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II. ENERGY HISTORY-THE
FUTURE BEHIND US

Addressing a group of energy economists in Washington during
mid-1979, then-Secretary of Energy James R. Schlesinger
pooh-poohed the relevance of one mainstay of discussions about
energy history—the “whale oil story.” That story concerns how the
rising price of whale oil in the mid-19th Century instigated a search
for alternatives . . . and finally helped to launch petroleum-based
kerosene as a substitute lamp fuel.

Schlesinger suggested that this particular analogy with modern
times had been overdrawn, and he referred to those who “sell whale
oil” as current-day “snake oil salesmen.” Although the Secretary’s
cynicism had some justification (inasmuch as appeals to historic
parallels can become too simplistic), those who deliberately ignore
lessons from the past are teasing fate. Some patterns of history do
repeat themselves. The difficulty (and the source of many arguments
about energy policy for the future) lies in discerning on which ones to
count.

Unsuccessful generals are frequently accused of trying to fight
today’s battles with yesterday’s tactics. The United States would be
foolish to pattern its responses for the 1980s on what it did (or should
have done) in the 1880s. We are a different country now, living in a
different world. Furthermore, one of the clearest lessons that
develops from a careful review of the past is that we will be surprised
again in the future. Benjamin Franklin, experimenting with elec-
tricity, did not actually foresee the incandescent light bulb—much
less neon signs or fluorescent fixtures. But Franklin might have been
less astonished by those inventions than by the thought that an
anti-Federalist like Jefferson would take an expansionist-yet-cen-
tralizing step like the Louisiana Purchase. Jefferson’s action was as
crucial to the development of energy use systems in this country as
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any invention. It started a national move across the continent that
would ultimately cry out for a transportation system like the
railroad. It gave the national government control over vast resources
(land and minerals) which could help to bring the rail network into
being,. It offered incentives—both in the New World and in the
Old—for successive waves of immigration. It introduced a unique
combination of private initiative and governmental stewardship that
might involve continuing tension but would also produce un-
precedented material progress. For all of that, the very opportunity
to purchase the Territory of Louisiana came as a surprise, even to
President Jefferson himself. And such is the stuff of energy history.

Once we accept the fact that we will not be able to predict
everything in America’s energy future, we can take heart from the
simultaneous truth that there are threads of continuity. Certain basic
relationships we can see throughout our past are likely to provide
some warnings about what may happen in the years and decades to
come.

The development of energy in the U.S. has been dispersed
geographically, it has been largely spontaneous, and it has been
pluralistic. Even if we limit the applications of energy to heat, light
and motive power, there has never been a period in our history when
we were able to get along on a single source. There is no reason to
expect that to change. Wood was not our only energy source at the
time of the American Revolution (although it was certainly an
important one), and anybody who implies that the much more
complex civilization we have built since then can survive by
concentrating almost exclusively on a single contemporary
source—Dbe it coal, solar energy, nuclear fission, or anything else—is
dangerously closed-minded about both energy history and the nature
of energy itself.

There were obvious differences in the energy habits of diverse
regions from the very beginning, and this is another characteristic
which is likely to continue. Part of the reason is that resources are not
distributed evenly; the early concentration on waterpower in New
England and on use of natural gas in the Gulf states mirrors that.
Another factor lies in regional differences among the sectors of
energy consumption——agricultural, industrial, commercial, residen-
tial, and so on.

Perhaps the most important thing to note is that energy patterns in
the past have responded most readily to the collective desires of
many, many individuals. Price has played a role in popularizing or
restricting the growth of new energy forms and energy applications,

but has not been the only element in those individual decisions
Most Americans have always lived well above the subsistence level.
and they have usually been willing to pay a premium for what the :
recognized as additional convenience, safety or comfort. At times WZ
have made sacrifices (e.g., as in the case of supporters of the
Confederacy during the Civil War, or of a good many Americans in
World War II), but even then the unwelcome changes in ener

habits were accepted on the basis of perceived self-interest. i

Because of our individualistic approach, there have always been
disagreements about the advisability of energy change. Over the
years there have also been continual shifts in public mood.
Environmental concerns are one example; there are contemporary
accounts from almost every period that those were “the best of
times” and “the worst of times.” As late as 1880, municipal
ordinances in Baltimore prevented Baltimore & Ohio Railroad trains
from using steam locomotives as they moved through the area
adjacent to the city’s inner harbor, so teams of horses or oxen were
substituted for them to draw the cars from one station to another.
Later, the B & O was allowed to use locomotives—but only with the
proviso that they be disguised to resemble electric streetcars which
the city fathers believed were less likely to upset the thousands of
horses pulling buggies, carts and wagons through the same streets.
Apparently, those who disapproved of the noise, odor and general
commotion caused by rail engines within the downtown area
considered horse droppings environmentally acceptable.

Steam had real safety problems, however—like every other energy
form and every other energy technology. The fact that occasional
boiler explosions (or collisions, or derailments, or even coal-mine
disasters) did not write an early end to the saga of the iron horse
cannot be explained entirely by either public indifference or a muted
expression of the public will. The American people, through their
ele(t:ted representatives, merely determined that benefits exceeded
costs.

Relatively little of the nation’s energy history has been moulded
by express formulations of energy policy, even though statutes and
regulations have always had an impact. Tariffs and taxation helped
to determine the sorts of energy that would be needed and how they
would be developed and applied. Social welfare legislation and labor
law helped establish an underlying tone. The respective roles of free
enterprise, consumers, and government at the local, state and
national level have shifted continuously for over two centuries. They
will continue to adjust to one another. They will also continue to
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affect the way we use energy—whether or not the word “energy”
appears in the legal documents that are issued.

This country now uses more energy than ever before in its history,
but the rate of growth in consumption has not been uniform. This is
more than an intuitive assumption. It can be documented. But there
are various ways of making the comparisons, and any technique is
subject to disagreement. The author has tried to make the one used
here as fair as possible, incorporating some factors which have often
been overlooked.

First of all, there are some very basic energy sources that are not
counted in the computations at all—even here—because they are so
universally available and applied. The light and warmth we get from
the sun is one example. Nutritional energy stored in natural foods is
another. Gravitational energy, in the limited sense that we derive a
free energy “bonus” by being able to roll things downhill, is still a
third. The energy of moving water that drives a mill or a hydrogen-
erator, on the other hand, is counted. So is the energy derived from
wind to propel a sailing ship or to pump water. By the same token,
solar energy that is collected artificially by rooftop assemblies in
order to provide heating or cooling inside ought to be included in the
future as soon as enough devices are constructed to be noticed within
the enormous nationwide statistics on all energy use. But so-called
“passive solar energy” (e.g., “saved energy”’ that results from
improving a house’s insulation or planning its window orientation
carefully) would not be included. That is a form of energy conserva-
tion, rather than true energy supply, and—for all its potential
importance, some statisticians only confuse matters by switching
such items from one side of the supply-demand equation to the other.

Various fuels, such as wood, coal and oil, can be compared with
one another by considering their respective heat content, as in
Figure 1. In this sort of comparison, for example, a ton of high-grade
bituminous coal is equivalent to slightly more than four barrels
(about 170 gallons) of heating oil.

Similar conversion equivalents exist for the mechanical work
performed by wind and waterpower. In the case of hydroelectricity
and nuclear power, the equivalency is based on the amount of fossil
fuel that would be required to operate the steam boiler in a
comparable generating plant.

The significance of increasing population in the United States’
growing consumption of energy resources over the years has
somehow been overlooked in much popular writing. For that reason,
this little history stresses per capita consumption of energy as well as

Q

CHANGING SOURCES OF
1850 U.S. ENERGY 1900

1975

¥ Wind
and Water

Oil and
Natural Gas

Wind » |
and Water \
SOURCES: Historical Sta-
tistics of the United States,
Energy in the American
Economy, 1850-1975,
America's Needs and Re-
% > sources, and the U.S.
Wood A Nuclear Department of Energy.

Muscle

FIG. 1. Sources of U. S. energy have changed drastically during the country's history, as
shown in these estimated breakdowns of total energy consumption for three dissimilar
periods. Inclusion of some sources often overlooked (e. g., animal and human labor, wind
propulsion for sailing ships) dramatizes the transformation from a ‘‘developing country” to
an affluent society facing enormous new difficulties trying to readjust quickly its traditional
balance among legitimate but conflicting goals—affordable energy prices, concentration on
readily and reliably available resources, and protection of health, safety and environmental
amenities—without seriously disrupting its current standards of comfort and convenience.

per capita output of all goods and services.

The farther back in time we go, the more difficult it is to find
trustworthy estimates, but, if we are willing to accept a bit of poetic
license before starting the decade-by-decade history, it is possible to
draw a fairly graphic overall picture of how energy growth took
place. The fuel-consumption equivalents mentioned above can be
translated into horsepower-hours. If one then bends the technical
definition somewhat to visualize real horses performing actual work
on a round-the-clock basis, we can imagine the average energy use of
an American during the first 75 years or so of our history as being
represented by three or four horses. The overall increase through the
second half of the 19th century was less than one might imagine—to
someéthing like four and a half horses. From the turn of the century
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until the beginning of World War II, the total moved erratically
because of the Great Depression up to about five and a half horses.
Then it jumped to eight in the mid-1950s. By the time of the Arab Oil
embargo, each of us had a dozen horses hitched to his personal
energy wagon.

This doesn’t give a fully rounded picture, however. As the
following pages show, energy growth took place by fits and starts.
There were frequent traumas—wars and economic crises. In
addition, there have been both quantitative and qualitative changes
in what we have done with the energy we consumed. This raises the
distinct topics of energy efficiency and productivity.

Unfortunately, “energy efficiency” is an ambiguous term today.
Traditionally, it expressed the ratio between the energy input to a
device (e.g., an engine, motor or generator) and the energy output
from the same device. In a broader sense, however, it may also be
considered as the degree to which we minimize the energy
consumed in accomplishing a given purpose. In the first sense, an
auto air conditioner might be rated as to “efficiency” on the basis of
the volume of air it cools by a certain number of degrees within a
given time period. And it could be relatively “efficient” in this
respect even though its use was wasteful in the second sense—either
because we were driving along with the car’s windows open or
because the outside temperature was low enough so that we could be
equally comfortable by opening the windows, shutting off the air
conditioner, and enjoying the breeze—while using less energy. In
terms of the first definition, U.S. history shows a steady record of
improvement in energy efficiency—the ability to do things with a
given amount of energy. According to the second definition, the
various energy-consuming sectors of the nation have had ups and
downs over the years.

Productivity is similarly relevant, but also subject to misunder-
standing. According to its normal definition of “output per man
hour,” productivity is not the sole determinant of how big our
national economic pie is going to be each year. That is going to
depend also on duration of the work week and the size of the work
force (which is related to total population, but also affected by other
factors—such as age distribution). According to another breakdown,
however, gross national product is contingent upon the combined
application of capital, labor and other resources, including energy.
Thus, energy use is one variable that affects our gross national
product, productivity is another, and to some extent these two affect
each other. Historically, the increased use of energy has boosted

i

productivity.

As we enter a period in which energy use is likely to face new
limitations, it is disturbing to hear from the Joint Economic
Committee of Congress that productivity in the U.S. seems to be
dropping precipitously on its own at the same time. On an
annualized basis, productivity declined during the first two quarters
of 1979 by 3.3 and 5.7 percent respectively, with the latter being the
sharpest decrease ever recorded since such statistics were first
measured systematically in 1947.

In this case, we are unlikely to find specific practical solutions to
policy dilemmas by looking back at energy developments in the past,
but doing so might help us at least to appreciate the scope of our
current and future energy problems. That is why energy history
needs to consider such rough reflections of productivity as per capita
GNP. :

Until now, the major technological trend in U.S. energy has been
toward the concentration of resources. Coal concentrates more
potential heat in a given weight and volume than wood does, so it
could be stored, transported (and—to some extent—used) more easily
and more efficiently. In quite another way, the construction of dams
concentrated energy at a fixed site; but waterpower faced severe
limitations until the development of hydroelectricity made the
energy product transportable as well. The use of nuclear power
reactors and the liquefaction of gaseous fuels have also been moves in
the same direction of concentration, and each step of this kind has
tended to improve productivity. We have yet to see the effects ofa
shift in the opposite direction—toward extremely diffuse sources,
such as solar energy; and it seems certain that the balancing equation
will be complex.

