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PREFACE

The morning of August 3, 2014, began as a typical day. I woke
up and began my routine of filling the kettle with water and
putting it on the stove. As I waited for my water to boil, I
checked my messages and noticed a text from a friend that said,
“Don’t drink the tap water and turn on the news.” I turned on
the television and learned that there was a ban on our water
as it had been found to be unsafe to drink. In an instant, half
a million people in northwest Ohio and southeast Michigan
were without water. A toxic algae bloom on the western end of
Lake Erie had settled over the Toledo, Ohio, water plant intake
crib and suddenly a major Great Lakes city had no usable water.
As I write this in March 2016, just one hundred miles north of
my location on the University of Toledo campus, our neigh-
bors in Flint, Michigan, are in the midst of their own water
crisis. A switch in their water source caused lead to leach out of
century-old pipes, rendering the water unusable. In both cases,
systems that were taken for granted became the center of atten-
tion. It was rare that one would think about the water supply in
either city considering their locations near the largest sources
of freshwater in the world.

It may seem strange to begin a book about electricity with
a story about water, but the water supply shares a common el-
ement with the electrical grid. They are both largely invisible
technical systems that we tend not to think about. In the case of
our water crisis, there was a sudden and finite interruption that
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exposed vulnerabilities in the system. There are well-publicized
vulnerabilities in our electrical grid as well, but the subject of
this book is not about immediate interruptions or the lights
going off. My area of interest is in how the invisible nature of
our electrical infrastructure contributed to attitudes about en-
ergy consumption and the environmental consequences of that
consumption over time. Like water, electricity is a commodity
we encounter every day, but unlike water, it is in itself invisible,
and we rarely see the ultimate sources of electrical generation.

As a secondary energy source, electricity has always been
somewhat of an abstraction. Electricity is a secondary source
because it requires a primary energy source in order to be gen-
erated, such as a photovoltaic cell or mechanical action derived
from steam or wind. As such, it is once removed from its ulti-
mate source of generation and represents an energy source that
takes on a new identity, further removed from the conscious-
ness of those who consume it. I have taken an informal poll
with my undergraduate students every semester for the past
five years with one question: What is the ultimate power source
for your smartphone? Most students quickly answer that it is
the battery. I then ask again, what is the primary power source?
What ultimately charges your wireless device’s battery? Eventu-
ally we get to the answer that it is electricity, and where I teach,
many go on to identify that the ultimate source of electricity is
nuclear power, likely because we have two nuclear plants with-
in forty miles of our campus. A few others answer correctly
by saying that the primary source is coal. It is a wake-up call
for some to realize that our cell phones, plug-in cars, laptops,
and all other ubiquitous devices in large part run on coal. Most
of us do not consider the fact that nineteenth-century steam-
turbine technology powers our smartphones and other modern
electronic devices. We’ve become consciously removed from
the energy infrastructure, and we have come to view electricity
as an autonomous, stand-alone energy source. In short, on a
daily basis, we have forgotten where our energy comes from
and the consequences of our energy consumption.

This did not happen overnight. We’ve had a long love affair
with electricity. When electrification was adopted in the Unit-
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ed States at the end of the nineteenth century, it was an im-
provement over the smoky coal, wood, and oil fires that heated
and illuminated homes and businesses. Coal was still involved,
but it was removed from view and its power was silently trans-
ported by way of innocuous wires. As power generation plants
moved farther away and the visible components of coal smoke
were no longer seen, it was easy for society to forget that there
might be consequences to our insatiable thirst for electricity.
Many of us thought that our electricity came from famously
“clean” and well-publicized hydroelectric plants such as Niag-
ara Falls or the Hoover Dam. As electrical generation facilities
moved farther from view and the infrastructure became part
of the landscape, we simply forgot where our energy came from
and the harm it was causing to the environment.

As a historian of technology, I wanted to know more about
when and how this all happened. Did electrification affect how
society would view and consume energy? How did the invisible
nature of the power grid shape perceptions of energy consump-
tion and the environment? How did cultural messages shape
society’s views on electricity and energy in general? These and
many other questions informed my research for this work. I de-
parted from many existing studies by examining how techno-
logical change—in this case, electrification, shaped perceptions
about energy and the environment. A useful analogy may be
that of Benedict Anderson’s concept of “Imagined Communi-
ties” only in the proposed study it is “Imagined Environments”
that I am concerned with.

My research seeks to determine if a cultural discourse of en-
vironmental inconsequentiality emerged as Americans transi-
tioned from salient energy sources that involved direct contact
with fire to electricity which was clean, silent, and invisible at
the point of consumption. I was also interested in an Ameri-
can cultural ideology I identified as “energy exceptionalism,”
and whether or not unlimited energy usage has always been
assumed to be a right in the United States.

As with any research project, more questions are raised
than are answered. Are those who remain climate change de-
niers informed by long-standing cultural messages that equate
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the United States with unlimited and inconsequential energy?
How have more visible infrastructures such as solar arrays and
wind turbines informed public opinions on energy? Has ener-
gy consciousness and literacy changed as climate change evi-
dence becomes irrefutable? Much more work needs to be done
as we are facing a critical juncture in coming to terms with
our nonchalant attitudes toward energy consumption, and it
is my hope that this work will contribute to increasing energy
literacy.

As I have quickly learned, there is a lot more to authoring a
book than one might assume. Just when you think that the long
nights of research and writing are through, you learn that pub-
lication presents a new set of challenges. Thankfully, the staft at
the University of Pittsburgh Press has been patiently there for
me. From my editor, Sandy Crooms, to copy editor Amberle
Sherman, everyone I have worked with at Pittsburgh has been
professional and helpful, and I cannot thank them enough.

Many others have contributed to the shaping of this work
and my intellectual growth throughout the process of this re-
search. This project would have never gotten off the ground
without Dr. Diane Britton, who encouraged me from start to
finish at a time when few others expressed interest in the topic.
Through our shared affinity for the outdoors and blue skies, we
found common ground in tracing the roots of society’s lack of
urgency regarding the issue of climate change. There are nu-
merous other colleagues who helped more than they know. Dr.
Kim Nielsen at the University of Toledo who has always had
a smile when needed and sound advice, Dr. Peter Linebaugh,
who provided valuable input throughout the work, and Dr.
Daryl Moorhead who brought a much-needed and appreciated
perspective of an environmental scientist and ecologist to the
project.

I am also grateful to my coworkers at Mercy College of Ohio.
I am fortunate to be surrounded by a group of individuals com-
mitted to intellectual inquiry who have provided much-needed
social and emotional support. In addition to my colleagues in
academia, I'd like to thank the many friends who have politely
listened to me harp on about the work and helped divert my
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attention from the rigors of publication. To my friends in the
Sunday Ann Arbor acoustic jam group and in Darrell Scott’s
Songfood Workshop in Nashville, thank you for putting up
with my ongoing attempts at music and keeping me relaxed
and distracted from the stresses of writing and research; your
friendships have meant the world to me. I'd also like to thank
both Darrell Scott and Tim O’Brien for the insight that their
song “Keep Your Dirty Lights On” has brought to me through-
out my research. I have found that a few hundred well-written
lyrics often express complicated ideas more effectively than
volumes of academic writing ever could. Music has been a
much-needed diversion for me throughout my research, and
many friends in the Toledo music community have kept me
entertained and relatively sane while I pondered big thoughts
in various dark venues throughout the area.

Last but by no means least, thank you and much love to my
spouse Anne and my son Joe. Your patience and encourage-
ment are appreciated more than any words can express. We
turned long family trips traveling from Ohio to the coal pits in
Wyoming and fracking sites in North Dakota into valuable re-
search vacations that I will never forget. Without the support of
my family, this book would have never been completed. Anne
was a sounding board throughout my education and research
who always kept saying, “Go finish the book.” Now I can say
that it is done.
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INTRODUCTION

On October 2, 1927, the New York Times featured a bold head-
line: “The Electric Age: A New Utopia.” Explaining history in
terms of energy epochs, the author declared that the United
States was facing the most remarkable transformation in its
history: “It began with the steam engine and the first industrial
revolution. It is now closed by the electric superpower system
and the new industrial revolution.” In closing the age of steam,
the author reflects an ideology of energy exceptionalism that
positioned electricity as an autonomous source of power that
was modern, unlimited, and a clean replacement for the old-
world technologies. Absent from the article was any mention
of coal or steam, even though nearly all of the electricity gener-
ated in the country at the time was produced by burning coal.

Fifty years earlier, when the Centennial Exhibition in Phil-
adelphia introduced the first practical applications of electric-
ity to the country, they were mere curiosities. The 1876 world’s
fair featured the majestic Corliss steam engine, which capti-
vated many of those who attended, as well as a host of other
new technologies, including the telephone, the improved tele-
graph, and several arc lighting systems. While the Corliss ran
on steam transported to the engine via underground pipelines,
the telephone, telegraph, and arc lights received power through
unobtrusive strands of wire.

Electrical power was an entirely new energy paradigm, un-
like anything that came before it. At the point of consumption,



electricity created light and heat, or provided a backbone of
current on which communications could travel. It was at once
miraculous and mysterious. Electricity was antithetical to open
flames and hissing steam: it was intangible, it was silent, and
it was invisible. Whereas the utilization of energy from fire or
steam was only possible close to the point of combustion, elec-
tricity extended the range that useful power could travel. By in-
serting physical space between smoky fires, pressurized boilers,
and usable power, the small dynamos present at the fair gave
life to clean, silent electrons that became surreptitious energy
agents for dirty, burning coal. Embraced by the American pub-
lic as a modern and progressive power source, electricity began
to replace the fires of gaslights and was poised to power a vari-
ety of contrivances in homes and businesses. In a technological
sleight of hand, coal was converted to electricity in a process
removed from the view of the rising American consumer class.

Writing in 1906, historian Henry Adams recognized that
electricity was “but an ingenious channel for conveying some-
where the heat latent in a few tons of coal hidden in a dirty
engine house kept carefully out of sight.”> Adams’s comment
identifies a key feature of how energy would become concep-
tualized in the American mind—as burning coal and central
power plants moved farther from sight, society would begin
to embrace electricity as an environmentally inconsequential
source of energy. With his contention, Adams recognized that
electricity represented invisibility and a loss of direct contact
with fire and fuel, a technology that transformed dirty, old-
world energy into something modern and clean, and subse-
quently became portrayed as autonomous.

Although electrification did not eliminate all industrial
fires nor solve all of the problems of industrial smoke, it did
begin to eliminate the flames that society encountered on an
up-close and regular basis. As it became widely adopted in the
early 1900s, electricity eliminated the salience of energy use by
removing the need to handle fuel, tend to flames, or experience
the detritus of smoke or soot. Clean and smoke-free, electricity
fit well with deeply engrained visions of a bucolic and pasto-
ral America. At the same time, the always-on, unlimited na-
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ture of electric power altered the awareness of consumption.
Prior to electrification, coal bins, woodpiles, and lantern-cans
provided a visual—and physical—indication of the amount of
energy used. The electric switch did not. These two qualities
of clean energy at the source and limitless on-demand power
fit well with long-held American attitudes about consumption
and consequences. The delivery of electric energy via wire,
along with other forgotten infrastructures such as water dis-
tribution systems, constituted what historian Martin V. Melo-
si has described as “hidden functions.” While electrification
did not eliminate industrial smoke in the Progressive Era, it
transformed domestic energy use into a hidden function that
became innocuous and unlimited in the American mind.
Unlimited and inconsequential energy fit well within an
ideology of energy exceptionalism, a condition that had ex-
isted in American culture since the first European colonists
arrived. In North America, where fuel sources seemed inex-
haustible and the environment infallible, American attitudes
toward energy use developed around ideas of inconsequen-
tial consumption. As industrialization and fire-based energy
began to threaten exceptionalist visions of America’s pristine
nature in the second half of the nineteenth century, a new ur-
ban middle class was ripe for progressive solutions. The sub-
sequent development and adoption of electrification began to
reframe American attitudes toward energy use. As an imag-
ined alternative to fire, steam, and coal, electricity came to be
seen by consumers as an energy panacea. From its early com-
mercialization and moving forward, advancements in technol-
ogy began to disassociate electricity from the coal and steam
that produced it. Electricity became an abstract form of power
as technological, cultural, and social factors combined to as-
sign new social meanings to energy use. As technological ad-
vancements allowed for increased physical distance between
power generation and power consumption, the commodity of
electricity became an independent actor, consciously detached
from the infrastructure of production. As the spatial dynam-
ics of energy production and transmission changed, cultural
factors led the public to view electricity as mysterious, utopian,
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and an alternative to the proximal fire-based energy sources
of the past. With the adoption of electricity occurring simul-
taneously with the trends of Progressivism and consumerism,
power companies promoted the use of electricity while energy
infrastructures became less visible. As electricity became dis-
associated from coal in the minds of Americans, an ideology
of energy exceptionalism reformed around renewed beliefs of
inconsequential consumption.

Electricity has been perceived by American society as a
modern, unlimited, and clean form of energy since it came
into practical use at the end of the nineteenth century. As pow-
er generation plants moved out of city centers and dark par-
ticulates were scrubbed from smokestacks, consumers had
no reason to believe that electrical power was anything other
than a clean and progressive energy source. Removed from
their consciousness, the burning coal that ultimately powered
their world on the other side of the outlet became forgotten by
Americans. For nearly a century, the billions of tons of coal that
powered the electroconsumer culture in the United States was,
as Adams said in 1906, hidden in the “dirty little engine house”
that was the electrical generation infrastructure.

Human beings tend to respond to threats that are easy to
picture, and electrification allowed for the hiding of the del-
eterious consequences of its production. Even after the effects
of nearly a century of coal-fired electricity generation began to
surface in the press in the early 1970s with the discovery of
acid rain in the northeast United States, the association of coal
with electrification never fully materialized in the mind of the
American consumer. Recent studies suggest that a majority of
Americans are still not aware of the origins of their electricity
and the role that coal plays in its generation.* The invisible na-
ture of the electrical production and distribution infrastructure
has led to a “blue-sky” mentality—if the sky is blue and looks
clear then everything must be okay. As this manuscript goes to
press, technological and energy abstraction has continued to
accelerate. While Americans’ energy consciousness and litera-
cy may now be changing in light of overwhelming evidence of
global climate change, the role that coal-fired electricity plays
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in our lives is still largely an abstraction. Few of us think about
the nineteenth-century technology of coal and steam that pro-
duces much of the electricity required for our ubiquitous In-
ternet, smartphones, or wireless tablet computers. Electric au-
tomobiles with names such as Leaf, Volt, and Tesla are seen as
technologies that are freeing us from the bonds of fossil fuels,
yet in many locations they too largely depend upon coal- and
steam-derived electricity for their locomotion. Few think past
the marketing hyperbole or are cognizant of the seven hun-
dred million tons of coal still burned per year to power our
illusionary modernity. We are as a society better informed now
than we were in the past, yet nonconscious consumption as it
applies to energy usage remains problematic. While this work
is limited to showing the historical roots of American energy
exceptionalism as it relates to electrification, it also intends to
shed light on our present condition. Today’s remaining skepti-
cism over climate change and insensibility to the consequences
of energy use is directly informed by the past, and in this story
we can value history as a mechanism that drives awareness of
the consequences of our deep-seated and ongoing cultural be-
haviors of consumption.

If this work advances our understanding of how Amer-
icans perceive their technological world, it is by standing on
the shoulders of giants that have come before. Past studies have
traced how Americans reconciled the ascendancy of technology
with the sublimity of nature. This work attempts to expand the
lens of inquiry into less-visible technological systems in general
and energy systems in particular. Works that have influenced
this book include Leo Marx’s The Machine in the Garden, from
1964, which was a breakthrough in merging intellectual his-
tory, the history of technology, and culture. Focusing on the
nineteenth century, Marx examines how Americans came to
resolve ideas about the environment and progressive views of
technological and scientific advancement. Marx’s work is no-
table in that it shows how American writers and artists began
to merge technology into the environment, creating a “middle
landscape” between an unspoiled primitivism and a technolog-
ically advanced progressivism.’ By illustrating how industrial-
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ization became merged with pastoralism in cultural artifacts,
Marx shows how technology became reconciled as part of na-
ture. In his deconstruction of Henry David Thoreau’s Walden,
Marx reveals harmony between the organic and the inorganic,
in which “the hills in the background and the trees of the mid-
dle distance gently envelop the industrial buildings and arti-
facts. No sharp lines set off the man-made from the natural
terrain.” Concluding that Americans have embraced an ideol-
ogy that technology, “the machine,” could coexist with a pure
environment, “the garden,” Marx follows the roots of a pastoral
ideal back to the time of Jefferson. While the country grew as
an industrial powerhouse, Marx argues, a “technological sub-
lime” ideology was promulgated that positioned technology as
a panacea, and this ideal is often reflected in the American his-
torical discourse. Although Marx is making an argument that
views industrialization as destructive and ultimately in conflict
with nature, his epistemological basis that mechanization and
technological advancement led to an American rhetoric of the
technological sublime is a framework that can serve well as a
starting point for examining cultural ideas related to energy
usage. From atomic power to the internet, scholars have often
speculated over the promise of new technologies as a positive
force of change—with utopian dreams serving as blinders to
potential social or environmental effects. The story of electrifi-
cation runs along very similar lines.

A number of other notable authors have traced the effects
of technology and industrialization on the environment. These
works not only investigate environmental exploitation and pol-
lution but also are useful in following the path of environmen-
tal reform and consciousness in the United States and relate
well to society’s incognizant use of energy. David Stradling’s
Smokestacks and Progressives: Environmentalists, Engineers,
and Air Quality in America, 1881-1951 examines how coal-
related smoke abatement movements in the United States
formed in response to the growing coal smoke problems that
arose between 1881 and 1951. Stradling’s book, which is as
much a social and technology history as it is an environmental
work, examines shifts that took place in the makeup of reform
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leaders as well as in the ways reformers confronted the smoke
problem. In addition to discussing the activities of reformers,
Stradling’s book offers insight into how a new rising class of en-
gineers began to displace laypeople as the stewards of airborne
emissions.’”

While Stradling examines the nascent environmental issues
that confronted bituminous cities such as Cincinnati, Chicago,
Cleveland, and Pittsburgh, William Cronon’s Nature’s Metrop-
olis: Chicago and the Great West explores the effect that urban
growth had on the surrounding countryside.® Cronon address-
es how space between producer and consumer became irrele-
vant as Chicago’s thirst for commodities expanded outward.
In this work, he explores two highly relevant themes: spatial
dynamics and commodification. Although Cronon’s study ad-
dresses people’s relationships with space in the context of the
expansion of railroads, his broader point is that as the distance
between production and consumption of goods grew, natural
products lost their identity. Cronon uses goods such as meat
to make his point, stating that the distance between “the meat
market and the animal in whose flesh it dealt seemed civiliz-
ing.”” While he does not address energy in his work, Cronon’s
examples relate to the distance between the coal mine, the dy-
namo, and power consumption. Just as the railroad was the fa-
cilitator of space in Cronon’s study, in an examination of ener-
gy usage the wire is the connection as coal is transitioned into
its more “civilized” form of electricity.

As a collection of essays that touch upon the themes of both
Stradling and Cronon, Martin Melosi’s Effluent America: Cities,
Industry, Energy, and the Environment also examines the histo-
ry of urban pollution and urban environmental reform." Efflu-
ent America frames a range of issues in urban environmental
history, including the relationship between industrialization
and pollution as well as a study of the effects of urban growth.
Melosi’s section on coal and smoke in the late nineteenth cen-
tury is particularly relevant because it reveals how smoke was
associated with a “degraded” society. Quoting from Lewis
Mumford’s The City in History, Melosi relates to Mumford’s
“Paleotechnic Paradise: Coketown,” which in turn borrows
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from Charles Dickens’s Hard Times the notion that “Coketown
specializes in producing dull boys.”"! Only when the cleanliness
associated with electrification is seen against this backdrop of
evil smoke can one gain a clearer picture of the juxtaposition of
electricity, which is a core theme of the present work."?

While environmental studies and intellectual histories ex-
amine the implications of anthropocentrism and how Ameri-
cans attempted to reconcile and justify technology, histories of
technology explore how infrastructures were built in response
to social acceptance. The evolution of electrical networks that
began in the latter half of the nineteenth century occurred
with great public fanfare and occasional controversy, yet as the
technology and transmission networks matured, social accep-
tance was rapid and widespread. The two most widely recog-
nized works on the study of electrification are those of Thomas
Parke Hughes and David E. Nye. Hughes’s book, Networks of
Power: Electrification in Western Society, 1880-1930, is an all-
encompassing study of electrical systems in the United States,
Great Britain, and Germany. Hughes is mainly concerned with
examining electrification as a system, and as such, concentrates
on the design and construction of electrical grids and intercon-
nectivity.” In documenting how long-distance power transfer
developed in the western United States, Hughes shows how
this development was a gateway for the spatial dynamic that
allowed for increased distance between electrical generation
and consumption." Hughes also dedicates an entire chapter to
the development of electrification in Chicago, a topic of great
importance in this study. In Chicago, under the direction of
Samuel Insull and the Chicago Edison Company, the first ur-
ban system that merged smaller power networks into a region-
al grid formed. Thus, the generation of power became further
removed from the central city much earlier compared to other
urban areas.”

David Nye’s Electrifying America: Social Meanings of A New
Technology, 1880-1940 is a technological and social history of
electrification that traces not only the adoption of systems but
also how Americans confronted the new energy source.'® Nye’s
work is broad-ranging, covering a variety of areas from the de-
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velopment of the grid to the White City of the Chicago World’s
Fair in 1893. Of all the existing literature, Electrifying Amer-
ica most closely pursues the social meaning of electrification
expressed in utopian ideas as well as the evocation of electric
landscapes in art and literature.

Nye is particularly insightful in examining how the public
confronted the new technology of electricity. In one key sec-
tion, he identifies a “small technical elite that viewed [electri-
fication] as an instrument for rationality and social reform.””
This group runs congruent to the rising class of professionals
identified by Robert Wiebe who were confident that engineered
solutions would trump old-world problems as represented by
coal and smoke."” Faith in engineers allayed concerns about
the environment, and Nye’s contention that the emergence of
an engineering “elite” in the late 1800s signaled a cultural shift
from confidence in traditional high culture to confidence in
scientific knowledge is significant. This view runs parallel to
David Noble’s idea that “the electrical and chemical industries
form the vanguard of modern technology in America.”’ Nye’s
work identifies many of the key factors in electricity’s social his-
tory; as such, his work serves as a launching point into deeper
inquiries into how the technology shaped Americans’ attitudes.

Whereas both Hughes and Nye treat of the social adoption
of electrification on a macro level, Maury Klein’s approach in
The Power Makers considers the incremental development of
energy technologies and the transition from steam to elec-
tricity. Klein’s work is valuable in that it documents the long,
slow process in the discovery of the “mysterious ether” that
was electricity.® Here, the “terrifying force” was eventually
harnessed, but not without a long pedigree of being associat-
ed with “lightning and divinity.”* While Klein’s study con-
centrates more on technological inventions than perceptions,
his history does illustrate how electricity was viewed as a more
advanced energy source than coal. In addition to discussing
technological development, Klein also provides a well-rounded
overview of the key personnel in the development of electrical
systems. While the stories of Edison, Tesla, and Westinghouse
are well known, Klein’s research on Insull begins to address an
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important point in how society began to see electricity as envi-
ronmentally inconsequential.

Insull was a pioneer in consolidating small power genera-
tion stations and creating a model for wide area transmission
networks, a critical point in the separation of power generation
from consumption. In his investigation of Insull’s archives,
Klein reveals evidence that reducing smoke pollution from the
center of Chicago was on Insull’s mind as he installed new tur-
bine dynamos in the early 1900s.> While Klein’s work as well
as that of Forrest McDonald documents Insull’s impact on the
development of the infrastructure of electrical transmission,
the broader implications of Insull’s model are not addressed.”
By offering inexpensive power, Insull promoted an “always on”
mentality that encouraged energy consumption. At the same
time, the regional networks that Insull pioneered, which were
powered by large-capacity steam turbines, locked in coal as the
primary fuel for electrical generation in the United States.

A number of other works are significant in any study of per-
ceptions of energy and energy transitions in the United States.
Routes of Power: Energy and Modern America by Christopher F.
Jones is masterful in tracing the roots of fossil fuel dependence
in the United States.** Jones’s work goes far to explain how so-
ciety’s desire for inexpensive energy led to our current predica-
ment of nonrenewable energy dependence. Vaclav Smil’s Energy
Transitions: History, Requirements, Prospects is a valuable study
that provides a scientific and technical analysis of energy usage
while documenting critical turning points in the nation’s ener-
gy history.> Last, but by no means least, is the work of Richard
F. Hirsh and Benjamin K. Sovacool, specifically their paper ti-
tled “Wind Turbines and Invisible Technology: Unarticulated
Reasons for Local Opposition to Wind Energy.”*¢ Hirsh and So-
vacool’s work should be required reading for anyone interested
in how Americans view energy use. By bringing a perspective
of the current state of nonsalience surrounding the nation’s
electrical infrastructure, Hirsh and Sovacool provide an up-to-
date ending to the history contained in this work.

While many of these works investigate how technologies
and energy sources have developed and been adopted over
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time, the present study examines how American attitudes
about energy evolved in the context of electrification. The
first chapter explores the cultural roots of energy exception-
alism in the United States. Since the first Europeans arrived
in North America, the attitudes they developed toward ener-
gy were shaped by the notion of abundance. Coming from an
England that had been deforested due to the prolific burning
of wood, the first settlers saw the New World in terms of an
energy bounty with no shortage of consumable energy. Along
with the importance early colonizers placed on ample fuel,
narratives that they left behind reveal an appreciation for the
clear air of a utopialike unspoiled continent. The contradic-
tion within these two values—a desire to exploit resources of
energy within the framework of a pristine environment—sets
up the foundation of energy exceptionalism. As the nation
evolved, these incompatible values remained in place; Amer-
ican society became a voracious consumer of energy yet con-
tinued to imagine the country in terms of pastoralism and en-
vironmental tolerance.

Chapter 2 shows how the contradiction between energy-
intensive economic development and environmental inconse-
quentiality evolved. In the first two hundred years of European
occupation, North America began a transition from a pristine
natural landscape to an industrialized society similar to what
was left behind in England. Although pristine pastoralism was
a state that many in the early United States wished for, indus-
trial capitalism became a growing force. Thomas Jefferson’s
vision for the country was a low-energy society of agriculture
and yeoman farmers, where the bounty of the land could off-
set the need for industrialization and urbanization. Jefferson’s
ideal of the country as a rural space remained embodied with-
in an ethos that scholar Richard Hofstadter identifies as the
“agrarian myth,” and Leo Marx refers to simply as “the gar-
den.”” Despite Jefterson’s vision of what the country should
be, the reality was something entirely different. In a quest for
national wealth and power, men such as Alexander Hamilton,
Tench Coxe, and even Jefferson eventually accelerated domes-
tic manufacturing and urbanization.
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The nation’s first textile mills in New England fit within the
ideological framework of a pure environment. Water-powered
and smoke-free, the mills were seen by many observers as ex-
ceptional and superior to the Dickensian factories of the Old
World. Despite the clean energy incorporated in these com-
mercial utopias, they were short-lived. An unquenchable de-
mand for profit and goods outpaced the capabilities of water
power, and by the middle of the nineteenth century the coal-
fired steam engine was becoming widely adopted in the United
States. By the end of the Civil War, the nation had set a course
to be a society dependent upon carboniferous fossil fuels.

While energy exceptionalism as an ideology began with the
first European colonists and remained a part of the American
ethos, the inherent conflict between pyrotechnologies and an
unspoiled environment began to surface in the nineteenth cen-
tury. Following chapter 2 tracing the ascendancy of coal and
its inconvenient cognate of smoke, chapter 3 explores urban
American society’s response. Pressed between conflicting val-
ues of production, consumption, progress, and social health,
urban reformers and industrial capitalists were at odds over
the effects of high energy consumption. Industrial boosters
and those who stood to profit took the position that smoke was
beneficial, while middle-class urban reformers began to equate
smoke with social degradation and ill health. The conundrum
for a rapidly urbanizing population in the cities of the Midwest
and East was that of a modern society dependent upon an an-
cient form of fire-based energy. As the imagined ideal of a pris-
tine and forgiving environment became obscured, inventions
and efforts to control or hide the smoke represented an impulse
to restore a sense of pastoralism.

Chapter 4 demonstrates how technological solutions and
the emergence of technical systems and networks began to in-
still confidence that reconciliation between the conflicting val-
ues of consumption and a pristine country was possible. Twen-
ty percent of the nation’s population attended the Philadelphia
World’s Fair in 1876 and witnessed the emerging technology
of electricity. In a society that was illuminated, heated, and
powered by proximal fire, the electrical technologies on dis-
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play at the fair debuted a new paradigm of energy abstraction.
Suddenly, electricity altered the spatial dynamics of energy
production and consumption by transforming the heat energy
bound up in coal into a new form of power and transmitting
it through innocuous strands of wire. Whereas steam power
and all other sources of energy necessary for the production
of light, heat, and mechanical motion required proximal flame
and visible networks of distribution, electricity possessed the
ability to distance flame from consumable energy. In an explo-
ration of the 1876 fair, chapter 4 uncovers not only technologi-
cal shifts but also how influential social leaders began to define
electricity as an energy panacea that could transform society.
While the physical separation between fire, steam, and elec-
tricity represented an instance of the technological abstraction
of energy, the rhetorical portrayal of electricity as an autono-
mous antithesis of coal marked the beginnings of a cultural
abstraction.

Chapter 5 examines the roots of energy abstraction in the
context of electrification in greater detail. Invisible and in-
tangible, electricity was easily detached from nature and well
aligned with the ideology of exceptionalism. The chapter traces
the development of electricity from the early theoretical work
of Benjamin Franklin to the laboratories of continental Europe
and England. Conceptualizing electricity proved difficult, as
even those well schooled in the sciences could not entirely grasp
what it was. Franklin saw electricity within the metaphor of flu-
id, and scientists such as Alessandro Volta and Hans Christian
Orsted reconceptualized electricity’s properties when the fluid
metaphor proved inadequate. Although the advancements of
theoreticians such as Michael Faraday and Joseph Henry led
to the practical application of electrical power, the difficulty
in understanding the nature of electricity remained. Electrici-
ty was unearthly and ethereal as it was rendered invisible and
transmitted through wire. From the inventions of men such as
Samuel Morse to the first lighting systems of Charles Brush, the
public was captivated by the mysterious nature of electricity. As
power generation moved farther away from power consump-
tion with the deployment of the first centralized and regional
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generation stations, the energy supply chain became less con-
nected and more abstract.

Following the previous chapter’s demonstration of how
technological abstraction began to render electricity as an in-
visible energy source, chapter 6 explores the process of cultural
abstraction. Electricity as a new energy source became not only
physically detached from the coal and steam that ultimately
created it but consciously detached as well. A core tenet of en-
ergy exceptionalism is the perceived inconsequentiality of en-
ergy production and consumption, which began to occur when
both the physical and cultural manifestations of the electrical
delivery chain became hidden. As the physical infrastructure
was being obscured by distance, electricity became culturally
constructed as a utopian power source. By 1882, the perception
of electricity had changed from a technology that was a curios-
ity to one that was a utopian source of energy. Attitudinal shifts
were due not only to technical advances such a long-distance
power transmission but also from cultural cues. At the Chicago
Columbian Exposition in 1893, organizers of the world’s fair
created an idealized electric dreamscape known as the White
City. To the twenty million people who attended the fair, elec-
tricity became synonymous with American progress: it was
clean and capable of almost anything. At the same time, plans
for harnessing the power of Niagara Falls were announced,
leading to news accounts that unlimited and inexpensive en-
ergy was soon at hand. As the White City and the promise of
Niagara gave hope that a smoke-free environment was possible,
the period’s literature promoted and reinforced visions of an
electrical energy panacea. In the popular utopian novels of the
late nineteenth century, electricity was the featured technology
that rescued society from the smoky haze of oppression. The
chapter ends by showing how the White City, Niagara, and pe-
riod literature promoted a mind-set that disassociated electric-
ity from environmental consequences.

Although by the early twentieth century many segments of
American society believed that electricity was a utopian and
inconsequential energy source, the reality was something else
entirely. Chapter 7 examines the formation of the modern elec-
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trical infrastructure and investigates how unlimited electricity
consumption was encouraged by the rising trends of consum-
erism and inexpensive power. In addition, writings and media
accounts of the time show how Americans had come to define
electricity as a stand-alone energy source completely disassoci-
ated from coal. While the possibilities of maintaining a society
of limitless power consumption within a pristine environment
wavered in the fire-powered years of the Gilded Age, the excep-
tionalist legacy was restored to the American mind after the
turn of the century. The chapter shows how the adoption of
the steam turbine as the nation’s primary source of power gen-
eration further obscured the nation’s electrical infrastructure
and inextricably tied the nation’s electricity production to coal.
First utilized on a large scale by Samuel Insull and the Chicago
Edison company in 1903, steam turbine technology resulted in
higher-capacity generation plants that led to fewer power sta-
tions farther removed from the populations they served. Con-
sequently, the electrical infrastructure became less visible to the
consuming public. In the process, the coal that fired the plants
was obscured from the sight and consciousness of American
consumers. As the nascent electrical grid became more con-
cealed, electric companies promised a utopia of convenience.
By encouraging the purchases of electrical contrivances power
companies promoted electricity as an energy source that freed
the housewife from toil and encouraged men and boys to build
and experiment with electrical tools and toys.

Astheadoption of electrical conveniences and the consump-
tion of electricity per household expanded, the abstraction of
energy grew as well. Electricity became defined as a clean en-
ergy source in the early twentieth century and it became clear
that the link between electricity, coal, fire, and smoke had been
broken in the mind of society. While the American public cel-
ebrated clean electricity, annual coal usage in the United States
continued to grow. In 1927, when the New York Times pro-
claimed that the “electric age” had arrived and the age of steam
had passed, the country was poised to consume more coal than
ever before. At the same time, Americans became steeped in
a culture that encouraged unlimited power consumption that
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came with no environmental consequences. As the electrifica-
tion of the country expanded, the coexisting notions of clean
and unlimited energy intensified, mirroring the ideology of en-
ergy exceptionalism first espoused by European colonists upon
landing in the New World.

For historians, research is always a double-edged sword. At
once we are thrilled to uncover intriguing stories that were un-
expected finds, but frustrated we cannot follow every thread
we uncover. In this history of energy and electrification in the
United States, many possibilities for alternatives to coal-based
energy appeared along the way, and the parallels to the present
go far to reveal the roots of our current embedded energy infra-
structure. As early as 1833, German immigrant John Adolphus
Etzler surmised that there were natural forces such as the sun
and wind that could be harnessed to drive the future. Etzler
appreciated the progress that steam-powered mechanization
could bring to society, yet he felt that the coal interests would
have too much power over the masses. Although Etzler did ob-
tain patents for his early wind technologies, he found no sup-
port for his pursuits and was ultimately seen as an eccentric.

In 1853, John Ericsson, who would go on to invent the icon-
ic Civil War ironclad the USS Monitor, built and sailed a two-
thousand-ton “caloric” ship, the Ericsson, between New York
and Washington solely on the power of the sun. Despite this
accomplishment, the ship was deemed as too slow for commer-
cial purposes.” A little more than two decades later, Ericsson
was shut out of displaying his caloric engine at the Philadelphia
Centennial Exhibition in 1876, which was largely sponsored by
coal interests.

