, the utilities relied on predictable diversity
among pool members. The price charged for bulk power exchanges was
set both to compensate the utility which had the excess capacity and to
provide savings for the utility which drew from the interconnection to meet
its deficiency. Because of their different operating principles, the utilities
also had to agree on the amount of reserve capacity that was necessary to
ensure the reliability of the interconnection and on the cost-accounting
methods that would be used to determine the price of power exchanges.
The success of the operating committee in solving these and other ex-
tremely complex problems and in demonstrating the economies to be de-
rived from interconnection served as a model for other utility confedera-

19 Minutes of the Interconnection Operating Committee, 1927-56, and related correspond-
ence, the Philadelphia Electric Co. Archives. | am indebted 1o the management of Philadelphia
Electric, especially Mr. Wayne Astley, vice-president, for the opportunity 1o consult these
minutes.
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tions and [or cooperation among peers in general.'” Contemporaries recall
that during the early years of its operation, managers and engineers from
the world over came to inspect the PN] grid.'®

These managers and engineers also took note of the Waichenseewerk,
Europe's largest hydroelectric plant, when in 1924 it began to power the
Bayernwerk, the German transmission grid, which, like the PNJ, was pre-
sided over by a corporate entity and involved the cooperation of several
utilities. This development was noteworthy not only because the technology
involved was complex and advanced but also because a destructive war had
only recently ended and the effects of disruptive inflation had just begun
10 subside. It was ol considerable interest as well because Bavaria, the
province being electrilied, was not a highly industrialized region compared
to the Ruhr, the northeast coast of England, or the northeastern seaboard
of the United States. The 1924 interconnection marked the culmination
of activities associated with two phases of the history of electric power

ys he time ol i sive develog of hydroelectric plants and the
subsequent period of the power pool, or grid. The Walchenseewerk project
was first conceived as part of a plan to bring the water power of the Bavarian
Alps to heavily populated industrial transportation centers like Munich. It
can therefore be compared to the earlier projects that carried the power
of the Sierra Nevadas to the California coast. The plan to integrate the
Walchenseewerk into the Bayernwerk, a regional transmission grid, in or-
der to obtain an economic mix of power sources and a good load factor
ranks alongside the similar project, the Conowingo Dam and the Pennsyl-
vania-New Jersey Interconnection. Furthermore, both the PNJ and the
Walchenseewerk-Bayernwerk interconnection were planned regional elec-
trification projects, not regional electrification systems that evolved over a
long period of lime, as was the case in Rhineland-Westphalia, eastern Penn-
sylvania, and on the northeast coast of England (see Chapter XI1V).

The role that consulting enginecrs and their firms played during the era
of planned regional electrification was critical. By focusing on the activities
of Oskar von Miller, cne can uncover the complex origins and history of
the Walchenseewerk-Bayernwerk interconnection.'® Like some other lead-
ing consulting electrical engineers. von Miller was an engineer-entrepre-
neur. His experience and comp ded beyond designing. devel-
oping, and constructing devices, machines, and works. He was an expert

. '?See pp. 370-71 above for a general discussion of the economic benefits of interconnec-
tion—the advantages that accrued to power pools and enterprises as a result of mergers or
acquisition.

" Leuter (o the author from M. D. Hooven, consulting engineer, Public Service Electric &
Gas Co., 11 February 1971. I am also indebted to Professor John Brainerd of the Moore

School, University of P " for about the early years of the Pennsylvania-
New Jersey Interconnection. Bayla Singer of the University of Pennsylvania is completing a
dissertation on the history of the Pennsylvania-New Jerscy-Maryland ion (for-

merly the PN)).

"* Biographies of Oskar von Miller include Wilhelm L. Kristl, Der weiss-blaue Despot (Munich:
Plaum, n.d.); Walther von Miller, Oskar von Miller: Nach Eigenen Auferichnungen, Reden und
Briefen (Munich: Bruckmann, 1932); Ludwig Nockher, Oskar von Miller (Stutigart: Wissen-
schafiliche Verlagsgesellschaft, 1953); and Theodore Heuss, Oskar von Miller und der Weg der
Technik (Munich: Deutsches Museum, 1950). | am indebted 10 Rudoll von Miller for the many
enlightening conversations | had with him about his father
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in such endeavors, but he also presided over the activities that brought
them into use; he was an innovator as well as an engineer. In order to
innovate, or bring technology into use, von Miller solved multifaceted prob-
lems involving geography, ics, politics, instituti social values,
and many other factors. The character of the problems varied endlessly.
Thus, the expression “engineer-entrepreneur” is used to characterize him.

The history of von Miller’s c ion with the Walch k and
Bayernwerk projects extends from 1903 to 1924. During part of these two
decades, von Miller was an appointed member of the Bavarian Upper
House and a state commissioner for electrical development in the post—
World War 1 Bavarian government. He functioned, therefore, at the in-
terface between technology and politics, a highly advantageous position for
an emrepreneur of Iarge scale pro;ecls. In these years, he also managed
an g g eng ing firm that received a number of large
electrificati issions.?0 [ r s like Thomas Edison
were needed when the essentials of an elecmc lighting system were being
invented and developed; in the United States, manager-entrepreneurs like
Samuel Insull played leading roles around the turn of the century, when
the management of complex, integrated, centrally controlled urban electric
light and power systems was the crucial problem. Von Miller, with his
encompassing hedgehog style, was their successor.

Because of his bold and effective advocacy of long-distance power trans-
mission and regional electrification, von Miller had earned an international
reputation. Born in 1855, the son of Ferdinand von Miller, founder and
sculptor for the Wittelsbach dynasty of Bavaria, Oskar von Miller studied
civil engineering at the Munich Polytechnik His first professional po-
sition was as an apprentice civil engineer in the Bavarian state service, but
a visit to the Paris International Electrical Exhibition in 1881 fired his
lmaglnauon. as it did that of so many others, and precipitated a lifelong
C to electrical engi ing. When he was only twenty-seven, von
Miller played a leading role in the organization of the Munich International
Electrical Exhibition, which was modeled after the one in Paris. He dis-
played a special interest by arrangmg for Marcel Deprez (1843-1918), the
French electrical i an g , o ate the fcasnbnhly of

di power tr ission. Deprez, a pioneer in transmission, used
l 500—2 000 volts of direct current to transmit power from Miesbach over
57 kilometers to the exhibition's Glass Palace in Munich. At Miesbach a
1.5-h.p. steam engine drove a generator; at Munich a .4-h.p. Gramme
electric motor drove a pump to create a dramatic waterfall.?' If von Miller
and Deprez had been able to drive the generator at Miesbach by water
power, the exhibit would have been even more striking—water power to
water power by electrical transmission. Showing remarkable prescience,
von Miller joined Emil Rathenau in 1883 in Berlin as a manager of the
Deutsche Edison-Gesellschaft (see p. 67 above). In 1890 he returned to

*On the history of Oskar von Miller's consulling enginecring firm. sec Oskar von Miller;
Im Dienste der Energ (Munich Oskar von Miller GMBH, 1955).

2 Offiieller Bericht iiber die im Koniglichen Glaspalaste tu Miinchen 1882 .. . Internationale
Elehiisitits-Ausstellung, <. W. von Beetz, O. von Miller, and E. Pfeiffer (Munich: Autotypie
Verlag, 1882). csp. pp. 99-107.
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Figure XI14. Ochar von Miller and
Thomas Eduson. Courtesy of Rudolf von
Ailler.

Figure XIL5. Oshar von Miller.
Charcoal drawing by F. A. Kaulback,
1911. Courtesy of the Deutsches Museum,
Munich.
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Munich to blish his g engi ing firm, Technisch Bureau
Oskar von Miller. In 1891, on the occasion of the International Electrical
Exhibition in Frankfort on the Main, he again demonstrated his enthusiastic
commitment to electrical power transiission (see p. 131 above).

The Munich and Frankfort demonstiations were point-to-point trans-
missions of power. Von Miller also took the lead in introducing regiond
clectrification by means of network, or ring, systems. Between 1910 and
1912 he planned the Pfalzwerk, a power company that supplied electricity
throughout the German province of the Pfalz by means of a 110,000-volt
system. AL the heart of the system was a new and large coal-fired generating
station in Homburg. Existing small generating stations also fed into the
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ly example of a mixed-

zwerk AG was an

transmission system. The Pfa

ownership, regional transmission system organized about a large, cfficient,
ion was

coal-lired power station.?? The German word for this type ol s
Uberlandzentrale.

With his experience in power transmission and regional electri
von Miller turned his auention in 1910 to a project he had envis
years—developing the water power of the Bavarian Alps. The project de-
manded consideration of numerous factors and contingencics other than
purely technical ones. The most obvious and pressing was the geographical
environment. In 1903 von Miller had described the geographical con-
straints ol the region.?! The northern slope of the Alps, including the part
located within the then Kingdom of Bavaria, had for centurics provided
at-the-site water power. Fast-flowing streams and rivers rushed down the
precipitous incline into the Isar, Danube, and other German rivers. Wooden
water wheels housed in mill buildings supplied the power to grind
push bellows, raise hammers, saw wood, and perform other tasks.
power plants, however, had to be located on the streams themselves, and
their energy had to be used there. Writing in 1903, after electric power
transmission had been proven, von Miller proposed transmitting this power
to sites where industry and population were concentrated.

Drawing upon information gathered by the Bavarian Hydrotechni
Bureau, which had been established in 1899, von Miller presented a tabular
and cartographic analysis of available water power on the northern slope
of the Alps. Specified stretches of streams and rivers were measured for
fall in elevation; the average water flow was established as precisely as
possible; and {rom this and other data the usable water power was esti-
mated. For example, a 35-kilometer stretch of the small river Loisach, from
Partenkirchen 1o the Kochelsee, fell 120 meters: the river's average flow
was 6 cubic meters each second; thus. according to von Miller's calculations,
its usable water power amounted to 7.700 h.p. The estimate was qualified
according 1o | climate. As a planning document, the report antici-
pated a twentieth-century genre.

The most attractive water power site was the Walchensee. a natural lake
whose surface was 200 meters above the great plateau extending 60 kilo-
meters northward (rom the Alps to Munich. Only a rock wall separated
the Walchensee from the flat land: the bottom of the lake behind this
natural barrier reached to the level of the plateau. The situation invited
development, for a tunnel could be dug through the rock at a point a small
distance below the surface, and large pipes, or penstocks. could then carry
the water rushing down the slope to turbines in a power house nestled
against the slope on the plateau. To replenish the Walchensee, streams
high in the Alps could be par i I'o complete the cycle, once
the water passed through the turbines, it could be fed into the Kochelsee,
which was located on the plateau near Benediktbeuern, and from there
into the Isar River, which rushed across the land to Munich and eventually
to the Danube.

# Oshar von Miller: Im Dienste der Energiewirtschaft, p. |
 Oskar von Miller, “Die Wasserkriifie am Nordabh
deutscher Ingenieure 47 (1903): 1002-8.

ge der Alpen.” Zeitschnft des Vereines
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Others besides von Miller envisaged harnessing the Walchensee. In the
summer of 1904 a civil engineer from Darmstadt, Rudolf Schmick, and a
Swiss enginecr, Jeanjaquel, made proposals. The same year a Prussian army
officer, Major Fedor Maria von Donat, approached the Bavarian govern-
ment with another Walchensee project. Possibly stimulated by Donat’s pro-
posal, the Bavarian government in 1908-9 sponsored an international com-
petition to find the best way (0 use the Walchensee and still preserve the
natural beauty of the region.? Throughout the history of the project, the
Bavarians showed highly sensitive concern for the impact of technology on
the landscape.

Other geographical constraints included population settlements and the
location of industries. The water power sites on the northern slope of the
Alps were in southern, or Upper, Bavaria; the heaviest concentrations of
population and industry were northward, not only in relatively nearby
Munich but also in the more distant Niirnberg, Augsburg, Fiirth, Erlangen,
Aschaffenburg. Regensburg, Wiirzburg, Bayreuth, Ansbach, and Bam-
berg. The northern region depended on coal. Because of the immense
water power of the Bavarian Alps, von Miller and others realized that
transmission could extend to and beyond Munich, not only to cities but to
rural Bavaria, where 75 percent of the region's population lived. Oskar
von Miller insisted that Alpine water power was a resource for all Bavarians.

The burden of history also had to be weighed when von Miller began
to plan his combined hydroelectric plant and regional grid. The makers
of blueprints could not begin with clean slates. By 1914, for example,
Munich already had electric light, power. and traction requiring up to
19,000 kw. at peak load and 60 million kwh. during the year.2> Moreover,
the electric light and power utilities serving Munich and Upper Bavaria
had plans of their own for expanding capacity. Different frequencies, volt-
ages, and other characteristics added to the complexity and difficulty of
planning a coherent system for all of Bavaria. With the need for stand-
ardization and coordination in mind. but before finally adopting a plan
for all of Bavaria, the state, in 1913, in return for the utilities' acceptance
of regulation and the possibility of cventual acquisition by the state, began
making agreements with large utilities to provide them with the use of state
land for transmission lines and a sizable area for exclusive supply. This was
intended (o encourage the growth of the large companies and to discourage
parochialism.

AVon Miller took into account not only geography and the legacy of the
hl§lu_ry of the electrical supply industry in Bavaria but also the state of
existing technology in the industrial world. Consulting engineers like von
Miller usually do not themselves invent and develop technology, but instead

¥ Water Power Exploitation in Germany: Special Publication for the Session of the Second World

Power Conference, Berlin 1930, with the assistance of the Government Departments of the Reich

a:nl the (A':rm:m states (Berlin: Deutsche: erwirtschafts und Wasserkraftverband E.V..

uzo_). PP- 215-20; and Theodor Kachn, “Uber einige grosze Europaische Wasserkraftaniagen
und ihre Bedeutung,” E Zeitschrift 30 (1909): 966 (.

 *These ﬁguref were calculated from data for the years 1919-16. Sce Oskar von Miller.

wr hen 1 iz jeht Oshar

: sorgung des Bayern mit Projekt O
von Miller, Februar 1918: Erliivterungs-Hericht, appendix, item 12; copy in the library of the
Deutsches Museum. Munich
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depend on manufacturers to fulfill design specifications. Furthermore.
large projects like the Walchenseewerk and the Bayernwerk are often de-
signed to take advantage of the state of the art rather than to advance far
beyond it. The challenge for von Miller and the other planners and de-
signers of the Bavarian project was artfully to adapt available international
technologies to particular local conditions. They were, in short, involved
in transfer and adaptation.

The planning and execution of the Walchenseewerk and the Bayernwerk
also required political sensitivity and power. Many of the major hurdles 1o
be surmounted were political and legislative rather than technical in nature.
After the Prince Regent named von Miller to the Reichsrat, or Upper House,
of the German Parliament in 1909, he was able to respond to these chal-
lenges. Before many other engineers and scientists (Charles Merz had in
London), he discovered that large-scale engineering was a political matter.
He believed that projects the size of the Walchensecwerk and the Bayern-
werk needed the financial resources of the Bavarian government and re-
quired its legislative authority. In the Reichsrat his professional cre ial.
gave authenticity to his arguments. His forensic gifts, personal magnetism,
and decidedly Bavarian characteristics served him well in the Reichsrat. Even
today, for many Bavarians he still symbolizes traditional values such as
geniality (Gemiitlichkeit), family loyalty, and love of the land. His speeches
and debates in the Reichsrat are models of the clear exposition of technical
subjects. The record suggests that he himself remains a model of the po-
litically sensitive and effective engineer, comparable in many ways (o his
English contemporary Charles Merz.

In 1909 several important matters pertaining to electrical supply occu-
pied the Bavarian government. The Ministry of the Interior established a
Bureau for the Utilization of Water Power and the Supply of Electricity,
and the lower house of the Parliament approved in principle the construc-
tion of an electric power company to exploit the Walchensee. On the floor
of the upper house, von Miller played a prominent role in the debate that
developed over legislation arising from government involvement in this
relatively new field of technology. In 1910 he made several addresses that
established his general approach not only 10 water power development but
also to the general question of the state’s role in electrical supply. Quickly
he tackled the Walchenseewerk problem, for even though the project had
been approved in principle, the state’s plans were nebulous and the go-
ahead had been qualified by the requirement that a market be identified
for the more than 50,000 h.p. waiting to be tapped at the Walchensce.
Given Bavaria's stage of industrial development, some thought that this
qualification would frustrate the project. Von Miller's strategy for the Wal-
chensee followed the precedent established with the Pfalzwerk: feeding the
immense power from the Walchensee power station into a regional net-
work, the Bayernwerk. The transmission network would be supplied not
only by the Walchenseewerk but also by other large and efficient gencrating
stations in Bavaria, fossil-fuel as well as hydroclectric. Von Miller realized,
however, that the uncoordinated development of electric supply would
increasingly threaten coherent regional planning and projects even if this
approach were finally approved by the legislature. He knew that local
governments and private corporations were building generating plants and
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distribution systems without considering how these might relate to an over-
alt plan for Bavaria. He also saw the various government ministrics ad-
vocating conflicting energy policies. The Transportation Ministry wanted
state ownership ol generating stations like the Walchensee, but only if they
would supply clectrified, state-owned railroads; the Finance Ministry was
planning steam electric stations, which would be redundant, von Miller
pointed out, when Walchensee was built; and the Ministry of Interior in-
tended, without considering how these might relate to a general system of
supply, to grant isolated concessions for water power development to pri-
vate enterprises. Von Miller wanted a rational, systematic government pol-
icy. His strategy was to transcend the various ministries by recommending
the establishment of a single centralized administrative organ for Bavarian
electrical supply.?®

Von Miller evenlually presented a detailed plan for unified electrical
supply in Bavaria, but in the bers of the legislature raised
many other questions about it and the Walchenseewerk. Von Miller's re-
sponses from the floor of the legislature are still relevant, for the issues
persist. The wide-ranging character of the questions from the legislators
resulted from the many vested interests and social, political, and economic
principles involved. Some members believed that private enterprise, not
the government, should finance, construct, and operate the Walchensee
power station. Others argued that the government should own and operate
it, but only if the power generated were supplied exclusively to state-owned,
electrified railways. Von Miller’s auitude on state involvement was prag-
matic and flexible: Government funds should be invested in the project,
at least to the extent that the Walchenseewerk generated power for gov-
ernment-owned railways, but construction and operation of the station
should be contracted to private companies. for von Miller knew from ex-
perience that private management was efficient.

Von Miller further raised the level of complexity and sophistication of
the debate hy suggesting that even though the generating facilities should
be operated by a privately owned company, the transmission and sale of
electricity should nevertheless be left in the hands of the Bavarian govern-
ment. He wanted to keep profits from becoming the sole determinant of
distribution and price, for other criteria, especially social ones, he believed.
should override profit. He had in mind subsidized distribution for eco-
nomic development and other social needs. When pressed. von Miller took
a categorical stand on the government's basic responsibility for the use of
the Walchensee: It was a large, scarce, and nearly unique state resource,
and nature’s bounty should benelit all of the people. The undeveloped
region, the isolated farmer, the small o n, as well as heavy industry,
should benefit from the Walc hcnue. even though hedvy u|dm|ry could
more easily justify costly transmission and distribution faci uu:s because of
its high and concentrated level of consumption of eleclucnly

The prospect of Walchenseewerk also raised the issue of environmental

g A

Bericht iiber die Verhandlungen der Kammer der Reichsrite des bayerischen
Landtages, 18 March 1910, p. 123; 30 Junc 1910, p. 314; and 9 August 1910, pp. 542-43.
“These references are to the dates of von Millers addresses: the page numbers are for the
respective volumes in which ihe specches appear.

" 1hid.. 18 March 1910, . 123; 31 May 1912, pp. 88-80; 13 Junc 1914, pp. 322, 324.
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aesthetics or amenities. The rise and fall of the Walchensee according to
season and demand for clectricity might flood the shoreline vegetation at
times and lay bare unsightly lake shores at others. Decply attached to the
Alpine land, the Bavarians did not take this consideration lightly. Von
Miller and others involved in planning the Walchensee project countered
with an agreement o restrict the variation of water level to specified limits.
This restriction would impose limitations on water storage and power uti-
lization. In Bavaria, however, “trade-offs" between environment and econ-
omy were matters of policy; even the 1909 international competition for
designs for the Walchensce had specified as a prime desideratum the pres-
ervation of the region’s natural beauty. Von Miller also assured the mem-
bers of Parliament that the levels of the streams and rivers feeding the
Walchensee would be maintained.

Artists, especially, feared that the Walchenseewerk would mar a beautiful
landscape. Von Miller argued, however, that they should be more con-
cerned about the proliferating automobile than about the Walchenseewerk.
Already, he asserted, the auto had made the Alps smoky and noisy; fur-
thermore, he insisted, automobiles, unlike power plants, did not contribute
1o economic development. (In 1912 the luxury passenger automobile—not
the truck or the ¢ ’s small c: lomi: d the scene.) Electric mo-
tors and trains powered by the smokeless Walchenseewerk were preferable,
he insisted, to coal-fired steam engines and internal-combustion motors.

Electrification of the railways was another issue raised during discussion
of the Walchensee project. Supply of electricity to the railways in Upper
Bavaria was, for some, justification for the investment of state funds in the
Walchenseewerk. The railways of Bavaria, steam-driven at the time, were
state owned and operated. Since coal was a scarce resource, the Ministry
of Transportation considered Walchensee power desirable on economic
grounds (white coal would replace black). Furthermore, Switzerland, Italy,
and other parts of Germany had tested and proven railway electrification.
An interesting complication, however, was that the military opposed main-
line railway electrification in Bavaria.?® It feared that concentrating power
geucmuon ina smgle plant, like the Walchenseewerk, rather than widely

ing it in many loc ives, would greatly heighten the vulnerability
of vital lransporlauon links.

Ritier von Maffei, a locomotive builder with a seat in the upper house
of Parliament, argued against the construction of the Walchenseewerk as
a source of power for railway electrification. He acknowledged that steam
railways were being electrified in the United States, but he argued that
America could better afford miscalculations than Bavaria could. Von Miller,
who had made a tour of technology in America and had followed closely
the rapid development of electricity there, pointed out that America was
industrially strong because she did boldly exploit her natural resources,
like the water power at Niagara (300,000 h.p. compared to the 60,000 h.p.
anticipated at the W1Ichensce) “America was not created by God—nor
sumply by steam engines,” von Miller quipped to his more conservative

peers.?

™ Ibid., 9 August 1910, pp. 543-45; 31 May 1912, p. 90.
@ Ihid., 31 May 1912, pp. 89-90.
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Despite the Ministry of Interior's ultimate advocacy of a coherent Ba-
varian system based on von Miller’s proposals, and despite the legislature’s
approval of the Walchensee project in principle, construction on neither
the station nor the Bayernwerk grid began before the outbreak of World
War I in 1914. Von Miller’s foreboding proved correct; private enterprise
and local government continued to build small electrical supply systems
and in so doing made eventual coordination increasingly difficult. Dissen-
sion within the government and in the legislature frustrated the adoption
of interim legislation strong enough (o prevent troublesome variations in
the characteristics of supply and a duplication of facilities. Despite passage
of a 1913 law designed to regulate natural monopolies, disorderly growth
continued.*

The exigencies and tribulations of war did not cause von Miller to waver
in his determination to organize Bavarian electric supply, however. He
volunteered his professional services for developing detailed plans and
specifications for the system, submitting the plan for the Walchenseewerk
in 1915 and that for the Bayernwerk in the spring of 1918. He envisaged
the Walchenseewerk and Bayernwerk as projects to be pursued at war's
end, when returning soldiers and released industry could stimulate eco-
nomic recovery. Von Miller’s vision and commitment transcended imme-
diate circumstance and demand. The proposal he addressed to the Bavarian
Ministry of the Interior in October 1915 revealed a continuing preoccu-
pation with the ultimate goal of a unified Bavarian electric supply system.®'

Only two of the nine sections of the Walchenseewerk proposal dealt with
the Walchensee project per se; the others pertained to the hydroelectric
project as a component of the Bayernwerk. The technical character of the
installation was described succinctly: six 10,000-h.p. wrbines; generators
supplying polyphase current; a nearby switch-and-transformer house to
carry the power to the transmission lines; and the various structures needed
to lead water to and from the generating plant. The report provided de-
tailed instruction for maintaining the water level of the Walchensee as well
as of the rivers and streams supplying it. This requirement necessitated
using the Walchenseewerk during the day, when loads peaked, and con-
serving its stored water during the night hours, when demand fell. Von
Miller envisaged the Walchenseewerk as a peak-load plant in the unified
system; hydroelectric and coal-fired plants elsewhere in Bavaria would
carry the base load.* The other hydroelectric stations, including low-head.
or running-water, plants, would be built on the Isar River near Munich.

Despite the devastating war and all the preoccupations and shilts in values
consequent (o it, Oskar von Miller still managed 10 bring the Bavarian
Parliament 1o consider and act favorably on his plans. Completed in March
1918, the Bayernwerk proposal was approved by both houses in June, only

> Ibid., 13 June 1914, pp. 322-24.

3! Vorschliige des Herrn Oskar von Miller in Miinchen iiber den Ausbau und die Verwertung der
Walchenseekraft an das Hohe Kinigl. Bayer. Staatsministerium des Innern, Miinchen, den 9 Ohtober
1915 (copy in the library of the Deutsches Museum, Munich). The fifieen-page report is,
ong other things, a treatise on the economiics of power sysiems. See also, Oskar von Miller,
“Die Verwertung der Walch W fiir ein " ische Zeitschrift
37 (1916): 85-89, 102-5.

 Vorschlige Walchenseekraft, pp. 3-5.
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Figure XIL. _ Painting of Walchensee and the power plant, 1924, Cortesy of the Deutsches Museum, Munich,

a few months before the armistice.® The Bayernwerk was described
regional grid of transmission lines that would operate at 100,000 volts. fts
jurisdiction would extend to (but would not include) the gencrating plants
and distribution systems of connected utilities, including the Walchensec-
werk, which was defined as a separate entity owned by the Bavarian state.
The existing utilities generating and distributing electricity were variously
owned; the Walchenseewerk would be the largest-capacity generating fa-
cility. Step-up transformers would raise the voltages from the level at the
power plants to ission voltage, and step-d transformers at dis-
tribution points would lower the voltages to 40,000-50,000 volts. In the
first stage of Bayernwerk development, the 100,000-volt transmission lines
would extend 1,020 kilometers, and for 600 kilometers would be double.

%3 Von Miller, Bayernwerk: Erlduterungs-Bericht; C. Zell, "Das Wayernwerk,” Elektrotechnivche
Zeitschrift 39 (1918): 361-63.
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Figure XIL.7. A plan drawing of the
Walchenseewerk. From Dehne,
Deutschlands Grosskraftversorgung, p.
1s.

Figure XI1.8. Cross section of the
Walchensee power plant. Courtosy of
Bayernwerk AG, Munich.
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In the second stage, at least 250 kilometers of transmission line would be
added. When complete, the transm n system would take the form of a
ring; this, von Miller explained, would ensurc that distribution centers
along it would receive supply from two sides.™ Such an arrangement would
greatly increase the reliability of the system at a time when large-area supply
systems were still prone to instability and lightning damage.

In order to determine the overall capacity of the system, von Miller had
to anticipate demand. Because critics of the Bayernwerk (and the Wal-
chenscewerk) had insisted that the market for the system would be insuf-
ficient, he resorted to a detailed analysis, or model, of economic devel-
opment in Bavaria. The Bavarian Department for Waterpower Ut n
and Flectricity Supply helped by circulating a questionnaire designed to
allow forecasting ol load demand in various sectors of the Bavarian econ-
omy. Von Miller’s analysis of this data enabled him to anticipate not only
the system’s total load but also the most appropriate locations for the dis-
tribution points, or load centers, where transformers and switches would
carry the electricity from the transmission ring into the lower-voltage dis-
tribution systems.3®

Von Miller also had to integrate the existing equipment of the cooper-
ating utilities into the overall system of generation, transmission, and dis-
tribution. As he had anticipated, the problem had been compln:aled by the
construction of dissimilar local systems of supply. Like other engineers who
were integrating small systems into larger ones after the war, von Miller
utilized coupling apparatus, such as rotary converters (a.c.-d.c.). He did
not eliminate diversity by making a h genized system; he sy icall
maintained and linked diverse elements. When deciding which of the ex-
isting generating plants and distribution lines to include in the grid, he
generally chose the most efficient ones. Adaptability to the Bayernwerk
would be the governing consideration behind any decision to construct new
plants and distribution systems.>®

In the section of his proposal regarding the corporate structure of the
Bayernwerk, von Miller suggested an ownership compromise. He recom-
mended a mixed-enterprise corporation: 51 percent ownership by the state
(Bavaria) and 49 percent ownership by the various utilities (local-govern-
ment and private) that were to be integrated into the system. He also
recommended that the state of Bavaria should have a majority on the
Bayernwerk Aufsich (advisory ¢ ittee). Such an ownership structure
would, he believed, provide the advantages of business, or corporate, or-
ganization and management, and would also, through government involve-
ment, protect the general interests of the people, especially the interests
of Bavarians living in rural areas where there was little elec y or water
power. He predicted that the Bayernwerk would be completed within two
or three years after the war and that it would promote postwar economic
development.’”

In his report, von Miller reiterated the economic principles ol large,

54 Von Miller, Bayernwerk: Erlauterungs-Bericht, pp. 13, and appendix. items 6-9.

Y Ibid., pp. 17-18.
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interconnected systems. He predicted that interconnection would permit
hydroelectric plants to carry 80 percent, and steam plants 20 percent, of
the annual load on the Bayernwerk; if the same plants were not intercon-
nected, the steam plants would have to carry 4045 percent of the total.
In coal-poor Bavaria this was a major consideration. Von Miller also stressed
that interconnection would permit judicious use, or scheduling, of hy-
droelectric plants on a daily and seasonal basis, so that low-head hydro-
electric plants connected to the grid would carry a heavy load when rivers
and streams ran full and a light load in winter when scant rainfall and ice
prevented utilization. The Walchensee-stored water would be used for peak
loads. Coal-fired plants connected to the system would be drawn upon
heavily when the low-head, or running-water, hydroelectric plants and the
Walchenseewerk were short of water. In summary, as varying conditions
of supply and demand dictated, the low-head plants would carry the base
load of the system, the Walchensee would carry most of the peak loads,
and the efficient coal-fired plants would carry the remainder. The savmgs
resulting from this type of load g would be sub

In his nineteen-page report, which was accompanied by thirty-one pages
of highly detailed and informative wables and graphs, von Miller also pointed
out that the sum of the peak loads in the system would be less than the
sum of the peak loads of the various participating plants if those plants
remained outside the system. The result would be less installed capacity
and less need for reserve as well. Since the electrical supply industry is a
capital-intensive one, this would mean a substantial reduction in unit costs.
The report also showed that the rural and more northerly regions of Ba-
varia would generally demand more from and supply less to the system
than Munich and the other urban areas where electrical supply was already
well developed. Von Miller's commitment to rural electrification, even if it
meant subsidization, was obvious.™

Within two weeks of the armistice, von Miller announced that he was
prepared to supervise construction of the Walchenseewerk and the Bay-
ernwerk. He insisted that these projects not only would provide work for
returning soldiers, but would also, at a time of social unrest, draw together
various classes in support of a common constructive endeavor. He adver-
tised for workers for the Walct rk; began to ble construction
equipment at the site; and supervised the start of construction by contrac-
tors at the Walchensee (see Fig. X11.9). For the Bayernwerk, he concluded
contracts with electrical facturers for high-voltage tr ission tow-
ers; finished surveying and made detailed drawings; and proposed plans
for the high-voltage transformer stations.”

On 22 January 1919 Interior Minister Erhard Auer of Bavarms new
government named von Miller the Staatsk issar (state € ) for
the Walchenseewerk. Because the government was a repubh:’m one, re-
placing the Wittelsbach dynasty and the conservative wartime ministerial
government, von Miller’s conservative friends and associates lamented his

"‘Ibnd PP- 5-7, and appendix, items 12-29,

» p- 2, 8-9, and appendix, items 11, 12, 18, and 25.

- xmu. Der weiss-blaue Despot, pp. 185, 198; Elektrotechnische Zeitschrift 40 (1919): 308 ibid.
41 (1920): 977
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Figure XI1.9. Transporting a section of
penstock to the Walchensee power plant, 5
May 1924. Courtesy of the Deutsches
Museum, Munich.
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association with it.*' The new government's ability to act decisively and
expeditiously in matters concerning the Bayernwerk and Walchenseewerk,
however, was the criterion by which von Miller, the engineer, judged it.
He had survived years of delay caused in part by divided ministries and
conflicting parliamentary interests. A government that was able to exercise
power in support of engineering projects in a time of social turbulence and
economic confusion was an obvious ally for von Miller.

Von Miller needed the authority of his position as commissioner in order
to organize and manage the projects. He was unwilling to entrust the success
of his highly technical enterprises to the advice and directives ol persons
he considered to be uninformed—politicians. bureaucrats, and hastily formed
committees acting on the basis of majorily rule. His apolitical attitude and
po|icies elicited criticism and opposition dunng his first year as commis-
sioner. Some argued that the state c i and the ger of the
projects should not be the same person; for economic and aesthetic reasons,
others proposed different routes for the transmission lines; still others
believed von Miller was too cautious and extravagant in the measures he
took to ensure the reliability of the system and the large generating capacity
of the Bayernwerk. At the same time, there were dire predictions of failure
for the complex project. There were, 1!«) those who believed von Miller
was acting without adeq pr I and advice from
others."?

Df:/ml. . 184: W. von Miller, Oskar von Miller, p. 94.

2T explain his pol engihy letter on 18 November 1919 10 Minister
of tnterior Frits Endres, The leter ncludes s nmary history of the two prajects. It is quoted
at length in Kristl, Der weiss-blaue Despot, pp. 195-99; see especially, pp. 195-96.

A" Kristl, Der weiss-hle
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In von Miller's opinion, much of the criticism was uninformed or rep-
resented the views ol persons with special interests. To those who thought
him umesponslve to suggestions, he pointed out that he often consulted
two di ished electrical engi s, Professors H. Prinz and Waldemar
Peterson. Fle assured those who supported him that forly years of presiding
over innovations had taught him that doubts and criticism were inevitable,
but that they usually proved to be exaggerated. He had found that, al-
though unforeseen difficullies usually arose, the experienced innovator
generally responded resourcefully.*® He should have added that an entre-
preneur with his commitment and dogged perseverance often outlasted an
opposition that was not won over by persuasion or overwhelmed by mo-
mentum.

By the end of 1919, however, harassed by his opponents and witnessing
the erosion of his authority, von Miller was ready to resign. He did not do
so, however, before calling to the government's attention his achievements
in the face of manifold difficulties. He had engaged in month-long ne-
gotiations over contracts and tariffs; brought about agreements among such
diverse interests in electric light and power as the state, cities, rural gov-
ernmental authorities, and private enterprise; and he had maintained the
support of the legislature. He informed the minister of interior that without
power c ate with his resp , he would have to consider
resignation.*

Von Miller did not resign precipitately. He held on 1o his position as
construction on both projects progressed, but in the spring of 1921 he
finally resigned as state commissioner. An immediate cause for his with-
drawal was the failure of the government to support his position in a
disagreement with a consortium of Bavarian cities and several large power
utilities. Representing urban, as contrasted to state, government, the con-
sortium wanted the Walchenseewerk to be a part of the mixed-ownership
Bayernwerk instead of being purely state owned and controlled, as von
Miller had planned. Von Miller countered by proposing that the Bayern-
werk, like the Walchenscewerk, be solely state owned. The Bavarian gov-
ernment compromised by forming three corporations for electrical supply
in Bavaria: one for the low-head hydroelectric stations of the middle Isar
River ncar Munich, another for the Walchenseewerk, and a third for the
Bayernwerk. Furthermore, the government provided that these corpora-
tions could raise funds on the public market.**

When the three state corporations were formed and the new organiza-
tional structure, with its executive and advisory committees, began oper-
ating, the position of Staatskommissar became superfluous. The government
hoped to placate von Miller by naming him to various advisory committees
and appointing him gencral adviser on energy policy. In March 1923 he
gave up even this post, however, when the government allowed another
utility, the Grosskraftwerk Franken AG, to develop hydroelectricity inde-
pendently in the industrially advanced region around Niirnberg. This
agreement removed [rom the Bayernwerk a market for electricity that

 Kristl, Der weiss-blaue Despot, pp. 196, 198,
*Von Miller 1o Minister of Interior Fritz E
* Kristl, Der weiss-blawe Despot, pp. 206-10.

Ires, 18 November 1919 (see note 42 above).
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DAS BAYERNWERK IN SEINER

URSPRUNGLICHEN GESTALT

Figure XIL10. Original plan of the Bayernwerk: Transjormer substations, O; 110-hilovols transmission line (first stage), ——; 110-Kilovolt transmis-
sion line (second stage), -~ Courtesy of Rudolf von Muller

would have related well to the rest of the system and contributed to its
economic strength. ¢

Yet the Bayernwerk, though limited in scope, and the associated Wal-
chenseewerk were completed, and on 26 January 1924 the Bayernwerk
began transmitting power from the Walchenseewerk (see Fig. X11.10). Fifty
years later, approximately half the electricity supplied by utilities in Bavaria
originated in the Bayernwerk.

In establishing the Walch k-Bayernwerk system, von Miller dis-
played remarkable conceptual powers, technical competence, and organi-
zational ability. He also showed by his decisions and policies the manner
in which large-scale advanced technology could be introduced into a pri-
marily agricultural region. Characteristic of his approach was an awareness
of the unique geographical, political, economic, and social factors that were
shaping the particular situations he encountered in Bavaria. His willingness
to respond convincingly to Bavarians who feared the defacing of the land-

" Elektrizithiswerke E.V., Elektrizitit in Bayern, 19191969 (Mu VBE, 1969), pp. 16~

17.
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scape is one example of his awareness and flexibility. His unshakable con-
viction that large-scale development of water power and systematic, planned,
regional electrification were appropriate and imperative for Bavaria man-
ifested his vision and his awareness of technological trends. Note should
also be taken of the sense of timing and situation he exhibited as he, a
political representative of the old regime, seized upon the willingness of a
radical postwar regime to act dramatically in a time of great change, when
the forces of tradition and routine were weak.

Von Miller is representative of the relatively rare engineer who is able
and willing to becomne deeply involved in politics in order to preside over
complex change. He was an engineer-entrepreneur who took part in the
political process that determined the fate of his projects and who took into
account and provided for the financing, organization, and g of
his projects. Furthermore, he attempted to steer a course through the rocks
and shoals of the bureaucratic sea and to sail by the changing winds of
public opinion. In order to explain the coming of an advanced system of
technology. one must take into account the role of individuals like Oskar
von Miller.

In 1926, only a few years after the Bavarians established a transmission
grid. the British finally enacted legislation establishing a grid and a more
unified system of supply. This achievement, in a country whose electric
supply had long been parochial, was more political than technological and
economic. No individual played as salient a role as von Miller had in Bavaria,
but the influence of Charles Merz was substantial. The confluence of events
that brought the change in organization of Britain’s clectric supply industry
can be interpreted variously, but the now endemic British concern about
the loss of national prestige and power appears to have been the major
underlying reason for forming a consensus to break the crust of conserv-
atism. This concern figures prominently in Great Britain's national con-
sciousness today and was expressed, il less urgently, as early as the second
half of the nineteenth century. The anxiety has often resulted in a clash
of opinion and a paralysis of action, but in 1926 the consensus was that at
the core of the problem lay the failure of the country to develop the newest
of energy technologies. As a result, Britain's politicians generally agreed
not only about the nature of the problem but about the remedy as well.
Failure to electrify industry and transportation in the age of electrification
was seen as a root cause of the country’s failing industrial strength. Low-
cost encrgy and the more efficient industry that would follow upon the
establishment of large-area clectric supply were considered the solutions.
The fact that the reorganization of Britain’s electric supply did not bring
a dramatic recovery of national strength should not obscure the commit-
ment that was made in the 1920s 10 a promising and untried solution.

Looking ahead to peacelime policies, Britain's wartime parliamentary
committees had stressed the need for reform, but their recommendations,
when embodied in the Electricity Supply Act of 1919, had been greatly
weakened by the removal of compulsory powers for the electricity com-
missioners and the substitution of voluntary action and persuasion (see pp.
321-22 above). If the economic situation in Britain had not deteriorated
in the political and labor unrest following the war, modest reform might
have been tolerated, as modest change had been for decades. But the
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country emerged from the war with a domestic and foreign debt that was
estimated to be ten times higher than that of (914: coal miners struck in
1919, disrupting the nation's basic encrgy supply: and in 1921 an unem-
ployment figure of almost a million led to passage of the Emergency Un-
employment Act. After the Liberal party split, the Labour party became
for the first time the major opposition party, and in 1924 Ran Mac-
Donald formed the first Labour cabinet. The Conservatives returned ta
power the same year under Stanley Baldwin, but they had to contend with
the great general strike of May 1926. It was Baldwin's government that
presided over passage of the Electricity Supply Act of 1926. This act re-
organized Britain's electric supply industry.

The government, and the engineers and industrialists who ad
knew that the problem of bringing about change in the electr
system was primarily political. One of Britain’s leading consulting engmc(-
and advisers o the government on the reorganization of electric supply.
J. M. Kennedy, said that the planned change “does not contemplate the
adoption of any policy as regards generating station construction or inter-
connection which has not been in successful operation either in this or in
other countries.""” By the mid-1920s, the international community of elec-
trical manufacturers, engineering societies, and leading individual engi-
neers and managers was so closely knit by publication and personal com-
munication networks that the planners could assume the availability of a
pool of technologies from which to draw.