In energy terms we are a poorer country than we were only ten
years ago, yet nostalgic musing about our long era of national energy
abundance may be somewhat unrealistic. There are plenty of
unpleasant recollections from the past, too—boom towns, specula-
tive bubbles, living and working standards that were inferior to
today’s in dozens of ways.

Nevertheless, each generation assumes (with hindsight) that it
could have avoided the pitfalls of the past and magnifies only the
advantages. This is one of the dangers of abstract energy planning for
the future; and it is one that an evaluation of energy history can help
avoid.

In the real world, energy policy depends ultimately on individuals
for its full implementation. New technology succeeds in the
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marketplace only when users are ready for it. The economic, social,
psychological and political setting must all be right for inventions
and discoveries to penetrate a mass market. Government policies can
speed the process in various ways, but policies will be more
successful if they take account of natural inclinations than if they are
arbitrary.

The remarkable transportation and communication links that now
tie our country together may facilitate any new “energy transition,”
whether it takes place spontaneously or as the result of conscious
planning. But there is a counterforce in the sheer number of things
that need to be changed in order for transition to occur—the number
of residences, vehicles, business units, and so on. An appropriate
analogy might be that of a huge, ultramodern cargo vessel; its
steering mechanisms are a great deal more sophisticated than those
of a motor launch, but its bulk still gives it a far larger turning radius.

Regional and sectoral variations in our energy outlook for supply
and demand can be a source of stress in the latest transition we have
begun. If such relative differences caused disruptions during a period
of low-cost energy, as history shows they did, we might as well
expect them again between now and the end of the century. Finally,
our relations with the rest of the world—energy exporters and en-
ergy importers—will also affect us. International developments have
been more important to U.S. energy developments in the past than is
generally acknowledged, but the economic and security considera-
tions today seem to be of greater importance than ever before.

What does it all add up to? Where are we headed? By the mid-21st
century, U.S. citizens might consider today’s misgivings about the
fundamental safety of nuclear power ridiculously naive. In fact, they
might look back on the use of non-breeding nuclear fission reactors as
profligate waste—because such systems used only one-sixtieth of the
energy power plants are then deriving (safely, of course) from
uranium compounds in molten-salt breeder reactors. In the wake of
the Three Mile Island accident, such a prospect seems doubtful, yet
it really is no more far-fetched than the picture painted by futurists
more commonly—of a society based almost exclusively on various
types of solar energy. Either scenario is possible. Both are quite
possibly wrong.

The straight answer is that even the best general (or individual)
cannot anticipate everything in the future. Still, planning is
advisable. And much of the future is probably right here for us to
see—if we try hard enough to interpret the past.
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IIT. 1776-1814:
AN INFANT NATION

I f American colonists had not won their independence from
England a couple of centuries ago, the energy history of this part
of the world would have been altered dramatically. Yet the
Constitution they adopted was perhaps even more of a history-
shaping force than mere separation from the mother country.

In the first flush of independence there existed a relatively sizable
minority—thousands, if not tens of thousands—who believed that the
fruits of common victory ought to be shared in common among all.
During the difficult economic period of the mid-1780s their
arguments in behalf of what presumably would have become a form
of agrarian communism probably had some appeal—as did the noisy
mutual challenges of rival states, which brought occasional border
fights and even talk of actual war. But the Constitution struck an
acceptable balance among various social and economic groups, as
well as a workable accommodation between the centralists and
decentralists of that day. The federal system that was born during
this period—with free enterprise assured and individual protections
guaranteed—set the stage for what was to follow. Developments
would be regional, but inevitably interrelated. Free-wheeling
“Yankee ingenuity” (an historical reality, not a cliché) would play a
pivotal role in competitively developing and applying the various
energy resources available across the continent.

What did we have to work with then?

If England was “built on an island of coal,” her upstart colonies
from the Canadian border to South Carolina were perched along the
edge of what must have seemed like a continental forest. The
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long-handled felling axe was the first distinctively American tool,
and wood was the basic fuel. But wood was not early America’s only
significant source of energy. Musclepower and—to a lesser
degree—windpower also were important.

Energy is defined technically as “the ability to do work,” and that
can be translated in popular terms into “the capacity to produce
change.” Burning wood was certainly the most common way of
changing temperature in those days (to warm a house, cook a meal,
help form a piece of metal, and so on). But in that largely engine-less
society, fuelwood was irrelevant to the other most fundamental
task—that of changing location. Other energy sources had to be
utilized in order to move people and things from place to place, to
excavate earth, to raise water from wells, to grind materials, and to
do all the other jobs that require specialized kinds of motion.

About 92 percent of the population counted in the first U.S. census
(1790) was rural, and in any poorly developed agricultural and
hunting society a good deal of work must rely mainly on
musclepower. Long distance overland travel made use of horses, of
course, and draft animals helped with such heavy work as plowing.
But farming, commerce and what little manufacturing there was
inside or outside the home required direct human labor.
Furthermore, in spite of importing African slaves until 1808—when
permission to do so via a compromise in the U.S. Constitution
expired—the new nation suffered from a manpower shortage. This
affected its unstated “energy policy” for generations to come.

For example, Benjamin Franklin had invented his well-known
stove during Colonial days but most of his compatriots in labor-
scarce America continued to use open fireplaces for heating and
cooking. A stove could give about four times as much warmth as a
hearth using the same amount of wood; but tree trunks and large
branches were virtually free, and the time it took to chop fireplace
Jogs into sticks small enough to feed into a stove could be spent
better on other chores. As modern-day energy conservationists are
quick to point out, fireplaces are usually inefficient at best, and this
was all the more true in view of our forefathers’ habit of leaving
doors and windows open while stoking the family fire to produce
temperatures that left non-American visitors startled and sweltering.
Observers from overseas were equally astonished by the technique
here during this period of “paving” roads with timber. From the
standpoint of long-term resource conservation, using wood for such a
purpose may seem absurd now but the method was less labor-inten-
sive than others might have been when the need for maintenance is
14

taken into account. At that time, the same reasoning could have been
applied to the “slash-and-burn” mode of clearing land. It was
wasteful of wood, but sparing of man-hours.

Another reason stoves were not used more during this period was
undoubtedly the fact that they represented “capital goods” in a
society where cash for such purchases was generally hard to come by.
This relatively primitive state of the economy also makes it difficult
for a modern economics researcher to develop precise statistics
about the relationship then between energy-input and productive-
output. As is the case in the “less developed countries” in today’s
world, much of the personal real income of early Americans did not
go through the marketplace at all. And, because they used relatively
little of what we now call “commercial energy,” it is difficult to say
how much total energy was invested in their home-grown and
home-cooked food, their home-sewn (even homespun) clothing, and
their family-built housing, furniture and miscellaneous equipment.

With the use of coal and waterpower virtually nil in this country
at the time of the Revolution, total energy consumption was almost
synonymous with the use of fuelwood and musclepower. Assuming
that there were relatively fewer draft animals then but that personal
working habits and woodburning practices combined to account for
roughly as much individual energy use-up as those in 1850 (a period
about which several economic historians have made painstaking
estimates), the per capita consumption of energy here in 1776 might
have been about one-fourth what it is today.

Comparisons of the “quality of life” across more than two
centuries involve too many subjective factors to draw any clear
conclusions but, in purely material terms, it seems fair to suggest that
average “living standards” have improved far more than fourfold
since 1776. To put it another way, we get proportionally more
benefits from the energy resources we consume now than people did
during the early years of the republic—nostalgia notwithstanding.

Much of what was taking place politically and socially then set the
stage for subsequent energy developments. Not the least important
was the agreement by the States in 1784—while still joined under the
Articles of Confederation—to cede 430,000 square miles to the
central government as Federal Territory. The country’s doubling of
its area in 1803 through the Louisiana Purchase (see Fig. 2) did even
more to swell the natural resource bank of the Federal Government.
In spite of natural population growth and immigration, the United
States found that the number of people per square mile within its
boundaries, which largely comprised government-owned land, was
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practically unchanged more than three decades after we declared
independence. We were still an empty country—in which future
production, not to mention transportation and communication over
the enormous distances involved, would face strict limitations in
growth unless musclepower could be supplemented by some other
types of energy. It was not at all certain then what they would be,
even though Alexander Hamilton noted in his Official Report on
Publick Credit in 1790 that the country was blessed with coal
deposits—which might provide a hedge for the distant future against
the day when forest fuel was no longer as plentiful. With such a large
percentage of the nation’s total territory in federal hands, it is no
surprise that a General Land Office (later to become the Bureau of
Land Management) was set up in 1812 to administer mineral
resources of all kinds from a central vantage point.

We need to remind ourselves that most Americans did not think
about coal as a suitable fuel for steam engines during the decades just
before and after 1800. In fact many of them did not even think about
steam engines at all—except as curiosities. England had not been
anxious to share industrial knowhow with other countries (even her
own colonies), so technical data about both power tools and the
means of driving them were literally smuggled across the Atlantic.
Sam Slater’s famous mill—America’s first—was not built until after
the Treaty of Paris had concluded the War of Independence. Even

then, it was powered originally by workers on a treadmill, later by a
waterwheel.

The first steam engine built entirely within this country was a
product of the Revolutionary War and its construction in 1779 might
be viewed as a gesture of independence in itself. It burned wood as
its fuel, as did Fitch’s 1786 steamboat, which propelled itself by
mechanical oars rather than a paddlewheel. (Such direct imitation of
nature or earlier technology is characteristic of many inventions
related to the history of energy. It was probably inevitable later on
that our first automobiles would be modeled closely after the buggies
they were designed to replace—and be called “horseless carriages.”)

Coal did have a role in this early period, however—and a critical
one! Although its use in stoves and boilers was minimal, it was
necessary as a source of coke—which was essential in casting cannon
and manufacturing some other munitions. The colonies had import-
ed coal for this purpose from England and Nova Scotia. When war
with the Mother Country cut off those supplies, the Revolutionary
Army faced a true energy crisis. It was solved by developing
domestic mines, including some that tapped deposits George
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Washington had noted in his early journals.

Neither of the wars fought with England (one at the beginning and
one at the end of this phase of U.S. energy history) was universally
popular in this country. Quite apart from the fervor for political
freedom, however, there were commercial incentives to seek
independence—although these varied from one geographic region or
societal sector to another. Frontier farmers at the time of the
Revolution looked forward to more effective domestic protection in
occasional skirmishes with the Indians. Prospective pioneers in
industry wanted to end the various restrictions England had placed
on their development. Merchants expected trade opportunities to
expand and trading conditions to improve with independence.
Although they almost certainly did not think about it in such terms,
these and many others who supported the Revolution had ambitions
that were likely to be fulfilled only through broader and more
intensive applications of energy resources. In this, it may not be too
sweeping a generalization to suggest that they differed from many in
the sizable minority who opposed the split from Britain as well as
those who thought that the War of 1812 was not worth fighting. To a
large extent, the “doves” in both cases would have been content with
the status quo. The fact that they did not prevail had a broad-ranging
impact on our energy history.

Textile manufacturing may have been the first “boom” industry in
the new United States. The rapid clustering of factories near the
fall-lines of rivers fostered concentrations of population that would
maintain their political significance into the second half of the 20th
century. Even after steam-driven looms appeared, it was discovered
quickly that hungry boilers could produce local deforestation—even
in a country that seemed generally to be one enormous thicket. That
was an excellent reason for locating steam-powered mills in places
similar to those that relied on water power—downstream along
navigable rivers. Wood fuel could thus be delivered easily and at
fairly low cost. The “mill towns” were born.