In 1888, Charles Brush, an early pioneer of alternating cur-
rent electrical lighting systems, built a wind-powered dynamo
to supply electrical power to his Cleveland home. Despite his
success with the project, Brush’s technologies were not pursued,
as coal-derived electrical generation was already becoming a
well-entrenched technology. While Etzler, Ericsson, and Brush
may be three of the more well-known alternate energy enthusi-
asts, archival research has exposed others who were pursuing a
noncoal infrastructure for the generation of electricity.
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In a delightfully accidental find deep in the archives at the
University of Wyoming, correspondence between a Laramie
rancher, Frank Bosler, and the General Electric Company,
reveal another attempt in the pursuit of electrical generation
without coal, utilizing wind power. The letters from 1913 be-
tween Bosler and General Electric—one of the major manu-
facturers of steam-turbine electrical generation components—
demonstrate General Electric’s commitment to coal-turbine
technology.” The company’s “wind will never work” philoso-
phy both ensured that the United States would become a vo-
racious consumer of coal and set back any viable pursuit of re-
newable energy at the same time. As a backstory in this work,
the history of renewable energy in the United States is an area
ripe for further inquiry. As alternate energy sources show up
chronologically in this work, they are perhaps an indicator of
how a noncoal society could have evolved, yet as history is not
always a place for counterfactual analysis, the reader will have
to decide what might have been.
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CHAPTER 1

ENGLISH ROOTS, UTOPIA
FOUND AND LOST

Electricity, of course, takes the place of all fires.

Edward Bellamy

The appropriation of North America by European popula-
tions was as much an energy revolution as a cultural one. The
early colonists saw the New World in contrast to where they
had come from, as an unspoiled place of exploitable resources
where sources of energy were exceptional and unlimited. In just
two centuries after their arrival, regions of the same pristine
land were transformed into a high-energy, smoke-filled, urban-
industrial landscape much like the Old World many Europeans
had left behind.

By the time author Edward Bellamy sat at his desk in 1886 to
begin writing the utopian novel Looking Backward: 2000-1887,
arising middle class of Americans was facing a cultural conun-
drum. As a society that had begun to define itself as socially
and technologically advanced it remained dependent upon the
fires of Old World energy. Thinking in terms of improvements,
advancement, and profits, capitalists and social reformers had
built a society based on production, with unlimited contrivanc-
es and unlimited energy, while at the same time maintaining a
colonial worldview of pristine pastoralism. Within a growing
culture of consumption, Americans had constructed an imag-
ined environment in concert with the idea that both the land
and the culture of the United States were exceptional.

As they were first identified by Tocqueville upon his de-
scription of the country in 1831, the exceptional qualities of the
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United States included liberty, republicanism, and egalitarian-
ism enclosed within a resource-rich geography, which taken
together were globally unique and exempt from historical forc-
es. While serving as a basis to an assumed economic, political,
and social superiority, these ideas failed to capture what was
beginning to happen in the Gilded Age air. When cities such as
Pittsburgh and Chicago became as smoke-filled as Manches-
ter and Sheffield, critical components of exceptionalism began
to waver. Although the first Europeans found the New World
to be a land where energy resources were plentiful and the air
was smoke-free, industrialization had created an environment
that mirrored the Old World. By the latter half of the nine-
teenth century, smoke began to obfuscate the imagined pas-
toral world of America. Amid a growing faith in technology
that began to take hold in the latter half of the nineteenth cen-
tury, an increasingly urbanized society sought solutions to the
dirty energy sources that powered industry and provided the
basic need for light. When simultaneous advances in electricity
transformed energy from a visible to an invisible commodity,
long-held ideologies of environmental and energy exceptional-
ism that had dimmed behind the dark clouds of burning coal
began to rekindle.

As reflected in Bellamy’s novel, the smoke of an energy-
intensive society was a dystopian feature that did not fit into the
utopian society of the American mind. Bellamy’s protagonist
Julian West, who regains consciousness in the year 2000 after
falling under a mesmerist’s trance more than a century earli-
er, finds himself awake in a new world rid of the controversies
and issues present at the time of his sleep. As West is being
familiarized with the future America, his host, Mrs. Leete, ex-
plains how society’s old problems have been solved, many of
them with technical solutions. In describing how electricity has
taken the place of all fires, she strikes a theme familiar to many
American Gilded Age utopian works that saw emerging tech-
nologies as part of a new worldview that was better, cleaner,
and brighter than the past.

Bellamy’s idea that electricity would replace fire was war-
ranted at the time of his writing. Just five years earlier, in 1882,
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American society’s close relationship with fire was already un-
dergoing a major change. On September 4 of that year, Thomas
Edison’s Pearl Street Station in Manhattan had begun to gen-
erate electricity and send it out quietly, cleanly, and invisibly
through underground copper wires. This event not only was
a milepost on the path to a new method for the delivery of en-
ergy, it also began to alter the way in which Americans would
construct ideas about energy and their environment by dissoci-
ating fire from useful power. Through the underground mains
leaving Pearl Street, clean electrons flowed indiscernibly, dis-
tancing themselves from the coal, fire, steam, and smoke that
produced them. In an instant, the spatial dynamics of power
generation and consumption changed, and energy became an
abstraction.

When Bellamy’s Mrs. Leete explains the displacement of
fire by electricity, she positions fire as regressive and electricity
as progressive. Considering the era’s experience with energy,
her conception is justified. There was nothing abstract about
the human encounter with energy prior to electrification. The
simple acts of providing light and heat for one’s family was
fraught with risks. A little more than a decade before Pearl
Street’s start, Catharine Beecher and Harriet Beecher Stowe
wrote that careful management of coal furnaces in households
was a necessity, else the devices would “poison families with
carbonic acid and starve them for want of oxygen.” Smoke and
soot, both indoors and outdoors, had been a growing problem
in the mid-nineteenth century. Although some health profes-
sionals believed that smoke was beneficial, sanitarians had long
held that fresh air, both indoors and outdoors, was imperative
to good health.? In 1848, Dr. John Hoskins Griscom, one of the
pioneers in public health in the United States, published The
Uses and Abuses of Air: Showing Its Influence in Sustaining Life,
and Producing Disease, which goes on at length regarding the
dangers of carbonic acid and coal smoke.’ The common thread
between Dr. Griscom’s and the Beecher sisters’ concerns, as
well as Bellamy’s characterization of the environment, was fire.
Before electrification nearly all energy utilized by humans, es-
pecially for domestic use for light, heat, and cooking, involved
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close contact with fire. While wind power and waterpower
appeared in various civilizations for motive power, visible,
proximal fire in some form was the energy technology around
which society had organized for at least three hundred thou-
sand years.*

Of course, Edison’s Pearl Street Station did not eliminate
fire from energy production, but it did represent part of a ma-
jor paradigm shift in the history of technology. While the fire
within a coal furnace represented a salient form of energy in
which energy production and consumption were spatially con-
tiguous, electricity separated the processes. With electrifica-
tion, energy production and consumption became detached—
wires transported usable energy and left the fire and detritus
behind. Up to that time, fire had served humankind well. In the
legend of Promeéthetis Pyrphoros, fire was the civilizing force
for mankind, with the author Aeschylus possibly foretelling
the dependence upon controlled combustion that civilization
would develop. For Pliny the Elder, fire was the highest of the
four elements, above air, earth, and water—identifying “Hu-
mani ignes,” or fires made by men, as a wonder of nature.” For
Charles Darwin, the discovery of fire was probably the greatest
discovery ever made, excepting language.®

As important as fire was for human domination of the plan-
et, its usefulness came not only from its exothermic energy in
the form of heat but also from its portability. The fire pit, the
candle, the cookstove, and the lantern could all be built ad-
jacent to the need—a necessity because to take advantage of
fire as an energy source one must always be in relatively close
proximity to the flame. Fire is in effect a portable source of light
and climate, yet it does not travel alone. Fuel must be acquired,
flames must be managed, and the corollaries of flame, usually
in the form of smoke, soot, and ash, are always present. These
three elements of fuel, flame, and the byproducts of combus-
tion have always been inextricably bound together, and it was
this arrangement that drove the Beechers to seek solutions and
Bellamy to eliminate fire completely from his utopian world.
Until electrification, the energy technologies that society con-
fronted on a regular basis had remained unchanged since Pliny
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the Elder mused on its place in the first century CE. Fire tech-
nologies, or pyrotechnologies, involved not just the furnace or
stove but all devices and methods through which fire-based en-
ergy could be consumed.” The simple candle, the lantern, and
the fire pit, along with devices to start, manage, and regulate
fire, had gone unchanged for millennia. For all pyrotechnolo-
gies, the acquisition of fuel as well as the management of soot
and smoke was a conscious, salient, and often difficult task.
Collectively, pyrotechnologies were antithetical to a progres-
sive America, with an unpleasantness reminiscent of a Dicken-
sian world—in no way aligned with an ideology of modernity.
Before Edison’s Pearl Street, transportation had modernized
via the railroad and communications had modernized via the
telegraph, yet the simple acts of cooking, heating, and interior
illumination still actively involved open flame.

Bellamy’s vision was of a world without fire, period. Pro-
gressive Era futurist King Camp Gillette expressed this same
sentiment through his imagined planned community of Me-
tropolis, which would be totally electrified.® For many utopian
authors, as well as those seeking practical solutions to issues in-
volved with pre-electric energy, fire was an unsafe and onerous
part of everyday life that needed to be either tamed or elimi-
nated. Smoke was unpleasant, fuel acquisition was burden-
some, and flame management tenuous and often unsafe. While
Bellamy, Gillette, and the Beechers constructed meaning from
their own experiences with fire-based energy, their negative
perceptions of pyrotechnologies were not new concerns, but a
continuation of ideas about energy that came before them. Just
as ideas about republicanism and progressivism had crossed
the Atlantic, so did ideas about technology and energy. Smoke
and fire represented old-world oppression, incongruent with
visions of American pastoralism and exceptionalism. Percep-
tions of America as “technologically sublime,” as historian Leo
Marx puts it, included no place for the fire, smoke, and disso-
nance associated with fire-breathing, industrialized England.’

Visions of a utopian America, where energy was clean, plen-
tiful, and inconsequential—in an environment that was free
of smoke and soot—did not originate in nineteenth-century
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America; they arrived on the first ships of English colonists
two hundred years earlier. Describing New England in terms of
“Earth, Water, Aire and Fire,” the Reverend Francis Higginson
in 1630 found the air to be superior and clean-burning wood
for fuel to be abundant.” Higginson’s remarks not only illus-
trate the importance of plentiful, consumable energy but also
indicate the importance of clean air to those from England in
the seventeenth century. In his writings, Higginson places fire,
tuel, and clean air prominently, and directly contrasts these el-
ements with the situation in old England. His comments rep-
resent the earliest roots of American energy exceptionalism, an
ideology characterized by an imagined environment of clear
air and limitless fuel. Higginson’s observation that “the temper
of the aire of New England is one special thing” demonstrates
his utopian valuation of a nonpolluted environment, while the
phrase “we have plenty of fire to warm us” illustrates that the
element of fuel for fire was not something that had been tak-
en for granted in the past. While Higginson indeed referred to
fire, he celebrated abundant wood fuel and an atmosphere void
of oppressive smoke. In escaping the persecution of Puritans
by King Charles I, Higginson evaded more than just the reli-
gious oppression of the Church of England; he also left behind
the oppressive environment associated with the pyrotechnolo-
gies of his homeland. Long before the colonists arrived in New
England, high-energy costs, shortages of fuel, and atmospheric
pollution caused hardship in a dystopian England.

In English history, as early as the 1086 Domesday Book, the
“Fumage,” which was a tax imposed on a per-chimney basis,
called for smoke-farthings in payment to officials known as
chimneymen—the forebears of modern meter readers. Taxes,
the rising costs of acquiring fuel due to deforestation, the loss
of rights to estovers associated with enclosure, and the loss of
chips for workers were just a few examples of the burdens re-
lated to domestic fire-based energy in England." In addition
to fuel costs, the acquisition and handling of fuel for fires were
burdensome as well. Not only did the gathering of fuel and
tending of fires add to the salience of energy production but
fuel shortages meant that the basic need for household energy
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could not be taken for granted. Numerous examples demon-
strate the sensitive nature of the fuel supply chain in England,
as “sufficient housbote” (wood for the hearth) was often a con-
tested resource among tenants of abbeys.”” Agrarian records
have shown that localized shortages of wood in England and
Wales due to enclosure and exploitation of forests in the six-
teenth and seventeenth centuries contributed directly to the
tenuous nature of home energy production, forcing families to
burn dried dung and furze.” Difficulties in the acquisition of
tuel often led to rebellion as the raw materials needed for the
provision of household heat for survival and cooking became a
contested resource.

As burdensome as the acquisition of fuel stocks was in En-
gland before North American colonization, another salient
aspect of energy production was the smoke. As early as 1285,
London officials formed the first commission to investigate
the airborne smoke problem as the switch from wood to fossil
fuels took its toll on air quality. When deforestation in the
early thirteenth century drove Londoners to switch from wood
to sea-coal as their primary energy source, the airborne efflu-
ents of sulfur dioxide, carbon dioxide, nitric oxide, soot, and
particulate matter led to some of the earliest known pieces of
environmental legislation. In 1306, King Edward set up a ban
on sea-coal for some uses, with a punishment of “grievous ran-
som” in the form of fines. The ban was lifted in 1329 due to
the demands of manufacturers and the use of coal in London
increased dramatically between the fourteenth and eighteenth
centuries.”

By the time Francis Higginson and his fellow Puritans were
born, smoke and fuel shortages were already part of the intel-
lectual discourse. In 1606, when William Shakespeare wrote
Macbeth, his carefully crafted trochaic tetrameter “Fair is foul,
and foul is fair / Hover through the fog and filthy air” direct-
ly connected evil—through the chant of the three witches—to
air quality. This demonization of foul air carried forward in
seventeenth-century English literature. The theme of coal
smoke reappears in Sir Thomas Browne’s 1674 work Hydrio-
taphia. Browne described great mists that were “hindering the
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sea-coal smoke from ascending and passing away” and were
“drawn in by the breath . . . which may produce bad effects, in-
quinate the blood, and produce catarrhs and coughs.”’ Browne’s
works are demonstrative of the toxic miasma present in mid-
seventeenth-century London.

Hydriotaphia provides a direct link to later American ideas
about clean air and the environment. Ralph Waldo Emerson’s
journals reveal that he read Browne around the time that he
wrote Nature in 1836. While Emerson’s interest in Browne is
in his broad analysis of antiquities and modernity, Emerson’s
celebration of “blithe air” also connects to Browne’s musing
on the “bad effects” of sea-coal smoke."” By 1661, when John
Evelyn began to write Fumifugium: Or, The Inconvenience of
the Aer and Smoake of London Dissipated, the sensory effects
of energy generation in London were well established. Near-
ly three centuries after King Edward’s attempt to curb coal
smoke in London, Evelyn’s work appeared as one of the earli-
est treatises to take up the subject of the air pollution resulting
from contiguous energy technology. Fumifugium did not take
issue with fire itself, but with fuel, as “the indulgence of sea-
coale in the city of London” was the problem that Evelyn iden-
tified."® Realizing that “there is no Smoake without fire, and
there is hardly any fire without Smoake,” one of his proposals
was to supply London with wood, which was easier said than
done.” Wood was a rare commodity in London by the 1660s,
a consequence of overcutting and overuse. Timber was avail-
able in other parts of the country, but deforestation near Lon-
don by the time of Evelyn’s writing led to fuel shortages that
made it prohibitively expensive for Londoners to turn wood
into an energy source. Already by the time of Evelyn’s writing,
Sir John Wintour was busy perfecting a method for the calci-
nation of coal, for which he petitioned King Charles II for a
patent. Wintour’s patent, which was to char and calcinate coal
“as to make it an excellent fuel without smoke” is indicative
of early attempts to separate smoke from combustion.?® Evi-
dence suggests that despite Wintour’s invention and Evelyn’s
proposals, Londoners often viewed their environment in terms
of smoke.
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Knowing the environmental conditions in parts of England
in the seventeenth century allows one to better understand
Higginson’s musing that “The temper of the aire of New En-
gland is one special thing.” His comments regarding the cost
and difficulties in the acquisition of energy are also telling, as
Higginson points out that in New England a “poor servant is
able to afford . . . more good wood for Timber and Fire than
Noblemen in London.”*" Additionally, Higginson’s remarks on
the ease and abundance of energy in the New World were not
limited to wood, as he recognized other potential fuel sources
for warmth and illumination. The abundance of fish allowed
for the affordance of “Oyle for Lamps,” and pitch-soaked “Pine
Trees burn as cleere as a torch.” While one cannot general-
ize from Higginson’s writings alone, ideas about clean air
and ample fuel were commonly found in the writings of early
colonists. In John Smith’s Generall Historie of Virginia, New-
England, and the Summer Isles of 1616, “the wholesome aire”
and “plenty of . . . Wood” were features in this “pleasing coun-
try.”> In celebrating “huge bon(e) fires of sweet wood,” Smith
clearly appreciated the abundance of fuel and clean air found
in the New World—and viewed the resources and environment
as his for the taking.** The rhetoric of an unspoiled environ-
ment with ample fuel recurs in Samuel Purchas’s remarks in
Purchas His Pilgrimes, of 1625. By recognizing the “healthfull”
air in America where both inhabitants and cattle are “fruitful
and grow in a good or better manner” from whence they came,
Purchas expresses ideas similar to those of Smith and Higgin-
son.” This sentiment was echoed by Louis Hennepin, Louis Jo-
liet, and Jacques Marquette in 1699 as they explored the upper
Midwest, who noted that the “air is temperate and open,” and
“forests of all manner, especially oak[, which could be] brought
over to Europe, whereas [the forests there] are exhausted.”*

Within the narratives of the Europeans, there was both an
appreciation for the clear air of North America and a desire for
the abundant fuel, which were prerequisites for colonization
and exploitation. At the core of the European energy philos-
ophy was the potential for selling excess timber for profit and
utilizing the great stocks to build and manufacture. Enclosure
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of North American lands meant enclosure of North American
energy, as trees represented the first great North American fuel
source. Under the European model resources were “merchant-
able commodities,” there for the taking—beyond subsistence—
as a source of potential profit.”” The enclosure and exploitation
of energy resources, simultaneous to the celebration of the pure
environment, was the beginning of a distinctive component
of American energy exceptionalism. Despite the providential
contentions of the first Europeans, however, the lands that they
encountered were not free of smoke, nor were the ample sourc-
es of fuel untapped. Indigenous cultures utilized wood fires
for warmth, light, hunting, and production of metals, yet they
were not excessive energy users with a penchant for surplus
materials and profit.”® As characterized by William Cronon,
the indigenous peoples of New England needed diversity and
mobility, which led to an avoidance of acquiring any “surplus
property.”?® In the case of Native Americans, energy was used
as needed for subsistence; for the Europeans, surplus fuel re-
sources were a source of revenue.

The descriptions of easily accessible fuel and a smoke-free
climate in the writings of Higginson, Smith, Purchas, and the
French explorers indicate that they considered the New World
to be the antipode of the Europe they had left. While the mo-
tives of the early colonists are classically understood within tra-
ditional historical narratives as a search for profits or an escape
from religious persecution, the writings of these settlers indi-
cate that a search for abundant energy and clean air are viable
categories for analysis. From this perspective, the historiogra-
phy of energy and the environment is a narrative of resource
and environmental declension. As pyrotechnologies depleted
the prime fuel supplies and fouled the air in England, colonists
sought new sources of energy and clean air in the New World.
The writings of Higginson, Smith, and Purchas speak of an
exceptional land—with descriptions of “wholesome aire” and
“good wood for timber.” Three centuries later, Bellamy and oth-
er utopian authors similarly described their imagined worlds.
In his 1894 utopian novel, A Traveler from Altruria: Romance,
writer William Dean Howells describes a new land where “the
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air is so glorious I don’t mind losing a night’s sleep.”*® Like Bel-
lamy, Howells imagined an environment that he longed for—a
paradise that had been lost by the 1880s—not unlike the world
that the colonists found in New England in the 1600s. In a span
of three centuries, from the English writings of Browne and
Evelyn to the journals of Higginson and Smith to Bellamy and
Howells, the authors describe the negative consequences of en-
ergy production. While the first European colonists to North
America may have escaped the world of fuel shortages and
smoke that they associated with their homeland, it would not
take long for visions of England to reappear.
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CHAPTER 2

THE ENERGY
REVOLUTION AND THE
ASCENDANCY OF COAL

The production and consumption of fuel in any country may
be taken as a full measure of its manufacturing prosperity and
even of its civilization; for it is well known that as mankind
advances in knowledge, their increased wants demand the
increased use of heat. An all-wise Creator, with his infallible
wisdom, foresaw this, and placed under the earth’s crust, and
yet within the reach of man, a bountiful supply of the mineral
known by the generic name of Coal.

Israel W. Morris

Foul air and black smoke, reminiscent of the England that
Francis Higginson and other colonists left behind, were nev-
er part of the American imagined environment. Although the
United States began as an agrarian nation, by the early 1800s an
economic transition was well under way. While historians have
characterized this period of US history in terms of a market
revolution, it was also the beginning of an energy revolution
as the quantity, sources, and characteristics of consumable en-
ergy changed.! Driven by industrialization and an expanding
economy, the nation began its journey to becoming the number
one energy consumer on earth while switching from somatic
and natural energy sources to fossil fuels in the form of coal.
As capitalists developed and promoted a comprehensive infra-
structure from mining to transport, coal-based energy gained
a technological momentum and eventually became established
as the nation’s primary energy source.”> While coal was provi-
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sionally accepted by society, it created dissonance as Ameri-
cans had to reconcile their desires for advancement and growth
with ideas about pastoralism and energy exceptionalism.

Prior to the seventeenth century, organically powered no-
madic and agricultural societies left the air in North Ameri-
ca comparatively clean and clear when the first English colo-
nists arrived. The energy needs of the colonies, for basic trades
and domestic survival, utilized somatic energy along with
biomass—in the form of wood, which grew gracefully atop
the world’s largest stocks of undisturbed coal.’ The relative-
ly smoke-free agrarian environment that the colonists found
became embedded as an integral part of utopian American
imagery. To the early colonists, the unadulterated pure air of
the New World was the antithesis of the industrialized high-
energy England that they had left behind. From the first colo-
nizers’ visions to Thomas Jefferson’s ideal of the United States
as a pastoral place of yeoman farmers, the imagined future was
one of an unspoiled, factory-free environment.

Jefferson’s idealistic agrarian doctrine was not without
precedent. Between the Europeans’ conceptualization of the
New World and surveyor Lewis Evans’s prediction that by
1775 wealth and power would “naturally arise from the cul-
ture so great an extent of good land, in a happy climate,” ideas
about America the garden, complete with a clear climate, were
well established.* The pristine environment that the first col-
onists encountered remained part of an American imagined
environment, which not only appeared in the form of Jefferso-
nian pastoralism but would reappear in the Progressive Era’s
conservation movement. When Jefferson proclaimed in 1785,
“For the general operations of manufacture, let our workshops
remain in Europe,” he was distancing the young nation from
the fire and smoke of the factory and proposing for America a
low-energy, exclusively agrarian society.’ Jefferson was express-
ing ideas about space and place—separating production from
consumption, akin to the modern idea of “not in my backyard.”

Jefferson’s views about industrialization, shared by John
Adams, became the subject of great debate between himself,
Adams, Alexander Hamilton, and the grand early promot-
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er of American industry Tench Coxe. Coxe took a more nu-
anced view of Jefferson’s agricultural pastoralism, opining that
manufacturing worked hand in hand with agriculture, as he
expressed in his An Inquiry into the Principles for a Commer-
cial System for the United States from 1787.° Where Jefferson’s
idealistic view of an American utopia was one free of indus-
trialization and powered by muscle and wood, Coxe believed
that industrialism and agrarianism not only could coexist but
would complement each other. While the nation’s industrial
capitalist development would have proceeded without the in-
put of Jefferson or Coxe, their debates reflect how Americans
eventually constructed ideas about technology, energy, and
the environment—that the United States could have it all: a
pristine pastoral environment alongside a high-energy, indus-
trialized, consumer-based society. With the passing of its first
major act under the newly ratified constitution, the Tariff of
1789, the United States Congress in essence passed its first—al-
beit indirect—energy bill. As the act specified that part of the
tariff’s purpose was for “the encouragement and protection of
manufactures,” it became the harbinger of industrialization
and the beginning of what would become a high-energy re-
gime.” By the beginning of the nineteenth century an Amer-
ican industrial revolution was well under way. Glass and iron
making had been established in Pittsburgh in the late 1700s,
and Samuel Slater’s first textile mill began manufacturing in
Rhode Island in 1803 along with a host of other regional man-
ufactories. Slowly, the somatic energy of an agricultural society
began to be supplemented by the industrial energy sources of
fire and flowing water.

Despite his visions of a pastoral America, Jefferson acceler-
ated manufacturing with the Embargo Act of 1807. As British
imports to the United States were cut off prior to the War of
1812, domestic manufacturing increased to meet the demands
of a society poised to consume. By 1809 mechanization and
manufacturing became unstoppable forces. Writing to indus-
trialist P. S. DuPont de Nemours, Jefferson expressed his re-
alization that “the spirit of manufacture has taken deep root
among us, and its foundations are laid in too great expense to
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be abandoned.” While the imagery of the pastoral remained
in the American mind, the roots of a dissonant high-energy
society were firmly planted. When Jefferson remarked in 1814,
“Our enemy has indeed the consolation of Satan on removing
our first parents from Paradise: from a peaceable and agricul-
tural nation he makes us a military and manufacturing one,”
he marked the transition between a society built upon agrarian
energy to one built upon high consumption of industrial en-
ergy.’ The Arcadian paradise—the pastoral utopia conceptual-
ized first by the Puritans—was on its way to becoming a world
reminiscent of Evelyn’s Fumifugium.

The energy that powered the early periods of antebellum
America came from a variety of sources. Households burned
wood and a variety of lamp oils for illumination, and water
along with wood powered industry up until the mid-nineteenth
century. Industrial processes that required flame or forge, such
as the glass and iron industries, utilized wood almost exclusive-
ly up until at least the same time period, while mechanized in-
dustries such as textile manufacturing ran on waterpower until
midcentury. Although domestic coal began to enter markets as
early as the 1830s for some applications, the nation’s transition
to fossil fuels would be gradual. Because of easy access and the
vast reserves of forest, as the nation transitioned from a pre-
dominantly rural agricultural economy to one of market-based
industrialization, it remained fueled by wood. Although the
production of metals rose substantially during the same period
and English iron production was reliant on coal, the United
States continued to be reliant on timber. The domestic iron and
steel industry’s continued use of wood-derived charcoal for
steel production—as opposed to coal-derived coke—lasted un-
til late in the nineteenth century.

Before 1850 the steam engine, whether fueled by wood or
coal, had not yet taken command, and US manufacturing
was powered almost exclusively by water. Statistics derived
from the 1832 McLane Report, which was compiled by then-
Secretary of the Treasury Louis McLane, indicate that only four
large industries out of a total of 249 capitalized at $50,000 or
more utilized steam power." This excludes Pittsburgh’s firms,
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which were, in the words of business historian Alfred D. Chan-
dler Jr., a “striking exception” due to the types of industry and
their proximity to large deposits of bituminous coal.”

Waterpower’s dominance in America’s early industrial rev-
olution came about because it was inexpensive and provided
easily exploitable mechanical power. While England’s manu-
facturers had adopted usable steam power before the United
States, the abundance of water energy along with an undevel-
oped coal mining and transport infrastructure delayed the na-
tion’s transition to coal and steam power. Prior to the 1850s
it was not yet economically feasible to ship large amounts of
coal to the nation’s manufacturing centers, which were at that
time concentrated in the Northeast.”* The water-powered man-
ufacturing enterprises in New England were larger and newer
than any textile operations that had come before, in England
or in the United States. As such, descriptions of mills such as
those at Lowell, Massachusetts, reveal how society construct-
ed ideas about energy in general and smoke in particular.
While descriptions of an already smoky Pittsburgh included
monikers such as “the Birmingham of America,” hydropower-
driven cities such as Lowell were viewed in starkly different
terms." The memoirs of Alexander Mackay from the 1840s pro-
vide a depiction of Lowell that is diametrically different from
those of Pittsburgh. Mackay writes, “On approaching Lowell,
I looked in vain for the usual indications of a manufacturing
town with the tall chimneys and the thick volumes of black
smoke belched forth by them . . . and I was struck with the
cleanly, airy, and comfortable aspect of the town.””

Where Pittsburgh was defined by its smokiness, Lowell was
seen as a commercial paradise, void of fires and the blackening
effects of coal. If Lowell represented a utopian future—a man-
ufacturing center that ran without smoke—Pittsburgh repre-
sented the past, a throwback to Manchester or Birmingham of
the Old World. For industrial energy, the waters of the Merri-
mack represented what historian David Nye describes as the
“moral machine,” a new and better way than what was found
in England.'® Colonel Davy Crockett’s account of his visit to
Lowell in 1835 parallels Mackay’s comments and provides cre-
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dence to Nye’s interpretation. Not only did Crockett find the
environment Eden-like, from the moment he began his trek
from the headwaters of the Merrimack eastward into town he
made nothing but positive comments about his experience. The
cleanliness of the town, the “happiness and prosperity,” were
all striking to Crockett."”

In contrasting the characterizations of Pittsburgh and
Lowell, an early picture emerges of how energy technologies
were conceptualized. The visible energy that drove Pittsburgh,
manifested in smoke, created an association with England and
old-world technology, while the smoke-free Lowell was seen as
American improvement. Although industry dominated both
cities, Pittsburgh was the environmental “other,” described by
Charles Dickens as being “like Birmingham in England” upon
his touring the city in 1842."

It is here that socially constructed images about US energy
technology begin to mirror the ethos of an imagined American
exceptionalism as it applied to the land and the environment.
Englishman Anthony Trollope found the water-powered fac-
tories in Lowell a “realization of a commercial utopia.”™ Social
commentator Harriet Martineau found none of the natural
scenery “deformed by the erection of mills” in Lowell when
contrasting the American manufacturing center to that which
existed in her industrialized homeland of England.® Marti-
neau’s description of Lowell reinforces how American excep-
tionalism applied to the young nation’s industrialization: “As
to the old objection to American manufacturers, that America
was designed to be an agricultural country, it seems to me . . .
that America was meant to be everything.”* Dickens com-
mented of Lowell that “in all, there was as much fresh air, clean-
liness, and comfort, as the nature of the occupation would pos-
sibly admit of.”*> While Martineau, Trollope, and Dickens were
passing commentary on the system of manufacturing at Lowell
that they found superior to that in England, their observations,
along with those of others, explicitly note the lack of smoke.

The fresh air of Lowell, along with the technical savvy of
water-powered cotton mills, reflected an ideal state of technol-
ogy with its roots in American millennialist thought. While
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the Jeffersonian vision of the country may have rejected old-
world, British-style industrialization, advancements in Amer-
ican manufacturing technology that were seen as “improve-
ments” fit well into the ideal model of the New World. British
manufacturing, with its smoke, steam, and oppression, was
regressive, and American manufacturing in Lowell was clean,
orderly, and progressive—an exceptional break from English
cities like Manchester and Sheffield. Late in the eighteenth
century, millennialists, including Joseph Bellamy and Sam-
uel Hopkins, followed the views of Jonathan Edwards, who
spoke of improvements and contrivances as part of the New
World utopia. On manufacturing, Hopkins wrote: “There will
also doubtless be great improvements and advances made in
all those mechanic arts, by which the earth will be subdued
and cultivated, and all the necessary and convenient articles
of life, such as all utensils, clothing, buildings, will be formed
and made in a better manner.”* Edwards, Bellamy, and Hop-
kins carried not only significant religious influence in the early
nineteenth century but also secular influence where postmil-
lennial beliefs complemented ideas about national progress and
technological advancement.**

While the sophisticated mechanical elements of Lowell fit
with the foundations of technological sublimity, the lack of
smoke was also in harmony with the positive hopes of a new
America. Although air pollution and environmental issues
were not yet part of the public discourse, fresh air was valued
as a vital part of health and well-being. Clean, smoke-free air
was backed by health reformers such as the transcendentalist
Amos Bronson Alcott and the Christian physiologist Sylvester
Graham, who championed the early clean living movement.*
While waterpower was by no means a new technology, in Low-
ell it took on a new identity as an alternative to smoke and
fire. Even at the nation’s early stages of industrialism, visible,
smoky pyrotechnologies could be construed as the antithesis
of progress. Whether evidenced by the positivism associated
with Lowell’s clean air, the sheer number of smoke- and spark-
controlling devices, or the number of inventions for harness-
ing wind power and waterpower submitted to the US Patent
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Office in the first half of the nineteenth century, the impulse
for cleaner energy was already present.? One of the more gran-
diose efforts came from social utopianist John Adolphus Et-
zler. Etzler came to the United States in 1831 as a member of
the Muhlhausen Emigration Society under the sponsorship of
John Augustus Roebling, who would go on to build the Brook-
lyn Bridge beginning in 1870. Etzler’s relevance to the history
of energy in the United States comes from his notable stance on
clean, renewable power. In his 1833 work The Paradise With-
in the Reach of All Men, Without Labor, by Powers of Nature
and Machinery: An Address to All Intelligent Men, Etzler wrote:
“The basis of my proposal is, that there are powers in nature at
the disposal of man, [a] million times greater than all men on
earth could effect, with their united exertions, by their nerves
and sinews. If I can show that such a superabundance of power
is at our disposal, what should be the objections against apply-
ing them to our benefit in the best manner we can think of?—If
we have the requisite power for mechanical purposes, it is then
but a matter of human contrivance, to invent adapted tools or
machines for application.””

Etzler theorized that the wind, sun, and tides could provide
ample power for society, and attempted to construct a num-
ber of wind power devices, none of which came to commercial
fruition.?® Regardless of Etzler’s lack of success, his importance
here is that along with those who saw the lack of coal smoke at
Lowell in utopian terms, such as Trollope, Dickens, and Mar-
tineau, Etzler too saw coal as anti-utopian and under the con-
trol of “vicious energy monopolies.” In his brief and incon-
spicuous appearance in American history, Etzler not only saw
the possibilities for sustainable energy but also foretold how
corporate interests would eventually come to control the coun-
try’s most critical commodities.

Others after Etzler continued the quest for renewable, clean
energy systems, the most notable being John Ericsson, the
American who developed and built the famous ironclad the
USS Monitor. Ericsson argued that coal was not a sustainable
source of energy, stating that “the time will come when Europe
must stop its mills for want of coal” and theorizing that “Upper
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Egypt, with its never-ceasing sun power, will invite the Euro-
pean manufacturer” to utilize solar power.” Yet by the time Er-
icsson developed his heat engine in the 1860s, coal had already
supplanted waterpower as the primary energy source pow-
ering America’s industries. As utopian as smoke-free energy
may have been to social critics at the time, manufacturing was
driven by profits, and waterpower was only in place because of
its abundance and low cost. If waterpower, along with Etzler’s
and Ericsson’s early work on wind and solar power, represent-
ed an early impulse for the development of a society based on
sustainable energy, any possibilities for future development
of clean power passed in the mid-1800s, as fire-based energy
fueled by coal became less costly—and thus a more profitable
energy source for manufacturers.