To organize a community of common interest in Parliament was more
difficult. The major circumstances favonng adoption and implementation
of govers ponsored reor ion was the presence of a Conserv-
ative government that favored it and a Labour opposition that supported
it as well. The Conservative commitment was conditioned by the widely
held belief that reorganization of a leading sector of the industrial economy
would enhance Britain's power—electric, industrial, and international. The
Federation of British Industries, which represented a broad sampling of
private enterprise, deserted the rigid stance of opposition to government
involvement in the industrial economy and settled for token amendments
to the eventual electricity bill. After initial resistance, the Institution of
Electrical Engineers also supported the bill. The publicity given the various
reports of parliamentary committees in popular journals emphasized the
promise of a labor-saving electric age and marshaled publlc support for
the measures. The prcdlcuon ol engi s that the reorg would
result in immense energy savings for the nation and restore its industrial
strength also influenced public opinion.** The committee report on which
the 1926 act was based included, for ple, a table showing in simpliﬁed
form the “consumption per head of population” of electricity in va
regions of the world. Great Britain fell at the end of a list of regions, citics,
and countries headed by California, Chicago, and Canada and including

7). M. Kennedy, Report on the Operations of the Proposed Central Electricity Board, preparcd
for the Ministry of Transport (June 1926), . 8: copy in the Electricity Council Archives,

London.
48 Leslic Hannab, Electricity Before Nationalisation (Baktimore: ‘The Johns Hopkins University

Press. 1979), pp. 96-97.
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Tasmania, Shanghai, and Sydney. Former colonies and small countries
seemed far better prepared for the electrical age than the nation that had
once been the world’s undisputed industrial power. The advantage enjoyed
in several of these regions because of abundant hydroelectric power was
not stressed.*

Prime Minister Baldwin dedicated his energies to organizing support for
the reorganization plan in Parli He could count on Labour support
because many of the Labourites saw the establishment of regional supply
as a step toward eventual nationalization of electric supply. Baldwin named
Lord Weir of Eastwood chairman of a commmee to consider the nauonal
problem of electric supply and tor i legislation. Weir, a p
Scot industrialist and head of a Scottish engmeermg company, had made
a name for himself during World War 1 as director general of aircraft
production and then as secretary of state for air. He made it clear that he
believed the electric supply industry was in need of reorganization, and he
promised to form a committee that would be small and speedy and that
would report in favor of “a new electrical energy policy involving in its
application courage and possibly a considerable financial investment."*?
Knowledgeable about ittee temporizing, Weir also told Baldwin that
he should not expect a report that simply furthered development along
existing lines.

When the Weir report was released in 1926, it served as the document
of reference for reform advocates. The condition of electric supply in
Britain was described as “very disquieting.” But there was a remedy—
interconnection—not only for the large areas identified by the legislation
of 1919, but for the areas between them; interconnection would create a
national system. The Weir committee discounted the country’s lack of hy-
droelectricity sites at a time when water power was being rapidly exploited
and widely celebrated throughout much of the world, because, it ventured,
Britain could exploit coal, had the advantage of a high level of urbanization,
and had in close proximity industrial load centers. Great Britain, Weir's
committee reasoned, “is in many respects an ideal electrical area, and is far
more compact than other countries."*' Commenting upon the report, Charles
Merz said, nonpejoratively, that Britain's grid would be more like a high-
voltage distribution system than a transmission system. He was using the
distinction commonly made between long-distance transmission and short-
distance distribution. As he had said earlier,

Proceeding on these lines [high-voltage distribution for the compact industrial
districts of England) we shall not be merely copying America or Germany—we
shall be doing something that is right for England because it is England, because
England is radically different from other countries as regards the technical
development and layout necessary to secure cheap power.>*

**Great Britain, Ministry of Transport, Report of the Committee Appointed to Review the National
Problem of the Supply of Electrical Energy (London: [MSO, 1926), p. 6. The commitiee was
headed by Lord Weir of Easiwood. Hereafter cited as the Weir Report.

® Weir 10 Wilfred Ashley. | December 1924, quoted in Hannah, Electricity Before Nation-
alisation, p. 90.

®! Ministry of Transport, Review of the Supply of Electrical Energy, p. 8.

**Charles H. Merz, “Electrical Power Distribution,” Engineering 102 (I?IG) 262-63.
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In suggesting that a proud nation could move from a backward status to
an advanced one without simply following the leaders, Merz exhibited
psychological acuity.

The Grid was the essence of the technology proposed by the Weir com-
mittee and its consulting engineers. Charles Merz gave the new system this
name after observing that the network of high-voltage transmission lines
that would crisscross the countryside took the shape of a great gridiron
imposed upon a map of the country. The gridiron of transmission lines
was Lo interconnect selected stations and to connect with existing and future
distribution systems. The Grid was presented to the public as a national
system, but in fact it was first organized as a number of regional trans-
mission systems with, between the systems, relatively small coupling trans-
mission lines whose central controls were located in regional headquarters.

The benefits that were expected to accrue were known in industrial
regions of the world where large-area supply already existed. The Weir
committee report, which was written for members of Parliament and for
interested persons who lacked technical training, summarized the “technical
considerations” as follows: “generation in large stations, favourably situated
as regards fuel, water and load with units of comparatively large capacity;
the minimum legitimate amount of stand-by plant; and the highest ob-
tainable load factor, to secure which stations should be inter-connected with
one another.”* Accordmg to the report, the existing load factor in Britain
was “ y low.” The juxtaposition of load factor and national
strength showed (hal Britain was no longer in the era of James Watt; it
had entered the era of Charles Merz.

Merz was a principal adviser to the Weir committee; the prominence
given in the report to the testimony of Samuel Insull, head of the Chicago
enterprise Commonwealth Edison, was not anticipated. Insull was cited
several times as a (if not the) leading authority on electric supply. Lord
Weir characterized him as “the greatest authority on electricity."** Insull’s
name, prominently featured in the report, provides a reminder that Britain
was looking to America for lcchnolo ical Icadcrshlp and that Insull was an
unusually articulate, if k for the concepts
of the electrical era. It should also be recalled that Merz and Insull were
personal friends and professional associates whose ties constituted a tech-
nology-transfer bridge. The Weir report quotes Insull’s “striking statement™
that the “only limit to the amount of business [electric supply] .. . if the
proper amount of brains is devoted to the engineering of selling the en-
ergy.” is the amount of capital invested. Insull had also told the committee
that “any man who refuses it (interconnection)—and I will not exclude
England—does not understand the fundamental economics of the busi-
ness."*s The British in 1926 were not averse to learning the business of
electrical technology from their American cousins, and Insull was easier 1o
accept as an adviser because he was British-born. ‘The fact that Charles
Merz had often served as a consultant to Insull also boosted national pride.

5 Weir Report, p. 7.

4 Weir to Wilfred Ashby, M.P., Weir Gorrespondence (9/1), Churchill Gollege Archives,
Cambridge, England.

5 Weir Report, pp. 5 and 8.
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The Electricity Supply Act of 1926, which incorporated the recommen-
dations of the Weir committee and its technical advisers, received the royal
assent on 15 Decembcr 1926. The legislation prowdcd for the creation of
a Central Electricity Board (CEB) with executive powers to construct and
operate the Grid. The electricity commissioners had already begun plan-
ning and were to serve as juridical advisers to the Central Electricity Board
in technical matters. The board concept was more original than the tech-
nical aspects of the Grid. A public corporation that was able to raise its own
funds, the CEB was organized and inistered by gover laried
managers and engineers who were not part of the civil service. The salaries
of its leading personnel were higher than those of persons with comparable
experience and responsibility in the civil service. The CEB was eligible for
financial guarantees (rom the Treasury to aid it in raising funds, but these
came from the sale of interest-hearing, nonvoting stock to the pul The
CEB never used the (inancial guarantee, but raised money entirely on its
own credit. The chairman and eight board members were named by the
minister of transport and were subject to dismissal (also by the minister of
transport) only if absent from their duties for six months or more. Their
terms ranged from [ive (o ten years. As a corporate body, the board had
the status of an authorized electrical undertaking (utility) which owned and
operated the Grid on behalf of the government.** Conservatives were sat-
isfied because the CEB was not a nationalized authority or government
department, but an organization managed by “practical” men who were in
close touch with industry. Although the concept was original in many re-
spects, it was not as original as some of its proponents and some historians
believed. The public-corporation concept had been embodied in the or-
ganization of the Bayernwerk in Bavaria and in the theory of Giant Power
defined by Governor Pinchot and Morris Cooke in Pennsylvania (see pp.
334-50 and 297-312 above).

In effect, the chairman of the CEB became the managing director of the
Grid. His was the only full-time position on the board. The minister of
transport chose as chairman Sir Andrew Duncan, a Scot and a member of
a firm of industrial lawyers. Duncan had auracted public attention as a
skilled negotiator who was knighted afier resolving the coal dispute of 1920.
Forty-two years old in 1926, Duncan had a reputation for Celtic charm,
tact, and patience.*” For the chairman of the CEB, these qualities proved
more important than intimate knowledge of the technology of large-area
supply. Duncan chose Archibald Page as the chief engineer and general
manager for the CEB. Page had been an electricity commissioner before
leaving that post to become general manager of the County of London
Power Company, which was organized to supply the utilities of east London.
“T'wo senior engineers were named (o assist him: Harold Hobson, who had
worked for Merz & McLellan; and Johnstone Wright, who had trained
with the Newcasile upon Tyne Electric Supply Company (NESCO). These
three engineers remained with the CEB until the mid-1940s, and each

** Great Britain, Ministry of Transport, Memorandion on the Electricity (Supply) Bill, 1926 (16
& 17 Geo. 5, ch. 51) (London: HIMSO, 1926), pp. 1-4; Nannah, Electricity Before Nationalisation,
pp. 100-101

* Wannah, Electricity Before Nationalisation, p. 102,
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served a term as chairman. Charles Merz had been a likely candidate to
head the CEB, but he was considered too close to commercial interests in
thc industry, and John Snell, technical expert and head of the electricity
wanted to administer the Grid, but he was considered not
lacll’ul enough as a negotiator. Accordmg to his own testimony, Samuel
Insull had been asked by the prime minister to head the CEB, but had
refused.*®
The legislation providing Page and his associates with the authority to
reorganize the nation’s elecmc supply mduslry rcsultcd from innovations

introduced by a repr g . The techno-
logical and organizational changes brought forth by the 1926 act were
plex and made palpable the multitude of private and corporate inter-

ests represented in Parliament. Furthermore, not all of the subtleties of
concern could be made explicit in the legislation and the procedures derived
from it. Therefore, judgment and political skill had to be used to bring
about the intended changes.

The Central Electricity Board, the electricity commissioners, and the
advisory consulting engineering firms avoided the temptation of assuming
that technical expertise could solve the problems. They realized that de-
cisions, in contrast to solutions to problems, were needed; one best answer
was not to be found. Their authority, they also wisely acknowledged, was
limited. Page, an experienced negotiator, understood that persuasive skill
was of the essence, for the decisions the board members had to make
required that they venture beyond the limits of their defined powers. In
short, Page and his associates had to function as politicians as well as en-
gineers.

Typical of the challenges the board faced and the political tactics it em-
ployed were the decisions made about “selected” stations. The law provided
that, with the advice of the electricity commissioners, the CEB should select
the power stations to include in the Grid. Quantitative guidelines were to
be applied. If an operating power station generated electricity at a cost
greater than what it would cost to purchase power from the Grid, this
station was not “selected.” The estimated cost of supply from the power
station was calculated without including capital costs, for these were “sunk,”
or not subject to change. On the other hand, the comparative cost of
electricity supplied from the Grid included capital costs such as expendi-
tures to be made in constructing the Grid. This formula for calculation,
which involved more complexities than those noted, meant that the op-
erating costs of existing stations were to be compared to the operating-
plus-capital costs of the Grid. The approach was comprehensible. The
electric supply industry had grown rapidly throughout the world because
the opermlng -plus-capital costs of new technology often were less than the
operating costs of old technology. For this reason, old plants could often
be abandoned before being amortized.

Page and his associates understood, however, that the cost calculations
failed to take into account not only a number of economic variables but
noneconomic substantive considerations as well. Power station owners in-
sisted, for instance, that they intended to introduce technology that would

8 Forrest McDonald, Insull (Chicago: University of Chicago Press, 1962), p. 276.
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dramatically lower their costs. In addition, the operating and capital costs
of the Grid were dependent upon unpredictable variations in material and
labor prices. Just as important were the noneconomic factors that the cal-
culations ignored, but that Page, the politician, could not. Among these
was the pride the managers and engineers and private and municipal own-
ers of power plants took in their organizations and technology and in the
authority they held. This, as has been seen, was a constituent of parochi-
alism. Because of vested interests, then, the board selected more stations
than the Weir committee recommended. The report called for the number
of “selected” stations to be limited to 60; the electricity commissioners
identified 118; and the Central Electricity Board designated 140.5°

As defined in the Electricity Supply Act of 1926, the relationship between
the new Central Electricity Board and its predecessors, the electricity com-
missioners, was complex and left much to interpretation and the guidelines
of experience. The act gave the electricity commissioners responsibility for
inaugurating planning for the Grid because they had had the experience
under the act of 1919 of encouraging regional schemes. Ultimate respon-
sibility for owning and operating the Grid, however, would be lodged with
the CEB. During planning and construction both the electricity commis-
sioners and the CEB would have the authority to retain consulting engi-
neers. Britain's leading consulting firms—Merz & McLellan, Kennedy &
Donkin, and Highfield & Roger Smith—were retained to advise the board
on such matters as the routing of high-voltage lines and the selection of
power stations. After the Grid began operating, the commissioners contin-
ued to function as the board’s technical advisers and as a quasi-juridical
body hearing appeals from utilities about decisions of the CEB and op-
erations of the Grid. The electricity commissioners, under the general
direction of the Ministry of Transport, remained the regulatory authority
for supply companies, or utilities, so the CEB, as an authorized supplier
owning and operating the Grid, was subject to the commissioners’ regu-
latory decisions.®®

As is expected in situations where complexities, present and future, defy
the laying down of rules and procedures, conflicts arose between the com-
missioners and the board. Leslie Hannah, the historian of electric supply
in Britain, concludes that “there was rarely any great warmth in the relations
between the two bodies [board and commissioners)."®' The electricity com-
missioners, headed by the engineer Sir John Snell, preferred technically
neat solutions; the CEB opted for choices that were more heavily weighted
by relatively imprecise economic iderations and infl d by the vested
interests whose cooperation was sought. Snell also had differences with

* Hannah, Electricity Before Nationalisation, pp. 112-13.

% An excellent analysis of the functioning ol the CEB and the commissioners is found in
a report Merz & McLellan prepared for Consolidated Edison Co. of New York, Report on
Electric Service in New York, London, Paris, and Berlin (London: Merz & McLellan, 1937); | am
grateful to Dorothy Ellison for calling this report to my autention. The plan for the Grid that
Merz & McLellan prepared for the Ministry of Transport was entitled National Electricity
Supply: Technical Scheme (May 1926); J. M. Kennedy's report for the same ministry was entitled
Report on the Operations of the Proposed Central Electricity Board (June 1926); copies of both are
in the Electricity Council Archives, London.

© Hannah, Electricity Before Nationalisation, p. 108.
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Charles Merz. Both men enjoyed | prestige in engineering circles,
so their differences were not easily resolved. Snell had served with dis-
tinction as an engineer after completing his studies at King's College, Lon-
don. While Merz was making his name as an adviser to and director of the
privately owned NESCO, Snell was making his as an engineer for munic-
ipally owned utilities, including one on the northeast coast of England that
remained independent of the NESCO network. Snell, however, shunned
the parochial attachments that fostered small-scale supply and advocated
large-scale operations for municipally owned utilities.

The differences between Merz and Snell came to a head after Merz's
« lting firm pted the assig from the Ministry of Transport
1o advise the c i in initiati I for the Grid. Merz &
McLellan was respons:ble for planning several of the regional systems that
would make up the Grid. This required that the company conduct a survey
to ascertain the output and load curves of existing utilities. The consulting
engineers also identified “selected” power stations and recommended trans-
mission-line routes. Merz soon decided, however, that the guidelines Snell
had laid down would result in a flawed plan for the CEB. Anticipating that
the CEB would call upon his firm's services during the construction phase,
Merz decided to withdraw from the planning in order to avoid being in
the position to carrying out a plan with which he did not agree. Snell
complained that the work of Merz & McLellan was moving too slowly and
at too great an expense compared with that of other consultants. After
several meetings, Snell accepted the firm’s whhdrawaL A compromise al-
lowed Merz & McLellan engi S0 C lete the p ing while working
as individuals. Subsequenty the CEB did retain Merz & McLellan as con-
sulting engineers, as has been noted.®?

The Weir report correctly predlclcd that construction of the Grid would
not involve unpreced: logy. British engi had solved many
of the most difficult technical problems of the electrical era, but the Grid
was a large-area transmission system that had been introduced earlier else-
where. The 132,000 volts decided upon for transmission was well below
the 220,000 used in the United States and Germany by 1926, and the
transmission distances were shorter. Thus, Britain's engineers concentrated
on a host of relatively routine problems that were complicated more by
their number, a tight schedule, and economic dimensions than by technical
challcnge. The economic aspects were ol' lhe klnd best considered by en-
gineers like Charles Merz and hi |l

g mg « g who
were accustomed to making decisions based on an optimum mix of costs
and technical efficiency.

Standardization of voltage, phase, and frequency was one of the economic
and technical decisions Grid engincers made. Standardization was an es-
pecially messy problem in Britain because of the diversity embodied in its

® Correspondence in bound volume entitled “Electricity Supply Act (1926): Memoranda
and Important Correspondence,” Merz & McLellan Co. Archives, Amberley, Killingworth,
near Newcastle upon Tyne, England. See especially J. Snell to Merz, 21 August 1926; Snell
o Merz, 29 March 1927; Merz to Snell, 30 March 1927; notes on a mecting of Merz and
Snell, 5 July 1927; notes on an interview, Snell, Mcrz, McLellan, and Leggat, 7 July 1927
and memorandum from Leggat (of Merz & McLellan) to Merz, 14 July 1927. See also Hannah,
Electricity Before Nationalisation, pp. 111-12.
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small-scale technology. Standardization of electricity supply was like a Chinese
box—problems within problems. On the level of high-voltage transmission,
the question of voliage and phase was not complicated (in much of the
country) by existing and extant equip Most high-voltage
transmission utilized new equipment. Moreover, the transformation of volt-
ages {rom generating plants to low-voltage distribution systems was a well-
established practice. Transformers could be wired on one side for local
conditions and on the other for the standard 132,000 volts decided upon
for the main transmission lines. The transformer was a coupling device
that permitted the integration of subsystems with different voltage char-
acteristics.

In 1926, choosing a standard type of current did not present serious
problems cither, because polyphase, or three-phase aliernating, current
had become a world standard [or lighting and power. Direct current sur-
vived in large citics wheve highly efficient direct-current Edison stations
prevailed until after the turn of the century, but it was understood that
the transition to polyphase current would be made. In the meantime an-
other coupling device, the rotary converter (a.c.-d.c.), allowed the direct-
current areas to be fed by polyphase currents and encompassed in systems
that were primarily polyphase.

Standardization of frequency, however, was not as readily solved, for
frequency converters were not as efficient and reliable as rotary converters.
Therefore, equipment had to be rewired if the [requency was other than
the Grid's standard 50 cycles. This problem was especially serious in the
northeast coastal region supplied by NESCO, the regional supply utility
that had expanded impressively under the guidance of Merz & McLellan.
NESCO had previously standardized at 40 cycles (see pp. 458-59 below).

Beginning in the spring of 1927 and ending in August 1931, plans for
the various regional transmission systems that would together constitute
the National Grid were adopted at the rate of about two each year. Con-
struction of the Grid ended on schedule in about six years. In 1933 the
Central Electricity Board began operating as a power transmission utility
in central Scotland and east-central England, and by 1936 the Grid was in
full commercial operation in all regions except the northeast coast of Eng-
land, the location of NESCO and the major standardization problem; op-
erduons began there in 1938 (see Figs. XIL.J1 and X11.12). The initially

d Grid cost approxi y £26.7 million. During the six years of its
construction 150,000 1ons of slecl were used, mostly for 28,000 transmission
towers. The Grid's overhead lines required 12,000 tons of aluminum and
200,000 porcelain insulators. British facturers were heavily engaged
in the construction of transformers and switchgear, metering, and control
equipment. The expansion of existing power stations and the construction
of new ones also kept turbine and generator manufacturers busy and gave
them experience that had formerly been concentrated among the American
and German manufacturers.®® Both the construction and the operation of
the Grid stimulated the post-World War 1 economy of Great Britain.

“Great Britain, Central Flectricity Board, The Grid (booklet published by the CEB in
1946(7)). pp. 4-7. Charles H. Merz described the Grid in “The National Schemie of Electrici
Supply in Great Britain” (Paper read before the British Association for the Advancement of
ience, South Africa, 1929); copy in the Merz & McLellan Co. Archives.
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Figure XIL11. Simplified map of
proposed English 132-kv. Grid, 1933,
Adapted from the CEB's Annual Report
1932,

Figure XILI2. Superimposed map of
Great Britain showing the British Grid to
be of no greater extent than California's
interconnected power network. From
Electrical World 82 (1923): 1056.

PLANNED SYSTEMS

= v Rie
Folmouth &% sl
Southompton

GREAT BRITAIN AND CALIFORNIA

The former has 40,000,000 more Inhabitants than the latter and
comprises one of the greatest Industrial dlstrlcts In the world. Its
electrlcal output, however, Is no larger tha; lifo! 's, and while

r
lnleu‘onnected systems, Cnallfornin alrendy possesses

nected network stretching from one gnd of the state & e Sty
‘The maps are drawn to the same sca!

A better understanding of the complex nature of the Grid can be derived
from consideration of several of its constituent regional systems. In the
London area, the Grid, like the Pennsylvania—New Jersey Interconnection
in the United States, was a power pool (see pp. 325-34 above). The Central
Electricity Board left unchanged the ownership of the “selected” pri
and local-authority-owned power stations there, but took over the direction
of operations and the planning of expansion. The CEB also assumed pay-
ment of the capital and operating costs of these selected plants. The entire
electrical output of the stations was at the disposal of the Grid, and most
of it was fed into the transmission network. The supply authorities, or
utilities, then purchased from the Grid all the electricity they needed for
their distribution systems. 'I'he price charged by the CEB represcnted the
cost of production adjusted for load factor plus an additional charge for
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transmission. The price was guaranteed to be lower than would be incurred
if the selected station generated for itself.

By the time the Grid began operating, there were thirteen privately
owned companies in the county of London. The JEA concept that was
established under the Electricity Supply Act of 1919 had encouraged con-
solidation, but the idea did not gather momentum until passage of the 1926
act in anticipation of the Grid. All thirteen companies were distribytors,
but nine had turned over generation to the London Power Company, the
stock of which they fully owned. Of the other four, the City Company had
a major power plant at Bankside, and the County of London Company
had major power plants at Barking “A” and Barking “B." Consolidation
had also occurred on the distribution side. Six of the companies had placed
their common stock under the control of a holding company, the London
Associated Electricity Undertakings. cheral other companies had come
under the control and 8 of the N politan Company and the
County of London Company. The prices charged customers by the private
companies varied and allowed for profit, which was regulated by the elec-
lncny comnmsmners London s thirty-two local-authority-owned utilities

comp pendent as distributors of electricity, but in terms

ol' generation they were coordinated by the Central Electricity Board. All
“selected” power stations, private or local-authority-owned, were directed
by the board. Other stations made agreements with the CEB about oper-
ations; some, for i operated as peak-load plants. In 1935 the total
capacity of a 50-cycle generating plant in London was 2,313,000 kw. and
its output was 4,418 million kwh., 115 million of which was for traction.®*

The operation of the Grid can also be examined by considering one of
the regional schemes. The seventh, which was announced in 1930, per-
tained to southwest England and Wales. The region had a population of
about six million and an area of slightly over 17,000 miles. Included in it
were highly industrialized arcas, mines, and seaports. Before the Grid was
established, 165 utilitics owned 107 generating stations. Six of these stations
were chosen to become part of the Grid, and two new stations were con-
structed. The CEB had the authority to arrange for a utility in the area of
supply to provide a new station. If no such arrangement could be made,
the electricity commissioners could authorize the CEB or some other com-
pany or person to construct the station. The new station would then be
operated according to Grid procedures.® Two of the selected stations, one
at Bristol and another in South Wales, were designated as base-load plants.
The transmission system for the region consisted of 623 miles of high-
voltage cable and 25 transformer stations. Erection of these stations was
opposed on aesthetic grounds by landed squires.®®

In operation, the Grid did not by itself lastingly resuscitate lhe British
cconomy, all the bright predictions of the parli y not-

ling. Mor d exp ions were stated as early as 1927 (after
the 1926 act had been safely passed) by Archibald Page. Sensitive to the

“ Mcrz & McLellan, Report on Electric Service. The description of the London Grid presented
here is based on this report (pp. 55-91), which describes the situation around 1936.

® Electricity Act of 1926, § 6.

L. W. W. Morrow. “Great Britain Electrifies” Flertricnl Warld 96 (1990): 25258
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If-

of the gers and engil of existing companies, whose
cooperation was needed, Page discounted the more extreme statements
made carlier about the backwardness of Britain’s electric supply industry.
He pointed out that Britain had a well-developed gas industry, whose
service reduced the demand for electric lighting, as well as a long-estab-
lished practice of using steam power in industry without intervening electric
power transmission. He observed that although the British steam plant
might be less efficient than its electric counterpart, the economics of re-
placement did not always favor conversion. Page also raised doubts about
the significance of per capita consumption of electricity, a statistic the com-
mittees promoting the Grid had stressed. He said that per capita con-
sumption of coal and oil might be better indicators of industrial develop-
ment, for in Britain the c p of coal sub d the g ion of
most electricity and took into account other energy supplies, such as gas.
He rightly pointed out that the share of the cost of electricity that was
autributable to distribution, in contrast to transmission, amounted to be-
tween 20 and 75 percent of the total according to location, and that dis-
tribution was in the hands of the utilities. Page also cautioned that savings
from the Grid would not be impressive in areas where modern power plants
already operated. He may have misled his audience, however, when he
said that legislation had not been as responsible for the delay of large-area
supply in Britain as the rivalry between large undertakings and an “ov-
erzealous display of local patriotism by the smaller municipal undertakings”
had been.®” The earlier legislation in fact protected the parochialism.
Even though the Grid did not revolutionize British industry, but instead
brought changes that were more in line with Page's realistic amicipalions.
the reorganlzauon of Britain’s eleclncny supply did result in notable
act . Because interc permitted the use of smaller, re-
serve plants, capnal expenditures were lower than if supply had been from
independent plants. By 1938 the CEB used a safety margin of approxi-
mately 10 percent reserve capacity compared to the 43 percent estimated
reserve for 1925. As a result, the CEB estimated that £33 million of capital
expenditure on spare plants was saved. It also estimated that in 1935,
operating costs for specified power stations were 11 percent less than the
cost of running the same stations under independent ownership in 1932,
before the Grid began operations. Despite a pricing policy that by 1939
resulted in a surplus of at least £2.75 million (after paying interest on
securities and providing a sinking fund for these), the CEB had reduced
the price of electricity in bulk (at the busbars, where it was fed into the
transmisson system) to .34d per unit in 1939 compared 10 a cost of 1.098d
in 1923. The cost of electricity was also reduced in the United States and
Germany during this period, but as historian Leslie Hannah concludes,

It [reorganization and the Grid] was, on the whole, a happy experience and one
with which the industry could be well pleased. In the space of fifteen years
between 1925 and 1940 the national grid system enabled the British supply
undertakings to overcome their previous lag in development and inaugurate a
vigorous expansion of sales based on low prices for the consumer. By the late

& Archibald Page, “Inaugural Address.” JEE Journal 66 (1927): 1-11.
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1930's Britain's electricity ion per head of pop
countries with similar income levels.*®

equaled that in

An even more impressive tribute is paid to the originators and developers
of the National Grid by those who are persuaded that it was a major reason
for the climb in the 1930s of Britain’s industrial economy from the lower
ranks among industrial nations to a position behind only the Soviet Union
and Germany in rate of growth.®

™ Leslie |
nal (
Clarendon Pr

annah, “A Pioncer of Public Enterprise: ‘The C Electricity Board and the
inexs History, ed. Barry Supple (Oxford:
ah cites D. A. Wilson, “The Strategy

ars,” i
Strategy and Business Development, ed. 1c: ah (London: Macmillan & Co.. 1976); Harry
W. Richardson, “The New Industries Beiween the Wars,” Oxford Economic Papers 12 (1961):
and idem, Economic Recovery in Bntain, 1932-39 (London: Weidenfeld & Nicolson, 1967).
L a debted 10 Leslie Hannal for calling my attention to ¢




CHAPTER XIII

The Culture of
Regional Systems

e planned power pools and grids constructed in the United States,

Germany, and England heralded the era of regional electric supply
systems, which linked cities, towns, countryside, and remote industrial sites.
Alongside the planned systems, such as the Bayernwerk and Britain's Grid,
the cvolving systems of mostly privately owned utilities flourished. As will
be seen in Chapter X1V, the latter had a long history and were characterized
by incremental growth. In the 1920s, h s and
financiers realized that a technological form—the rcglonal system—had
fulfilled inherent implications and could be considered conceptually ma-
ture. (Actual growth, of course, would continue.) Th:s realization was man-
ifested in the engi s’ and gers’ concep ion of underlying
technical and economic relationships; their deft identification of critical
problems and efficacious solutions; their introduction of organizational
forms that were well suited for ion; and their develop of or-
ganized knowledge (science of lcchnology) about regional power systems.
Just as the the universal system had gathered momentum in the 1890s, so
regional systems gathered momentum and flourished in the 1920s. More-
over, just as the earlier discussion of the momentum of the universal system
suggested the concept of the culture of technological systems—in this case
the values, ideas, and institutions that arose in response o the needs and
opportunities for growth that were seen and defined by professional en-
gineers, managers, and system builders—so, too, a culture of regional power
systems is d|sccrmble Supporuvc of the development of the technical core,
these ¢ were tl Ives shaped by the technical char-
acteristics of the expanding power systems.

‘The technical core of the regional power system involved the widespread
use of steam turbines in power plants, which after 1900 resulted in the
unprecedented and unexpected spread of power systems. Station engineers
and managers ornglmlly introduced steam turbines to replace the mon-
suously large reciprocating engines used in heavily populated areas, where
the price of real estate was high. Turbines, however, proved to be more

efficient than reciprocating steam engines, and they also lowered instal-
lation, operating, and labor costs. The largely unforesecn consequence of
the introduction of the turbine was the sharp acceleration of the quest for

aea
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load sufficient to fulfill the economy-of-scale potential of a large, efficiently
loaded turbine. The turbines were, in effect, supply in search of demand.
A superficial analysis might present the load-seeking turbine as an instance
of technological determinism, but closer study will show that the force of
the technology was circumscribed by a host of nontechnological factors
which, together with the technology, shaped the events and trends that
followed the introduction of the turbine.'

The large, lo1d-scekmg steam turbines found thelr complement in far-
flung high-voltage tr ion lines which followed the population shift
to the suburbs. If the turbine was located in an urban cenler like Chicago,
high-voltage transmission lines carriéd electricity out into the surrounding
region. If the turbine was located at a mine mouth or brown-coal pit,
transmission lines spread the power over the region and distributed it 1o
industries, transportation systems, commercial enterprises, and private res-
idences. In the 1920s and early 1930s, when regional systems prohferaled
voltages of 100,000 and higher became state-of-the-art, so t
over hundreds of miles became economical, particularly for hydroeleclri(
systems (see Fig. XII1.1 and Table X111.1). Furthermore, point-to-point
transmissions grew into networks, grids, or rings as the long lines were
punctuated by major switching stations where other generating stations fed
power into the system or power for nearby loads was taken out.

Economic considerations pushed the introduction of larger wurbines and
larger, diversified supply areas. Electric supply was capital-intensive tech-
nology, and the overhead stemming from capital costs was a substantial
part of the cost of a unit of electric power. Advocates of large, regional
systems argued that the unit cost of generation was an inverse function of
the size of the turbines and generators. They appealed to the long-accepted
proposition that capital cost per unit of power generated decreased with
the increase of the physical size and capacity of machines. The reason for
this decrease was, in part, a matter of geometry, for heat and magnetic-
field losses increased with surface area, and the ratio of surface area to
capacity decreased with the increase in physical size of the turbine and
generator. Others pointed out that the large, regional structure improved
a system’s load factor. Moreover, since capital charges were paid on a
system’s full capacity, a higher load factor meant a reduction in unit cost.

Thc growth of regional systems not only presented interesting technical

to engineers but it also chall gersand financiers. Tech-
mcal organizational, and financial inventions resulted. The turbine, for
instance, proved o be an engine that enhanced organizational growth.
Before World War 1, the geographical extent of most utilities did not
provide a load 1o match the supply potential of turbine-driven central
stations. Utilities had obtained their franchises, or concessions, during an
era of small-area, direct-current distribution and reciprocating-steam-en-
gine generation. With technical change, this organizational structure be-
came outmoded, and utilities began to reach out for new territory and new
customers and to invent new organizational structures. Until the Grid.

! Thomas P. Hughes, “Technological History and Technical Problems,” i
nology, and the Human Prospect: Proceedings of the Edison Centennial Symposium, ed. Chauncey
Starr and Philip Ritterbush (New York: Pergamon Press, 1980), pp. 148-49.
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Figure XIIL1. Increase in transmission
voltages. From Giant Power Survey,
p. 27
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TABLE XII1.1. TRANSMISSION-SYSTEM MILEAGE IN THE UNITED STATES, 81 DECEMBER 1932
Total System

Voltage Mileage Percentage
6,600-22,000 83,995 33.41
22,000-110,000 124,466 49.51
110,000-220,000 27,665 11.00
Not designated 15,282 6.08

Total 251,408 100.00

Source: U.S., Federal Trade Commission, Utility Corpomlwm (S. Doc. 92, 70th Cong., Ist
sess., 1928), Part 72A (1935), p. 41.

England was an exception to this trend because local governments confined
power systems to their jurisdiction.

The introduction of the turbine, with its high-voltage transmission lines,
generated unprecedented capital requirements, too. During the era of Edi-
son, the cost of distribution lines almost matched the cost of generating
equipment. In the 1920s the cost of a high-voltage transmission system was
layered on low-voltage distribution costs. The transmission system included
overland steel transmission towers, copper or aluminum lines with costly
insulators, and a complex array of lightning-protection apparatus, circuit
breakers, switches, transformers, and synchronous generators. The capital
demands of the American utilities during the 1920s, when many regional
systems were under construction, excceded those of the railroads during
the decades of their most rapid expansion.?

Consulting enginecrs also played a highly important, though still largely
unacknowledged, role in furthering the growth of regional systems. The
technical, organizational, and financial problems inherent in regional sys-

?U.S., Department of Commerce, Bureau of the Census, Historical Statistics of the United
States: Colonial Times to 1957 (Washington, D.C.: GPO, 1960), pp. 432-33 (ser. 95) and p. 589
(ser. 146). See also Forrest McDonald, Let There Be Light: The Electric Utility Industry in Wisconsin,
1881-1955 (Madison, Wis.: The American History Rescarch Center, 1957), pp. 186-87.
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tems demanded the entrepreneurial spirit, comprehensive experience, and
talent p d by the lting engi ing firms and their principals.
When political problems entered the mix as an important component, the
consulting engineer’s broad view and capacity for a multifaceted response
became even more important. The consulting engineer assumed the mantle
of the entrepreneur ready to preside over technical change in a complex

i D ing their entrep ial talents impressively, Merz
& McLellan and the firm of Oskar von Miller responded to the politics-
laden problems of planned government grids; in the United States, con-
sulting engineering firms like Stone & Webster and Electric Bond & Share,
would demonstrate a masterly ability to cope with the heavily managerial
and financial problems that arose in the American electric supply system
in the 1920s.

The regional systems of the twenties constitute the third stage in the
evolution of light and power systems. The Edison direct-current systems
of the first stage were characterized by homogeneity of supply and load.
Generators and components of a similar kind were housed in a single
location. Reciprocating steam engines were usually of the same kind or had
the same characteristics—high or low speed, direct or belt drive. The dis-
tribution system took a standard voltage from the central station and de-
livered a standard voltage to consumers. The load on the system was almost
entirely incandescent lamps, the motor being a rarity.

The systems of the second phase were more heterogeneous. They were
characterized by the concept of transmission and distribution introduced
as the “universal system” at the Chicago exposition of 1893. Generators
with substantially different characteristics in different power stations were
interconnected. Reciprocating stcam engines and steam turbines were often
used in the same power station. Varying outputs from the different kinds
of generators (some alternating current, some direct) were combined in a
single transmission system through the use of couplers—transformers (in-
cluding Scott-connected transformers), synchronous generators, motor
generators, frequency converters; couplers also connected different kinds
of load, lighting and power (stationary and traction).

The regional systems of the 1920s can be categorized as the third stage
in the evolution of electric supply systems. Again, the hallmark is increased
heterogeneity. Whereas in the universal system of the second stage, dif-
ferent kinds of loads werc systemically joined according to the concept of
load factor, in the third stage, different kinds of energy sources were
combined according to the more recently articulated concept of economic
mix. The introduction of turbines and high-voltage transmission made the
third stage possible, but they were not the essence of it. Turbines and high-
voltage transmission stimulated the construction of far-flung systems, and
the spread of these was so extensive as to include natural resources of
various kinds. The engineers and managers of utilities took advantage of
the presence of such varied energy sources as hard coal, bituminous coal,
brown coal, high-head water, and low-head water in their supply areas 0
obtain an economic mix. The capacity to encompass complexity had in-
creased.

The combination of diverse energy sources in the system allowed for an
economic mix, a technical-economic concept on the supply side that was
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comparable in importance to load factor on the load side. The origins and
evolution of the concept and practice are exceedingly difficult to document,
however. Probably the concept followed the practice. Having combined,
say,a coal-fired plant and a hydroelectric one for obvious economic reasons,

and g/ ponsible or system growth then thought through
the general implications of their empirical probes. Because both Germany
and the United States had coal and water power within economical trans-
mission distance, systems organized according to the principles of economic
mix spread rapidly in the two countries after World War I. In water-power-
short England, waste-head power stations were connected with coal-fired
plants, a variation on the same theme.

An economic mix is an interconnection of power plants whose energy
sources are utilized pl ily. For ple, an ideal economic mix
would include an urban power plant using hard or bituminous coal, a
lignite-fired plant at an open-pit site, a high-head hydroelectric plant draw-
ing from a natural lake at high elevation, and a low-head plant using the
running water of a river. These might be separated from one another by
fifty to a hundred miles, possibly more. The operation of the plants would
be carefully scheduled to take ad ge of their ¢ 1 y charac-
teristics. The advantages derived were measured by an increase in economy
and reliability; the means to achieve these were technical.

Scheduling the use of power plants in an ideal mix was a challenging
and extremely interesting problem for utility engineers and managers. At
their disposal they often had a variety of responses to changing, or transient,
natural and man-made events. The high-head hydroelectric plant could be
used sparingly, if at all, for peak load during the winter freeze. The run-
of-river, or low-head, plant was less useful during periods of drought. The
high-head plant was scheduled for maximum use during spring thaws; the
running-water plant might be fully utilized for base load then too. The
plant fired by hard coal was scheduled for heavy use during the winter
freeze and probably during periods of drought, as was the plant fired by
brown coal. Utilization of brown-, bituminous-, and hard-coal plants de-
pended on comparative fuel costs. Strikes by hard-coal miners or an in-
crease in the cost of rail transport of hard coal would increase the demand
for brown coal, for instance. Layered on the challenge of scheduling the
utilization of natural resources economically was the problem of efficient
use of the plants, whose operating costs varied, in part, according to their
age. In some actual systemms, old thermal plants were used only during times
of peak demand and when the more economical units were being serviced.

The economic-mix system demanded complex controls for scheduling
power plant utilization. Increasingly complex information networks and
remote controls were needed in the control, or dispatching, center. To
facilitate control, engineers and mathematicians wrote equations describing
the essential parameters, variables, and functions of the different power
systems, and they attempted to design analog computers to solve the most
tedious of these. In addition, load forecasting was helpful to dispatchers
in scheduling power plant use. Load forecasting required the keeping of
hlsloncal rccords, cspeclally load curves, and information about changes
in tion, industrialization, and social patterns, and the
weather. All oflhciedlrecllval'fecledlhc magnitude, location, and variation
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of the load. Utilities with hydroeleclric plants in the mix also used historical
hydrographic data and kept a running record of rainfall, snowfall, run-
off, and other relevant details. These extensive data-gathering, record-
kecping, and data-processing activities were carried out as long as their
cost did not exceed the benefits measured by lower operating expenses,
better load curves, and reliability of service.

The regional electric power system stimulated utility managers and en-
gineers to think in terms that are now associated with systems engineering
and information-and-control science. I'.ngmecrs in olhcr fields—petroleum
|cﬁnmg. for pl Iso were think , but electrical en-
gineers made the more substantial contribution to systems engineering.
Decades earlier, the managers and designers of railway systems had ex-
perienced the problems ol scheduling traffic where and when it was necded,
switching to meet that need, and forecasting loads. Production-line engi-
neers had concerned themselves with routing and flow, but electrical en-
gineers dealt with a system in which storage was uncommon—storage bat-
teries were used sparingly—and the product flowed at the speed of light.
So challenged. the electrical engineers began working out a science of
information and control. In the 1920s, engineers increasingly used concepts
such as “coordination. mlcgrallon. ‘control,” “flow,” “concentration,”

“centralization,” and "} " Thisis (he of systems. Among
these ¢ pts, “rationalization” is of | interest.
Rationalization was much di: d in the 1920s. In Germany its pro-

ponents, both expert and popular, were unusually articulate and enthu-
siastic. They gave Rationalisierung varied and complex definitions. As ap-
plied to industry in general, the concept was decidedly influenced by
developments in electric supply, and associated with it were the terms used
by the engi s and gers who were building regional electric systems:
coordination, integration, stability, plan, order, control, and system.* The ration-
alization movement in older industries, such as coal and iron, involved
reorganization of both the physical plam and the management structure.

zing plants. Badly located and equipped plants, mines,
and businesses were closed. More efficient and larger-scale technology and
hods were introduced. Engincers who had been trained

in scientific analysis and managers who were familiar with cost accounting,
labor efficiency, and rational schemes of organization were employed.
Standardization and research were encouraged. The rationalizers, whether
gers or i wanted to elimi material waste, mechanical
friction, and human confusion. The most ambitious of the rationalizers
intended to extend their scope beyond a single plant, business, agency, or

20n ihe carlier 7 of i i I systems sec Stuart Bennett, A
History of Control Engineering, 1800-1930 (New York: Percgrinus, 1979); Otto Mayr. Zur
der Technischen Regelungen (Munich: Ol 1969); and Thomas P. Hughes,

Elimer Sperry. tnventor and Engineer (Baltimore: The Johns Hopkins Press, 1971).