The mention of transport costs in connection with wood raises a
point that occasional brief references to energy history have
commonly omitted. Even though wood in this country might have
been free for the taking, it could not serve as fuel until it had been
chopped and moved to the place where it would be burned. In the
“big” cities of those days—New York, Boston, Philadelphia, Bal-
timore, and so on—woodsellers charged a variety of prices, but
customers could count on paying more for long hauls than for short
ones. The chronic shortage of labor was a factor here, too.
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It was not accident, of course, that the more densely populated
cities mentioned at this point are all ports. Relatively speaking,
ships, boats and barges were far more important (both for passenger
travel and freight) during earlier periods than they are today. Their
movement of goods created jobs; they helped to deliver people to fill
the jobs; and then they brought articles of life-support to sustain the
people.

Windpower made transocean and coastwise transportation
possible. In our times, when energy discussions deal with topics like
nuclear fusion and magnetohydrodynamic conversion, it may take
some psychological resetting for us to consider sailing vessels
seriously as important energy-harnessing devices, but they were.
Furthermore, they were not free. There was no fuel cost, but
building and fitting ships required considerable capital. Risks were
high, but so were the possible profits.

As steamboats began to prove themselves (aided by Robert
Fulton’s great public relations success with Clermont in an 1807 trip
up the Hudson), an astute “energy writer”” of those times might easily
have predicted a bright but limited future for them in the specific
field of river transport. There would probably be plenty of wood for
their boilers along the banks, even though fairly frequent refueling
was likely to be necessary. They could overcome the vagaries of wind
and current (Clermont had covered 150 miles in 32 hours) and they
offered passengers a degree of comfort that surface travelers could
never match on corrugated roads. There were still apprehensions
about safety but, after all, the hardy inhabitants of the New World
were an adventurous lot.

By the end of this period, steam was being studied also as an
energy source for land propulsion, and it is interesting that perhaps
the most memorable invention of this genre was actually an
amphibian. In 1805, Oliver Evans (whose name deserves more
attention from historians than it generally has received) produced a
bizarre vehicle in Philadelphia called Orukter Amphibolos—a harbor
dredge which could crawl along the shallows of the Schuylkill River,
push its stubby floatable frame through the water by means of a
paddlewheel astern, or use a system of rocker-arms and pulleys to
move it ashore and along Philadelphia streets for short distances on
the huge carriage wheels that supported it. Evans chose wood as the
fuel for the smokestack-topped boiler aboard Orukter, but he foresaw
the day when coal might take its place. In fact, he even predicted a
useful future for anthracite, found in Pennsylvania as early as 1791,
but discarded initially as impractical for boilers because it was such a
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slow-burning fuel.

Evans was one of several inventors during this period whose work
provided the basis for truly dramatic progress in the decades that
followed. His design of a fully integrated grain mill, for example,
employed automation in a way that seems a full century in advance
of its time. Its machinery could offload grain from wagons or ships,
weigh it, clean it, grind it, and pack the resulting flour into barrels. A
waterwheel supplied power to Evans’ mill and his intricate
arrangement of gears and conveyor belts was a clear invitation to
apply steam later on. By combining a variety of operations into a
single system, a mill of this type held prospects of overall energy
efficiency as well as economy but its eventual success demanded a
larger, more concentrated, and perhaps more economical power
source than was available then.

Like windpower, the use of energy from moving water in early
19th Century America involved costs that are not always recalled.
Apart from the investment associated with the foundations and
gearing of the mill itself, operators had to bear the expense of canals
that directed river waters through the equipment. The technique
employed by a New England textile factory was a good bit more
complicated than the one suggested by Currier and Ives prints of
individual farm mills, and entrepreneurs who had installed a dam or
canal network for their own use would only permit new mill
operators to take advantage of it in return for what amounted to a
rental fee. As with wind, there was no “fuel cost,” but annual “water
rights” charges sometimes exceeded the amortised capital cost of
building the plant itself.

Nevertheless, the United States economy was moving in a
direction that insisted on the substitution of non-human energy
(gradually being developed, at a price) for human energy (which was
sometimes virtually unavailable in the right form and right place,
almost regardless of price). It was the lack of skilled artisans that
prompted Eli Whitney in 1798 to propose filling a Federal order for
guns by manufacturing them in interchangeable parts. The diffe-
rence between hand-fashioning each individual weapon and du-
plicating quantities of nearly identical metal segments which
someone else might assemble was the difference between medieaval
craft and the modern factory. Once again, however, this may have
been a case where an individual inventor was somewhat ahead of the
technological and social schedule. Some other manufacturers, who
eventually applied power-driven precision tools to the task, became
more successful than Whitney in achieving real interchangeability.
o0

Allin all, society began to set goals during this period that made it
receptive to the technological innovation that accompanied and
followed the War of 1812. The country was rich in recognized
natural resources, and its citizens were determined to apply those
riches at a brisk rate.
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IV. 1814-1845:
THE AGE OF INNOVATION

O nce the second war with England ended, the United States
embarked on a period of international peace and internal
consolidation. The Cumberland National Road was completed; and
canals and railroads bolstered domestic trade through a steadily
broadening market. Sensing the trend, President John Quincy Adams
tried in 1826 to persuade Congress to finance a major, centrally
directed program of internal development; but the move was
blocked by his opponents in Congress. Although individual states,
sometimes aided by land grants from the federal government, moved
ahead in canal and roadbuilding, several aborted attempts by states
to create rail systems on a toll-charge basis soon left that field open to
private initiative. American production was climbing in spite of the
financial panic of 1819. It had started from a very low base, however,
and capital was hardly abundant. American canal and railroad
projects relied heavily on investment from abroad—including the
capital markets of the erstwhile enemy in London. The great
building projects of that day relied principally on massive amounts of
muscle energy, yet an energy history should also point out that some
labor-saving techniques began to appear. For example, explosives
were used for earth-moving in the construction of the Erie Canal.
Steamboats came into their own now, and towns along navigable
inland waterways flourished. Wood was still the primary steamboat
fuel, and many river captains were openly skeptical that coal could
ever become a satisfactory substitute. Although the steam locomo-
tive became a more and more common sight, the limited supply of
bituminous coal and relatively high coal prices restricted the use of
coal-fired boilers before 1840—except on lines adjacent to producing
coalfields. Supplies of wood near most rights-of-way were still ample,
so there was no need to attempt a fuel switch within a technology

02



that still had other problems to solve. The operating safety of steam
engines was sufficiently questionable then that cotton bales were
sometimes loaded on a flatcar between the locomotive and the first
passenger car to offer the passengers some palpable protection in
case of an explosion.

The centuries-old British resentment against coal as a fuel most
people considered inevitably sooty and smoky was also a factor in its
slow adoption here. Early interest in clean-burning coal systems did
not generate much success until considerably later, when the factors
of lower availability and higher cost for wood in some areas forced
American trainmen to rely more heavily on coal.

“Rail travel” was not synonymous with “steam travel” at the
outset. Horse-drawn carriages moved along rails to gain more
comfortable and secure routes in a land where road maintenance was
haphazard. In cities, the streetcars pulled by horses might or might
not be limited to iron tracks; New York had both track-mounted and
free-wheeling horsecars as early as 1832.

Many American history books contain descriptions of the famous
race in 1830 between an anthracite-burning steam locomotive
named Tom Thumb and a horsecar moving along a parallel track.
The horse won, and, in retrospect, the competition may reflect little
more than the fact that contemporary observers do not always focus
on the most significant features of a new energy technology. In
deciding the economic contest between horse and engine, speed was
less important than endurance and the ability to haul prodigious
weights and volumes. Much later, in 1860, the Pony Express won
back a minor amount of delivery traffic in the West, but the
astonishing speed of that glamorous institution enabled it to survive
for only about a year and a half before the stringing of telegraph
wires along the same route brought about its collapse. While the
Pony Express existed, its initial charge of five dollars to carry a
half-ounce letter about 2,000 miles in somewhat over a week was cut
to one dollar, but even at that rate horsemen would never be serious

economic challengers to the locomotive.
Speed may have been a more important factor in regard to sea

travel, where windpower was still supreme. The Baltimore Clipper
and other vessels of similar design traded hull space for trim lines—an
essential asset in outrunning enemy warships or privateers, and a
worthwhile commercial characteristic when considering certain
cargoes. Perhaps one difference from land travel was that the time to
be saved in this case could easily be measured in days, rather than
hours. At any rate, wind was barely challenged by steam in ocean
transport. The Savannah has been hailed as the first steam-powered
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vessel to cross the Atlantic, and the glory of this accomplishment in
1819 was the reason its name was borrowed some 150 years later for
the world’s first nuclear-powered commercial ship. But what
non-energy-oriented history books rarely add is that Savannah used
her steam engine for only a very short part of that voyage. All but 85
hours of the 29-day crossing were traversed under sail, and the ship’s
limited fuel capacity would not have permitted any o,ther course.p

Just as wind ruled the waves, wood dominated residential heating
although ever sharper regional price differences began to appear an(i
f:oal was starting to make some inroads in the commercial and
industrial sectors. The direct use of waterpower probably reached its
peak about this time, however, providing the driving force for most
of over 30,000 power looms that were operating in the U.S by the
midpoint in this period. And in 1841 the mighty Niagara Falls
themselves were tapped by large waterwheels to provide energy.

Despite the relative underpopulation of the restless new nation
the emergence of Jacksonian Democracy exerted strong sociai
pressure against production systems based on traditionally long work
days. President Jackson, whose main support came from the West
and South, won added backing among New England factory workers
through his 1836 order for a 10-hour day in national shipyards. At
this time, Massachusetts factories were still paying only $5 for what
approached an 80-hour week, but the tendency toward shortened
work weeks without any reduction in pay became a new rallying
point for populism. Unless the country was going to stand still (and

Americans were in no mood to do that), there would have to be some
changes.

Coal was by no means an “exotic” fuel to Americans, but the fact is
that there was little to recommend it as their first choice for most
applications in any sector of the economy. Consequently, its use was
spotty. During the War of 1812 a temporary surge in demand for the
domestic product had boosted the price of soft coal, and it was only
this that prompted serious study of the possibility of using anthracite
as an alternative. Roughly three decades were to pass before
Americans discovered how rich they were in minable seams of
bituminous coal—once people started to look for them in earnest.

Two important uses for coal developed during this period,
however. One was in the early blast furnaces, used in the production
of iron for some of the steadily growing variety of farm implements
and certain industrial goods. The second was in the manufacture of
illuminating gas. :

One of the cyclical ironies of energy history is that the 1980s may
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see the birth of a substantial new industry designed to convert coal
into a gaseous fuel—even though this is precisely what gas plants
were doing in this country well over a century and a half ago. There
are differences, of course. The early coal-gas contained far less
heat-energy within a given volume than any product suitable to
deliver by pipeline today. It was also relatively expensive.

The first natural gas well in the United States was drilled in 1821
near Fredonia, New York, not far from Buffalo. A crude piping
system permitted its use in what was then a predominantly rural
setting. For the most part, however, natural gas was either unknown,
ignored, or feared as a somewhat puzzling fire hazard. Roughly half a
century later, when George Westinghouse announced plans to use
natural gas as an industrial fuel in Pittsburgh, coal miners opposed it
as an unfair competitor, which they believed was likely to rob many
people of jobs.

There were some isolated trials of gas lighting in this country by
1812, but the big breakthrough came in 1816 when Rembrandt Peale
demonstrated its use dramatically in a museum in Baltimore, near
the place the city council met—and quickly won a municipal
contract to supply street lights throughout the area. Government
leaders and taxpayers must have reacted quite favorably. Indeed, it
must have been impressive to see a dark city street illuminated for
the first time. Within 20 years, companies had been organized in
communities all over the country to produce and distribute gas. At
first the service was provided in each area on a flat-rate basis, but
practical gas meters were soon devised—making it possible to
measure the precise volume of gas delivered to each customer and to
bill accordingly.

Although business establishments soon took to using the new gas
light fixtures, only the wealthy could afford them in their homes.
Furthermore, gas generally was not available outside cities.