The rise of coal and the subsequent beginnings of an Amer-
ican society based on fossil fuels are not attributable to a sin-
gle cause. From a cultural standpoint, Americans’ demands
for more goods and services created an industrial economy
that would challenge England’s by the middle of the nine-
teenth century. As demand for goods increased, conversion to
steam power, ultimately fueled by coal, became necessary as
the scale and location of manufacturers outstripped the energy
that waterpower could supply.” Although early steam power
in the United States was fueled by wood, as coal mining, dis-
tribution networks, and steam engine technologies developed,
coal became the fuel of choice. Fundamentally, coal is a much
more energy-dense fuel than wood, and the inherent efficien-
cies gained—more heat per unit of weight—made it a superior
fuel over biomass. While the English had been using coal for
centuries, the geography of the United States made transport
initially difficult, and until reliable networks were established,
wood and water that were near the point of consumption were
the most cost-effective means of power. Ralph Waldo Emerson
identified a key attribute in the evolution of the nation’s energy
usage: “Coal lay in ledges under the ground since the Flood,
until a laborer with pick and windlass brings it to the surface.
We may well call it black diamonds. Every basket is power and
civilization. For coal is a portable climate. It carries the heat
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of the tropics to Labrador and the polar circle.”** With energy
portability came flexibility of use—energy for manufacturing
and domestic use could be delivered to where it was needed.
Wood was not cost-effective to transport long distances, and
with a superior energy-to-weight ratio, coal’s portability was a
critical factor in its adoption.

As with coal itself, the origins of the US coal industry are
found in many corners. Whether it is the pure and clean-
burning anthracite coal concentrated in eastern Pennsylvania,
or its much dirtier, smokier cognate, bituminous coal, concen-
trated in western Pennsylvania, West Virginia, and Ohio, a coal
supply network began to emerge in the first half of the nine-
teenth century. While Pittsburgh had been fueling its forges and
furnaces with coal since the mid-1700s, markets farther away
from the mines did not begin to adopt the mineral fuel until
after the first quarter of the nineteenth century. In Ohio, mine
owners aggressively promoted coal as an alternative to wood for
both industrial and domestic use by the early 1830s. In Meigs
County, deed transfer archives show an 1804 transfer from
“E. Gerry & wife” to S. W. Pomeroy, a businessman from Bos-
ton, which took place in what was then Salisbury Township,
Ohio.” Pomeroy went on to form the Pomeroy Coal Company,
which was one of the earliest in the state. Coal had been mined
in the township prior to Pomeroy, but he and his sons promoted
and shipped coal down the Ohio River on a large scale, sending
over 116,000 bushels to Cincinnati alone by 1818.**

Prior to that time, domestic users preferred wood fuel, but
aggressive marketing, which guaranteed price and promoted
coal as a superior fuel to wood for household use, proved to be
a successful campaign for the company.* To the north, Cleve-
land’s market for coal was growing around the same time, with
most of its coal coming from mines in Tuscarawas County. At
least eighty-seven thousand bushels of coal were being shipped
annually to Cleveland from mines in New Castle, Ohio, in the
1830s.* Both Cincinnati and Cleveland became major des-
tinations for southern Ohio coal as industrial and domestic
use expanded into the mid-1800s. As bituminous mining and
distribution took shape in the West, the market for anthracite
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coal in the East was emerging as well. The earliest substantive
phase in the rise of anthracite coal is well documented in sev-
eral historical accounts, one of the most comprehensive be-
ing found in the work of historian Alfred D. Chandler Jr., who
hypothesized that mine owners and entrepreneurs “perceived
a market for anthracite, developed the technology for its use,
and built canals for its transportation.””” Chandler’s analysis
identifies the iron and steel industry east of the Alleghenies
as the first to adopt anthracite in manufacturing in the 1830s.
Chandler cites the emergence of canals and eventually the new
railroad as the beginning of a new energy network; this in turn
drove technological momentum for the use of coal as new pro-
cesses and devices began to cater to the transition away from
wood.”®

While the iron industry consumed much of the coal both
in Ohio and in the East, coal-derived energy accelerated more
rapidly with the gradual adoption of steam power. The signifi-
cance and history of the steam engine has been well document-
ed. For Karl Marx, the steam engine represented the first time
that motive power “begot its own force by the consumption of
coal and water . . . [and] was entirely under a man’s control.”
Others spoke of the steam engine in pure ethereal terms. For
Robert Henry Thurston, distinguished professor of mechanical
engineering at Cornell, it was related to the divine: “As religion
has always been, and still is, the great moral agent in civilizing
the world, and as science is the great intellectual promoter of
civilization, so the Steam Engine is, in modern times, the most
physical agent in that great work.™°

Although the steam engine’s significance in modernity is
well known, its significance in how energy is conceptualized
has little precedence. By converting the energy of fire to me-
chanical energy, which was distanced from the fire through
shafts and pulleys, the steam engine places a layer of abstrac-
tion between fire and useable force. Not only did the steam
engine begin to modify the perceived spatial dynamics of en-
ergy; it accelerated a locational shift as well. When utilizing
waterpower, industry has to move to the energy source, which
in many cases at the time was rural and away from markets.*
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With coal power and the steam engine, the energy source could
be moved virtually anywhere. For manufacturers, this meant
that production could move closer to markets and closer to
shipping routes. For transportation, steam technology was tru-
ly revolutionary, as it allowed for self-propelled travel first via
water and then by rail. Much like coal was significant in its
ability to provide a portable source of heat, the development
of steam power marked the beginnings of portable mechan-
ical energy. In the history of energy, no development was as
critical as portability. While the steam engine still represented
a salient energy technology in which energy production and
consumption remained proximal, its ability to convert heat to
motion wherever needed represented the beginning of a ma-
jor paradigm shift in the way energy was conceptualized and
commoditized.

Although Taqi al-Din, Jerénimo de Ayanz y Beaumont,
and Thomas Savery were the early pioneers of steam-powered
automata, it was Thomas Newcomen, followed by Matthew
Boulton and James Watt, who developed the first truly viable
engines in England in the early 1700s.*> While in England Boul-
ton and Watt steam engines began to make hydropower obso-
lete by 1800, the United States was slow to adopt steam power.*
In the United States, Oliver Evans invented a high-pressure
steam engine by 1801 that was used on riverboats and in some
flour mills, but it lacked the efficiency needed for wider adop-
tion.** From all indications, it was not until the introduction of
the American-made Corliss steam engine in 1849 that the eco-
nomics of steam power in the United States began to change.
The Corliss may not have been the first steam engine available
in the United States, but it was the most cost-effective to run,
and as such became a viable alternative to waterpower. Fitted
with rotary valves and variable valve timing, the Corliss engine
offered the best thermal efficiency and made steam power more
economical and able to compete with the waterwheel on a basis
of cost.”” In one particular instance, at the James Steam Mill
in Newburyport, Massachusetts, the Corliss engine consumed
5,690 pounds of coal per day, about half compared to the Bart-
lett engine the mill had been running, which consumed 10,283
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pounds of coal per day.*® This not only kept the cost per horse-
power below previous steam technologies but made the Corliss
a feasible competitor to waterpower.

Recent studies have found that steam engines in general, and
the Corliss design in particular, played a major role in the shift
away from water-derived energy in the second half of the nine-
teenth century, which in turn had a major effect on industrial
demographics. As the Corliss allowed for economic power to
be derived at virtually any location near fuel supplies, it served
as a major catalyst for industrial relocation and urbanization,
along with the development of stable railroad networks.*” The
widespread industrial adoption of coal-based energy in the last
half of the nineteenth century not only marked the beginning
of a US society powered on fossil fuels but also accelerated
problems associated with smoke, fire, and energy. As both in-
dustry and population grew, America transitioned from rural
to urban and away from wood and water as its primary sources
of energy. At the same time, immigration and a natural popula-
tion increase led to an overall increase in energy consumption.
Demand for iron, steel, and manufactured goods grew rapidly
as the nation’s infrastructure was being built. As industrial us-
ers adopted coal, which affected outdoor air quality, indoor air
quality also became problematic, as the types of energy used
and the ventilation in domestic and commercial buildings var-
ied considerably. While fuel for household heating and cook-
ing gradually shifted from wood to coal, fuel for illumination
varied from candles to a variety of lamp oils. Whale oil and a
variety of vegetable oils were most common in the early 1800s,
and whale oil use continued well into midcentury, with over
six million gallons consumed in 1841.*® Camphene, a lamp fuel
made primarily from pine oil, was adopted slowly due to a high
incidence of explosions, an inconvenient and quite salient side
effect of illumination via proximal flame. Eventually, lamps
designed to use camphene cut down on risks and the distil-
late was used alongside other lamp oils.*” The inconvenience of
pyrotechnic domestic energy knew no class boundaries. From
Jacob Riis’s accounts of smoky and dirty tenements with “oil
stoves that serve at once to take the raw edge off of the cold and
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to cook the meals by,” to parlor guides that discuss “the annoy-
ances of soot and smoke,” issues with energy derived from fire
indoors were as problematic as coal smoke became outdoors.*
While historical accounts of various shifts in technology
and population help explain transitions in both energy con-
sumption and characteristics, the extent of these trends be-
comes clearer through statistics. According to the US Census
Bureau’s Historical Statistics of the United States 1789-1945,
four hundred thousand units (1,000 board feet) of standing
timber were cut in 1809, and that figure jumped to eight mil-
lion units by 1859. While the census records for wood usage do
not delineate lumber and firewood, other studies have shown
that the overall consumption of wood for fuel accelerated
substantially. According to a study by geologist Michael Wil-
liams, an estimated 113,740,000 acres of forests were cleared
in the United States prior to 1850, and in the ten-year period
between 1850 and 1859, over 39,705,000 more acres of forests
were cleared. Much of the wood went for fuel.” Sources show-
ing relative usage of wood and coal for domestic use in selected
regions indicate that wood accounted for nearly 75 percent of
domestic fuel, with coal making up the balance in the 1820s.>
Documented coal production in the United States was
15,000 net tons between 1807 and 1820, which rose to a total of
14.5 million tons by 1860.%* Coal production climbed to 40 mil-
lion tons by 1870, 79 million by 1880, and 157 million by 1890,
the year that the US per-capita consumption of coal topped that
of Great Britain.”* Considering only the burning of coal, and
that even the most complete combustion of coal yields approxi-
mately 2.8 tons of carbon dioxide for every 1 ton of coal burned,
the United States was emitting over 40 million tons of carbon
into the atmosphere annually by 1860, a number that would
jump to 439 million tons of carbon dioxide emitted by 1890.
While Pittsburgh was the lone city associated with smoke early
in the nineteenth century, cities such as Cincinnati, Cleveland,
and Chicago began to share the honor by the mid-1800s. By
1860 there were reports of “smoke [that] pervades every house
in Cincinnati, begrimes the carpets, blackens the curtains, and
worries the ladies,” along with associations of Cincinnati with
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the Old World: Cincinnati’s “fuel is identical in effect . . . [to
the] smoke-begetting coal that gives to the English town its
grimy, inky, hue.”* In Cleveland, the Division of Health was
declaring that “smoke from coal [was] unpleasant and possibly
unhealthy,” while others such as real estate dealer L. E. Holden
were seeking to satisfy the demand for “elegant homes away
from the smoke and dust of the city.””” Holden’s comments be-
gin to illustrate emerging ideas about energy production and
space—that living away from smoke-producing city centers
was becoming a desirable proposition. In Chicago, a citizens’
committee on smoke began reporting periodic “smoke obser-
vations,” which documented individual industrial smoke re-
leases listing company name, type of coal use, mode of firing,
origin of coal, and condition of smoke. A typical listing was
“Wisconsin Elevator Company, careless firing, Pittsburgh coal,
and black.”®

In a period of about two centuries, the clean air that the
colonists encountered upon landing in the New World changed
dramatically. As the nation industrialized after American
independence, an energy revolution began that was character-
ized by a shift from a society based on subsistence energy de-
rived from somatic and natural sources to one of high energy
consumption that ran on fossil fuels. While early industrial en-
ergy technologies driven mostly by hydropower were congru-
ent with an ideological orientation that saw the young United
States in terms of the pastoral, the emerging shift to coal-based
energy became antithetical to ideas about American techno-
logical and environmental exceptionalism moving into the
Progressive Era.
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CHAPTER 3

THE CONUNDRUM OF
SMOKE AND VISIBLE
ENERGY

Our coal measures are simply inexhaustible. English coal-pits,
already deep, are being deepened, so that the cost of coal min-
ing in Great Britain is constantly increasing, while we have
coal enough near the surface to supply us for centuries. When
storing away fuel for the ages, God knew the place and work
to which he had appointed us, and gave to us twenty times as
much of this concrete power as to all the peoples of Europe.

Josiah Strong

In the latter half of the nineteenth century, Americans encoun-
tered smoke and soot—the airborne remnants of industrial and
domestic energy usage—on a regular basis. Stuck in a quanda-
ry between economic growth, technological advancement, and
American environmental exceptionalism, smoke became an
inconvenient byproduct of progress that could not be ignored.
The social response to smoke manifested itself in a variety of
ways. Municipal governments as well as social commentators
initially ignored the issue that they could not resolve, industri-
alists attempted to deny that a problem existed or saw smoke as
a benefit to society, and social reformers and property owners
actively worked to abate the nuisance. As smoke and soot be-
came more acute, the vast majority of urban dwellers came to
see them as a nuisance.! Airborne pollution issues cut across
class and gender lines, and led to alliances between social
groups who worked together to mitigate smoke and its associ-
ated issues.> Whether it was middle-class reformers or a down-
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trodden urban working class, antismoke crusades eventually
came to be broad-based. Through an investigation of the his-
torical record that examines both the social and the technolog-
ical responses to smoke, it becomes clear that smoke from coal
and other sources affected wide swaths of society. The working
poor used coal in tenements, resulting in soot-covered walls as
captured in Jacob Riis’s images, and the middle class bought it,
stored it, and dealt with ventilation as prescribed by Catharine
Beecher and her sister Harriet Beecher Stowe. Looking to elim-
inate smoke were those whom historian David Stradling re-
fers to as “urban reformers,” mostly consisting of middle- and
upper-class women.’

A review of the works of influential social activists in the
era reveals deep contradictions between ideas about energy, so-
cial and economic progress, and the environment. Although
environmentalism as we now know it was not within the pur-
view of those writing in Gilded Age America, several works
demonstrate how the looming nuisance of smoke could not be
resolved against ideas about divine providence and progress,
and was not addressed as a significant social problem. One ex-
ample is found within the works of Josiah Strong. An influen-
tial leader of the Social Gospel movement in the late 1800s, he
was by all measures an erudite individual who wrote prolifical-
ly about what he saw as the evils of industrialization. From the
production of luxuries to a xenophobic fear of cities and their
“Romanizing” element of immigrants, Strong warned that the
nation’s downfall was well under way.* Though he was alarmed
by the number of saloons, poor living conditions, and declining
morals, Strong never made the connection between industrial
“progress,” exploitation of natural resources, and the degrada-
tion of the environment. He praised the nation’s inexhaustible
coal supplies and the nation’s climate simultaneously, and in
doing so revealed the conundrum within American attitudes
about resources, progress, and the environment.

To Strong and others, natural resources were a gift from
God for Anglo-Saxons to use as they saw fit. As the nation’s
coal supplies were “inexhaustible,” the nation’s climate was
conceptualized as resilient, with air that had a “stimulating
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effect” that led to even more progress.® Strong was not alone
in his characterization of coal as divine. His contemporary,
Washington Gladden, also saw the nation’s vast coal supplies
as “the handiwork of God” and at the same time stressed that
it was an employer’s responsibility to provide “wholesome air”
for those who labored.® Gladden emphasized the importance of
proper ventilation and a healthful environment while praising
the invention of steam engines and a variety of other automa-
ta as synonymous with deific advancement. Both Strong and
Gladden saw the use of natural resources such as coal as prog-
ress while at the same time praising automation and stressing
the importance of fresh air. Their attitudes reflect a paradoxical
view about the providential use of resources and an American
environment blessed by God.

The contradictions within the Social Gospel movement,
the divinity of coal, Anglo-Saxon technical progress, and the
wholesome climate of God’s chosen land could not be resolved
by Gladden or Strong. Smoke, soot, and atmospheric effluents
were difficult to fit into the divine setting of the United States
and were absent from the narratives identifying the evils of in-
dustrialization. Within the approximately five hundred pages
of Strong’s and Gladden’s preeminent works warning of the
dangers inherent in capitalism, the words smoke and soot are
curiously nowhere to be found.” Strong does mention “black
accretions of filth” on the walls and ceilings within tenement
houses, but in the context of London, not yet in the United
States.® Although the Social Gospel movement was primarily
concerned with the moral issues that arose from industrializa-
tion, its praise of coal and progress along with the omission of
smoke provides a window into how Americans began to con-
struct ideas about industrialization, energy, and the environ-
ment. If coal was part of “God’s handiwork,” then smoke had
to be part of the master plan as well, a fact that could only be
reconciled by overlooking the matter or denying that a problem
existed. Other community leaders began to reconcile the vari-
ous benefits of “progress” and the “necessities of life,” but also
recognized the “loss to the people” that occurred when newly
established smoke ordinances were ignored.’
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In the courts, the difficulty of recognizing that smoke was
in fact a problem represents an early tendency to ignore the
smoke nuisance, not only by local governments but also as a
policy issue. In 1884, the Illinois Supreme Court declined to
say that the “mere emission of dense smoke without proof that
it was a nuisance was in fact a nuisance per se.”' In the case
of The City of St. Paul v. Gilfillan in 1886, the court held that
“emission of dense smoke from smokestacks or chimneys is not
necessarily a public nuisance.”! Other cases held that smoke
was only a nuisance if it produced tangible injury to property,
real or personal.”

While the easiest course of action for some may have been
to disregard the issue of smoke, many municipal governments
hesitated to deal with the issue even after antismoke ordinanc-
es were in place. In cities ranging from New Orleans to Saint
Louis to Cincinnati, smoke discharge laws were in place for
industrial polluters, but were ignored and went unenforced in
many cases.”” Perhaps more difficult than reining in the more
obvious industrial polluters was the issue of residential smoke
from furnaces and stoves, which was often more problematic
due to incomplete combustion and widespread use.!* While the
courts, municipal governments, and social theorists initially
took little action against the looming issue of smoke, the his-
torical record exposes others who put coal smoke in a benefi-
cial context. For some, smoke meant progress, and by the late
1800s the rhetoric of pitting coal as energy against progress in
the form of commerce was in full bloom. In the era’s context of
commerce, the still-familiar cultural tomes that tie energy with
progress and employment began to appear. The idea that “soft
coal smoke is a nuisance, but . . . it always means business,” is a
somewhat typical statement by promoters of commerce.”

Throughout the Midwest and into the South, city promoters
regularly tied “smoke from our factory chimneys” with pros-
perity.' For Samuel Hazard, the grand advocate of Pennsylva-
nia and the state’s official archivist in the late 1800s, coal smoke
was nothing but beneficial. He expressed ideas about the “pure
mountain air and healthy coal smoke and its peculiar good
health” as a characteristic of Pittsburgh in the summer."” Haz-
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ard’s interest was in promoting business in his state, so he was a
smoke supporter by necessity. This sentiment of energy boost-
erism was later exemplified by novelist Booth Tarkington in his
1915 novel The Turmoil. The book’s antagonist, Sheridan, calls
the smoke “Prosperity,” as the author states in third-person
prose that “smoke is like the bad breath of a giant panting for
more and more riches.”

While some tied smoke to jobs and prosperity, other smoke
supporters denied that a problem existed at all. Colonel W. P.
Rend, a millionaire coal magnate from Pittsburgh whose inter-
est was obvious, claimed, “I will still go further and state that
there is convincing evidence that soot, or carbon, or smoke,
emitted and poured into the atmosphere of our city works no
injury, but is, if anything, an advantage and a benefit to public
health. I will maintain that this so-called evil, in its compre-
hensive and broadest sense, is no evil at all, and that in its most
important aspects it is both a private and public blessing.”
Rend’s aggressiveness on the issue is no surprise—he is also no-
table for challenging a competitor to a duel over mine property
rights in Pittsburgh.?® A similar story played out in Saint Louis
with E. Goddard of the E. Goddard and Sons Mill Company.
Goddard claimed in 1888 that he had built three steel mills in
the city and had never heard one complaint from his neighbors.
He then asked hypothetically, “Do you know why St. Louis is
the third healthiest city in the country? Why is that? I'll tell you
why, it is the smoke. If it were not for the smoke St. Louis would
be suffering from all the plagues and torments that afflict other
cities.”" While Rend, Hazard, and Goddard attempted to de-
pict coal smoke as a benefit to communities and a symbol of
progress, others believed that carbon emissions were curative
and could even be valuable to health. There was speculation
from several physicians that “fine carbon particles might be a
beneficial aerial disinfectant.”® Others maintained that coal
smoke and soot had curative properties, especially against tu-
berculosis, even providing a “true immunity” against the dis-
ease by rendering tubercle bacilli inert.”> Much of this specula-
tion likely derived from common reports that coal miners who
were exposed to coal dust (as opposed to smoke) were immune
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to tuberculosis.? This line of conjecture linking positive health
effects to smoke was also found in positions that linked air-
borne arsenic, which was found in the smoke of smelters, to
beautiful complexions.”

As those with special interests who used anecdotal evidence
to support their prosmoke agendas worked hard to put a posi-
tive face on foul air, the visibility of smoke, along with the tan-
gible effects of breathability and soot, could not be willed away
with propaganda or speculation. The overwhelming belief and
obvious reality—dating back to the 1300s in England—was
that smoke was at the very least a “nuisance,” and the health
effects, at least in the form of coughing and irritation, were
well known. Not only was smoke an inconvenient byproduct
of progress, it was untidy, antipastoral, and increasingly seen
as preventable during a time in the United States when eflicien-
cy and engineering symbolized advancement and modernity.
As the smoke problem became more acute in American cities,
the outcry for reform became more prevalent as well.?* While
the momentum of social activism against coal smoke began to
build in the second half of the nineteenth century, the concep-
tualization of smoke as a mere nuisance was being supplement-
ed with medical science that contended that smoke was a real
health problem.

As early as 1848, Dr. John Hoskins Griscom, one of the pio-
neers in public health in the United States, published The Uses
and Abuses of Air: Showing Its Influence in Sustaining Life, and
Producing Disease; with Remarks on the Ventilation of Houses,
which documented the dangers of carbonic acid, a byproduct
of coal gas illumination, and coal smoke in general.”” In a story
from an issue of Farmer’s Magazine from 1859, the dangers of
coal smoke are expressed even more succinctly, as “antagonis-
tic to the lung and brain, of the purity of one and the health of
another.”?® Here, the author associates coal smoke not just with
degraded physical health but with mental health as well. Ob-
scuring the outside air and soiling the ground represented the
visible effects—black soot on white snow was a visual indicator
of the nuisance—yet the stealthier and insidious effects were
within the body and even the mind.
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As early as 1845, Scottish doctor James Copeland, MD, had
identified “common coal smoke” as a frequent cause of asth-
ma in the first volume of his Dictionary of Practical Medicine.”
In the third volume, Copeland documented “coal gas, oil gas,
carbonic acid and bi-carbureted hydrogen,” all byproducts of
combustion, as poisons.*® Although Copeland practiced in
Britain, he influenced American medicine and served as an
honorary member of the Massachusetts Medical Society.” By
1849, medical journals such as the American Journal of Medi-
cal Sciences had identified smoke from coal and wood as “at all
times, injurious to health . .. unless carried away and diluted in
the upper regions of the atmosphere.”*? Although the medical
community had identified health issues associated with smoke
some forty years prior to court decisions that were questioning
whether or not smoke was a nuisance, they also believed that
smoke was rendered harmless once it had reached the upper
atmosphere. This idea of atmospheric cleansing—or at least at-
mospheric tolerance—is a typical manifestation of the ideology
of environmental exceptionalism that remained deeply rooted
in American culture.

While smoke pollution most visibly affected outdoor air
quality, indoor air quality was a concern as well. Smoke from
poorly ventilated indoor stoves and fumes from coal-gas lan-
terns were well-publicized issues. In New York tenements,
where lanterns and candles were the only source of illumina-
tion, and coal was the main source of heat, rooms “blackened
with smoke” and with little ventilation were not uncommon.*
And suffocation from the byproducts of combustion did not
occur only in tenements. A Chicago Tribune report from Feb-
ruary 17, 1874, with the headline “The Lake Tragedy: The Chil-
dren Probably Suffocated by Coal-Gas” was typical of news in
a number of cities.** Deaths associated with indoor heating and
illumination were common and cut across class lines.*

Beyond living spaces, coal smoke and fumes from coal gas
were problematic for storeowners. The soot, odor, and heat asso-
ciated with lighting retail establishments had been a major con-
cern and required regular cleaning and airing out of goods.*® In
Chicago, department store owner Marshall Field estimated that
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his “soot tax”—that is, the cost of cleaning merchandise—ex-
ceeded the cost of his real estate taxes.”” In New York, the “nui-
sance in shops” due to the burning of coal gas for illumination
had been a subject of discussion prior to 1870.*® Retail estab-
lishments in Cleveland reported losses of well over 10 percent of
their profits on white goods due to “the presence of coal smoke
and gas” from outside air and inside lighting. Once smoke was
absorbed by fabrics, storeowners found items “beyond redemp-
tion.” One retail establishment in Cleveland reported a cost of
$1,800 for cleaning and redecorating as well as a $2,000 bill for
window cleaning and $1,500 for laundry, all due to smoke.*
Awareness of air quality and coal smoke was not limited to
health care professionals and storeowners in the 1800s. As with
earlier reform movements in the United States, women played
a vital role in recognizing the issues associated with coal ener-
gy and coal gas illumination. Environmental historian Angela
Gugliotta finds that although the poorest women were most
heavily exposed to environmental pollution in the late 1800s,
“elite” women were affected as well, and that in Pittsburgh,
class barriers broke down in antismoke activism.* In 1869, the
Beecher sisters warned that coal furnaces could “poison fam-
ilies with carbonic acid and starve them for want of oxygen,”
which is indicative of the increasing concern over indoor air
quality during the period.* Beecher and Stowe’s The American
Woman’s Home: Or, Principles of Domestic Science could be
considered a primer on indoor air quality itself, with four en-
tire chapters devoted to proper ventilation, coal burning, chim-
ney drafts, illumination, and other concerns relating to safe
energy use in the home. Other women’s publications echoed
their advice: Godey’s Magazine emphasized the importance of
a “proper draft” in rooms, and Everyday Housekeeping advised
that improper drafts led to smoke and smoke is “fuel wasted.”
In Cleveland, Chicago, Cincinnati, Saint Louis, Pittsburgh,
and other cities, groups of reformers drew public attention to
air pollution problems both indoors and outdoors.** The Wom-
en’s Health Protective Association of Allegheny County took
up the fight against smoke in Pittsburgh, as did the Chicago
Citizens’ Association. In Saint Louis, a social club of women
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known as the Wednesday Club created and supported an an-
tismoke group known as the Citizens’ Smoke Abatement As-
sociation, which lobbied for antismoke ordinances in 1893.
In Cleveland, there were several antismoke groups, including
a fine arts group and the Society for the Promotion of Atmo-
spheric Purity.**

The issues Cleveland faced were typical of other manufac-
turing cities in the late 1800s. The city started burning coal in
the 1820s, and after the city was chartered in 1836 it grew rap-
idly.** As early as 1860, medical professionals investigated the
effects of fire-based energy and identified “local constituents of
the atmosphere” as “exceedingly irrespirable and poisonous.™®
Doctors in Cleveland not only identified carbonic acid and ox-
ygen deprivation issues with coal but also found the “influence
of illuminating agents as candles and lamps” as problematic,
claiming that “two candles require as much oxygen as a full
grown man.” By the 1870s, Cleveland was becoming much
like Pittsburgh—a place known for its smoke, manufactories,
and tall chimneys.*® In 1892, art collector and teacher Charles
E. Olney founded the Society for the Promotion of Atmospher-
ic Purity, which lobbied for the city to effectively enforce its an-
tismoke laws. Olney, in a familiar theme of Victorian Progres-
sivism, claimed that “the gospel of cleanliness can be preached
and cultivated only under favorable conditions,” and that the
“proper aesthetic” in the city could elevate all human beings.*

While Cleveland dealt with smoke on the shores of Lake
Erie, Chicago’s issues were similar. Although Chicago had
passed a city smoke ordinance in 1881 and had established a
department of smoke inspection, the department’s early ac-
complishments were questionable.”® Evidence suggests that
offending corporations either ignored fines or paid them and
continued emitting smoke.”* In 1890, for example, the Chi-
cago Department of Health observed 3,215 violations of the
city’s smoke ordinances, served notices to 2,189 of those vio-
lators, and “abated” 746 of the nuisances. Two hundred and
ninety-nine of the violators that year were fined $50 each.”® As
in Cleveland, Chicago’s smoke problems were caused by the
burning of inexpensive and accessible high-sulfur bituminous
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coal—mostly providing heat and steam power. Although lit-
tle was known about the makeup of coal smoke at the time,
many people considered it a serious problem in Chicago.” Both
middle-class women reformers and Chicago businesses waged
campaigns to assist the city’s ineffective health department in
the enforcement of smoke ordinances.**

As in Cleveland and Chicago, most major Midwestern cities
that utilized bituminous coal for their primary energy source
established smoke ordinances, and private groups of citizens
urged enforcement.” City officials and citizen reformers alike
did not seek to eliminate coal. The widespread belief was that
smoke represented improper combustion and that properly
applied technological solutions could bring the problem under
control. Although John Tyndall suggested that carbon dioxide
in the atmosphere might be responsible for climate change as
early as 1861, and Swedish scientist Svante Arrhenius estab-
lished the link between carbon dioxide from fossil fuels and cli-
mate change a few decades later, there is no indication from the
historical record that these were public concerns until nearly
a century later.”® As noted by Christine Meisner Rosen in her
study of smoke in Chicago in the late 1800s, little was known
about invisible airborne particulate matter and greenhouse gas-
es—it was the visible soot and tangible effects of smoke that were
a public nuisance.”” Smoke abatement in the late 1800s could
more properly be termed smoke control. Unaware of the threats
posed by the concealed components of smoke, Progressive Era
Americans were concerned with energy’s salient qualities that
manifested themselves in visible soot and unpleasant air.

Responses to the smoke problem varied. Some struggled to
resolve the paradox between smoke and progress, while others
denied that an issue existed. While reformers attempted to abate
the smoke nuisance, inventors and engineers sought technical
solutions. Although natural gas, coal gas, and petroleum were
in limited use by the 1870s, none of these were viable alternative
energy sources in the late 1800s. Burning gases and petroleum
fuels still involved proximal flame, and required distribution
systems that were cost-prohibitive and not yet technically fea-
sible.’® For both industry and domestic use, fossil fuels made
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up the bulk of the nation’s established energy sources, and
society sought technologies to eliminate smoke, soot, fumes,
and fire more than they actively sought energy alternatives. A
small sampling of US patents issued in the year 1880 serves as
an example. For wind-power-related inventions, including new
windmill designs and improvements, at least twelve patents
were granted.” In the same period, over fifty patents were issued
for smoke-consumption devices and spark arrestors for dealing
with the effects of combustion-based energy. Many more were
issued for improved coal stoves, burners, and lamps.*°

Technical solutions intended to mitigate the effects of pyro-
technic energy had been sought since Ben Franklin designed
his improved draft woodstove in the 1700s. With coal specif-
ically, the core problem was the high percentage of impurities
found in the soft bituminous variety that was used in most US
cities—with the exception on the East Coast, where the more
“smokeless” anthracite variety was used. Considering that an-
thracite coal delivered to the Midwest was nearly double the
price of its smokier bituminous relative, choosing it for a fuel
was not a practical option for industrial or domestic users.® For
many industrialists, it was less expensive to pay fines than it
was to purchase cleaner coal or to maintain and support smoke
abatement equipment.”” Most smoke abatement “experts” in
the latter half of the nineteenth century maintained that smoke
could be nearly eliminated by proper firing, that proper quanti-
ties of air into a furnace would prevent smoke. More often than
not, “inefficient firemen” were blamed for defeating the action
of automatic stokers and other devices meant to regulate air
and fuel.®® The sheer number and types of devices and methods
designed to control smoke make them difficult to categorize,
but the following extract from an issue of the American Gas
Light Journal of 1880 provides sound evidence regarding the
number of technical approaches:

The inventions and devices are almost innumerable, the patents
issued are several hundred and the number rejected much great-
er, and many of them possess merits of their own. They include:
A water drum (with leg) in front of the bridge walls and inclined
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bars; deflecting arches in front and rear of a hollow iron bridge
wall, perforated for the supply of air; such an arch over the bridge
wall, with an arrangement of the furnace doors so as to supply the
proper quantity of air; surface-draft inventions, combining the
application of hot steam and atmospheric air; a perforated fire-
box for the incandescence of the fuel in front of the fines, with a
gas chamber and arrangement for the supply of air or steam; au-
tomatic feeders of various patterns, including one which pulver-
izes the fuel and spreads it evenly upon the burning mass under
the boilers; various applications of superheated steam, gas and
hot-air chambers, for the admission of air into the furnace. All
these have, as stated, merits peculiar to themselves. We incline
to the belief that no plan can be perfectly worked without intelli-
gence in the boiler room—no device will display its own complete
capacity.*

Other techniques included the “washing” of smoke, wherein a
spray of water in a chimney “clean[ed] the smoke of much of
its impurities,” after which the water was collected and, after
a “proper treatment,” used as a colorant for black paint.®® This
method removed the unpleasant blackness of coal smoke, mak-
ing it more palatable. It was commonly believed that removing
soot from smoke rendered it into a harmless “purified” state,
no longer a threat to health or environment. Devices that sepa-
rated soot from smoke were revered for their ability to perform
effective purification.® The sheer variety and number of smoke
abatement devices that were developed after the Civil War
for both industrial and domestic use indicate the scope of the
smoke problem. Railroads also faced a smoke issue. One pub-
lication from 1880, the Annual Report of the American Railway
Master Mechanics, indicated that “the United States Govern-
ment has, by the grant of letters patent, said that more than six
hundred persons have perfected new and useful improvements
in preventing the entrance of sparks, smoke, etc., to railway car-
riages, and that over three hundred others have perfected new
and useful improvements in appliances for consuming smoke,
and yet no competent authority has said that any one of these
nine hundred improvements are worthy of general adoption.”™”
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Of all the technological solutions that were sought to elim-
inate the smoke nuisance, a simple study of chimneys perhaps
best reveals American attitudes about space, place, and the
environment in the late 1800s. In crowded residential settings
such as New York City, one solution to the smoke problem was
to construct taller chimneys that would carry the smoke “to
more distant localities, [where it] eventually falls to the ground
and contaminates the atmosphere in proportion to the extent
of its diffusion.”® In discussing zoning for factory locations in
1874, the State Board of Health in Massachusetts praised the
construction of an “immense” chimney by the New England
Glass Company, which carried “metal oxides, litharge, and
arsenic” to such a height in the atmosphere that “before they
reach anybody they are diluted sufficiently not to be noxious.”
An 1885 book on chimney construction from the Massachu-
setts Institute of Technology proudly stated that the purpose of
a chimney was to “convey the noxious gasses to such a height
that they shall be so intermingled with the atmosphere as not
to be injurious to health.””® A few years later, at a meeting of the
American Society of Mechanical Engineers, this concept was
reiterated, that “chimneys needed to be of sufficient height to
get rid of obnoxious gases.””' Numerous other publications of
the time speak in terms of the necessity of chimneys to “carry
away the smoke,” reflecting an impulse for smoke removal.”?
This idea of removing smoke from the immediate area is indic-
ative of early attitudes about the atmosphere’s ability to absorb
or tolerate the nuisance. On par with landfills and open-stream
dumping, any solution that made smoke invisible—either by
moving it away from the energy source or removing its black-
ness—seemed satisfactory.