“Robert A. Brady has provided a deeply informed analysis of rationalization in The Ra-
tionalization Movement in Gernan Industry: A Study in the Evolution of Economic Planning (Berkeley:
Uniiversity of California Press, 1993); see especially his Introduction for a definition of the
term. See also Merle C. Turney, “The Rationalization of Electricity Supply in the United
States” (Ph.D. diss.. University of (llinois, 1937), esp. pp. 70-122.
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industry to encompass the entire cconomy. They directed their atention
to the inefficiencies of older and hcavier industry, but they were inspired
by their colleagues in the new and high technology of clectricity supply.

Rationalization was a governing strategy for regional utilities i in the 1920s.
It carried many shades of ing, but g ally it sig ified ining the
optimal combination of economic gains with a minimum input of economic
resources, including capital and labor. In practice it brought, among other
policies, the optimum utilization of available gencration equipment. New
and more efficient units carried steady base loads, while the older, less
efficient units were brought into operation only during peak loads. Obsolete
generating plants were removed from service and replaced by transformer
substations that drew power, via extended transmission lines, from large,
modern plants. The layout of transmission and distribution networks was
carel'ully planned to oblam the most appropriate existing and future loads.
Ec and eng made detailed slud s to enable them to choose
between di i lines or building new power stations 1o
supply a remote Ioad Rauonallzallon also called for labor-saving equipment
and economies of scale. Because the level of capital investment was high,
inventions and innovations resulting in the more efficient use of capital
and labor were cultivated. The general engineering and management sirat-
egy emphasized the economical use of large, capital-intensive technology.

The spread of a system also gave its operators the opportunity to fulfill
further principles of load factor. Economic mix was the newer concept,
but load factor also prov:dcd guldance in Iowermg costs. In the 1920s,
emphasus was placed on developing, by making y.a diversity
of load in rural agricultural and industrial activities such as mining. From
an economic viewpoint, however, the isolated small farm remained an un-
autractive load because the cost of distribution to a single farm required a
capital investment that was unlikely to be repaid through use. As some
private utilities noted, in order for them to supply isolated farms at an
affordable price, they would have to charge other consumers rates which
in cffect would subsidize the farmers. The electrification of rural areas
would be further stimulated in the 1930s, however, by regulatory require-
ments and by the cooperative ventures of farmers buying in bulk from
private power companies or government agencies. On the other hand,
through sales campaigns for home appliances such as stoves and irons, the
utilities enc ged increased c ption by small in towns
and cities.®

The spread of regional power systems stimulated engineers and man-
agers to exploit diversity among widely separated communities, or load
centers, ingeniously. Differences in living and working habits arising from
variations in the time of sunrise and sunset, contrasts in temperature and
rainfall in highland and lowland regions—even differences in social cus-
toms stemming from varied ethnic composition and history—were used to
shape the load curve. In the United States a few utilities could take ad-

*On rural electrification in the United States, sce D. Clayton Brown, Electricity for Rural
America: The Fight for the REA (Westport, Conn.: Greenwood Press, 1980). On the promation
of appliances 1o increase load in the 1920s and 1930, sec Leslie Hannah, Electriaty Before
Nationalisation (Baltimore: ‘The Johns Hopkins University Press, 1979), pp. 186-212.
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vantage of the difference in time zone within one area of supply, for the
east side experienced the late afternoon peak load an hour earlier than
the west. In Germany, a utility extending from one historic province 10
another combined advantageously the diverse demand that arose from
different religious holidays and other patterns of culture involving the use
of appreciable amounts of energy. Diversity, however, was fully exploitable
only if predictable.

The concept of reliability and related reserve capacity was further honed
and applied by the system builders. A system was judged reliable if the
reserve generating capacity equaled the largest likely failure in the system,
whether of a generating unit or a transmission linc. Where several systems
interconnected with a tie line of sulficient capacity, the interconnected
system then needed to carry a reserve capacity equal to the probable hazard
in the combination. The assumption was made that only one of the major
hazards would occur at one time within the interconnection. If three in-
dependent systems, for example, each had a likely failure of 100,000 kw.,
their reserve would total 300,000 kw. Interconnected, they would carry a
combined reserve of only 100,000 kw. During periods when a given system's
units were shut down for maintenance work, the excess capacity of the
other systems within the interconnection would be drawn upon. Such op-
erating concepts and procedures are routine today, but in the 1920s they
were just being introduced.®

Practitioners of regional systems technology articulated their concepts
and strategies during the 1920s. The concepts were more inclusive than
those defined by Samuel Insull for Chicago in an earlier era (see pp. 216
21 above). The synthesis of design and operating principles expressed by
electrical engi and gers in technical articles and books
in the United States, Germany, Great Britain, and elsewhere can be briefly
summarized as follows:

Obtaining economies of scale with large generating units (steam and

water turbines);

. Massing the generating units near load centers or economical sources
of energy and near cooling water (giant power plants);

3. Transmitting clectricity to load centers (high-voltage transmission lines);

~

4. Cultivating mass consumption by charging low and differential rates
and allowing supply to create demand;

5. l.nlerconnecling power plants to optimize their different characteris-
tics;

6. Interconnecting loads (o take advantage of diversity and thereby raise
load and demand factors;

7. Gentralizing control of interconnected loads and power plants (estab-
lishing dispatching, or system-coordinating, centers);

8. Forecasting load requirements in order to achieve optimum operations

within the interconnected system;

an excellent description and analysis of the ope:
e E. Brand, "Northeast Flectric Bulk Power Supply,” Public Utilties Fortightly, 9 June
1966, pp. 65-#8; and W. C. Astley, “The System.” in Klectric System Operation, cd. B. G. A.
Skrouzki (New York: McGraw-Hill, 1954), pp. 1-54.

on of modern power systems, see.
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9. Lowering installed and reserve capacity and coordinating maintenance
shutdowns through the exploitation of power plant interconnections:
10. Accepting government regulation in order to establish a natural mo-
nopoly;
. Earning aregular and adequate return on investment in order to obtain
capital at reasonable interest.

These various policies and technologies were i lependent in their func-

tioning and effects. In the twenties all were considered to be integral to
the achievement of optimum load factor and economic mix. Not only was
the physical technology of regional systems complex, but the theories of
system management that evolved were the most sophisticated innovation
since the formulation of plex railroad g pts in the
nineteenth century.”

The articulated principles were guidelines for the achievement of lower
costs and greater reliability of supply, the primary objectives of the regional-
system builders. Most of the private and government-owned utilities build-
ing regional systems held to this goal; the private utilities embroidered it
by adding the profit motive. Not all utilities sought to lower costs, however.
For example, small urban utilities were content to obtain a return on their
investment; lowering costs by increasing size and consumption was not their
goal. Small municipal utilities were also satisfied to supply electricity at
prices that assured a load appropriate to the capacity of the plant, and to
earn returns that were acceptable to the taxpayers (ratepayers in Britain).

Having defined operating concepts and objectives, the regional utility
builders evaluated the performance of the components of the system—the
power stations, substations, transmission and distribution lines, etc. The
physical variables of each component affecting the achievement of the
builders’ objectives were quantified as costs, and the system engineers then
sought means to vary the characteristics of a component in order to lower
costs. The effect of a variation on the other components and on the con-
nectors then had to be ascertained. For this reason it was desirable to model
or to develop equations for the system. This step was not difficult, for the
engineers were accuslomed to stating the physncal characteristics of the
system q y, and cost and g could then trans-
late these characterlsucs and related efficiency data into costs.

Such analyses revealed imbalances or bottlenecks within the system. The
imbalances were seen as drags on the movement of the system toward its
goals, cspccmlly lllosc of lower costs and larger size. Desiring to remove
an imbal; ! k, the engi and gers then defined the
reverse sahcm in the system as a problem or set of problems that, when
solved, would remove the impediment. The solution to the problem for
one component often reverberated through the system causing imbalance
in other components or connectors (transmission lines for instance), and
these were then attacked as problems.

Changes in outside forces such as demand and supply also affected the

7 These principles were articulated by Samucl Insull, Charles Merz, and A. Koepchen, for
instance. Their articles, reports, and speeches have been cited throughout this study. See also
Thomas P. Hughes, "Regional Technological Style.” in Technology and Its Impact on Saciety:
Tehniska Miseet Symposia No. I (Stockholm: Tekniska Musect, 1979), p. 218.
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achievement of system objectives. System costs often increased because of
changes in supply prices or because of conditions, such as regulatory re-
quirements, originating outside the system and beyond the control of its
operators. These ellects were usually localized within particular system
components or connections, however, and thus became identifiable as prob-
lems. The solutions to these problems in turn often caused imbalances and
the need for further correction. As a result of the on-going process of
engineering and cost analysis and problem solving, or invention and de-
velopment, the regional system usually remained in a state of dynamic
imbalance. The changing environment and internal growth prevented the
achievement of an optimal dynamic equilibrium. Only if the system had
been closed—not influenced by external forces—might an equilibrium have
been achieved once growth ended.

System imbalances constituted reverse salients, and their identification
as critical problems often led to technical solutions (see pp. 14-15 above).
Managers and cost accountants turned to engineers, inventors, and sci-
entists for these solutions. Reverse salients, critical problems, and solutions
were last considered in this study in the discussion of the period of transition
from direct current 1o alternating current in the late 1880s. Because the
critical problems of the d.c. system could not be adequately solved, the
new, alternating-current system developed on the basis of a solution that
could not be encompassed in the old system. In contrast, during the 1920s,
the era of the mature regional system, critical problems were solved within
the context of the existing system, reverse salients were corrected, and the
system's momentum was maintained. Controversies arose about alternative
solutions, and different regions incorporated technologies with different
characteristics, but these dilferences were not considered to be so great as
to herald the emergence of a new system.

‘The nature of the critical problems solved by engineers and industrial
scientists in the 1920s can be indicated by consideration of some of the
outstanding ones that were common to the United States, Germany, and
Great Britain. Control of the heterogeneous regional system, with its diverse
loads and mixed energy sources, was an embracing critical problem. In-
adequate control, or failure to continuously match supply to demand. re-
sulted in instability in the system, which manilested itself as variations in
voltage and frequency. T'he dispatching center was the locus of the problem
and the site of the solution. The typical control, or dispatching, center of
the 1920s differed from the control room of an urban system operating a
decade earlier (see Figs. X111.2 and X111.3).* T'he earlier center might have
had a marble-paneled switchboard with an ornamental iron framework.
Attendants manually operated switches mounted dircctly on the board.
The earlier control room was probably located in the power house to allow
personnel direct access to the machinery operators. Contact with other

" This description is based on Georg von mens, History of the House of Siemens, trans. A.
F. Rodger, 2 vols. (Frichurg/Munich: Alber, 1957), 2: 142-45. See also Frank Gillooly, “Rein-
forcing System Operator's Memory.” Electrical World 74 (1919): 347-50; and System Operation.
a pamphlet issued by the New York Ed ies in July 1927. 1 am indebted
10 Ms. Dorothy Ellison ated Edison Company of New York for information
on the history ol load dispaching at Consolidated i
il




373

Figure XIl1.2. Evolution of the load-
dispatching, or systems-operations, center of
Consolidated Edison of New York: The
system operator’s board in 1902.
Generators, transmission and distribution
feeder lines, and ties between central
stations are diagrammed. Tags hung on
pegs indicate the state of system components.
The first system operator’s board used by
Consolidated Edison was introduced in
1898, but no photo of it survives. Courtesy
of the Consolidated Edison Co. of New
York.

Figure XII1.3.  Evolution of load
dispatching: Consolidated Edison’s sem-
aulomatic system operator’s board, 1912.

Courtesy of the Consolidated Edison Co. of
New York.

THE CULTURE OF REGIONAL SYSTEMS

power plants was by telephone. With the advent ol the high-transmission
voltages of the 1920s, circuit breakers and switches had to be located a safe
distance from the control room operators, cither in a neighboring room
or, better, in an open-air switchyard. Then, using remote-control electric
signals to energize elcctrom.\gnels or small electric motors, the control room
openled the oil-filled circuit breakers and switches. By telepk instruc-
tion, if lhere were operators present, lhe dmpalchcr maintained control
over circuit breakers and turbog ions tens or even hundreds
of miles away. The central control room I'or the system received telegraph
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signals from remote sensors indicating the state of various unattended units
and sent signals to control the performance of these units. The central
control room received voltage, amperage, and [requency readings and
information about the physical state of turbines, boilers, dam water-flow,
circuit breakers, and switches in the far-flung transmission network. Large
electrical facturers and small panies specializing in instrumen-
tation—for instance, Leeds & Northrup in the United States—developed
transmitters, reccivers, and displays to provide central control rooms with
information by telemetering.? Control centers in turn constructed large
models of the ever-changing systems. Lights on the models indicated which
transmission lines, generators, bus bars, and transformers were in use; the
lights for closed switches were one color, those for open switches another.
Surrounded by his instruments and controls, the dispatcher became a pop-
ular symbol of high technology in the twenties.'®

Serving as a reference for the control of systems, the frequency meter
was an extremely important instrument for the dispatcher. For formerly
autonomous systems to merge or {or systems to exchange power by inter-
[ ion, precise jardization and regulation of frequency was re-
quired. In the United States, 60 cycles was the standard frequency for mos
systems; 50 cycles prevailed in Germany; and Britain was in the process ol
abandoning its plethora of variations and seutling on 50 cycles. A system
controller knew that if the frequency of the system varied within tolerable
limits around the standard, the supply of energy into the system would
equal the energy taken by load and losses. If the frequency fell considerably,
it was his job to signal the power stations to increase energy supply by
fueling boilers more rapidly in thermal plants or by increasing water flow
in hydraulic installations. If the frequency rose significantly, he would call
for a decrease in the Mlow of energy into the system. The frequency meter
gave a direct reading of the requency of the waves of alternating current,
but more importantly provided an indirect indication of the speed of ro-
tation of the turbogenerators. The rotors of the generators felt the load
on the system in the strength of the magnetic field within and against which
they turned. The [requency of a power system was analogous to the rev-
olutions of the early Waut steam engines, the governors (controllers) of
which increased or decreased steam flow to maintain a balance between
energy input and output. Inventors and engineers designed automatic
feedback controls, for frequency regulation and quick response were critical
problems, but because the automated system was so complicated, manual
control of generation was the general expedient in the 1920s.!!

"The focus on problems of system control is revealed by the list of topics
dealt with in papers published by the American Institute of Electrical En-
gineers from 1929 10 1934. The topics dilfered radically from those of
papers published a generation earlier. Of the twenty-four new topics in-
troduced, more than half pertained to power systems and transmission.

deposited its papers in the archives of the Eleutherian Mills
glon (Greenville), Del.
ar control centers weve developed from other industries. See, for example, Eduard
Schmiiing, “Process Control Rooms,” BASF Review 24 (1974): 66-7).

" Bennett, A Hutory of Control Engineeving, pp. 166-67, 171.
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Those that were written about most frequently were “interconnected power
systems and stability™; ic stations, tel ng, and supervisory
control”; “A-C distribution networks and relays”; “automatic control of
frequency and voltage regulation™; “transformers—tap changing under
load and surge-proof™; “mercury arc rectifiers and inverters”; “oil circuit
breakers—theory, design, and testing”; “impulse voltage—generation,
measurement, and testing”; and “new types of fuses, lightning arresters,
protective gaps, arcing horns, switchgear, etc."'?

The list of subjects also reveals another major “critical problems” area
pertaining to regional systems, insulation. Surge-proof transformers, oil-
filled circuit breakers, impulse voltage, and new types of fuses and lightning
arresters all relate to high-voltage transmission and especially to the in-
sulation made necessary by it. Surges are high, transient voltages caused
by short circuits or lightning; circuit breakers present serious insulation
problems; impulse voltages are generated in experiments to test the in-
sulation used in power systems; and protective gaps and arcing horns are
designed to carry off, or interrupt, overloads caused by lightning before
the extreme overload damages equipment; mercury arc rectifiers provide
a means of converting alternating current to direct current in high-voltage,
universal systems. These were the critical electrical problems of the rapidly
evolving regional systems.

The need to develop i that would adequately protect equif
and transmission towers from high voltages, surges brought on by short
circuits, and the transient extremes caused by lightning was so general that
electrical engineers and scientists in the 1920s analyzed, categorized, and
quantified their experience and experiments to establish a science of in-
sulation. How academics scientifically approached the high-voltage prob-
lem of corona about the turn of the century has already been explored
(see pp. 158-60 above). In the twenties, some of the same researchers and
many others turned to the study and design of insulation. Porcelain in-
sulators of complex design and unusual material properties were needed
to suspend the transmission lines from the great cross-country towers;
bushings were needed to carry lines into transformers; and circuit breakers
had to be appropriately insulated with oil. These were some of the specifics
that fell under the general rubric of insulation.'> As had been the case with
instruments for system control, some companies, such as Ohio Brass in the
United States, specialized in solving the critical problems of insulation (see
Fig. X111.7, p. 380, below)."*

"*Charles F. Scout, “The Institute’s First Half Century,” Electrical Engineering 53 (1934):
666. The critical problems of transmission were discussed in Frank Baum, "Some Power
T issi ics,” AIEE F dings 26 (1907): 743-57; P. W. Sothman, "Problems
of High-Tension Transmission Lines,” ibid. 33 (1914): 201-14; and P. Junkersfeld, “Distri-
bution of Electrical Energy: Report of the Sub-Committee on Distribution,” ibid., pp. 235—

13 Georg Boll, “Nationale und internationale Verbundwirtschaft auf Héch- und Héchst-
spannungsleitungen,’ Das Zeitalter der Elektrizitat (Frankfort on the Main: VDEW, 1967),
p- 78; and idem, Geschichte des Verbundbetriebes (Frankfort on the Main: VWEW, 1969), pp.
129-38.

141 am indebted (o Joseph T. Lusignan, formerly an engineer at the Ohio Brass Company,
for calling my attention to the contributions of A. O. Austin and Ohio Brass (o the development
of the modern cap-and-pin suspension insulator for high-voltage transmission lines. Among
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Figure XIIL4. Network analyzer, 1937.
Courtesy of the General Electric Co..
Schenectady, N.¥.
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A reverse salient of the ever-expanding, complex regional systems was
the inability of engineers to precisely analyze and define them with equa-
tions that showed functional relationships. Efforts to write these equations
resulted in complicated mathematical problems, the solution of which was
tedious and time-consuming, if not impossible. Without a precise and clear
understanding of the systems, engineers had to rely on empirical, or cut-
and-try, methods to improve system performance. Engineers who were
thoroughly trained in mathematics defined this reverse salient as a problem
calling for new modes of equation solving and more complex analog models
of the systems. In the United States, engineers at Westinghouse Electric
and General Electric assembled miniature analog power systems in order
to investigate the stability problem (see Fig. X111.4). At the Massachuseuts
Institute of Technology, Professor Vannevar Bush (1890-1974) of the elec-
trical engineering deparument and two of his graduate students, Harold
Hazen and Hugh Spencer, also embarked on the design of a device to
simulate a complex power system. They used small transformers as gen-
erators and motors, variable resistors as loads, and artificial transmission
lines. The simulator had three generating stations, 200 miles of line, and
six load centers encompassed in a space of 50 square feet. Drawing on
advice from General Electric engineers and others, the M.1.T. group com-
pleted the device, the “network analyzer,” in 1929. During the next two
decades numerous utilities and electric manufacturers used the analyzer
in solving system problems. Similar devices called network calculators and
a.c. calculating boards were built elsewhere.'®

Newwork analyzers made experimentation possible by varying the ar-
range and size of g ission lines, and transformer banks.
Measuring the effects of variations in one or several components on the
performance of other components, these analyzers tested the system’s sta-
bility. The results obtained only approximated the real events in the full-
scale system, however, for the actual events were too complex for exact
simulation.

Engineers—and physicists—also wanted to be able to write general system

the articles written by Austin are “Insulation of Some of the Higher Voltage Lincs™ (Paper
presented at the International High-Tension Congress. Paris, 18-27 Junc 1931); and “A
Laboratory for Making Lightning and Other Tests upon Full Sized Insulator Strings and
Towers” (Paper presented at the International High Tension Congress, Paris, 6-15 June
1929). On the d: P of ission towers and suspension insulators, sce also H. W.
Buck, “Some New Methods in High-Tension Line Construction," AIEE Proceedings 26 (1907):
981-87; and E. M. Hewlett, “A New Type of Insulator for High-Tension Transmission Lines.”
id., pp. 975-79.

** I am indebted to Professor Karl Wildes of the M.1.T"'s Department of Electrical Engi-
neering for the information on which this account of the network analyzer is based. Professor
Wildes is writing a history of the electrical engincering depariment at M.LT. Other sources
for the background and invention of the analyzers are Charles L. Fortescue, “Method of
Symmetrical Coordinates Applied to the Solution of Polyphase Newworks," AIEE Transactions
37(1918): 628-716; the paper by H. L. Hazen, O. R. Schurig. and M. L. Gardner, “Abridgment
of “The M.LT. Network Analyzer,' " AIEE Journal 49 (1930): 872-75: H. A. Travers and W.
W. Parker, “An Alternating-Current Calculating Board,” The Electric Journal 27 (1930): 266-
7(‘l; and Eric Gross, "Network Analyzer Facilities Keep Pace with Industry Growth,” Elertric
Light and Power 34 (1956): 82-85. The last-named article lists the location and date of in-
stallation of forty network analyzers between 1929 and 1956.
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equations and to solve these in a reasonable amount of time. Vannevar
Bush summarized the frustration of those who were attempting to solve
equations for the system:

Electrical engineering, for example, having dealt with substantially linear
networks throughout the greater part of its history, is now rapidly introducing
into these methods elements the non-linearity of which is their salient feature,
and is baffled by the mathematics thus presented and requiring solution.
Math ical physicists are inually being hampered by the plexi
rather than the profundity of the equations.'®

The inability to analyze adequately, solve equations expeditiously, and de-
sign and predict well was obviously threatening to retard the further de-
velopment of regional systems.

Between 1927 and 1931 Bush and his associates at M.I.T. invented a
continuous integraph for solving second-degree equations and the differ-
ential analyzer (a device with mechanical components and an electrical
drive) for solving differential equations. The differential analyzer, an an-
alog device, not only proved useful in solving power system problems but
also stimulated the development of general-purpose analog and digital
computers (see Figs. X111.5 and XII1.6). In the thirties, engineers at the
University of Pennsylvania built a differential analyzer to help solve system
stability problems. During World War 11, physicists and engineers there
invented and built the ENIAC, the world’s first general-purpose di
computer. The work on the ENIAC was influenced by the earlier expe-
rience with the differential analyzer.'”

Regional systems problem solving occurred mostly within institutional
settings. In the 1880s individual inventors had made an effective contri-
bution to the emerging fields of technology such as electric supply, but by
the 1920s the mature systems had accumulated institutions that tended to
exclude individuals unsupported by collegial activity and expensive equip-
ment designed specifically to d to the probl of a well-defined
system. During the twenties, invention, research, and development contin-
ued to be carried out in the academic world (as work on the differential

1 ill and in the lab ies of the electrical manufactur-

Y
ers.'®

The high-voltage laboratories that flourished in the 1920s were among
the newest of the research organizations to form close ties with the regional
power systems. Set up by electrical manufacturers, universities, and in-

'8 Vannevar Bush, “The Differential Analyzer: A New Machine for Solving Differential
Equations,” Franklin Institute Journal 212 (1981): 448.

'?See Thomas P. Hughes, “Eniac: Invention of a Computer,” Technikgeschichte 42 (1975):
147-65; and Herman Goldstine, The Computer from Pascal to von Neuman (Princeton: Princeton
University Press, 1972).

19 The discussion of critical problems has been limited in this section to the electrical system
per se, but engineers and inventors were also secking solutions to critical problems in turbines
and boilers for regional systems. These are discussed by Donald A. Wilson in “The Economic
Development of the Electricity Supply Industry in Great Britain, 1919-1939"(D. Phil.. Oxford
University, 1951), p. 284. Wilson provides an inforined analysis of British technical practices,
a3 compared to American practices, in the field of electricity supply. He concludes that British
technical decisions, although less impressive in isolation, were almost always appropriate to
Britain's economic circumstances.
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Figure XII1.5.  Vannevar Bush (lcft) and
Harold Hazen (sccond [rom right) at the
product iniegraph, a step in the
development of analog computers which
preceded the differential analyzer. Courtesy
of the M.I.T. Museum and Historical
Collections, Cambridge, Mass.

Figure XIIL6. Vannevar Bush with the
differential analyzer completed in 1931.
Courtesy of the M.1.T. Museum and
Historical Collections, Cambridge, Mass.
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dustrial associations, these laboratories were part of the long standing trend
that led engineers with a scientific approach and scientists with industrial
interests to turn their attention to the solution of the critical problems of
evolving power and light systems. The trend was easily discernible by the
turn of the century, when the problems of polyphase systems were being
addressed by engineers who drew on electrical lheory, tested hypolheses
in laboratory and field experlmenls, derived quantitative equations, and

btained data expressing the hips among complex factors influ-
encing the performance of electric systems.

In Germany in 1921, twenty utilities and ten manufacturing firms es-
tablished the Research Center for High Voltage Apparatus (Studienge-
sellschaft fiir Hochstspannungsanlagen E.V.) The center concentrated on
problems associated with insulation, lightning, short circuits, grounding,
electrical interference from high voltage transmission with electric com-
munications, and ice and wind loading on transmission towers and lines.
Through fund | research, sci and engineers soughl to under-
stand the phenomena. The center also became known for its development
of measuring devices.' Moreover, AEG and Siemens, the German man-
ufacturers, established facilities for investigating high-voltage transmission
and for developing system apparatus.?®

In 1926 Stanford University took the lead among U.S. universities in
establishing a high-voltage laboratory. The university's location not far
south of San Francisco, California, had stimulated the growth of its electrical
engineering activities, and California’s utilities, with their pioneering high-
voltage systems, helped support the research program of the high-voliage
laboratory. Harris Ryan, an academic who had done major research on
high-voliage corona effects (see p. 158 above), headed the laboratory, which
was later named for him. In 1926 the laboratory concentrated on the
characteristics of air as a hlgh-vollage msulalor. oils as insulators in trans-
formers and switches, and tr lators and insul: ma-
terials working at 220,000 volts and upward. Another goal of the Stanford
center was to study the nature of lightning. An antecedent research facility
at the university had brought collaboration between engineers from the
Pacific Gas & Electric Company and the Southern California Edison Com-
pany and faculty members of Stanford's eleclncal englneermg department
in research and experi ion that cul d in the develop of
insulators for the state’s 220,000-volt transmission lines, one from the Sier-
ras to San Francisco and the other from the Sierras to Los Angeles. By
1929, graduate students on fellowships also were engaged in the Stanford
laboratory's program.?'

One of the world’s most highly publicized high-voltage laboratories was
located at the Schenectady plant of General Electric (which is not to he

19 Boll, “Nationale und internationale Verbundwirtschaft.” p. 78

 Von Siemens, House of Siemens, 2: 105-11.

#I'wo information releases dated Stanford University, 17 September 1926, and a report
on the laboratory's activities dated 15 February 1929, Harris J. Ryan Collection (SC 25, Misc.
Box 4), Stanford University Archives, Stanford, Calif. I am indebied to Professor Hugh I1.
Skilling, former exccutive head of Stanford's Department of Electrical Enginecring, for in-
formation about Harris ). Ryan and high-voltage research.



380

NIETWORKS OF POWER

Figure XII1.7. High-voltage laboratory ../ the Oluo Insulator Co. mhm Brass Co.): Outdoor nm/ml_w gaps (ieft and rlgl\l) test section of 220-kilo-
volt transmassion towers (lef). From A. Q. Austin, “ A Laboratory for Making Lightwing™ (paper presented at the International High Tension Congress.

Paris, 6-15 June 1929), p. 6.

conl’uscrl with the General Electric Research Laboratory). The publicity

g popular ¢ ption of electricity identified the famous Cha
Slemmelz as the presiding genius of the high-voltage facility, but F. W.
Peck, Jr., carricd on rescarch that not only attracted the attention of in-
dustrial and academic engineers but influenced the design of GE's appa-
ratus as well (see Fig. X111.8). As a case history, Peck’s research sheds light
on the high-voltage experimentation that was done for regional power
systems as well as the evolution that had taken place in the relationship
between science and technology since the early years of power transmission
(sce pp. 156-58 above).

Peck, like Ryan, had attended a university that in its early years won
renown for its course in electrical engincering. He graduated from Stanford
withan A.B. in cngmeermg in 1905. The highly |mporl'lnl developments
in high-voltage transmission that were then taking place in California, and
that undoubtedly made a strong impression on the young student, help
explain Peek’s commitment to the field. His formal education was com-
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Figure XIIL8. F.W. Peek, Jr. (far
right, seated), with associates and visiting
scientists at GE's Pittsfield works, 12 April
1933. Courtesy of the General Electric Co.,

Schenectady, N.Y.
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pleted some years later when he received the M.E.E. from Union College
while working for the General Electric Company in S:heneclady. New York.
Peek joined General Electric in 1905, and even though the i importance

of engincering research on high-voliage ion was only L B'
to be recogmzed he found the means to pursue his interest, rigging “his
first apparatus in an old box car in a remote corner of the Schenectady
plant . .. experi ing, recording. studying, and rebuilding.” In 1909 he
was one of the first engineers to join Charles Steinmetz’s consulting en-
gineering department at Schenectady. It appears that he was encouraged
by Steinmetz in the high voltage research, but was not under his close
supervision. A GE cngm:er. noting the difficulty of assigning credit when
closely associated i work simul ly on similar probl
recently observed that Peek was an lndependenl mvcsllgalor who carried
on much in his own way, “worked out his circuits (lmpulse gencmlors)
more or less ind Ithough it would be r
that Steinmetz, as s head of the labora(ory. would be ml'ormcd as 10 the
work Peek and the other members of the laboratory were performing and
the apparatus that they were using.?

Peek gained a substantial reputation for his research on high-voltage
phenomena, especially the corona effect and lightning. The scientific char-

W, W. Lewis to J. H. Hagenguth, 16 May 1968 (a letter loaned to the author by Lewis).
The following pages on Peek are based in part on Thomas P. Hughes, “The Science Tech-
nology Interaction: The Case of High-Voltage Power Transmission Systems.” Technology and
Culture 17 (1976): 654-59.
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acter of his research is attested to by his publication of twenty scholarly
papers in AIEE Transactions between 1911 and 1931. The articles, especially
the series of four papers on “The Effect of Transient Voltages on Dielec-
trics,” seriously question the doubtful proposition that engineers—and Peek
was employed as an engineer and was so titled—do not publish. Peek also
wrote a book, which is still used, entitled Dielectric Phenomena in High-Voliage
Engineering.®

Peek’s education and publications suggest that his approach to engi-
neering problems was scientific. However, the primary influence on his
choice of problems was not scientific. From his experience Peek believed
that economics—not science—called the technological tune. The increases
in transmission voltages were decided upon, he wrote, “purely from the
economic viewpoint.” The real and anticipated demand for large amounts
of power at greater distances {rom major power sites dictated the s
for higher voltages, and the higher voltages brought the technologi
problems, such as coronas. In his early engineering research Peek focused
on the corona problem (see pp. 159-60 above), butin about 1913 his interest
shifted to the effects of lightning upon high-voltage transmission lines and
he continued to work in this field until his untimely death in an automobile
accident on 26 July 1933.

The availability of a scientific instrument, an impulse generator, was a
major reason why Peek shifted his attention to lightning rather than to
another reverse salient in the expanding high-voltage transmission front.2*
The machine was available because Peek had designed and constructed a
200-kilovolt impulse generator to investigate coronas.?* In order to use the
machine for lightning research, he first determined the voltage and wave
form of real lightning (inclination of wave front, tail, etc.). Establishing the
characteristics of lightning so that these could be expressed precisely, even
quantitatively, was a research project that would certainly have been called
science, even natural science, if’ Peck's motives had not been application,
or the solution of a technological problem.

Peck’s motives were not those of pure science, however. His primary
reason for investigating the nature of lightning was to create precise sim-
ulations of the various forms of it with the impulse generator. These sim-
ulations were needed to test the various components of transmission lines.

“The four lengthy papers, all titled as above, appeared in AIEE Transactions 34 (1915):
1857-1909; 38 (1919): 1137-64; 42 (1928): 940—47; and 49 (1930): 1456-69. The book was
published by McGraw-Hill in 1915,

* Itis also possible that Steinmetz and the company’s management influenced Peck’s choice
of the lightning problem.

F. W. Peck, r., “Liglhting. 1." General Electric Review 32 (1929): 604; idem, “The Effect
of Transient Voltages on Diclectrics,” AIEE Transactions 34 (1915): 1857; idem, “The Effect
of Transient Voltages on Diclectrics. 111," ibid. 42 (1928): 940. W. W. L , also a General
Elcctric rescarch engineer, writes that the 200-kv. transformer was used by Peck before he
published his 1911 paper “Law of Corona and the Dielectric Strength of Air.” ibid. 30 (1911):
1889-1988. According to Lewis, the "so-called impulse generator consisted of the same 200-
kv. transformer used in the corona tests” (W. W. Lewis to J. H. Hagenguth, 16 May 1968).
Lewis's lewer does not specify the modifications that 100k place as the 200-kv. testing trans-
former metamorphosed into the “impulse generator,” but Peek's dating the introduction of
the impulse generator as “about 1913" (“Lightning. 1," Pp- 604) and Lewis's dating the first
use of the transformer as 1911 suggest such modifications.
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During two decades of lightning research, 1913-33, Peck increased the

power of his impulse generators to the order of a million kilowatts in order

to approximate “voltage and other conditions [resulting from lightning]

that usually occur on transmission lines.2® As a result, he tested full-scale

components. Peek also relied on the action of natural lightning on operating

transmission lines to provide data, but the natural event was not as ma-
lable a tool as the ma de one.

In 1929 Peek wrote with obvious satisfaction that progress in obtaining
knowledge of Iighming had been so rapid that “the subject may now be
said to be on an englneenng basis,” lhe mdlcauon of this being the expres-
sion of lightni ively in volts, amperes, and units of
time.?” Furthermore, Peek stated the following general characteristics of
lightning: voltage, on the order of 100 million; current, on the order of
100,000 amps; energy, on the order of 4 kwh.; power, on the order of a
thousand billion h.p.; time, on the order of a few microseconds; gradient
at breakdown, 100 k.v. per foot; and the charge formed by the action of
air currents on raindrops.?® Beyond this and other quantitative data. Peek
pictured the wave shape of lightning on a cathode-ray oscilloscope, deter-
mined the time required for a cloud to discharge, and found the attenuation
of lightning waves traveling on a transmission line.?®

Armed with increasing knowledge, Peek made subtle and persistent ef-
forts to apply it. In the application, the science-technology relationship is
starkly revealed. Initially, in his AIEE paper of 1915, Peek discussed the
general effects of transient voltages on dielectrics, lightning being only a
special case of transient voltages, and insulators and conducting lines being
special cases of capacitors with atmospheric dielectrics. The major finding
announced in this paper was that the behavior of dielectrics when subjected
to continuously applied alternating current differed from their behavior
when exposed to transient voltages, especially lightning. He introduced the
term impulse ratio, which he defined as the ratio of the impulse sparkover
voltage to the continuously applied sparkover voltage. Peek had found that
sparkover across an air gap—over an insulator for example—occurred at
a lower voltage for the continuously applied, or normal, high voltage than
for the transient voltage wave. The importance of this finding—especially
the values of the impulse ratio that Peek determined for different trans-
mission-line components—was obvious for the design engineer attempting
to protect the line against transients.

Within a few years of his discussion of the laws governing the rupture
of dielectrics by transient and nontransient voltages, Peek addressed the
question of practical applications.® His research permitted him to provide
for the design engincer formulas and tables predicting the cffects of light-
mng vollagcs on the li rester gaps, insulators, and bushings used
in transmission lines and transformers. His simulated lightning had proved

“The Effect of Transient Voltages on Diclectrics. 111" p. 940.
ightning. 1," p. 602.

WF, W, Peck, Jr., "Lightning: Progress in Lightning Research in Field and Laboratory,"

AIEE, Transactions 48 (1929): 436.
0F. . Peck, |r., “The Effect of Transicnt Voltages on Diclectrics,” ibid. 38 (1919): 1137~

56.



384

NETWORKS OF POWER

that these components would fail (permit sparkover) at lower voltages with
regular currents than with transient voltages such as lightning. This in-
formation was especially valuable to designers of lightning arresters, for
an arrester that would ground destructive regular currents might fail 10
do so with transi Peek provided detailed information on a fascinating
variety of components, such as different forms of protective lightning ar-
resters and combinati of forms involving spheres, points, and horns.
He found that “spheres discharge the very steep waves, the horns the
moderate ones, and the points continuous high-frequency waves, of slant-
ing front and static.”'

Peek also supplied design data for the grading shield for insulators,
transformers, and transformer insulation. A synthesis of his research was
the statement he made in 1929 on lightning-proof transmission lines and
the coordination of line and transformer insulation.* “A line of moderate
height.” he concluded, “protected with ground wires and properly insulated
[using his data), could usually be made lightning proof against induced
voltages [lightning].” The engineer’s sense of balance can also be discerned
in Peek’s recommendation that in an entire transmission system the trans-
former insulation should be slightly stronger than the bushing flashover
voltage. and that this voltage in turn should be higher than the flashover
voltage of the line insulators. “It is obviously not good engi ing to make
the transformer (the most expensive) the weakest link in the insulator
chain,” he said.**

Peck’s articles on high-voltage tr ission and his painstaking and bold
experi ion were res| to problems that arose as high-voltage
transmission evolved. There is no substantial evidence that scientific dis-
coveries stimulated engincers like Peek and Ryan to embark on their in-
vestigations. These men depended upon the corpus of science, but science
was not an immediate cause of their activity. Having worked for large
industrial corporations that were heavily committed by investments and
competence to the expansion of electric light and power systems, especially
high-voltage transmission, Peek was closcly attuned to technological events.
The events that particularly interested him were those manifesting reverse
salients on expanding technological fronts.

The work that Peck accomplished involved a method that should be
called scientific. The authorities cited and the periodicals for which he
wrote represented organized knowledge: he used and attempted to for-
mulate general statements or laws: mathematics was an analytical tool and
a language for him; hypoth were formulated; and experiments were
designed for the laboratory or in nature to test these hypotheses. Such an
approach is usually labeled scientific.

Technology and institutions such as high-voltage laboratories tend to
evolve together. Edison and his associates formed an urban utility at about
the same time they launched their rescarch-and-development program for
developing an electric lighting system. When the universal supply system
was introduced, utilities metamorphosed into light and power companies,

*"bid., p. 1197.
37 Peck, “Lightning: Progress in Rescarch.” pp. 44748,
»1bid., p. 447.
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and when power transmission became I'easlblc. newly formed power com-
panies presided over its devell R | power systems also needed
new organizational structures. Thus, in addmon to high-voltage labora-
tories, pose ¢ g ing firms and a new generation
of holding Lompames came into being. The consulung engineering firm
and the holding company did not suddenly appear in the 1920s, for each
had a longer history, but they reached fruition then, as evidenced by dif-
ferentiation of form and function.

‘The growth of organizations that related I power
lethnology added to the momentum of this technology. Large numbers of
inventors, engineers, workers, scientists, managers, and entrepreneurs with
expert knowledge of, and vested interest in, the technology became com-
mitted to its growth. In many cases the new institutions merged with the
utilities to form a suprasystem incorporating technological, business, and
financial components. In other cases, looser ties were formed, but these
ensured that a high-voltage research laboratory, for example, would give
priority to the critical problems of a particular utility or that a consulting
engineering firm would be retained for an extended period.

Historians of science and technology have long recognized the impor-
tance of research scientists and industrial laboratories in the evolution of
electric supply, but the role of the consulting engineering firm has usually
been overlooked. The consulting engineers emerged in the 1920s as en-
trepreneurs of regional systems, integrating the systems’ technical, eco-
nomic, and political factors and presiding over the growth process. Earlier,
their function had been 1o advise utilities and others who purchased elec-
trical eqmpmenl and constructed facilities. In time, the more successful

blished firms and took over for some utilities
responsibility for desngmng and constructing power plants. This was far
more economical for the utilities than maintaining a permanent staff of
experts on large-plant construction. The leading consulting engineering
firms in Germany and England—for example, those of Oskar von Miller
and Merz & McLell Iso became involved in advising government au-
thorities on electric supply matters because in these countries, in contrast
to the United States, government-owned utilities were common. In the
United States, where government was not a major source of funds for the
utilities, consulting engineering firms found an important role in assisting
their clients with the problems of financing. And as such advantages of the
large-scale utility as economies of scale in purchasing and in supply became
clear, some of the leading consulting engineering firms took over the man-
agement of groups of smaller utilities, thereby passing along to them some
of the benefits of large- scale operation. Involved in the design and con-
struction of systems adapted to local it prowdmg
clearing away political obstacles and lobbying for legisla and
financing, the consulting cngineering firms were impressive in the role of
entreprencurs presiding over technological ch.mgc Often their entrepre-
neurial resources were brought to bear in projects that in size rivaled the
major railway projects of the late nineteenth century.™

34 For instance, in 1854 a total of $10 million was invested in the Western Railway of
Massachusetts. In 1860, at lcast $30 million was invested in the New York Central Railroad's
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‘The firm of Oskar von Miller presided over the planning and construc-
tion of the Walchenseewerk and the Bayernwerk in Bavaria, and the Merz
& McLellan firm took part in the planning of the British Grid. Subsequently
(see pp. 443-60 below), Merz & McLellan took responsibility for the growth
of the Newcastle upon Tyne Electric Supply Company (NESCO), Britain's
largest privately owned regional utility. Here, however, we will focus on
the history of a firm—an institution—rather than the history of a project.
The history of the American firm Stone & Webster is one of evolution and
differentiation of function and is, therefore, an example of organic growth
comparable (o that of the utilities it helped to design, construct, finance,
and manage.