In homes, firelight was supplemented by numerous varieties of
candles and lamps—with the exact energy source being determined
fundamentally on the basis of what was available and affordable.
Beeswax made marvelous candles but animal fat and certain types of
berries were more accessible to most householders. Whale oil was
favored for lamps because it produced a bright, reliable light, but for
obvious reasons was not equally available or identically priced in all
parts of the U.S. The first synthetic liquid illuminant, camphene, was
distilled from vegetable products (turpentine and alcohol).
Camphene had the serious drawbacks of a foul odor and a danger-
ously low flash point. In those days of limited options, however, it
26

became a fairly popular fuel.

Electric energy was still almost exclusively a curiosity during this
period—just as steam had been in Revolutionary days. The first
patents for the “practical” use of electicity were issued in 1834, but
the application then envisioned was to “cure” certain diseases.
Although Joseph Henry had constructed a primitive electric motor
several years earlier, there was little in his “rocking toy” that seemed
to offer hope of becoming an effective substitute for wind, water-
power, animal energy or steam engines—much less for candles, lamps
and fireplace logs. Yet that did not mean some individuals were not
doing their best to promote it. In 1834, Thomas Davenport of
Brandon, Vermont, used a battery-powered electric motor to propel
a model demonstration vehicle on a small track. The hitch, of course,
was the large weight and volume of batteries required in relation to
the amount of propulsive power delivered. This became evident on a
larger scale when Moses Farmer and Professor Charles G. Page
demonstrated passenger-carrying electric locomotives during the
1840s and very early 1850s. As long as the electrical energy source
had to be carried along in the form of a heavy chemical storage
battery, such vehicles were bound to run out of “fuel” rather quickly.
For the same reason, it did not seem likely that electric motors could
be kept “fueled” adequately in any industrial operation that would
make them worthwhile.

The relative scarcity of musclepower might have been a serious
drawback, considering the large land areas available for cultivation,
but technology met the demand of the circumstances with a flurry of
appropriate inventions. Whitney’s cotton gin (1793) had not been a
piece of power machinery at all; it was operated by hand. It had
already increased the per capita yield of farm laborers on Southern
plantations, however, and its economies had probably stiffened the
resolve of those in the cotton business to perpetuate the institution of
slavery. Cyrus McCormick demonstrated his first reaper in 1831 and
patented it three years later. It was followed before long by other
horse-drawn equipment that would multiply prodigiously the output
of grain farmers—primarily in areas where slavery had never won
much of a foothold and where, after 1820, a settler could acquire
government land for only $1.25 an acre. The mechanical revolution
was essential and effective. Even the early reapers enabled a single
man to do the work of five workers with hand implements. Other
inventions made similar contributions to other agricultural tasks. A
reform of U.S. patent procedures in 1836 gave greater protection to
inventors by compelling fuller study to assure originality. This fact
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probably combined with the emergence of new markets to encour-
age the flood of innovations.

The new farm equipment continued to use muscle-energy rather
than wood or fossil fuel, and in themselves the devices did not
require any greater energy input to complete assigned tasks. On the
contrary, they raised the productivity per unit of human or animal
energy input. Nevertheless, the total expenditure of muscle energy
in this country rose—for the very simple reason that the population
was expanding so rapidly. In 1812 there had been between 7 and 8
million Americans (including approximately 1,200,000 black slaves).
By 1845—the end of what is called here the Age of Innovation—the
total population had risen to more than 20 million and there were
nearly 3 million slaves. The number of horses, mules and oxen is less
certain, but quite probably it exceeded five million. America ’s Needs
and Resources, a comprehensive historical survey produced by J. F.
Dewhurst and Associates in 1955, concluded that the work output
derived from work animals in the U.S. exceeded that obtained from
all types of engines until well after the mid-1800s.

More than 90 percent of this country’s slave population was
concentrated in the states that were to form the Confederacy, but
the issue of involuntary servitude was not the only question that
divided the nation along regional lines. After the War of 1812, the
infant industries that had been given a boost by the wartime
interruption of competing imports pressed for tariffs to protect them
from lower priced foreign goods as normal trade was resumed.
Manufacturing, however, was concentrated largely in New England
and the eastern parts of the Middle Atlantic States. Citizens of
agricultural areas saw tariffs as unnecessary additions to the cost of
living, at best. At worst, Southerners and Westerners saw tariff
barriers as an invitation to reprisals by other nations that would
damage U.S. exports of cotton, tobacco, and other non-manufactured
products. By 1833, U.S. agricultural interests, representing a way of
life that was less energy-intensive than manufacturing, forced some
significant tariff cuts, but the battle was not finished. It had barely
begun.

Land in the West continued to beckon to settlers, offering natural
energy resources in the form of wood, wind (for mills), and running
water that were more than ample for simple and isolated home-
steading operations. The development of communities came more
slowly, however, and lamp-fuel or anything else that came from the
Atlantic Coast commanded a dear price. Land speculators moved
west too, and get-rich-quick schemes sometimes fell apart in a
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violent way that shook the whole country—as in the financial crisis of
1837. Nevertheless, the spread of population toward the Pacific was
inexorable—especially after the publication of Fremont’s reports on
the vast country of the Rockies. Although his renown as “the
Pathfinder” could not win him the Presidency when the newly
formed Republican Party nominated him as its first candidate in
1856, Fremont was an authentic national hero. His explorations of
the Far West in 1842 would be even more of a blueprint for the
future than those of Lewis and Clark had been earlier—especially by
replacing old fears of a Great American Desert with accounts of
fertile and plentiful farmland.

What may have surprised Fremont was the way in which the new
push westward came. In the long run, a good bit of what happened
thereafter was a result of a single electrical invention that appeared
near the very end of the Age of Innovation—Samuel F. B. Morse’s
telegraph. Although it was similar to other electrical devices
developed up to this time—in that it was tied to bulky wet-cell
batteries as a power source—that was no great handicap for the
telegraph. It operated from a fixed location where a crew could
service its “fuel” demands of battery plates and acid, although at a
not inconsiderable cost. The telegraph did not heat anything; it did
not propel a vehicle; and it did not energize equipment. Yet the
rapid application of this invention was an instrument of social and
political change for the entire nation in the decades that followed
Morse’s installation of the first full-scale telegraph line between
Baltimore and Washington in 1844.
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V. 1845-1880:
TURMOIL AND TRANSITION

T he years 1845-1880 were some of the most volatile and violent in
all U.S. history. Greatly enhanced communication exaggerated
changes. News flashed from one place to another like lightning.
Broad public response to events developed with unprecedented
speed.

The telegraph, widely circulated print media, and improved
photography were to this period what television would become a
century later. The annexation of Texas and war with Mexico swiftly
pushed the American frontier westward again—by virtually half a
continent. Midway in the period, the country was split by a civil war
that shook the national economy to its foundations and—far more
tragic—left the bloody imprint of about a million casualties. Some
500,000 fighting men died of wounds or disease, and perhaps an
equal number were either disabled or uprooted permanently and
reduced to wandering aimlessly for the rest of their lives.

From a political point of view, matters were just as jumbled. The
first U.S. President to be assassinated was succeeded by the first to be
impeached, and he was followed by an administration in which
blatant corruption invited more public disillusionment and unrest.
With all of this, it is easy to see why the revolution in American
energy use that took place during these same 35 years drew
relatively little attention from historians.

Astonishingly, the average rate of population growth during this
period of turmoil and transition remained almost as high as during
earlier years. If this had been due entirely to the increase of births
over deaths, the rate of increase would have been comparable to the
one in Mexico today—which gives so many population experts such
concern. In the case of the U.S., however, there was a great surge in
immigration, beginning in the late 1840s. Furthermore, the simul-
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taneous growth in national territory kept internal population
pressures from developing; actually, the number of inhabitants per
square mile declined between 1840 and 1850 (See Fig. 3). By 1880,
despite all the upsets the nation had suffered, the potential clearly
existed for the largest marketplace the world had ever
seen—unmatched anywhere in its combination of united national
area, diversity and richness of resources, communication and
transport facilities, and total number of ordinary individual citizens
with significant spendable income.

Within the narrow perspective of energy history alone, railroads
undoubtedly were pivotal. They triggered what is usually labeled
“the nation’s switch from wood to coal.”

So long as rail travel was limited to relatively short runs in the
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FIG. 3. Population density in the U. S. remained relatively low throughout the century or so
it was a "‘developing country,” and the statistic even dipped on a couple of occasions as t!je
nation acquired new territory. By the end of the First World War, however, the’ 1880 density
had doubled. Despite the Great Depression and the introduction of birth control as uU. S.
mores changed, population density doubled again by the late 1960's. Today, after the
admission of Alaska and Hawaii as states, it still stands at only slightly more than 60 persons
per square mile—about one-tenth that of such countries as Japan, West Germany and the
United Kingdom.
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general vicinity of the Atlantic coast, wood was the obvious fuel for
most locomotive boilers. Once the nation made a commitment to
press into areas where forested land was less ubiquitous and where
cheap water transport was unavailable in the directions people
wanted to travel, however, the choices between wood and coal had
to be reevaluated. Coal won on several counts.

When good quality coal is burned it produces about four times as
much heat as the same weight of top-notch fuelwood. If equal
volumes are compared, coal has an eight-to-one energy advantage.
Thus, to begin with, coal greatly extended the range (and/or payload
capacity) of locomotives designed to haul their own fuel on long
trips. In addition, it was soon discovered that coal deposits existed
near some of the new railroad rights-of-way where wood supplies
could have become a serious problem.

Once the two fuels were regarded as more or less interchangeable,
price became the only factor that enabled wood to hold on as a
locomotive fuel where it did. Still, regional diversity was far greater
than many modern writers assume, as an excerpt from a Handbook of
Railroad Construction published in Boston in 1857 makes
unmistakable:

“It does not follow that because coke in England, anthracite in
Pennsylvania, or wood in New England, is the most economical
fuel that either of the above will be so in Ohio, Indiana, or Illinois,
or because wood is the cheapest in some parts of a state, that it is
so throughout, or even that one fuel should be applied to the
whole length of a single road.”

If train boilers had been the only new market for coal at this time,
however, the quest for new mines and more efficient exploitation of
existing ones probably would have gone on at a slower pace. The
average price per ton might have remained higher, and it would
have taken longer for coal to achieve its full competitive economic
advantage over wood. Other technological developments during the
same period, however, pushed the coal industry to even greater

. growth.

Building a national railroad network involved the laying of
thousands of miles of track. Metallurgical standards for rail were not
as high as those for the metal tools which previously had represented
a large share of the demand for iron, and the need for rails on a larger
scale occurred at almost the same time new manufacturing processes
managed to improve the quality of iron produced with coke (made
from coal) instead of charcoal (made from wood).
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Because coke was more economical—and likely to stay so because
trains could deliver enough of it to produce a given amount of heat
energy more cheaply than the bulkier charcoal—old and new iron
works were more than willing to make the shift. The introduction of
steelmaking to the U.S. in the 1850s and 1860s confirmed the
industrial fuel change; but the continuing demand for rails (fa-
bricated by that time of steel rather than wrought iron) dictated the
manner in which pig iron was to be produced and the Bessemer steel
process was to be applied during the 1870s. A sidelight worth
pointing out is that the lower relative cost of coke was not always due
to a scarcity or high price for wood; charcoal was expensive
primarily because its production was labor intensive.

Certain other spin-offs from rail expansion also benefitted coal.
Throughout industry, cheaper mass production of metal parts
replaced older boilers—which originally had often been made almost
entirely of wood, except for the fireboxes. Experience and exper-
imentation with steam engines for trains helped to spawn safer, more
powerful, and more efficient stationary engines. Those were the
logical power sources for industry and commerce in the new
population centers that blossomed around railheads as the iron horse
rolled toward the Pacific. Barely 20 years after Californians raised
the American flag for the first time, their state was linked to the
original colonies by a transcontinental rail line which nourished the
intervening string of tree-poor towns with coal.