A culture of production and consumption must by neces-
sity be a high-energy culture, and the energy technology that
the United States had adopted did not fit with Progressive ideas
about cleanliness, health, purity, and pastoralism. The pursuit
of technological solutions to “fix” the intrinsic issues associat-
ed with coal and pyrotechnical energy sources was more than
a social response to the nuisance of smoke; it was part of an
impulse to restore the imagined exceptionalism of the county’s
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environment. Whether it was smoke abatement, spark arres-
tors, improved lamp and stove designs, or taller chimneys, the
push for technical solutions that would eliminate the inherent
problems associated with the burning of coal and other fossil
fuels was indicative of the American energy dilemma that be-
gan after the Civil War. Unwilling or unable to make sacrifices
of convenience, profits, or consumption, businesses and urban
reformers relied on engineering and technology in attempts
to solve the energy quandary they had found themselves in.”?
Through a growth in consumerism and a desire for low-cost en-
ergy, urban Americans sealed their fate by accepting the emer-
gence of coal and other dirty energy technologies by default.”
In turn, society sought technologies to assuage, conceal, or dis-
tance themselves from most of the visible aspects of an energy
infrastructure they were dependent upon. While some of these
technologies were attempts to solve the problems of smoke by
eliminating it at or near the point of combustion, others simply
sought to put distance between smoke and society, following
a philosophy of concealment. Putting space between the efflu-
ents of energy and living places added a layer of abstraction to
energy use and reflected emerging ideas that defined environ-
mentalism in terms of quality of life.”” In an era when ecolog-
ical concerns went no further than what people could see and
smell outside, moving soot, smoke, and sparks away from the
individual was a sufficient solution to make energy cleaner. By
the second half of the nineteenth century, the United States had
become a high-energy society. By that point the world’s larg-
est consumer of coal, the dissonance inherent within desires
for economic progress, social advancement, and maintenance
of a providential American environment were becoming ob-
vious. While the cultural responses to the smoke issue ranged
from ignorance to denial to a drive for reform, activists and in-
ventors sought technical solutions to render invisible the most
discernable vestiges of fire-based energy. In dealing with the
nuisance of smoke, American society revealed an unfettered
desire to consume energy without any of the unpleasant effects
of energy production.
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CHAPTER 4

TECHNOLOGY AND
ENERGY IN THE
ABSTRACT

Just now, in civilization, and the arts, the people of Asia are
entirely behind those of Europe; those of the East of Europe
behind those of the West of it; while we, here in America,
think we discover, and invent, and improve, faster than any
of them.

Abraham Lincoln

The smoke that signified the emergence of the United States as
a high-energy society in the nineteenth century was not a mys-
tery to the Americans who experienced it. Burning coal, wood,
candles, or various oils was how one illuminated, cooked,
smelted, forged, or produced steam for motive power. Unlike
generations that would come after, nineteenth-century Ameri-
cans experienced fire up close and personal in some form on a
daily basis. Whether it was a fireman on a train, a family gath-
ering wood for the hearth, or a woman trimming the wick on
a lantern, the utilization of energy was an active, participatory
process. Direct flame was the era’s energy source, and its man-
agement was as routine then as the wall switch is today. Fuel
stocks had to be maintained, soot was an ongoing byproduct,
and smoke was omnipresent, especially in rapidly industrial-
izing urban environments. The use of fuel for heat or light re-
quired physical exertion, which, as historian Christopher Jones
has pointed out, provided an ongoing awareness and a strong
incentive to limit energy consumption.'

At the same time that the effects of smoke and soot were be-
coming a regressive nuisance in the latter half of the nineteenth
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century, new technologies and emerging technical systems had
begun to change communications, transportation, and energy
in ways never before imagined. Newspaper headlines declaring
Morse’s telegraph “the most wonderful and useful invention of
the age” and the transcontinental railroad as bringing the West
“one hundred years nearer to the van of practical progress”
demonstrated the belief that new technologies would usher in
a better future.”? From devices that would eliminate the smoke
nuisance to steam engines that were “perfect,” both the media
and influential leaders expressed confidence that solutions for a
newly remade world were just around the corner.

Confidence in technology had a long tradition in the Unit-
ed States, and it grew exponentially as the nation entered the
second half of the nineteenth century. From the water-driven
textile mills of New England to the promotion of the so-called
American system of manufacturing, Americans celebrated in-
novation and idolized inventors and tinkerers from Benjamin
Franklin to Samuel Morse. As mechanization and an emerg-
ing interest in science-based solutions began to merge in the
nineteenth century, society began to embrace an ideology de-
rived from the traditions of Francis Bacon, that science—or, at
least, invention—should effect all things possible. In the grand
precentennial work One Hundred Years” Progress of the Unit-
ed States, published in 1870, the author boldly proclaims, “We
have no Alexander, or Caesar, or Bonaparte, or Wellington, to
shine on the stormy pages of our history, we have such names
as Franklin, Whitney, Morse, and a host of others, to shed a
more beneficent lustre on the story of our rise.”

The notion that innovation was a critical component for
American progress was not a new theme, but part of a long
tradition of faith in technology. Even though Thomas Jefferson
had not favored English-style industrialization, he believed that
through innovation the United States could keep its operations
“light and flexible.” As secretary of state in charge of the first
United States Patent Office, Jefferson believed that improve-
ments had an important role to play in America’s future, and
his principle of flexibility suggested that with the right technol-
ogy the nation could enjoy the fruits of modernity while main-
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taining its pastoral ethos. Some six decades later, the young
Congressman Abraham Lincoln espoused a similar narrative
regarding the power of innovation. In his 1858-1859 lectures
on “Discoveries and Inventions,” Lincoln’s faith in technology
and the US system of fostering innovation was clear: “I have
already intimated my opinion that in the world’s history, cer-
tain inventions and discoveries occurred, of peculiar value, on
account of their great efficiency in facilitating all other inven-
tions and discoveries. Of these were the arts of writing and of
printing—the discovery of America, and the introduction of
Patent-laws.™

Beyond men such as Jefferson and Lincoln, even the poet-
ic often succumbed to moments of technological enthusiasm.
In his Leaves of Grass, first published in 1855, Walt Whitman
equated inventors with others holding a prominent place in the
makeup of the country: “But the genius of the United States is
not best or most in its executives or legislatures, nor in its am-
bassadors or authors or colleges or churches or parlors, nor even
in its newspapers or inventors, but always most in the common
people.” Ralph Waldo Emerson, expressing his thoughts about
emerging technologies in Works and Days, recognized that
“life seems almost made over new.” On the mechanical arts,
Emerson continued, “These arts open great gates of a future,
promising to make the world plastic and to lift human life out
of its beggary to a god-like ease and power.””

Emerson’s confidence in the promise of the mechanical arts
was indicative of a deep-rooted American belief that a better
tomorrow was lurking in the workshops just around the cor-
ner. Cultural historian Leonard Neufeldt observes that while
Emerson described the promise of the mechanical arts, he also
expressed his belief that “we must look deeper for our salvation
than to steam, photographs, balloons, or astronomy.”® With-
in this contradiction, where faith in technology is juxtaposed
with the thought that technology could not be a true savior,
a useful metaphor is exposed for society both then and now.
Since the first European colonists arrived on the shores of New
England, conflicting desires for both technological advance-
ment and a pastoral city on the hill have been the American
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paradox. Perceptions of unspoiled American landscapes were
uncomfortably dissonant with a smoky, soot-filled foreground,
and society would always be hopeful that technical solutions
could create a clear, progressive utopia.

In an era of great technological change, it was understand-
able that some would believe most or even all problems could be
solved with the application of scientific principles and Ameri-
caningenuity. As early as 1829, Harvard professor Jacob Bigelow
spelled out in Elements of Technology the goal that technology
could acquire dominion over nature and create a man-made
environment.” Attempts to control the human-made world had
been well under way prior to Bigelow’s proclamation, but they
accelerated in nineteenth-century America. Between Morse’s
invention of the telegraph in the 1840s, newly emerging mu-
nicipal central water supply systems, and the completion of the
transcontinental railroad in 1869, there seemed to be no end to
the possibilities of what the future could bring. Adding a na-
tionalist tone to American innovation, authors such as Horace
Greeley tied together themes of mechanization and democra-
tization with his ideas about “appliances of a higher life.”* In
the second half of the nineteenth century, technology and in-
vention were celebrated in books, articles, and paintings, and
many felt that invention and progress went hand in hand.

With a strong belief in progress through technology, the
United States rushed headlong into an imagined modernity.
As the country’s mantra of manifest destiny drove expansion
westward, steam-driven mechanization smoked and clanked
into a period of rapid industrialization and urbanization. The
nation’s changes were not lost on historians. Perry Miller,
writing in the 1960s, was one of the first to identify the mul-
tiplication of “gadgets” in the era as a cause of national “be-
musement.” Miller traced the origin of this bemusement to a
reaction against European pretensions of a “theoretical supe-
riority” implying that Americans “flung themselves into the
technological torrent” due to “base standards of value,” thus
tying technological faith to capitalism."” When Leo Marx later
picked up on Miller’s writings about the notion of “technolog-
ical sublime,” he expanded upon the work to show how Amer-
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icans came to mesh industrialization with an American pasto-
ral ethos with its origins in the Jeffersonian notion of a middle
landscape between nature and husbandry. In Marx’s view,
Americans directed their awe and reverence that was once re-
served for the Deity to technological conquest—a thread that
would become more obvious in 1876 as the rhetoric related to
new technologies would soon reveal.'> Other writers, such as
Christopher Lasch and David Noble, later identified the same
theme of faith in technology as a core component in the de-
velopment of American society.”” David Nye, echoing Marx’s
assertion, defined the respect for technological advancement as
“a preferred American trope” and a “religious feeling aroused
by confrontation with impressive objects.”

As the nation reached its centennial year, enthusiasm for
technology had accelerated exponentially. New inventions such
as Alexander Graham Bell’s telephone and the first electrical
systems were introduced at the Centennial International Ex-
hibition in Philadelphia in 1876, the nation’s first world’s fair.
Faith in new devices and systems combined with strong themes
of nationalism that contributed to a general acceptance of all
things technical. As advancements were praised they took on a
new life that became impervious to question as confidence in
technology trumped concerns over any possible consequences.

In the midst of American’s fascination with gadgetry and
mechanization, the nation’s centennial celebration became
a launching point for a new paradigm, the accelerated emer-
gence of technical systems. Whereas transportation, com-
munication, and water utility networks were beginning to be
established prior to 1876, new technologies that utilized inter-
connections as a core component of their operational processes
were becoming more common. By their very nature, technical
systems altered the continuity of processes and affected social
perceptions of their components, which in turn took on new
meanings. Newly emerging systems began to partition or ren-
der their components autonomously; arc lights would be seen
as stand-alone devices for illumination, while the connecting
wires and dynamos that generated power would fade into the
background. According to historian Kevin Borg, systems tend-
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ed to render processes “ontologically opaque” as they separated
points of origin from points of consumption.”

The technological systems that first appeared in the mid-
1800s began to alter spatial dynamics via tracks, wires, and
pipelines. Morse’s telegraph in the 1840s established networks
that would alter perceptions of communications, and the ex-
panding railroad transformed both shipping of goods and
passenger transport. For the first time ever, the transmission
of messages involved intangible, invisible processes via the
telegraph key that separated sender and receiver. The first mu-
nicipal water systems, via invisible underground networks,
brought fresher, cleaner water from distant sources into homes
inconspicuously. Railroad networks, though quite visible, be-
gan to obscure the space between the farmer and the consumer
and in the process began to transform the social consciousness
of systems of production.

William Cronon addresses the dynamics of transporta-
tion systems in the context of space, or separation between
commodity production and consumption as it applied to ag-
ricultural commodities. In Nature’s Metropolis: Chicago and
the Great West, Cronon investigates how technological devel-
opments altered the perception of consumables such as grain
and meat. Using Chicago as an example, Cronon follows the
development of the grain mill and the meat packing industry.
For Cronon, the transformation of grain into flour, and a steer
into packaged beef, “partitioned a natural material into a mul-
titude of standardized commodities.”® In Cronon’s analysis,
the mode of transmission that was transformational was the
railroad track and railroad car—the ability to transport phys-
ical, tangible goods severed the links between the commodi-
ties of the economy and the resources from the ecosystem.
In this scenario, the living animal became a commoditized
package of dressed meat and the field of grain became bags
of white flour. When looking at communication and energy
technologies as well as emerging infrastructure systems such
as municipal water supplies under a similar lens, transmission
systems consisting of wires and pipelines become equivalent
to Cronon’s railroad—technological pathways that abstracted
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processes or materials. As with packaged beef, the link between
person and telegram, power generation and consumption, and
reservoir and faucet became obscured. The transformation
in perceptions due to the advent of newly emerging technical
networks was subtle yet pervasive as processes and goods took
on new meanings in the second half of the nineteenth century.
Long-embedded paradigms of physical relationships became
altered as infrastructures transformed the dynamics of dis-
tance, and technologies became redefined.

The impact of emerging technical systems reached a turn-
ing point at the Centennial Exhibition. As a historical milepost,
the event has been exhaustively covered by historians in terms
ranging from that of a “moral influence” to an “industrial reve-
lation to the rest of the world.”” When interpreted through the
lens of the history of technology in general and more specifical-
ly the history of technological systems, the exhibition of 1876
takes on new meanings. As a showplace of new technologies,
the fair serves as a case study in how social perceptions can
become altered through the application of systems. Sudden-
ly, fire, coal, and steam began to be hidden, networks became
opaque, and the contrivances on display took on a perception
of independence, cognitively separated from components they
relied upon. Not only would the fair demonstrate the perceptu-
al dynamics of emerging sociotechnical systems, it would also
serve as a point in time when new technical paradigms would
become embedded.

Perhaps no single engine in history has been written about
as much as the Corliss steam engine that was the centerpiece
of the Philadelphia exhibition. As the main attraction of the
fair’s indoor pavilion known as Machinery Hall, the engine
has been at the center of lengthy narratives by social historians
who have found deep symbolism in the celebrated machine. At
more than fifty feet tall with a thirty-foot-diameter flywheel,
the twin-cylinder behemoth tacitly powered an assortment of
mechanical devices spread throughout the hall. Although the
Corliss ran on coal-derived steam, few if any accounts of the
engine at the time or since mention the words steam or coal
in connection with the exhibit. The hidden system of under-
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ground piping, boilers, and burning coal became consciously
disconnected and inconsequential in the presence of the virtu-
ally silent machine. The Corliss engine was just that—the Cor-
liss; it was not referred to as a steam engine or a coal engine,
but an entity that was an autonomous actor, a thing of beauty
and technological sophistication that was perceived apart from
its sustaining infrastructure. In the historical record, the Corl-
iss serves as a lesson in how system components are construed
based on context.

While fairgoers and journalists were praising the clean,
silent grandeur of the refined engine inside Machinery Hall,
outside the Philadelphia fairgrounds the smoke and noise from
the first experimental steam-powered streetcars were report-
ed as a nuisance, and boiler explosions were a regular feature
of the daily news."” The contrast between the steam-powered
streetcars and the Corliss is indicative of how technology is
conceptualized when it is separated from its operational net-
work. The detachment of infrastructure from operation may
not have started with the Corliss, but the narrative surround-
ing the great engine is demonstrative of how technologies can
take on new meanings as components of obscured systems.

William Dean Howells, the influential editor of the Atlan-
tic Monthly, referred to the Corliss as an “athlete of steel and
iron, with not a superfluous ounce of metal,” and marveled at
the pistons thrusting in a “vast and silent grandeur.””® Anoth-
er enthusiastic author said that the Corliss was “true evidence
of man’s creative power; . . . Prometheus unbound.”* Califor-
nia poet Joaquin Miller’s view of the machinery was that “it
is the acorn from which shall grow the wide-spreading oak of
a century’s growth.”” When poet Walt Whitman entered the
building in his wheelchair, he asked his escort to stop in front
of the Corliss, where he remained transfixed for nearly thirty
minutes.** In its silence and separation from the coal and fire
that ultimately powered it, the Corliss became a gentrified in-
dependent actor. The process of energy production and utili-
zation suddenly became less visible as the coal-burning boiler
house was isolated from the motive power of the Corliss. The
engineering savvy and vast array of new gadgets in the hall
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captured the attention of attendees and historians alike, but
the thirty tons of coal consumed per day to run it all was far
removed from the minds of those in awe.”

On May 10, the opening day of the exhibition, an article
appeared in the New York Times with the headline “The Yost
Murder Trial: What Detective M’parlan Knows about the Mol-
ly Maguires’ Secrets.” An alleged secret organization of Irish
Catholic coal miners, the Molly Maguires, mined the anthra-
cite coal that ran the fair and were blamed for a series labor
strikes and violence beginning in 1875. When coal owners and
operators cut their wages, the public initially supported the
miners in their protests—until Franklin B. Gowen, mine op-
erator and union buster, swayed public opinion. Gowen waged
a campaign to frame the workers, bringing five miners to trial
over the suspicious killing of police officer Benjamin Yost. Sev-
eral miners were quickly convicted and eventually hanged.**
Beneath the Yost murder story in the same issue of the Times, a
story titled “The Centennial Exhibition” promoted the opening
of the fair, an event noted as “an institution whose spirit and
purpose belong emphatically to the present age.” The pageantry
and technological allure of the Corliss not only obscured the
burning of the coal that ultimately powered it but also broke
the link between its primary fuel source and the workers who
produced it. While the Corliss was praised as an engineering
marvel by those who saw it, it represented the end point of a
long supply system of the coal production that fed it. In the
process of transforming coal to fire, fire to steam, and steam
to motion, the digging of the coal and the exploitation of the
workers who dug it were forgotten by those who marveled over
the engine. The Corliss could not have started without the coal
that powered it, and the coal would not be available without
the Irish American coal miners who mined it. Advanced en-
ergy technologies had already begun to blur the direct link be-
tween fire and energy, and they also obscured connections up
and down the primary supply chain, rendering both labor and
environmental effects inconsequential.

While the steam engine itself had been around for over a
century, the Corliss in Philadelphia began to change the way
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those in attendance perceived motive power, as it was a ma-
chine of fascination at one end of a small technical system. The
one-fifth of the US population who saw the Corliss up close—
and for many it was likely their first close encounter with
steam-driven machinery of this scale—saw only the manifes-
tation of clean and silent energy. Invisible from the environs of
the hall were the processes of mining, transporting, and burn-
ing of the anthracite coal that supplied its power.”” Depending
on the precise mine where the coal came from, it traveled via
a coal-driven train a few hundred miles from the anthracite
regions of Pennsylvania, and onto the fairgrounds at Fairview
Park in Philadelphia. Once there, the coal was dumped into
chutes in the boiler house annex No. 2, where each day it heated
six hundred thousand gallons of water in twenty boilers.** Con-
nected to Machinery Hall by 320 feet of double-riveted 18-inch
diameter piping, steam annex No. 2 supplied what engineers
referred to as “life power” to the giant Corliss.”” The exhaust
from the burning coal in the boiler house exited into the atmo-
sphere via two 91-foot-tall decorative brick chimneys. Once the
superheated steam was delivered to the Corliss and converted
to mechanical motion through the two massive cylinders, the
rotary energy was transferred to a variety of machines in the
fourteen-acre hall by way of 10,400 feet of shafting.”® Through
a complex transmission system of pulleys and belts, the Corliss
brought life to dependent devices throughout the building. By
the time the coal-derived mechanical energy was rendered into
useful power, its origins were completely detached from the in-
frastructure on which it relied. Those who saw the Corliss and
the equipment it powered did not see the Molly Maguires, nor
the men shoveling coal into boiler annex No. 2, nor did they ex-
perience any of the smoke or fumes emitted by the deceptively
embellished chimneys.

On its own, the Corliss in Philadelphia did not magically
change the way society perceived steam technology—smoking
locomotives, exploding boilers, noise, and other issues associ-
ated with steam power were demonized both before and after
the 1876 fair. It was not uncommon to read of steam engines
and associated boilers being referred to as a menace or a nui-
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sance. Typical of the day were articles that associated steam en-
gines with “nervous strain,” yet no such terms are used in ac-
counts that describe the revered Corliss.”” Instead, the rhetoric
associated with the Corliss at the fair demonstrates how soci-
ety saw technology when its most negative characteristics were
obscured. Machinery Hall was a microcosm that showed how
systems could change the social meanings attached to technol-
ogy, not only by breaking the connection between miners and
coal but also by breaking the ecological connection between
mining, smoke, and carbon emissions. Although exploitation
of natural resources and air pollution were not social concerns
in 1876, the presentation and perception of the Corliss as a
piece of technology disconnected from coal, fire, and steam is
an important point when considering how the past informs the
tuture. The Corliss directly promoted the idea that steam en-
gines and coal power could be rendered as clean technologies.

The Corliss represented the most refined manifestation of
steam power to date. In its polished and larger-than-life form,
the engine was, as science historian George Basalla later noted,
a central symbol of American progress and part of one of the
first energy myths to sweep the nation.”” Coal was seen by some
as God’s gift to the United States, and although smoke and soot
were encroaching byproducts of industrialization, the Corliss
gave the impression that American ingenuity could overcome
all the negatives associated with the past. While the Corliss
is an example of how technological enthusiasm and newly
emerging systems could alter perceptions, it also shows how
new contrivances and systems inspired a spiritual reverence in
a modernizing society. The Corliss was seen as a providential
technology, an American steam engine that transcended the
rhetoric of nationalism.

In a sermon titled “The Present Condition, Prospects, Be-
neficent Work, Needs and Obligations,” Presbyterian pastor
Reverend Edward Humphrey equated the Corliss to force, force
to God, and steam to Christianity:

The Corliss engine furnishes the positivist with a fresh illustra-
tion of force. ‘Here, he exclaims, ‘is force indeed—force all but
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irresistible. This at last solves the problem of the great first cause:
Force is God.’ ... Now a more thorough examination of the Exhi-
bition will show that Christianity is the parent of the forces which
are changing the face of the world . . . The steam-engine, the
steamship, the locomotive, the railway, the magnetic telegraph,
are products of Christendom.”

The American Board of Commissioners for Foreign Missions
echoed Humphrey’s sentiments:

Like the city of mechanism, a department in the centennial Ex-
hibition in Philadelphia, silent and moveless around the grand
Corliss engine, also silent and moveless, hand, wheel, and cog, all
adjusted, waiting for a single touch to a single spring or lever to
start the whole to one vast, simultaneous, mighty life, so now the
world, with its preparation, seems waiting the access of the Spir-
it’s power promised to the prayers of the people of God.*

Ironically, at the same time that the Corliss had reached a spir-
itual status by representing the most advanced steam technol-
ogy of the day, its allure was about to be usurped by a group
of inventors in the same building. As a case study, the Corliss
demonstrates how the combination of enthusiasm for technol-
ogy and innocuous systems could shape public perceptions.
The Corliss as it stood in Machinery Hall tamed coal-derived
steam power through a system-derived sleight of hand that
kept the most undesirable characteristics of its operation out
of view. Despite the grand reception of the Corliss, the public
fascination with steam technology would both peak and begin
to fade at the same time.

On June 25, 1876, a crowd of dignitaries had gathered in Ma-
chinery Hall at Alexander Graham Bell’s exhibit for a demon-
stration of his speaking telephone.”> Among the guests were
William Wallace, one of the inventors of the Wallace-Farmer
electrical dynamo; the notable Irish physicist Lord Kelvin,
who was at that time Sir William Thomson; and Dom Pedro
II, Emperor of Brazil. As Sir William grew impatient for the
event to begin, Bell rushed making last-minute adjustments
preparing to demonstrate his new device. Sabbatarianism had

TECHNOLOGY AND ENERGY IN THE ABSTRACT 71



closed the fair to the general public for the day, leaving perfect-
ly quiet conditions for the demonstration, as Bell had request-
ed. With wires strung through the hall, nearly one hundred
yards separated two of Bell’s single-pole transmitters. With Sir
William on one end, and Dom Pedro on the other, Sir Wil-
liam spoke into the transmitter, “Do you hear what I say?” at
which time Dom Pedro leaped from his chair exclaiming, “I
hear, I hear!”** The emperor’s reaction, as well as that of Sir
William, was indicative of the excitement brought about by the
new electric-based inventions and processes. Through a variety
of technologies, wires and electrons became a new channel of
abstraction through which invisible processes moved. In antic-
ipation of broken barriers of space, Sir William later wrote of
the experience:

I need scarcely say I was astonished and delighted; so were others,
including some judges of our group who witnessed the experi-
ments and verified with their own ears the electric transmission
of speech. This, perhaps, the greatest marvel hitherto achieved by
the electric telegraph, has been obtained by appliances of quite a
homespun and rudimentary character. With somewhat more ad-
vanced plans and more powerful apparatus, we may confidently
expect that Mr. Bell will give us the means of making voice and
spoken words audible through the electric wire to an ear hun-
dreds of miles distant.*

While an undulating current generated by the phone itself
powered Bell’s telephone, the transmission of energy—electri-
cal current through wire—was on display at the fair and was
the harbinger of things to come. The Centennial Exhibition
was not the launching point for electricity or wire-based com-
munications, but it was where many Americans experienced
the invisible force for the first time.

Two major displays of dynamo-generated electrical pow-
er were present in Philadelphia: the Wallace-Farmer and the
Gramme exhibits. The Wallace-Farmer dynamo operated large
arc lights for night illumination at the fair, one of the first in-
stallations of its kind, and the Gramme exhibit powered not
only arc lamps but also an electroplating device and a motor
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connected to a pump that raised water for a small waterfall.*®
Both the Wallace-Farmer and the Gramme dynamos were ro-
tated via pulley, ultimately driven by steam derived from coal.
For Dr. Joseph Henry, a distinguished professor and judge at
the fair, the use of coal “combustion” to drive the dynamos rep-
resented a “transmutation of energy,” which he felt was a sig-
nificant advancement or improvement.” Henry’s term trans-
mutation, based on the word mutation, was an apt description
for the processes in place to generate electricity. The dynamos
were part of a system that moved both coal and steam out of
view as the pent-up energy in coal was converted first to heat,
then to steam, then to mechanical energy, and finally to elec-
tricity. The Wallace-Farmer and Gramme exhibits were some
of the earliest public demonstrations of secondary energy, or
energy derived from a primary energy source.

As spatial dynamics and system visibility played a central
role in how technologies abstracted process, other character-
istics also contributed to the perceptual turn that separated
technology from nature. Qualities such as appearance, preci-
sion, and speed contributed to a growing faith in technology
that accelerated in 1876 as the nation suddenly saw what was
possible—the past was the pony express, the packet ship, the
lantern, and steam; the future was the dynamo, the telephone,
and the electric light. The past was stacking wood, shoveling
coal, and pouring oil; the future was the promise of new forms
of energy that removed direct human interaction with fire and
tuel. Enthusiasm over technology began to suppress any future
concerns over consequentiality and detached people from pro-
cess and process from nature.

Just as the Corliss took on an independent identity separate
from its ultimate source of power, electricity was about to be-
come an autonomous entity as well. Elihu Thomson, who would
eventually establish the Thomson-Houston Company, the fore-
runner of the General Electric Corporation, recalled the Cen-
tennial Exhibition as the launching point for the technology of
electricity: “No similar period in the world’s history has in any
art shown so rapid development, so extensive and refined scien-
tific study and experiment, so active invention, so varied appli-
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cation, such care and perfection in manufacture, as has taken
place in the electrical field since the Centennial Exhibition.”
In addition to the Gramme and Wallace-Farmer exhibits, a va-
riety of other electric devices were on display, including several
battery-powered motors.* While the battery-powered technol-
ogies were embodiments of electricity in action, the dynamos
were most relevant to the concept of abstraction, because they
were ultimately powered by coal-derived steam and were the
precursors to modern electrical systems. In these iterations
of generated energy, power was not just “transmuted,” to use
Henry’s word, but was converted from visible power, which in-
volved a transition from fire and smoke to the rotary action of
shafts and belts, to invisible energy, which added a deeper lay-
er of abstraction. As with the system of coal hoppers, boilers,
and underground steam lines that fed the Corliss, visibility and
distance between generation and consumption had once again
been altered. Appropriately, Wallace had called his generator a
“telemachon” (tele from Greek, meaning “distant”) and stressed
that its purpose was for transmitting useful electric power over
distances. It was the same Wallace-Farmer dynamo that two
years later piqued the interest of Thomas Edison, who devel-
oped his own system of power generation and lighting. Edison
was struck by the dynamos and was anxious to acquire the gen-
erators, writing repeatedly to Wallace to “hurry up” on the ship-
ment of a dynamo to Edison’s Menlo Park laboratory in 1878.%

Although Americans’ old conceptions of space had been
fracturing since the development of the telegraph and the
build-out of the railroad, especially the first transcontinental
in 1869, the technologies on display at the Centennial Exhi-
bition further shattered the boundaries of the past. Distance
and invisibility removed human interaction from familiar pro-
cesses and began to create a perceptual sphere that transcended
nature. Suddenly, Bell’s telephone, the various displays of elec-
trical energy, the Corliss engine, and other contrivances on dis-
play were not only technical improvements and advancements
but autonomous technologies that represented a mastery over
nature. This was especially evident in processes that utilized
wire and harnessed the invisible force of electricity.
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The technologies of wire that the American population
saw in 1876 represented a paradigm shift of unprecedented
proportions. Prior to electricity, all energy had been derived
from visible primary sources. Heat and light, whether in the
household or commercially, involved visible flame along with
the byproducts of combustion. Waterwheels and steam engines
involved moving parts such as shafts, pulleys, and gears that
were experiential and comprehensible. Locomotives, as the
most common manifestations of steam engines for Americans
at the time of the centennial, were loud contrivances that emit-
ted sparks, smoke, and soot. Although the Corliss would go far
to tame steam and coal in Machinery Hall, the technologies
of wire had the biggest impact on American society moving
forward. Electricity was at once modern, unseen, and myste-
rious; it was, according to Webster’s Dictionary at the time of
the fair, “a power in nature, a manifestation of energy,” and not
tangible."!

Even though the Corliss was the center of attention, enthu-
siasm for all things electrical ran high in Philadelphia in during
the centennial year. On July 2, three miles from the exhibition
at the National Centennial Commemoration, speakers on the
steps of Independence Hall gloated over the accomplishments
of the nation. The influential Leverett Saltonstall, Massachu-
setts State Commissioner to the Centennial Exhibition, gave
“electric wires” a central role in the transmission of American
intelligence around the globe:

Huge factories of every kind greeting the eye of the traveler, and
the hum of varied industry filling his ear. Great steamships lie
at anchor in the harbors, and the yellow harvest falls before the
march of the reaping machine. The electric wires, thanks to Bos-
ton’s son but Philadelphia’s patriot sage, are transmitting intel-
ligence quicker than the lightning’s flash from one side of the
continent to the other, and even under the ocean to continents
beyond.**

An analysis of language used during the Centennial reveals a
prevalence of terms related to electricity suddenly in use. Along
with Saltonstall, Patrick Henry’s grandson, William Hirt Hen-
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ry, said that it was “the electric spark emitted by the genius of
James Otis [that had] kindled the genius of John Adams.™ He
went on to say that the “pent-up indignation of America” burst
forth as by “an electric flash suddenly discharged” in the form
of resistance to the Stamp Act.** During a rather long-winded
speech following Henry, the Honorable Francis Putnam Ste-
vens, a state senator from Maryland, managed to weave togeth-
er themes of American canals, the first steam passenger railway;,
the telegraph wire, George Washington, and the Star-Spangled
Banner, all in a single paragraph:

Maryland, through her representative, Thomas Johnson, Jr., nom-
inated in those halls George Washington to be Commander-
in-Chief of “the armies raised and to be raised,” and to-day her
monumental city points with just pride to the noble shaft she
alone has reared to his memory. She sent here such representa-
tives as Samuel Chase, Charles Carroll of Carrollton, John Henry,
Jr., Thomas Johnson, Jr., Thomas Stone, and William Paca. She
boasts “The old Maryland line,” with Howard, Williams, Gist,
Smallwood, and others; she gave you the first telegraphic wire, the
first canal, and the first steam passenger railway. It was Maryland
that gave to you, and to the world, your national anthem, “The
Star-Spangled Banner.*

A jubilant writer for Harvard’s Friends’ Intelligencer, cele-
brating the “unity of the English-speaking world,” explained
that as “Centennial bells ring out . . . peace and goodwill to
all men [and] as the electric cable joins the lands, so it should
join the hands, and with them the hearts; once unite those who
speak the old language whether from the Old Country, from
the States, from the Dominion, or from Australasia, and the
peace of the world is secured.™® Coincidentally, the same issue
of the Intelligencer includes an essay titled “Save The Forests,”
bemoaning deforestation in Pennsylvania and explaining that
the “temperature of a country, as well as its annual rainfall,
is affected by the existence or destruction of its forests.” The
presence of these two threads twenty pages apart in the same
publication is evidence of the perceptual split that was already
occurring between technology and nature—that technological
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advancement was good, and that ecological destruction was
bad, but the two were mutually exclusive.

Those who praised the various innovations at the fair fre-
quently used language such as “superior,” “curiosity,” and
“force” but when it came to wires and anything electrical, com-
mentators elevated their praise to an ethereal activist religious
tone. For Christian missionaries, electric lines were poised to
be the conduits that would drive the global shift to Christianity:

All these aspects of the times evidently look toward some great
event in the kingdom of God, in the not distant future. For it
the whole creation waits. It is a period of vast preparation and
expectancy, like the halt-hour’s Apocalyptic pause in heaven on
the opening of the seventh seal. Preparation and arrangement
for some continuous, simultaneous impulse through the earth
seem well nigh completed. The lines laid, connections and com-
binations established, the chain work of electric conduction com-
plete in its links, there waits only the celestial flash, the fire from
heaven.*®

In her essay “A Centennial Outlook,” a Mrs. M. B. Norton tied
together gender roles, Christianity, and nationalism as she as-
serted that the centennial celebration marked the beginning of
a turning point for Christian women. Now that the “iron bands
which span [the] continent are filled with electric currents that
thrill the air,” and “telegraph lines” were in easy reach, Chris-
tian women would become “largely emancipated from domes-
tic drudgery.”™

Along with the mechanical contrivances at the fair, elec-
trical technologies were also seen in terms of nationalism, re-
ligion, and morality by many of those who attended, yet the
invisible forces within wires rose to a higher level of sublimity.
Abstracted beyond the earthly bounds of mechanization, elec-
trical forces were transformational and completely detached
from the physical infrastructure that generated them. Sud-
denly, electricity became embedded in the minds of those who
witnessed it as independent, miraculous, and utopian, yet far
removed from this imagined utopia were the pits in the earth,
the boiler rooms, the fires, the smoke, the steam engines, and
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the dynamos. Suddenly, the chain of separation between the
generation and consumption of energy became longer and less
visible, and as a result any future environmental or social con-
sequentiality would become less visible as well.