Charles Stone (1867-1941) and Edwin Webster (1867-1950) founded
the Massachuseuts Llccnnral l:ngmeermg (,ompany of Boston in 1890, only
two years after grad g from the M; Institute ofTechnology
and the institute’s newly established course of study in electrical engineer-
ing. The Massachusetts Electrical Engineering Company—the name was
changed to Stone & Webster in 1893—was one of the earliest U.S. con-
sulting electrical engineering firms. It offered to advise those intending to
invest in the new and rapidly developing field. It was ready to design,
estimate, and superintend construction of electric light and power plants;
it was also prepared to determine the economy and efficiency of electrical
equipment in its small testing laboratory. In a letter to prospective clients,
signed as always “Stone & Webster,” the young engineers promised to bring
1o bear “the scientific knowledge and practical experience, both of the
company and of experienced engineers in all branches of the profession."*
In 1890, on the recommendation of President Francis A. Walker and Pro-
fessor Charles Cross of M.1'T., the firm undertook its first major project:
to design and construct a 400-h.p. hydroclectric plant and a short trans-
mission and distribution system for a New England paper mill.

The panic of 1893 deeply influenced the character of the firm. Earlier,
during the 1880s, the electrical manufacturers, including Edison, Thom-
son-Houston, and Westinghouse, ook the securities of the newly founded
utilities as payment for equipment and rights to use the patented com-

physical assets, and by 1383 the toral investment in the company was close to $150 million.
By 1873 the Pennsylvama Railroad sysiem r:preu‘mcd an investment of $400 million. These
i greatly imp and today impress historians studying the
and iers who were ible for them. It shonld be noted, however, that
the tnsl of the Bayernwerk, for which Oskar von Miller’s firm was consultant, was estimated
to be 32 million marks, and that the cost of the British Grid, for which Merz & McLellan and
several other British firms served as design and construction consultants, was estimated to be
£ 250 million. For the cost of the Bayernwerk, see Oskar von Miller, Bayernwerk zur einheitlichen
rgqung des rechtsrh Bayern mit itdt: Projekt Oskar von Miller, Februar 1918:
(copy in the Museum, Munich). For the cost of the Grid over a
fifteen-: ye:r period, see Great Britain, Ministry of Transport, Report of Committee Appointed to
Review the National Problem of the Supply of Electrical Energy (London: HMSO, 1926), p. 18. The
information on the r'nlways is from Alfred D. Chandler, Jr., and Stephen Salsbury, “The
Railroads: Innovaiors in Modern Business Administration,” in Bruce Mazlish, The Railroad
and the Space Program (Cambridge, Mass.: M.L.T. Press, 1965), p- 129,
» General letter headed "Dear Sir," | January 1890, in the files of Slone & Webster, New
York City (hercafter cited as S&W files). I am indebied to C. F. Overton for guidance in using
these files and to the firm for permission to do so.
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ponents of the manufacturers’ systems. The new utilities, many of them in
small towns, could seldom persuade local investors that their securities,
especially the common stocks, were reasonable risks. Until the financial
panic of 1893, the flaws in the arrang between I ers and
ies were not fully revealed. The panic, however, caused banks to de-
mand payment on loans made to the manufacturers, who found it impos-
sible to raise cash (o0 meet the demands by marketing the utility common
stock they held.

Under the circumstances, J. P. Morgan and other financiers interested
in the utilities, the loans, and the stock rescued General Electric, newly
formed by the merger of Edison and Thomson-Houston, by paying cash
for the utility stocks and establishing a trust, or syndicate, to manage or
dispose of the utility property acquired. At this stage, the recently formed
firm Stone & Webster became involved. The managers of the syndicate,
the Street Railway & [lluminating Properties Trustees, engaged the young
partners, who had excellent references in Boston’s financial and engi-
neering circles, to appraise the properties acquired. As a result, Stone and
Webster had a remarkable learning experience that helped define the char-
acter of their company.

Through analysis of the utilities, Stone & Webster obtained a rich store
of information about the utility industry, gaining insights into its financial,
managerial, and technological problems. Furthermore, they developed a
keen sense of how some of the outstanding problems might be solved.
Many solutions were of a general kind, being abstracted from common
circumstances in the various utilities. They also learned of practices in one
company that could be applied—or should be avoided—in another. The
experience of Stone & Webster in 1893 might be compared to the case
history approach used in business schools.

Not only was Stone & Webster's expertise as a consulting engineering
firm greally enhanced by this cxpcrlencc, but the partners invested prof-
itably in the utilities they analyzed. An dote long bered and
often told at Stone & Webster concerns one property examined during the
panic of 1893.%¢ Recalling his visit to the Nashville (Tennessee) Light &
Power Company to examine that property, Charles Webster wrote:

After visiting Nashville and examining the property and making a report, |
came to New York and Mr. . P. Morgan, Sr. asked me to tell him what 1
lhough( of the possibilities for the future development of that and other enter-
prises. I was enthusiastic about them and told him that I thought, if the assets
were carefully conserved and the property was wisely developed, it would result
in a great property. ... He told me that, if I felt so confident about the future
of these things, he thought I ought to buy them.*’
Stone & Webster borrowed the money, bought control for a few thousand
dollars, "slruggled with it, managed it, and built it up” over several years,
and sold it for a profit of over $500,000.

Reorganizing utilities for bankers and others led to the firm'’s acquiring
financial interests in other utilities and to its independently offering re-

3 An unpublished 6-page typescript, “Memorandum on ‘Entreprencur Business' of Stone
& Webster," S&W files. This item was reputedly authored by Charles Stone.
*" Ibid.
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organization or consulting scrvices to utilities.*® Over the next decade Stone
& Webster developed a set of interrelated services and interests. These
were institutionalized into a coherent concept and structure that anticipated
holding-company functions usually associated with the 1920s. By 1906 Stone
& Webster was providing centralized management, engineering, and fi-
nancial services to twenty-eight independent power, light, gas, and traction
utilities throughout the United States. The firm had financial interest in
the stocks of the various companies, but each company had its own officers,
hoard of directors, and bank accounts. Therefore, Stone & Webster did
not function as a holding company or trustee for the companies. It did,
however, exercise considerable control over the policies of the companies.
Stone & Webster usually named its executives as managers in charge of
the utilities it serviced. These managers reported to a Stone & Webster
district manager and to a “sponsor” in the Boston office. There were six
sponsors, and together they constituted the executive committee of Stone
& Webster. Charles Stone and Edwin Webster did not sponsor particular
utilities, but provided a broad oversight of the entire business. They called
themselves “the firm.” Until World War I, when circumstances placed Stone
in the New York office and Webster in Boston, they sat at desks side by
side, consulted each other at the end of each day about decisions made
and pending, and signed letters and memoranda as “Stone & Webster.”
Besides their line function in supervising the managers in the local util-
es, the members of the executive committee headed the staff departments
in the Boston office. The principal departments were: engineering, pur-
chasing, auditing, corporation, statistical, securities, and library. Of these,
Stone & Webster considered its statistical department “one of the unique,
and at the same time one of the most important, features of the orga
zation.”® Each month the statistical department received two reports from
the managed companies. The [irst covered finances, the second the op-
erating statistics. With these the department analyzed each company's con-
dition. Graphs and tables were prepared that not only facilitated the pro-
Jjection of trends but also allowed comparisons of each company with its
prior record and with other companies. Among the many statistical studies
made over the years was one on the performance of steam-generating
power plants, a study that resulted in the increased standardization of
equipment and operations as well as higher efficiencies. In about 1905 a
comparison of power station performance in managed companies revealed
wide variations in practice and performance. As a result, Stone & Webster
assigned experlenced operators to the power pl‘nnls for a considerable
length of time. Combustion methods, mai chedules, and other
operations were rationalized, and savings of I0—40 percent in operating
costs were achieved as a consequence.’ The statistics department was so
central to the Stone & Webster system that it had general responsibility for

3 Memorandum by Charles Stonc on the carly history of Stone & Webster, 30 December
1902, S&W filcs.

**"The Stone & Webster Organization, and the Propertics It Manages,” Street Rathway
Journal, 7 July 1906; reprint in the S&W files.

“*"Historical Notes," prepared in April 1930 by L. B. Nash, S&W files.
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training new men for managerial posts in the field and for departmen
positions in the central office.

The engineering department also kept detailed records and drew on
these as it encouraged standardization of the equipment used by the man-
aged companics. Since the reorganization and devel plans drawn
up by the firm, the sponsors, and the executive committce often called for
modernization and expansion to increase the profitability of the various
companies, the engincering department prepared plans for remodeling
power houses or laying out new transmission and distribution systems.
Construction might be supervised by the local company from Boston. Stone
& Webster, however, was developing its own construction facilities and
personnel as well.

Stone & Webster also increased the marketability of its clients’ securitics.
Atatime when the electric light and power utilities were rapidly expanding,
financing this capital-intensive industry was a critical problem. The small
company found the problem especially severe. If, however, it could identify
with Stone & Webster, an immediate advantage followed; furthermore, the
Stone & Webster securities department acted as fiscal representative of the
managed companies by placing their securities. (Some of the securities were
purchased by Stone & Webster, probably some in payment for services.)
For many years the firm had relied heavily upon Lee, Higginson & Com-
pany of Boston in marketing the securities, so much so that there was
concern that the firm would simply be thought of as engineering consultants
for the Boston brokerage house. Over time, however, Stone & Webster
increasingly placed securities independently. The “black book” contributed
to this objective. Begun in 1902 and continued until 1929, this annual report
covered the operations of companies under Stone & Webster's supervision.
The “black book™ ¢ ined a cond 1 of ling secu-
rities, rate of dividend, earnings, and other financial information. The
establishment of a publicity department in 1903 also enhanced the repu-
tation of the managed companies.

The library department was not without an important role in the or-
ganization as well. Besides storing and retrieving agreements, contracts,
reports, and similar material, it prepared “current literature sheets” by
abstracting articles in the technical and business literature that were of
special interest to Stone & Webster personnel. “This service is not intended
to take the place of personal reading of the current literature on the part
of individuals,” however, a contemporary cautioned.*' It was not pre-
sumptuous of the librarian to expect the personnel to keep abreast of the
literature, for by 1912 almost half of the firm’s 600 officials and employees
were college graduates, and of these, close to 100 came from the Massa-
chusetts Institute of Technology and 50 came [rom Harvard University.

Stone & Webster departments metamorphosed into Stone & Webster
subsidiaries."? In 1906 the engineering department incorporated under

“*The Stone & Webstcr Organization,” p. 1.
e following description of the Stone & Webster organization is based on a reprint in
pamphlet form of an aricle prepared by Elecirical World for distribution at the National
Electric Light Association convention in Seatle, Wash.. 11-14 June 1912; a copy of the repring

isin the S&W files.
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the name of the Stone & Webster Engineering Corporation. In 1907 the
management function performed by the executive committee, sponsors,
and various departments coalesced into the Stone & Webster Management
Association, a corporate organization. The Engi ing Corg ion broadly
extended its range of activities. Among its works durmg its first decade
were the expansion ol the Boston Elevated Railway Company; the design
and construction of the dam, power house, and transmission lines of the
Mississippi River Power Company at Keokuk, Iowa, one of the world’s
largest hydroelectric installations; and the Big Creek—to-Los Angeles trans-
mission system. The firm also designed the Conowingo hydroelectric proj-
ct. The securities department of Stone & Webster merged with the in-
vestment banking house of Blodget & Company and took corporate form
as Stone & Webster and Blodget, Inc. By the eve of World War I, the
overall organization of Stone & Webster, with its subsidiaries and managed
companies, had become a system of mutually reinforcing components. (See
Fig. X111.11.) 1t was entirely appropriate that the organization took as its
symbol the triskelion designed by the original partners. The sign, with its
three arms enclosed in a triangle, represented the interconnection of fi-
nancing. engineering, and construction.

Despite the proliferation of utility holding companies, Stone & Webster,
while performing most of the functions of a holding company, delayed its
own transformation. The first step toward becoming a holding company
was taken in 1925 when it participated in the formation and financing of
the Engineers Public Service Corporation, which acquired control of the
Virginia Railway & Power Company (later Virginia Electric & Power Com-
pany) and about twenty other utilities receiving management services from
Stone & Webster. The new holding company performed the services Stone
& Webster had formerly provided for the acquired companies. A company
officer explained the resort to the holding company form as a way of
avoiding absorption of the managed companies by other rapidly spreading
holding companies. In 1929 Stone & Webster became Stone & Webster,
Inc., of Delaware, a holding company for the Stone & Webster group. By
an exchange ol stock, it acquired 90 percent of Engineers Public Service
Corporation, which by 1933 had invested $95,116,675 in six major groups
of light, power, and street railway companies in fourteen states. Stone &
Webster, Inc., also held the Sierra Pacific Electric Company, another sub-
holding company. In a aggregate, the Slonc & Webster group by 1932 con-
sisted of forty-three comp In ion, it continued to manage com-
panies outside the group. The group generated a little more than 2 percent
of the electricity supplied by utilities in the United States.*3

The transformation of Stone & Webster into a holding company was
part of a trend in the electric supply industry, and the consulting engi-
neering firm was but one nucleus around which a holding company could
form. Eventual transformation into a holding company was no more fore-
seen by founders of many of the other predecessor organizations than it

“U.S., Federal Trade Commission, Utility Corporations (S. Doc. 92, 70th Cong., Ist sess..
1928), Part 66, (Washington, D.C.: GPO, 1934), pp. 564, 565, 661-63; idem, Electric Power
Industry: Control of Power Companies, 69th Cong.. 2d sess.. 1927, S. Doc. 218, pp. xxxiii, 177-
87 (hereafter cited as S. Doc. 213 [1927)).
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Figure XIII11. Stone & Webster organiational chart, 1912. Courtesy of Stone & Webster, New York, N.Y.

was by Charles Stone and Edwin Webster. In the 1920s, holding companies
dominated the privately owned electric utility industry. They grew as the
size of all utilities increased.** In 1914 eighty-five utility corporations—
some of them holding companies—controlled about 70 percent of the total
installed capacity of the entire public electric utility industry; of these cor-
porations, thirty-five controlled one-half of this total, sixteen controlled
one-third, and ten controlled one-fourth.*s By 1924, having superimposed
themselves on the large—and small—utilities, the large companies that
dominated the utility industry had become holding companies (see Fig.
XII1.12). In that year, holding companies controlled two-thirds of the gen-

4 Statistics on the growth of U.S. electric utilities are contained in various government
agency reports. One 1911 survey was limited to ic i jons. The i i
for 1911 was published in U.S., Bureau of Corporations (predecessor to the Federal Trade
Commission), Water Power Development in the United States (Washington, D.C.: GPO, 1912). On
the state of the industry in 1914, sce U.S., Department of Agriculture, Forestry Service,
Electric Power Development in the United States, 64th Cong., 1st sess., 1916, S. Doc. 316. On the
status of holding companies in 1924, sec S. Doc. 218 (1927), which became, in effect, the first
volume of U.S., Federal Trade Commission, Electric Power Industry: Supply of Electrical Equipment
and Competitive Conditions, 70th Cong., Ist sess., 1928, S. Doc. 46, a history of the electrical

For data on holding: P activi in 1932, see U.S., Federal Trade

utility propaganda and publicity (Part 71A) and the other on holding companies in general
(Part 72A). An index for the 95-volume study is given in Parts 81A and 84D. An aperu
summary of the state of large corporations and holding companies in the electric utility field
can be found in Part 72A, pp. 34-37.

45 Forestry Service, Electric Power Development, quoted in Federal Trade Commission, Uiility
Corporations, Part T2 (1935), p. 35.



392 NETWORKS OF POWER

Figure XII1.12. Fields of operation (counties) of major U.S. electric utility holding companies, 1925. From U.S., Federal Trade Commission,
Utility Corporations, Part 72A, p. 56.

erating capacity of the industry; seven holding-company groups controlled
40 percent, and other holding companies controlled 25 percent. With 13
percent, the holding company formed by General Electric, Electric Bond
& Share Company, ranked as the largest; the Insull group, Middie West
Utilities Company, held between 8 and 9 percent. For a nation long warned
to be wary of trusts and monopolies, these were provocative statistics. Be-
tween 1924 and 1932 the General Electric group was reorganized and a
new giant, the United Corporation, was formed. Holding-company dom-
ination persisted, with sixteen large holding-company groups controlling
more than three-fourths of the privately owned industry. For all holding
companies, the extent of control was over 78 percent.*®

Because of a serics of goverminent studies in the United States, the ad-
verse publicity given the holding companics by advocates of government
ownership, and the notoriety surrounding the Insull holding company after
its financial collapse in 1932 and afier its [ounders were tried for mail (raud
in 1934, holding companies became a much-discussed and misunderstood

“© Federal Trade Commission, Utility Corporations, Part T2A, p. $7.
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aspect of the electric utility industry.4” The mounting tension culminated
in 1935 with passage of the Public Utility Holding Company Act.

There was misunderstanding about the origins and function of the elec-
tric-utility holding companies. Proponents and opponents debated the ad-
vantages and disadvantages of the holding company for the consumer.
Because the holding companies came to public attention at a time when
investment in stocks in general and in utility stocks in particular was mount-
ing, the public often saw the holding company as the creature of bankers
and stock brokers, not of engineers and managers. Furthermore, the public
associated the large holding companies and trusts of the past with financial
wizardry or skulduggery. The technological origins and functions of hold-
ing companies were far less sensational and thus were not discussed or
understood.

Contrary to popular opinion, the origins and development of several
leading electric-utility holding companies are to be found rooted more
deeply in technology and management history than in finance. Capital
formation was the major problem of the large utilities to which the holding
companies responded in the 1920s, but this need for capital arose from
the concentration of large-scale technology. Engineers and technically trained
managers dominated the early history of major holding companies. S. Z.
Mitchell of Electric Bond & Share, Charles Stone and Edwin Webster, H.
M. Byllesby of H. M. Byllesby & Company, and Samuel Insull all were
trained as engineers or had extensive experience in engineering and man-

g before heading holding companies. In their g/ of the
holding companies, these men insisted on the introduction of systems tech-
nology and management. In order to introduce capital-intensive and large-
scale regional technology, however, they had to find ways to finance large-
scale investments.

The major holding companies grew large by serving and presiding over
the merger of small utilities. As has been seen, the urban utility consolidated
and spread out over the large cities until it prevailed as a regulated mo-
nopoly. From this activity many economies and rational structures pleasing
to the engi , the ger, the i d often (o the
emerged. Until the advent of efficient, high-voltage transmission and water
and steam turbines, the small cities, towns, and rural areas were supplied—
i at all—by utilities lacking the advantages of large-scale, centralized tech-
nology, management, and financing. Their relatively inexperienced and
untrained managers and engineers used the less advanced technology, for
in the United States, manufacturers invested their intellectual and physical
resources in large-scale chalienges.*® With the advent of turbines and high-
voltage transmission, however, it became possible for regional systems o
integrate small communities and supply some of the rural areas. The hold-
ing companies then provided these systems with centralized engineering,

+0n the history of Insull's holding companies, see Forrest McDonald, fnsull (Chicago:
University of Chicago Press, 1962), pp. 237 IT.

“#This impression needs 1o be examined through research into the policy and product of
the major manufacturers. Unfortunately, Harold C. Passer’s Electrical Manufacturers (Cam-
bridge, Mass.: Harvard University Press. 1953) caries the history of U.S. manufacturers only
to 1900.
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management, and financing.* The holding companies either merged the
utilities or organized the small utilities into confederations related by phys-
ical or financial interconnections. A government report concluded that the
holding pany’s financing, engineering, and of utilities
serving small communities was probably the chief benefit to be derived
from this organizational concept.®®

With the onslaught of the Depression, the drop in holding-company stock
values, and the spread of dissatisfaction among investors in holding com-
panies, however, doubts increased about the {dvant?ges of the electric-
utility holding company. Ensuing government investigations and reports
helped define the functions of the companies as technological, managerial,
and financial, but abuses were found in the financial activities.>' The prin-
cipal benefit accruing to the operating companies and to consumers, if the
service was not abused, was, in the opinion of the Federal Trade Com-
mission, the holding company's financing of the growth and improvement
of small, undeveloped operating utilities. Also viewed positively was the
holding company's role in facilitating interconnection and large-scale out-
put. The holding com provided the small operating pany with the
experts’ solutions to the problems of generation, transmission, distribution,
and utilization of electricity. Moreover, under the aegis of the holding
company. “service was imf 4 and led ion increased,
and costs of production were reduced with a consequent possibility of, and
tendency toward, lower rates, notwithstanding accompanying financial
practices which had an opposite tendency as to rates."?

In the opinion of the Federal Trade Commission, the list of practices
that “had an opposite tendency” was long: the pyramid of utilities formed
by the hierarchical holding-company structure often involved the issuing
of excessively speculative securities; the holding company often charged
excessive fees for consulling services; the writing up of the values of utility
securities often placed pressure on the utilities to charge high rates to obtain
a profitable return; by means of security-market manipulation, utility se-
curities were sold to the public at highly inflated values; the organizational
and financial structure of the holding company frequently permitted a few
men with a small investment to gain practical control of immense opera-
tions; and interstate contracts, operations, and other relationships made
difficult the control of holding companies by state regulatory c jssi
Like so many other complex organizations, however, the holding company
cannot be adequately defined by abstractions or categories of advantages
and disadvantages. The history of several of them will reveal some of the
corqplexilies and irregularities of this organizational construct. In the fol-
Iowlr}g section we will consider the Electric Bond & Share Company, a
holding company established by a facturer, and the United Corpo-

**Federal Trade Commission, Uility Corporations, Pa

e e Co ity Corporations, Part 72A, p. 107.
*Vhis summary discusson of the s and di of holding companies i
from ibid., pp. 831-82. This document, with its many parts and volumes, resulted from a
Senate resolution calling for a consideration of “the value o detriment to the public of such
holding companies, owning the stock or therwise controlling such public-utility corporali

immediately or remotely” ( . 831), and for legislati y "
* bid., p. 881, P or legislative recommendations.
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ration, a holding company founded by an investment and banking concern.
We have already noted Stone & Webster's transformation from a consulting
engineering firm into a holding company. The Pacific Gas & Electric Com-
pany (see pp. 276-80) and the Rheinisch-Westfilisches Elektrizititswerk
(see pp. 423-29) are examples of utilities that became holding companies
by acquiring the stock of the utilities they absorbed. Reference has been
made, as well, to Samuel Insull's formation of the Middle West Utilities
Company, which became one of the largest U.S. holding companies.

The history of Electric Bond & Share is linked with the history of General
Electric and the career of S. Z. Mitchell (1862-1944). In the 1920s Mitchell
and Samuel Insull were the most widely known holding-company entre-
preneurs. It is estimated that during this period Mitchell's company con-
trolled more of the utility business than Insull's, for in 1924 Electric Bond
& Share controlled at least 10 percent of the energy generated by the
indusury, while Insull's Middle West Utilities Company controlled only about
8 percent.”®

‘T'he origins of the Electric Bond & Share Company, which was formally
established in 1905, can be traced back to 1890. In that year the Thomson-
Houston Electric Company, the manufacturer that in 1892 would merge
with Edison General Electric to form the General Electric Company, es-
tablished a subsidiary called the United Electric Securities Company ol
Boston. The function of the new company was to help small, independent
electric Ilghl and power compames finance the purchase of generators and
other eq factured by Th H Local sources of
capital considered neither the bonds nor the stocks of the small. often
indifferently run, electric light companies to be a good risk.>' As a result,
the companies could not expand in response to a market that Mitchell
calculated was growing at a rate of about 10 percent annually. The problem
was more serious for these small utilities than for many small enterprises
because their capital investment in relation to income was unusually high:
Mitchell estimated that for these utilities it took an investment of from $4
to $6 10 produce a gross annual revenue of §$1.5°

The United Electric Securities Company financed Thomson-Houston's
small customers by taking their nonmarketable bonds and using them as
collateral for the bonds issued by United Electric Securities, which were
marketable because of the company's size, management, and relationship
to Thomson-Houston.*® Despite the considerable market for these bonds
that developed over the years, however, the problem of financing local
utilities was not solved. The panic of 1893 saw many small utilities sink into
bankruptcy, and those that survived faced an even less responsive invest-
ment market. Even investors who had been willing to buy the bonds of the
small-town utilities (if not the stock) insisted after the panic that the utilitics
raise more capital by issuing common stock. In short, the bond buyers

5. Doc. 213 (1927), p. 41.
#Sidney A. Mitchell, S. Z. Mitchell and the Electrical Industry (New York: Farrar, Straus &

Cudahy, 1960), p. 60 (hercafier cited as S. . Mitchel.

an address to the Association of Edison Electric Hluminating Companics in
in S. Z. Mitchell, p. 118.

%58, Doc. 213 (1927), p. 70.
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demanded more owners and fewer crediwrs: ‘They wanted the capital-
hungry utilities to cover with mortgage securitics no more lha_q 9nc<half
0 two-thirds of the cash cost of the power plant and ol‘her facilities.”?

General Electric, the successor to Thomson-Houston in 1893, inherited
the United Electric Securities Company of Boston and subsequently formed
the Electrical Securities Company of New York primarily to fulfill its bond-
purchasing function. Under the leadership of Charles Coffin (1844-1926),
its resourceful president, General Electric advised sm_all _uullues to sell more
junior securities, or stock, but found that “merely pointing the way was not
effective.”® Because General Electric had acquired over the years many
shares of unmarketable, small-utility stock in payment for equipment, it,
(00, had a general interest in solving the problems of the uilities. In 1905
an inventive solution came out of deliberations between Coffin and Mitch-
ell.3 Mitchell was called on for assistance because he had been dealing with
small utilities in the Northwest, companies whose electric service was poor
and whose financial structures were crude—companies that were, in the
vernacular, “cats and dogs.”*

Mitchell had prepared for a career in engineering at the U.S. Naval
Academy. Finding the prospects of the navy bleak in 1885, however, the
newly commissioned Mitchell resigned and accepted employment with the
Edison Company in New York. Earlier, in 1883, he had been auracted to
electrical engineering while installing incandescent lighting on the U.S.S.
Trenton. Mitchell worked at the Edison Machine Works, the manufacturer
of dynamos, and he also helped to wire the distribution system of the Edison
Electric Illuminating Company in New York City. Within a year, however,
he seized the opportunity to take over the exclusive Edison agency in the
Northwest after Henry Villard, Edison’s friend and financial adviser, gave
it up. From 1885 to 1905 Mitchell sought and found financial backers,
obtained franchises, installed equipment, set up operating and manage-
ment procedures, and cultivated the growth—or at least ensured the sur-
vival—of the region’s small electric light utilities. The call Mitchell got from
Coffin to deliberate about “cats and dogs" is therefore understandable.®

The solution proposed by Mitchell and Coffin was the formation of the
Electric Bond & Share Company. The new company turned over its stock
to General Electric in exchange for the stocks of power and light companies
held by General Electric having a par value of $2.782.150, bonds with a
par value of $1,476,000, and $1,300,576.90 in cash. Electric Bond & Share
converted the acquired securities into marketable assets by resuscitating
and invigorating the utilities that had issued them. was done—as had
been the case with Stone & Webster—by providing m: gement, engi-
neering, and financial services. Electric Bond & Share did not purchase a
majority of stock in the client companies, but exercised control through a
combination of means, including minority stock and contractual, fee-based

* 1bid.. pp. 6I. 64.
® This biographical sketch of Mitchell is based on ibid . pp- 1942,
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services.? In 1925 General Electric divested itself of direct control of Bond
& Share by distributing the company'’s stock to GE stockholders.

Stressing management services, Bond & Share introduced a policy that
varied from Stone & Webster's. Bond & Share recommended that the
directors of the client company elect a Bond & Share executive as a non-
salaried officer or member of its board. This officer—like the executives
serving other client utilities—would remain in Bond & Share's New York
office; a Bond & Share man would not be named resident manager as was
customary with Stone & Webster.®® From its large staff of managers and
advisers, Bond & Share would, like Stone & Webster, designate a “sponsor”
for each client utility. The sponsor would visit, observe, inspect, and cor-
respond with that company. He would apply his general knowledge of the
utility business to the problems and opportunities of the specific utility
company. Furthermore, he would have at his disposal the large Bond &
Share staff of specialists in insurance, taxes, rates, public relations, statistics,
and other management functions. The contract also called for a “sponsor
engineer”; he, Loo, would stay informed by means of visits and correspond-
ence. Besides the management and engineering specialists, there were o
be “sponsor accountants” in Bond & Share’s New York office. The problems
that these sponsors addressed were expansion of the business, utility in-
terconnection, rates, capital structure, and financial programs.®

Electric Bond & Share soon began organizing holding panies to
control the client utilities through majority ownership of their stock. Bond
& Share itselfl continued to avoid direct control of the utilities through
ownership of a majority of their shares. It established a new contractual
relationship with its holding companies rather than with the operating
utilities. By 1925 Electric Bond & Share held large blocks of voting stock
in, and had various servicing arrangements with, five holding companies.
Because it did not have a majority stock interest in any of these, however,
it consistently maintained that it was not itself a utility holding company.
The Federal Trade C ission and “the i world” generally,
however, believed that Electric Bond & Share held de facto control because
the other shares of the five companies were widely dispersed or blocks of
them were held “by friendly and cooperative banking interests.”®*

The holding companies often acquired their controlling stock in the
operating companies when Electric Bond & Share turned over to the hold-
ing companies utility stock obtained by General Electric in exchange for

quip The holding panies also acquired utility stock by purchase,
using income from the sale of holding-company securities, or by exchange
of these securities for operating-company securities.®® Because Stone &

o Ibid., pp. 64-65; S. Doc. 218 (1927), p. 78.

 In 1906 Stone & Webster named local managers; sce Street Railway Journal, 7 July 1906,
p.2. Inaservice contract used in the 1930s, Stone & Webster Service Corp. expressed readiness
to "recommend"” local executives (Stone & Webster Form no. A706, S&W files).

This analysis of the Electric Bond & Share service is drawn from 1929 treprinted
in Fedcral Trade Commission, Utility Corporations, Part 12A, p. 672. o

o James C. Bonbright and Gardiner C. Means, The Holding Company: Its Public Significance
and its Regulations (New York: McGraw-Hill, 1932), p. 104. Bonbright and Means drew upon
S. Doc. 213 (1927) in preparing their study.

@ Bonbright and Means, *he Holding Company, p. 104.




398

NETWORKS OF POWER

Webster sometimes obtained stock in exchange for its engineering and
management services, it seems likely that Electric Bond & Share received
utility securities in this way as well.

During the period of rapid expansion of regional utilities, Electric Bond
& Share and the related holding companies emphasized capital formation
and found means by which the utilities could dispose of their difficult-to-
market junior securities. Seeing every citizen as a customer, Mitchell, who
was still head of Electric Bond & Share, told utilities that they needed $30-
$80 for each individual added to the U.S. population.®” The standard
financial structure designed by Electric Bond & Share to meet the financial
needs of the utility companies controlled by the holding companies called
for 60 percent capitalization through the sale of bonds to the public, 20-
25 percent capitalization through the sale of preferred stock to the public,
and 20-25 percent capitalization in common stock that was to be taken by
a holding company.®* For the holding company, the advantage of keeping
the amount of commen (voting or controlling) stock low was obvious; con-
trol would be less costly. Furthermore, as will be explained, the arrangement
could mean for the holding company a high return on investment. The
inventiveness of the financiers was comparable to that of the inventors and

ineers who had designed the technological structure. Following this
plan, Electric Bond & Share participated in the policy making of the five
major holding companies: the American Gas & Electric Company (formed
in 1906):% the American Power & Light Company (1909); the National
Power & Light Company (1921); the American & Foreign Power Company,
Inc. (1923); and the Electric Power & Light Corporation (1925).” The
National Power & Light Company also had a major holding company as a
subsidiary—the Lehigh Power Securities Corporation (see pp. 43941 be-
low).

Because American Power & Light received various services from Bond
& Share, its history is representative of the concepts and actions of S. Z.
Mitchell and his associates. American Power & Light was formed as a
holding company to finance two Kansas utility companies that were too
small to interest investors in their senior securities and had no market for
their common stock. The owner of the two utilities had asked Mitchell 10
form the holding company to take their common shares. American Power
& Light then raised the money for the stock by selling its own securities.
Subsequently, the holding company acquired other utilities in the imme-
diate vicinity, and Mitchell merged them into the Kansas Gas & Electric
Company, a utility that was large enough to interest investors in its pre-
ferred stock and bonds. American Power & Light controlled the Kansas
Gas & Electric Company through common stock, and the holding company
entered into the customary contractual relationship with Electric Bond &

7S, Z. Mitchell, p. 118.

o Federal Trade Commission, Utility Corporations, Part 724, p. 87.

* American Gas & Electric Co. originated before Bond & Share had built up its stafl of
experts, so American Gas & Electric supplied its own managers, engincers, and accountants
to the operating companics whose common stock it held. American Gas & Electric relied on
Bond & Sharc for financial services, however. In 1924, Bond & Sharc owned about 7 percent
of the voting stock of American Gas & Electric. See S. Doc. 213 (1927), p-7.

" Ibid.. p. Xxxvii.
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Share. In 1910, directed by Bond & Share, American Power & Light ac-
quired properties in Washington and Oregon. In subsequent years it ob-
tained control of other groups of panies in Texas, Mil Florida,
and Nebraska. By 1924 the operating companies held by American Power
& Light generated about 2.4 percent of the total commercial output of
electricity for the entire country.”!

When the companies acquired were in the same geographical area, as
was the case in Kansas, they were united by transmission lines into a con-
tinuous system and were often merged to form larger operating companies.
As a result, small, inefficient plants could be shut down, load factor could
be improved, varied energy sources mixed, and diversity exploited—as they
had been during the era of merger and consolidation. But Mitchell went
beyond exploitation of supply and diversification of load to introduce the
diversity principle on a higher level of abstraction; he called his idea “fi-
nancial diversity.” Because of this aspect of their policies, Electric Bond &
Share’s holding companies were categorized as the “diversified investment
type.""?

The principle of financial diversity, as fulfilled by the American Power
& Light Company and other Bond & Share holding companies, was ex-
plained by Owen D. Young, head of General Electric, as follows:

If one owns a light and power plant in a single community, his investment and
his earning power is [sic] subject to the risk of that community. Floods may come
and wipe it out; cyclones may hurl it down; crops may fail; business depressions
there may be acute. The capital invested in that plant, if owned by a single man,
is subject to those i ies. But if men combined their i ina
large number of plants, widely diversified geographically, the floods will never
come to all at once; the failure of crops will never come to all at once; a depres-
sion in business is unlikely to come to all at once, if the diversity is widely made.
Therefore, a given investment in a group of plants is much safer than an invest-
ment in a single plant of similar amount. Not only is the principal safer but the
continuity of return is better insured.”

According to Young and Mitchell, not only were the risks spread in the
holding companies so that the investor’s principal was safer and the con-
tinuity of return better, but the return might well be much larger. Mitchell
explained the concept in a simplified example. He said that $100 invested
by a holding company in the common stock of a utility should bring a
return of $9 as a dividend on the utility's common stock. Assuming that
the holding company had raised the $100 by marketing $60 of its own
debentures (nonmortgage, or collateral, bonds), $20 of its preferred stock,
and $20 of common stock of its own, then on the debentures it would have
to pay 6 percent ($3.60) and on the preferred stock 7 percent ($1.40),
which would leave $4 from the $9 earned on the utility common stock to
declare as a dividend on the holding company common stock or to be
invested in the operating companies. As Mitchell observed, “For that pos-
sible 20 percent return the holding company common stock should be

" bid., pp. 99-108 and xxix.
72 Federal Trade Commission, Utility Corporations, Part T2A, p. 84.
™ Quoted in S. Z. Mitchell, pp. 84-85.
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salcable.””* He might have added that the organizers of holding companies
were often ready to purchase the common stock themselves.

Inareportin 1927, at the height of the holding-company era, the Federal
Trade Commission observed that promoters often retained ownership of
the common shares of their holding companies and obtained rates of return
ranging from 19 percent to 55 percent.” High returns could be achieved
by increasing the proportion of low-interest debentures and preferred stock
among the holding company’s securities. For instance, il the holding com-
pany in the example above had increased its debentures to 65 percent and
its preferred stock to 25 percent, the return on the $10 of holding-company
common stock would have been 33.5 percent. S. Z. Mitchell recognized the
possibility of high—even excessive—returns on investments, but he char-
acterized his role as that of a resourceful financier of utility expansion
rather than a reaper of large profits.

Management, design, and construction services were always central to
the organizations erccted by Mitchell and by Stone & Webster. As financing
increased in importance with the steady growth of the capital-intensive
utility industry, however, holding companies were formed whose activities
were almost entirely financial. Chartered in 1929, the United Corporation
was the creation of three investment banking houses—]. P. Morgan &
Company, Drexel & Company, and Bonbright & Company, Inc.”® Within
a few years, the investment bankers had practical control of a network of
utilities extending (with one major break) from the Great Lakes and the
St. Lawrence River to the Gulf of Mexico. Those who were informed about
United Corporation labeled the control “practical” because United Cor-
poration owned only minority stock in the companies in its group. Minority
control probably was congenial because i of capital were
involved and because government regulation and public accounting seemed
less likely if the corporation remained superficially an investment company
rather than legally a utility holding company. Furthermore, the prestige
of the three banking houses was so great among the utilities, and the
interlocking of the hoards of directors was so extensive, that control could
be exercised without majority holdings.”

In 1931 United Corporation virtually controlled five major holding com-
panies and, through these, numerous utilities. Among the holding com-
panies it controlled was the Niagara Hudson Power Corporation. Unlike
many other holding companies, with their widely dispersed properties.
Niagara Hudson controlled utilities that were contiguous and intercon-
nected. Organizationally, however, Niagara Hudson was a complex pyra-
mid of subholding and operating companics. Also a part of the United
Corporation and organi tionally on the same level as Niagara Hudson
was the Commonwealth & Southern Corporation, which held utilities in
Georgia, Alabama, and "T'ennessce and which was later involved in a classic

™ Lbid., p. 0.
™S, Doc. 213 (1927), p. xxiv.
™ This account of the United Corp. is drawn from Bonbright and Means, Fhe Holding

grﬁiy’,’pﬂ;dl2l7|-:n:,&mm trom Federal Trade Commission, Utility Corporatians, Part 72A.

7 Bonbright and Means, The Holdig Company, p. 134,
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struggle with the ‘Tennessee Valley Authority. The United Gas Improve-
ment Company, in which United Corporation held a 26.1 percent interest
in 1931, was probably the oldest utility holding company in the electric
supply field. Originally incorporated in Pennsylvania in 1882 to introduce
improvements in the gas industry, the enterprise sought control of gas
companies in order to establish a market for its patented method of man-
ufacturing water gas. In time, electric utilities were added to the list of
companies controlled by the firm.

With its immense holdings of interconnected—or likely to be intercon-
nected—utilities in the Northeast and Southeast, the United Corporation's
status approached that of the superpower system much talked about by
Morris Cooke and others immediately after World War 1. According to
rumors in financial and engineering circles before passage of the Public
Utility Holding Company Act of 1935, the investment bankers would pre-
side over the physical interconnection of their utility empire.”® Despite
opposition arising from the natural preference of utility managers to main-
tain operating autonomy instead of being homogenized into a superim-
posed system, and despite other manifestations of particularism, the rumors
ook on credence with the formation of the Pennsylvania—-New Jersey In-
terconnection, which involved the Philadelphia Electric Company and the
Public Service Electric & Gas Company of New Jersey, two of the largest
utilities in the United Corporation group (see pp. 331-34 above). Fur-
thering the complexity of the situation was the fact that the third member
of the Pennsylvania~New Jersey Interconnection, the Pennsylvania Power
& Light Company, was in the Electric Bond & Share group, which had
harmonious relations with the United Corporation by virtue of the close
ties of the two superpower holding companies with the investment banking
house of Bonbright & Company and because Electric Bond & Share owned
stock in some of the companies of the United Corporation group.” An-
ticipating the emergence of a superpower system, some investors and utility
cognoscenti took as a portent the name of another holding company, the
American Superpower Corporation, which was formed by Bonbright &
Company and had close investment ties with the United Corporation.

The onset of the Depression wrecked the frail pyramidal structure of
several U.S. holding companies, including Samuel Insull’s, and raised doubts
about the advantages of all of them. The mounting doubts culminated in
1935 with passage of the Public Utility Holding Company Act, which sharply
curtailed and reversed the spread of the holding company by outlawing
holding companies with utilities that were not physically (technologically)
connected. The anticipated rise of superpower holding companies that
would preside over regional systems covering the entire Northeast or West,
or even the whole nation, was not to be. Instead, the private utilities and
the federal government found themselves locked in a long-term struggle
for regional-system control and ownership, a struggle manifested in the
fight over TVA and in frustrated efforts to create other TVAs. America,

 Bonbright and Means doubted that the physical integration would occur., because of “the
peuty jealousies of local politics in New York City and Philadelphin and the rivalries between
New York, New Jersey and Pennsylvania” (ibid., pp. 128-30).

 Ibid., p. 193.
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like London and England as a whole decades earlier, saw technical impli-
cations contradicted by what Lloyd George labeled “politics.”

In Britain, holding companies dominated the privately owned sector of
the supply industry, but compared to the United States, this sector held a
small percentage of the nation’s generating capacity, and this small sector
was influenced by foreign enterprise. American manufacturers had long
exported electrical machinery to Britain; in the 1920s, American holding
companies exported their practices as well. Samuel Insull's holding
company acquired interest in the British Power & Light Corporation, a
small British holding company. A much larger involvement by Americans
was obtained through the Greater London and Counties Trust (GLCT).
The Utilities Power & Light Corporation of Chicago, a small U.S. holding
company that controlled less than | percent of the generating capacity in
the United States, owned the GLCT. GLCT's capital, £300,000 in 1926 and
£400,000 in 1927, was used to acquire small British utilities with distri-
bution systems that could draw from the Grid's transmission network. Most
of the capital came from the United States, but to relieve some of the
concern about the penetration of foreign capital, the company named Brit-
ons as executives. GLCT concentrated its acquisitions efforts in southern,
rural England and in 1928 acquired 95 percent of the shares of Edmund-
sons Electricity Corporation; with twenty-nine utilities, Edmundsons was
one of Britain’s largest holding companies. By the end of 1929 GLCT
controlled fifty-four utilities, most of which were rural and small.