Expansion of the rail system was popularly endorsed as a national
mission. When trains between Boston and Fitchburg, Massachusetts
came within 500 yards of Walden Pond, even a nature lover like
Henry David Thoreau was moved to find cheer in “the muffled tone
of the engine bell . . .. which announced that the cars are coming .. .
notwithstanding the veto of a New England northeast snowstorm.”
It may even shock some of Thoreau’s latter-day admirers to learn
that he enjoyed the fact that trains’ comings and goings had become
“the epochs of the village day” and endorsed the way “one
well-conducted institution regulates a whole country.”

The great interstate railroad systems were not built by govern-
ment, but they surely would not have developed so rapidly without
considerable federal assistance. The biggest boost came in outright
grants of land for the rights-of-way—over 130 million acres valued
then at about two billion dollars—but there were also indirect
subsidies in the form of troop protection and lucrative government
shipping contracts. As for risk capital, a great deal still came from
overseas. Adverse financial developments domestically, such as the
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replenishable wood fuel to hang on longer than in other areas;
wood-burning locomotives continued to be used regularly in Florida
until around 1900. But the regional scarcity of coal had serious
repercussions between 1861 and 1865 when Southern states tried to
match extra wartime demands with suddenly reduced supplies.
Railroad beds themselves had to be cannibalized so ties could be used
to fuel boilers, and cottonseed was substituted for coal in the
production of illuminating gas. Northern forces, on the other hand,
had reasonably secure supplies of coal. Nevertheless, wartime
inflation pushed prices up everywhere, and in 1863 the New York
Central reverted to wood temporarily for purely economic reasons.

From a political point of view, the nation’s sudden surge to the
West had probably helped to precipitate the Civil War. Although
the California Gold Rush was initially an instigating factor, a more
sustained incentive was the lure of large areas which could be turned
into independent farms and ranches. With Fremont as their first
Presidential candidate, the Republican Party eventually coalesced
from groups that favored: a) free land in the West for homesteaders,
b) federal encouragement of the communication and transport links
that would support them, and c) the abolition of slavery, which was
repugnant ideologically and worthless to them as an economic
institution.

After the War Between the States had ended, the relative shortage
of workers persisted. The heavy labor force for the railroads was
recruited in considerable measure from among both European and
Oriental immigrants, and agriculture turned to another source of
energy. Reel-and-cable systems were developed so stationary steam
engines—fueled either by coal or wood, depending on local
conditions—could draw farm equipment back and forth across fields.
In time, steam-powered harvesting equipment was mounted on
wagons drawn by horses. The emphasis in new inventions was on
minimizing the amount of human muscle-power that would be
required. Farmers still might have backbreaking jobs, but their
individual productivity increased further—albeit at the expense of
raising the capital investment a farm owner might require to get
started. Even the introduction of a relatively simple new product
like barbed wire (1874) had a powerful long-range effect on energy
consumption. Barbed wire spelled the end of open grazing. It
protected homesteaders against the ravages of herds that had been
allowed—even encouraged—to roam freely. That signaled the broad
triumph of farming (which was growing steadily more energy
intensive) over open-range cattle ranching (which occupied much
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pace with national growth and accompanying new energy demands.
By 1868, steam equaled waterwheels as an overall power source for
U.S. industry.

Windpower gave a great final gasp before it also faded as a major
factor during the last quarter of the 19th Century. Windmills may
have seen only limited use in the colonies and the more compact
communities of the early Federal period, but they made sense on
large farms of the type fostered by the move westward. Elaborately
geared systems could pump water, thresh grain, and mill flour. And
at sea, America’s sailing vessels still outnumbered commercial
steamships at the time the United States marked its Centennial.
Wind-propelled vessels had matured in size to thousands of tons and
in speed to peaks of around 24 knots. There were still many who
believed steam could never be more than a supplement to sail for
trans-Atlantic travel.

The two developments that ultimately tipped the economic
balance in favor of steamships seem at first glance to have little to do
at all with energy policy. One was the introduction of metal hulls,
which made very large ships possible and thus increased the
reasonable capacity for fuel as well as the overall space for cargo.
The second was popularization of the screw propeller, which

converted steam power into motion through the water far more

efficiently than paddlewheels. The greater efficiency of the new ship
propellers meant less steam (and thus less fuel) would be needed to
make an ocean crossing—even at constant speeds comparable to the
overall trip averages for sailing ships.

Because of its greater energy density, coal faced little competition
from wood during this stage as the choice for long-distance ship fuel.
During the Civil War, petroleum had also been tried with consider-
able success in ships” boilers and it promised even greater compact-
ness and potential handling convenience. Analytically, it offered
improvements in both speed and endurance, but in 1867 Navy
Secretary Gideon Welles rejected the whole idea of using petroleum
on steam-powered vessels. He argued against it on the grounds of
health and safety, criticized it as inconvenient since oil then was
transported mostly in barrels and wooden tanks, and suggested the
price of petroleum made it impractical.

We must recall that when Colonel Drake had drilled his historic
well at Titusville he had not been looking for an engine fuel. He was
seeking a substitute illuminant. The many lamp fuels available then
were generally expensive; and the more affordable ones had the
additional drawbacks of being dim, smoky, smelly or explosive (or

perhaps some combination of those). Kerosene, a trade name applied
popularly to a variety of liquid fuels, including some produced from
coal, looked like a possible winner and was given a fair amount of
commercial ballyhoo. Total victory in the market place, however,
depended on uncovering a dependable source of some crude liquid
base that could be refined more or less directly into an acceptable
form of kerosene lamp fuel at reasonable cost. Before 1859,
petroleum had been a byproduct of salt wells and some natural
springs. The significance of Drake’s Pennsylvania venture was that it
was the first commercial effort that produced petroleum from a well
of its own. Others followed suit, and an oil rush was on.

Although the production costs of the earlier lamp oils had varied
greatly, the retail prices were often close together. In a broad sense,
potential demand exceeded the combined supply; and the different
products tended to be nearly interchangeable where they were
jointly available. The rail network was in its early adolescence and
road travel was still arduous, so transportation costs were a major
factor. In such a setting, it is understandable that the price of crude
oil at the wellhead went through wild gyrations over the first few
years. In 1860 it was nearly $20 a barrel—about the same as the
ingredients of camphene on a per-gallon basis but much lower than
sperm oil and lard oil. As more successful petroleum wells were
drilled and difficulties developed in delivering the product to
market, the wellhead price dropped all the way to ten cents a barrel
during 1862. By the end of 1864 it was back to $11, and im-
provements in transporting crude quickly helped expand the market.
By 1865 trains were pulling wooden tank cars filled with oil—to be
followed in four years by better ones made of iron. These were the
days of cut-throat competition and by 1875 a major rate war was in
progress as one rail line or another tried to obtain a monopoly in the
transport of oil. By that time, seagoing oil-tankers had evolved from
barrel-carriers to vessels with specially constructed hulls and the
U.S. had become a petroleum supplier to the world. The expression,
“oil for the lamps of China,” traced its origins to America’s wells.
The first large pipeline did not cross the Appalachians until 1878,
however, and that was in the era when oil moved in this country
primarily from east to west.

Like electricity, petroleum had been touted in the earliest days for
“medicinal” properties. The hustling of “snake oil” salesmen gave
rise to still-familiar expressions and mental images. By the 1870,
however, petroleum—based pharmaceuticals such as vaseline, lotions,
etc., were showing genuine value. The use of “rock oil” in lubricants
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for machinery gradually developed too, but the major application
was definitely in bringing more light to households.

Gas had gone through various phases as an illuminant in this
country. A patent to distill burnable gas from refuse had been issued
in the U.S. as early as 1815; and although coal was the primary base
throughout the 19th Century, the fuel also was manufactured
commercially in various localities from many different products
(including pitch, pine-oil, petroleum, and—before it became
outrageously expensive—whale oil). Many of the process modifica-
tions were based on what would now be called “environmental
concerns,” such as interest in eliminating odors. Some were aimed at
reducing costs—in response, for example, to an intensive popular
campaign in New York during the early 1850s to reduce gas rates so
“every private home” could have cheap illumination without
resorting to the dangers of a fuel like camphene. Nevertheless, even
at $3.00 per thousand cubic feet, a typical “target rate” of the late
1850s, gas did not seem capable of competing with lamps using
kerosene refined from petroleum.

Much of the progress in energy technology the United States made
during this tumultuous period was evidenced in the gigantic
birthday party the country held for itself at Philadelphia in 1876.
Trains served the Centennial Exposition site. Total attendance was
equivalent to about one-fifth of the country’s population. In the
largest U.S. pavilion, a 6,000-horsepower steam engine drove acres
of machinery. There were kitchen ranges operating on lighting gas,
equipment for farming, and engines fueled by a petroleum “waste

roduct,” called “gasoline.” Alexander Graham Bell showed up one
weekend to demonstrate his battery-powered telephone. Not even
the latest expansion of human energy was neglected: Female
Americans had come a long way since the first “women’s rights
convention” nearly three decades earlier and had their own pavilion
at Philadelphia—featuring a woman engineer.

As might be expected, gas lights were an integral part of the
exposition. More of a novelty were the brilliant electric arc lights.
These huge fixtures were simple in principle but cumbersome. A
high-voltage spark flashed between two electrodes and a reflector
focused and reinforced the light, turning the darkness of night into
an eerie approximation of daylight on the midway below. The
carbon rods that served as electrodes were consumed steadily by the
heat, so they had to be advanced on a precise time schedule to keep
the gap constant. After a relatively short time, the long graphite rods
had to be replaced.

An arc lighting system clearly was suitable only for special
purposes, such as street illumination, and did not seem competitive
with either gas or oil lamps for home use. Its power demands were
huge compared with today’s systems. Nevertheless, arc lights were
an eye-bulging example of what the centennial motto promised the
U.S. and the world—“the best that we can do.” Three years later, in
1879, Thomas Alva Edison produced a practical electric lamp using
a different principle. That was one of a series of related inventions
that helped transform the country over the next few decades into an
economic titan.
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VI 1880-1918: NO LONGER
A “LESS DEVELOPED COUNTRY”

Having survived its boisterous beginnings, the nation exploded
industrially in the next three or four decades. It emerged as a
cocky giant, with coal smudges on its face.

It is not the purpose here to assign specific shares of blame or
praise to government, business or labor for the growing pains the
United States suffered in the process. What seems indisputable is
that by the time this transitional period ended big government, big
business and big labor were all firmly established. For better or
worse, energy developments in the U.S. from this point forward were
likely to be affected as much by these three super-forces as by the
still necessary summation of many, many distinct individual choices.

Two financial panics interrupted the era—in 1893 and 1907. One
school of thought is that both were caused essentially by reckless
industrial overexpansion, but other writers lay the fault in each case
at the doorstep of the federal government—for allowing gold reserves
to be drawn below the legal minimum to placate “soft money”
agricultural interests in the South and West, and for pressing Teddy
Roosevelt’s trust-busting policies and weakening the whole econ-
omy. In the final analysis, whether the fault was industry’s or
government’s, the nation managed to pull itself together only by a
truce between the two. In 1893, in fact, the Morgan banking
interests literally refinanced the national government.

In a nation where a population of employees was speedily
superseding the old pattern of small, self-sufficient family farm units,
some sort of labor organization was inevitable. The labor union
movement may have been strengthened by the realization that
economic swings could be felt swiftly and forcefully—as well as by
the government’s demonstration that it would intervene in the
marketplace if there was a public clamor for reform. Work stoppages
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had occurred before in protest over working conditions or wages, but
during this period strikes were numbered for the first time in the tens
of thousands.

All of these developments affected the way energy was produced
and applied.

Shorter working hours, better pay, improvements in working
conditions, and the enforcement of new quality standards to protect
public health and safety all tended to add to basic production
costs—motivating a general quest for counterbalancing im-
provements in production methods. Fresh concern about resource
limitations and protection of the natural environment—usually
associated with the first Roosevelt, but actually traceable to
literature of the late 19th Century—also prompted new targets for
energy efficiency.

For the most part, steady technological advances supplied the key
to success. It was also during this period that the dramatic tinkering
of individual inventors began to give way to more specialized
research “teams.” The results included many products—
commercially affordable aluminum, hydrocarbon-based syn-
thetic materials, and gasoline additives, to mention but a few.
The relationship of these products to energy consumption patterns
would not be felt until later, however, when U.S. involvement in two
global wars would modify American living habits still further.