While electricity began its march to become an embedded
energy technology in Philadelphia in 1876, so did its method for
generation. The Gramme and Wallace-Farmer dynamos ulti-
mately depended upon coal and steam to produce their charge,
and despite the smoke-free fairgrounds, the modernity of the
telephone, and the smooth and silent grandeur of the Corliss,
the entire exhibition was dependent upon burning coal. Alter-
native energy sources were not viable or scalable options, and
as with the inventions of John Etzler and those who had come
before, noncoal alternatives in 1876 were met with skepticism
and dismissed.

As coal and the Corliss monopolized Machinery Hall, they
did so at the expense of presenting the possibility of alternative
energy sources. John Ericsson, the man who conceived of and
built the ironclad Monitor of Civil War fame, was furious at the
Centennial Exhibition committee’s failure to invite him to the
exhibition to show his solar-powered “caloric” engine.* Erics-
son’s omission as an invited guest is curious considering that
he was one of the best-known engineers in the country at the
time. Whether or not the coal interests influenced the decision
of the centennial board to keep Ericsson’s solar engine out of
the fair is unclear, but unspecified members of the “coal trade”
were large contributors to the Centennial committee, pledging
$25,000 to support the event.” Ericsson responded to the fair
board’s refusal to allow him to display his work by publishing a
664-page book entitled Contributions to the Centennial Exhibi-
tion. In the preface he explains:

The Commissioners of the Centennial Exhibition having omitted
to invite me to exhibit the results of my labors connected with
mechanics and physics, a gap in their record of material prog-
ress exceeding one-third of a century has been occasioned. I have
therefore deemed it proper to publish a statement of my princi-
pal labors during the last third of the century, the achievements
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of which the promoters of the Centennial Exhibition have called
upon the civilized world to recognize.*

Ericsson went on, some five hundred pages into his work, to
present his calculations for deploying solar engines that would
utilize a solar heat strip in the west:

Computations of the solar energy wasted on the vast areas thus
specified would present an inconceivably great amount of dynam-
ic force. Let us, therefore, merely estimate the mechanical power
that would result from utilizing the solar heat on a strip of land a
single mile in width, along the rainless western coast of America.
... Adopting the stated length and a width of one mile as a basis
for computation, it will be seen that this very narrow belt covers
223,000 millions of square feet. Dividing the latter amount by the
area of 100 square feet necessary to produce one horse-power,
we learn that 22,300,000 solar engines, each of 100 horse-power,
could be kept in constant operation, nine hours a day, by utilizing
only that heat which is now wasted on the assumed small fraction
of land extending along some of the water-fronts of the sunburnt
regions of the earth. Due consideration cannot fail to convince
us that the rapid exhaustion of the European coal-fields will soon
cause great changes with reference to international relations, in
favor of those countries which are in possession of continuous
sun-power.>

Despite the fact that Ericsson sent a copy of the book to each
judge at the exhibition, his work on solar power was ignored
in 1876 while the praise of the Corliss and a number of other
American technologies enthusiastically continued.

The adoption of coal-driven dynamos was a technological
paradigm with a long reach. By refusing the entry of Ericsson’s
solar technology to the fair, the exhibition committee also de-
nied alternative energy a broader audience. Edison, George
Westinghouse, Elihu Thompson, Charles Brush, and others
who became instrumental in developing systems for electrifi-
cation never had a chance to witness Ericsson’s work in Phil-
adelphia, but they did witness the excitement and enthusiasm
associated with invisible power and coal-driven dynamos.
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From a standpoint of scalability, Ericsson’s solar technology
was not a practical option to replace coal, yet its presence in the
fair might have led to the dissemination of his concepts. Erics-
son knew his engine was not yet viable, but he was also aware
of its potential, writing in 1869:

It is true that the solar heat is often prevented from reaching the
earth. On the other hand, the skilful engineer knows many ways
of laying up a supply when the sky is clear and that great store-
house is opened where the fuel may be obtained free of cost and
transportation. At the same time a great portion of our planet
enjoys perpetual sunshine. The field, therefore, awaiting the ap-
plication of the solar engine is almost beyond computation, while
the source of its power is boundless.*

Despite Ericsson’s prescience, in 1876 there was not yet an ur-
gent need to consider alternatives to coal. Smoke was a nuisance,
but the impetus at the time was to eliminate the byproducts of
combustion through controlled burning, taller chimneys, or
smoke control devices. If one accepts the view held by Basalla,
that continuity plays an important role in the evolution of tech-
nology, Ericsson’s engine represented a discontinuity that had
not yet reached its potential.*®

The degree of technological abstraction driven by spatial
dynamics and faith in technology that gained momentum in
1876 ran deep. Not only did Americans see new devices and
technologies at the fair, they witnessed the beginnings of a shift
in energy forms and modes of delivery that would remain in
place to the present day. The distraction and fascination with
machines such as the Corliss and the technologies of wire on
display in 1876 marked a point at which energy started to be-
come abstract. The effect of this abstraction became pervasive
as even contemporary historical accounts of the fair recount
that “The Philadelphia Centennial Exhibition of 1876 was the
last great Exhibition based on steam power.”*® While it is true
that the mechanical energy at the fair was derived from steam,
the steam was derived from coal. After 1876 all other fairs ran
on steam as well, only in these later cases the steam was con-
verted to electricity. Through the rhetoric we see how steam
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and coal fade into the historical background and electricity be-
comes construed as an independent source of energy. On the
visible level, the exhibition did run on steam power, but with-
out coal it would not have run at all. Had each guest had to first
dig for and then shovel coal into a boiler while experiencing the
flame and smoke prior to watching engines run and lights il-
luminate, the social meaning of technology in 1876 might have
changed, but in Philadelphia, coal began to be physically de-
tached from energy in the American mind. Seemingly magical,
electricity became a sovereign energy source that impressed all
who experienced it at the fair. A force long seen as mysterious
had finally been harnessed, and an illusory clean future was
just around the corner.
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CHAPTER 5

OF FLUIDS, FIELDS, AND
WIZARDS

Electricity in its ordinary every-day uses surpasses all the
feats of the ancient magi or modern prestidigitators. Send-
ing light, heat, power, signals, and speech to a distance over
a wire, the phenomena of induction, the transfer of metals as
in electro-metallurgy, and the numerous other uses to which
electricity is applied in the arts, are all truly magical and mys-
terious, since the most profound is unable to assert the true
nature of this subtle force.

“Electrical Magic,” Scientific American, 1881

The electrical technologies on display at the Centennial Exhi-
bition in Philadelphia in 1876 represented a new phase in the
development of practical applications for electricity. While the
telegraph had been in service for nearly three decades, more
electrical devices, along with power generation systems, began
to appear in Philadelphia. Lights, motors, and other contriv-
ances were powered by invisible electricity, coursing silently
through wire, which continued to alter the spatial dynamics
of energy and communications, departing from energy para-
digms of the past. While the fair marked the debut of technolo-
gies that abstracted energy by blurring the line between power
generation and consumption, it was also a point where electric-
ity as a natural force continued to transition from a theoretical
to an applied entity.

The advances that led to the technologies on display in 1876
had begun nearly a century earlier by natural philosophers
who discovered how to produce and control electrical current.
As an invisible force with properties unlike any encountered
before, electricity was difficult for both early theorists and lay
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members of society to define, and to many it remained a mys-
tery. As research into electricity transitioned from a theoretical
to an applied art, discoveries of how to generate and transport
current led to the technologies on display in Philadelphia. The
earliest applications of applied electrical power included Sam-
uel Morse’s telegraph and Alexander Graham Bell’s telephone,
and although these did not represent a technology that filled
a universal social need at the time, the incandescent light and
first electrical systems developed after 1876 did. The promise
of an affordable technology that could supplant open flames
for illumination indoors was highly anticipated and added to
the growing perception that a new electrical age was at hand.
While coal smoke continued to be a problem for the outdoor
air in most major cities, society’s encounter with smoke-free
and flame-free illumination in the late 1800s led to divergent
perceptions in which coal, fire, and steam represented the past
and electricity represented the future. Born of Enlightenment
science and adopted by an America open to progressive tech-
nology, the nebulous force of electricity quickly became disas-
sociated from coal as the variety of its social applications grew.

While many critical advancements in electrical technolo-
gy before 1876 came from Europe, Benjamin Franklin made
significant contributions prior to the American Revolution. In
an early instance of international open-source collaboration
between 1740 and 1800, Franklin corresponded with a net-
work of Europeans sharing insights into electrical principles
during a period of time that some historians refer to as “the
first age of electricity.” Franklin’s well-historicized experiment
utilizing a kite and key to prove that lightning was electrici-
ty, although questioned by some, became deeply embedded in
American folklore—a cultural nuance claiming the discovery
of electricity as occurring on US soil.? Franklin recognized the
possibilities that the mysterious force could bring, and was
credited by his contemporaries for realizing that electricity was
“an invisible, subtle matter, disseminated through all nature
in various proportions, equally unobserved, and . . . all those
bodies to which it peculiarly adheres are alike charged with it.”
Franklin’s observations inform nearly all characterizations of
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electricity from that time on, as something peculiar and dif-
ficult to conceptualize. Franklin envisioned the force as an
“electrical fluid,” a useful analogy to describe a phenomenon
that was largely unknown and challenging to define.* Working
with static electricity and Leyden jars, Franklin’s most signif-
icant theoretical achievement was his work on the theory of
electrostatic induction, which led to insights about symmetries
between positive and negative charges and their simultaneous
production. His discoveries about electrical charges always oc-
curring of equal and opposite magnitude are known to this day
as the Franklinian principle of conservation of charge.’

Although several of Franklin’s theories were later disprov-
en, his experiments and data influenced Europeans such as
Alessandro Volta and Luigi Galvani, whose work at the turn of
the eighteenth century went far to advance theories about elec-
trical current. In one of the most comprehensive and respected
works that trace the history of electricity, Electricity in the 17th
and 18th Centuries: A Study of Early Modern Physics, historian
John L. Heilbron points to the importance of Franklin’s early
work on electrostatic energy as a stimulus to further research
in the 1700s.° For example, Galvani’s famous experiments with
electricity and frogs’ legs in the 1790s led him to conclude that
such a thing as “animal electricity” was an internal phenome-
non and that an electrical charge resided in nerves and muscles
of the body.” Later, Mary Shelley exploited the conceptualiza-
tion of electricity as a metaphysical force in her novel Franken-
stein, in which all that is needed to bring a being to life is a
vigorous jolt. While Galvani was studying at the University of
Bologna, Volta was conducting research just to the west, at the
University of Pavia. Upon reading Galvani’s work, Volta began
to conduct his own experiments, coming to a conclusion op-
posite of that of Galvani—that electricity was not an internal
force of the body, but an external force that could be created
when two dissimilar metals came into contact. The theory that
electricity could be created by means other than a static spark,
was perhaps one of the most significant discoveries in modern
history, as it was the beginning of a new branch of electrical
discovery based on current instead of static.
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By the late 1700s, the science of electricity had begun to take
a momentous turn as Volta went on to invent the “pile” in 1800,
which was in essence the first practical battery.® Volta’s pile
marks a point in time when electricity could be summoned on
demand and controlled, a significant step on the way to elec-
tricity as a force that could be harnessed. As posited by a num-
ber of theorists including Heilbron, Volta’s pile and the steady
current it provided later became a critical link in establishing
the relationship between electricity and magnetism, opening
up a yet another branch of electrical research: electromag-
netism.’ Utilizing the pile that Volta perfected, Hans Chris-
tian Orsted at the University of Copenhagen discovered the
vital link between electrical current and magnetism in 1820."
Qrsted achieved his breakthrough as he observed a compass
needle moving when it approached a wire carrying electrical
current derived from a voltaic pile."! Not only did this simple
observation prove a link between electrical force and magne-
tism, but the moving needle also demonstrated how mechan-
ical motion could result from the interaction of a magnet and
current. In addition to the significance of @rsted’s discovery
of electromagnetism was his embrace of Kantian metaphysics.
Understanding the properties of the nontangible entity that is
electricity required a leap into the realm of the metaphysical
world, which would confound society’s conceptualization of
electricity. In Qrsted’s day, the dominant philosophy among
scientists in Europe was bound up in epistemological theories
based on empiricism, yet Orsted was led to perform his experi-
ments by inferential reasoning, or a form of Naturphilosophie."
He inferred that electrical forces were mediated through an
“ether,” which was an unidentified medium whose properties
were unknown."” The relevance of Qrsted’s deduction that an
electrical ether existed becomes clear when considering that
prior to that time, electricity was viewed by scientists as anal-
ogous to a fluid—a force they could comprehend. Following
Orsted’s work, familiar physical analogies were no longer suffi-
cient. The Franklinian view of electricity as a fluid was under-
standable by lay society, but Qrsted’s discoveries demonstrated
that electricity had properties the fluid analogy could no longer
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explain, that there were forces involved that transcended sim-
ple comprehension. While historians view Qrsted’s work as a
transformative point in the practical development of electrical
technology, his theoretical discoveries indicated that electrical
force, as an invisible entity, would be too complicated for the
public to grasp."

A year after Orsted demonstrated the link between mag-
netism and electrical current, Michael Faraday was beginning
to conduct experiments at the Royal Institution in London."
Orsted had first proven the relationship between magnetism
and electricity; Faraday demonstrated how magnets could be
used to create electrical current. Beginning by thrusting a bar
magnet through a wire coil, Faraday demonstrated that an elec-
trical current was created in the wire, which could be recorded
on a galvanometer connected to the wire coil. He also showed
how electrical current could be induced into a wire wrapped
around an iron ring that was also wrapped with a separate wire
through which current flowed. In 1831, as Faraday became
more interested in electromagnetism, he developed the ho-
mopolar generator, also known as the Faraday Disk. Faraday’s
device utilized a magnetic disk that rotated within a magnetic
field, or between two stationary magnets, to produce an electri-
cal current.' The Faraday Disk was the precursor to the mod-
ern dynamo in that it converted mechanical energy manifested
in the spinning disk to electrical energy, which is the basis for
all nonphotovoltaic modern electrical generation.

As with Qrsted before him, as critical as Faraday’s inven-
tion was from the standpoint of generating electricity, his the-
oretical work is important in understanding how lay society
came to comprehend—or more fittingly, not comprehend—
what electricity was. Whereas Orsted theorized that electric-
ity was a force that acted upon an electrical ether, Faraday’s
field theory eliminated the theory of ether altogether. In 1846,
Faraday sought to “dismiss the aether, but not the vibrations,”
which theoretically made the conceptualization of electricity
even more abstract than @rsted had made it twenty-five years
earlier."” Faraday’s theoretical model completely departed from
those that had come before. In the linguistic metaphors of
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Franklin’s fluid model and Qrsted’s concept of the ether, the
exigencies involved a mechanical model in which electrical
force flowed through or rode upon a medium.'"® The broad con-
cept of mechanical models of force, in which the ether served as
an effluvium on which various phenomena such as light could
be transmitted, had originated with the theories of René Des-
cartes. For Isaac Newton, the ether was the active and ubiqui-
tous agent on which the force of gravity could act."” As the first
nonmechanical model of electricity, Faraday’s conceptualiza-
tion illustrated just how different electricity was in comparison
to other forces that society experienced. As the technological
knowledge of electricity evolved with Faraday, it became hard-
er for a nontechnical world to intuitively define electricity as
a knowable entity. Considering that theorists from Descartes
to Newton to Qrsted all struggled to comprehend phenomena
without a mechanical analogy, it stood to reason that ordinary
people would also have difficulty understanding how to define
electricity. Due in part to these issues of definition, electrical
forces came to be culturally constructed as either ethereal,
mysterious, or remaining grounded in Franklin’s logical fluid
model that manifested itself in terms of the “flow” of electric-
ity. While Faraday’s technical work led directly to the practi-
cal application of electrical power on display in Philadelphia
in 1876, the complexity of his theoretical discoveries illustrates
why electricity became disassociated from nature by the gener-
al public—it was just too complicated for most to comprehend.

At around the same time Faraday began working in En-
gland, Joseph Henry, a professor in Albany, New York, had also
begun experimenting with electromagnetism.” As early as
1831, Henry described an electric motor that he had developed:

I have lately succeeded in producing motion in a little machine
by a power, which, I believe, has never before been applied in
mechanics by magnetic attraction and repulsion. Not much im-
portance, however, is attached to the invention, since the article,
in its present state, can only be considered a philosophical toy;
although, in the progress of discovery and invention, it is not im-
possible that the same principle, or some modification of it on
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a more extended scale, may hereafter be applied to some useful
purpose. But without reference to its practical utility, and only
viewed as a hew effect produced by one of the most mysterious
agents of nature, you will not, perhaps, think the following ac-
count of it unworthy of a place in the Journal of Science.”

Not only did Henry downplay the significance of the practical
application of his invention, he also referred to electricity as
“one of the most mysterious agents of nature,” showing that
even among persons of science, the phenomenon was difficult
to conceptualize. As significant as Henry’s development of the
first electric motor was, his early work also demonstrated the
viability of transmitting power over long distances.?> Henry’s
improvements on the crude electromagnetics that existed in
the early 1800s made possible the first electromagnetic tele-
graph prior to Morse’s.” Henry’s telegraph was in use in 1831,
in his classroom at the Albany Academy, where he had strung a
wire of nearly a mile in length over which he successfully trans-
mitted a signal.** Among historians, Henry is widely credited
with the invention of the telegraph, although Morse received
full credit for the invention in American popular culture.”

As groundbreaking as Henry was in the development of
modern electrical technologies, one of his most significant in-
sights regarding electricity and energy in general has not been
mentioned in the historical record. Henry knew that energy
production was at its core a series of tradeoffs, stating in 1875:

All attempts to substitute electricity or magnetism for coal pow-
er must be unsuccessful, since these powers tend to an equilib-
rium from which they can only be disturbed by the application
of another power which is the equivalent of that which they can
subsequently exhibit. Science does not indicate in the slightest
degree, the possibility of the discovery of a new primary power
comparable with that of combustion as exhibited by the burning
of coal. Whatever unknown powers may exist in nature capable
of doing work, must be in a state of neutralization, otherwise they
would manifest themselves spontaneously; and from this state of
neutralization or equilibrium, they can be released only by the
action of an extraneous power of equivalent energy; and therefore
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we do not hesitate to say that all declarations of the discovery of
a new power which is to supersede the use of coal as a motive
power have their origin in ignorance, deception, and frequently
in both.”

While Henry did not foresee the development of nuclear, wa-
ter, solar, or viable wind power in his assessment, he did un-
derstand that electrical energy generated by coal should not be
considered a “new” power, going as far as saying that it was
ignorant to declare that it was. His assertion that unknown
powers can be released only by the actions of an extraneous
power also anticipated modern debates over alternative energy
sources such as ethanol, gasification, and other motive energy
sources that can often require as much power to produce as
they yield.”” Henry was the first to recognize the concept of en-
ergy abstraction by implying that the substitution of electricity
for other motive forces was merely a deception.

As a scientist and teacher, Henry did not pursue the com-
mercialization of his work, nor did he recognize the potential
of his discoveries at the time. He felt that steam engines were
more practical than any electric motor could be, and he did
not pursue the development of the telegraph outside of his
classroom.” Henry, like Faraday and Franklin before him, was
not particularly interested in the practical application or com-
mercialization of his work, claiming, “the only reward I ever
expected was the consciousness of advancing science.” What
Henry did accomplish, however, was to show that electrical
power, both as a motive force and as a method of communica-
tion, could be transmitted via wire, and his work served as an
important link between the theoretical and the practical appli-
cation of electrical power.

While Henry’s work did sow the seeds of electrical technol-
ogies that began to modify the spatial dynamics of motive pow-
er and communications, it was Morse who commercialized
the first technology to transmit electricity over long distances
via wire. Whether or not Morse conceived of the electromag-
netic telegraph independently has been the subject of a long-
running debate, but he was issued the first US patent for the
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device and the Morse code system in 1840.* In addition to
Henry’s work, several European inventors, as well as William
Fothergill Cooke and Charles Wheatstone, predated Morse’s
patent for telegraphic technology.” Regardless of who was the
first to conceive of the telegraph, Morse’s single-wire system
was inexpensive to implement, included a workable language
in the Morse code system, and most importantly, incorporated
relays that allowed electrical signals to remain strong over long
distances. Morse had most likely learned of the idea for relays
from none other than Henry, who in 1837 invented a crude re-
lay, which he referred to as an “intensity magnet.”** Although
Morse later denied that Henry had anything to do with his in-
vention of the telegraph, Morse’s notes from March 1839 indi-
cate that Henry shared his thoughts about boosting signals to
work at distances of one hundred miles or more.*

Jean Antoine Nollet established that wire could transport
electricity over a distance in 1746. In a well-known experiment,
Nollet lined up two hundred Carthusian monks in their mon-
astery, had them hold hands, and had the first and last monk
grasp the ends of a long wire connected to a charged Leyden
jar. Upon the liberation of the static electricity from the jar, the
monks simultaneously jumped, proving that current travelled
not only via wire but also through any suitable conductor.**
However, the issue of resistance or loss of current as it passes
through a conductor remained problematic for transmission
over distances.”® Morse solved the problem of resistance by
incorporating relays that boosted electric telegraph signals by
the application of a fresh charge of electrical power at specific
distances along the transmission wire.** Overlooked in signif-
icance by many, the electromagnetic relay is one of the most
critical components of Morse’s system, as it allowed electrical
communications over unlimited distances.”” The combination
of components—Morse’s electromagnetic telegraph system,
batteries to power the system, wires to connect points, and re-
lays to allow electrical signals to travel unlimited distances—
represented the first instance of electrical power altering the
spatial dynamics of existing functions, in this case, communi-
cations. Morse’s work did not transport electrical energy that
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could be employed for illumination or motive power, but it was
significant because it represented the first application in which
wire abstracted process.

When Morse constructed a forty-mile-long network be-
tween Washington, DC, and Baltimore in 1844, and invited
Miss Annie Elsworth to send the first public message from the
chamber of the US Supreme Court to Morse’s colleague Alfred
Vail in Baltimore on May 24, she sent the now famous mes-
sage, “What hath God wrought.”*® Elsworth’s choice of words
not only delighted Morse but represented the association of
the ethereal and spiritual with the force of electrical transmis-
sion by wire—an association that continued as long-distance
transmission of electricity advanced. On May 31, the Baltimore
Sun commented: “Prof. Morse’s Telegraph has already, during
the first week of its operations, been proved to be of the great-
est public importance. Time and space has been completely
annihilated.”

By the time of the Centennial Exhibition in Philadelphia,
Morse’s telegraph had matured to the point that Edison was
introducing improvements on Morse’s design by increasing the
speed of sending and receiving via a duplexing system. Because
Edison’s first encounter with electrical technologies came
when he was working as a telegraph operator in Mount Clem-
ens, Michigan, in 1863, it was his exposure to Morse’s system
that spurred his interest in the possibilities of the transmission
of electricity by wire.*” The Morse telegraph was the first prac-
tical application of electrical energy transmitted via wire in the
United States, and it was followed in 1876 by Bell’s telephone,
introduced at the Philadelphia fair. Despite the enthusiasm for
the phone shown by Dom Pedro III of Brazil and others who
witnessed Bell’s demonstration at Machinery Hall, the initial
social reaction to the telephone was tepid at best. Communi-
cation historian Richard John acknowledges that “with the ex-
ception of trade journals and chronicles of notable inventions,
the telephone rarely received more than a passing mention
in the press.™' The telephone did become widely adopted by
American society, but not for another half a century after its
introduction. The telegraph remained a business communica-
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tions tool not suited for common social networking or home
use. While the telephone did not represent a technology that
filled an existing household need at the time, the possibility of
an incandescent light did. The potential for a practical tech-
nology that could replace open flames for illumination indoors
was realized by a number of entrepreneurs and anticipated by
the press.*?

Lighting systems in place at the fair in 1876, such as Wallace
and Farmer’s and Gramme’s, were of the arc light variety, and
were limited in their application. The carbon rods that produced
light within an arc system required frequent replacement, were
prone to buzzing and flickering, and produced an intensely
bright white light. Arc lights were commercially successful for
outdoor lighting, as some localities found them less expensive
for street lighting than gaslights, but for indoor use they equat-
ed to an unpleasant fire hazard. The potential practicality of
arc lighting outdoors as an alternative to natural gas seemed
to dominate newly established electric trade publications, with
some even speculating that the role of gas would one day be
relegated to supplying only “motive power for dynamo-electric
machines.” Despite the disadvantages of arc lighting, new in-
stallations in cities large and small were popular spectacles that
drew significant crowds.** From all indications, the majority of
the public was enthusiastic over the coming of the electric light,
even in its earliest iterations.

Charles F. Brush of Cleveland, who was present at the Cen-
tennial Exhibition, developed the first widely adopted arc light-
ing system in the United States. Two of the initial problems
with these systems were determining how to power multiple
lights with a single generator and developing a regulator or feed
mechanism that could advance the burning carbon electrodes.
Brush developed a complete system that included regulating
mechanisms and lights wired in series to matched dynamos
allowing for multiple lamps to be powered by one central sys-
tem.* Brush’s first significant installation of his lighting system
was in April 1879 in Cleveland, utilizing a generation system
that he financed. Shortly after, the first investor-owned electri-
cal power network, that of the California Electric Light Com-
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pany, went online in September of the same year using Brush
dynamos.*® The first publicly owned electrical utility system in
the United States went online in Wabash, Indiana, on March
31, 1880, with ten thousand spectators present for the inaugural
lighting. The Wabash Plain Dealer wrote of the occasion:

The people, almost with bated breath, stood overwhelmed with
awe, as if in the presence of the supernatural. The strange, weird
light, exceeded in power only by the sun yet mild as moonlight,
rendered the Court House square as light as midday. While we
contemplated the new wonder in modern science, we could but
think how our electricians had got it on Ben Franklin. He brought
down the lightning from the heavens on a kite-string and bottled
it, just to show, presumably, how smart he was. Brush and Edison
take a steam engine, belt it to a huge electro-magnetic machine,
manufacture lightning and use it to light cities and hamlets, thus
benefiting mankind and blessing posterity."”

Similar to the comments expressing exuberance for electrical
technology following the Centennial Exhibition in 1876, the
lighting of Wabash was described in terms of the supernatural
and the ethereal, and also equated with the tenets of Progres-
sivism in terms of “benefiting mankind and blessing prosperi-
ty.” Although the Brush generator was close to the lights, only
as far away as the basement of the very courthouse it lighted,
the enthusiasm for the system overshadowed any consideration
of the electrical current’s origin. A witness describing the gen-
erator observed:

From these lamps the spectator will notice two ordinary tele-
graph-size copper wires leading down over the roof and down the
west side of the building to the basement, where stands the Brush
Dynamo Electric Machine that generates the current of electric-
ity that flows through the wires to the carbons, between which it
flashes with the brilliancy of lightning. The leaping of this current
from one carbon pencil to the other produces the light, and the
space thus made brilliant is termed the voltaic arc. This dynamo
machine occupies a space of four feet in length and two in width
and will last for years. It is practically indestructible, all its wheels
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revolving in the air. It requires no chemicals, and generates the
most powerful electricity.*®

In this discourse, the dynamo machine is revered much like the
lighting itself, “indestructible” and requiring “no chemicals.”
The description of the current as “leaping” indicates that the
writer was struggling to define electricity’s properties, search-
ing for analogies as Franklin and @rsted had a century earlier.
The Brush dynamo was powered by an old threshing machine
steam engine on the courthouse lawn with a pile of coal adja-
cent to it.*” Although smoke was problematic in big cities, there
is no mention in the historical record of a smoke nuisance
from Brush’s Wabash installation. In the various newspaper
accounts of the occasion in Wabash, no mention of wires, en-
gines, or coal is found, suggesting that no thought was given to
the origins of the power that ran the lamps.

The Brush arc lighting system gained in popularity during
the 1870s and by 1881 the company reported installations
worldwide, including some 800 lights in various industrial fa-
cilities; over 1,200 in woolen and cotton mills; 425 in stores,
churches, and hotels; and 1,200 lights in various municipal ap-
plications, not to mention installations in mines, railroad de-
pots, and other establishments.”® In Manhattan by 1880, Brush
lights had been illuminating Broadway some two years before
Edison’s first generating plant went online. Although there
were other lighting companies proposing their own systems,
Brush dominated the headlines because he had established in-
stallations in place, at the same time Edison had been report-
ing publicly that he was closing in on the invention of a viable
incandescent lighting system. In December 1880, the Cleveland
Plain Dealer ran an article reporting on the rivalry to light New
York with the subheadline, “What Brush Has Done and Edison
Proposes to Do.”*! Mentioning Edison’s unfulfilled proposition
was not surprising. A man who welcomed press coverage, Edi-
son had claimed two years earlier that he had solved the prob-
lem of the electric light by inventing a practical incandescent
bulb. Under the headline “Edison’s Newest Marvel,” the New
York Sun printed an article in September 1878 in which Edison
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claimed that it would be possible to send “cheap light, heat, and
power by electricity.”*

In promising more than he could deliver, at least at that
moment in time, Edison built enthusiasm for electric power,
which was rapidly catching the public’s attention. Edison had
taken a different tack than his rivals—he was looking to replace
the gaslight system, and his model for electric light and pow-
er distribution was that of the existing gas companies. In the
same Sun article, Edison is quoted as saying that his new sys-
tem would make the use of gas for illumination a “thing of the
past.” The fact that Edison was thinking about replacing exist-
ing gas systems is significant because it indicates that his vision
was firmly rooted in widespread distribution. Although Brush
systems were installed in Cleveland, Wabash, New York, and
San Francisco, by the nature of the technology only a very few
arc lights could be powered at once. The San Francisco power
plant, of the California Electric Light Company, powered only
twenty-one arc lamps that were rented to customers for $10 per
week.” While the Brush systems did rely on central generators,
they were limited in the number of power-hungry arc lights
they could supply. Edison was proposing a replacement for gas
illumination not just outdoors or for large installations, but for
interior household use as well. An opportunist, Edison aimed
to replace gas lighting in every home, and in the process elimi-
nate fire-based lighting technology for the first time in history.
Claiming that he could light “the entire lower part of New York
City using one 500 horse power engine,” Edison’s sights were
set on larger distribution systems that would be inexpensive
and accessible. This was a vision encompassing more than just
lighting. Edison claimed that “the same wire that brings light
to you will bring you power and heat.”* Further promoting his
system, Edison described water- or steam-driven dynamos that
could transport power from a distance. Although he would not
have an operational generation and distribution system for
another four years, Edison started to identify electricity as a
panacea by claiming that his electrical system could “run an
elevator, a sewing machine, or any other mechanical contriv-
ance that requires a motor, and by means of the heat you may
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cook your food.” With his assertions, Edison began to posi-
tion electricity as a modern and miraculous power source, an
idea that would remain embedded in the zeitgeist of American
culture.

In the context of the late nineteenth century, Edison’s claims
positioned electricity as the antithesis of the existing technolo-
gy of smoke and fire. During the same month in which Edison
announced that he had solved the problem of the incandescent
light and could potentially deliver heat via wire, newspapers
were reporting on the dangers associated with lamps, candles,
stoves, and fires. Articles with headlines such as “Candles Are
Dangerous,” which reported on a fire from a candle in a New
Orleans home, or “Fatal Coal-Oil Fire,” which told of a young
woman’s death in Washington resulting from a can of spilled
oil on a heating stove, were typical.’® Insurance records docu-
mented hundreds of fires resulting from gas lamps, defective
flues, candles, and kerosene lanterns; at least one fire insurance
company in Boston began to work with a lantern manufacturer
to design a safer means of illumination.” Against this backdrop
of hazards, “Edison the Magician” was self-assuredly announc-
ing that he could eliminate the gas lamp and even the coal or
wood stove.’® Although there were those in the scientific com-
munity who were skeptical of Edison’s claims, ardent believers
were mesmerized by the prospects of electricity in general, and
rested assured that the “Wizard of Menlo Park” was hard at
work. It was just a matter of time before the incandescent bulb
and the magic of electricity would enter their homes and liber-
ate society from the grips of fire.”

Confidence in Edison’s ability to deliver a suitable replace-
ment for the gaslight was such that just the announcement of
the technology sent gas stocks plunging, and on January 27,
1880, his incandescent bulb came to fruition with the issuance
of US Patent 223,898, for an electric lamp.*® Edison was not
the first to invent an incandescent lamp—most notably, Joseph
Swan in England had developed a lightbulb that he announced
on December 18, 1878, but because he delayed filing, his Brit-
ish patent was not issued until November 1880.¢' Even if Swan
had patented and marketed his bulb earlier, Edison’s stature,
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reputation, and press coverage gave him momentum—and the
funding needed to make his system operational.

From 1880 into 1882 Edison developed the components
necessary to build his ultimate objective, an electrical gener-
ation system in the form of a central station supply model. A
central station could distribute electrical power to the public,
in contrast to dedicated generating plants or isolated stations
used only by their owners. Edison’s central station supply mod-
el was the early precursor to the more modern electrical grid,
and he decided to build his first station at 257 Pearl Street, in
New York City’s financial district. This decision was the result
of two considerations. From a marketing standpoint, the loca-
tion was near Wall Street and potential investors, and from a
technical standpoint, the nature of Edison’s system was that it
produced direct current (DC) power, which did not lend itself
to long-distance transmission.

While the newly formed Edison Illuminating Compa-
ny worked to build and wire the Pearl Street Station in 1881,
J. P. Morgan, one of Edison’s largest investors, insisted that his
residence receive electric lighting before anyone else. Edison
was not a fan of private or dedicated generating plants, yet he
committed to installing incandescent lights in the Morgan res-
idence. Morgan’s excitement was evident, as he requested that
the company proceed “with all possible dispatch” in a letter he
wrote to Calvin Goddard, the secretary of the Edison Com-
pany.”* By June 1882, workers had installed a coal-fired gen-
erator in a basement under the stables at Morgan’s mansion at
219 Madison Avenue.®” While Morgan was delighted with the
lighting and the operation of the system, his neighbors were
not. In December, James M. Brown, who lived behind Morgan,
complained of smoke and noise from the generator, and in re-
sponse Morgan pressured the Edison Company to fix the prob-
lem.** A similar incident occurred with the Vanderbilt fami-
ly and an Edison installation at its home in Manhattan. The
newly remodeled mansion was equipped with Edison’s lights,
and in a large picture gallery with a silk wall covering interwo-
ven with metal threads, a small fire occurred during the ini-
tial lighting of the lamps. Mrs. Alva Vanderbilt, who became
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hysterical, demanded to know where the electricity was being
generated, and when she was told that there was a boiler and
generator in the basement she said that she would not occupy
the house until it was removed. “She would not live over a boil-
er,” according to Edison biographer Frank Dyer.® These stories
illustrate that when electrical generation is close to the point of
use—when the space between generation and consumption is
condensed—cognizance of fire, smoke, and steam is omnipres-
ent. In both of these cases, electricity was not truly invisible, as
the detritus from its generation was experiential and obvious.
This soon changed.