Like the American holding companies, GLCT announced plans to ra-
tionalize its holdings through interc ions and g and fi-
nancial services. These efforts were frustrated, however, first by the dis-
persed character of the company’s holdings and then by the financial
difficulties of the American owners in the 1930s. The owners initially held
the common stock of GLCT, obtained a high return on their investment,
as in the United States, and limited the participation of British capital t0
fixed interest securities. In the thirties, however, the American parent
company, Utilities Power & Light, experienced serious financial difficulties
and was no longer able to finance its British subsidiary: thus, through the
purchase of common stock, British capital began to displace American. In
1935 a British consortium, including Lazards, the British merchant bank,
took control of GLCT from the Americans, liquidated it, and established
Edmundsons, the former subholding company, as the parent holding com-
pany. Ed d then continued to rationalize the distribution compa-
nies it held *

. The Power Securities Corporation, the largest of the British-owned hold-
ing companies in the 1920s, was headed by George Balfour, a champion
of holding companies and large-area supply. A conservative member of
Parliament and head of a utility management firm, Balfour Beatty, Balfour
organized the Power Securities Corporation in 1922. He became chairman
and owner along with threc large heavy-equipment manufacturers, Arm-
strong Whilworlh, Balcock & Wilcox, and British Thomson-Houston. The
new organization took over all of Balfour Beatty's utility interests and used
Balfour Beatty's consulting engineers and management expertise for them.

" Hannah, Electricity Hefore Nationalisation, pp- 227-34.
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The combination of electrical facturer and utility holding company
was already well known in the United States. The Power Securities Cor-
poration became the largest electric-utility holding company in Britain.
From this base and with this interest, Balfour fought the implementation
of the Electricity Supply Act of 1919 and, except when legally required to
do so, opposed cooperation with the electricity commissioners. His strong
voice added to the dissonance among private and public interests and
proponents of large- and small-area supply.®!

* Ibid.. pp. 71-73, 81.



CHAPTER XIV

RWE, PP&L, and
NESCO: The Style of
Evolving Systems

THE evolution of the regional systems considered here was a long proc-
ess compared 1o the short gestation periods of the post-World War
I planried systems discussed in Chapter XI1. Thus, the evolving systems
were shaped by factors and technology from different stages in the history
of electric supply systems. Consider, for example, the lasting imprint of
World War I on the Rheinisch-Westfilisches Elektrizitatswerk (RWE) in
Germany; the traces of Edison direct-current utilities that could be found
in the regional system of the Pennsylvania Power & Light Company (PP&L)
in the 1920s; and the influence of the Electric Lighting Act of 1882 and
the power bills of 1900 on the Newcastle upon Tyne Electric Supply Com-
pany (NESCO) in England.

Moreover, regional systems evolved so complexly that they almost defy
coherent description. Some utilitics expanded by acquiring others and then
by technologically integrating the organizationally merged systems so that
electrically they functioned as one. Systems also expanded through inter-
connection with other utilities. Usually these systems were not integrated
electrically and therefore were not operated from a single control center.
Each uility retained its corporate identity and negotiated contracts for the
exchange of power over high-voltage tie lines. The loosely connected sys-
tems were often called “interconnections” in the 1920s.!

To lend coherence to the description of three major e\‘ol\mg syslems——
RWE, NESCO, and PP&l.—without eliminating their
the concept of regional style will be emplnyed In general, the regwmI
systems of the industrial world shared critical technical problems and em-
bodied similar solutions. Yet there were specific differences that imparted
distinctive styles to these systems.

' Samuel Insul, “Interconnection and Consolidation Effect Vast Benefits to Consumer.”

Electrical World 90 (1927): 1087-90; Alex Dow, “Interconnections.” ibid. 89 (1927): 451-56.

Anu les by cugmctu and managers wlm led the n interconnection can be found in the

on | L Rs.” AIEE T 47 (February 1928). Among

the articles are W. E. Mitchell, Progress and Problems . .. Interconnection in Southeasicrn

g me Aspects of Pacific Coast Interconnections.” pp

ion and Power Development in Chicago and the Middle
Pp. 399404 There is also a bibliogeaphy. pp. 405-8.
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The similarities can be partially explained by the existence of an inter-
national pool of technology from which the industrial nations drew. Man-
ufacturers engaged in international trade, patents were generally licensed
for international use, scientific and technological literature circulated to all
of the world's centers of learning, courses in engineering schools described
and rationalized world experience in electrical technology. and engineers
and inventors moved and consulted easily across national boundaries. Tech-
nology transfer was not so much from point to point or place to place as
from place to pool to place. The common technology of the pool was shaped
to suit the place.

The differences found in the evolving regional sy s—the essence of
style—stemmed mostly from the nontechnological factors of the cultural
context. These differences and their causes need to be emphasized because
they are often overlooked in our era, which tends to advocate a superior,
advanced technology—"the one best way"—a way that transcends regional
and national differences.? In 1909, Charles Merz, the experienced British
consulting engineer, saw the differences in regional technologies and in-
directly defined style as follows: “The problem of power supply in any
districtis . . . completely governed by local conditions.™ Technological style
can be defined as the technical characteristics that give a machine, process,
device, or system a distinctive quality. Out of local conditions comes a
technology influenced by time and place, a technology with a distinctive
style. The local conditions external o the technology can be defined as
cuhural factors: the technology they shape, a cultural artifact.* Among the
cultural factors are geographical, economic, organizational, legislative, con-
tingent historical. and entrepreneurial conditions. Earlier in this study, the
contrasting histories of electric supply in London, Chicago, and Berlin
suggested the concept of technological style and the force of cultural factor
The factors do not operate deterministically by shaping the technology
through passive human agents in the role of craftsman, inventor, engineer,
manager, and financier: the factors only partially shape technology through
the mediating agency of individuals and groups. Natural geographical fea-
tures, for example, are a given, but engineers adapt to, modify, or variously
use them by selecting or inventing an appropriate technology. The lactors
complexly and systematically interact with technology and with one an-
other. Furthermore, they and the relationships among them change as a
power system grows.

Of the circumstantial factors that shape the style of a regional system,
geography is the most obviously influential. When one defines geography
as both natural and human, as such locational characteristics as climate and

) Style." in Technology and 1ts Impact on Society:
+ Museet, 1979). pp. 212-14. Several

scctions in this chapter are drawn in part from a revision of this essay.

Charles H. Merz, “Power Supply and Its Effects on the fndusiries of the North-East
Coast," Journal of Iron and Stecl Institute, September 1908, p. 4.

10n the style of material culture, see George Kubler, The Shape of Time: Remarks upon the
History of Things (New Haven: Yale University Press, 1962), p. 129. For a study of the varied
responses of utilities to environmental factors recenty, see Marc J. Roberts and Jeremy S.
Bluhm, The Choices of Power: Uilities Face the Environmental Challenge (Cambridge. Mass.:
Harvard University Press, 1981).

*Thomas P. Hughes, “Regional Technologi
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seasonal variations in daylight, the location and character of rivers, lakes,
and seas, the avail; of mineral deposits, soil and vegetation, elevations,
transportation, industry, and demography, it becomes clear that it decid-
edly shapes the character of electric power systems. The geographical in-
fuence is especially marked in the choice of energy sources made by the
engineers and managers of systems, as we have already observed. This
influence is also notable in the long-term character of the load carried by
a power system.

Geography partially determines both supply and demand for a utility.
Supply depends on the availability of coal and other fuels in a region. The
infrastructure of the region's transportation system also becomes highly
relevant. Elevations and precipitation are determinants of supply from
hydroelectric facilities. Utility engineers carefully measure snow and rain-
fall to predict spring thaws. Moreover, the capacity of a utility to exploit
minerals and to use the potential energy of water changes with the devel-
opment of new technology as the system builders extend their network of
transmission lines to acquire an economic mix of energy supplies for the
system.

On the demand side, geography, broadly defined, is also manifested in
trends and cycles. The character of demand is shaped by the mix of mining,
electrified transportation, industry, commerce, and agriculture in the re-
gion served by the utility. Different industries load the udility in various
ways. An electrochemical plant takes a steady load throughout the twenty-
four hours of a day; a steel mill causes a peak when using large motors in
its rolling mill. A region with electrified irrigation pumps makes a heavy
demand on a seasonal basis. Within the region, the location of the various
loads, including the population, shapes the character of the distribution
and transmission networks of the power system. Utility managers manage
or manipulate the load by charging differential rates and by choosing
customers insofar as regulations allow.

Economic and geographical lactors are difficult to separate in an analysis
of technological style. The engineers and managers of electric supply sys-
tems operated their utilities in accordance with economic concepts such as
load factor and economic mix, but the policy principles based on these
concepts were influenced by regional geography. The loads and supplies
of energy were site specific for each utility, so the manager often had to
invent means of raising the load factor or improving the economic mix of
energy sources. Because of geographical circumstances, the highest achiev-
able efficiency in some of the best-designed and -managed utility systems
was lower than the efficiency of systems that were less well run. Samuel
Insull recognized this when he pointed out that the combination of cheap
power and nearby chemical load at Niagara Falls resulted in a performance
that could not be matched by a Chicago utility.

The organizational form of a utility and its style are inextricably inter-
woven. Managers and financiers organized and reorganized utilities to
fi?clhlalc the steady expansion implicit in regional power technology. Re-
gional utilities in the 1920s shared a capital-i ive and expansionisti
drive, but each had its own particular organizational variation. One clas-
sification of organizational form is ownership. In the 1920s, manufacturers,
banks, and private investors owned many of the evolving regional utilities
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in the United States—PP&L for example. Ownership was mixed private
and government in some instances in Germany; RWE is an outstanding

le. Until the 1 of the British Grid, the major cvolving
regional system in England was the privately owned NESCO. Consulting
eering firms and holding companies also gave organizational form to
the regional utilities, which then differentiated and defined their own style.

As earlier chapters of this study have shown, the evolution and style of
regional utilities cannot be A(quud(cly l:xplalncd without rdelence 10 pol
itics, especially legis} 1 ideol conomic,
and social character of a culture. Regional utilities had repen!cdly 10 acquire
franchises or monopolies in order to define their supply areas. A hostile
legislature, influenced for instance by competing interests, either
or governmental, sometimes withheld the powers needed by utilities to
erect transmission lines over the countryside. As a price for rights and
monopolies, the legislative bodies usually laid down regulations governing
rates and conditions of supply. These regulations were sometimes restric-
tive and frustrated investment and growth; often they appeared to be
framed in a utility’s own best interests—and |ndeed they sometinies were
by pliable legislators. Regulati or lack of regulation, also shaped style.
The map of any rcgwnal system graphically represents the history of leg-
islation and regulation.

History is often popularly imagined as the story of such obvious events
as wars, revolutions, and shifting alignments of political power. From the
point of view of utility managers and engineers, these historical circum-
stances deeply influence the character of power systems, but because these
forces are unpredictable and beyond their control, they are contingent.
The utilities risk predicting and planning for long-range demographic and
economic trends or projections, but catastrophic historical events are be-
yond rational calculation. Nevertheless, they help determine the techno-
logical style of power systems because different utilities in different regions
and countries feel the effects of different contingent circumstances. As
noted, World War | variously shaped utilities in Germany, Britain, and the
United States. Of the evolving regional systems, RWE shows most obviously
the immediate and lasting effects of the war.

Although utility managers and engineers could not control contingent
events such as wars and depre;smns, they nevertheless sought through the
organization of regional utilities and their related technical characteristics
to extend their control over factors outside the electric supply system. In
the 1920s, especially in Germany, they auempted and often succeeded in
transforming influences and forces once a part of the system's environ-
ment—by definition, beyond its control—into a larger system under control
of the gers and eng In short, the envi became part of
the system. Expanding vertically toward their sources of energy, regional
utilities acquired hard- and soft-coal mines. They also acquired the trar
portation and materials-handling facilities that moved the coal to the power
plants. In addition, the regional utilities exchanged power h large in-
dustries possessing isolated, or independent, power plants. In other cases,
interlocking boards of directors virtually integrated regional utilities and
their major industrial consumers. In addition to horizontal expansion through
merger, a vertical extension into sources of supply and sections of demand

2
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was made.” In this way, system builders integrated electric power systems
into regional industrial systems. This process of vertical integration, of
becoming a component in a regional industrial system, also influenced the
regional power system’s style.

There were also supraindustrial systems, loose confederations in which
regional electric systems were linked to other industrial enterprises not by
technology but by such influence couplers as interlocking boards of direc-
tors and cartel agreements. For instance, power utilities were loosely in-
terconnected with electrical manufacturers through ownership ties and
common board members. Such loose connections substantially influenced
the style of utilities because an electrical manufacturer and utility could
Jjointly plan and design equipment that would best suit the characteristics
of the electric supply system or could modify supply characteristics to suit
a given load.

To show the contrasting style of the RWE, NESCO, and PP&L systems,
a profile of the characteristics and hallmarks of each will be presented (see
Table X1IV.1). A survey of the various factors shaping their style will follow.
The influence of these factors during the twenties will be examined in
detail. The first to be discussed was the most complex of the three evolving
systems. In the 1920s the Rheinisch-Westifilisches Elektrizititswerk AG
(RWE), ranked first in installed capacity in Germany (see Fig. XIV.1). It
operated the largest-capacity coal-fired power plant in the world. In 1924
the total installed capacity of the utility's generating plants was 475,000 kw.
Notably, the managers of RWE had concentrated 365,000 kw., or 76 per-
cent of the total, in two plants, the Goldenbergwerk near Cologne and the
Reisholz near Diisseldorf. The Goldenberg plant, placed in operation in
1914 and later named for its designer, fired brown coal taken from a nearby
open mine owned by the Roddergrube AG. The high-voltage network, with
its 100,000- and 200,000-volt transmission lines, linked the generating plants
and the system’s load. In 1929 the extension of a 220-kv. line 250 kilometers
southward from Cologne to a hydroelectric plant in the Vorarlberg in the
Alps substantially affected the character of the system. RWE thus began
operating an economic mix of energy—brown coal, hard coal, and the white
coal of the Alps. The utility made much of its ability to exchange power
between the mine-mouth plants of the Cologne district, the deep mines of
the Rubr valley, and the water-power sites of the Alps. In January 1930
RWE provided further flexibility to its system by placing into operation
near Herdecke one of the earliest pumped-storage power plants, which it
named for the plant's designer, Arthur Koepchen.®

1., in The Visible Hand: The Managerial Revolution in American Business
rd University Press, 1977). cxplores the increased capability of

facturing and transportati iscs as they
al and distribution facilitics. I1e does

* Allved 1. Chandler
(Cambridge, Ma
managers to coordinate and control
expanded by vertical integration to acquire vaw materi

i es.
1d, a teaching assistant a1 the University of Pennsylvania, for
research assistance on RWE's history. For summary histories of RWE, see Ernst Schmelcher,
1898-1954 (Essen: RWE, 19542); and Das RWE nach seinen Geschfisberichten, 1898-
s e from p. 8 of the last-named work.

On RWE see also Camil
ritdtswirtschaft (Zurich: Girsberger, 1930); Electrotechnische Zewtschrift 47 (1926): 65-67 and 104-
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TABLE XIV.I. REGIONAL STYLE: TECHNICAL CHARACGTERISTICS OF THREE POWER SYSTEMS, c. 1924

Characteristic

Rheimisch-Wesfilisches
Elehtriititswerk

Neuwastle upon Tyne Electric
Supply Co.

Pennsylvania Power &
Light Co.

Area
System Installed Capacity (year)

Rating of Two Largest Power Sta-

tions (% of system capacity)

Energy Sources

Cooling System
Transmission Voltages

17,500 sq. mi. (1930)

475,000 kw. (1924)

Goldenbergwerk (290,000
kw.) (61%) 1924

Reisholz-Werk (75,000 kw.)
(15%)

lignite (open face) and hard
coal

cooling towers at Goldenberg

1,400 sq. mi. (1924)
250,000 kw. (1924)
Dunston (71,000 kw.) (28%)

1924

Carville “B"* (55,000 kw.)
(22%) 1924

hard coal and waste heat

river water

<. 5,000 sq. mi. (1924)
200,000 kw. (1924)

Haum (70,000 kw.) (35%)
Harwood (41,500 kw.) 21%)
low-gradc anthracite

river water

66.000: 110,000; 220,000 22,000: 66,000 66,000: 220,000
50/8 403 60/3

“Transmission Frequency (cycles/

S. Z. Mitchell
holding company (private)

Charles Merz
private shareholders

Hugo Stinnes
mixed: government and pri-
vate sharcholders

Entrepreneur
Ownership

Sources: Footnotes ol this chapter.

C;:‘:ﬁ:res are not available for the kw. capacity of NESCO's North Tees Central Station. In 1924 it may have been larger than that o

The geography of the Ruhr region shaped the character of the RWE

system. The Ruhr had the largest hard-coal deposits in Germany. Deep

hard-coal mines supplied fuel for RWE plants and used power from the

RWE system for pumps and other mechanical equipment. The first RWE

g ing plant was completed in 1900 at the site of the Victoria Mathias

mine in Essen (see Fig. XIV.2). Less than 100 kilometers from the heart

of the Ruhr were the relatively unexploited brown-coal deposits west of

Cologne. After World War I these were increasingly mined using strip, or

open-face, technology. Moreover, within economical transportation range

of the coal mines were the iron-ore deposits of Sweden and Spain; the

Rhine, its tributaries, and related canals made possible the importation of
iron ore from abroad.

The presence of coal, the proximity of iron ore, and the availability of
economical means of transportation all contributed to the industrialization
of the Ruhr and lower Rhine. The rise of the steel industry located major
power in the region supplied by RWE. The Krupp Company
had its headquarters in Essen, as did RWE. The establishment of heavy-
chemical plants along the Rhine provided RWE with outstandingly favor-
able load characteristics. In sum, steel making, coal mining, heavy engi-
neering, and chemical manufacture turned cities and towns like Essen and
Gelsenkirchen into densely populated centers and added diversity to the
utility’s load. Some of the largest industrial establishments generated their
own power in isolated plants, but over the years RWE's management per-
suaded many of these to exchange power with RWE or even become com-
pletely dependent on its system. RWE grew rapidly because its engineers
and managers integrated the utility into this supraindustrial system (see
. XIV.3).

8: and Gerhard Dehne, Deutschlands Grosskraftversorgung (Berlin: Springer. 1928). On the
econonic geography and history of the Rubr, see Norman J. G.. Pounds, The Ruhr (London:

Faber & Faber, 1952).
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Figure XIV.1. Installed capacity (kilowatts) (left) and production (kilowatt-hours) (right) of RWE, 1900-1927. From Dehne, Deutschlands

Grosskraftversorgung, pp. 61-64.

RWE's managers applied the economic principles of load factor and
economic mix to exploit the geographical situation, and thus these prin-
ciples made their distinguishing mark on the utility's style. As early as 1906,
surveys of the developing field of central-station electrical supply in Ger-
many singled out RWE as an outstanding example of supply and load
management. At that time, the managers of RWE were integrating the
formerly independent, or isolated, generating plants of the Ruhr coal mines
into the emerging RWE system. The mines drew supplementary power
from the RWE system during their period of heaviest demand, 6 A.M. (0
2 p.M.; at other times, the more efficient generating plants at the mines
fed their excess power into the RWE system.”

‘The integration of RWE into a widespread industrial system and the
application of system economics resulted in part from the influence of
Hugo Stinnes and August Thyssen, who in 1902 acquired control of RWE
through a consortium. Beginning as an owner of coal mines, Stinnes (1870~
1924) became one of the most resourceful system builders in Germany, if
not in the world. The first of RWE's power plants was located at his Victoria

“Professor Baum,” “Beitrige rur Frage der Krafierzeugung und Krafiverwertung auf
Wergwerken.” Glueckauf 42 (1906): 1197-84: Electrical World 47 (1906): 811.
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Figure XIV.2. First RWE central
station, Essen, 1900. Courtesy of
Rheinisch-Westfalisches Elehtricititswerk,
Essen, Germany.

THE STYLE OF EVOLVING SYSTEMS
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Mathias mine in Essen. Stinnes conceived of electricity as a way of pooling
energy into a generally usable form.*

As early as 1902, Stinnes, who became chairman of RWE, associ
himself with the economic and technical principles of such bold concep-
tualizers of electric power systems as Samuel Insull, who envisaged the mass
production and marketing of energy being furthered by rationalization ol
production facilities. As Stinnes wrote in the utility's 1902 report,

We do not consider it our goal to exploit our monopoly in various districts by
limited output at high prices as is the practice with most local suppliers, but
believe our responsibility 1o ourselves and our custome! especially the railroads
and industry, is to supply power at the lowest possible pr
pussible quantities. Through the rational utilization ol gener:
distribution network, we shall regularly establish our rates on the basis of
reduced costs.”

The organizational form and ownership of RWE evolved complexly.
When Stinnes set out to establish a single supply system for the Ruhr region,
the company proceeded to purchase other utilities, privately and govern-
ment owned—for instance, the Elektrizititswerk Berggeist AG in Briihl
and the Bergishes Elektrizititswerk in Solingen in 1905. RWE negotiated
cooperative arrangements with local governments that not only enlarged
the utility's area of supply but also provided expansion capital. her-
more, the arrangements resulted in RWE's systematic involvement with
c s and utility regulators. By 1910, ¢ ities such as S

* Electrical World 49 (1907): 629.
YRWE Geschiiftsberichten, p. |
Rainer Winderlich. 1958).

Stinnes see Gert von Klass, Hugo Stinnes (Tiih
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Figure XIV.3. The RWE system, 1907. .
From Dehne. Deutschlands )
Grosskraftversorgung, p. 27. .

Ruhrort. and the district of Essen were purchasing RWE stock and taking
electric supply from the utility. Stock ownership brought the local govern-
ments membership on the company's advisory committee (board of direc-
tors). At that time, local governments had considerable influence in deter-
mining the policy of the mixed-ownership enterprises that supplied electricity
to them.'® Political power and the constitutional arrangements of the local
governments in the area of RWE supply facilitated the integration of gov-
ernment-owned and private utilities and encouraged mixed ownership,
which was not the case in either the United States or England. This factor
greatly affected the characteristics of the RWE system.

During the first two decades of its existence, RWE spread its area of
supply into a region centered on the Ruhr valley and evolved into a mixed-
ownership enterprise with about half of its shares in the hands of local
governments and the other half in the hands of private investors. Nego-
tiations between the utility and local governments in the Prussian provinces
of Rhineland and Westphalia (which encompassed the Ruhr region) were
facilitated because industrial leaders, allied with Stinnes in matters per-
taining to coal, iron, steel, and chemicals, were influential in local govern-

d

ment. The ingenuity and complexity of the negotiations that culmi
in the mixed-ownership structure is suggested by an episode involving RWE
and three utilities owned by local gover . The conf ion was

resolved by negotiations during the period 1906-8. In 1906 RWE reached
oul'loward the city of Dortmund and its environs by building a power
station 10 supply the district and obtaining supply concessions. It offered
to purchase Dortmund’s city-owned utility, but the city refused and, sup-
pqr‘led by Berlin banks and the electrical manufacturer Aligemeine Elek-
trizitdts-Gesellschaft, enlarged its own plant. The expansionistic policy of
RWE was further frustrated by two other local government utilities in the
region, one based at the city of Bochum and the other at Hagen. A solution

19 Elektrotechnische Zeitschrift 30 (1909): 1226 6): 107; : 662; 31 (1910:
1262: 47 (1926): 106-7 ) 1226; 47 (1926): 107: 29 (1908): 662; 31 (
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to the stalemate was found when Stinnes and his associates and the Dort-
mund utility agreed to form a new utility (0 take over the RWE power
plant near Dortmund and the concessions RWE had recently acquired
there."" Both Dortmund and RWE would own stock in the new company.

The growth of RWE was deeply affected by the severe stresses of World
War I and the Versailles peace settlement. The year before the conflict
erupted, RWE completed a power station at Knapsack in the brown-coal
district southwest of Cologne. Equipped with two 15,000-kw. turbogener-
ators, the plant used brown coal, or lignite, taken by the open-face method
from mines owned by the Roddergrube AG, a mining company with which
RWE concluded a supply contract. This coal had only one-fourth to one-
fifth the caloric value of hard coal. Durmg lhe war, demand for energy
from the war-stimul f ers of al nitrates, carbide, and
other materials caused RWE to expand its Knapsack plant greatly. Six
15,000-kw. turbogenerators were added, and before he died in 1917, the
engineer and designer of the station, Bernhard Goldenberg, commissioned
the installation of two 50,000-kw. units, turbogenerators that were larger
than any others in the world (see Fig. XIV.5). As a memorial, the power
station was later named for Goldenberg.

RWE concentrated its capacity at the Goldenbergwerk because of the
savings that could be realized in copper, transportation, and labor. The
very large units used less copper than a number of small ones supplying
the same output; materials-handling equipment moved the brown coal to
the power station, thus relieving the railroads of the burden of transporting
low-caloric fuel. Endless chains pulled wagons, and gravity bucket-convey-
ors reduced labor. From 5,000 to 10,000 tons of lignite could be moved
daily. Transmission lines carried 100,000 volts of electricity to load centers.
Because siting at the coal deposits precluded location of the plant near a
natural source of cooling water, a bank of cooling towers was built to service
the turbine condensers.'?

When peace came, RWE continued to expand the Goldenbergwerk. The
Treaty of Versailles stripped Germany of 40 percent of its prewar hard-
coal supply, and the reparations agreement called for the export of hard
coal. Not only RWE, but Germany's public utilities generally, shifted to
brown coal. In 1913, 23 percent of the fuel burned was lignite; by 1922,
41 percent was. In 1924 the Goldenbergwerk had a capacity of 290,000
kw., or 60 percent of the total capacity installed by RWE (see Figs. XIV.6
and XIV.7).'®

When the German government began exporting hard coal to meet the
reparations demands laid down at the Spa Conference in 1920, RWE's

" 1bid. 27 (1905): 828; 25 Jahre VrmmgleltMmltaLwnAl Wesfalen, 1925-1950 (Dortmund:
VEW, 1950), pp. 12-13; es R
Elektrotechnische Zeitschrift 28 (1907): 243—44.

" Dehne, Deutschlands Grosshrfiversorgung. pp- 57-59 62; RWE Geschafisberichten, pp. 28—
31; “Report on Electric Power Supply D y: Zonc of British O
16 July 1919," Merz & McLellan "Reports and Tesu” (vol 1124, folio 29) Tyne and Wear
County Council Archives, Newcastle upon Tyne, England (no author of this typescript is
given); and Elekirotechnische Zeitschrift 34 (1913): 1988; 38 (1917): 430-31: 41 (1920): 455; 43

(1922): 55.
13 Dehne, Deutschiands Grosshraftversorgung, pp. 50-51, 62; RWE Geschdfisberichten, p. 31.




Figure XIV.4. Bernhard Goldenberg.
Courtesy of Rheinisch-Westfalisches
Elekinzititswerk, Essen, Germany.
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Figure XIV.5. The G qwerk, 1919. Courtesy of Rh h (falisches El i
Essen, Germany.

hard-coal-fired plants failed to receive an adequate supply of the fuel. Ever
more dependent on its Goldenberg plant and the nearby supply of brown
coal from the Vereinigte Ville and Berrenrath mines owned by the Braun-
kohlen-und Briketwerke Roddergrube AG, RWE's managers sought a surer
means of guaranteeing supply. They believed that a contractual relation-
ship was not adequate for the future; the needs of the Goldenbergwerk
could not be specified over a number of years, and Roddergrube would
give priority to the demand for brown-coal briquettes. Under thesc cir-
cumstances, RWE negotiated an Interesseng haft ("pooling agree-
ment”) with Roddergrube. Signed in 1920, the agreement preserved the
legal independence of both parties, but turned over the management of
Roddergrube to RWE. The ninety-year agrecment also specified how prof-
its to the two parties would be pooled and divided among the respective
sharcholders. The new gerial arrangy gave priority (o supply of
the Goldenbergwerk.'*

Wanting to guarantee a supply of hard coal for other generating stations
insofar as reparations and government allocations allowed, RWE also ne-
g iated a similar /i ssengemeinschaft with the suppliers of its generating
facilities in Essen. In 1921-22 RWE further cnsured its control over the
hard-coal mines by acquiring their stock through an exchange of stock
made possible by the substantial increase in RWE capital shares. With its
encrﬁz base established, RWE looked forward to expanding its supply
arca.”™

The RWE Roddergrube Interessengemeinschaft facilitated cooperation in
matters less obvious than profit and the allocation of brown-coal produc-

" Kilnsche Zetung, 9 and 14 Se prember 1920,
" RWE Geschiiftsberichten, pp- $0-31.
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Figure XIV.7. Percentage of hard coal
(Steinkohle), brown coal (Braunkohle),
and water power (Wasser) in energy use of
public electric wtilities in Germany, 1913
and 1922. From Dehne, Deutschlands
Grosskraftversorgung, p. 51.

tion. It also furthered cooperative technological arrangements. Because the
agreement extended over a period of ninety years, capital could prudently
be invested in physical facilities that tied the partners together. This meant
that more materials-handling equipment could be constructed to move
brown coal from the open-pit mine to the brown-coal-consuming power
plant. In the 1920s, oversized, dredge-like steam shovels removed the ov-
erburden of soil, and endless-chain cutters ripped away the brown coal and
dumped it into cars drawn by electrically driven cog-wheel locomotives
directly to the power plant.'® (See Figs. XIV.8-XIV.11.)

Having been in existence for almost a quarter of a century, by 1920 RWE
had an identifiable character and a tradition, or momentum. Frugal in its
use of energy, taking the craftsman’s and engineer’s pride in a high level
of technical efficiency, effective in raising capital for expansion. flexible
and pragmauc in us assocnauons with political authonues, innovative in its

org: of d. p utilities, ¢ ited to the mass producuon
of energy and to territorial expansion, and shaped by historical contin-
gencies, RWE had a rich experience from which to formulate general policy
principles. RWE's managers articulated a science of economics and tech-
nology that was particularly applicable to RWE. These policies, and the
technological decisions that stemmed from them, can be observed in the
history of RWE in the twenties.

The policy of mass production and large-area supply, associated with
Stinnes as early as 1902 and called “rational” by him, was finely honed
during two decades of growth and was associated with the “rationalization™
movement that took place between the two world wars. The concept, as
noted, was generally applied to German industry in the 1920s. After World

in Brid, 1927
mit Schrig-
Zeitschrift des Vereines deutscher Ingmleun 72 1IMRD 1256-62; and Georg Klein,

len-und

aufzligen
Handbuch fiir den Dtuuthln Hmunbohlmbergbml 1llmll¢ Kmpp. 1935), 2: 760-62, 1113-21. |

am indebied to the Rhei haft for these
See also Robert A. Brady, TheRalmuahmlmnanmmlmCmvwn Industry (Berkeley: University

of California Press, 1933), p.
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Figure XIV.8. Brown-coal transportation
system, open-pit mining, 1942. Courtesy of
the Rheinbraun Archives, Pfaffendorf.
Germany.

XIV.9. Broun-coal open-pit

mining, 1926, at the Vereinigte Ville mine.
Courtesy of the Rheinbraun Archives,
Pfaffendorf, Germany.

War 1, the policy of rationalization aml ll\e pnnclples of its application to
electric supply systems were | by RWE? Ration-
alization as defined and prﬂcuced by RWE—and pl acticed by American
utilities—differed significantly from rationalization as defined by the older.
labor-intensive industries in Germany such as mlmng and iron and steel
production. Utilities like RWE were capital intensive and therefore con-
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Figure XIV.10.  Open-pit mining:
Brown-coal transportation system,
Vereinigte Ville mine, 1930. Courtesy of
the Rheinbraun Archives, Pfaffendorf,
Germany.

Figure XIV.11. Broun-coal
transportation system, Vereinigte Ville mine,
1938. The group of cight stacks with four
behind is the Goldenbergwerk. Courtesy of
Rheinische Braunkohlenwerke AG,
Cologne, Germany.

cerned about saving capital. Labor was a relatively unimportant factor in
the cost accounting of electricity supplicrs. (The visitor to a mammoth
power plant would observe only a handful of workers.) Only when the
production of hard and brown coal was taken into account did the labor

factor assume major importance, and the utility engineers who defined
rationalization focused on cost accounting as it pertained to the capital-
intensive technology under their control—not to the production of fuel.
In the high-technology, capital-intensive electric supply industry, ration-
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alization involved an elegance and precision of concept that was unknown
in the older, labor-intensive industries, which mixed Taylorism and simple
mechanization into an amorphous concept of rationalization.

A. Koepchen, the engineer who in the 1920s as 2 member of RWE's
management committee played a leading role i in the forrnulauon of com-

pany policy, noted that electrical engi dr li es-
pecmlly well. He defined lhe concept as using technology to obtain the

with a of resources (Vollm/mwgm) He be-
lieved the esscnce of rationalization (o be Verbundbetrieb, which he defined

as the coordination of interconnected power plants supplying a large area.
He included in his definition the power plants of a single undertaking as
well as those belonging to different utilities if they were interconnected.
The goal of rationalization was coordinated operations.'”

RWE Verbundbetrieb stressed not only the interconnection of power plants
but also an economic mix of the energy sources used by the interconnected
plants. As has been noted, the geography of the Ruhr region provided
RWE with the opportunity to mix brown-coal and hard-coal generation;
then, during the twenties, the utility took the substantial step of incorpo-
rating water power into its economic mix. Prior to this, RWE Verbundbetrieb
had called for brown-coal plants located at the mines to carry the system’s
base load because their year-round generating costs were the lowest in the
mix, and for the hard-coal plants to pick up any load that exceeded the
Goldenberg station’s capacity. After hydroelectric plants were connected,
RWE used the output of the running-water, or low-head, hydroelectric
plants as it became available because the energy could not be stored and
because the capital costs of these plants were low. The high-head plants
with dams or reservoirs allowed energy to be stored in the reservoirs, so
their output was uscd scasonally according to supply and demand.

In the 1920s, rationalization as practiced by Koepchen and other RWE

s lved load g as well as Verbundbetrieb. The com-
pany persuadcd chemical works in the Ruhr and along the Rhine to aban-
don their isolated plants and take power from RWE. Chemical loads were
especially soughi after because they used electricity for heat as well as for
electrolysis. These steady loads, taking current night and day, provided a
nearly ideal load factor. The iron and steel works of the Ruhr region also
loaded the RWE system economically because the rolling mills and electric
furnaces were large, steady c s. From its founding, RWE had im-
proved its load factor by supplying encrgy for mine pumps that cleared
the mines of water during the night hours.'® During World War I, while
building the Goldenbergwerk, RWE bought shares in a company that pro-
duced potash lye and soda lye, a company that in turn became a major
RWE customer. RWE also supplicd the Erfiwerke, a newly constructed
aluminum works which during and after the war was one of the utility's
largest consumers. Dyeworks and metallurgical plants such as the Bergische

YA, Koepchen, RWE in der dewschen Elekuizititswirtschaft” (Speech delivered in
the Haus der ‘Technik in Essen on 28 March I‘HO). v 3-5: copy in lhe Ilbrary of RWE
headquarters, Essen. The s|)cctl| was also publi e A. K
schaft (Essen: RWE, 1930), p. 10.

" Koepchen, RWE Elekirivitiitswirtschaft, v. 4.
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Stahlindustrie Lindenberg in Remscheid and the Krefelder Stahlwerk also
became major RWE customers.

In a widely quoted talk given on 28 March 1930 in the Haus der Technic
in Essen, Koepchen compared the efficiency and resulting economy of the
RWE system with the results achieved by other utilities operating in smaller
supply areas and with a less cxlcnslve and diverse mix of power plants. He
characterized RWE as an le of r lization, or Ver-
bundbetrieb, and he articulated the pri nc|plcs of the policy. He compared
the load curves of RWE, the Hamburg utility, and the Berlin uility (BE-
WAG). With a better load curve and economic mix of generating plants,
RWE reduced the costs to large, industrial consumers below the costs they
would incur in their isolated plants, thereby bringing industries with good
load characteristics into the system. This further improved RWE's load
factor and allowed the uuhly to reduce the price it charged the small,
commerclal and resid, c s. Koepchen acknowledged that RWE's

limi 1 the of the utilities and isolated power plants
that were incoporated into the RWE system, but he argued that the eco-
nomics of rationalization would prevail over the objections of individuals
and small companies desiring to remain Eigener Herr im Haus (“master in
one’s own house”)."?

As descnbed by Koepchcn. Verbundbetrieb horizontal b

ion. There is, h , an important difference between business
combinations, such as trusts and cartels, and Verbundbetrieb. Business com-
binations are commonly formed for the purpose of controlling or regu-
lating supply, price, and marketing; Verbundbetrieb is a combination for the
purpose of increasing the technical efﬁclcncy of production. Verbundbetrieb

bl

|s technological and physical comt Technological combination
, is often pl 1 by a busi bination. Hence we
arrive at the association of Verbundbetrieb with busi bination.

RWE Verbundbetrieb combined similar production units, generating fa-
cilities. RWE also entered into technological combinations comparable o
vertical business combinations. Units along the line of production from
energy resources and raw materials to finished products and available en-
ergy were combined. The form of these vertical combinations varied, as
with horizontal ones, from firm and formal agreements to loose and in-
formal ties. Much as transmission lines were the technological connectors
for Verbundbetrieb, materials-handling | and energy-convcrslon lcchnology
were the linkages for vertical bi Theb org and
relationships that were formed to manage the vertical lechnologlc‘ll com-
binations included long-term contractual relationships such as that between
Roddergrube and RWE.

Taking advantage of the German government's encouragement of Ver-
bundbetrieb and the legal status of trusts, cartels, and other forms of com-
bination, RWE not only entered into technological (or tight-linkage) com-
binations but formed loose confederations as well. While these loose
combinations did not involve physical technology, they did usually reflect
the relations of energy supply and production—for example, the relation-
ship between the manufacturer of clectrical equipment and the utility using

' Ibid., pp. 3-5.
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the equi; RWE's was prone 1o loose combinations be-
cause of the system- building ‘drive of the utility’s founder, Hugo Stinnes,
and his successor in 1924 as head of RWE, Albert Vogler.

Stinnes favored vertical combination and sought linear arrangements
involving raw material (such as coal), manufacturers (such as iron and steel
mills), and finished-goods producers (such as machine works). Immediately
following World War 1, he presided over the largest combination of in-
dustrial enterprises yet formed in Germany, the so-called Siemens-Rhein-
Elbe-Schuckert Union, which included coal, steel, and electrical-machine
manufacture. RWE coordinated its policies with the union through Stinnes,
who looked upon electric power transmission as the eventual physical, or
technological, connector in this combination. The union did not survive
Stinnes’s death, but its history stands as testimony to his instincts and pol-
icies. Stinnes's public utterances suggest that he viewed his rational indus-
trial creations as substitutes for, and improvements upon, centralized gov-
ernment socialism.

Desplle lhe plannmg and ordered design that were inherent in ration-

dbetrieb, and combinati RWE, partly in reaction against
planning on the muonal level and partly out of a commitment to the
pragmatic approach, advocated regional-system growth by evolution rather
than by long-term planning. After more than twenty-five years of opera-
tions. RWE knew its history and characteristics well enough to define its
philosophy of growth. In their 1930/31 annual report, RWE's managers
insisted that long-term planning forced utilities into a Procrustean bed that
prevented response to an unceasing flux of opportunities and challenges.
Plans, they argued, take into account only the circumstances that exist or
are conceivable when the plans are formalized; therefore, they fail to pro-
vide for the technology and circumstances of the future. Plans, they con-
cluded, become especially constraining blueprints in new, rapidly evolving
fields of technology like electricity supply. (RWE may have had von Miller’s
Bayernwerk and plans for an all-German gml in mind.) Driven to expand
by their economic motives and by technological p ial, RWE's g!
lavored instead the “natural” course of develoj through ically
prudent, step-by-step responses to concrete opportunities.?®

The ecotechnical principles of RWE (more generally termed its style)
were embodied in the utility's technology in the 1920s. RWE's technology
was a cultural artifact, a physical nmnll’esldnon of the uuluy s strategy and
structure. To ensure that the tech gy was repr gi ing
managers were needed who could integrate politics, econmmcs. and tech-
nology. Indicative of this emphasis was the elevation of Arthur Koepchen,
formulator of rationalization concepts, to the position of principal manager
I'ollownng the death of Bernhard Golklenberg in 1917. An engineer by
training, Koepchen was known for his omsmndmg managerial abilities. He
has been compared to Emil Rathenau, the innovative founder and manager
of AEG.*! Koepchen presided over the design and construction of a 220,000
volt transmission line that RWE extended over 800 kilometers from the

* Annual report for 1930131, quoted in RWE Geschiftsberichten, p. 50.
¥ Georg von Siemiens, History of the House of Siemens, trans. A. F. Rodger, 2 vols. (Freiburg/
Munich: Alber. 1957). 2: 111
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brown-coal fields and hard-coal mines of northern Germany to the water
power in the south. This technological project plifies well RWE's style
in the twenties. Koepchen undoubtedly took part in finding the way to
finance construction of the line; he also seems to have made the decision
about its feaslbﬂny In April 1924, with E. Henke, another member of the
(Vi d), Koepchen visited the United States to
study hlgh-vollagc transmission as well as U.S. management and finance
procedures.?? California had led the way in high-voltage transmission. Sev-
eral years later, however, Koepchen took pains to point out that although
California had two 220,000-volt lines before RWE began construction ol
its great north-south transmission line, the California system grounded its
neutral, or Nullpunkt, and therefore the voltage between line and carth was
only 220,000 + V/3, or 127,000 volis. The RWE line was not grounded,
because the post office and railroads objected to interference with their
telegraphic communications.?

Both in Germany and the United States, the utilities turned to the man-
ufacturers for detailed designs to fulfill general specifications. The RWE
tr ission line was one of the major contracts of the decade, so AEG,

Essen,
Germany.