As for government’s role, the perceptible trend during what has
been called the “Progressive Era” was toward direct regulation. In
the last part of the 19th Century and the beginning of the 20th, rail
and oil monopolies were attacked and eventually split apart. New
taxes were levied, and the supervision of interstate commerce
developed from a fairly vague constitutional theory into a day-to-day
reality with establishment of the Interstate Commerce Commission.
The biggest step of all came as an emergency measure as this country
became involved in World War I: The national rail and commun-
ications system was taken over temporarily by Washington, which
also assumed direct control of the production and distribution of
fuel.

In the midst of all these separate (and sometimes conflicting)
developments, the underlying trend between 1880 and 1918 was that
the United States economy itself grew larger and stronger and more
complex.

Production of pig iron was a fundamental indicator of industrial
growth, because it is a basic ingredient in so many manufactured
products. At the start of this period, the U.S. was turning out less
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FIG. 4. The rapid transformation of the United States from a ‘“developing country’ to a
world leader in industry was reflected in its output of basic metals. For the sake of
comparison, the United Kingdom started this same period with an annual production of 8.68
million tons of pig iron and 1.46 million tons of steel; but by 1918 that country was turning out
only about one-third as much of the first product and one-fourth as much of the second as
the U. S.

than half as much pig iron as the United Kingdom. In less than ten
years the U.S. was the world’s leader in that field. The nation zoomed
to first place in steel too. Output in that case increased even more
dramatically, multiplying more than 40 times between 1880 and the
end of the First World War (See Fig. 4). By 1900, the United States
had welded much of the steel into an ever more extensive and
intricate rail network, whose 200,000 miles matched the transport
facilities of Europe.

Growth fed on energy and by 1918 over three-quarters of the U.S.
energy diet was coal. During the same time, the relative importance
of wind and animal energy faded to insignificance. In 1918 the
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number of horses and mules in this country peaked at 26 million. This
seems like a very large number, but by that time the nation had
reached the point of measuring overall work output (mostly from
engines and motors) in trillions of horsepower hours. Meanwhile,
waterpower was born again in the form of hydroelectricity and by
the end of this period hydro was responsible for about one-third of all
U.S. electricity. Even so, it still accounted for only a few percent of
the country’s total energy use.

It was primarily blast furnaces and boilers, stoked overwhelmingly
with coal, that ate up energy as never before. Writers who dramatize
America’s increasing appetite for energy within the 1950s, 60s and
70s should look back to the decades bracketing 1900 if they are really
fascinated by growth in total energy consumption. Population more
than doubled between 1880 and 1918, but per capita energy use also
doubled. The overall effect was a rough quadrupling of energy use.

The underlying reason for the growth in consumption was not that
American society suddenly became more energy-intensive; the
stage-setting changes in economic sectoral emphasis had already
largely taken place. Instead, it was because the nation began to
produce more—a lot more! The statistical evidence here is easy to
misread, however, because of the tendency to forget how important
wood had been as an energy source before coal succeeded it.

To a very great extent, the direct substitution of coal for wood
finally took place across the nation during these decades, even in
residential and commercial use. If the heat content of the wood used
annually by Americans is factored in (it dropped from nearly three
cords per person in 1880 to substantially less than one cord by 1918),
it suddenly becomes evident that total energy consumption (coal, oil,
gas, hydro and wood) was closely tied to the rise in real gross national
product during the period. Omitting wood from the calculation (as
recent articles about energy usually do) gives a false impression of
the degree to which Americans increased their individual energy
appetites at that time.

1t is difficult in fairness to denounce this country’s actual energy
pattern at that particular stage in national development as
wasteful—a point we might keep in mind when considering the
energy aspirations of developing countries today. If real GNP within
the U.S. increased about fourfold at the same time the population
merely doubled, energy sources appear to have done an important
job with reasonable efficiency. Largely as a result of higher energy
use per capita, twice as much material product became available

potentially to each American.
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This is not to say that growth took place without inequities and
some largely unperceived trade-offs. For one thing, essentially
unregulated coal burning and the increasing concentration of
population in urban areas combined to produce serious pollution
problems. That did not seem to inhibit either community or national
pride, however. Many a letterhead and government emblem durin
the period featured smoke billowing from the stacks of factories o%
locomotives. Regardless of how we have come to regard such matters
within the past generation or two, Americans then flaunted all the
badges of their emergence as a “developed country.”

Internationally, the U.S. rather suddenly became a force to reckon
with. To the enthusiastic applause of a sensationalistic and extremel
nationalistic daily press, the nation showed off its new power in th>e,
Spanish-American War and by brandishing the Great White Fleet
around the world. It was not that the country was purely aggressive;
in fact, Teddy Roosevelt played the role of international peacemaker,
to help settle the Russo-Japanese conflict. Almost naively, the United
States of America merely sensed its new might and wante’d to be sure
others did not overlook it.

There is appropriate symbolism in the fact that the U.S. Centen-
nial Exposition took place in the old Colonial port city of Philadel-
phia, but that the next grand event of this type moved to mid-
America. The atmosphere at the Columbian Exposition of 1893 in
Chicago was different—prouder and more outspoken, yet advertising
accomplishments of the present as much as courage of the past or
promise of the future.

From an energy standpoint, the central attraction this time
undoubtedly was electricity. President Grover Cleveland opened
the exposition from Washington by pushing a “magic button”which
sent an electrical impulse by wire to set in motion a huge Allis engine
in Chicago and deliver power to the key exhibits. There was an
“Electrical Building,” in which a “majestic luminous column” was
studded with thousands of electric incandescent lamps.

Three more major international expositions were held in the U.S.
between the turn of the century and the Great War. Each showed off
new extensions of technology and new energy applications that were
then taking place at a breathtaking pace.

The Pan American Exposition of 1901 in Buffalo took advantage of
the hydroelectric installation at Niagara Falls, which had begun
operating in 1895. The dominating feature was a 375-foot electric
tower, decorated with incandescent bulbs and searchlights, and
topped by a statue of the “Goddess of Light.” ’
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In 1904 the fair at St. Louis to commemorate the centennial of the
Louisiana Purchase highlighted the applications of “science of
everyday life,” including new kitchen ranges. Its crowning feature
was a display of 100 automobiles—the first sizable exhibition of this
type.

The Panama-Pacific International Exposition of 1915 was a salute
to the opening of the Panama Canal, and it was supposed to focus on
cultural contributions. Yet, a great many visitors remembered it
primarily because it was the first to offer airplane rides to the public.

A cursory review of such milestones in energy might suggest that
new technology replaced the old overnight across America. It did
not. It is true, for example, that electric lighting quickly became
available in all large cities and most small ones, but gas gave it
vigorous competition throughout this period. The popular in-
troduction of the gas mantle in the late 1880’s offered six times as
much illumination from the same fixture while actually reducing gas
consumption, so there was no clear economic incentive for home
owners to convert to electricity. Furthermore, gas mantles gave
whiter light and less glare than early incandescent bulbs.

As happens often with new technological developments, electric
current also aroused public fears about safety. The apprehensions
were undoubtedly reinforced by Thomas Edison’s own fierce
personal attack on George Westinghouse’s ultimately successful
efforts to switch from direct current (DC) to alternating current (AC)
as an easier and more economical means of transmitting power over
long distances. Edison went so far as to publish an article in 1889 on
“The Dangers of Electric Lighting,” wherein he characterized AC
systems as unreliable, hazardous to life and property, and aimed only
at trimming electric company outlays for “copper wire and real
estate.” He is also quoted as having said that “Just as certain as death,
Westinghouse will kill a customer within six months after he puts in
a system of any size.”

Apparently, such warnings troubled President Benjamin Harrison.
Harrison has been hailed as a pioneer, because he had the gas
chandeliers in the White House converted in 1892 so that they could
use either gas light or electricity, but secretly he was afraid of being
shocked if he touched the electric switches. The President issued a
standing order for an aide to turn the downstairs lights on at dusk
each evening, and they stayed on until that staffer returned the next
day. In their private quarters, members of the first family discreetly
continued to use gas. '

Electric power got an extra boost in this country because a host of
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useful gadgets apart from the light bulb linked it simultaneously to
other conveniences. The electric flatiron and electric fan were
invented in 1882, to be followed by various types of electric ranges in
the 1890s and the electric vacuum cleaner and washing machine in
1907. The automatic toaster popped up in 1918.

Nevertheless, it took quite a while for electric motors to replace
steam-powered equipment or other machinery in industries that
burned fuel directly on site. In the 1890s Benjamin Butterworth, a
U.S. Patent Commissioner who chronicled industrial growth, wrote
that the electric light had already been fairly well established for
some time, but electric motors had “not yet been sufficiently
demonstrated to be cheaper than coal.”

In a sense, of course, most electric motors were actually using coal,
and lots of it—albeit indirectly. Edison’s Pearl Street Station in
Manhattan had to burn 10 pounds of coal at first to generate each
kilowatt-hour of electricity. Even by the first decade of the 20th
Century, the most efficient generating stations were still using about
six pounds per KWH. (Today, it takes about a pound of coal to
generate a KWH.)

The ultimate advantage of electric power in either residential or
industrial applications would be appreciated gradually in terms of its
transportability—and thus flexibility. Wires could reach almost
anyplace, so fewer and fewer people had to be isolated from sources
of energy for nearly any application—heat, light, or mechanical
motion. Factories would be able to reorganize production in any
layout or sequence that contributed to efficiency—without being
limited to straight-line systems of belting and drive-shafts that
transmitted mechanical power from centrally located prime movers.
The most dramatic outcome of this new approach to manufacturing
was epitomized by Henry Ford’s technique of moving his production
line of cars in a steady flow past workers in fixed locations.

At the turn of the century a futurist might have sensed that the
automobile was a potentially significant invention, but few guessed
its ownership would become so widespread and its use so central to
modern life. After all, the capital investment involved was fairly high
and alternate forms of transportation were abundant, even for a
society that had as much relative individual afluence as this one. For
cross-country travel, rails existed and decent roads generally did not.
Harper’s Weekly commented flatly (August 2, 1902) that “The actual
building of roads devoted to motor cars is not for the near future, in
spite of many rumors to that effect.”

In cities, cars seemed unnecessary because the electric streetcar
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had appeared during the 1880s. By 1905 New York had even opened
its first subway, powered by a “huge”—for its time—steam-electric
generator.

It was not clear then which basic type of automobile might
eventually dominate whatever national market developed. Slightly
over half of the 8,000 automobiles registered in this country in 1900
had been built here, and most were steam-driven. Battery-powered
electrics were in second place, with the internal combustion engine
bringing up the rear. What may have decisively tilted the odds in its
favor was the opening of the enormous Spindletop Oil Field in Texas
in 1901. Just as the first oil drilling in Pennsylvania had provided
ample new lamp fuel, so this new discovery seemed to promise
plenty of cheap petroleum for as many motorcars as America
wanted. It turned out, however, that America wanted quite a few—a
million by 1913 (after the Model-T had begun the mass production
that reduced prices) and five times that many over the following five
years.

Automobiles fit right into the independent, free-wheeling spirit of
Americans. Motorcars were highly personal possessions, and they
gave almost incredible mobility. For those reasons, the nation was
jolted when the fuel demands of World War I brought people to the
sudden realization that petroleum supplies were limited. Projections
of domestic oil reserves (made for the first time in 1907-1908)
indicated the sudden sharp increase in consumption could cause our
wells to run dry before the end of the 1920s. National Geographic
Magazine warned its readers solemnly in 1918 that they might have
to give up their passionate love affair with the auto if we could
depend on only U.S. petroleum production as a source of fuel.
But—in the wonderfully optimistic spirit that characterizes that
publication—the magazine went on to explain we had another,
virtually limitless source of motor fuel on the verge of being tapped.
Shale oil would save the day!
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VII. 1918-1946: NATURAL GAS
AND OIL COME OF AGE

S ocio-economically, the next span of U.S. history was uneven. It
was gashed in the middle by the Great Depression and climaxed
by years of involvement in a second World War. Far from killing our
long-term national confidence, however, adversity may have
reinforced it. One energy theme emerged unmistakably to charac-
terize the period: For the first time, liquids and gases came to assume
the same order of importance as the solids, coal and wood.