Edison’s station plant on Pearl Street began to generate pow-
er on September 4, 1882, and was widely recognized as the first
central power plant in the United States.®® By 1883 it powered
8,573 lamps in Manhattan.®”” Under Edison’s original two-wire
system, distribution of electricity farther than a mile from the
generating plant was not feasible due to the nature of direct
current and the size requirements of the copper mains (the
thick wires that transported power), which were too heavy for
overhead use and cost-prohibitive. Edison eventually adopted
a three-wire system that allowed for smaller cables and longer
transmission of direct current power, yet the practical range
was limited to less than ten miles unless the voltage of the
current was substantially increased.®® While by contemporary
standards the Pearl] Street plant was limited in the distance it
could transmit power, it nevertheless established a new model
of central station distribution and began to shift the way energy
was delivered and conceptualized in the United States. Physi-
cally, the Edison system inserted more space between power
generation and consumption, and allowed for the replacement
of the gas line or steam pipe with wire. Instead of a burning gas
jet, lantern, or candle in the home, Edison and Pearl Street rep-
resented a significant step in moving flame and fuel to the cen-
tral station where it could be forgotten. Conceptually, Edison’s
system and his rhetoric began to position electricity as progres-
sive and gas and coal as regressive. When Edison announced
that “the same wire that brings light to you will bring you
power and heat,” he began to alter the way the public viewed
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energy.® With his announcement, Edison not only foretold of
a future where the spatial dynamics of energy delivery would
be radically different, he eliminated the salience and burden of
energy consumption. Departing from the paradigm of the past,
Edison spoke of a world where energy was effortlessly and pas-
sively brought to the consumer via wire, eliminating the need
to go get coal or kerosene, or to actively light a flame. Suddenly,
the narrative changed from one of fuel to one of consumables.
In the past wood, coal, or oil was the deliverable; now it was
light, heat, and power itself.

The overall development of deployed electric power came in
several stages. Brush’s arc lighting systems, and those of others,
represented the first wave; second came Edison’s system of dis-
tribution and incandescent lighting. The third wave followed
in the form of alternating current technology. While the Pearl
Street Station was expanding the number of lights and locations
it supplied power to in 1883, two articles, one in the English
Engineering magazine and the other in Scientific American,
described a new system of power generation and distribution,
“the Gaulard-Gibbs Secondary Generator.”” As a condition of
the “practical employment of electricity,” Scientific American
cited the necessity of the ability for “the distribution over great
distances, not of electrical current, but of electrical energy,
which is an entirely different matter.””" The article compared
Edison’s direct current power with the Gaulard-Gibbs system,
which was a practical means of transmitting alternating cur-
rent power. A direct electrical current flows in one direction
and cannot be easily stepped up or down in voltage. What this
means for transmission is that direct current power is less ver-
satile in the way it can be transported via wire and consumed.
Alternating current electricity changes directions, and its volt-
age may be stepped up or down utilizing a transformer, which
is the system that Gaulard and Gibbs developed in 1883.7* The
utility patent issued to Gaulard and Gibbs in 1886 describes the
technological improvement over existing electrical distribu-
tion systems as the ability “to convey a useful quantity of elec-
tric energy to a much greater distance than has heretofore been
practicable, while the cost of the necessary plant for electric
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lighting and other analogous purposes, especially that of the
main electrical conductors, is very materially diminished.””?
Also of interest in the patent is the name of the assignee, the
American industrialist George Westinghouse, who owned the
prosperous Westinghouse Air Brake Company in Pittsburgh.
He became interested in the Gaulard-Gibbs distribution sys-
tem and bought the US patent rights, along with the patent
rights of several other electricity-related technologies includ-
ing Joseph Swan’s lighting technology and generator patents.
As the direct current arc lighting market was competitive, and
Edison’s direct current incandescent light system had techno-
logical and market momentum on its side, Westinghouse saw
an opportunity in alternating current power—especially in its
ability to be transmitted over greater distances.

While several European companies had been looking at al-
ternating current power systems that utilized Swan incandes-
cent lamps, no alternating current systems were in place in the
United States and the Edison system had virtually no compe-
tition. On March 20, 1886, Westinghouse engineers completed
work on a small pilot project in Great Barrington, Massachu-
setts, and turned on the lights. It was the beginning of a system
of electrification that would change the shape of US society.”
The ensuing “war of the currents,” which pitted Westinghouse’s
alternating current system against Edison’s and other direct
current systems in the marketplace, determined not only the
shape of the power grid but also how modern America would
define electrical energy.”” In the context of the spatial dynamics
between power generation and power consumption, the light-
ing of the first store in Great Barrington was the beginning of
a paradigm shift in the way electrical power was delivered and
subsequently perceived.

In the ten years between 1876 and 1886, electrical power in
the United States moved from an experimental to an applied
technology. While the electrical technologies on display in
1876 at the Centennial Exhibition in Philadelphia represented
systems that began to abstract energy by transporting invisi-
ble forces by wire, they were largely novelty technologies, not
yet adopted by society at large. Mysterious and hard to define,
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the properties of electricity eluded all who encountered it, from
those such as Franklin and Orsted to commentators in the
1800s who continued to conceptualize the technology in deis-
tic and Progressive terms. With the enthusiasm built by early
promoters of electricity, most prominently Edison, many wrote
of it as a miraculous force, especially when set against a back-
drop of fire and smoke.” As both the theoretical and practical
work on electricity progressed after 1876, the process of deliv-
ering usable energy continued to alter perceptions and in turn
obfuscate electricity’s ultimate source of generation. As central
supply stations began to increase the distance between the gen-
eration and the consumption of energy more than ever before,
the disassociation between electricity, coal, and fire increased
as well. Culturally, electricity began to be seen as an energy
panacea equated with American progress.

OF FLUIDS, FIELDS, AND WIZARDS 101



CHAPTER 6

ENERGY, UTOPIA, AND
THE AMERICAN MIND

Between the dynamo in the gallery of machines and the
engine-house outside, the break in continuity amounted to
abysmal fracture of a historian’s objects. No more relation
could he discover between the steam and the electric current
than between the Cross and the cathedral.

Henry Adams

In his classic 1964 work, The Machine in the Garden, histori-
an Leo Marx observes that mechanization gradually became
part of the pastoral image of America as the public imagina-
tion was captivated by technologies that represented progress.
Marx’s hypothesis came from his analysis of literature and art,
and he pointed out that even Emerson wrote that “Machinery
and Transcendentalism agree well.” Four years later, in Wil-
derness and the American Mind, Roderick Nash took a similar
approach regarding the social construction of wilderness with
his well-known line claiming that the wilderness was made by
“the literary gentlemen wielding a pen, not the pioneer with
his axe.” Similar to Marx’s characterizations of mechanization
and Nash’s ideas about wilderness, modern attitudes toward
energy in general, and electricity in particular, were formed in
the last two decades of the nineteenth century through the in-
fluence of public events, in the press, and in literature. Just as
ideas about race, gender, and disabilities are social construc-
tions, so are perceptions of energy.

Attitudes about electricity began to form with Americans’
first exposure to electrical technologies. As a nebulous, invisi-
ble energy source that society found hard to define, the abstrac-
tion of electricity began with the invention of the telegraph

102



in 1848, accelerated after the world’s fair of 1876, and shifted
again between 1882 and 1900. In the last two decades of the
century, the perception of electricity changed from a mysteri-
ous entity to a utopian energy source. The public began to see
the systems and technologies on display at the fair in 1876 as
solutions to problems associated with energy derived from old-
world fire and smoke. The attitudinal shift that occurred was
due both to advances in electrification technology itself and to
cultural influences derived from events, press coverage, and lit-
erature. Technologically, the adoption of alternating current,
the electrical technologies on display at the Chicago World’s
Fair in 1893, and the much-anticipated opening of the Niagara
Falls generating station in 1895 deeply affected public attitudes.
Culturally, press coverage of these events, along with positive
portrayals in the popular genre of utopian literature, depict-
ed electricity as a panacea—an unlimited, progressive power
source with no deleterious consequences. The first stage of en-
ergy abstraction occurred with electricity’s midcentury Amer-
ican debut; the next stage emerged after 1882, as technological
advancement drove more practical applications and allowed
for greater space between generation and consumption.

As successful as Thomas Edison’s Pearl Street Station was
at delivering on his promise to illuminate parts of midtown in
1882, the inherent flaw in his direct current system remained.
To provide power to all of Manhattan, or any other large city,
a plant would have to be placed every few miles to transmit
power to the businesses and residences that wished to con-
sume it. Edison’s original plan included thirty-six independent
coal-burning power stations to supply power to central New
York City alone.’ Recognizing this weakness in Edison’s direct
current system, George Westinghouse aggressively pursued al-
ternating current after his engineers implemented the technol-
ogy in 1886. Westinghouse’s strategy was not without risk: the
original alternating current power was single phase, which had
some technical limitations, and there was no electric motor yet
perfected that would run on alternating current power.

Two years prior to Westinghouse’s successful pilot project in
Great Barrington, the Serbian inventor Nikola Tesla had moved
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to New York to take a job with Edison. Tesla had worked for an
Edison affiliate in France and was recommended to Edison by
a colleague, Charles Batchelor. As a young engineer in Buda-
pest, Tesla had experimented with and developed concepts for
a polyphase alternating current system, including an electric
motor and an efficient generating system, but Edison, who had
invested money and pride in his direct current systems, would
not consider any of Tesla’s ideas regarding the superiority of
alternating current. Assigned to work on improving Edison’s
“Jumbo” direct current generators, Tesla lasted six months in
his contentious employment under Edison. After working for
a year as a ditch digger in New York, Tesla met Charles F. Peck
and Alfred S. Brown, two investors who were interested in elec-
tricity as a business, who assisted him in setting up the Tesla
Electric Company in 1887. Peck and Brown were interested not
just in electricity but in energy in a broader sense, including
geothermal energy from the ocean.” While working on several
alternative energy projects for Peck and Brown, Tesla perfected
his “Electro Magnetic Motor,” which he patented in May 1888
along with three other inventions for the transmission of alter-
nating current electrical power.® In July, Tesla, Peck, and Brown
sold their patent portfolio to Westinghouse, who was ready to
move forward with larger distribution systems and the deploy-
ment of alternating current power.

The Westinghouse/Tesla partnership was key in the devel-
opment of the modern electrical grid, but not without an initial
struggle with Edison, who tried to discredit alternating cur-
rent technology. The “battle of the currents” between Edison
and Tesla has been written about at length in both histories
of technology and studies of public relations. An overview of
the controversy begins with Edison’s market share in the de-
ployment of direct-current-generating installations across the
country being threatened by the Westinghouse alternating
current system, and Edison fighting back with a negative pub-
lic relations campaign that attempted to paint alternating cur-
rent technology as dangerous. Edison’s smear campaign went
as far as lobbying the state of New York to accept electrocution
as a method of capital punishment, using the Westinghouse
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system. A colleague of Edison’s, Harold P. Brown, convinced
state authorities in New York in 1889 that it would be a humane
method of death. Both Brown and Edison testified in Cayuga
County Court that the current was so lethal that death would
be instant.” Edison had already publicly electrocuted horses,
dogs, and an elephant to demonstrate the negatives of alter-
nating current, yet the Westinghouse interests argued correct-
ly that direct current power at the same voltage and amperage
would be lethal as well. In public, the battle between Edison
and Westinghouse played out in the press, with Edison arguing
in the North American Review that his system was absolutely
safe and that the alternating current system of Westinghouse
was deadly.® Edison did have his own credibility on his side,
and his direct current system as deployed was fundamentally
safer than the Westinghouse alternating current system. The
Edison system in Manhattan was referred to at the time as a
“low tension” system, which meant it was low voltage, trans-
mitted at less than two hundred volts—shocking, for sure,
but not instantly lethal. Alternating current systems, howev-
er, including those of Brush, Westinghouse, and all other arc
light businesses, were normally transmitted at over a thousand
volts, which, while not necessarily lethal, would cause visible
effects such as burning, arcing, and other injurious manifes-
tations. While Edison and Brown spun the issue to be over
the merits of alternating current versus direct current, it was
more a debate over high-voltage versus low-voltage as well as
variances in amperage. In addition to Edison’s credibility as
an influential factor in the debate, there had been a number
of accidental electrocutions of line workers in the 1880s, and
since all alternating current systems used overhead wires, these
were often public spectacles where electricity suddenly became
nonabstract and quite salient.” Between Edison’s credibility
and a well-orchestrated public relations campaign by Westing-
house’s competitors, the New York prison system decided that
alternating current power, deemed the “executioner’s current”
by Brown, would be an instant and humane method of capital
punishment.”” On August 6, 1890, the first execution in an elec-
tric chair, of convicted murderer William Kemmler, was any-
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thing but instant or humane. The New York Times headline,
“Far Worse than Hanging,” needed no explanation."

While this episode has been framed by historians as an il-
lustration of Edison’s mercurial personality as well as a story
of the struggle between emerging standards, it is perhaps more
relevant in the study of how the public came to view electric-
ity. Americans’ acceptance of electricity was not without set-
backs. The “wire panic” in New York City occurred when sev-
eral horrendous accidental electrocutions of workers led to a
brief period of technological pessimism in 1889."* Regardless
of these incidents, however, the public came to accept electric-
ity as a beneficial and abstract technology—horrendous death
was possible with any technology, from railroads to industrial
accidents—but the sensational accounts of accidental or irre-
sponsible death did not faze the public’s perception. Less than
three months after Kemmler’s execution, the Electrical Engi-
neer reported that the Westinghouse Electric and Manufactur-
ing Company would have the best year it had ever had, with
new installations of alternating current systems in more than
ten cities.”” In 1893, twenty-seven million Americans traveled
to Chicago to marvel at the lights of the Columbian Exposition
world’s fair—powered by alternating current technology." The
Kemmler episode and the well-publicized accidental electrocu-
tions in New York demonstrated that the public’s confidence in
electricity was not easily swayed. Despite Edison’s best efforts
to discredit Westinghouse, the inherent disadvantages of Edi-
son’s system, primarily in its inability to transmit power effi-
ciently at distances more than about a mile, worked in West-
inghouse’s favor.

Between 1887 and 1890, the Westinghouse Company con-
tinued to compete with Edison’s direct current systems, and
despite financial difficulties due to rapid expansion, alternat-
ing current systems slowly began to take market share. In 1887,
Westinghouse systems supplied power for 134,000 incandes-
cent lamps; by 1890 the number had grown to half a million,
with 300 central stations producing power."” By the end of
1890 alternating current systems were gaining preference and
the Edison Company was losing money. In his December 1890
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essay published by the North American Review, Westinghouse
succinctly explained the benefits of the alternating current
system and the deficiencies of direct current, pointing out that
alternating current was preferred by a five-to-one margin.'
Edison General Electric stock plummeted. Edison’s inves-
tors, including J. P. Morgan and Anthony Drexel, had already
merged several of Edison’s companies into the Edison General
Electric company in 1889, and although the company was still
pushing direct current, management was demanding that Ed-
ison work on a competing alternating current system. By 1892
Morgan merged Edison General Electric with another, more
profitable competitor, Thomson-Houston, changed the name
of the new company to General Electric, and forced Edison
out as a principal. Edison owned stock in General Electric, but
was no longer active in the company. Commenting to the New
York Times, Edison said, “I cannot waste my time over elec-
tric lighting matters, for they are old. I ceased to worry about
these things ten years ago.”"” While Edison’s departure from
General Electric was a significant step in the demise of di-
rect current power, two other events that transpired afterward
marked the final blow, one being Westinghouse’s winning bid
to provide lighting for the Columbian Exposition in Chicago
in 1893 and the other being the decision by the developers of
the Niagara Falls generating station to use Westinghouse/Tes-
la technology.

If the Corliss engine was the heart of the world’s fair in
Philadelphia in 1876, then the electric light was at the center
of the fair in Chicago in 1893. If Philadelphia represented the
beginning of a process of technological abstraction, where
power generation and consumption were first separated by
emerging technical systems, then Chicago represented a new
level of technological fantasy, in which a white city and white
lights eclipsed the realities of burning coal. Historian Robert
Rydell’s assessment, that the “effort by America’s leaders to de-
fine social reality reached a new level of sophistication with
the Chicago World’s Columbian Exposition of 1893,” is tell-
ing, because electrical power was featured and was squarely
at the center of the definition of what an ideal society should
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be."® Organized to celebrate the four hundredth anniversary of
Christopher Columbus’s landfall in the New World, the Chica-
go planners were determined to outdo anything that had come
before. Covering an area of 633 acres, the fairground site was
at Jackson Park, where architects Daniel H. Burnham and John
W. Root designed the fair’s neoclassical buildings. Painted in
white, the compound became commonly known as the White
City. The fair’s opening on May 1, 1893, was initiated by Pres-
ident Grover Cleveland, who, after a speech, pressed a button
that started an Allis steam engine, much like the opening of the
fair of 1876 when President Grant had started the giant Corliss
steam engine. Setting the Columbian Exposition apart from
Philadelphia, the Chicago Tribune said of the fair’s opening:

This dramatic ceremony will bear little resemblance to the touch-
ing of the button by President Grant at the opening of the Cen-
tennial Exhibition at Philadelphia. In the first place, though it was
popularly believed at the time that by this act he started up the
Corliss engine, it is now reported that he only rang a signal bell,
and that the engineer opened the throttle by hand. In the second
place, the Corliss engine furnished all the power and operated all
of the equipment in the Centennial Exhibition, while the Allis
engine, though much larger than the Corliss, does not furnish
more than one-twentieth of the power required in the World’s
Columbian Exposition."”

Here, the reporter made an effort to outdo the past, and in the
context of technology. The article borders on ridiculing the
nonautomated world of the past. Not only was Grant’s engine
starting flawed, but once the Corliss did start, it paled in com-
parison to the new two-thousand-horsepower Allis-Corliss en-
gine in Chicago—and even though it was bigger, the Allis still
was not big enough to supply the power for the fair, its function
being only to run a pump for the water fountains as well as two
dynamos that could power twenty thousand lightbulbs near
the fountains.?® Philadelphia here is framed as old steam, and
Chicago as new and electric. Rydell describes the fairs in terms
of “symbolic universes,” and as such, the symbolism at Chicago
was one of progress, power, and electricity intertwined.*!
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While the Tribune reporter highlighted the Allis-Corliss
engine at the center of the building known as the Palace of
Mechanical Arts (commonly referred to as the machinery
building), the article leaves out the real heft driving the fair.
The main power plant, removed from the primary exhibit hall,
covered a space one hundred feet wide and one thousand feet
long and housed seventy-seven engines, nine of which were
devoted to turning generators that produced electricity to run
up to 120,000 Westinghouse-provided lights.>* The biggest en-
gine was an E. P. Allis quadruple expansion condensing steam
engine capable of generating three thousand horsepower. An-
other twenty-three engines drove smaller generators to power
outdoor arc lighting. In 1893, journalist John Patrick Barrett
wrote of “dynamos of all conceivable kinds . . . which were di-
vided into two classes, those producing direct or continuous
current and those generating alternating currents. Late ad-
vances made in electrical science permit the use of either kind
for the same purposes, but for the utilization of electrical en-
ergy at any conceivable distance from the source of power, the
alternating current system possesses advantages of flexibility
that make its use imperative.”* Barrett’s comments, reinforced
by others, not only highlight the promise of transporting ener-
gy over great distances but also speak to the flexibility and ad-
vantages of electricity—and deservedly so. Just seventeen years
after Philadelphia, the Chicago fair featured tens of thousands
of lights, numerous electric motors, a complete fair telephone
exchange, fire and police alarm technologies, grand visual dis-
plays, the Edison “Tower of Light,” and thirty-eight thousand
colored arc lights shining over rising and falling jets of water
in the center pavilion.** The Westinghouse display, along with
a number of novelty lights, featured a likeness of Christopher
Columbus outlined with small incandescent bulbs.” The White
City had arrived, and it was progressive, modern, and above all
else, electric.

The official attendance at the fair in 1893 was approximately
40 percent of the US population at the time.?® The White City
was a harbinger of modernity for rural and urban visitors alike,
with electricity at its center. Journalist Teresa Dean wrote in
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her diary that she heard a man say, “I tell everyone in my town
that they must come to the Fair. And if they can’t get the money
to come any other way, they better knock a man down gently
and take his money, and then after they return from the Expo-
sition, go to work and pay back in installments the man they’ve
robbed.”” Writer Hamlin Garland famously wrote to his par-
ents, “Sell the cook stove if necessary and come, you must see
this fair.”?® The Chicago Record reported that a woman from
Texas named Mrs. Lucille Rodney walked from Galveston on
railroad ties, a distance of thirteen hundred miles, to get to
Chicago.” The Chicago Daily Tribune reported on the opening
of the Electricity Building at the fair as “overpowering in its
magnificence, rivaling nature in the variety of her wealth and
color.”*® Poet Daniel Oscar Loy, struck by the building’s lumi-
nescence, wrote:

In the Electric Building

I tarried for an hour,
Learning all there is to learn
About electric power.

I heard Thomas Edison
Speaking of his latest light,
Which is as bright as the sun
Making day out of night.*

The Rock Island Daily Argus reported that the fair was “the
climax in electricity’s upward march through the nineteenth
century,””* while the Bismarck Weekly Tribune declared the
1,250,000 candlepower of lighting as “so complete and ex-
tensive” that it was “well worth the journey to see.”” Ralph
Pope, secretary of the American Institute of Electrical Engi-
neers at the time, mentioned that faith in electricity was all-
consuming, that “people have got an idea that electricity can do
anything.”** Dean noted that “in the Electricity Building, which
was brilliantly lighted . . . we went there and stood looking at
the electric picture of Columbus.”™ A correspondent with the
Omaha Daily Bee reported on housewives who saw electric ov-
ens “without the semblance of a spark or fire,” and “little wires
that run to irons for laundry purposes.” Just three years after
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Edison’s attempt to discredit alternating current technology
with the Kemmler execution and various scares over wires and
electrocution, in Chicago and around the country, the public
had come to embrace electric power.

While the public face of technology had changed between
1876 and 1893, behind the scenes the fundamentals were famil-
iar. Far removed from the dynamos and the power plant was
an iron structure that housed over forty immense boilers that
supplied steam for all of the engines, including those that ran
the dynamos in the power plant. The steam, born of immense
boilers and transported underground, was ultimately created
by oil-burning fire, produced in the fire-room nine feet below
the boilers.”” The oil that produced the heat, which made the
steam that drove the engines and dynamos, ultimately result-
ing in displays of clean electricity, was pumped to the fire room
from storage tanks a half mile away.”® The fuel oil itself was
likely Ohio oil, refined in Whiting, Indiana, where John Rocke-
feller’s Standard Oil Company had recently completed a refin-
ery to serve the Chicago market.” One contemporary report
boasted that “there is no smoke, dust, or dirt as there would
be if coal were burned.™® Reinforcing the imperative that the
White City—a symbolic universe—must be free of smoke, a so-
phisticated system was installed that included an “inspector of
smoke,” who was stationed in a cabin near the main oil valves
yet in view of the fire-room chimneys. In the case of a chimney
emitting smoke, the inspector could push a button—one for
each set of boilers—that would vibrate a gong near the specific
boiler, which then would alert the fireman to attend to his fires,
regulating the oil flow to reduce the smoke. Considering that
those observing the exhibits saw only clean white lights and
quiet electric motors, the operation behind the scenes was ab-
straction realized, a technological sleight of hand that obscured
energy generation from consumption, thus reinforcing incon-
sequentiality. Even at its point of creation, electricity is shroud-
ed as a secondary source of energy. Electricity’s journey begins
once it has been removed from the forces that ultimately create
it, as dynamos must always be turned by other energy forms.
It is here that the direct line back to the primary energy source
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quickly starts to blur. For the public, the electrical technologies
represented modernity and progress. Electricity came from dy-
namos—not from the oil fields of western Ohio, and not from
the fires beneath the boiler room.

Cutting through the celebratory rhetoric and the complex-
ity of the hidden infrastructure, there were a few dissenting
voices. Henry Adams, historian and great-grandson to John
Adams, had been fascinated with electricity and wrote regard-
ing the Chicago fair in 1893 and the Paris exposition of 1900
that electricity was “but an ingenious channel for conveying
somewhere the heat latent in a few tons of coal hidden in a dirty
engine house kept carefully out of sight.™ Whether or not Ad-
ams’s ambivalence toward technology was the antimodernist
rant of a “displaced patrician” has been debated, and although
he stood mostly alone in his skepticism over electricity, he did
keenly observe the problem.*> Adams’s “dirty engine house
kept carefully out of sight” came to define electrification in the
United States in the forthcoming century. The ideal city, as em-
bodied in the White City of Chicago, moved the engine house
away from the lights, buried the fires in the ground, and posted
smoke spotters to make sure any mischief exiting the chimneys
was quickly reined in. Beneath it all was the paradigm of steam,
but soon this too changed.

Winning the contract to supply the lighting and power for
the world’s fair in Chicago vindicated Tesla’s technical foresight
and Westinghouse’s vision for the future of electrical trans-
mission. But while the alternating current systems in place at
Chicago might have captured the imagination of the Ameri-
can public, signaling that the age of electricity had arrived, the
promise of unlimited electric power from Niagara Falls left a
larger legacy.”’ The promise of Niagara Falls as a source of elec-
trical power generation had been talked about since the early
1880s. Although no practical plans for large-scale generating
stations were in the works until 1886, some were already spec-
ulating that Niagara could supply enough electricity for all of
North America. In an article published by the Chicago Daily
Tribune in June 1881, Sir William Thomson, now Lord Kelvin,
conjectured that “Niagara [was] the natural and proper chief
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motor for the whole of the North American Continent; and it
now seems quite within the bounds of possibility that people
who are now living may witness the application of this chief
motor to the indicated uses.™* Lord Kelvin visualized the use
of batteries, which were not perfected at the time of his writing,
that could store power from Niagara and possibly be shipped to
other cities via trains to supply power. He was a staunch direct
current advocate, and although he did envision transporting
electricity over long distances, his idea was to physically move
the power to where it was needed. In addition to the power
that Niagara could supply, Lord Kelvin mused of atmospheres:
“Smokeless and clean, uncontaminated with the products of
combustion; with flowers and fruit flourishing in town gar-
dens; with our rooms, and especially our public rooms and
places of assembly, freed from the heat which gas occasions;
and with nature and art manifest in their true colors by night
as well as by day.™

In effect, Lord Kelvin was describing an electrical utopia
powered completely by the natural force of Niagara Falls. The
significance that he attached to the grand cataract continued to
grow as journalists and others reluctantly recognized that the
world’s coal fields might be exhaustible, and therefore alterna-
tives such as power from Niagara should be approached with
a “practical interest.”® In short, Niagara became idealized and
hydropower became the foundation on which a newly imag-
ined electric future could be built. Within the broader context
of late nineteenth-century Progressive America, the promise of
Niagara represented another step in human mastery over na-
ture, just as Jacob Bigelow had envisioned in 1829. Ever since
Francis Bacon expressed the idea that “the empire of man over
things is founded on the arts and sciences alone,” Western civ-
ilization had found advancement wrapped in the systematic
exploitation of natural forces, and in the late 1800s the timing
was right for Niagara. Optimistic about an imminent era de-
fined by technological progress, Americans saw firsthand—in
Philadelphia and then in Chicago—the possibilities of an elec-
tric future. Although the giant Corliss in 1876 and banks of dy-
namos in 1893 represented mechanical perfection, it was only
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because the fire and steam that drove them were tucked away in
a “dirty engine house,” part of an inconvenient truth that was
easily ignored.

In 1886, it was Thomas Evershed, an engineer who had
worked on the Erie Canal, who first outlined a large-scale plan
for harnessing the power of the falls. His plan was to bore deep
vertical shafts at a point in the upper Niagara River west of the
city of Niagara Falls that would channel water downward into
a deep tunnel. The tunnel would run for over two miles, be-
neath the city, and through various wheels with shafts extend-
ing upward through the ground the power of the falls could
be captured for mechanical power to be supplied to hundreds
of mills. Local promoters, enthusiastic over Evershed’s plan,
acquired the requisite property but ran short on capital and
were forced to sell their holdings.*” Three years later, a group
of investors led by New York banker Edward Dean Adams
and backed by J. P. Morgan formed the Niagara Falls Power
Company. Whereas Evershed’s original plan was to exploit the
power of the falls to run hundreds of mills with mechanical
energy, Adams’s group concluded that the power of the falls
was best captured at a central station to generate electricity. The
original plan called for transmission of the power to Buffalo,
which was largely a speculative technology at the time because
long-distance transmission of electrical power had not yet been
perfected. In 1890, workers began digging tunnels, and in 1891,
Niagara Falls Power sought plans for the best system of hydro-
electric power generation at the falls. Although the planning
phase of electrical generation at the falls occurred in the midst
of the Edison-Westinghouse debates over direct and alternating
current, the company selected Tesla’s alternating current. As
construction of the power station commenced during the Co-
lumbian Exposition in Chicago, excitement as to the potential
for Niagara power grew. Tesla himself had predicted that the
electricity generated at Niagara could provide power around
the world, with the potential for running streetcars in London
and streetlights in Paris. In his enthusiasm, Tesla claimed that
“humanity will be like an ant heap stirred up with a stick. See
the excitement coming!™® At the official opening ceremony of
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the Niagara hydroelectric plant, Tesla, as had so many others
before him, spoke of electricity in religious terms, adding that
man’s subjugation of nature would save humanity:

We have many a monument of past ages; we have the palaces and
pyramids, the temples of the Greek and the cathedrals of Chris-
tendom. In them is exemplified the power of men, the greatness of
nations, the love of art and religious devotion. But the monument
at Niagara has something of its own, more in accord with our
present thoughts and tendencies. It is a monument worthy of our
scientific age, a true monument of enlightenment and of peace. It
signifies the subjugation of natural forces to the service of man,
the discontinuance of barbarous methods, the relieving of mil-
lions from want and suffering.*’

Tesla was not alone in his excitement over the potential of Ni-
agara. In the media, Niagara took on a larger-than-life role in
the future of the country, with stories of electrical force so great
that it was “impossible to conceive what would be possible by
its application . . . turning out invisible force to give life to the
factories and railroads.”® Other stories, picking up on earlier
visions of coal-free power, explained that “the line of the roof
of the [Niagara] power station is unbroken by chimneys. This
is because the building is heated throughout by electricity.”"
Speculation that Niagara could displace coal, that “its daily
force was equal to the latent power of all the coal-mines in the
world each day,” was not unheard of.**> Although the electricity
generated at Niagara was at first sent via wire only to Buffa-
lo, twenty-six miles away, there was growing speculation that
harnessing the falls to supply more distant locations was a real
possibility. Even a press report of “an atom” of Niagara power
that had been transmitted around the world via telegraph line
was cause for national coverage and great excitement.” Tesla
and others believed that Niagara’s power would make Buffa-
lo the “greatest city in the world,” a phrase that Westinghouse
eventually adopted in its advertising.>*

In its own way, the establishment of power generation at
Niagara had a substantial impact on the American public’s at-
titudes toward electricity. At the world’s fair in Philadelphia
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in 1876 the public discourse portrayed electricity in terms of
amazement and mystery. By the early 1880s Edison’s commer-
cialization of the lightbulb and lighting systems led to a por-
trayal of the inventor in terms of practicality and progress.
Chicago’s White City of 1893 impressed upon visitors that the
ideal city ran on clean electricity, with endless possibilities.
Now, with Niagara online, a cultural custom was being estab-
lished in the press that endless coal-free electrical energy could
be transmitted anywhere. At Niagara it seemed that human-
kind had mastered nature and tamed the mysterious force of
electricity for the good of society, a panacea realized. In an age
of smoke, Niagara represented the possibilities for alternative
energy, an extinguished flame, a realization of Edison’s earlier
promise that power for light, heat, and cooking would all be
delivered into one’s home by wire. Between the White City of
Chicago and the promise of Niagara, the cultural construction
of electricity as a utopian and progressive force for the future
now accelerated. American English began to incorporate ex-
pressions that could not have existed prior to the introduction
of electricity; words such as “human dynamo,” “electrifying,”
and “shocked” began to appear in a number of publications and
advertisements.” In literature, works that incorporated themes
of energy and electricity were nothing new, but began to shift as
the promise of invisible energy appeared on society’s horizon.
Electricity as a mysterious force had made its literary debut
in London in 1818 with the publication of Frankenstein, or, The
Modern Prometheus by Mary Shelley. At the time of Shelley’s
writing, galvanism, or animal electricity, was a popular topic
in London, inspired by the work of Luigi Galvani and his ex-
periments with frogs’ legs and electric shock. In Frankenstein,
Shelley uses an electric shock as the vital force of life, an idea
that captured the imagination of both English and American
readers in the early nineteenth century.”® By 1851, Herman
Melville incorporated the enigmatic force of energy into Amer-
ican literature in Moby Dick. For Melville’s antagonist Captain
Ahab, it is the electrically charged spark of lightning that rep-
resents omnipotent force. Ahab is so captivated by the white
light of lightning that his first mate Starbuck must pull him
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out of his trance and back to the harpoon and the hunt—yet
it is electricity that will guide him and “light the way to the
white whale.”” In Mark Twain’s satire A Connecticut Yankee in
King Arthur’s Court (1889), the American Hank Morgan trav-
els backward in time after a blow to the head and attempts to
modernize sixth-century England by using his knowledge of
the future. During his exploits, Morgan performs feats of mag-
ic through the use of technology. One of Morgan’s first acts is
to build an electric plant in Merlin the magician’s cave, with
which he electrifies fences for protection, runs wires for dyna-
mite charges, and lights up castles to the amazement of King
Arthur’s subjects.”® Twain, a person who was fascinated with
electricity—to the extent that he allowed the passage of a cur-
rent through his body when visiting Tesla’s laboratory—also
includes an ofthand explanation of proper wiring and ground-
ing in his novel.”

While the works of Shelley, Melville, and Twain took advan-
tage of the mysterious nature of electricity as a force, Ameri-
can utopian and dystopian novels in the late 1800s illustrate
the confidence assigned to electricity as a progressive energy
source. Literature scholar Jean Pfaelzer has argued that the
“nineteenth-century utopian novel . . . can hardly be under-
stood as a serious prediction of historical process.”™ While this
may be true in the realm of economic development and poli-
tics, several works do foretell of advances based on emerging
technological developments. In a time of great social change,
the utopian novel was a literary expression of the author’s anx-
ieties, and smoke, steam, and energy played important roles in
the most popular works of the late nineteenth century. Kenneth
Roemer observes that “coal, soot, and other odor-producing fu-
els” were commonly replaced by electricity in utopian works
between 1888 and 1900, and along with aluminum and high-
speed rail, electricity was the most mentioned technology.®'

An analysis of this popular genre not only validates Roemer’s
observations but reveals utopian settings that mirror cultural
perceptions derived from the White City and Niagara, both of
which were characterized as clean electrified spaces. An exam-
ple of this portrayal is found in the most popular work of the
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period, Edward Bellamy’s 1887 publication Looking Backward:
2000-18875 As Bellamy’s protagonist Julian West finds when
he visits the year 2000, smoke and fire are gone. His host from
the future, Mrs. Leete, explains, “Electricity of course, takes
the place of all fires,” and thus she not only removes flames
and smoke in the forthcoming world, she positions electricity
as a sole power source.®® Through Mrs. Leete, Bellamy reflects
an early manifestation of energy abstraction. Writing at a time
when all electricity was derived from fire and steam, Bella-
my reinforced the disconnection between coal and current by
promoting a position that dismissed the link between power
generation and consumable energy. In the utopian world of
Mrs. Leete, electrification represented the new, the clean, and
the future—and it was antithetical to fire. As part of Bellamy’s
utopian ideal, technological advancements were assumed to be
safe and part of a more humane, orderly, and civilized future.
Bellamy’s lesser-known sequel, Equality, published in 1897,
continues with similar themes, although electricity plays an
even bigger role. In Equality, West witnesses electric plows and
motors connected by a system of flexible cables, electric cars for
travel, and a possible precursor to the internet in electrically
connected “electroscope” networks.®* As in Looking Backward,
Bellamy’s sequel reinforces the role of electricity as a replace-
ment for whale oil and as a successor to steam; although Equal-
ity was written during the time of Niagara’s development, there
is no mention of the source of the electricity.*®

In 1890, Populist political leader Ignatius Donnelly pub-
lished Caesar’s Column: A Story of the Twentieth Century,
which describes electricity as a force that has been conquered,
as well as a force on which “the happiness of millions de-
pends.™® Extending Shelley’s depiction of electricity as life-
giving, Donnelly wrote of a future in which the “slow process
of agriculture would be largely discarded, and the food of man
would be created out of the chemical elements of which it was
composed, [then] transfused by electricity and magnetism.”’
In Donnelly’s future world, the technology of electricity is far
more advanced, dynamos are replaced by the “magnetism of
the planet itself,” there are electric magazines, and electric air
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transports that consist of “huge, cigar-shaped balloons, unat-
tached to the earth.”® By removing dynamos from the future,
Donnelly not only increased the distance between generation
and consumption, he removed generation completely, making
the derivation of electrical energy completely inconsequential.
Clearly, in this scenario electricity becomes the transforma-
tive technology, yet since Donnelly’s novel is a dystopian rant
against capitalism, only the ruling elite truly enjoy the spoils of
technology. As with Bellamy’s work, Donnelly’s novel is a cau-
tionary tale against the excesses of capitalism, and along with
equating electricity with technological advances, both works
portray electricity as an egalitarian social force, in contrast to
Gilded Age coal-based capitalism.