Siemens-Schuckert, and Felton & Guilleaume competed. RWE specified
hollow steel conductors after Koepchen discussed these with the Americans.
Siemens-Schuckert drew upon the deslgu of a hollow cable palcnlcd in
I919by" denberg, d | new lators, and 1 the
construction routine. The hollow steel cable was 60 percent chcapcr than
solid copper cable. RWE awarded three contracts: 40 percent of the length
of the line to Siemens-Schuckert and 30 percent each to AEG and Felton
& Guilleaume provided that each used the Siemens-developed cable. An-
other problem solved by the manufacturers was design of outsized switch-
gear and transformers; the lauter had to be adaptable to rail transport
despite their weight of 168 tons.?*

Another major RWE project of the twenties, a pumped-storage power
plant, exemplifies the management's drive to raise the load factor and to
utilize fully the capacity of its economic mix of power plants. The plant at
Herdecke on the Ruhr River began operations on 28 January 1930 (see
Fig. X1V.13). It, along with the 220,000-volt transmission line, was the most
impressive of RWE's technological achievements in the 1920s. The concept
of Herdecke, later named the Koepchenwerk, was summarized by Koepchen
as follows:

The RWE, not wishing to continuously install new sets in its thermal power
stations only for the purpose of covering the short winter lighting peaks, thought
it advisable to use the generating capacity available at no further capital outlay
during the night due to the then smaller load to pump water into an upper
reservoir. The power for the mgln pumpmg would originate in otherwise
underloaded thermal stations, low-| lic plants, or blast-fu e gas
power stations. [During the day the slored water would be released from the
reservoir (o drive water wrbines and generators to provide power when needed.]
The Herdecke pumped-storage power station, the capital cost of which per

2 RWE Geschiftsberichten, p. 37.
 Koepchen, RWE Elehtrizitétswirtschaf, p. 9.
* Von Sicmens, Howe of Siemens, 2: 112-13.
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Figure XIV.13. Koepchenwerk (earlier
known as Herdecke). Courtesy of the
Rheinisch-Weslfalisches Elekirizitdtswerk,
Essen, Germany.
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kilowatt was not higher than that for a thermal power station of similar size,
shows that such a station is thoroughly able to pay for itsell; moreover, this
storage power station, apart [rom achieving its function of transforming low-
grade power into high-grade power, may also be called on as an instantaneously
effective stand-by.?*

‘The public generally and some technical persons found absurd the notion
of pumping water up to a reservoir from a river and then letting it run
down to drive water turbines. RWE's management, well versed in the eco-
nomics of Verbundbetrieb, went ahead and constructed a facility that in 1930
drew as much as 75,000 kw. from the RWE system during periods of low
load and supplied as much as 132,000 kw. at times of peak load (see Fig.
XIV.14). The reservoir, excavated on a hill about 165 meters above an
artificial lake on the Rubhr, stored 1.6 million cubic meters of water. The
lake, the Hengsteysee, had been built by the Ruhrverband, Essen, to reduce
pollution in the Ruhr River. The RWE power plant had three complete
units initially, each consisting of a Francis turbine, a combination motor-
generator, and a pump. The motor-generators were rated at 33,000 kw.
at 330 rpm; two were of AEG manufacture and two, Siemens-Schuckert.
At times of low load, the motor-generators functioned as motors to drive
the 33,000-h.p. pumps that lified the water from the Hengsteysee to the
storage reservoir; during times of peak load on the RWE system, they
functioned as generators driven by the water turbines at 300 rpm. The
water flowed down in four pressure pipes, or penstocks, whose inner cross
section tapered from 3.20 meters at the valve control house near the res-
ervoir to 2.55 meters at the power house; the length of the pipes was 292

¥ Koenchen. RWE Elektrivitdtswirtschaft. . 7
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Figure XIV.14. Inflow of electrical
energy of storage water pumps at Herdecke
power plant (shaded areas) and outflow
of electrical energy from Herdecke water
turbines (b) during a twenty-four-hour
period. From Koepchen, “Das RWE."
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meters. A fourth pump was to be added to complete the plant’s fourth
unit. RWE expected the installation in full use to operate as a generating
station for 4.4 hours in each twenty-four, which would result in an output
of about 580,000 kwh. Construction of the installation involved up to 2,000
workers and took two years. RWE planned the entire layout with the co-
operation and construction supervision of the Lahmeyer Company, Frank-
fort on the Main. When pumping, the Herdecke plant was expected “to
flatten essentially the load curve of the entire RWE system” (see Fig. X1V.15).2¢

By the end of 1930, the RWE system had a generating capacity of 800,000
kw., 500,000 kw. of which were concentrated in the Goldenbergwerk, the
largest power plant in Germany. In order to achieve the most economic
mix of generating facilitics in response to the system’s ceaselessly varying
load, the interconnected power plants and load needed to be centrally
controlled and monitored. For this purpose, RWE tied together its spider
web of transmission and distribution lines at Brauweiler, in the brown-coal
fields west of Cologne. There, in October 1929, the main switching station
of the system began operating. Its control panels indicated the state of the
system at various points, and the load dispatchers could remote-control the
switches and circuit breakers, connecting and disconnecting the various
generating facilities (see Figs. XIV.16 and X1V.17). RWE's managers con-
sidered the Brauweiler control center to be the greatest concentration ol
electric power in the world.

The high-voltage transmission line extending through Germany was a
dramatic achievement that recalled the great trunk-line railways of the
nineteenth century. Pumping water uphill, the Herdecke plant was a won-
drous paradox to the technologically naive. And the Brauweiler switching
station symbolized the power ions that were possible in the twen-
tieth century. Nevertheless. the most complex problems of these techno-
logical projects were political. The history of the continuous expansion of
the supply territory of RWE is one of political struggle, as can be seen in
the following narrative account of the thrusts and counterthrusts made,
the ground gained and the compromises negotiated.

On one level the competition for energy sources and market involved
competition among utility holding-companies and among utilities. Beneath
the surface, however, the struggle was one for power—political, not tech-
nological—among government authorities. Representing local govern-
ments and private shareholders, RWE competed for territory with two
other large utilities, the Preussische Elektrizitits AG (Preussenelektra), owned
by the state of Prussia, and Elekirowerke AG (EWAG), controlled by the
Reich, or central, government. At stake was control of Germany's electric
supply—not only dominance of the electric supply industry but the asso-
ciated political authority and economic power of various levels of govern-
ment. The interests represented by RWE were the most complicated. Local
governments, mostly in the Rhineland and including the Ruh.r, voted RWE's
controlling stock; but private interests, banks and industrial enterpri

© RWE, Pumpspeicherwerk Herdecke a.d. Ruhr (Essn: RWE, n.d. [19302]), a booklet in the
RWE Archives, Essen; quote from Koepchen, RWE Elekirisititswirtschaft, p. 7. Sec also A.
hen, “Warum Pumpspei ke?" (n.d.), an cssay in the RWE Archives (archive no
XXIVII/2C), Essen, Germany; and “Bescitigung der Spitzenlast,” Deutiche Allgemeine Zeitung,
31 October 1929.
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Figure XIV.15. Representative load
curves (c. 1930) for RWE, the public
wutility in Hamburg, and that in Berlin
(Bewag). From Koepchen, “Das RWE."
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also had substantial ownership and influence in the company. To compli-
cate matters lurther, the state of Prussia also held minority shares in the
company.?” Therefore, RWE represented local government, private en-
terprise, and central government. Some local government authorities were
hostile to RWE, however, because it deprived them of the ultimate authority
to manage their public utilities.®

Early in the 1920s RWE began its concentrated move southeastward to
water-power sites in the Alps. It acquired transmission-line rights and power-
exchange interconnections by buying controlling stocks in the Elektrizitits-
Actiengesellschaft vorm. W. Lahmeyer & Company. This company had
been the principal stockholder in RWE from its founding until 1902, when
Hugo Stinnes and August Thyssen bought the controlling shares. Subse-
quently, Lahmeyer, which was headquartered in Frankfort on the Main,
sold its electrical manufacturing facilities to AEG and concentrated on
constructing and operating power plants and transmission systems. Lah-
meyer was especially active in hydroelectric systems. Among the subsidiary
utilities it controlled as a holding company were the Mainkraftwerke AG,
which supplied territory on the right bank of the Rhine; the Kraftwerk
Altwiirttemberg AG, which from a hydroelectric installation on the Neckar
River near Heilbronn supplied the regions of Swuugart; and the Lech-
Elektrizitatswerke AG in Augsburg, which operated the largest distribution
system in Bavaria. To acquire controlling interest in Lahmeyer and its
subsidiaries, RWE had to deal with the Elektrobank (later Elektrowatt) in
Zurich, Switzerland, a company that financed electrical undertakings and
owned shares in Lahmeyer.?®

The move southward toward the Saarland also involved the piecemeal
acquisition of controlling interest in utilities. RWE acquired shares in un-
dertakings supplying cities, towns, and rural districts preliminary to ar-
ranging system interconnections and extensions of high-voltage lines. The
utilities with which RWE made such arrangements included those with
headquarters at Bad Kreuznach, Meisenheim, Koblenz, Worms, Idar, and
Trier. These were mostly in Rhineland-Palatinate. The Saarland, with its
hard-coal mines, did not revert to Germany until the plebiscite of 1935,
but anticipating the union, RWE extended its high-voltage power lines into
the region and interconnected along the way with water-power stations on
the Moselle and its tributaries.>

During its expansion, RWE encountered the widespread electric supply
system of the state of Prussia. In the vicinity of Frankfort on the Main,
Prussia had acquired a power station and wanted to supply the city. Because
RWE considered the area to be in its sphere of interest, it opposed the
move. Anticipating that RWE might attempt to frustrate negotiations with
the city, the Prussian government withheld the right of way RWE nceded
to cross the Main River and move southward with its high-voltage trans-

7 Elektrotechnische 7nurhn/l 45 11925) 1168.

" Wilhelm r-eue. "Dl(‘ als G Hage der kiewirtschaft und
die Frage der Sicherheit der i in 11" i Wirtschaft und
Rustung am Vorabend des 2. Wellhrv/zu, ed. F. Fnr‘llneu- and }. E. Volkmann (Dasscldorf:
Droste, 1975), p. 138.

W RWE Geschafisherichten, p. 33.

*Treuc, “Elektrizitdiswirtschaft,” p. 136.
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Figure XIV.16. Schematic of the RWE high-voliage transmission
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network. From Koepchen, “Das RWE."
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Figure XIV.17. RWE high-voltage transmission network, From
Koepchen, “Das RWE."

mission system. RWE complained about a state government’s using its legal
authority to favor its own utility interests over those of a competitor, but
RWE had made use of the legal authority of the local governments among
its shareholders to acquire [ranchises and rights of way. In 1927 Prussia
and RWE negotiated a demarcation treaty that came to be known as the
Elehtrofrieden (“electrical peace”). Western Germany was defined as the sphere
of influence of RWE, and the area from the North Sea coast along the
Weser River to Frankfort on the Main was designated the sphere of interest
of Prussia. The peace was seen as an interval in the long-term struggie for
control of electrical supply in Germany.*'

Prussia got its supply contract with the Frankfort utility, and RWE crossed
the Main. RWE then proceeded to reach an agreement in the province of
Baden to extend its major high-voltage transmission line (220,000 volts) to
Rheinau on the Neckar River. There an interconnection was made with

3 1bid.
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the supply network of the Badenwerk, which drew upon water-power sta-
tions on the upper Rhine and in Switzerland. In this way RWE's coal-fired
plants and the Alpine water-power plants could exchange energy econom-
ically. RWE's eventual goal was to extend its 220,000-volt transmission line
(through agreements with Wiirttemberg utilities) directly to the Alpine
water-power sites of the Vorarlberg district of Austria. In the meantime,
RWE and the Bayernwerk agreed to interconnect systems, thereby mixing
energy from the brown-coal fields of the Rhineland and the water-power
stations of the Bavarian Alps.*

The negotiated peace, or demarcation treaty, of 1927 also resolved some
differences concerning RWE'’s western territory. The energy involved in
this instance was brown coal. The Prussian government had purchased the
Braunkohlen-Industrie AG (*Zukunft”), which mined brown coal and sup-
plied electrical energy in the vicinity of Aachen, less than 125 kilometers
from the Ruhr valley, the heart of the RWE system. RWE persuaded Prussia
to give up its interest in the “Zukunft” by turning over to Prussia its shares
in brown-coal fields in the Braunschweig area in central Germany. RWE
also acquired by agreement an interconnection of its system with the elec-
trical supply systems of the brown-coal area of central Germany.**

As observed in this study, the technological linkages often needed insti-
tutional contexts. The political struggles surrounding the 220,000-volt
transmission line were mirrored in organizational forms. Notable among
these was the Westdeutsche Elektrizititswirtschaft AG, which provided for
cooperation among the west German utilities tied to one another by the
transmission line (see Fig. XIV.18). RWE and the Vereinigte Elektrizitits-
werke Westfalen, GmbH, Dortmund: the Kommunales Elektrizititswerk
Mark AG, Hegen; the Braunkohlen-Industrie AG (“Zukunft”), Eschweiler;
the Mainkraftwerke AG, Frankfurt-Hochst; the Badische Landeselekiri-
zititsversorgung AG (Badenwerk), Karlsruhe; the Hessische Eisenbahn AG,
Darmstadt; and the Elektrizititswerk Rheinhessen AG, Worms, partici-
pated in the organization, each holding 10 percent of the Westdeutsche
shares except the last two, which shared a 10 percent holding. The re-
maining 30 percent of the shares were reserved for Wiirttemberg and
Palatinate utilities, logical choices for expansion because of their proximity
to the transmission line.

The Westdeutsche Elekirizititswirtschaft was in part a response to those
who insisted that all German utilities should be tied together technologically
and administratively. Oskar von Miller’s plan of 1930 was an expression
of this conviction (see p. 315). RWE believed that more flexible and prag-
matic responses were possible within a loosely structured association such
as the Westdeutsche Elektrizititswirtschaft. Through it the associated util-
ities could further the technology of interconnection and thereby ration-

alize their common interest in an energy mix and economical load diversity
overa I‘lrgc lcglnn of Germany. M The Wcsldeuhche Elektrizititswirtschaft
was an I expression of Verbundb . It was also re i
of RWE's empirical :md evolutionary style.

* RWE Geschiftsberichten, p. 42 selections from the annual report for 1925/26,
*1bid., p. 45 (a selection (rom the annual report for 1926/27).
Ibid., pp. 49-50.
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Figure XIV.18. Coupled systems of the
Westdeutsche Elektrizitdtswirtschaft AG.
From Koepchen, “Das RWE.”
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East of the 220,000-volt RWE transmission line, RWE's most powerful
competitors also projected a transmission line to connect the brown coal
of the north with the water power of the south. Like RWE, the competition
sought an economic mix in which the southern utilities would supply in-
expensive power when water was abundant, especially in late spring and
early summer, and the coal-fired plants of the north would “wheel” power
south in the winter, when snow and ice lowered the level of the Alpine
lakes. On 16 May 1928 the Elektrowerke AG, the Preussische Elektrizitits
AG, and the Bayernwerk formed the Actiengesellschalt fiir deutsche Elek-
trizititswirtschaft (German Electricity Company) to connect Hamburg with
the Bavarian Alps, where Oskar von Miller's Walchenseewerk would feed
into the system. Along the way, a 220,000-volt connection was made with
the EWAG system of central Germany, which included the Golpa-Zschor-
newitz brown-coal plant built in World War 1.%%

% Cerhard Dehne. “Interconnection in Germany,” Electrical World 92 (1928): $78-79.
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Such competition was not only technological and political; it was financial
as well. To compete for such projects as long-distance transmission lines,
the German utilities resourcefully drew from both private and government
sources of capital. RWE increased its shares and sold them to private inves-
tors and local governments. Paradoxically, the Prussian government bought
RWE shares as well. In addition, RWE obtained long-term loans from U.S.
banking houses, which in the twenties were especially interested in German
investments.

RWE and the other large German utilities were unusually heavily capi-
talized enterprises. By focusing on electrical manufacturers, historians ofien
overlook the leading role electric utilities played in the German economy.
In 1927 the most heavily capitalized electric utility in Germany was RWE,
whose stock amounted to 155 million reichsmarks ($37 million); the stock
of AEG, the most heavily capitalized electrical f: er, totaled 186
million reichsmarks ($44 million). The assets of all the German electric
utilities combined amounted to more than the combined assets of the elec-
trical manufacturers.*® By 1930, RWE's stock totaled 243 million reichs-
marks, while the share capital of the largest German bank—the merged
Deutsche Bank and Diskonto-Gesellschaflt—was 285 million reichsmarks.

A sub ial share of the fi ing for RWE expansion came from the
National City Bank of New York. In 1925 National City loaned the utility
$10 million; in 1927, $15 million; and in both 1928 and 1930, $20 million.
In 1931, $7.5 million more was loaned. Converted into reichsmarks, the
loans through 1930 amounted to 273 million RM, which was 30 million
RM more than the value of RWE shares as of 30 June 1931.5 The stock
of RWE had to be increased not only to provide for the acquisition of other
utilities but also because the loans from the National City Bank carried the
option to buy the utility's stock. Throughout the decade of heavy financing
and large increases in the number of stock shares, the local governments
of Germany nevertheless retaincd the majority of RWE'’s voting stock.%®

The financial problems of RWE differed markedly from those of the
Pennsylvania Power & Light Company, a comparable regional utility in the
United States, but in terms of technical characteristics, the two systems were
notably alike in the 1920s. The similarities of these two utilities are attrib-
utable in large part to the international pool of technology from which
both drew and to the common character of the geography—both human
and natural—of the regions they supplied. Their differences stemmed
largely from the contrasting politics, economics, history, and organizational
forms of the regions in which they evolved.

A contrast in style is suggested by a comparison of the basic characteristics
of the two systems (see Table XIV.1, p. 409).% Both RWE and PP&L used

G7=»ccrn-ard Dehne, "German Electrical Industry Capitalized at $1,000,000," ibid., pp. 966-
5" RWE Geschaftsberichten, p. 52.

** Ibid.. pp. 34, 35, 52.

* Statistics for the Pennsylvania Power & Light Co. are taken from its publication Penn-
sylvania Power & Light Company, 8 vols. in 9 (Allentown, Pa., 1940?). Volume | is entitled Origin
and Development of the Company; volume 2, Corporate History of the Company; and volume 3.
Origin and Development of Predecessor Companies. These three volumes are especially helpful to
the historian. All volumes will herealier be cited as PPGL History. | am indebted 10 Mr. George
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mine-mouth plants; PP&L burned low-grade anthracite that could not be
economically transported to the market, and RWE burned low-caloric lig-
nite. The two utilities operated at different frequencies, however; RWE at
50 cycles, PP&L at 60 cycles. Both utilities transmitted at 220,000 volts, and
both would in a few years reach out to water-power sites to improve the
economic mix of their energy sources. On the other hand, RWE was a
mixed private and government-owned utility, while PP&L was 2 private
holding company.

Consideration of fifty years of PP&L's history will reveal more of the
characteristics—the style—of a rcgional utility. That history will also pro-
vide anorhcr example of the way in which context—both regional and

lving system. Especially notable is the fact that
PP&L evolved as d;d Insull’s Commonweallh Edison in Chicago, in the
relative absence of government regulation. Also important was the strong
drive for geographical expansion that prevailed in the American context
(see Fig. 1.4, pp. 10-13).

Pennsylvania Power & Light, like RWE, supplied a predominantly in-
dustrial load in a coal-mining and steel-producing region. By 1930, 70
percent of its output (kilowatt-hours) went to industrial customers. Of the
power supplied to industry, a disproportionate amount (45 percent) went
10 coal mining. (See Figs. X1V.19 and X1V.20.) PP&L'’s largest single in-
dustrial customer was the Bethlehem plant of the Bethlehem Steel Cor-
poration, the second-largest steel company in the United States.*®

PP&L's coal-mining and heavy industrial load was concentrated in the
Lehigh valley of Pennsylvania, which was, on a smaller industrial scale, like
the Ruhr valley in Germany. In addition to the Bethlehem Steel Corpo-
ration, smaller iron- and steel-related enterprises were situated in the valley,
which extended into the large, anthracite coal-mining region of north-
eastern Pennsylvania. Allentown, with a population of about 90,000, was
the largest city in PP&L’s territory, and Bethlehem, a few miles distant,
had a population of 60,000. Also concentrated in the valley were the cement
industry, slate quarries, and silk manufacturers. To the northwest, about
50 miles from Allentown, were the anthracite fields, the nation’s center for
the mining of this hard, high-caloric coal. The Pennsylvania Power & Light
Company also supplied the agricultural and small-industry district in the
valley of the Susquehanna River north of Harrisburg, the state capital, the
population of which was about 80,000. In Britain, NESCO served a region
that nurtured a disproportionate share of the nation’s mining and industry.
While less outstanding than NESCO in the national context, the region
served by PP&L was notable for including between one-third and one-half
of the industry, as measured by wage earners and payroll, in a state whose
industrial output ranked second in the nation.*' To the south and east of

vice-president and P of PP&L, for the loan of volumes 1-3. The PP&L
History was prepared as required by the Pennsylvania Public Utility Commission and the
Federal Power Commission.
4 PPEL History, 1: 132, 165.
4 "T'his estimate of PP&L’s supply of the state’s industry is based on statistics for the wenty-
cight counties in which PP&L operated. PP&L served only twelve of the twenty-cight counics
in their entirety, a large part of eight counties, and small portions of cight others. Ibid., p.

114,
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Figure XIV.19. The Pennsylvania Power & Light Co.'s total load, Figure XIV.20. The industrial load of Pennsylvania Power & light.

1921-39. From PP&L History, 1: 133.

1926-39. From PP&L History, 1: 165.

Pennsylvania's capital was Lancaster County, one of the foremost agricul-
wral regions in the United States and part of the area PP&L served. The
county was known not only for the richness of its soil but also for the
assiduity of the Amish people, who were superior farmers. (The Pennsyl-
vania Power & Light Company encountered in the Amish people an un-
usual problem, however, for they refused, because of their determination
to avoid dependence on large-scale technological systems, to use electricity.)

The history of PP&L serves well as an example of the widespread and
long-term process of organizational merger and consolidation that has char-
acterized the history of electricity supply in the United States (see Fig.
XIV.21). As in the case of many other U.S. regional utilitics, PP&L'’s busi-
ness history culminated in the 1920s with the consolidation of the merger
movement, the formation of a holding-company pyramid embracing the
company, its predecessor companies, and other large regional systems. The
history of PP&L is especially interesting because its beginnings are asso-
ciated with several of the earliest Edison utilities. The ultimate consolidation
was carried out under the auspices of the Electric Bond & Share Company,
the engincering, management, and financial enterprise that originated in
the activities of the Edison-based General Electric Company.
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Figure XIV.21. Integration of utilities
(power supply groups) through new
organizational forms and holding
companies. Note that in 1905 the merger
trend accelerated. From PP&L

History, 1: 61.
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The Edison Electric Illuminating Company of Sunbury was one of PP&L.’s
notable predecessor companies. At Sunbury in 1883 Thomas Edison and
his associates introduced the three-wire system of distribution in response
to one of the most pressing critical problems of the Edison system. The
Edison chemical meter for measuring the consumption of electricity on the
customer’s premises also was tried out there. The Sunbury project, ac-
cording to the Edison representatives who organized it, revitalized Thomas
Edison’s drastically waning fortunes.

According to standard histories of the Edison enterprises, Sunbury pro-
vided Edison with the opportunity to try out central-station incandescent
lighting in small cities and towns. Edison called these “Village stations.”
Consumers were more widely dispersed there than in cities like New York,
but the three-wire system reduced distribution costs by allowing the voliage
to be raised to 220. By connecting lamps across an outside and inside
(neutral) wire, 110 volts could be supplied 10 the customers. (Sec pp. 83—
84 for a discussion of the three-wire technology.) Edison established and
financed the Thomas A. Edison Construction Deparument to build “Village
stations” when the financial backers of the parent Edison Electric Light
Company failed to support his small-city ventures.*? Before it was absorbed
in the fall of 1884 by the Edison Company for Isolated Lighting, the Edison
Construction Department installed central stations in nearly twenty towns.
Five of these were predecessor companies of Pennsylvania Power & Light.

Philip B. Shaw of Williamsport, Pennsylvania, the state of Pennsylvania’s
representative, or manager, for the Edison Electric Light Company, ob-

2 [arold C. Passcr, The Electrical Manufacturers, 1875-1900 (Cambridge, Mass.: Harvard
University Press, 1958), p. 99.
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tained funding locally and organized electric lighting companies at Wil-
liamsport, Shamokin, Sunbury, Mount Carmel, and Hazleton, Pennsylva-
nia. The five small towns were situated in the anthracite coal fields between
the Susquehanna and Lehigh rivers (except for Williamsport, which was
located on the Susquehanna farther north). Shaw obtained letters patent,
or legal authorization for the companics, between the fall of 1882 and the
fall of 1883.* His recollections of the system’s subsequent history differ
from standard Edison histories. Shaw recalled that in the fall of 1882 former
Thomas Edison boosters had become critics and that J. P. Morgan, in Shaw's
presence, “[had] classed Mr. Edison as an impostor, a fakir and a charlatan”
because of problems and delays in construction of the Pearl Street station
in New York City. Shaw believed that “Edison’s vision of giant castles had
crumbled into microscopic units” and that Edison had become a persistent
pessimist.** Shaw's account then noted his urging the despondent Edison
to try his system in small towns, where gas light was expensive and coal
inexpensive, rather than in the Iarge cities. Edison then named Shaw the
Edison repr for P ylvania after Shaw described his prior ex-
perience as promoter of patented devices. Shaw raised cash from persons
in Williamsport and elsewhere in the region; arranged for the Edison
Construction Department to build the plants; and negotiated the exchange
of cash and the stock of the local companies for an Edison license and
equipment from the Edison Electric Light Company, which held the Edison
patents.* Afier construction began on the plants in Sunbury and the other
towns, “a wild rush for parent company stock ensued, and the stock with
a par value of $100 skyrocketed to $4400 per share.” Therefore, it was no
idle guess, Shaw ventured, “to assume that to Pennsylvania, and particularly
to the towns above mentioned, belongs the credit and distinction of having
rescued from total submergence the greatest industry ever conceived.™®
By drawing on earlier experience with an above-ground transmission
system that had been funded on a small scale by the Edison Electric Light
Company at Roselle, New Jersey, in 1882, Edison designed the central-
station and distribution system for Sunbury."” (The three-wire system was
not used in Roselle, however.) Edison sent W. S. Andrews and Frank Sprague
0 Sunbury to superintend construction and to train local men during
construction to operate the Edison Electric Illuminating Company. With
thousands of spectators on hand, Edison inaugurated the system on 4 July
1883 in a town numbering no more than 6,000 pcople. A number of

S The five utilities ulumalely became part of Pennsylvania Power & Light. Shaw also
blished a compan I Pa. Sec “N dum Data for use by the Publicity

Division of the F in ute of Pennsylvania.” Unsigned, but authored by Shaw, this
memo (on file at the Franklin Institute Museum Archives, Philadelpl Pa.) was plolmhly
written during the early 1930s when the o
station at Sunbury were on loan 10 the Franklin Institute. I am indebted 10 Anne Millbrooke
for calling my attention to this docume d for permission 1o vefer to her unpublished
rescarch paper, “Electricity in Cemral-E: ia Power & Light
Company and Its Predecessors,” done at the Umwrvl!y of I‘tmu)lv i in the fall of 1976.

44 Shaw, "Memorandum.”

**Edison Electric Light Co., Bulletn, September 1883, pp. 4648,

4" Shaw, "Memorandum.”

17 Edison Electric Light Co., Bulletin, September 1883, p. 47.




Figure XIV.22. Edison direct-current,
three-wire-distribution central station in
Sunbury, Pa. Courtesy of the Edison
Archives, Edison National Historic Site,
West Orange, N.J.
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commercial buildings and houses were lit, including the City Hotel. The
central station was a small wooden structure housing a Babcock and Wilcox
boiler and two “L" type Edison generators belted to high-speed Armington
& Sims steam engines (see Fig. X1V.22). The system had a capacity of about
six hundred fifty 10-c.p. incandescent lamps.** With technical advice and
equipment from the parent Edison company continuing to be given in
exchange for bonds and stock, Sunbury expanded and by 1888 scrved
more than a hundred customers and about 1,200 lamps.** The company
was reorganized and involved in mergers several times between 1888 and
1911, when it was absorbed by the Northumberland County Gas & Flectric
Company and lost its corporate identity. Northumberland was later ac-
quired by Pennsylvania Power & Light.*

and eventually were integrated into a regional system by the Pennsylvania
Power & Light Company. Thomas Edison and the Edison Electric Light
Company took stock from these companies in partial exchange for equip-
ment and advice. Thus began a long history of manufacturer inflluence in
utility operation. The load carried in the early stations was mostly in-
candescent lighting supplemented in some cases by a complementary arc-
lighting plant made up of equipment from one of the early arc-light
manufacturers—Thomson-Houston, Excelsior, Brush, United States,
American, Schuyler, Sperry, and Weston, for example. A poor load factor
resulting from the absence of load other than lighting and a high peak
during the evening hours weakened the small utilities, however. Their
perilous situation deteriorated further when “the battle of the systems™
manifested itsell on the local level in the later 1880s with the appearance
of competing, alternating-current lighting stations using Westinghouse,
Thomson-Houston, and other non-Edison equipment. The competition
from alternating-current stations in small towns was especially sharp for
direct-current utilities because the competitor’s a.c. distribution at 1,000
volts or more increased the area of economical service. The a.c. utilities
also held an advantage because arc-lighting and alternating-current, in-
candescent systems were compatible (both used high voltages). By 1900 the
era of duplication of facilities and competition had brought the establish-
ment of no less than sixty-four different companies serving eighty-eight
communities in the region that was later (o be served by the Pennsylvania
Power & Light Company. The technical characteristics ol these systems

 Information on the early history of the Edison Electric Ifluminating Co. of Sunbury can
be found in the Pennsylvania Power & Light Co. Papers at the Eleutherian Mills Historical
Library in Wilmington (Greenville), Del. (hereafter cited as PPEL Papers). These papers
include financial records, such as ledgers and journals, and formal records, such as n
books. of the predecessor companics of PP&L, which was formed in 1920. For
among the papers are a photastatic copy of the first Minute Book and the orig;
second Minute ook of the Sunbury company. I am indebted to Dr. Richmond Wi
Mr. Hugh Gibb for guidance in the use of these papers. Sec alto W. §. Andrews, *
of Sunbury Station,” Popular Electricity 3 (1910): 391-93; Harry L. and Samucl Keefer, “In-
stallation in Sunbury of First Three Wire System.” Sunbury Daily ltem, 25 May 1916,

+ Millbrooke, “Electricity in Central-Eastern Pennsylvania,” p. 15.

0 The competition among electric utlities in Sunbury from 1900 10 1911 is succincly
chronicled in PPGL History, 3: 30-32.
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varied widely in level of voltage and frequency as well as in type of current.?'
The situation was parochial.

From about 1895 to 1910 the effects of “the battle of the systems" at-
tenuated with the resolution made possible by couplers, but the electrifi-
cation of streetcars and the exploitation of hydroelectric power brought
additional challenges for the utilities. Some transit companies used power
from existing utilities, but others built their own power plants. The existing
utilities could have lied the streetcar companies either by adding d.c.
equipment or by using converters if their generators were the a.c. type,
but the transit companies, believing that the transit load was sufficient or
that it could be supplemented by obtaining their own franchises to supply
lighting, pursued their goals independently. Power companies with hy-
droelectric stations also competed with the existing lighting companies by
obtaining distribution nghls instead ol' sclllng  power wholesale to the util-
ities. These develop in Pennsyl 1 what was happening
throughout the utility industry.? A summary of the history of several
utilities in northeastern Pennsylvania—later PP&L's territory—is in many
ways representative of these trends (see Fig. X1V.23).

Organized in 1886, the Edison Electric Illuminating Company of Lan-
caster, Pennsylvania, adapted to change when in 1892 itinstalled a separate
alternating-current distribution system. Nevertheless, “the battle of the sys-
tems” made its way to Lancaster in 1893 when Westinghouse interests
established a second utility, the Citizens Electric Light, Heat & Power Com-
pany. in this small city. The two companies competed for about two years
until the Edison Company bought the Citizens Company, abandoned the
less efficient, Edison generating plant, and moved some equipment to the
newer power plant acquired in the purchase. The rise of hydroelectricity
then had local repercussions as a new company, the Lancaster Electric Light,
Heat & Power Company, incorporated in 1897, supplied Lancaster from
three a.c. hydroelectric plants along Conestoga Creek. The competition so
reduced prices that the Edison Company was unable to declare dividends
for several years. In 1902, however, the Edison Company agreed to take
over the entire power production of the hydroelectric company and its
distribution facilities in Lancaster, thereby initiating a process of integra-
tion. The integration of thermal and hydroelectric facilities in turn led to
the institution of a load dispatcher to manage the diverse power supplies
to achieve optimal economies.

The carly history of electric supply in Lancaster differed in one respect
l'rom uuhly |nduslry lren(ls a transit company did not complicate and

; h in eastern Pcnnsylvann, however, transit
compames did shape history. In Allentown, a small city in the Lehigh valley,

o1 by

: 5-6.
dustry trends among hundreds of small utilitics in the United States are defined
and described by Forrest McDonald The Utility Industry in Wisconsin,
1881-1955 (Madison, Wis.: The Ame: 0 History Research Center, 1957). McDonald pro-
vides an overview for the diffevent phases of utility listory in Wisconsin on pp. 9-32, 103
25, 181-201, and 299-322. Thomas C. Martin also provides overviews of trends in U.S..
Department of Commerce, Burcau of the Census, Special Reports of Central Electric Light and
Power Stations (Washington, D.C PO, selected years). See, for example, the Report for 1907
(published in 1910), pp. 96-123; and the Report for 1912 (published in 1915), pp. 111-76.
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Figure XIV.23. Corporate history of the
Pennsylvania Power & Light Co. From
PP&L History, 2: v,
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a lighting company was established in the 1880s. About 1890, when the
potential load of the Allentown Electric Light & Power Company exceeded
the company’s ability to finance the additional plant, the Industrial Im-
provement Company of Boston arranged for the Allentown & Bethlehem
Rapid Transit Company, which was already operating a transit network
and a power plant, to take over the common stock of the Allentown Electric
Light & Power Company and to enlarge its generating plant to serve both
the transit network and the distribution system of the Allentown Power
Company. In 1903 the situation was further rationalized when a new com-
pany, the Lehigh Valley Transit Company, acquired the Allentown & Beth-
lehem Rapid Transit Company and the Allentown Electric Light & Power
Company. In 1913, the Lehigh Valley Transit Company merged and con-
solidated the Allentown Electric Light & Power Company and a number
of small properties it had acquired into the Lehigh Valley Light & Power
Company, a principal predecessor of PP&L.>

Another stage in the prehistory of the PP&L began with the introduction
of the turbine and high-voltage transmission. The new technology stimu-
lated integration in northeastern Pennsylvania as it had in the regions
served by RWE and NESCO. The relatively short history of the Harwood
Electric Power Company, a predecessor of the Pennsylvania Power & Light
Company, provides an ple of the process of integration and the for-
mation of district systems. In 1907, the operator of an anthracite mine,
Calvin Pardee, financed and organized the Harwood Electric Power Com-
pany. The company was designed to preside over a minc-mouth power
station in the anthracite-mining district near the small town of Hazleton

" PpEL. History, 3: 2-6.
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in northeastern Pennsylvania. Mine-mouth plants were not new; RWE's
first plant was built at the Victoria Mathias mine in Essen. Pardee trans-
ferred scveral small turbogenerators and the stock ol the Harwood Coal
Company to capitalize the new company. The temporary plant had two
300-kw. Westinghouse-Parsons machines and one 500-kw. General Electric
turbogenerator, but by 1913 its capacity had risen to 12,000 kw. and the
plant had achieved the status of a district station. The plant stood alongside
a large coal breaker, where chunks of coal from the mine were broken
down, cleaned, graded, and sorted according to size. The power plant’s
capacity exceeded the mining and industrial load in the franchise area of
the new company, so, by stock purchase and merger, Pardee acquired the
territory of the Consumers Electric Light & Power Company of Hazleton,
which had been formed in 1906 to acquire charter rights to distribute
electricity in Hazleton. Using power from the Harwood plant, the Con-
sumers Company rendered service more economically than an older com-
petitor, the Hazleton Electric Light & Power Company, the successor 10
the Edison Company established by Philip B. Shaw in 1883. Because of its
antiquated equipment, some of it the Edison direct-current type, the Ha-
zleton Company was unable to compete and sold out to Pardee in 1912.%

In 1913 the Lehigh Coal & Navigation Company—which is not to be
confused with the Lehigh Valley Light & Power Company—constructed
another district station equipped with turbogenerators only 10 miles from
Harwood, at Hauto. One of the nation’s oldest industrial corporations, the
Lehigh Coal & Navigation Company had been founded in 1822 to exploit
the anthracite fields and to build a canal system to transport the anthracite
out of northeastern P ylvania to the Philadelphia port and market. Over
the years the company had acquired extensive coal fields and related man-
ufacturing and transportation [acilities, especially in the Lehigh valley.>
Its ability to move capital [rom mining to transportation and then to electric
power made it a highly adaptable energy and investment enterprise. The
company had incorporated the Lehigh Navigation Electric Company in
1912 for the primary purpose of supplying electricity to its coal mines in
Carbon County, to cement mills in the Lehigh valley, and to the Bethlehem
Steel Company in Bethlchem, about 30 miles from Hauto, where the new
power plant was to be situated.*® The initial equipment at the Hauto in-
stallation consisted of three 10,000-kw. General Electric turbogenerators.
The Hauto power plant was also a mine-mouth installation.

In 1913 the Lehigh Navigation Electric Company continued the trend
toward organizational integration by purchasing from Alfred D. Pardee
controlling stock in the Harwood Flectric Company (formerly the Harwood
Electric Power Company), and then in 1915 maintained a technical trend
by interconnecting its Hauto plant with the Harwood plant. The agreement
between the Lehigh Navigation Electric Company and the Harwood Com-

MIbid., 1 12

**H. Benjamin Powell, Philadelphia’s First Fuel Crisis (University Park: Pennsylvania State
University Press, 1978). pp. #2-84.

*The merger and consolidation agrecment by which the Lehigh Navigation Electric Co.
was formed was dated 23 December 1912. See Minute Book, Lehigh Navigation Electric Co.
27 July 1913 10 30 July 1919, item 7019, PP&L Papers.
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pany, which retained its corporate identity despite Lehigh ownership, in-
cluded a complex and resourceful arrangement for power exchange.*” The
technical merger was made possible by the use of a coupler in the form of
a 6,000-kw. 25/60-cycle frequency changer. The “short form merger act of
1876" of Pennsylvania, which permitted one company to sell its franchises
and its property to another, facilitated this and similar mergers.**

By 1917 the Lehigh Company had built up demand to a connected load
of 24,100 kw., but it was predominantly a large, industrial-customer load.
It had only 112 customers and 63 percent of the power it delivercd was
used by five cement companies. To meet d 1, the company periodically
borrowed money (until its debt was over a million dollars) from the Lehigh
Coal & Navigation Company to finance construction of power plants and
transmission and distribution lines. The financial transactions were facili-
tated by S. D. Warriner, who was president of both companies.

The decision-making process and the modes of development adopted
for the Lehigh Navigation Electric Company changed, however, in the fall
of 1917. S. Z. Mitchell, president of Electric Bond & Share, was present at
the Lehigh Company’s board of directors’ meeting on 12 September 1917.
During the meeting, several members of the board resigned and new ones,
including Mitchell, were named. The minutes laconically state that subse-
quent to his election, Mitchell took part in the proceedings. He not only
took part, he became the engineer of change. Thenceforth, Electric Bond
& Share, through its holding companies, determined the policy of the
Lehigh Navigation Electric Company and much of the utility business in
eastern Pennsylvania.®®

Mitchell and S. D. Warriner attended the board meetings of the Lehigh
Company throughout 1918, but not until July 1919 was the impending
transformation in company organization revealed. The minutes of the July
29 ing include a of busi and technological policy that
was used by holding companies to justify the transformation of the electric
supply industry throughout the country. The policy was inventive; at least
for a time, it solved a critical problem of electric supply that was comparable
in seri to the technological problems Edison solved when he intro-
duced the high-resistance lamp. Four decades earlier, the critical-problem
solver (Edison) was at Menlo Park; in 1919 he (Mitchell) worked out of the
New York offices of Electric Bond & Share. Appropriately, Edison, the
inventor-entrepreneur, and Mitchell, the financier, presided over different
phases of the history of electric supply systems (see pp. 14-17 above).

The usually matter-of-fact minutes explained that the Lehigh Navigation
Electric Company could acquire on reasonable terms the funds needed to
provide the service demanded of it only if a merger was organized and the
combined properties pledged as security, and only if the combined com-
panies increased their earnings through the rationalization of technology
and economies of scale. The particular merger the board had in mind was

 Meeting of the Board of Directors, 23 June 1915, Minute Book, Lehigh Navigation
ibid.

Electric Co., ibid.
o8 This short history of the Lehigh Navigation Elcctric Co. is based on PPGL Hastory, 1:

15-16 and 2: v-vi. . X e
 Meeting of the Board of Directors, 12 September 1917, Minute Book, Lehigh Navigation

Electric Co., item 7019, PP&L Papers.
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Figure XIV.24. Achieving an economic mix of power stations to meet varying demand. From PP&L History, 1: 191.

that of the Lehigh Navigation Electric Company and the Lehigh Valley
Light & Power Company, the later having been formed in 1913 by the
Lehigh Valley Transit Company from small utilities in the Allentown and
Bethlehem area.®

‘The two companies merged and consolidated in July 1919 to form “The”
[addition of the definite article constituted the only change in name] Lehigh
Valley Light & Power Company. The stock transactions involved in the
merger suggest the nature of the financial and business reorganization that
took place. The complexity of the transactions suggests why many utility
heads at the time were known more for their ﬁnancml ingenuity than for
their ability 10 solve technological and g blems. The old Le-
high V.alley Light & Power Company had common smck outstanding
amounting to $641,700, and for this the new company exchanged $1,500,000
of preferred stock. The Lehigh Navigation Electric Company's $3,037,000
of common stock was exchanged for $2.178,700 of the new company's
common stock. The $3,678,700 of outstanding common stock of the two
old companies, then, was exchanged for $3,678,700 of stock of the new
(some preferred, some common). Share for share, the new preferred stock
was valued less highly than the common stock of Lehigh Valley Light &
Power, while the new common stock was valued more highly than the old

“ Mecting of the Board of Directors, 29 July 1919, ibid.
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common stock of the Lehigh Navigation Electric Company. “The” Lehigh
Valley Light & Power Company thus had authorized common stock valued
at $4,150,000 and preferred stock valued at $1,700,000, which in combi-
nation equaled the authorized common stock of the two old companies.
The old companies had not listed preferred stock. Their bonded indebi-
edness amounted to $619,500 (LVL&P) and $3,909,000 (LNEC).%'

Within a month after the state of Pennsylvania issued letters patent es-
tablishing the new company, the company’s board of directors discussed
the raising of $3 million to carry out the technological steps it thought

y to meet d. Additional capacity was pl: d for the Hauto
and Allentown plants, and new transmission lines were to be constructed
and old ones raised from 22 kv. to 66 kv. In conjunction with these changes,
other components of the enlarged system, such as switches and trans-
formers, were to be added or replaced. The interrelationship of financial
and technological solutions was clear.?