Coal’s ascendancy ended abruptly, even though we obviously
were not running out of the fuel and its economics still made sense in
the abstract. Although industrial coal consumption held reasonably
steady, this was due to the increasing use of coke rather than to direct
burning. The actual industrial growth in the U.S. turned largely to
other energy sources, while the transportation sector, which had
been responsible for coal’s rapid growth in the first place, turned its
back on the fuel. The rapidly expanding electrical generating
industry (a major energy consumer while also serving as a “pack-
ager” of energy for easy end-use) hedged its bets as to fundamental
source. That in itself was a major plus for liquids and gases.

Contrary to prediction, shale oil was not the answer to the
threatened gasoline crisis—although near the end of this period
(1944) the U.S. Bureau of Mines did open an experimental oil-shale
mine and refining operation. Instead, the solution came from better
methods of geophysical surveying and production that had not been
foreseen—with results epitomized in the great new fields of West
Texas.

As usual, the changing energy pattern involved more than just the
direct substitution of one energy resource for another in the same
use. Three technological developments which set the course of
transition were widespread electrification, long-distance pipelines,
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and the replacement of railroads by autos and planes as the nation’s
favorite mode of intercity transportation. Once again, the Big
Three—government, industry and labor—played significant roles in
the change, although certainly no concerted “energy policy”” was
ever announced. In fact, the size and swiftness of the national shift
toward liquid and gaseous fuel was barely noticed by a general
public engrossed in more dramatic events of boom, bust, and battle.
Overall, this was not a time of rapid growth in our composite
national consumption of energy. The historic rise in population
tapered off and per capita use of energy in 1946 was only seven
percent above what it had been in 1918. We became more
productive as a nation with the energy we used; the amount of
energy consumed per unit of real GNP declined rather steadily.

For this period comparative data are easier to develop. By this
time, fuel statistics were tabulated both by industry and government,
in part because of the various forms of taxation and partly because of
concerns about accidents associated with fuel production (especially
coal). The latter led to careful tabulation of the number of accidents
versus mine output as well as accidents versus employment in
comparison with other industries.

Surprisingly, Americans used progressively less energy during this
period to reach measurable production goals (see Fig. 5). The real
price of energy was dropping, but the same was not true of labor
costs. Even during the depths of the Depression, the average real
wage in the U.S. remained remarkably stable, never dropping below
the 1918 level. By 1946, individual real earnings of the American
work force were almost exactly double what they had been 28 years
before; legislation and strong labor organization saw to that. One
might have thought the consumption of energy in production would
become more intensive—simply to reduce costs. Even practices
which might otherwise be considered wasteful of energy could be
defended under economic circumstances like these. Yet, in fact, a
given amount of production came to require less energy-input—even
though more energy was being expended per worker.

New ways of applying energy to what the nation chose to produce
were more efficient. The evidence of their success was found in the
almost miraculous output during the war years of 1942-45, which left
the United States the richest and most powerful country in all of
history.

While this kind of analysis may be acceptable on a grand scale in
retrospect, it does not answer the question of how companies—or,
even more to the point, individuals—reached the day-to-day
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Fl.G. 5. Energy in this case includes mineral sources, hydropower and fuelwood, but not
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ger?eral shape of the curve for this period). The total amount of energy used while producing
a given output has stayed remarkably stable except for a steady drop between the end of
Wc?r!d War | and the end of World War II. That decrease was probably due largely to more
efficient methods of applying energy to production (including electrification).

decisions that added up to the new energy pattern. What happened
to King Coal? Why and how did people begin to use so much oil and
gas? What prompted electrification at this particular time, when it
had not occurred more completely in the four decades since the
striking success of Edison’s light bulb?

In responding to the first question, the convenience and flexibility
of motor vehicle transport explains a lot. Unlike trains, it offered
door-to-door delivery. Furthermore, poor rail service during World
War I had soured many customers, and the trucking industry got its
first big chance when railroads concerned with long-haul freight
began to refuse short-distance shipments of such commodities as
milk and farm produce. After that, truck hauling grew quickly
surpassing rail freight as early as 1930. Even though gasoline;
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shortages during World War 1II helped boost railway passenger
miles back up to an all-time high in 1944 after a disastrous drop
during the Depression, it was too late by then for railroads to
recover, even as a means of personal travel. The family car had
become a commonplace element of American life.

Perhaps—but only “perhaps”—railroads might have competed
more vigorously in the freight market if they had switched to diesels
earlier. Diesels were more efficient and cost-effective but, although
they entered service in the mid-1920s, they were slow to replace
steam. In 1946, seven out of eight U.S. locomotives were still
steam-powered. Some of those used oil-fired engines but that
phenomenon was limited essentially to the Western U.S., where
ready access to petroleum enabled it to compete economically as a
boiler fuel. For the most part, rail energy was still tied to coal . ... and
the real price of coal was rising, on the average, while the real price
of petroleum products, on which truck competition depended
showed an enviable decrease.

The coal industry itself was caught in a classic squeeze. Labor
unrest and stricter public insistence on mine safety standards
boosted production costs, while shrinking sales also reduced return
on investment. The tougher competition became, the more the
original cost advantage available to the coal producers was eroded.
The simultaneous surge in electric power generation might have
turned the tide in coal’s favor (as it was, it helped to keep the
industry alive) if coal had remained the almost exclusive fuel for
electric utilities. But it did not. Once again, there were regional
considerations. In some parts of the U.S., easier-to-handle oil and gas
were the “neighborhood” fuels that found a bonanza in the new
demand for electric power, while hydroelectric dams dominated
others.

As for the automotive revolution, Henry Ford’s gamble of
reducing the length of the work day and paying twice the going wage
along a standardized production line probably would have failed if
there had not been incredible public demand for the cars he turned
out—and the first widespread introduction of installment buying
plans by the mid-1920’s. The romance between Americans and
automobiles was in full blush and not even the dreary days of the
1930s could dampen its ardor. After the crash, the average American
kept right on paying about the same retail price for gasoline, because
new taxes nearly made up for the drop in base price. But—year in and
year out—consumption per vehicle continued at a remarkably steady
11 or 12 gallons a week, even with commerce collapsed and
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joblessness rampant (see Fig. 6). People tightened their belts, but
they hung onto their cars and kept driving them. ’

Although overall energy consumption showed a relatively small
long-term increase during this period, there was a quintupling of the
use of both natural gas and oil. The fact that the latter was tied
overwhelmingly to the popularity of cars and trucks is shown in
motor vehicle registrations (which skyrocketed from about six
million in 1918 to nearly 35 million in 1941, before wartime
mobilization shut off civilian production) and in the way refinery
output shifted. A barrel of crude oil can be processed in various ways
depending on which of the products of fractional distallation are t(;
be emphasized. In 1918, when kerosene was still in widespread use as
a lamp and heating fuel, the average ratio between gasoline and
kerosene in the output of the nation’s refineries was two to one. By
1946 the process had been modified to produce eight gallons of
gasoline for each gallon of kerosene from essentially the same crude
oil. Auto use helped to boost demand for natural gas too, because in
those days about 10 percent of all natural gas was used in the
manufacture of carbon black for rubber tires.

WEEKLY GAS'OLINE CONSUMPTION PER VEHICLE
13 Gallons
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SOURCE: Historical Statistics of the United States.

FIG. 6 The Great Depression caused no more than a slight pause in the increase of
gasoline use, while motor vehicles were replacing trains as this country’s favorite form of
Frar;sportation. The number of vehicles increased during this period, of course, but so did
individual fuel consumption—as shown by dividing the total usage of 'highway m;)tor fuel b

the.number of autos, buses and trucks registered in the U. S. ’



Electrification was another counter-cyclical trend through much
of the Great Depression, thanks in large part to government subsidy.
The Boulder Canyon Act of 1928 had ordered Federal sales of
electricity to be generated at the new dam site, and this led to the
development of the first really long-distance and high voltage
transmission lines. Power was delivered across the desert to Los
Angeles as soon as Hoover Dam was completed eight years later.

Of course the same technology could be and was applied
elsewhere. Franklin D. Roosevelt’s New Deal pumped money
eagerly into projects like the Tennessee Valley Authority, the
Bonneville Power Administration and the Rural Electrification
Administration. Although he did not refer to it as an official “energy
policy,” FDR apparently was trying to make as much energy as
possible available to as many people as possible at the lowest prices
possible by introducing generating entities with low-cost or free
government capital and freedom from taxation.

Electric lights and indoor plumbing became the twin criteria of
minimum modern housing standards. The electrification program
created jobs and it offered a visibly “better way of life” to millions of
Americans who otherwise had little cause for cheer. The use of
electricity spurted four times as rapidly as the country’s overall
consumption of energy. The fastest growth, by far, was in residen-
tial/commercial use rather than industry. Hydropower was the
favored Federal vehicle, and there were times during this period
when 40 percent of America’s electricity came from dams.

At the same time, the steam generating equipment operated
primarily by investor-owned utilities was improving in efficiency,
and the expanding market for electric power made possible striking
economies of size. There was a snowballing effect. Electric rates
dropped everywhere, and—as in the case of automo-
biles—electrification changed from the category of a rare
luxury to a convenience taken for granted. In 1918 only about
one-quarter of all U.S. dwellings and barely one farmhouse in a
hundred had electric service. By 1946, electric power was being used
in 85 percent of all American homes—even including a majority of
farms. Without widespread electrification, radio’s enormous impact,
with news, entertainment and direct oral reassurance from the Chief

Executive, could never have been achieved. For that matter, the
movie industry could not have emerged either.

With gas losing its marketability as a lighting source, the emphasis
of the supplying industry had to shift to heating—particularly in the
form of home kitchen ranges, and later in furnaces as well. This
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rnez'mt more bad news for coal, because one of the strongest new
sejlhng points for gas was how clean it was to use. Residential coal
bins became an annoyance if not an outright embarassment and a cr

went up for “smokeless cities”—which advertising indicated woul();

also require ind . :
g 38 co(ﬁ:ir_e industry to switch away from the dirty black fuel as soon

At about this time, natural gas began to replace the various types
of coal-based manufactured gas that had been in general use aéli))ss
mo.st of the country. The switch was made possible in large measure
by lmproved pipeline delivery techniques, and better ways of sto‘rin
gas in reasonably large quantities were developed. A given volume ogf
natural gas provides far more heat when it is burned than the old
synthetic gases. The price of gas at the wellhead was extremely low
since it was often regarded as a “waste product” from oil production,
S0 consumers tended to get a break even after utility rates were,
adjusted to cover long-distance transport costs. Natural gas became a
.truly national fuel for the first time, although its primary market was
in if}dustry and much of this was still limited to what is called “field
use”—providing energy for drilling operations and nearby refineries
At least this was better than “flaring” it—the common earlier.

practice of burning off th . ; ;
of it safely. g e gas that came from oil wells just to get rid

The most dramatic government contribution to the eventual
nfttural gas network was the “Big Inch”—a pipeline two feet in
diameter that stretched more than 1,250 miles from the Southwest to
the Northeast after its completion in 1943. Actually, it was
converted to carrying gaseous fuel only after World ,VVar II
Originally it carried oil—at a time when the U.S. was hard pressed t(;

keep its overseas fighting machine fueled and gasoline for civilian use
was rationed.