Donnelly and Bellamy were not alone in associating elec-
tricity with a cleaner, better future. William Dean Howells,
one of the most influential and widely circulated authors of the
period, also saw electricity as part of an improved future.®® In
Howells’s utopian A Traveler from Altruria, published in 1894,
“the capitals are clean,” partly due to “electrical expresses that
transport the artist, the scientist, and the literary man.””® While
Howells was cleaning up cities with electrical expresses, in The
Human Drift, author King Camp Gillette envisioned a modern
world powered by electricity derived solely from hydropower.
Clearly motivated by the excitement over the coming of Niag-
ara, Gillette’s utopian city of Metropolis is completely powered
by hydropower-driven dynamos. Located “about ten miles east
of Niagara and Buffalo,” Metropolis includes not only manu-
facturing centers but also luxury apartments that are “heated
and cooled by automatic mechanisms, lighted by electricity,
and electrically connected with the whole outside world.””!
Gillette’s work serves as another example of coal, smoke, and
steam as the antipode of the utopian space.

In feminist utopian works of the time, electricity plays a
commanding technological role as well. Mary Bradley Lane’s
publication Mizora: A World of Women (1881), includes car-
riages propelled by compressed air and electricity, and since
Mizora is a haven in the center of the earth, the “dreamy day-
light” is produced by electricity.”” As in Donnelly’s work, the
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Mizorians in Lane’s novel rely on electricity to produce their
food, utilizing electricity, carbonic acid gas, and hothouses to
grow fruits and vegetables. In Mizora electricity sustains life,
yet the precise source of it is unclear. Anna Bowman Dodd’s
The Republic of the Future, Or, Socialism a Reality, from 1887,
uses electricity to send food great distances through “culinary
conduits” and to run all of the machinery in the home.”” As a
visitor to the year 2050, Dodd’s protagonist, Wolfgang, writes
to his friend Christina, who lives in 1887: “I had noticed al-
most immediately on my arrival that throughout the city, not a
chimney was to be seen. It naturally followed that, there being
no chimneys, there was also no smoke, which therefore made
this already sufficiently clear atmosphere as pure as the air on
a mountaintop.””*

Throughout these works, the utopian worlds are egalitar-
ian, communalistic, and above all, electric. While these por-
trayals reflect a style of technological utopianism that positions
coal and steam as technologies of a dystopian world, they are
also forced to remove dynamos and further abstract energy
and electrical generation. Unlike any of the other works dis-
cussed here, William Dean Howells came close to recognizing
this issue when his protagonist, Mr. Homos from the utopi-
an island of Altruria, explains: “It was long before we came to
realize that in the depths of our steamships were those who
fed the fires with their lives, and that our mines from which
we dug our wealth were the graves of those who had died to
the free light and air, without finding the rest of death. We did
not see that the machines for saving labor were monsters that
devoured women and children, and wasted men at the bid-
ding of the power which no man must touch.”” As with many
of these other works, Howells does not address the source of
Altruria’s electric power, but the passage above does start to
connect consequence to abstracted energy. The depths of the
steamships, the mines far away, and the machines not seen in
Howells’s world directly equate to Adam’s “dirty engine house”
in Chicago and the growing space between power generation
and consumption that are about to follow. While Howells be-
gins to identify the issue, he falls into the same trap as the other
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works—their utopias need electricity, but there is no utopian
method to provide the power they need. As a result, the future
worlds deal with the provision of electricity through the means
of power magically derived from the earth or atmosphere, or
generation is not dealt with at all, suggesting to the reader that
dynamos are unnecessary and will long be a thing of the past
by the year 2000.

Beginning in the mid-1880s, the development and gradual
adoption of alternating current technology allowed for increas-
ingly larger distribution systems that placed more physical
space between the generation and the consumption of electrici-
ty. Fully realized at the Chicago Columbian Exposition in 1893,
this and other advances in electrical engineering created an
imagined White City, void of steam and smoke, which reflected
the possibilities of technological utopianism. As Chicago cap-
tivated both the public and the press, the promise of unlimited
clean power from Niagara Falls contributed to a public senti-
ment that positioned electricity apart from coal, further ab-
stracting the dynamo from usable electric power. In the press,
speculation that electricity could be stored and would elimi-
nate fire and that the ideal city could be realized continued to
contribute to the idea that electricity was an energy panacea.
By the end of the nineteenth century, societal views of elec-
tricity had undergone a shift. What was once a magical novel-
ty was becoming a force that represented mankind’s mastery
over nature and was a social solution to smoke- and fire-based
drudgery. In end-of-the-century American utopian novels,
electricity as the featured technology solved problems of food
production, transportation, and coal-based capitalism. While
the forward-looking literature of the day influenced society’s
view of electricity as a savior, it also promoted the myths that
grew out of the White City and the anticipation of Niagara, of
unlimited electrical energy with no coal and no consequences.
The idea that electricity was an exceptional energy source dis-
associated from smoke and fire remained part of American
culture as the modern electrical grid began to take shape.
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CHAPTER 7

TURBINES, COAL, AND
CONVENIENCE

There will be no further need of digging dirty coal, for cheap
and clean electricity will light and warm the world and fur-
nish motive power.

Walter J. Ballard

Driving by 1111 W. Cermak Road in the Pilsen neighborhood
of Chicago today is an uneventful experience. Situated between
the South Branch of the Chicago River and a single-track rail-
road siding is an abandoned power plant once known as the
Fisk Street Station. With locked chain-link gates and a smoke-
stack void of emissions, the plant is now quiet. The last load of
coal delivered from Wyoming’s Powder River coal region by
rail arrived in midsummer of 2012, more than a century after
the plant first went into service. At the time of its closing, the
Chicago Tribune quoted the director of the Environmental Law
and Policy Center in Chicago as saying that the closing “marks
a turning point from Chicago’s reliance on two highly pollut-
ing coal plants that use fuel from out of state to a cleaner energy
future that’s less polluting and uses more Illinois wind and oth-
er clean resources.” Celebrated in terms of environmental in-
consequentiality when it opened in 1903, reporters praised the
coal-fired plant in much the same way as they did Niagara Falls
few years earlier. The plant was deemed “smokeless” and her-
alded as “One of the World’s Seven Wonders” that would “di-
minish smoke throughout the city” due to its 205-foot smoke-
stacks.” The Fisk Street Station was the brainchild of Samuel
Insull, a protégé of Thomas Edison. While Edison’s first plant
in Manhattan twenty-one years earlier was significant as the
first attempt at central station generation, Fisk Street had a far
greater effect on the future of energy in the country. Fisk Street
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marked the beginning of an electrical generation and trans-
mission paradigm that made coal-derived energy invisible, es-
tablished coal as the nation’s prime mover, and contributed to
the belief that electricity was a clean and modern technology.

The physical structure of the modern electrical grid began
to emerge in the early decades of the twentieth century. Along
with the establishment of technological systems that would re-
main in place, social views of energy consequentiality and con-
sumption had already begun to form and were equally endur-
ing. Having passed through stages of energy abstraction that
went from the mysterious to the utopian, electricity was widely
adopted in American society, eventually becoming the sine
qua non of progress and modernity. As the twentieth century
began, a radical disruption occurred within previous models
of power generation and distribution by the development of
steam turbines and the deployment of large regional transmis-
sion systems made possible by alternating current. This emerg-
ing paradigm became the model for energy distribution for the
next one hundred years and further separated power genera-
tion from power consumption geographically.

Simultaneous to the technical turn, a cultural shift was un-
der way. As forces of consumerism and Progressivism took hold
in an expanding American middle class, an ever-increasing
faith in technology along with the rise of advertising posi-
tioned electrification as a gateway to modernity. With the de-
mand for electricity growing and the economies of scale made
possible by steam turbine power plants such as Fisk Street, the
cost of electricity decreased and energy consumption rose dra-
matically. By 1930, over 80 percent of households in the nation
were electrified, the conscious disassociation of coal from elec-
tricity accelerated, and as electricity became inextricably tied
to American consumer culture, unlimited power consump-
tion was encouraged.” While both marketers and intellectuals
passed along celebratory cultural messages informing the pub-
lic that the Age of Electricity had arrived and the Age of Coal
had passed, the nation consumed more coal than ever before.

As the twentieth century began, electrification in the Unit-
ed States was in a state of flux. Since the start-up of Edison’s
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Pearl Street Station in 1882, the methods and technology
behind electrical generation and transmission had evolved
asynchronously, which led to systemic discontinuities. Charac-
terized by a mix of existing direct current systems and emerg-
ing alternating current systems, electric power distribution was
a nested structure of subsystems, characterized by what histo-
rian Thomas Hughes refers to as “reverse salients.” Hughes de-
fines these as components in a system that do not “march along
harmoniously” with other components.” If the system is to pro-
ceed, the reverse salient requires correction or resolution. In
the closing years of the nineteenth century, expansion of elec-
trification was hampered due to its basis on an Edisonian direct
current paradigm, characterized by small municipal or private
power plants providing electrical power to confined areas. The
main focus for Edison, Westinghouse, and others was to sell
equipment, lightbulbs, appliances, power generation systems,
and franchises. Within these small systems, electrical current
was often sold on a per-lamp basis—a carryover from the cap-
tive arc-lighting systems of Brush and others.® The shift away
from direct current began in 1893 with Tesla’s innovations, the
adoption of alternating current technology at Niagara, and the
subsequent beginnings of long-distance transmission of elec-
trical power. While these technical advances were significant,
the method of power generation went largely unchanged, and
electricity remained an energy source primarily derived from
the burning of coal.

Between 1894 and 1912, a radical disruption in technolo-
gy altered the way electricity was generated and distributed
in the United States. In the process, power generation became
farther removed from power consumption, the electrification
infrastructure became less visible, and coal became established
as the primary fuel source for the generation of electricity for
a century to follow. While names such as Thomas Edison,
George Westinghouse, and Nikola Tesla loom large in the his-
tory of technology, the long-term impact of Samuel Insull had
a greater effect on how Americans perceived and consumed
electricity. Under the direction of Insull, Chicago Edison built
a model of power generation, distribution, and marketing that
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the entire country eventually adopted, displacing existing sys-
tems that had been in operation since the 1880s. This process of
change began at the Fisk Street Station.

Prior to the late 1890s, electricity in the country was pro-
duced by generators driven by coal-fired reciprocating steam
engines, an engine design that had been fundamentally un-
changed since its invention by Matthew Boulton and James
Watt a century earlier. Although there are significant differ-
ences in reciprocating steam engines, at the core are pistons
and valves, and the familiar up-and-down motion that is con-
verted to a circular motion as in a locomotive’s drive wheels.
In the early days of power generation, the rotary motion of the
steam engine was connected to a generator with a drive belt
that turned an armature to create electrical current. The first
electrical generation stations were of this design, including Ed-
ison’s Pearl Street Station in Manhattan. From a technological
standpoint, this pairing resulted from the fact that reciprocat-
ing steam engines were established prior to the invention of the
generator, and the two contrivances became adapted to create a
power generation system. At best, reciprocating designs were 20
percent efficient, meaning that only 20 percent of coal’s chem-
ical energy was converted into reciprocating motion.” The lack
of efficiency meant that more coal had to be burned to produce
a megawatt of electricity, and since the variable cost of plant
operation is mostly in fuel, the cost of electricity was high.

In 1884, Charles Parsons of England perfected a steam tur-
bine generator or “turbogenerator” that altered the calculus of
coal-to-electricity efficiency. Compared to a reciprocating en-
gine, a steam turbine is smaller and lighter per unit of horse-
power, and rotates at a higher speed, gaining efficiencies of up
to 80 percent.® The operation of a steam turbine is straightfor-
ward: injected under pressure, steam flows onto enclosed rotor
blades, causing them to spin (the principle is broadly similar
to that of a pinwheel, where moving air creates rotary mo-
tion). Because there is no conversion from reciprocal to rota-
ry motion, and because more of the potential thermal energy
can be utilized, turbines gain both efficiency and speed. The
turbine design eliminated a separate engine and drive belt sys-
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tem entirely, as steam-driven turbine blades were integral to
the generator’s shafting. All modern power plants use steam
turbines—coal, nuclear, or natural gas, and all are methods of
heating water to produce steam to drive turbines. One of the
first successful installations of a steam turbine was that of a
small Parson-type seventy-five-kilowatt generator in England
at Newcastle in 1890, and the first large-scale generation plant
went online in 1899 in Eberfield, Germany, with a capacity of
1 megawatt, followed by 2.5-megawatt units in Frankfurt in
1901.° In 1895, New York Edison’s West 39th Street plant in-
stalled the first steam turbine in the United States.'” While the
first American-built units were small, with capabilities to gen-
erate about 500 kilowatts of power, by 1900 Westinghouse had
manufactured and installed a medium-capacity 1,500-kilowatt
unit at the Hartford Electric Company in Connecticut." (One
megawatt [MW] is equal to one thousand kilowatts [kW].)
These two early US installations represented an experimental
stage of turbine technology; it was not until 1903 that Insull
deployed turbines on a large scale at the Fisk Street Station.
Insull did not invent the steam turbine, nor was he the first
to utilize it, but he was the first to build high-capacity regional
central stations. Insull also consolidated small neighborhood
stations, which were artifacts of the Edisonian direct current
model and leveraged the economies of scale that resulted from
larger generation plants. When Insull became the president of
Chicago Edison in 1892, the technological momentum for the
wider adoption of electricity was well under way, and few were
more experienced in the burgeoning electric power industry at
the time. Starting his career as Thomas Edison’s secretary in
the 1880s, Insull was present for the start-up of the Pearl Street
operation and he remained in New York until J. P. Morgan
consolidated Edison’s business and transformed it into General
Electric. In 1892 Insull sought new opportunities and inter-
viewed with the board of directors of the fledgling Chicago Ed-
ison Company for the position of president. Despite the impres-
sion of an electric utopia at the Chicago Columbian Exposition
in 1893, outside of the fairgrounds the electrical infrastructure
of Chicago was patchwork, with more than forty-five electric
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companies operating independently.”” As one of the forty-five
operations, Chicago Edison was a small player in a disjointed
infrastructure whose territory covered fifty-six square blocks
in the downtown loop district.* A shrewd businessman who
was able to take advantage of the economic downturn in 1893,
Insull bought a number of competitors in the Chicago market,
and by 1898 Chicago Edison had a virtual monopoly on elec-
trical generation in the nation’s second-largest city."* Insull was
not a crusader with a desire to provide a cleaner, safer source of
power to the masses; he was cut from the mold of Gilded Age
capitalists, poised to exploit a new technology as profitably as
possible. At the core of Insull’s strategy was scale: larger gen-
eration plants that could produce more power at a lower cost.
While this yielded more profit for Chicago Edison, it also al-
lowed the company to sell electricity to the consumer at a lower
cost.

Insull’s focus on maximizing profitability in electrical gen-
eration was obvious, and along with many other power plant
operators, he believed that coal generation was the most prof-
itable method, even before the implementation of steam tur-
bines. Although Niagara had demonstrated the feasibility of
hydropower, the electric interests had always favored coal as
the most cost-effective way to generate power. At the National
Electric Light Association convention in 1898, Insull listened
as Mr. W. M. Walbank presented a paper on the cost of pro-
ducing electricity by hydropower at the Lachine Rapids instal-
lation in Montreal.”” After Walbank explained various aspects,
including capital costs to build the plant, generation capacity,
and cost of water rights, he concluded, “From the foregoing,
the writer trusts that he has shown that where reliable water
power can be obtained within reasonable distance from power
centres it can be made to produce cheap electric current, to say
nothing of the great advantages the city must derive therefrom,
not only commercially, but viewed from a sanitary standpoint
as well, as the use of electric power thus generated is the best
smoke consumer yet invented.”'® The debate that ensued after
Walbank’s presentation centered on the relative cost and merit
of electrical generation with a hydropower plant versus a steam
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and coal plant. American utility interests in the room espoused
the lower cost of steam; standard steam plants at the time cost
much less to build than hydropower plants, and the cost of the
coal fuel was offset by the lower capital costs of construction.
The issue of smoke—Walbank’s mention of the sanitary stand-
point—was not addressed in the debate. Comments by Insull
and other plant owners focused purely on cost to produce a
kilowatt-hour of electricity.

With a keen focus on profits, Insull was naturally interest-
ed in the efficiency possible in steam turbines, and during a
1901 European vacation, he first saw the large German instal-
lations."” Intrigued by the efficiency and potential profitability
of the units, Insull approached General Electric (GE) about the
possibility of supplying him with a five-megawatt steam turbine
for a plant Chicago Edison was planning to build. Although
GE had encouraged him to take on a smaller, one-megawatt
unit, Insull persisted and guaranteed to take a portion of the
risk if the unproven design failed.” In the fall of 1903, the five-
megawatt turbine went online at Fisk Street, and within a year
and a half, Insull scrapped the five-megawatt units for turbines
of thirty-five megawatts. By 1906 the total output of the sta-
tion was 156 megawatts."” Insull realized that lowering the cost
of producing electricity not only resulted in greater profits but
also gave Chicago Edison the ability to offer electricity at lower
rates than competitors and allowed him to market his energy
as inexpensive. The adoption of steam turbines for generation
led to a major shift in how electricity was produced, and In-
sull’s move set the trend. Within a year after the construction
of the Fisk Street plant, General Electric and Westinghouse had
manufactured and sold steam turbines across the country that
represented a total generation capacity of 540 megawatts.?® The
age of the coal-fired steam turbine for the generation of elec-
tricity had arrived.

Just four years after Fisk Street went online in 1903, the cost
of coal as a percentage of total operating costs of large central
generation stations had dropped by 3 percent, a trend that con-
tinued as turbines increased in size.”" In addition to the cost of
coal itself, the economies of scale achieved from the steam tur-
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bines came from a number of factors, including reduced cap-
ital costs relative to generation capacity and plant efficiency.”
Before the advent of steam turbines, reciprocating-piston-type
steam engines achieved a thermal efficiency of 3 to 5 percent.
Simply stated, this means that only 3-5 percent of the heat en-
ergy produced is utilized for work, while the remaining 95-97
percent is wasted. Early steam turbines improved thermal efhi-
ciency by a factor of three to five times by achieving efficiencies
of 15 percent.” For those considering relative costs of alterna-
tive fuels such as petroleum, natural gas, and ethanol, which
were rarely used at the time, nothing came close to coal for
low-cost energy generation.”* A US Department of Agriculture
report from 1908 found that “it was possible to buy eight times
as much energy in the form of cheap coal” when compared to
most other fuels.” Although hydropower garnered consider-
able excitement in the press and among engineers who were
attracted to a potential fuel cost of zero, energy executives were
well aware of the high cost of hydropower plant construction,
maintenance, and the interest on debt to finance their con-
struction.”® In addition, those in the power industry feared in-
terruption by natural forces such as drought or floods and laws
that discouraged the development of hydropower. Legal obsta-
cles such as gaining permission for transmission right-of-ways,
public domain rights, and other legislative hurdles were bur-
dens not inherent in unregulated steam plant construction.”
With coal plants already being less expensive to build and
more profitable to operate, the consideration of mine-mouth
plants—steam turbine plants built directly proximal to coal
mines—further added to the promise of coal for future profits
by eliminating the freight costs of coal.*®

As coal cost and supply became critical to the operation of
profitable electrical generation, Insull invested in coal to ensure
a stable supply. Francis Peabody, an aspiring coal magnate in
the early years of the twentieth century, needed considerable
capital to grow his company. Insull had capital and needed
coal. The two men struck an agreement in 1913 for Peabody to
supply Chicago Edison with all the coal that it needed for the
foreseeable future at cost, plus a small profit.? With the con-
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tract in hand, Peabody bought additional mines to supply the
coal that Insull required. Whereas the power companies may
have had the biggest incentive to use coal due to its profitability,
capitalists such as Insull and Peabody were not the only parties
responsible for locking in coal as the nation’s ultimate source
of electricity. Mine owners, especially Peabody, and labor made
sure that the coal supply was steady and inexpensive. After Pea-
body won his first contract to supply Chicago Edison with coal
in 1913 for half a million tons per year from mines in southern
Illinois, he negotiated with John L. Lewis of the Illinois mine
workers’ union.” Peabody agreed to support safety laws for the
mines and in exchange Lewis agreed that all contracts between
the mines and the union would expire on April 30 of each
year—just prior to the summer months, when the demand for
coal and electricity was at its lowest.”" From the late 1890s until
World War I, the average price of bituminous coal rose more
slowly than the wholesale price index and remained lower and
more stable than crude petroleum and anthracite coal.*

The profitability realized due to the construction of large
steam turbine plants and inexpensive coal was occurring not
only in Chicago. In 1906, reciprocating steam engines began
to be replaced by five-kilowatt steam turbines at the Twin City
Rapid Transit Company plant in Minneapolis, building on
the success of installations in Chicago and New York.* In the
emerging power grid in the United States, larger turbine plants
served more distant regions, further separating electrical gen-
eration from consumers.** For example, in 1913 a five-megawatt
steam turbine plant in Missouri Valley, Iowa, displaced three
smaller, unprofitable regional plants. A similar coal-burning
plant built near Galena, Illinois, served customers in a two-
hundred-square-mile area. Missouri’s Empire District Elec-
tric Company began servicing a scattered population of over
150,000 people and 165 miles of interurban railway via a cen-
tral station with over one hundred miles of high-voltage trans-
mission lines.* In all of these instances, economies of scale re-
alized by efficient steam turbines, an inexpensive coal supply,
and capital costs spread over an increasing customer base kept
the cost of electrical production down and helped to embed a
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coal-based model that became widely adopted during the early
twentieth century. While independent operators duplicated In-
sull’s model of larger plants, Insull himself expanded his hold-
ings—by 1907 he owned twenty additional utility companies
and exploited the scalability of steam turbine generators and
alternating current transmission to control the entire electric
supply in Chicago. In 1911 he established the Public Service
Company of Northern Illinois and controlled thirty-nine more
electric companies; in 1912 he formed Middle West Utilities to
acquire more electric companies throughout the Midwest.*® By
the second decade of the twentieth century the steam turbine
had completely changed the calculus of electrical generation in
the country. Insull established the model for large regional sys-
tems serving consumers increasingly distant from the plants
that supplied them with power, and the nascent power grid
evolved with coal and steam at the core.

As the total electrical generating capacity in the United
States increased from 2,987 megawatts in 1902 to 10,980 by
1912, the majority of the increase came from coal-fired tur-
bine plants, firmly indicating the acceptance of the technology.
The adoption of the steam turbine, along with the confidence
in the future of hydropower, came at the expense of research
into alternate sources of energy. As John Adolphus Etzler in the
early 1800s and John Ericsson in the mid-nineteenth century
discovered, power companies had no incentive to pursue any-
thing other than power generation by large coal or water tur-
bine installations. Along with the socially driven momentum
of electrification, the steam turbine had taken on a momentum
of its own, as research and development concentrated on engi-
neering bigger and more efficient turbines. Insull, for example,
scrapped the original turbines installed at Fisk Street in favor
of larger turbines when “the progress of the art was such that
practically the same boiler room arrangements” were able to
operate turbines with a much higher capacity.”” Even though
there is evidence of interest in pursuing wind-driven electrici-
ty generation, neither General Electric nor Westinghouse—the
two major generator manufacturers in the country—had any
reason to pursue it.
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Ironically, it was in the West, atop some of the nation’s larg-
est coal reserves, where one of the most serious early pursuits
of wind power occurred. In April 1913, Frank Bosler, a rancher
outside of Laramie, wrote to General Electric’s manufactur-
ing division to inquire about harnessing the wind to generate
electricity for a regional power system he planned to build.
Responding to Bosler, the company stated that “they had not
developed any particular apparatus for wind generation,” and
were positive that wind would not work for electricity gener-
ation due to the inconsistent nature of wind speeds.’® Bosler
responded that the wind in Laramie was constant, and he pur-
sued his idea by exploring the possibility of rigging together
windmills with belt-driven dynamos and using batteries to
store power. A letter from the Electric Storage Battery Com-
pany of Philadelphia to Bosler echoes the position of General
Electric, that wind was an “unreliable energy source.”” Bos-
ler continued to experiment with wind power until 1916, after
which time he began to pursue both hydropower and coal-fired
plants. With the adoption of coal-fired steam turbine technol-
ogy on a broad scale, the development of and interest in alter-
native energy sources such as wind were largely dismissed for
nearly a century.

By 1912, every state in the country with the exception of
Delaware and Utah had operable central station coal-burning
steam turbine generation plants, and five states—Illinois, New
York, California, Pennsylvania, and Massachusetts—garnered
the majority of their electricity from large turbine plants.** As
turbine sizes increased, the number of coal-fired steam gen-
eration plants decreased as per-plant capacity increased—this
did not mean that less coal was consumed; it simply meant that
more coal was consumed in fewer plants. Because of their ca-
pacity, coupled with alternating current, turbines allowed for
the building of bigger generation plants, which in turn could
serve more consumers in a wider geographic area. Older, inef-
ficient plants were converted to substations, which did not gen-
erate power but stepped it down to lower voltages appropriate
for domestic use.*! As plants farther away replaced older sta-
tions in populated areas, fewer consumers witnessed the smoke
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of power generation, which in turn added to the invisible qual-
ity of electrical power. While the statistics are incomplete for
the years prior to 1920, the number of generation plants in the
country fell from 2,422 in 1920 to 1,600 by 1930, a trend that re-
flected the move to large regional power plants that continued
into the latter part of the twentieth century.*

Despite the reality that the capacity of coal-fired plants was
increasing across the country, the myth of Niagara—that wa-
terpower would become the main source of the growing de-
mand for electrical power—persisted. A 1912 census report
noted:

One of the most important matters affecting the electrical in-
dustries is the use of water as a primary power. The development
in electrical appliances for converting water power into electric
energy, which by transmission lines is made available over large
areas, together with the economies of production, indicates a
continued increase in this form of primary power and a proba-
bility that it will to a still greater extent take the place of primary
power derived by the use of fuel.*?

The forecast that waterpower would outpace coal-based steam
for power generation was not totally unreasonable at the time,
as waterpower’s share of total electric production had increased
from 25 percent in 1907 to about 35 percent in 1912.** This
trend did not continue, as by 1930 waterpower supplied less
than 30 percent of the country’s electrical generation, and this
number declined further, making the years between 1912 and
1920 the peak years for hydro-derived electricity in the Unit-
ed States.”” While many may have believed that waterpower
would replace coal for the generation of electricity, plants like
Fisk Street consumed 2.5 tons of coal and 1,700 tons of water,
and discharged 62 tons of “waste gases and heated air” from its
five smokestacks, every minute—and this was a plant that the
Chicago Tribune heralded as “smokeless.”¢

The dissonance in the fact that a plant such as Fisk Street
could consume two tons of coal a minute while being deemed
smokeless was the result of another development that occurred
simultaneously to the adoption of steam turbine generation.

TURBINES, COAL, AND CONVENIENCE 133



Automatic stokers, which carefully regulated the draft and
smoke of burning coal in power plants, eliminated observable
smoke, and in turn converted the airborne effluent of com-
bustion into an invisible state.*” “Perfect combustion means
smokeless combustion” was the mantra of power plant man-
agers as they deployed stokers to eliminate visible smoke and
raise the efficiency of coal plants.*® Like the myth of hydropow-
er, the apocryphal nature of the smokeless coal plant took on a
life of its own. A steam plant planned for Saint Paul was noted
for being “a smokeless plant to which the health commissioner
may point with pride. The five big boilers are equipped with
special furnaces, and the competency of the stoking equipment
and the facilities for handling ashes and cinders may be best
appreciated by consideration of the fact that one foreman will
handle it all.™ Engineers promoted the notion of smokeless
coal even more.”* A number of experts in the field reported that
“there is no longer any necessity of polluting American cities
with volumes of smoke . . . experts assert that they are operating
smokeless plants and making steam economically with a coal
heretofore regarded as refuse and delivered to stations for 88
cents per ton.””! While individual power plant operators were
quick to point out that their plants were not public nuisanc-
es, the federal government reinforced the public’s notion that
coal was harmless if burned properly. In 1913, Samuel Flagg,
an engineer with the US Bureau of Mines, declared, “Coal can
be burned smokeless, if you give coal the proper chance to
burn.”* Authors of a 1909 government publication, The Smoke-
less Combustion of Coal in Boiler Plants, took the position that
the use of coal could be harmless and would make possible a
“clean and comfortable city,” and thanked the Peabody Coal
Company, the Westinghouse Machine Company, and the Un-
derfeed Stoker Company of America for providing illustrations
in the book.”

Stokers and so-called smokeless plants did not eliminate
greenhouse gases.>* The use of stokers and turbine power plants
at the same time was not part of a conspiracy to hide smoke
from the public at the turn of the century. Knowledge of green-
house gases, mercury, and other pollutants at the time was
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mostly limited to what people could observe, which was black
smoke. The goal for engineers was simply to make black smoke
go away; stokers were one way of achieving the goal, along with
recommendations that coal-consuming plants be removed
from areas of congested populations.> Between the use of stok-
ers and the new capability of high-capacity steam turbines and
alternating current transmission systems, the electrical infra-
structure began to become less visible. Coal-generated electric-
ity became more abstract and less salient with the reduction
of visible smoke. Experts in the field, engineers, and the press
shaped public opinion by characterizing new plants as smoke-
free. The disassociation of coal from electricity increased with
the removal of visible smoke from power plants in the begin-
ning of the twentieth century. At the same time that power
plants and transmission systems were becoming part of the
landscape, consumer demand was expanding exponentially.
The economies of scale realized by power companies led to less
expensive electricity to consumers—a calculated incentive on
the part of producers to maximize generation capacity—which
led to more widespread adoption of electrical power. At the
same time, a rising progressive middle class saw electrification
as a gateway to modernity, reinforced by the newly developed
art of advertising and consumer credit, which united to create
an electrified consumerism, eventually leading Americans to
become the highest-energy-consuming society in the world.>
William Leach’s 1993 cultural history, Land of Desire: Mer-
chants, Power and the Rise of a New American Culture, traces
the formation of consumer culture in the nation primarily be-
tween the years 1890 and 1930. Showing how entrepreneurs,
manufacturers, bankers, clergymen, and government leaders
produced a culture of consumers, Leach concludes that the con-
sumer capitalism that developed produced “a culture almost
violently hostile to the past and to tradition, a future-oriented
culture of desire that confused the good life with goods.”” From
a standpoint of periodization, paralleling Leach’s study was the
widespread electrification among the rising urban middle class
in the country, to whom, Leach observed, “electric light was the
radiant core of the consumer revolution.”® In Leach’s analy-
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sis, inexpensive electricity, first pioneered by Insull in Chicago,
“disproved the widely held claim that such light would remain
a luxury.”” The effect of cheaper electricity was felt not only
in Chicago; a report on a Nebraskan housewife published in
the 1920 National Electric Light Association Bulletin provides
evidence of how new economies of scale affected consumers.

A Nebraska housewife has sent to the Nebraska Committee on
Public Utility Information a graphic comparison of the cost of
necessities in the home covering the period of her married life. In
February, 1898, twenty-two years ago, she bought for a company
Sunday dinner, six pounds of potatoes, a thirteen-pound turkey,
three pounds of coffee, some raisins, mince meat, olives, celery,
two pounds of tomatoes, a pound of rice and a can of asparagus.
Her bill showed that this particular grocery order cost $4.74 in
1898, but that on the same date in February of this year it cost
$10.82 to duplicate the order. Upon request she looked up her
electric light bill of twenty-two years ago and found that she paid
$11.40, as against $2.09 in the same month of 1920, and she adds,
“There is no comparison in the quality of electric service now and
then, when we used the old yellow light globes and knew nothing
about electric irons, percolators or washing machines.”®

In the woman’s account, it can be observed that not only did
the price of electricity drop considerably, electric appliances
began to play a major role in the home.

Consumerism in the United States was only possible be-
cause of electrification, from electric lighting in the new class
of department stores such as Wanamaker’s in Philadelphia
and Marshall Field’s in Chicago to electric signage to the light
bulbs, lamps, and household appliances now run by invisible
power transmitted by wire. However inextricably tied togeth-
er consumerism and electrification were, the relationship be-
tween the inconsequential consumption of electricity and the
waning years of the Progressive Era runs deeper than merely
contrivances and brightly lit salesmanship. David Noble, in
America by Design, ties together the practical application of
technology and capitalism in the era and demonstrates how the
electric industry was “the vanguard” of not only science-based
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industrial development in the country but also a growing con-
fidence in engineers and technology.®’ Electrification was the
prototypical Progressive technology; it fed into the orderliness
of networks and was a rational, technical solution that repre-
sented an improvement in society, especially when contrasted
to fire and coal. As an advanced technology, starkly different
from past energy sources, electricity meshed well with the
Progressive propensity toward technical solutions to problems
such as smoke. As a building block of consumerism, electri-
fication helped to raise the standard of living across a broad
swath of social classes, from J. P. Morgan to the housewife in
Nebraska.