The election of S. Z. Mitchell 1o the board of directors of the Lehigh
Valley Navigation Electric Company had signaled the invol of Elec-
tric Bond & Share. In 1920 the influence of this corporation became more
explicit when the Lehigh Power Securities Corporation, a holding company
associated with Electric Bond & Share, took over regional supply in north-
eastern Pennsylvania.®® This followed the establish by further merger
and ¢ lidation—of the Pennsylvania Power & Light Company of Allen-
town, Pennsylvania. The new formation was formally discussed at a meeting
of the board of “The" Lehigh Valley Light & Power Company on 17 April
1920. The holding-company rationale was stated explicitly in the minutes,
undoubtedly for the historical record, for those present were well ac-
quainted with it.

It is the consensus of opinion that through merger and consolidation of this
company with such companies [several other neighboring utilities] on an
equitable basis, a much greater flexibility in financing can be obtained, which
would be distinctly to the ad ge of each pany, and especially to the
advantage of the public in the territory served by each company, as it would
facilitate the possibility of providing a basis for the necessary property
extensions and developments.**

Again, stock transactions characterized the consolidation and merger
agr 95 The six operating utility companies that were drawn in (be-
sides “The” LVL&P) were the Northern Central Gas Company, the Co-
lumbia & Montour Electric Company, the Schuylkill Gas & Electric Com-
pany, the Pennsylvania Lighting Company, the Harwood Electric Company,

® Joint Agreement of 23 July 1919, Minute Book of “The" Lehigh Valley Light & Power
Co., item 2352, PP&L Papers.

 Meeting of the Board of Dircctors, 1 October 1919, ibid.

 Lehigh Power Securities Corp. was identified as one of five holding companies under
the substantial or complete control of Electric Bond & Share in 1933, Afier 1928 it was a
subsidiary of the National Power & Light Co., another holding co formed
controlled by Electric Bond & Share. See U.S.. Federal Trade Commission, Utility Corporations,
Part 72A (Washington, D.C.: GPO, 1934), p. 616.

# Meeting of the Board of Directors, 17 April 1920, Minute Book of “The” Lehigh Valley
Light & Power Co., item 2352, PP&L. Papers.

 Joint Agreement of Consolidation and Meiger, 12 April 1920, ibid.
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and the Northumberland County Gas & Electric Company. Also named
was another, nonoperating, Pennsylvania Power & Light Company, which
had been formed earlier simply to hold the name. All the companies were
territorially contiguous. The Northumberland Company counted among
its predecessor compames the Edison Electric 1lluminating Company of
Sunbury, the thi tati blished in 1883; and among
the antecedents of the Py ylvani Lightmg Company was the Edison
Electric Illuminating Company of Shamokin, which had been formed under
the same auspices as the Sunbury company. The line of development from
the Edison Electric Light Company, which licensed these two, to Electric
Bond & Share was long, complex, but continuous.

Each of the companies involved received in exchange for its stock the
preferred cumulative stock of the Pennsylvania Power & Light Company.
The Lehigh Valley Transit Company also received PP&L preferred cu-
mulative stock in exchange for the same number of preferred shares of
“The" Lehigh Valley Light & Power Company it had held. The exchanges
took the majority of the 35,000 cumulative preferred shares authorized by
the new company, but left 65,000 shares of noncumulative preferred stock
and 310.000 shares of common stock, all of which went to the holding
company, the Lehigh Power Securities Corporation. The Pennsylvania Power
& Light Company (Lehigh Power Securities Corporation) could then sell
stocks and bonds to the public, but keep control of the voting common
stock in its own or other friendly hands.

The Pennsylvania Power & Light Company continued to expand its ter-
ritory by merger and consolidation, principally in 1923, 1928, and 1930.
In 1923 the Lehigh Power Securities Corporation acquired for PP&L the
stock of five utilities. Thirty-four more companies operating in, or adjacent
to, the region serviced by PP&L were merged with it in 1928. In 1930
Lehigh Power Securities brought twenty-one more utilities into the sys-
tem.%® With the financial flexibility and resources acquired, the technology
of the system was rationalized and expanded. Further additions were made
to the Harwood, Haulo, and Allentown steam stations, and in 1924 con-
struction was begun on the 40,000-kw. Wallenpaupack hydroelectric station
(Fig. XIV.25). The hydroelectric station carried the system's peak loads
and brought more efficient and economical utilization of the steam plants.
In 1925 the company further expanded the capacity of its steam station at
Pine Grove, which had been acquired by merger, and in conjunction with
the Scranton Electric Company built for base-I peration a 100,000-kw.
station of unusually high economy.

Hundreds of miles of high-voliage transmission lines were added to the
system, but the most technologically innovative project was the 220,000~
volt interconnection of the Pennsylvania Power & Light Company's plants
with those of the Philadelphia Electric Company and the Public Service
Electric & Gas Company of New Jersey (see pp. 331-32 above). The load
diversity offered by Pennsylvania Power & Light complemented especially
well the loads of the other two, more urban utilities, for their peak loads
came in the late afternoon, while the peak of PP&L., primarily an industrial
load, came in the mornings. The three companies thus exchanged power.

% PPEL Historv. |: 27-38.
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Figure XIV.25. Wallenpaupack
hydroelectric station. From PP&L History,
1:47.
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The Lehigh Power Securities Corporauon had become a subsidiary of
the National Power & Light Company in 1921. It was one of the major
holding companies controlled by Electric Bond & Share. Therefore, the
Pennsylvania Power & Light Company took engineering, construction,
management, and financial services from some part of the National Power
& Light Company group or directly from Electric Bond & Share. In (933,
for example., PP&L was listed as paying the largest amount of all the related
utilities 1o Electric Bond & Share for supervisory, or management, services
($353,152). It also paid for engineering and auditing services.®”

‘The system builders of the holding-company era redefined load diversity
to include investment diversity. Mitchell rep dly spoke of the ad:
of spreading investments, or “risks,” so that the loss of load because of a
depressed economy resulting from an orange-crop failure in the territory
of a Florida operating pany would be P d for by a bumper
crop in the territory of another operating company owned by the holding
company.®® He added that “the principle of large volume and diversifi-
cation as applied to various risks in order to stabilize results through the
law of averages has been followed for over 200 years by the great insurance
companies of the world."® PP&L's system builders expressed a variation
on this theme by contending that their energy system allowed risks to be
diversified and spread in their region in such a way as to maintain the
economic health of the region. Their case in point was the anthracite in-

dustry.

 Federal Trade Commission, Utility Corporations, Part 25, pp. 460-63.
M Sidney A. Mitchell, S. Z. Mitchell and the Electrical Industry (New York: Farrar, Straus &
Gudahy. 1960), p. 88.
% 1).S., Federal Trade Commission, Electric Power Industry: Supply of Electrical Equipment and
Competitive Conditions, 70th Cong., Ist sess., 1928, S. Doc. 46, p. 172.
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The annual production of anthracite coal reached its peak in Pennsyl-
vania in 1917. The cause of the subsequent decline was complex and in-
volved the use of other [uels as well as increased operating costs in the
anthracite fields because of the depletion of the most accessible seams in
deposits worked since the 1850s. By 1930 the annual production had fallen
steadily to 70 million short tons from the 100 million tons produced in
1917. Despite this, through abandonment of isolated plants and electrifi-
cation of machinery and production processes, the anthracite industry in-
creased its use of PP&L electricity until 1936, when a gradual decline set
in. However, the increase in electrification was not the point PP&L's man-
agers wanted to make about the economic advantages of regional electri-
fication. In their advocacy of regional supply they stressed the ability of
the integrated utility to shift energy supply from districts of relatively eco-
nomic decline to regions of economic potential—more specifically, from
districts where coal seams were near exhaustion to distant ones as yet
unexploited. Even more to the point was the ability of the regional utility
to shift energy (rom declining industries to thriving ones. For instance, the
annual production of Portland cement in the company’s territory doubled
between 1918 and 1927, years of sharp decline in the production of an-
thracite. Furthermore, the cement industry was an especially desirable cus-
tomer because of its favorable load curve.

PP&L built up an industrial sales department to stimulate technical changes
and economic development, and this in turn brought increased electricity
consumption and improved load-curve characteristics.”® The success of this
department depended to no small extent on the rates the company charged,
for they were lower [or the larger industrial consumers than for residential
and farm consumers. In 1930, [or instance, while the industrial load amounted
1o 70 percent of the system’s total, the revenue from that load was only 40
percent of the total revenue earned from the sale of electricity. In the same
year, while the residential and farm ¢ s used only 9 percent of the
kilowatt-hours sold, their share of the total revenue from sales was 28
percent.”* Disappointed in the performance of the private utilities, pro-
ponents of rural electrification pointed out these statistics.

In the years i diately following its organization in 1920, PP&L feared
that the pressures of contingent circumstances would get beyond its control.
These pressures resulted from a conjuncture of factors and events that can
be traced to the wartime cxperiences and political trends discussed in this
study in connection with the Grid in Britain, the Bayernwerk in Germany,
and the Giant Power plant in the United Siates. Giant Power could have
impinged directly on PP&L, for it was designed to rationalize production
and distribution in Pennsylvania and to emphasize rural electrification.

In the political arena, the privately owned utilities cffectively resisted
Giant Power. They argued that their policies would achieve, by more prac-
tical means, fulfillment ol the goals embodied in the Giant Power plan.
The construction of the P ylvania-New Jersey Interc ion by
Pennsylvania Power & Light and two neighboring utilities was subsequently
offered as evidence of these practical means of rationalization. PP&L also

1 PPEL History, 1: 163-74.
' Ibid., pp. 182-36.
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pointed to the progress that had been made in rural electrification since
1926. The number of farm customers had grown from 3,116 in 1926 to
25,519 by 1939. The company estimated that in 1939, 57 percent of the
total number of farms in the company'’s territory were connected and that
service was available from existing lines to 66 percent of these. In the United
States as a whole, only 28 percent of the farms were receiving electric
service.

The company took a leading part in formulating a plan for rural elec-
trification in Pennsylvania. Embodied in General Order no. 28 of the state’s
Public Service Comm|ssuon the plan was worked out by the commission in

cooperation with ¢ ppoi by the Py I Electric As-
sociation (an association of electric utilities), and the P lvania State
Council of Farm Organizati The Pe ylvania Electric Association had

opposed Giant Power. General Order no. 28 required that the farmer pay
a portion of the cost of the extension of service to him, a step that was
favored by the private utilities and opposed by leading advocates of sub-
sidized rural electrification. Order no. 28 also created the Joint Committee
on Rural Electrification. Consisting of nine farm representatives and seven
spokesmen for the utilities, the committee helped work out cooperative
arrangements between farmers and the utilities.” This tension between
the private utilities and advocates of government support for rural elec-
trification may have contributed to the sharp upswing in the number of
PP&L's farm customers in 1936, the same year that the U.S. government
established the Rural Electrification Administration, an agency that was
authorized to make loans to cooperatives and to farmers for rural electri-
fication.

If a slide showing an extremely large territory covered by widely dis-
persed power plants, each radiating a relatively small-area network of trans-
mission lines and displaying interconnections among these localized sub-
systems, were projected on a screen, an experienced utility engineer of the
1920s would have little trouble identifying the system as being characteristic
of PP&L's style. If another slide showed an extremely large power plant
located at an open- -face lignite mme, a nearby bank of cooling towers, and
a great tr ion line hward to streams fed by melting
snow, an engineer of the 1920s would have liule difficulty identifying the
style as RWE's. I still another slide showed a large system with a surprisingly
low transmission voltage and an irregularly routed transmission network
connecting hard-coal and waste-heat-generating plants, the electrical en-
gineer or manager would know it was NESCO. I[ he were shown more
artifacts—NESCO's turbines for example—identification would be even less
difficult. NESCO, like RWE and PP&L, had a characteristic style.

The northeast coast of England was industrial like the Ruhr and Lehigh
valleys, but the regional system operated there by the Newcastle upon Tyne
Electric Supply Company (NI'.SCO) was smaller. Nevertheless, it stood out
as an exceptional development in Britain before the construction of the
national Grid. By means ofa nelwork of transmission lines, NESCO in the
1920s supplied a b phase current at 40 cycles to a 1,400-

D, Clayton Brown, Electriity for Rural America; The Fight for the REA (Wesiport, Conn.:
Greenwood Press, 1980), pp. 20-3
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square-mile area in the region of Newcastle upon Tyne. The system’s high-
est transmission voltage was only 66,000 volts, compared to the 220,000
volts used by RWE and PP&L. In 1924, NESCO's installed capacity amounted
to about 250,000 kw. and its annual supply was about one-eighth of the
total electricity sold in Great Britain (sce Table XIV.1, p. 409). NESCO's
name was later changed to North Eastern Electric Supply Company, but
the original name will be used here.

The northeast coastal system of NESCO depended on two kinds of en-
ergy, hard coal and waste heat. In 1924, 50 percent of its power was
concentrated in two stations (Carville “B", 22 percent and Dunston, 28
percent). Though the dozen or so waste-heat plants provided much less
capacity than the hard-coal plants, they were notable because they used
waste heat from blast furnaces and coke ovens. The large, coal-fired NESCO
stations—Canrville “B", Dunston, and North Tees—were situated on, and
cooled by, rivers. Although these coal-fired plants were smaller than the
monstrous Goldenbergwerk and did not have or need the highly developed
coal-handling system of the German mine-mouth station, they were more
advanced in boiler and turbine design.

NESCO's regional style contrasted remarkably with the character of util-
ities elsewhere in England. Not only did NESCO'’s urban competitors else-
where sell far [ewer units but they operated at a significantly lower load
factor. In 1918 NESCO sold 578,416,840 units; the Manchester Corpo-
ration sold only 184,675,190. Manchester ran second to NESCO in terms
of load factor as well; the former achieved only 32.4 percent, while the
latter reached 56 percent. After Manchester, the Sheffield and Birmingham
corporations, or local governments, were the largest suppliers in England.”™
All were larger urban districts than Newcastle but had smaller supply sys-
tems. Further explanations for the contrasting history of electric supply in
Newcastle and in urban industrial centers like Manchester and Liverpool
will be found in the cities’ political, economic, and social histories.

Physical and industrial geography explains many of NESCO's charac-
teristics. Newcastle, an urban port in Northumberland, the northeastern-
most county of England, stands on the northern bank of the Tyne, about
8 miles from its mouth at the North Sca. In the early twentieth century,
the tidal river carried many ships to Newcastle (in 1911 a city of more than
200,000 inhabitants) and other densely populated manufacturing towns
along its banks (see Fig. X1V.26). In the vicinity there were immense stores
of bituminous coal, which was mined and exported as well as consumed
by industry in the region. Along the northern bank of the Tyne stood such
industrial enterprises as Armstrong, Whitworth & Company, as well as the
shipyards of Swan, Hunter, and Wigham Richardson & Company. The
turbine-manufacturing enterprise of Charles Parsons was situated adjacent
to NESCO's Carville "A™ power station. Blast furnaces, engineering works,
chemical plants, and brick and tile added to the industrial activity of the

7The information for Lancashire is from Great Britain, Minisiry of Reconstruction, Re-
consiruction Committee, Coal Conscrvation Sub-Commitice, Interim Report on Electric Power
Supply in Great Britain (London: 1IMSO, 1918), pp. 12-13. The information for the other
cities is from a memorandum Filed in “Elcctricity (Supply) Bill,” item 36 in the C. H. Merz
an Co. Archives, Amberley, Killingworth, near Newcastle upon Tyne,

England. | am indebted 1o lohn M. Burnett of NESCO for 1924 NESCO statistics.
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Figure XIV.27. Characleristics of
VESCO, c. 1923. Courtesy of NESCO,
Newcastle upon Tyne, England.
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N.-E.-S. COMPANY LIMITED

WHERE THE POWER IS
PRODUCED.

1 will be noted that 3 of the big stations
wrasluce 8 per cent. of the total power.

HOW THE COST IS MADE UP.
Fuel accounts for nearly rwo-fifths of the
total cost of production, and salaries and
wages nearly onethird.

fars M
L3
l-m 6

HOW THE POWER IS USED.
Less than one - thirtieth part Is used for
ordinary lighting and domestic purposes,
nearly one half in collieries, and iron
smosma7a  Mmines, anda quarter in shipyards, engineer-
ing and other works.

@ Tuomers
< vomarr LT 0 D S0
HOW THE CAPITAL IS
EMPLOYED.
Over three-ffths of the total capiral is
spent In conncction with collierles,
shipyards, engineering works, etc., and

nearly one-quarter for ordinary lighting
and domestic supplies.

region. On the eve of World War 1, NESCO supplied a region that had
5.1 percent of the population, mined 19.6 percent of the coal, made 36.5
percent of the coke, mined 37.5 percent of the iron ore, produced 37.7
percent of the pig iron, and built 51 percent of the merchant ships in the
United Kingdom 7 In the mid-twenties, almost half of NESCO's output
was used in coal and iron mines; Juarter was c i by shipbuild
ing, I\envy manufacturing and other works, chemical plants used about

h; and the r ind plied railways and tramways, bulk con-
sumers, and ordinary lighting and domestic appliances (see Fig. X1V.27).
By itself, however, geography is not a sufficient explanation for the dif-
ferences between NESCO and other English utilitics supplying industrial
districts.

the other statistics arc for 1913. See A. R. Sloan,
“Fuel Economy on the North as 2 Result of Electric Power Supply” (Paper read
before the 1916 meeting of the I h Association lor the Advancement of Science, Newcastle
upon ‘Tyne, 5-9 September 1916), p. 2; reprinted in Engineering 102 (1916): 293-94.

™The population figure is for 191
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The success of the Newcastle upon Tyne (later North Eastern) Electric
Supply Company in forming a regional supply system can be explained in
part by political factors. A series of victories in Parliament brought the
supply company the legislative authority it needed to expand its supply
area. The victories were achieved on various occasions in competition with
the Newcastle & District Company, a rival utility supplying the city, and
later with several power companies that intended to supply electricity in
bulk to the area. As a result, the privately owned NESCO grew in much
the way that utilities expanded in Germany and the United States, where
political power and legislation were, respectively, supportive and subser-
vient. Paradoxically, the legislative context within which NESCO expanded
was the same as that for other English utilities: a series of parliamentary
electric light and power laws and bills. NESCO, however, used these laws
to enhance rather than frustrate growth. The utility's history, then, is tes-
timony to the fact that legislation is not a sufficient explanation for the
retardation of growth of the British supply industry. A survey of the growth
of NESCO in the political context shows how the laws were used.

NESCO obuined provisional orders authorizing it to supply Newcastle
in 1889 after the 1888 amendments to the Electric Lighting Act of 1882
were passed. At about the same time, Charles A. Parsons, the turbine
manufacturer who had an engineering works situated in the Newcastle
area, started a rival electric supply utility, the Newcastle & District Com-
pany. The two supply companies agreed to divide the city of Newcastle
between them; NESCO would supply the area north of the river, the New-
castle & District Company the area south of it. The two companies also
cooperated but failed in an effort to prevent the Newcastle Corporation,
the local government, from obtaining parliamentary authorization to pro-
vide electric tramways in Newcastle.

The expansion of NESCO was facilitated by Parliament’s decision, fol-
lowing ther dations of the Cross ittee in 1898 and the Kitson
committee in 1900, to enact power bills enabling companies to supply bulk
power over large areas. Most English power companies did not flourish,
however, because the enabling bills prohibited supply by a power company
to districts that already had an authorized distributor unless the distributor
agreed. Moreover, powerful urban political interests caused Parliament to
exclude supply within cities from the power bills. NESCO, however, man-
aged to avoid these restrictions. Charles H. Merz notes in his recollections
that Sir James Kitson, head of the parliamentary committee that reviewed
the power bills, was “a director of the North-Eastern Railway."” (This
interest in the economy of the region may have led Kitson to support its
electrification.) Both NESCO and the Tyneside Electric Company, a power
company formed by Parsons, applied for power bills to supply the Tyneside

™The carly history of NESCO is given in James R. Beard, “NESCO in the Very Early
Days.” Nesco Magazine, no. 1 (n.d.); the quote is from p. 7 (copy in the Merz & McLellan Co.
Archives). Beard, a partner in Merz & MecLellan, had access to—and quotes from—]. Theadore
Merz's “Reminiscences” and Charles Merz's “Notcs,” both of which are on file in the Merz &
McLellan Co. Archives. Beard also presented “Their Achievement—Our Heritage,” an ad-
dress to the North-Easiern Centre, Institution of Electrical Engincers, 14 December 1959
(copy in Merz & McLellan Co. Archives). In addition. there is a succinet history of NESCO
in Ministry of Reconstruction, /nferim Report on Electric Power Supply in Great Britain, app. D.
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Figure XIV.28. |. Theodore Merz. From
Rowlend, Progress in Power, facing p. 1.
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region. On this occasion (1900), as on many others, Charles Merz proved
10 be an effective expert witness before a parliamentary committee. NESCO
emphasized that as a result of an agreement with the Walker & Wallsend
Gas Company, which had commissioned a power station with Charles Merz
as a consulting engineer, it already had a power station supplying the area
north of the Tyne River. NESCO defeated the Parsons bill, put through
its own, and took over the gas company's power station.

Charles Merz then continued to carry out his plans for large-area (even-
tually regional) power supply. In 1902 NESCO secured passage of another
parliamentary power bill authorizing extension of supply north of New-
castle into the coal-mining area of Northumberland. A rival scheme of
Parsons's Newcastle & District Company was defeated. In 1904 NESCO
reached an agreement with the Durham Power Company to the south to
supply it with electricity in bulk and then took over the company by stock
purchase. In 1906 NESCO acquired control of the Northern Counties
[Power] Company. NESCO was then able to raise the capital needed to
develop the supply areas of the power companies it acquired, money the
companies individually had been unsuccessful in raising earlier.”®

NESCO's successes in obtaining parliamentary authority to expand its
system also depended on the engi ing, busi and financial network
of J. Theodore Merz and his son, Charles. The network was made up of
relatives, Quakers, and business and professional associates. ]. Theodore
Merz's wife was a Quaker; her brother, John Wigham Richardson, was a
Tyneside shipbuilder (Swan, Hunter, and Wigham Richardson & Com-
pany), and her sister married R. Spence Watson, a solicitor with a Quaker
background and a leader of the Liberal party in the Tyneside region. The
Merz family also associated with leading Tyneside industrial, engineering,
and scientific figures because of J. Theodore Merz’s education and training.
Of German background, J. Theodore's father was born in Manchester but
returned to Germany (o live in the university town of Giessen. J. Theodore
attended the universities of Giessen and Géttingen, concentrating his stud-
ies in chemistry and chemical engineering. He returned to Britain in 1868,
however, and setled near Newcastle, where he worked for a chemical
manufacturer. He founded the Newcastle Electric Supply Company in 1889
and served as its chairman from 1901 to 1917. In addition, he was a director
of British Thomson-Houston, the electrical manufacturer, and, most re-
markably, the author of one of the major scholarly studies of his time, the
four-volume History of Furopean Thought in the Nineteenth Century.””

These associations with science, engincering, business, and politics were
further enriched by J. Theodore Merz's scholarly activities and by the

™ For this history of NESCO and the firm of Merz & McLeflan, 1 am indebied to Dr.
Richard A. Hore and Ms. Kathlcen B Icy of Merz & McLellan. Dr. Hore, of the technical
and acientific stafl, and Ms. rranged lor me (0 use the historical records
held by Merz & Mcleflan pal offices in Amberley. Killngwordh. near
Newcantle wpon Tyne, Eng v of Merz &
MeL.ellan records now dqmml in the Tyne and Wear County Council Archives, Newcastle
upon Tyne.

™ John Rowland, Progress in Power: The Contribution of Charles Merz and His Associates to Sixty
Years of Electrical Development, 1899-1939 (London: Newman Neawe, 1960), pp. 11-14. This
is a privately printed history authorized by Merz & McLeltan.




Figure XIV.29. Charles Merz.
Frontispiece from Rowland, Progress in

Power.
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literary and historical interests of R. Spence Watson, a recognized authority
on the history of the Newcastle region. Through his father and R. Spence
Watson, Charles Merz met leading British and European intellectuals and
politicians. The circle of influence was further widened by the access the
Merz family had to leading London banking figures such as Leonard Cun-
liffe of Cunliffe Brothers. These associations helped prepare Charles Merz
to function as a consulting engincer and entrepreneur, roles in which an
ability to relate 1o the worlds of engineering, politics, and financial power
was necessary. Oskar von Miller, the leading German consulting engineer,
had similar associations because of his family’s prominent position in Ba-
varian society.

The Merz family, their relatives, and their associates were close because
Newcastle and Tyneside constituted “somewhat of an isolated unit both
culturally and industrially from the rest of England."”® The leaders of this
industrial community used their political and financial power to support
the privately owned NESCO while most other urban centers, excluding
London, promoted government-owned electric supply. Even NESCO's im-
mediate rival, the Newcastle & District Company, was a private enterprise.
As Charles Merz pointed out on numerous occasions, small-scale, mostly
gover 1 supply panies elsewhere in England incurred higher
costs and realized lower per capita consumption.

The organizational structure of NESCO was unusual because of the
utility's involved relationship with a consulting engincering firm. This, too,
should be taken into account in explaining NESCO's style. Other utilities—
Chicago’s Commonwealth Edison for instance—regularly used one con-
sulting firm (Sargeant & Lundy in this case), but the relationship between
NESCO and Merz & McLellan was so close that the first was rarely spoken
or written about in isolation from the other. NESCO provided clectricity
to the northeast coast of England, but contemporaries attributed the growth
of electric supply in the region to Charles Merz and to Merz & McLellan.
The power stations of NESCO attracted world-wide attention, but they
were designed and constructed by Merz & McLellan. NESCO had its own
board of directors and managers—men of reputation such as R. P. Sloan—
but Charles Merz, not Sloan or the other company heads, was known as
the regional entrepreneur in the world of electric supply. Even histories
of NESCO give Merz, rather than company managers and cngineers, the
prominent place.”

The organic relationship that existed & NESCO and Merz &
McLellan can be seen in a survey of their history and particularly of the
career of Charles Merz (1874-1940). In 1889 Merz was too young to take
partin the founding of NESCO by his father, ]. Theodore Merz; his uncle,
R. Spence Watson; and six others. Charles attended Bootham School in
York and Armstrong College in Newcastle, but he did not complete the
course of study at Armstrong. He apprenticed at Pandon Dene, the first
of NESCO's generating stations. He also apprenticed with Robey of Lincoln
on high-speed engines and with British Thomson-Houston. After appren-

 Beard, "Their Achicvement—Our 1leritage.” § [
See, for example, Beard's “Fheir Achievement—Our Heritage™ and "NESCO in the

Earlv Davs."
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Figure XIV.30. Transmission and
distrbution system of NESCO, 1911.
Courtesy of NESCO, Newcastle upon Tyne,
England.
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ticeship, he joined BTH and became manager and engineer of its electric
supply utility at Croydon. Also for BTH, he supervised construction of an
electric plant for tramways and lighting at Cork, where he met William
McLellan, who later became his partner in the consulting engineering firm
Merz & McLellan.*®

=], M. Burnett, “Charles H. Merz, 18%4-1940," Papers Presented at the Fourth Weekend
Meeting on the Hustory of Electrical Engineering, Durham, 2—4 July 1976 (London: Institution of
Electrical Engineers. n.d.). pp. 24-35.
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Figure XIV.31. Grorge Westinghouse,
Lord Kelvin, and Charles Merz in 1903.
From Rouland, Progress in Power,
Jfacing p. 40.
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J- Theodore and Charles Merz drew together in their work when in 1899
Charles was asked by the Walker & Wallsend Gas Company 1o superintend
construction of an electric power plant to supply power to industry on the
Tyneside. Charles's uncle, John Wigham Richardson, was a director for
Walker & Wallsend. Charles was eventually offered a job as engineer for
the company, but he refused, preferring to establish his own consuliing
engineering firm so that he might plan, design, and supervise construction
for a number of clients in addition to Walker & Wallsend. The Neptune
Bank power station that was built for Walker & Wallsend was the first
three-phase supply utility in England and auracted considerable profes-
sional attention.®' No less a scientific figure than Lord Kelvin performed
the opening ceremony on 18 June 1901. Kelvin had been an advocate of
direct current.

Established in Newcastle, adviser to a power company, and close once
again to NESCO and his father, Charles Merz conceptualized a technolog-
ical and economic strategy that became his hallmark. As noted, NESCO
soon purchased the clectric supply business of the Walker Gas Company
and embarked, with Charles's and his father’s guidance, on an innovative
policy of developing a regional power company instcad of simply an urban
utility. Charles then asked the Scotsman William McLellan to join him.
McLellan, who was two months younger than Charles Merz, had completed
the engincering course at Liverpool University and worked for the electricat
manufacturer Siemens Brothers of England.

The details of Merz and McLellan’s early plans have survived and give
a rare glimpse of the origins of a consulting engincering firm. l". 19{)() the
young men corresponded after Merz asked McLellan to join him in the
venture. McLellan was careful to stress that he in no way wanted to trade
on his fricndship; he preferred that a businesslike arrangement be nego-

® Beard, *Their Achievement—Our Heritage,” p. 11.



Figure XIV.32. William McLellan. From
Rouwland, Progress in Power, facing p. 1.
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tiated. Merz said that since he did not intend to give all of his time to
Newcastle projects, McLellan should become the resident manager there.
The two men informally agreed that McLellan should receive a monthly
salary amounting to £300 per annum, an additional £200 at the end of the
year, and one-quarter of the firm's net profits each year. Merz's £1,000
salary would be deducted in determining the net. (Merz was at liberty, so
long as he did not use the Newcastle staff, o take consulting work else-
where.) Both men also wanted to turn back into the consulting business
three-quarters of the share each took from the net profits.

They estimated that during the first two years the firm's income would
be as follows: Neptune Bank power station for Walker & Wallsend Gas
Company, £7,500 on a £150,000 project; underground transmission/dis-
tribution cable for NESCO, £5,000 on a £100,000 project; and a tramways
project. £2,000 on £40,000, for a total of £14,500 in consulting fees. They
also estimated that annual expenses for their firm would amount to the
£1,500 salary for the two of them, £350 for travel expenses, and £1,850
for office expenses. Since the expenses for two years amounted to £7,400
and since they had already spent £1,400 for their office, the (wo men
expected a net gain of £5,700 in the first two years, of which Charles Merz's
share would amount 0 £4,275 and William McLellan's £1,425. They planned
to reinvest as agreed.®?

In their offices they planned to have two salaried employees (probably
engineers) and a chief draftsman, whose annual salary would be £200, the
same as the engineers’. Also on hand would be three assistant draftsmen,
three junior assistants, four typists, and two office boys. The Merz & McLellan
staff would in time cooperate closely with the staff of NESCO. By 1913
the staff of Merz & McLellan had grown to seventy-three and the company
had opcned a London office on Victoria Street, traditionally the district
where engineers had their offices. An office in London facllllaled parlia-
mentary associations, testimony before parli Y and work
in the Commonwealth.

Charles Merz traveled throughout the world [or Merz & McLellan. In
1901 and again in 1906 he vnsucd the United States, where he met Samuel
Insull. A close professional and L 1 hi
the two, surviving even Insull’s financial coll.apse and pubhc dlsgrace fol-
lowing his indictment on charges of fraudulent practices as a holding-
company entrepreneur, charges of which he was eventually declared in-
nocent. Merz organized a private luncheon for the “fallen giant” at the
Reform Club, “an action by which Insull was much moved.™* On several
occasions Merz & McLellan also served as a consulting firm for Common-
wealth Edison, especially on steam turbine plants and on general devel-
opment matters.* Merz, Parsons, and Insull worked together in 1912 when

" McLellan 1o Merz, 4 August 1900, and draft of an agreement (n.dL), G. H. Merz lockbox,
Merz & McLellan Co. Archives.

 Rowland, Progress in Power, p. 76.

Sce, for instance, Merz & McLcllan, “Commonwealth Edison Company and Associated
Companies: Report on the Present and Future Development of the Electrical System,” Merz
& McLellan Papers (vol. 1/1.8, Fofio 29), Tyne and Wear County Council Archives. The firm
also prepared a major study of the urban utilities of London, New York, and Paris, anmong
others, for the Consolidated Edison Co. of New York; see Chapter X11, note 60, above.
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Insull’s G Ith Edison Company ordcred a 25,000-kw. unit, then
the largest in the world. Merz also observed engineering practices, prepared
reports, and organized construction projects in Australia, Argentina, South
Africa, India, and in American and British cities other than Chicago and
Newcastle upon Tyne. He became an agent of technology transfer on a
grand scale, taking with him the experience he gained in building the
NESCO system on the northeast coast of England and bringing back state-
of-the-art ideas from the rest of the world. He also associated with other
leaders in electrical engineering and management, such as Georg Klingen-
berg of AEG. No history of technology transfer would be complete without
consideration of ¢ lting engi like Merz.

We have already noted in this study Merz's effectiveness as a parliamen-
tary witness on behalf of power bills, his contributions to the creation of
the Grid, and his leading role during World War I as a member of parlia
mentary i planning the reorganization of electric supply in Eng-
land after the war (see pp. 319-21 above). He was believed by many to be
the most effective expert witness in the engineering world. In presenting
his cases he used highly imaginative statistical tables, graphs, and charts
prepared by his firm. In World War I he also served as a member of the
Admiralty's committee on antisubmarine warfare and then as director of
experiments and research for the Admiralty, a position that was used to
draw scientists and engineers into wartime research and development. Thus
Merz was a pioneer in the trend that would culminate in the forging of
the scientific, engincering, and military establishment that performed so
effectively in World War 11.%° In 1940 Merz's London home was hit by a
bomb and he and his two children were killed; his wife survived.

Charles Merz articulated and di i 1 the ic and technolog-
ical principles of regional systems. He took into account the technological
and economic givens and forged strategy and tactics for NESCO. In so
doing, he joined the ranks of such men as Samuel Insull, Hugo Stinnes,
Oskar von Miller, A. Koepchen, Charles Stone, Edwin Webster, and S. Z.
Mitchell. Each offered a particular emphasis in his publications and works.
Merz stressed the development of highly efficient steam-turbine power
plants to supply large industrial consumers and traction. In 1904, with
William McLellan, he published a paper on the design of power stations
that became an authoritative statement among engineers. Merz and McLellan
foresaw in 1904 that
large power schemes will probably eventually consist of a network of
transmission cables, substations and distribution cables, supplying all the power
requirements of a neighborhood and drawing a supply from more than one
power station, the latter being located where efectricity is to be obtained most
cheaply from either coal or waste products."

They then went on to discuss the advantages and disadvantages ol steam

# For correspondence and other material about Merz's refationship with Sir Eric Geddes,

first lord of the Admiralty during World War | and later minis
in the . H. Merz lockbox, Merz & McLellan Co. Archives. Leslic Hanna
Nationalisation (Baltimore: The Johns Hopkins Uniiversity Press, 1979), and John Rowland,
in Progress and Pouer, ulso discuss Merzs government scrice.

% Charles H. Merz and William McLellan, “Power Station Design,” Journal of the Proceedings
of the Institution of Electrical Engineers 33 (1904): 4; reprintin the Merz & McLellan Co. Archives,
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turbines, a question that was quite new to most of the engineering world.
The first steam turbines had been introduced in a public utility in 1890 at
the Forth Banks station of Charles Parsons’s Newcastle & District Company,
but these were small, 75-kw. units. Other installations had followed in
England, but a sizable, 1,000-kw. unit did not result until 1900, in Elberfeld,
Germany. Merz & McLellan’s early interest in turbines is better understood
when one notes that the turbines installed in England were made by Charles
Parsons, whose cngineering works were located at Tyneside. Merz and
Mcl.ellan found opinion still divided on the advantages and disadvantages
of the turbine as compared to the reciprocating engine, but they pointed
out that innovative installations were under way, including Commonwealth
Edison'’s installation at Fisk Strect in Chicago. They credited Parsons with
the development of the turbine, suggesting that De Laval's turbine was so
high-speed that it was practical only in small sizes.

In the 1904 article and later essays Merz stressed the regional character
of technology.*” Because of his familiarity with technology throughout the
world. he realized that a universal best way did not exist; instead, a variety
of styles prevailed. He believed that local conditions completely governed
power supply within a region. Therefore, he chose to write about the
relative advantages of high- and low-speed reciprocating engines for driv-
ing generators, noting that the high-speed engine had taken root only in
Britain. Merz also discussed the differences in system frequency encoun-
tered: 25 cycles in the Midlands of England and western Scotland; 40 cycles
on the northeast coast of England; 50 cycles in Lancashire and Yorkshire;
50 cycles in France and Germany; 40 cycles in ltaly; 25 and 60 cycles in
the United States; and 50 and 60 cycles in Japan. (Japan could draw on
both European and American technology.) He went on to observe that
different energy sources could be exploited advantageously in different
regions. He was particularly interested in his own region’s use of waste heat
from coke ovens and blast furnaces. In 1924 he explained why, compared
to the rest of the world, relatively low voltages were used for transmission
in England. England was an aged and settled nation where landowners
enjoying traditional rights obstructed the granting of wayleaves that would
make feasible extended high-voltage point-to-point transmission. Further-
more, England was densely settled, industrially developed, and had nu-
merous coal fields; high-voltage transmission like that used in California
was not needed. The British erected incxpensive wooden poles to follow
the irregular boundaries of the land, “which do not follow straight lines
but are the result of gradual growth from an almost immemorial past.™®
“T'he contrast between this pattern and the wide open spaces in much of
the United States was dramatic.

articles and presented a number of talks, reprints of
Avchives. Among them are Charles Merz and Wi
McLellan, “Power § Design; Merz, “Power Supply and its Effects on the Industries of
the North-East Coast™; Charles 11. Merz, “Electric Power Distribution” (Paper read before
the Annual Meeting of the British Association for the Advancement of Science, Newcastle
upon Tyne, 5-9 September 1919, and published in Engineering 102 [1916): 262-63); and
Charles H. Merz, “The Transmission and Distribution of Electrical Energy” (Talk given at
the First World Power Conference, London, 1924).
™ Merz, “The Transmission and Distribution of Electrical Energy.” p. 9.

" Merz published a number of
are in the Mcrz & McLellan C
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It would be interesting to know the extent 1o which the author of The
History of European Thought in the Nineteenth Century shaped the concepts of
his son. J. M. Burneut of Merz & McLellan believes that “it was probably
J. Theodore rather than his son who first conceived of a regional supply
system, the first in Britain.”® Litle evidence of J. Theodore Merz's influ-
ence in electrical matters is available, however. His memo of October 1898
entitled “On the Present Position and the Further Development of the
Newcastle Electric Supply Station™ is an exception. He prefaced his remarks
by saying that he did not consider himself an expert on electrical supply
but that he had talked 10 many experts and was an intelligent compiler.
He argued that NESCO's system was out of date because the station was
small and supplied light to only a small area of the city. Its single-phase
alternating-current distribution had been outmoded by polyphase distri-
bution. More important, the company needed to build a large station on
the Tyne River, where condensing water was plentiful, and outside the
city, where land was inexpensive and smoke would not cause a nuisance.
The station would supply industrial and densely settled residential areas
primarily. J. Theodore recommended an expenditure of £40,000 for the
station and suggested ways of raising the money.*®

The Merzes coordinated technology, economics, and their social network.
While local-government-owned electric supply undertakings elsewhere were
extremely sensitive to the demand for electricity made by taxpayers or
ratepayers, NESCO concentrated on the industrial power load, much of
which was controlled by the Merzes' Quaker kin or friends. After 1900
NESCO's load became increasingly industrial, and by the 1920s, no more
than 10 percent of the load could be attributed to ordinary lighting and
domestic appliances. Charles Merz used the staff of his consulting engi-
neering firm to sell NESCO power to local industries and then the firm
acted as a consultant in the design of the equipment and installation for
these customers. Merz & McLellan’s designs nicely integrated supply and
demand. It is not surprising to find among the major customers of NESCO
in 1910 Armstrong, Whitworth & Company and Swan, Hunter, and Wigham
Richardson & Company, the directors and managers of which were cither
related to or closely associated with the Merzes socially and in various
industrial activities."! Sir Andrew Noble, chairman of Armstrong, Whit-
worth & Company, for i was an i d participant in Charles
Merz's effort to organize electric supply in London (see p. 249 above). The
Merzes' ties with the shipbuilding firm of Swan, Hunter, and Wigham
Richardson have been noted.

As a consuliing engineer for NESCO, Charles Merz provided mines and
industry with designs that reorganized production on the northeast coast
of England. He advised the potential customer in detail about the way in
which electric motors could be used to replace steam engines and how the
workplace could be reorganized because individual electric motor drive
permitted more freedom of location than did machines driven by steam

™ Burncut, “Charles H. Merz," p. 24. .
% A copy of the memo is on file in the Merz & McLellan Co. Archives.
o Engineering, ¢. 1910=11; reprint in the Meiz & Mckelln Co. Are hives,
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engines, with their countershaft and belt-transmission.”? Merz recalls that
once their bias in favor of steam was overcome, the engineers and ship-
builders of Tyneside found the new power highly adaptable, and that within
a few ycars they were using far more power in the form of electricity than
they had employed earlicr in the form of steam.®®

Power stations designed and built by Merz & McLellan for NESCO em-
bodied the partners’ views on the primacy of industrial load, economy of
scale, and turbine efficiency. The Neptune Bank station, which was com-
missioned in 1901, was the first station designed by Merz & McLellan for
the Newcastle region. Originally equipped with marine reciprocating en-
gines built by John Wigham Richardson's company, the Neptune Bank
station was expanded several years later following the introduction of a
1.500-kw. turbine unit, the largest built by Parsons up to that time. Merz
had visited the nearby Parsons works, which NESCO supplied with elec-
tricity, to inspect the precedent-seuting Elberfeld turbines while they were
being built." The Neptune Bank turboalternator was the first large unit
to generate three-phase power." The station supplied a universal system
providing three-phase and direct current at different voltages. The Elec-
trician described it as the first utility in the United Kingdom to supply
electric power in bulk.%®

Two years after the ¢ issioning of the Nef Bank station, the
demand on NESCO had become so great that in 1904 the company began
construction of the Carville station, which was “the first large generating
station of the modern type” in the world.*” The station embodied principles
enunciated by Merz and McLellan in their paper of 1904. Among these
was the “complete unit” system, which meant, in effect, dividing the station
into a number of autonomous generating systems. The generating units
were entirely turbine-driven; two had an output of 3,500 kw. and two
produced 1,500 kw. The large units were more than double the capacity
of any turbines that had been built up to that time. Merz and McLellan
were now fully committed 1o turbines, despite some early operating prob-
lems at the Neptune Bank station.

In 1910 NESCO opcned another station—at Dunston—with three tur-
bines totaling about 30,000 kw. These turbines had been built by Brown
Boveri of Switzerland and AEG of Germany. The next major technological
advance, however, came in 1916 with the commissioning of a second station
at Carville. For many years Carville “B" (Fig. X1V.33) held the record as

" Memorandum of C. H. Merz to R. P. Sloan of NESCO, October 1908, Folder 29, C. H.
Merz lackbox, Merz & MeLellan Co. Archives.

* Beard, * in the Early Days,” p. 6. Beard is quoting from C. H. Merz's “Notes.”

* Charles 1. Merz, “Autobiography,” chapter entided “"Cork,” p. 15, Merz & McLellan
Co. Archives.

 Beard, “Their Achicvement—Our Heritage,” p. 1.

w“Electric Power Supply at Newcastle-on-Tyne,” The Electrician 47 (1901); $19-27; copy
in Merz & Mcl.eflan Co. Archives.

271,, Coram, “British Power Stations: Plant Closed Down” (a Merz & McLellan manuscript
booklet providing technical data on NESCO stations designed by the firm from 1904 o 1927).
Merz & Mclellan Co. Archives: Beard, “Fheir Achicvement—Our Heritage.” p. 14.
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Figure XIV.33. Carville “B" pouer station. Courtesy of NESCO. Newcastle upon Tyne, England.

the most economical power station in the world.?® An unprecedentedly
high steam pressure of 250 psi at a temperature of 650°F was used in the
station's five Parsons 11,000-kw. turboalternators. The increase in thermal
efficiency brought about by raising pressure and temperature became one
of the “critical problems” of the 1920s. Merz & McLellan added to the
momentum of the trend by using 450 psi and 700°F at North Tees, the
next station it designed for NESCO. North Tees had Metropolitan Vickers
20,000-kw. turboalternators. Begun during the war and completed in 1921,
the North Tecs station won such a reputation that anecdotes are still told
of the ruses tried by American engineers wanting to inspect it despite
wartime security regulations. In 1922, W. S. Monroe of the Chicago con-
sulting firm of Sargent & Lundy described North Tees as the most advanced
power station in the world. Continuing his tour of European power stations,
Monroe was particularly cager to discuss high-pressure and high-temper-
ature design with “our associates” Merz & McLellan. (He found the most
important power station in Europe after North ‘Tees to be the new Genn-

. *“Fheir Achicvement—Our Heritage,” p. 15.
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D WEAR PORTS

ey & Radbny Savice

ZO' transmission and dustribution system, ¢. 1923. Courtesy of NESCO, Newcastle upon Tyne, England

villiers station of L'Union d'Electricité in Paris, a station that had been
designed by Ernest Mcrcier.

The year 1926 and establishment of the Grid brought a dramatic change
in the orientation of NESCO and Merz & McLellan, for they were forced
1o rethink their plans for regional electrification in the context of a national
network. The most immediate and difficult prublem for NESCO was the
change in frequcncy 1t was an espec:ally vexmg problem because Merz
and his had designed an i-freq y re-
gional supply system that was unique among England’s utilities. After 1926,
ironically, the system’s 40-cycle frequency was defined as nonstandard. The
earlier process of integration by means of high-voltage transmission, cen-
tralization of control, and standardization had taken more than a decade,
but with the coming of the Grid. this remarkable achievement became a
1,400-mile inconsistency.

The Central Electricity Board decided on the uniform three-phase 50-
cycle standard instead of NESCO's 40 cycles because 50 cycles was the

w"Report of W. W. Monroe of Sargent & Lundy to Samuel Insull on Trip to England and
France, 19 June 1922," Mcrz & McLellan “Reports and Tests” (vol. 1/1.31, Folio 21, Doc. #
85/109), Tyne and Wear County Council Archi On NESCO power stations in the 1920s,
sce also Electricity Supply on the North-East Coast (1924?), pp. 5-6, 28 (a booklet
published by 20): "The North Tees Power Station,” Engineering 117 (1924): 753-55 and
118 (1924): 57-59 (reprint in Merz & McLellan Company Archives).
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European standard (except in ltaly); because most of the existing British
po!yphase power plants outside NESCO operated at 50 cycles: and because
British manufacllurers wanted a market outside England for the equipment
they would design and supply in quantity for the Grid." The decision
entailed serious consequences, for it involved conversion of hundreds of
turbogenerators, hundreds of thousands of motors, and almost half a mil-
lion consumers (rom other frequencies.

In the 1926 legislation an effort was made to soften the blow for NESCO
and its customers by providing for a government loan 1o accomplish the
conversion. The entire electric supply industry would share the repayment
cost; each utility, or authorized undertaking, would be required to make
an annual payment over forty years on the basis of its revenues. Projections
and analyses estimated the total cost of frequency conversion to be £10.5
million. Detailed studies, however, revealed a far greater problem than the
one for which Parliament provided. By 1930 the estimate for the conversion
in northeast England alone amounted to a gross of £9 million. Because of
the escalation, action was delayed and alternatives to integrating the already
well-integrated northeast into the large national system were explored.

Electrical suppliers and the large industrial consumers in Mcrz’'s north-
east opposed the changeover for a number of reasons. The government
had arranged funding for the conversion, but had not provided compen-
sation for the disruption of equipment and facilities while the work was
under way. Moreover, the northeast system had a high load factor, and
the argument could be made that increased economies resulting from in-
corporation into a larger system would be small, if any. In a report on
standardization of frequency prepared by NESCO and associated com-
panies, a member of the Merz & McLellan firm advised the Central Elec-
tricity Generating Board not to proceed with conversion.'®!

Events on a larger scale, however, relieved the tension. After the Central
Electricity Board found that the choice was between conversion or isolation
of the northeast coastal region, it petitioned the government to allocate
several million pounds in unemployment grants to the project. This would
at least mean that the country’s suppliers would not be burdened by an
intolerable debt. The industrial northeast was feeling the depression, and
the changeover was seen as a palliative, highly rational, and in the long
run an economically desirable project. The funds were appropriated.

Confronted by the problems of conversion and the loss of autonomy
through inclusion in the Grid, the designers and operators of NESCO could
still look back on an unusually interesting and, for England, paradoxical
history. From a historical perspective, the principal explanation for the
evolution of NESCO into a regional system was political and social. The
geographical ic, and organizational factors were favorable, but that
combination (with minor variations) could be found elsewhere in England.

100 Merz, “Electric Power Distribution,” pp. 262-63.

101 The cost of frequency standardization was estimated in Minutes of the Central Electricity
Board, 10 January 1930, “Standardization of Frequency"; and Merz & McLellan, Report on
the Standardization of Frequency on the System of the Newcastle upon Tyne Electric Supply Company,
14d.. and Associated Companies (January 1928); both in the Electricity Council Archives, London,
See also Great Britain, Ministry of Transport, Report of the Committee Appointed to Review the
National Problem of the Supply of Electrical Energy (London 1HMSO, 1926).
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What was unique in the Newcastle and Tyneside region was the ability of
the Merzes and their associates to put aside the frustrating contradictions
that were extant elsewhere in England. In London, the conflict between
the parties favoring the centralization of London’s government and those
advocating its decentralization stymied the development of a centralized
London power system. In the large urban-industrial centers of the Midlands
and the Liverpool-Manchester region, the forces of municipal socialism
contended with those of private ownership, and as a result, the government-
owned utilities were confined mostly to the political jurisdiction of the
municipality, and the private power companies, with their franchises for
large areas, were demiéd access to the urban districts. NESCO, by contrast,
was a privately owned urban utility that metamorphosed into a privately
owned power company that crossed the parochial political boundaries. The
explanation lies to a large extent in the political, financial, and industrial
network, or community, presided over, or participated in, by the kin and
friends of the Quaker Merzes. This social and technological network tended
1o see power—both political and electric—as the Germans and Americans
saw it: as a means to technological ends.



CHAPTER XV

Epilogue

THIS study ends with the year 1930. The regional power systems, in-
cluding those owned by private uilities, government agencies, and
mixed private and government enterprises, had matured. After 1930, changes
in these systems became less qualitative and more regular and predictable.
The reader who is disappointed that the study does not extend to the
present should consider that the analysis of a coherent, formative period
in the history of power systems is likely to be more meaningful than an
effort to extend the study 10 a so-called present, which is past by the time
the study is published.

The model of system formation and growth used as the mode of organ-
ization for this study allowed the author to develop and coordinate a num-
ber of subthemes. These may prove relevant not only to the history of
power systems but to history focused on technology generally. The sub-
themes were in most instances related to questions often asked about tech-
nological systems and about the history of technology in general. For in-
stance, the nature of the inventive act was explored under the rubric of
invention and development. Of special interest in this regard was the crea-
tivity of Thomas Edison—the motivations, methods, and sociological cir-
cumstances pertaining to his invention of a system. Also important were
the contributions made by Edison’s co-workers. Edison was scen inventing
by analogy and organizing his co-workers and his laboratory facilities as a
mirror image of the system being invented. The technology-transfer stage
of the history raised questions about adaptation. The Edison direct-current
system was invented and developed for a specific area of New York City;
in order for it to be transferred to other places and societal contexts, such
as London and Berlin, changes had to be made in the system. Because
failure in technological endeavors is so rarely discussed and because it
reveals important and i intractable problems, ion was di-
rected to failures resulting from inappropriate technology transfer, espe-
cially in London.

Historians are now interested in the interaction of technology and pol-
itics. In this study the interaction was explored in the context of three major
Western industrial cities. In Chicago, technology dominated politics; in
London, the reverse was true; and in pre-World War I Berlin there was
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ation of political and technological power. The reverse salient—
blems analysis of technolog changc provnded an opporlum!y
to discuss the mechanism, or internal dy L of
The nature of the resolution of the conﬂlct that dcveloped in the 1890s
between technological systems permitted exploration of the art of com-
promise and nonviolent change. The conflict also revealed that technical
problems are sometimes in essence institutional and value con An-
other subtheme articulated within the context of the overarching model
was technology as an improver on natural circumstances. Natural resources
in the Sierras of California were seen being transformed into economic
goods by engnneers .md en(repreneurs using high-voltage transmission.

One ?. the theme of Chapter
XI. “War and Acquired Cll.lraclerlsucs, but it was explored throughout
the study. To draw together the various threads and to explore and propose
at least a partial answer to the question of autonomy, we must consider the
internal technical forces that facilitated growth as well as the external,
nontechnical, cultural forces that helped shape the electric supply systems.
Throughout this study it has been necessary to reach out beyond the tech-
nology, outside the history of technical things, to explain the style of the
various systems, so obviously the technological systems were not simplis-
tically autonomous, or free of the influence of nontechnical factors. The
evolving power systems were not, metaphorically speaking, driverless ve-
hicles carrying society to destinations unknown and perhaps undesired.
The systems did, however, have an internal drive and an increasing mo-
mentum. The continuous emergence of reverse salients and the ongoing
solution of critical problems by inventors, engineers, and entrepreneurs
provided this. The external, cultural factors that gave control and direction
were systematically summarized in Chapter XIV. The style of each system
was found to be based on entrepreneurial drive and decisions, economic
principles, legislative constraints or supports, institutional structures, his-
torical contingencies, and geographical factors, both human and natural.
All but the natural geographical factors involved the actions of society,
which were sometimes purposcful, sometimes inadvertent.

The cultural forces influencing the systems stemmed from the societies
within which the systems grew. These societies were of various kinds ac-
cording to time and place. The early systems were subject mostly to urban
influences. In the 1920s the influences stemuned from regional circum-
stances and the social organizations associated with them—{or instance,
states in the United States, counties in England, and provinces in Germany.
As was explained in Chapter X111, the cultural forces varied from society
to society, but there were also forces that transcended local or regional
characteristics. These were mostly economic in nature. These economic
forces in turn manifested the values that transcended time and place and
pertained to Western society, or at least to the United States, Germany,
and England. The values were those ol a cost-accounting, capitalistic civ-
ilization.

If a would-be Darwin of the technological world is looking for laws

logous to the envir | forces that operate in the world of natural
selection, the economic principles of load factor and economic mix are
likely candidates. In the history of supply systems, these embodied the
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values of a culture that was capitalistic, a culture where interest on capital
was calculated 1o ascertain the cost of goods and services. Because clectric
power systems were capital intensive, interest was of paramount impor-
tance. The cost of capital was calculated by the utilities operating electric
power systems irrespective of the form of ownership—private, public, or
mixed private and public. In a culture that did not calculate capital cost—
the medieval Western civilization for instance—electric light and power
systems would have grown differently.

Owners and managers of utilities, unlike the owners and managers of
railroads, steel mills, bile factories, and many other large-scale tech-
nological enterprises, were not diverted by harassing labor problems from
a close analysis of, and emphasis on, capital cost. In the sources pertaining
to the problems of the electric power systems, rarely was more than a
passing reference (o labor costs encountered. Instead, the emphasis was
on load factor. Load factor structured the decision-making environment.
Probably for this reason the utility engineers and managers were the first
(0 clearly articulate and thoroughly exploit the implications of load factor.
The railroads had a load-factor problem in their need to utilize rolling
stock more [ully, but load factor was a concept articulated by the electric
power utilities.

How did close attention (o load factor cause system growth? The essence
of the answer is diversity, the diversity of human geography, which is often
a correlate of the size of an area. As this study has shown, utility managers
like Insull strove in a purposeful way to expand the territory of their
utilities. The objective was not simply size, as crude explanations for the
large scale of modern technology and business insist, but expansion to
encompass the diversity of loads that brought a fuller round-the-clock
utilization of generating equipment. A utility manager with a peak load
caused by rush-hour use of electrified streetcars soon learned that it was
not in his interest simply to expand the traction load. Instead, the utility
reached out like a tree in a dark forest stretching its limbs into the sustaining
sunlight. When sustenance for the load-hungry utility with a traction peak
was the night-shift operation of a chemical plant, the system’s distribution
lines reached out in that direction. System builders knew that the diversity
of load that allowed load g a resulting impi in load
factor, and a lowering of unit capital cost was likely to be found in a large
geographical area where the population engaged in a wide variety of en-
ergy-consuming activities. This study has made this clear in a number of
instances.

Economic mix also enhanced system expansion. This was explained using
examples like the spread of the high-voltage transmission lines of RWE,
the Ruhr-based utility, into the lignite ficlds around Cologne and the water-
power regions of the Alps. Power plants in these diverse regions comple-
mented each other ec ically. Again, expansion was not simply an ag-
gressive drive for undifferentiated size; it was a purposeful move to Inwef
the cost of energy. Whereas load-factor considerations led utilities to exploit
the diversity of human geography, economic mix dictated expansion to
exploit the diversity of natural geography. The imperatives of fuel economy
and load Factor often interacted because load diversity was encountered
along the transmission lines extending to new sources of energy.
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The decisions that were made to improve load factor and economic mix
shaped the growing electric supply systems in their cost-accounting settings.
Only rarely were these principles violated, either by private undertakings
or government-owned utilities. London was a salient exception. London's
local government and the forces it represented were successful in contain-
ing electric utilities within the boundaries of local-government jurisdiction
and thereby restricted them to small-scale technology and limited diversity.
This was the price, literally and figuratively, that Londoners paid for plac-
ing a higher value on the traditional power of local government than on
the lower cost of electric power.

The managers, engineers, and owners who applied the principles of load
factor and economic mix were also motivated by the conviction that each
customer should at least pay the cost of the electricity delivered. The meth-
ods of calculating this cost were complex, but with rare exception the
variations in price for peak load and low load, as well as for small and large
c s, were not i led to subsidize. When Gifford Pinchot and
Morris Cooke argued that the small rural should be subsidi
the private utilities objected. Such a policy was considered by them to be
a matter of social reform, not the business of private enterprise. Oskar von
Miller in Bavaria advocated supplying all of the people with the benefits
of electricity, not only those who were able to pay. Generally, however,
before 1930, supply was limited to those who could afford to pay. The
owners and managers of utilities, whether government or private, usually
viewed any other policy as uneconomical and irrational.

As a result of the emphasis on economlc factors, decnslon making in the
utility industry was relatively forward comg 1 10 what it would
have been if engineers and m.magers had felt obliged—or indeed had been
obligated—to fulfill social needs despite costs. In the filty-year history of
electric power systems considered here, influential voices did not call for
the cross-subsidized supply of light to hospitals, prisons, and other public-
welfare institutions; the argument was not macle that the streets and houses
of the slums should be lit first because lighting would have a more dramatic
impact on the quality of life there: and demands that electricity be used
first in workplaces where the physical burdens were heavy were not ex-
pressed. Il these social values had been stressed, the decision-making proc-
ess would have been more complex and electric power systems would have
developed different shapes. In essence, the map of supply would not have
been a map of transmission and distribution to industry, traction, and the
economic classes able 10 pay for luxury lighting. Electric power systems
before 1930 were mostly artifacts that manifested culture.

In the decade after 1930, interest in introducing a more complex set of
values into the design of electric power systems increased. In the United
States, planners of the Tennessee Vallcy Authority stressed that the TVA
system would not simply supply electric power; it would also endeavor o
meet such social objectives as providing labor-saving appli for a de-
pressed rural population and making the rivers of an economically back-
ward region navigable. Other social objectives included soil reclamation
through the manufacture of fertilizers (using cheap electricity) and the
prevention of soil erosion through the control of flood waters and runoft.
In England, following the establishment of the National Grid, there was
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increased emphasis on supplying the needs of the less affluent classes by
means of, for example, the widesprcad sale and use of electric heaters. As
a matter of fact, by means of aggressive sales and favorable pricing, electric
heating was cultivated to such an extent that the system’s load curves were
greatly distorted.

Economics was not an absolute determinant of the growth and shape of
electric power systems before 1930, application of the principles of load
factor, economic mix, and pricing on the basis of cost notwithstanding.
There were exceptions, as has been noted. Also, there were innumerable
variations in the way in which economic principles were applied. Therefore,
the economic factor should be considered deterministic rather than deter-
mining, and the result a soft determinism. During the half-century of
history considered here, the soft determinism of economics was reinforced
by another deterministic influence. As the power systems grew in size, they
gathered momentum. As was pointed out in a number of sections of this
study, power systems encompassed a technical core of components as well
as institutional components, most notably utilitics. Occasionally, regulatory
and law-making bodies were subject to the control of the system builders
and managers and thus became part of the system. In add
manufacturing enterprises were systematically related to the utilities. Even

lucational institutions were linated. Such encompassing systems should
be labeled sociotechnical systems rather than technological systems. These
sociotechnical systems had high momentum, force, and direction because
of their institutionally structured nature, heavy capital investments, sup-
portive legislation, and the commitment of know-how and experience. This
momentum was a conservative force reacting against abrupt changes in the
line of development. Because of the conservative momentum, rarely were
radical inventions, technical or social, introduced. Radical innovations would
have changed the rate and direction of growth. After “the battle of the
currents,” the system builders’ efforts were usually directed to increasing
the size of systems incr lly, but not to changing their direction to
fulfill radically different economic or social goals.

In sum, it is difficult to change the direction of large electric power
systems—and perhaps that of large sociotechnical systems in general—but
such systems are not autonomous. Those who seek to control and direct
them must acknowledge the fact that systems are evolving cultural artifacts
rather than isolated technologies. As cultural artifacts, they reflect the past
as well as the present. A pting to reform technology without system-
atically taking into account the shaping context and the intricacies of in-
ternal dynamics may well be futile. If only the technical components of a
system are changed, they may snap back into their earlier shape like charged
particles in a strong electromagnetic field. The field also must be al}cllch
10; values may need to be changed, institutions reformed, or legislation
recast.
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London International Electric Exhibition
(Crystal Palacc) (1882). 52-53

London Power Co., 360

Los Angeles, California. aqueduct system
of, 28

Los Angeles Water and Power Burcau,
31

Lowrey, Grosvenor P.: as business adviser
to Edison, 29-31, 38: promotes Edison
enterprises abroad, 47-50

Lubbock, John, 54

MacLaren, Malcolm, 331

Mcl.ellan, Wlllmm and Charles Merz,
450, 4. ; and interconnection of
utilities, 29' in World War I, 290

Mainkrafiwerke AG, 424

Malden Electric Co., 292

Management services, 388-89, 397

Manchester Corp., 444

Manchester Square station, 236

Manufacturers, electrical, 3840, 177,
178-79, 232-38, 433. See also names of
companies

Marindin. F. A.. 238
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Marindin Committee, 238, 24142, 247

Markgrafenstrasse central station, 73, 186

Martin, John, 270-71, 272-74, 27

Maschinenfabrik Oerlikon, 131; in Frank-
fort exhibition, 138

Massachuseus Electrical Engineering Co.
of Boston, 386. See also Stone & Webs-
ter Co.

Massachuseus Institute of Technology
(M.L.T.). 144, 14546, 155-57; clectrical
engineering at, 151-53; network ana-
lyzer of, 876-77

Materials handling, 43, 413, 415-16

Mather, T., 154

Mauerstrasse central station, 73, 183

Maxim, Hiram, I

Mayer, Wilhelm, 313, 814

Menlo Park laboratory, 23-25. See also
Edison, Thomas Alva

Merger: of manufacturers, 163-64; of
utilities, 276, 430, 431, 440

Mershon, Ralph, 161-63

Merz, Charles H., 287, 249-50, 449-51;
assesses London electric supply system,
228; and British Grid, 350, 352-53,

355: in conflict with John Snell, 357; as
expert parliamentary witness, 453; and
William McLellan, 451-52; and
NESCO. 448; and politics, 204-5; and
power bill, 251-56; and regional char-
acter of technology, 454; and reorgani-
zation of electric supply, 319-20; and
standard cycles, 129; on technological
style, 405; in World War 1, 290

Merz, John Theodore, 248, 249, 250,
448-49, 451; influence of, on son, 455

Merz & McLellan, 249, 256, 356, 357,
452; as consulting engineering firm,
385, 386: and the Grid, 458~59; and
NESCO, 449; and turbines, 453-54

Metropolitan Supply Co., 235, 360

Middle West Utilities Co 204, 392, 402

Miesbach, Germany,

Miller, Oskar von, 261 334-37, 464; as
consulung engineer, 385, 386; at Frank-
fort exhi n, 131; and interconnec-
tion of uul ies, 817; at Paris exhibition,
51, 66; and Emil Rathenau, 67; report
of. on German electric supply, 315. See
also Bayernwerk; Walchenscewerk

Ministry of Reconstruction, United King-
dom. See Haldane-Merz Report

Minshall, T. H., 251, 253

Mitchell, 8. Z., 398 395, 396; on diversity
principle, 399; and Lehigh Navigation
Electric Co., 437, 439

Miticn, Thomas E., 326-28

Moabi( power station, 195

Momentum, technological, 15-16, 14041,

Monroe, W. S., 457

Morgan, ). P., 387

Morrill Act of 1862 (U.S.), and engineer-
ing education, 143

Motor: direct-current, 82; polyphase,

INDEX

109-11, 455-56. See also Dolivo-Dobro-
wolsky, M.; Industrialization, and elec-
trification; Load, power and light;
Power, stationary; Tesla, Nikola

Munich International Electrical Exhibition
(1882), 335

Municipal sacialism, in Britain, 59-60,
255, 26

Murray, William S., 296, 207

Muscle Shoals hydroclectric plant, 287,
203-95

Nashville Light & Power Co., 387

National-Bank fiir Deutschland, 67

National City Bank of New York, 428

National Civic Federation, 207

National Defense Act of 1916 (U.S.), 287,
293

National Electric Light Assoc. (NELA),
174, 207

National Power & Light Co., 441

National Socialists (Nallonal “Socialist Ger-
man Workers' party), 3

Neptune Bank central sulion, 451, 456

Nernst, Walther, 166

Newwork analyzer, 376

Nevada City plant, 271

Newcasue & District Co., 447

Newcastle Corp.. 447

Newcasde upon Tyne Electric Supply Co.
(NESCO), 249, 290, 857, 358, 448; and
characteristics of region, 445-46: and
the Grid, 458-59; and industrial power
load, 455 organizational structure of,
449; and politics. 447-48; technol

Page, Archibald, 854, 355-56, 360-61
Page, Charles Grafton, 86
Pantaleoni, Guido, 102
Panter, T. A., testimony of, for Giant
Power bill, 311
Parallel distribution. See Distribution, par-
allel

Pardee, Calvin, 435

Paris International Electrical Exhibition
(1881), 66, 335

Parochialism: of local authorities in Lon-
don, 233-34, 24849, 253-54: and util-
ity growth, 818, 323, 324, 338

Parsons, Charles, 319; as head of Com-
mittee on Electrical Trades after the
War, 320; and Newcastle & District Co.,
447; and steam turbines, 211, 454

Parsons Co., 232

Parsons Committee. See Committee on
Electrical Trades after the War

Passavant, Dr. Herman, 200

Patents, 84, 91-93, 94; Edison, 32, 67, 68,
71, 83; Edwards and Normandy, 92:
Gaulard and Gibbs, 91-92; Haselwan-
der, 118; Jablochkoff, 92; Tesla, 115

Pearl Street central station, 4045, 81. See

dison, Thomas Alva

?c:k Charles F., and financial backing fo
Nikola Tesla, 115

Peck, F. W., Jr., 380-84

Pelton, Lester, 263

Pelton Co., 268

Pennsylvania Electric Association, 298,

3

44
Pennsylvania nghung Oo 439, 440

style of, 404, 407
Niagara Falls power project, 135-39
Niagara Falls power station, 135, 187-39,
264-65

Niagara Hudson Power Corp., 400

Noble, Sir Anthony, 250

Norris, Henry, 154

Northcote, A. S., 250

North Eastern Electric Supply Co. See
Newcastle upon Tyne Electric Supply
Co.

Northern Central Gas Co., 439
North Tees power station, 444, 457
Northumberland County Gas & Electric

Co., 440
N. W. Harris & Co., 274

Oakland Gas Light & Heat Co., 276
Oakland Transit Co., 274
Oberspree power station, 192
Ogden Gas Co. case, 206

Ohio Brass Co., 268, 375

Ohm'’s law, in Edison’s work, 34-87
Oliven, Oskar 817-18

Operator, 17

Operator aml Electrical World, 173

Pacific Gas & Electric Co., 276-80, 379
Pacific Gas & Electric Investment Co., 277
Pacific Light & Power Co., 281

(PN]), 825, !31—31 401 440

Pennsylvania Power & Light Co. (PP&L),
326, 330, 440; compared with RWE,
428-29; and Electric Bond & Share Co.,
401; and rural clectrification, 442—43;
technological style of, 404, 407

Pennsylvania Stale Council of Farm Or-
ganizat

Pennsylvania Waler & Power Co., 326

Penrose, Charles, 308-9, 3

Peoples Gas Light & Coke Co 206

Perry, John, 150

Peterson, Waldcmar, 348

Petroleum, as powcr-planl fuel, 278

Pfalzwerk AG, 336-!

Philadelphia Elttll’lc Co 299; and Con-
owingo project, versus Cooke,
300-301; as PNj dlspaldn:r. 382, See
also Pennsylvania-New Jersey Intercon-

nection
Philadelphia Electric Power Co., 326
Philadelphia Rapid Transit Co., 326-28
l’hys-kahs:h Technuclw Reichsanstalt, 178
Piesteritz, Germany, 288-89
Pinchot, Gifford, ?96 301, 812, 464: and
Conowingo pm)ev:l 328; and Giant
Power, 297-98, 301-5
Pine Grove power station, 440
Politics, and technology. 318-20, 352-53,
447-48, 461
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Polyphase current. See Power, transmis-
sion of; Systems. polyphase

Pope. Franklin L.,

Power

INDEX

Reverse salients, 14, 22, 79-80, 83, 85-86,
90-91, 109, 371-72, 462. See also Criti-
cal problem(s)

Rheinisch-Westlalisches Elekmmauwerk

ment of, with German Edison, 68; labo-
ratory research of, 166, 172, 37
ent agreement of, 126, 168-69; Siemens
(U.K.), 232
si Rh

—stationary: in Berlin, 189-92; in Chi- AG (RWE), 288, 314; Elbe-Sch Union, 420
cago, 228, 224; in London, 231. See also 405—9 compared wllh PP&L, 428—29, Siemens-Schuckert Co., 179; and RWE
alization, an ificati witl contract, 421

—transmission of: alternating-current
(single-phase). 93-94, 95, 243-44; di-
rect-current, 83, 85-86, 91, 131: poly-
phase, 129-30. 131, 133-35

Power companies: British, 230-31, 248,
44748, See also names of companies

Power Securities Corp., 328, 402-3

Preece, William, 54, 64

Preussische Elektrizitits AG (Preussene-
lcklra) 423, 427

Profcs“onaluauon, 14142. See also Socie-
ties, professional

Public Service Commission of Pennsylva-
nia, 300; and Giant Power, 302, 303

Public Service Co. of Northern lllinois,
226

Public Service Corp. of llinois, 204

Public Scrvice Electric & Gas Co. of New
Jersey. 326, 330. See also Pennsylvania—
New Jersey Interconnection

Public Utility Holding Company Act of
1935 (U.S.), 393, 401

Puskas. Theodore. as Edison represcnta-
tive, 48-50

Quarry Street station, 212, 214

Railways. electrification of, 341, 446-47.
See also Transit systems

Rathenau, Emil, 200; and Edison system,
67, 70 and the market, 179; at Paris
exhibition, 51, 66

Rathenau, Walther, 179-80

Rationalization (Rationalisierung), 324;
through interconnection (Verbundbe-
trieb), 418; Arthur Koepchen's views on,
418, 419; of regional systems, 368-69;
by Hugo Stinnes, 411

Regional systems. See Systems, regional;
Turbine, steam

Reich (German), and national grid, 313-

central station, 408

ility, of electric system, 370

Research and development, 19-20; by en-
gineering professors, 156-60; by manu-
facturers’ engineers, 162-64. See also
Research Iabomory, invention and de-
velopment in

Research Cennter for High Voltage Appa-
ratus,

Research laboratory: Edison's, 23-25;
General Electric’s, 164-71; high-voltage
experimentation in, 377-80; invention
and development in, 160; Siemens &
Halske's, 172; William Stanley's, 103

Reuleaux, Franz, 148

Revere Suburban Gas & Electric Co., 292

EWAG 423-21 expanslon of, 424—25
financing of, 428: interconnects with
Bayernwerk, 426: rationalization of,
418-19; and Roddergrube agreement,
414~15; technological style of, 404, 407;
220,000-volt transmission line of, 420-
21, 424-27

Rice, Edwin W., and GE Research Labo-
ratory, 165, 166

Richardson, G. B., 250

Richardson, john Wigham, 448, 451

Roberts, E. P.,

Roddergrube AG. 413: and RWE agree-
ment, 41415

Roosevelt, Theodore, 301

Rotary converters, as system couplers,
121, 208-9. 345

Rihmkorff. Heinrich Daniel, 86

Ruhr region. Germany, 409

Rummelsburg power station, 197

Rural electrification. See Electrification,
rural

Rural Electrification Administration
(U.S.). 308, 443

Ryan, Harris J., 146, 148, 153-54, 879,

Sierra & San Francisco Co., 281
Single-phase current. See Allcrnaling cur-
rent; Power, transmission of; Systems,

alternating-current
Sir Coutts Lindsay and Co., 97; and Gau-
lard and Gibbs, 92, 98
Slaby, Adolf, 145, 149
Sloan, R. P., 449
Snell, John, 355-57
Socialization Law (Germany), 313
Social network, Merz family as, 455
Société électrique Edison, 67
Societies, professional, 172-74, 177
Socie(y of Telegraph Engineers (U.K.),

Sonnemann Leopold,
Soulhern California Edlson Co., 281,311,

Spandauersuas&c central station, 77

Spencer, Hugh. 376

Sperry. Elmer, 163

Sprague, Frank J.: and criticism of Edi-
son, 27: and d.c. motors, 82; at Paris
exmbmon. 50 at Sunbury project, 432;
and three-wire sysiem, 8

a Wcrke (StEW), 72,

384; and high-voltage p
159-60: publications of, 158

Sacramento Electric Gas & Railway Co.,
276

Sacramento Power & Light Co., 270

St. James & Pall Mall Co., 235

St. Marylebone central station, 235

Salem Electric Lighting Co., 292

San Francisco Gas & Electric Co., 276

Sardinia Street central station, 235

Sargent, Frank, 209, 211

Schiffbauerdamm central station, 186

Schmidt, Albert, 139; as assistant 10 Ni-
kola Tesla, 120

Science, electrical engmeermg as, 142-43,

183, 200; and Edison, 73-75
Standard Electric Co., 276
Standardization. See Frequency, efforts to
standardi;
Stanford University, 379
Stanley, William, 27): and Gaulard and
Gibbs transformer, 98-100; and Great
Barrington, Mass.. laboratory, 103—4; at
Sw:m Elecmc Co., 100; at Westinghouse

Co.

Slanlcy Elcﬂric Manufacturing Co., 120,

, 271

Statistics: Samuel Insull's use of, 225-26:
Charles Mcrz's use of, 251

Stcinmetz, Charles, 163-64, 173; and GE

156-57. See also Electrical eng

cientific method: F. W, Peck. jr's 381-
84; Harris J. Ryan's, |

Scott, Charles F., 120, 139 5859, 161-

63, 173

Shallenberger, Oliver B., 139

Shaw, Philip B., 431-32

Sheffield Corp., 444

Shoreditch central station, 237

Sibley College of Mechanical Enginecring
and the Mechanical Arts, 152-53. See
also Cornell University

Sicmens, Werner von, 177; at Paris exhi-
bition, 66: and technical education,
14445

Siemens, Wilhelm von, 166; and three-
wire distribution, 84

Siemens & Halske Co., 66, 177; agree-

171; and F. W, Peek, Jr., 381

Stephan, Heinrich von, 174

Stillwell, Lewis B. IS?

Stimson, Henry L.,

Stinnes, Hugo.“o—ll 420, 424: and ra-
tionalization, 415

Stockbrokers, financing of utiities by, 57,
61-62, 63, 240, 274, 276-77. See also
Drexel, Morgan and Co.; Electric Bond
& Share Co.; Halsey & Co.: Stone &
Webster Co.

Stone, Charles A., 386-88, 393

Stone & Webster, Inc., 390

Stone & Webster and Blodget, Inc., 390

Stone & Webster Co., 328, 386-90

Stone & Webster Engineering Corp., 390

Stone & Webster Management Assoc., 390




473

Storage battery, 8

Strectcar, elecmﬁcnnon of. See Transit
systems, electrification of

Street Railway & Illuminating Properties
Trustees, 387

sanlagen E.V. See Research Center for
High Voltage Apparatus

Style. See Technological style

Sunbury, Pennsylvania, 481-33

Superpower, 296-97

Swan, Joseph: and carbon-filament lamp,
21-22; and Edison patents, 71; and
Electric Lighting Act of 1882, 58

Swan, Hnmer. and Wigham Richardson &

455

Swan Electric Light Co., 62

Swinburne, James, 233

Systems, 5-6, 7-17, 368; zllernalmg-cur-
rent (single-phase), 86, 87, 88-90; di-
rect-current, 81, 234-35; economic and
technological, 28-29; Edison’s invention
and development of, 18-23, 31-87; ex-
pansion or growth of, 463; Samuel In-
sull's concepts of, 204, 216-17; poly-
phase, 118, 117, 120, 126, 14041, 150-
51, 197, 451; regional, 352-53, 363-65,
3870-71, 453-54: sociotechnical, 465;
trust and cartel as, 419-20; universal
electric supply. 122-25, 186, 208, 212,
214. 247, 248, 262; vertical production
and, 407-8, 419, 420

Taylor, Frederick, 300

chhnml education. See Education, tech-
nical

Tnhmuhe Hochschulen (technical higher
schools). See Engineering schools and
colleges

Technological style: of regional systems,
352-53, 404, 405, 454, 462; and techni-
cal characteristics, 408-9. See also Allge-
meine Elektrizitits-Gesellschaft; Edison.
Thomas Alva; Ferranti, Sebastian Ziani
de; Newcastle upon Tyne Electric Sup-
ply Co.; Pennsylvania Power & Light
Co.; Rheinisch-Westfalisches Elektri
tswerk AG

Technology: autonomy of, 462-65; in
capitalistic society, 468; as cultural arti-
fact, 405, 420; and cconomics (see Eco-
nomic factors); factors shaping, 405-7,
464; laws influencing, 462 (see also Poli-
tics, and technology): and science (see
Science, electrical engineering as; Scien-
llﬁc method). See also War, and technol-

Te(hnololy (ransl‘er 57, 49.50. 65. 6.
77, 405, 451-52,
Teegraphic Journal o Electrical Review,

Tellunde, Colorado, transmission, 162-63

Tennessee Valley Authority (TVA), 295,
401; and social objectives, 464

Tesla, Nikola, 112; and criticism of Edi-
son, 27; a1 Edison’s Machine Works,

INDEX

113-14; at French Edison Electric Light
Co.. 113; invents polyphase motor and
system, 111, 112-17; as professuonal in-
ventor, 114; uses rotating magnetic
feld 116-17; and Westinghouse Co.,

Tesln Electric Light & Manufacturing Co.,

Thomu A. Edison Construction Depart-
ment, 431, 432

‘Thompson, Sylvanus P., 130, 146, 233

Thomson, Elihu, 141

Thomson-Houston Electrical Manufactur-
ing Co.: and “the battle of the systems,"
107; merges with Edison General Elec-
tric Co., 77, 163; and polyphase system,
120; and United Electric Securities Co.
of Boston, 395

Threc-wire system, 83-84, 431-32

Thyssen, August, 410

Transformer. See Blithy, Ouo T.; Déri,
Max; Ferrant, Sebastian Ziani de; Gau-
lard, Lucien; Stanley, William; Ziper-
nowski, Charles

Transit systems, electrification of, 434-35;
in Berlin, 181-82, 188, 189-91; in C|
cago, 201-2, 221-23; in London, 232,

52

Transmission. Sec Power, transmission
of

—high-voltage, 26263, 280—84. See also
Bay Counties Power Co.; Bayernwerk:
British Grid; Frankfort on the Main In-
ternational Electrical Exhil (1891);
Giant Power; Munich International
Electrical Exhibition (1882); Pennsylva-
nia-New Jersey Interconnection; Power,
transmission of; Superpower; and names
of regional utilities

Treaty of Versailles, 418

Turbine, steam: in Berlin, 195-97; in
Chicago, 209-12; in London, 235-36;
and regional systems, 36365, 453-54

Turbine, water, 263

Tyneside Electric Co., 447

P

178

412; in United Kingdom, 59, 60, 236—
37, 255, 260. See also British Grid; Giant
Power; Municipal socialism

Ut::i,lzias Power & Light Corp. of Chicago,

Values, and power systems, 464-65
Van Depoele, Charles ., |
Verband Deutscher Elckirotechniker, 174,

Vlllard Henry, 45, 75-76; negotiations
of, with Drexel, Morgan and Co., 77;
and reorganization of Edison enter-
prises, 77

Végler, Albert, 420

Voltage: regulation and control of, 42—43;
220, introduction of, |

von Maffei, Ritter, 341

Vorarlberg, Austria, 425

Walchensee, Bavaria, 337, 341

Walchenseewerk, 334, 33942, 346, 427.
See also Bayernwerk

Walker, Francis A., 386

Walker & Wallsend Gas Co., 448, 451

Wallenpaupack power station, 440

Wantage, Lord (Robert James Lindsay).

3941
War, lnd technology, 16-17, 285-90, 296.
324

‘War Industries Bo:nd (US.), 292
Warriner, S. D.,

Watson, Robert Spcnce. 250, 448, 449
Webster, Edwin S., 386-88, 393
Weimar Republic, 9I7 319

Weir, Lord, 352
Weir Report, 352-53, 356
Wells, PI P., 301, 812

Welsbach, Carl Auer von, and osmium-
filament lamp. |es
Wenstrom, Jonas, 11
Westdeutsche Elekmmalswms:hnﬁ AG,
26

4

Westinghouse, George: and alternating
current, 104; and Gaulard and Gibbs

102; and Niagara project,

Union
Union Switch & Signal Co., 100
United Corp., 392, 394, 400401
United Electric Securities Co., 395
United Gas & Electric Co., 276
United Gas Improvement Co., 401
University of Pennsylvania, 377
Upton, Francis, 23; as conceptualizer, 25~

26; designs generator, 37, 81; and

son, 26-27; and Joule's law, 36; and

Ohm’s law, 8t Henry Villard, 76
Urbm clccnrlﬁcauon See Electrification,

u: s nmm Lighting Co., 100

137; znd William Stanley's inventions,
100, 1

Wesunglwuse‘ H. H., 100

Westinghouse Air Brake Co.. 100

Wcsunghousc Co., 101, 110, 239, 268; de-
signs analog power systems, 376 in “the
battle of the systems,” 107; a1 Chicago
exposition of 1893, 122; and critical
pwlﬂems. 161; and Nernst patent, 166;
and Niagara power station, 139; patent-
exchange agreement of. 126; and poly-
phase motor, 117, 19; Sl-’ll!d‘\ldllC!
re ucnues. 126

A Aquarium exhibition, 88, 89,

I97—90. 225, 228-29, 247, 257, 259-6I

small-scale, in London, 234-37
—government ownership of: in Germany,

198-200, 814-15, 317, 339-40, 345,

90
Wesiminster Electric Supply Corp., Lid.,

4
Weston, Edward, 100
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Whecler, Schuyler Staats, 82
White, William Allen, 301
Whitney, Willis R.,
Wilkens, Gustav, 200

Willesden central station, 236
iamson, Sir Archibald, 319
mson Committee, 3I9 320-21

INDEX

der Reichsgruppe Encrgiewirtschaft der
deutschen Wirtschaft (WEV), 315

Wise. J. H., 280

W. Lahmeyer & Co., 118

Wright, Arthur, metering system devel-
oped by, 220

Wright, Johnstone, 354

Germany, 318

schafisgruppe 8

Yerkes, Charles Tyson, 206, 221
Young, Owen D., 399
Yuba Power Co., 272

Yuba power plant, 271-72

Zpernowskd, Charls. 95-96
“Zukunfy" 4
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