Cultural messages derived from the press, in advertising
and literature, celebrated the benefits and convenience of elec-
trical appliances and other contrivances in the home. Hoping
to take advantage of consumer desires and promote electricity
consumption, Insull opened the “Electric Shop” in Chicago in
1909. Catering mostly to the well off, Insull’s store was devot-
ed to the sale of electrical appliances. The shop sold a variety
of appliances, including toasters, corn poppers, curling irons,
heating pads, and gadgets claiming to have medical powers.®
For those in the power production business, the forming of a
new group of electrified consumers did not go unnoticed. In a
1906 issue of Cassier’s Magazine, which catered to engineers,
an article offers plant owners suggestions on how to increase
central station business by stimulating demand. The author
used examples such as advertising campaigns and letters so-
liciting the sale of electrical appliances, porch lights, and other
power-consuming conveniences.®

As electric utilities began to team up with Madison Ave-
nue and the rapidly refining art of advertising, the pitching of
electrical appliances became more provocative, especially as it
focused on women, the home, and family. In 1925 a newspa-
per advertisement from Insull’s Commonwealth Edison call-
ing for electrical mechanization of the home asked, “How Long
Should a Wife Live?™* In a Good Housekeeping article of 1918,
“We Recommend Electricity,” the author promoted the use of
a plug adapter that would allow for “a portable lamp, a chafing
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dish, toaster, percolator, and a fourth plug for the occasional
use of an iron.” Electric consumerism was now in full swing,
as women’s magazines promoted more appliances and more
outlets. Historian Ruth Swartz Cowan has theorized that by
advertising to women, appliance sellers and power companies
industrialized the household and shifted the burden of domes-
tic work from adult men to mothers. Janice Williams Ruther-
ford argues that electrification allowed women to be more effi-
cient and preserved the virtuous home for women who wanted
to succeed outside of the household.® The notion of gaining
efficiency through electrical appliances inside the home ran
concurrent to ideas about scientific management techniques
closely tied to Progressivism. While advertising that promoted
appliance sales and electricity consumption to women has been
the subject of several historical studies such as Cowan’s and
Rutherford’s, men were encouraged to buy electrical contriv-
ances and consume power as well.

In a bulletin in 1920 from the National Electric Light As-
sociation, the electric industry’s professional trade association,
member companies were encouraged to advertise in a wide va-
riety of magazines. Included in the bulletin’s targeted list were
magazines for boys and men along with most major women’s
magazines.” Boys™ Life articles featured the latest discoveries
in electronics such as the precursor to the television in 1920,
and in Popular Mechanics during the same year a wide vari-
ety of products were featured, from electric bathtub heaters to
arc welders.®® Men’s magazines featured a substantial number
of electrical health-related devices as well, such as the “Vi-Rex
Violet Ray” generator, which promised to, when rubbed on the
body, cure asthma, headache, and neuralgia and restore “en-
ergy and vim.” The promise of electricity’s potential curative
powers was not just a popular phenomenon but was reflected in
professional literature as well. Medical professionals promoted
electricity as a therapeutic agent that could provide a cure for
maladies ranging from impotence to tuberculosis. In 1907 Dr.
Samuel Monell of New York published a work with the rather
lengthy title Electricity in Health and Disease; A Treatise of Au-
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thentic Facts for General Readers, in Which Is Shown How Elec-
tric Currents Are Made to Act as Curative Remedies, Together
with an Account of the Principal Diseases Which Are Benefit-
ed by Them, which addressed the curative ability of electricity
applicable in afflictions ranging from cholera to “the impaired
voices of speakers and singers.”” The extent of Monell’s confi-
dence in electricity as a vital component of a physician’s toolkit
is evident in his work’s preface:

The general public for the most part knows electricity simply as
something for light, power, and commercial use. The Electrical
Engineer knows his currents in phases, cycles, volts, and terms of
copper. He works with mathematics and metals, neither of which
have nerves. But the physician who prescribes electricity must
know his currents in terms of tissues that feel, that breathe, and
that work constantly in their wonderful ways to carry on the pro-
cesses of life. To make these living tissues—nerves, blood-vessels,
muscle fibres, secreting and excreting organs, heart, lungs, liver
and kidneys—obey the laws of Nature and maintain health the
trained physician whose curative resources are up-to-date must
know electricity as the Artist knows his tools and what he can
make them do.”!

In 1919, Drs. George and Ralph Jacoby of Philadelphia pub-
lished Electricity in Medicine: A Practical Exposition of the
Methods and Use of Electricity in the Treatment of Disease,
Comprising Electrophysics, Apparatus, Electrophysiology and
Electropathology, Electrodiagnosis and Electroprognosis, Gen-
eral Electrotherapeutics and Special Electrotherapeutics, which
showed equal promise in the therapeutic qualities of electricity
in maladies ranging from psychoses to “paralysis of rectum.””?
While the effectiveness of various electric health devices and
treatments was questionable, the claims reflect the fact that
electricity itself was a new and unique force. In the early 1900s,
companies advertised curative electric belts in a number of
national magazines and sold them through popular catalogs
such as Sears, Roebuck and Company’s. Although the middle
class was the intended market for the belts, historian Carolyn
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Thomas de la Pefia has suggested that working-class Americans
purchased electric belts as well. Although many did not have
access to electricity, Thomas de la Pefia’s analysis indicates that
electricity as a technology garnered a special status in Ameri-
can culture.”

With the claims that electricity was a curative force for a
variety of health conditions, the technology had now reached
an omnipotent status. Defined in terms ranging from divine
to a solution for social issues since 1876, electrical energy was
constructed as a cure-all for ill health and an agent for conve-
nience by the 1920s. Consumption of electricity grew rapidly as
middle-class urban homes became electrified in the 1920s. The
percentage of urban homes with electricity doubled between
1920 and 1930, reaching 84 percent. Radios, refrigerators, vac-
uum cleaners, and other electrical devices drove appliance sales
from $833 million in 1921 to $1.6 billion in 19277 Adjusted for
per-dwelling usage, consumption rose from 339 kilowatt-hours
per dwelling in 1920 to 547 kilowatt-hours in 1930.7”

Sounding hauntingly like Mrs. Leete from Edward Bella-
my’s Looking Backward, written a quarter of a century earlier,
Helen Bartlett, a teacher of cooking at Salt Lake High School in
Utah, wrote in 1914, “Electricity does not poison the air. A can-
dle uses up almost as much air as a person. Compare a candle
with the burners of a gas stove and think what they do to the
air.”’¢ A Chicago School of Sanitary Instruction noted in that
same year, “When we sweep away dirty coals in favor of clean
electricity for running factories, heating houses, and cooking
food, we are likely to sweep away half the ills that human flesh
is heir to at the same time.””” As part of the proceedings during
the National Conference of Social Work in 1926, one speak-
er boldly announced, “The future belongs to clean electricity
and the mind can think as cleanly. We shall make little prog-
ress with programs until we learn to include electricity and the
mind of the youth in these programs.””® As electricity was in-
creasingly associated with the notion of clean—“clean electric
motors,” “clean electric plants,” “clean electric light”—it was
increasingly evident that the association between electricity
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and coal, fire, and smoke had been severed in the mind of soci-
ety.”” While Americans celebrated “clean electricity,” and “the
sweeping away of dirty coals,” electric utility companies’ coal
consumption rose from 31,640,000 tons in 1920 to 40,278,000
tons in 1930.%
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CONCLUSION

Journalist Frank Bohn’s feature “The Electric Age: A New Uto-
pia,” in the October 2, 1927, issue of the New York Times Mag-
azine, reflects a culmination of social messages that had been
attached to electrification:

Our world is being torn down and rebuilt. Economic society is
now experiencing the most remarkable transformation in its his-
tory. The last century and a half constitutes a peculiar epoch: It
began with the steam engine and the first industrial revolution.
It is now closed by the electric superpower system and the new
industrial revolution. Looking back upon it we now begin to see
it in clear historical perspective. The older industrialism should
be seen as the introduction to the new. The first industrialism was
the gift of England. The new revolution is the peculiar creation of
this country. Two-thirds of the machines in our American facto-
ries are now run by power from central plants. We have already
entered the Electric Age. The new process is changing much more
than the mere means of production. It is transforming the inner
as well as the outer conditions of human life. We see, we hear,
we speak, we learn, by means of new and marvelous mechanical
instruments. These instruments have already begun to work their
change upon the individual mind and society. Yet we are only
beginning.'

Richly adorned with a photograph of Niagara Falls, the cover
story sent a strong message that electricity was a nonsteam,
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noncoal, energy panacea. Bound together with themes of trans-
formation, electricity was portrayed as a complete departure
from all that had come before. Through the declaration that
the country had now entered the electric age, the acquisition of
more electrical appliances was encouraged as a gateway to an
improved future. Absent from Bohn’s article was any mention
of coal. With Niagara as the featured photograph and the state-
ment that the age of steam had passed, the true nature of elec-
trification was obscured behind the mist of falling water. In the
eyes of Bohn and other Americans who saw electricity as a cure
for society’s ills, electrical energy was changing the means of
production, changing individuals, and changing society.

Bohn was not alone in his electrical boosterism. News-
papers and magazines in the opening decades of the centu-
ry celebrated the miracle of electricity, as did those in society
who consumed it. In an edition of the Washington Times from
1922, a Mrs. W. H. Stewart won a letter-writing contest with
this entry:

Electrical experience will convince any woman that a few yards
of electric wire in her home can do more toward her emancipa-
tion than Congress can. Gone is blue Monday. The electric washer
has transformed it into roseate hue. An interesting hour in the
morning results in the completion of the family wash. Afternoon
free for study or profitable shopping. Ironing, too, has resolved
itself into a pleasure, when an electric iron guards off overheat-
ing. Because of electricity, the servant question has been solved.
A vacuum, not woman, does the cleaning, eliminating dusting,
unsightly hands and dust-filled pores. There’s now time for wom-
an’s mental improvement, social pleasure and electrical massage,
which stays the marks of time. Breakfast grouchiness, so trying
to every stage of married life, is vanquished by electricity. Now,
mother, sweet and beautifully coiffured (her electric curler has
superseded curl papers) makes no tiresome trips into the kitchen,
but serves coffee from an electric percolator, toast from an elec-
tric toaster, and who can enumerate the advantages of the grill?
Rested and smiling when husband comes home, wife plays their
favorite music on the electric graphophone or piano. No club
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for him now. Together they sit beneath the softly shaded electric
lamps, happy as lovers.?

During the same decade in which Bohn and Stewart wrote,
the percentage of urban homes with electricity began to in-
crease, from 47 percent in 1920 to 84 percent in 1930. For some
working-class people and tenement dwellers in the first two de-
cades of the 1900s, electricity in the household was a marker of
modernity and properity, as it represented an alternative to the
drudgery of managing fires and fuel.> Whether one lived in an
electrified household or not, the enthusiasm for clean, conve-
nient energy cut across class lines. By the close of the 1920s, the
“typical” house has not only electricity but also several appli-
ances.! By 1921, 64 percent of urban, “industrial class” homes
has at least an electrical iron, and over 40 percent of “average”
homes had a vacuum cleaner.” Clearly, electricity had met an
enthusiastic acceptance as a necessary part of American life by
1930.

While journalists and the lay public had nothing but praise
for the benefits of electrical power, cultural messages from
experts and those influential in society continued to position
electricity as environmentally inconsequential. Charles Robert
Gibson, a distinguished associate of the Institute of Electrical
Engineers, wrote in his book The Romance of Modern Electrici-
ty, “It seems to me very probable that before another generation
has come and gone people will have no cause to grumble at
smoke and dirt in the atmosphere of cities, as the whole energy
required for motive power, heating, and lighting may be de-
livered from one great generating station outside of the city.”
Gibson’s belief that moving generation stations outside of the
city was a solution to smoke and dirt in the atmosphere reflects
a mentality perpetuated by electricity’s unique ability to travel
long distances by wire. His supposition also demonstrates how
the environmental aspect of energy exceptionalism had man-
ifested itself, that the atmosphere was both forgiving and too
big to foul. Just as engineers in the 1870s had advocated higher
chimneys to solve the problem of smoke, the out of sight, out of
mind mentality remained firmly entrenched in the 1930s.
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Writing in 1934, influential architect, historian, and social
theorist Lewis Mumford reinforced the theme that electrifica-
tion marked the beginning of a new age, which he referred to as
the “neotechnic phase” of civilization. In his work Technics and
Civilization, Mumford wrote,

Unlike coal in long distance transportation, or like steam in local
distribution, electricity is much easier to transmit without heavy
losses or higher costs. Wires carrying high tension alternating
currents can cut across mountains which no road or vehicle can
pass over; and once an electric power utility is established, the
rate of deterioration is slow. Moreover, electricity is readily con-
vertible into various forms: the motor, to do mechanical work,
the electric lamp, to light, the electric radiator, to heat, the x-ray
tube and the ultra-violet light, to penetrate and explore, and the
selenium cell, to affect automatic control.”

Mumford’s writing reflects just how pervasive ideas about
electricity as a technological actor independent of coal were.
Breaking completely from a previous period he referred to as
“carboniferous capitalism” in a “paleotechnic” phase of society,
Mumford’s neotechnic phase of civilization marked the begin-
ning of a separation from the burdens of coal and steam that
had come before.® As with those in the past who saw electricity
in religious terms or as a solution to social problems, Mum-
ford’s work perpetuated the utopian narrative of electricity as
a panacea. Along with positioning electricity as a harbinger
of modernity, cultural messages that equated it with energy
abundance encouraged consumption and related electricity
to American nationalism.” Increased usage of electrical power
was becoming a point of national pride that President Herbert
Hoover saw as a force that had “lifted the drudgery from the
lives of women” and had “taken sweat from the backs of men.”"

In a span of fewer than fifty years, from Edison’s start-up of
the Pearl Street Station in Manhattan to pundits’ pronounce-
ments that the age of steam had passed, coal-fired electrical
generation in the United States increased exponentially. As
electric companies were promoting their energy as a gateway
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to modernity, coal consumption grew from thirty-one million
tons in 1920 to forty million tons a decade later. By 1940, coal
consumed for the generation of electrical power would near-
ly double the amount consumed just twenty years earlier."
As central stations further separated power generation from
power consumption, they also separated coal from conscious-
ness. The energy infrastructure behind the wall outlet became
obscured as cultural messages positioned electricity as a new
kind of energy that was different from the age of steam that had
come before. Through the entire time that this new energy con-
sciousness was occurring, more steam turbines were coming
online, and the fires from coal continued to burn.

This study ends in the 1930s. By the opening of that decade,
electricity had become positioned as energy-independent from
coal and a new American energy consciousness was in place.
Unique from any technology that had come before it, the ne-
cessity of electricity had become such that Franklin Roosevelt
would make it a cornerstone of his 1932 bid for the presidency.
In his Portland speech of September of that year, Roosevelt ef-
fectively declared that electricity was an American right, a “defi-
nite necessity” that would preserve the “social order” of Ameri-
can life."” Later, when Roosevelt signed executive order number
7037 in 1935 to create the Rural Electrification Administration,
he put into action legislation that would further expand the
reach of electrical power. Prior to Roosevelt’s directives, power
companies had already begun gearing up for runs of power that
would add more space between electrical generation and con-
sumption. High-voltage lines and systems would now allow for
the economical transmission of electricity to greater distances,
further separating coal from the purview of American society."

While the physical distance between electrical generation
and consumption continued to increase beyond the 1930s,
cultural messages removing coal from the equation continued
as well. As the Tennessee Valley Authority (TVA) became a
subject of national attention under FDR’s presidency and into
World War II, TVA war propaganda posters picturing dams
and pronouncing “Out of Water Power Comes Air Power” con-
tinued to associate electricity exclusively with hydropower."
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While this may have been true for some defense plants in the
South, it was by no means the rule, and by 1944 the burning
of coal for electricity generation would double that of its rate
in 1920."” Beyond the 1940s and into the era of nuclear elec-
trical generation beginning in the 1950s, rhetoric such as that
contained in President Eisenhower’s “Atoms for Peace” speech
in 1953 and Allan C. Fisher Jr.s article “You and the Obedi-
ent Atom” in National Geographic in 1958 reinforced ideas that
electricity was and would be in the future separate from coal.
When Eisenhower asserted that “abundant electrical energy in
the power-starved areas of the world” would be provided by the
atom, he perpetuated ideas about a coal-free future of endless
energy.'® Five years later, Fisher promised “abundant energy re-
leased from the hearts of atoms” to a generation unaware of the
circumstances of their own power consumption."”

While the contribution of damaging environmental effects
from nearly eighty years of coal-fired electrical generation were
largely unknown to the public in the 1960s, the salient dangers
of nuclear power manifested themselves in stark contrast to the
invisible threat of burning coal. The very real consequences of
early nuclear disasters such as that at Three Mile Island in 1979
went far to shift the public’s attention further away from the
deleterious effects of burning coal that would begin to come to
light in the same decade.

From today’s perspective, it is not easy to imagine the world
without electricity. This book argues that the nature of electri-
fication as an energy system contributed to a culture of Amer-
ican energy and environmental exceptionalism, but it does not
contend that electricity was in itself a technology of declension.
The fast adoption of electricity was clear evidence of its accep-
tance by and usefulness to society. In his work of 1988, The Evo-
lution of Technology, historian George Basalla explores the idea
that technology evolves to meet the needs of humanity.’ While
Basalla asserts that scholars have maintained that technology is
not necessary for meeting animal needs in humans, humanity
began to cultivate technology for “human life, the good life,
or well-being.””® Regardless of one’s position on the issue of
technology as a necessity or as production of the superfluous,
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Americans adopted a culture in which electricity was sine qua
non, an essential element for well-being. In the process of doing
so, the primary method of electrical generation was dictated by
the social demand and available technology.

Just as this book does not contend that electricity was a re-
grettable technological advance, it also does not contend that
electrical infrastructure in the United States could have evolved
differently than it did. The only viable mechanical rotary prime
movers that existed during Siemen’s and Gramme’s perfec-
tion of practical dynamos were hydropower and steam en-
gines. Considering the capital cost, mobility, and on-demand
capability of the steam engine, it was the clear choice for gen-
erating electricity. The low cost, efficiency, and availability of
coal dictated that it would be the primary energy source for
the evolving electrical grid. American society’s demand for
electricity—in large part created by the utility companies who
would profit from it—consistently outstripped any realistic
chance of a practical renewable or alternate energy electrical
infrastructure. In the first century of electrification, forces of
consumerism and convenience, along with the cultural posi-
tioning of electricity as the gateway technology to modernity,
combined with the invisible nature of generation and distribu-
tion to eliminate any social need for noncoal alternatives.

Revisiting those who did pursue alternative energy technol-
ogies in American history reveals a tragedy of timing. At every
juncture, alternatives to coal were impractical for supplying the
around-the-clock demand dictated by a rapidly growing nation
and there were no pressing social trends to drive the develop-
ment of sustainable sources of energy. Coal was inexpensive,
had technological momentum, and the long-term effects on the
environment were unknown.

Prior to the development and adoption of electricity as a
practical power source, utopianist John Adolphus Etzler was
pursuing wind power as an alternative to coal. Etzler claimed
that there were “powers in nature at the disposal of man, mil-
lion times greater than all men on earth could effect.”*® Etzler
was studying engineering in 1824 at the same time that French
mathematician Nicolas-Leonard-Sadi Carnot published Reflec-
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tions on the Motive Power of Heat. Carnot surmised that “heat
[was] simply motive power which has changed form,” and that
air currents should be studied to “their smallest details” in the
pursuit of means for motive power.! Carnot’s ideas that heat
from the sun continually agitated the atmosphere were at the
core of Etzler’s energy pursuits, along with his anticapitalist vi-
sions of communal energy. Etzler’s issue with coal was not in re-
sponse to its environmental effects, but with the capitalists who
controlled the supply and the price. In one of the more prescient
statements in the history of energy, Etzler referred to industrial-
ism as nothing more than a “vicious energy monopoly.”** While
he did pursue and patent two energy-related inventions, he was
unable to find financial support or develop a scalable wind en-
gine at a time when the United States was rapidly expanding.
Although Etzler was working on noncoal motive power before
electrification, his pursuit of renewable energy sources provides
an intriguing counterfactual history, yet also exposes the issue
of viability. From Etzler forward, those in pursuit of noncoal
systems found that energy demand outpaced the practicality of
alternative means for generation. Etzler was not alone in his be-
lief in alternative sources of energy. In 1852, Abraham Lincoln
lectured on “Discoveries and Inventions” and expressed a simi-
lar sentiment for the potential of wind power:

Of all the forces of nature, I should think the wind contains the
largest amount of motive power—that is, power to move things.
Take any given space of the earth’s surface—for instance, Illi-
nois—and all the power exerted by all the men, and beasts, and
running-water, and steam, over and upon it, shall not equal the one
hundredth part of what is exerted by the blowing of the wind over
and upon the same space. And yet it has not, so far in the world’s
history, become proportionably valuable as a motive power. It is
applied extensively, and advantageously, to sail-vessels in naviga-
tion. Add to this a few wind-mills, and pumps, and you have about
all. That, as yet, no very successful mode of controlling, and direct-
ing the wind, has been discovered; and that, naturally, it moves by
fits and starts—now so gently as to scarcely stir a leaf, and now so
roughly as to level a forest—doubtless have been the insurmount-
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able difficulties. As yet, the wind is an untamed, and unharnessed
force; and quite possibly one of the greatest discoveries hereafter to
be made, will be the taming, and harnessing of the wind.*

As with Etzler and Lincoln, John Ericsson saw the future in re-
newable energy and wrote of a future without coal. In 1851, Er-
icsson sailed the Ericsson, a ship he designed and which was pow-
ered by a caloric heat engine in trials, but considered it a failure
because it did not match the speed of coal-fired vessels. Ericsson
continued to pursue a practical caloric engine throughout his
life, and in 1876 he was denied in his application to be an exhib-
itor at the Centennial Exhibition where Edison, Bell, and others
were demonstrating their inventions. Within Ericsson’s graduate
thesis, “The Use of Solar Heat as a Mechanical Motor-Power,” of
1868 from the University of Lund in Sweden, he wrote:

I cannot omit adverting to the insignificance of the dynamic en-
ergy which the entire exhaustion of our coal fields would produce,
compared with the incalculable amount of force at our command,
if we avail ourselves of the concentrated heat of the solar rays. Al-
ready Englishmen have estimated the near approach of the time
when the supply of coal will end, although their mines, so to
speak, have just been opened. A couple of thousand years dropped
in the ocean of time will completely exhaust the coal fields of Eu-
rope, unless, in the meantime, the sun can be employed.*

If Ericsson had been granted approval to demonstrate his solar
engine at the exhibition in 1876 in the presence of men such as
Thomas Edison, William Wallace, and Dr. Joseph Henry, would
they have had an interest in pursuing this technology? Consider-
ing that Ericsson’s engine was by no means perfected or practical
for the continuous demands of electrical generation, the answer
is likely no. It was the Corliss steam engine that captured the
imagination of most of the attendees at the exhibition, render-
ing any potential interest in a caloric heat engine unlikely. While
Ericsson’s work on a viable heat engine did not come to fruition,
he is credited with the invention of the “Ericsson Cycle,” which
identified a thermodynamic process with a regeneration stage
that boosts efficiencies in the operation of turbine engines. In
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1979 a paper identified the Ericsson Cycle as capable of “unprec-
edented efficiency” when applied to power plant turbines.”

Nikola Tesla’s early financial backers, Alfred Brown and
Charles Peck, were interested in a system for generating steam
based upon the principles embodied in the cryophorus, a de-
vice developed by the English scientist W. H. Wollaston in
1805. The cryophorus utilized temperature differentials present
in the ocean to generate steam, yet the more urgent pursuit for
Brown, Peck, and Tesla in 1886 was the creation of an alter-
nating current electric motor that would fund more develop-
ment work.”® Although Tesla’s work on the cryophorus was put
on hold as he continued his career with Edison and Westing-
house, he did revisit the idea in 1931 in an article titled “Our
Future Motive Power,” in which he explored several concepts
for a workable temperature differential generation system. The
pragmatic Tesla concluded that through all of his conceptual
designs of a cryophorus-based system, the “performance [was]
too small to enable successful competition with present meth-
ods.”” In the same article, Tesla expressed his belief that photo-
electric cells would be “of practical importance in the future,”
and that “our stores of coal and oil will be eventually used up.”
Although Tesla’s ideas for harnessing ocean thermal energy
conversion (OTEC) did not come to fruition during his life-
time, research into his concepts continued and a 105-kilowatt
OTEC plant went online in Hawaii in 2015.%

While Ericsson and Tesla pursued solar power, Charles
Brush, who controlled the arc light market in the late 1870s,
developed a windmill that generated electricity behind his man-
sion on Euclid Avenue in Cleveland. The Brush windmill pow-
ered a dynamo that provided power for his home and stored
electric energy in batteries for use when the days were calm. For
all of his genius and foresight, pundits saw the windmill as too
costly to operate when compared to coal.* As with Etzler and
Ericsson, Brush was pursuing a technology without a market
need nor the capacity to generate electricity on a large scale at
the time. Knowing that the project lacked viability, Brush never
bothered to patent his wind system. To quote Robert W. Right-
er’s Wind Energy in America: A History, “the Brush windmill
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represented a nineteenth-century concept that could not fit into
twentieth-century complexity and interdependence.” The pre-
mature nature of wind power technology also befell rancher
Frank Bosler outside of Laramie, Wyoming, whose inquiry into
pursuing wind power in 1912 was quickly dismissed by General
Electric, as the company was pursuing the development of large
steam turbines for customers such as Samuel Insull in Chicago.”

It would be easy to blame capitalism in general and the coal
and utility interests specifically for not pursuing these and other
alternative energy technologies, but it would also be an exercise
in historical presentism. Even though energy visionaries such as
Etzler, Ericsson, and Tesla saw the future as one of resource de-
pletion, successful energy technologies were defined by viabili-
ty, and there was no economic incentive for a robust pursuit of
renewable systems. In addition to no economic incentive, there
was no social incentive for pursuing alternate energy systems.
Lacking a connection between coal and electricity and coal and
atmospheric decline, the status quo of coal has only recently be-
come a social issue. Amid heightened attention on smoke from
industrial applications and a growing number of internal com-
bustion engines, there is no compelling evidence that smoke
from electrical generation was a public concern until much lat-
er. Electricity conceptualized as the postcoal energy source was
asocial construct that was firmly in place in the early 1900s, and
many more obvious forms of air degradation existed at the time.

Even though coal-burning central power generation sta-
tions were responsible for a significant portion of atmospher-
ic fouling during the first seventy-five years of the twentieth
century, they were not specifically implicated until the wan-
ing decades. Although scientists including John Tyndall and
Svante Arrhenius discovered a theoretical link between carbon
dioxide from fossil fuels and climate change in the last half
of the nineteenth century, these were studies confined to the
laboratory and were not social concerns.’” By the 1930s in the
United States, there were articles in the popular press claim-
ing that winters had gotten warmer, but no one appeared to be
worried about the changes. Meteorologists at the time correctly
explained that weather patterns were cyclical and varied over
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time.” In 1938, Guy Stewart Callendar stood before the Roy-
al Meteorological Society in London and claimed that human
industry was changing the climate, but few scientists acknowl-
edged his claims, and there is no evidence that US scientists
were interested, and certainly not the American public. By the
mid-1950s, air pollution was not yet a serious subject of pub-
lic policy, with the US federal government offering a limited
program of technical assistance only. Confined to a few large
cities, air quality control programs existed during a time when
the problem was attributed primarily to coal combustion, but
not broken out by industry.** Subsequent federal legislation in
1963 and 1967 enabled the government to begin investigating
and monitoring air quality, including stationary sources such
as factories and power plants, and in 1970 the Clean Air Act
(CAA) was greatly expanded. Although electrical generation
plants were responsible for about 40 percent of carbon dioxide
emissions and most of the sulfur dioxide emitted into the atmo-
sphere, public perceptions of the principal sources of air pollu-
tion focused mostly on automobiles.” This focus was clearly
justified, as leaded gasoline and carbon dioxide emissions from
vehicles were a public health hazard, yet with attention mostly
on automobiles, stationary sources such as power generation
plants slipped further from public view.

In 1971, plant ecologists Dr. F. Herbert Bormann and Dr.
Gene Likens were conducting research in the White Moun-
tains of New Hampshire and discovered that the acidity of
water throughout the East Coast had increased 1,000 percent
since the 1950s.** Working in some of the same forests that the
first colonists had once marveled over as potential sources of
fuel, Bormann and Likens found that the pH level of the rain
and snow was also of abnormally high acidity.” Over the next
several years, the scientists traced the acidity to sulfur dioxide
and nitrogen oxides emitted from smokestacks, many of which
are the byproducts of steam turbine coal plants that produce
electricity. Bormann and Liken’s discovery did place the term
“acid rain” into the public vernacular, and further implicated
the generation of electricity as a prime culprit, but the impact
of the discovery on the public opinion is unclear. Prior to the
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year 2000, there are little survey data available on public atti-
tudes toward energy.*®

The public was not aware of the detrimental effects of coal-
fired power generation in the first century of electrification in
the United States. When components of environmental degra-
dation such as smog, air pollution, and acid rain did become
social issues in the 1970s, the effects of coal-fired generation
plants were lost among a myriad of other sources. Just as elec-
tricity itself lost its salience, the environmental effects caused
by its generation were subtle and outside of the consciousness
of the consuming public. Up to the 1970s, embedded cultural
perceptions of energy exceptionalism and environmental in-
consequentiality held strong.

In 1973, for the first time in the nation’s history, how energy
was conceptualized by society abruptly changed. During the
first oil crisis, gasoline shortages shook the very foundation of
American confidence by demonstrating that the United States
had lost its long-held energy independence. Not only was oil
in short supply but the cost of electricity had tripled as well.
For forty years before 1973, the cost of electricity in the United
States had been stable, and in some cases the cost of electricity
had declined relative to the consumer price index. After 1973,
the increased cost of oil caused regional electricity prices to
soar due to the cost of generation in regions of the country that
depended on 0il.* Reminiscent of Etzler and Ericsson more
than a century earlier, President Jimmy Carter declared in 1978
that “acres of mirrors [can] generate steam for electricity,” hint-
ing at an electric and alternate solution to the nation’s sudden
energy crisis.”” A year later, Carter had thirty-two solar panels
installed on the roof of the White House to heat water. Even
though engineers claimed that the solar panels were working
as intended, in 1986, President Ronald Reagan’s administration
quietly removed them.*

The Reagan administration’s dismantling of the White
House’s solar panels was symbolic of the United States’s linger-
ing defiance of energy vulnerability, and reflected a stubborn-
ness to let go of the nation’s fossil fuel status quo. In the two
decades from 1980 to the year 2000, published reports on the
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effects of burning fossil fuels began to emerge with regularity
in the press. Of the some 1,200 global-warming-related articles
published in the New York Times in those two decades, over one
hundred articles implicated coal-driven electrical generation
plants as culpable in atmospheric change. Although the press
was starting to link coal-fired electrical generation to climate
change, Americans seem to have met the news with indiffer-
ence.* This nonchalant attitude is in part informed by a long-
held view of electrical energy that is modern and poststeam.

While American attitudes about major social issues such as
race and gender have undergone significant shifts since the be-
ginning of the twentieth century, ideas about energy consump-
tion in general and electricity specifically have been danger-
ously enduring. As late as 2005, Americans still believed that
hydropower was the nation’s top energy source when in reality
itaccounted for less than 10 percent.* Seven years later, in 2012,
after much press exposure on the link between coal and climate
change, only 38 percent of Americans identified burning coal
as the source of most electricity in the United States.** In inter-
views of approximately 350 college students between 2000 and
2015, fewer than 20 percent made a connection between their
cell phones and coal-derived power.** These latest findings may
suggest that battery-powered devices and vehicles further break
the link between coal, electricity, and environment. While part
of this energy illiteracy is due to the nonsalient nature of the
country’s infrastructure, another part is derived from a deep
connection between past and present.

From its very beginning, electricity was a technology of
myth. Images of Franklin with his kite and Edison the wizard
morphed into Bohn’s Niagara-fueled poststeam society. Begin-
ning in the last decades of the nineteenth century, the simulta-
neous cultural and physical separation of coal from electricity
reinforced long-held American attitudes about energy and the
environment. In the process, a new sense of energy exceptional-
ism without environmental consequences was formed. Amer-
ican society still perceives an imagined energy environment,
due to a lack of smoke and smokestacks and social views about
energy that began between the 1870s and 1930s. Current beliefs
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that new technologies, such as plug-in electric automobiles, are
inconsequential environmental saviors are remnants of ideas
first promoted in the early twentieth century. The artifacts of
inconsequential electrical consumerism still inform society’s
predilection for increasingly high-tech cell phones, computers,
and other electronic devices that now make up nearly 10 per-
cent of an average US household’s electricity consumption.*t
Since the arrival of the first Europeans in North America, the
New World was defined as a place of unlimited energy coupled
with a clean environment. As smoke began to turn the nation
into a clone of the Old World, electric light and technologies of
wire offered a clean contrast to what had come before. Electric-
ity was the first technology to separate fire from usable power
via wire, and from its earliest applications, the unique spatial
dynamics of electricity led to an abstraction of energy. As the
origins and consequentiality of electricity became increasingly
blurred, society came to see the force as magical, mysterious,
and transformative, and aspired to build a nation based on the
imagery of the White City, where Henry Adams’s “dirty engine
house” was no longer in view. While cultural messages rein-
forced the inconsequentiality of electricity through the promo-
tion of waterpower and smoke-free technologies, a growing de-
mand for inexpensive electricity ultimately led to the building of
more coal-based generating plants. As the twentieth century be-
gan, technical and cultural forces converged to further abstract
energy use. These forces in turn led to more consumption, set-
ting the stage for Americans to become the number one produc-
er of carbon dioxide emissions in the world, with approximately
40 percent of the emissions from the generation of electricity.”
The purpose of this study has been to show how the evolu-
tion and adoption of electricity in the United States was a factor
in the formation of an ideology of inconsequential energy con-
sumption. By its very nature, as a secondary energy source that
could be transmitted inconspicuously via wire and expanded
technical systems, the adoption of electricity led to a culture
whose energy literacy stopped at the light switch or the wall
outlet. Americans confronted electrification as an essential
force and defined it as a modern technology with no limitations
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or consequences. As it became adopted, electricity evolved into
a technology of consumption that was ubiquitous and always
on, with origins that were misconstrued and misunderstood.
Those who deny climate change and pursue more fire-based
energy are part of a historical legacy.

On a poster designed for the first Earth Day in 1970, Pogo
cartoonist Walt Kelly famously wrote, “We have met the ene-
my, and he is us.™® The poster conveyed the point that destruc-
tion of the environment is not due solely to uncaring profiteers
or producers, and expressed the idiosyncrasies of the human
condition. Individuals in society perpetuate demand for goods
and services and share the blame for overconsumption and en-
vironmental exploitation.

The first generation of electric consumers established a social
definition of electricity as an inconsequential energy technolo-
gy, and the environmental effects that resulted are now too big
to ignore. Plausible deniability as a justification for the unfet-
tered use of inexpensive energy is no longer a tenable position.
Adam Frank, an astrophysicist, recently proclaimed that “cli-
mate change is not our fault.” In explanation, Frank asserts that
the factors contributing to climate change were not understood
when most of the damage occurred.*” As society lags behind
science in the acceptance of climate change, and policymakers
lag behind society, recent policy actions further limiting cen-
tral generation stations’ coal emissions are encouraging, yet are
still experiencing pushback from the coal industry. Despite a
seemingly broader understanding of the link between coal and
the burning of other fossil fuels and climate change, the direct
connection between electricity, coal, and fuel sources such as
hydraulically fractured natural gas are still unclear to many en-
ergy consumers. As we move into an age of electrical energy
that is increasingly battery-powered, the connection between
power generation and power consumption becomes even more
removed. Much of the energy powering plug-in automobiles and
appendage-like smartphones still derives from coal-fired steam
technology from the nineteenth century. We can only hope that
through the teaching of energy awareness we can reveal the ob-
vious consequences of our first century with electricity.
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