Atmericans had no alternative but to cut back on their drivin
during those wartime years, but by that time the nation had alreadg
developed a substantial highway complex. This had been ch
pro.cluct of an irresistible public campaign for roads earlier in this
period, beginning with the “Lincoln Highway Association”, which
collected funds directly from the public for the building of a t’hrou h
road from New York to San Francisco. Donations financed whgat
were called “seedling miles” (short stretches of good pavement alon
various parts of the route to develop further public support for bette%
rf)a‘d.s). Heavy pressure was exerted on Congress to take respon-
31b111§y for a national road system that would permit quick pand
comfortable cross-country travel unaffected by state lines. The 1916
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Federal-Aid Road Act set the pattern of national appropriations to
be expended by states for highways required to meet certain
common standards. A principle was also established early that
highway users should bear the cost of roadbuilding and maintenance,
either through fuel taxes or direct assessments on commercial
haulers. As costs rose, the completion of the Pennsylvania Turnpike
in 1940 opened the modern era of “expressway’ toll roads.
Americans took proprietary pride in their unsurpassed highways,
and it is no wonder one of the most talked about features of the New
York World’s Fair in 1939 was the General Motors pavilion. It gave
visitors a preview of the concrete lacework that would cover the
countryside in our World of the Future.

Aside from the fact that organized labor provided overwhelming
political support for the policies of the New Deal, its most obvious
effect on national energy habits was a negative one. The coal
industry was sick, and so were the railroads. Violent strikes made the
{llness worse. As for the oil industry, its malady was different. The
corruption uncovered in connection with production arrangements
for the Naval petroleum reserves at Teapot Dome was surely as
much of a reflection on morality inside government as in private
enterprise, but this did not prevent serious consideration during the
mid to late-20s of direct federal involvement in the petroleum
industry. The agitation for such a move was based largely on the fact
that petroleum reserves were clearly going to become more
important to both our economic and military security, but a
combination of industry self-regulation and a more orderly supply
picture averted drastic intervention. The threatened shortage was
replaced for a while with overproduction and cutthroat competition.
Still, the industry had been put on notice by the new Federal Oil
Conservation Board and its own studies that there would be a
continuing need to uncover and develop new reserves as well as to
maximize the total useful production from existing fields. By 1938,

U.S. drilling reached a record depth of 15,000 feet. By the mid-40s
production platforms had moved offshore into the Gulf of Mexico.

Even in the late 1920s and early 30s, U.S. geologists had searched
farther offshore—going all the way to Latin America, the Persian
Gulf and the Far East to finance and direct the development of what
seemed to be a new supplementary source of “easy oil.” The
holdings in Mexico in 1938 left American
petroleum companies apprehensive about the possible recurrence of

such a problem, however. Subsequent agreements with foreign
invariably involved a form of multinational

expropriation of foreign oil

governments
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partnership.

Much of the
petroleum development th
e O pment that had taken pl
Whiecrh cotnt‘mf:ints resulted from British and Dutch initiativespsil)Ce Of;
ot ds ;1 :E beforﬁa World War I. US. entry into those a,r;:a?\?vo
Breetod 01 a certalr‘x‘ hostility. Nevertheless, the State De artm ”
dev\e lopmlénat Zcr)lr(; {)st Open Door Policy” in regard to ovgrseas ec?ii
. -3. companies graduall i
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A rr:1(3){.5;ct1v1t1es agound ’the world. A brief effort in 1928 tIZJrOdUC
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: national cartel
fmer nbe ' ! rtel to allot
diggofv ng nﬁamtgm prices in the face of an impending worrlltliarll(e:
P;éhibite;’ en it became clear anti-trust laws in this cour%ti1
agreements among companies to curtail domestizj

production. It should be remembered that throughout this period the
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nited States was a fairly significant exporter of petroleum

.Aviation bl.ossomed technically during these decades, but was a
g](;norffa.ct.?r in total energy consumption. By 1941 anm,lal produc
n of civilian aircraft in the U.S. amounted ’ —
Only a few hundred of the : oo wor relas opousand,
' planes in service were regula i
carriers. There was great skeptici D omic sty
pticism about the eco ic feasibili
of large scale, long-distance because of
e, transport planes beca
calcullated horsepower requirements, and that helps ;(spela(i)rf 't:ge
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193 (:)1 i }11ty of technology to overcome virtually any obstacle. In the
" ; t eére was even a movement to launch a “Technocracy” in
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fact is that such exotic schemes were unnecessary and urllfuclor;(f)r?liz
then because conventional energy was cheap a.Irl.Fir plentiful. I he
nation could maintain the same link between energy consumpd;rl
and productive output, there seemed.go r.fﬁz(;n why succeeding
ions should face any resource crisis either. N
ger};‘;”:htl: end of this perio)(ll there was also the strange .and exciting
new prospect of nuclear energy. Looking 1:')ack nowl,‘ it is E}lln(i:lst;rll-
dable why its development took the American public so thoroug hy
1945. After an earlier flurry of attention to the
possibilities of nuclear fission and fusion, U.S. physicists had adogltiiﬁ
a voluntary agreement well before we entered the war not Fo (i)u o
further results of nuclear studies for fear of helping the Nazis e(\i/ thp
a bomb. As late as 1938, E. O. Lawrence, who flevelope : e
cyclotron, wrote that the chances of turning matter 1nt}? enf;gye (())rf
the purposes of generating power were no brlghter. tlan ';))?ht
using heat from the oceans—another purely theoretlc,rjl possi 1~Sti;
Thus impressed by an “unexpected breakthrough,” journali
ure in 1946 naively concentrated on full nuclear
than the realities of engineering. A
les at that time “explained” that the
to fuel an ocean crossing by a

by surprise in

projections of the fut
conversion potential rather
phrase often repeated in artic
energy in a glass of water was enough

ig liner.
blgBellr;Zvable? Of course! Had not history already revealed we could

do anything we really set our minds to?
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VIII. 1946-1974:
ENERGY SPRAWL

S uperficially, U.S. energy statistics for the period between the
termination of World War II and the declaration of the Arab Oil
Blockade in late 1973 resemble those of 1880-to-1918. On the
strength of the postwar baby boom, population growth picked
up—resulting in a net population increase of about 50 percent.
Energy use per person grew at an almost identical rate, so total
energy consumption more than doubled. Again, real GNP paralleled
rising energy use. Each of the two periods closed amid concern

whether domestic supplies would be able to meet expanding
demand.

But there were differences. For one, the nation had used the
decades prior to 1918 to tool up as an industrial power. By the late
1940s, the U.S. was already a mechanized, automated, productive
colossus on the threshold of the computer revolution. Enormous
quantities of the capital equipment and sophisticated technical
machinery turned out in this period were for export. Instead of
building our own capacity exclusively, we undertook to rebuild or
develop industrial capacity throughout much of the rest of the
world.

At home, more output was beamed toward the ultimate consumer
market. There is no doubt that in the first two decades of the 20th
Century, the U.S. was a generally comfortable place. But now—half a
century later—we had became affluent. Most Americans enjoyed the
sensation. There was also a crucial difference in where our potential
energy shortages lay. The imminent problem with oil reserves at the
end of World War I involved a fuel we prized because it had made
possible the beginnings of our mobile economy, but not a fuel we had
come to depend on very heavily in comparison with other sources.
Crude oil then contributed scarcely 10 percent as much to our
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energy consumption as coal. In contrast, the 1973 oil embargo hit us
after we had converted our economy into one that derived almost
half of its energy from petroleum and another 30 percent from
natural gas. We were far more vulnerable.

Demand repressed by the World War IT mobilization exploded in
the following years. Nowadays we may not be greatly impressed to
be told that more than 200 million motor vehicles were produced
and sold during the 1946-1974 period—even though this represents a
minor manufacturing miracle. But it is also part of the overall story
that well over 100 million cars and trucks were junked during that
same time. We reached the stage where car-owning families
approached 90 percent of the population and about one family in
three had more than one. We drove faster and scrapped cars more

_quickly. Thus, affluence took a double toll in energy consumption:

!- People were using nearly 10 gallons of gasoline a week for every
man, woman and child in the country and were also using a
significant amount of that resource in the production and distribu-
tion of goods, from cars to cardboard cartons, destined for discard
long before reaching what might have been considered the end of
their “useful lives.”

Much of U.S. social history for this era revolves around the motor
vehicle. People stopped riding trains. By the early "70s, railroads
were supplying less than half of one percent of our national transport
in terms of passenger miles. Streetcars gave way almost universally
to buses, and all public transit decreased by about 50 percent.
Airlines accounted for far more personal travel than railroads had
ever handled at their peak but did not come close to competing with
the motor car for sheer transportation volume. At the time of the
Arab Oil Embargo, the annual intercity travel in this country broke
down very roughly like this in passenger miles: railroads, 10 billion;
air, 100 billion; private car, more than one trillion! And local auto
traffic may have matched that figure.

Considering what can be delivered and how much energy it takes
to get it there, it is hard to find fault with motor transport (or with air
travel, for that matter). As a matter of fact, the transportation share
of U.S. energy consumption actually dropped slightly between '46
and "73. The fateful change that took place, however, was that coal (a
plentiful domestic resource) virtually disappeared from the tran-
sportation sector. The railroads’ use of petroleum-based fuel (both oil
and diesel) remained about the same during this period, but their
consumption of coal dropped from more than 100 million tons a year
to essentially zero. The difference in transportation’s slice of the
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growing energy pie was made up by our new daily diet of over six
and a half million barrels of gasoline, about a million barrels of jet
fuel, and more than half a million barrels of motor fuel for diesel
trucks.

It was certainly no secret that the nation had come to depend on
imports of crude oil to satisfy the increasing thirst for all petroleum
products. By 1958, the United States had begun to import more
energy resources overall than it exported. By 1970 domestic oil
production reached its peak and started to decline. Two years later,
in a chilling preview of things to come, the country recorded its first
trade deficit since the depression year of 1935 and only the second
such annual deficit since 1888.

This was really the first era in which the truly global transfer of
energy resources became a major component of world trade.
Pipelines crossed borders and supertankers criss-crossed oceans. In
the spirit of those times, it is easy to understand why these
developments aroused little public concern. Supermarkets in Middle
America had become accustomed to satisfying their customers’ taste
for California and Florida oranges. Even global distances were
discounted. It made economic sense (in fact, it was a sign of personal
frugality) to buy Volkswagens from Germany and electronic
equipment from the Far East. From a dollars-and-cents perspective,
it seemed logical that those areas where petroleum could be
produced most cheaply ought to specialize in providing it to
everybody else; after all, we all inhabit the same planet.

The average price of crude oil roughly doubled within two years
after the end of World War II. From then on, however, the real price
of crude tended to remain fairly constant—even, after about 1960, to
decline. In large measure, this was a reflection of competition from
lower production costs overseas, where there seemed to be loads of
“easy oil” (that is, oil easy to find and produce). By 1950, rapidly
expanding exports from the Middle East just about forced U.S. oil oft
the European market but our demand at home easily took up the
slack. Major U.S. oil companies were heavily involved in various
forms of cooperative production abroad, so they accepted these
foreign sales developments without much complaint. Yet, importing
cheap oil from the Persian Gulf into the U.S. raised some fears that
domestic markets for domestic crude might shrink disastrously.
Voluntary restrictions failed, and executive action by President
Eisenhower in 1959 set up a system of petroleum import limits and
allocations. It’s ironic that this move was roundly criticized by some -
as unfair favoritism to the domestic oil producers, but that a
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somewhat similar suggestion by President Carter 20 years }atfer
would be hailed as an indication our country meant business in its
effort to regain a measure of energy independence.

Europeansuppliesof Middle Eastoil, infact, hadbeen cutoff tempo-
rarily after the Anglo-French invasion of Suez in the mid-50s, but at
that stage the U.S was able to step up its exports on an emergency
basis and many regarded the speculation about new political
interruptions as unrealistic. Persian Gulf prices remained lqw,
dipping to $1.20 a barrel in 1970, and it was only v.vhen worldwide
surplus oil production capacity melted away (1e, when U.'S.
production stopped rising), that OPEC had the ability to boost its
charges unilaterally.

The pieces of the new energy picture now were all at hand and fell
into place suddenly. As domestic output dropped and domestic
requirements increased, U.S. imports of crude oil and refined
products soared from 3.4 million barrels a day in 1970 to 6.2 million
(more than one-third of all our nation was using). That is where
imports stood in 1973, when another Arab-Israeli War precipitate.d
an embargo against the West and the start of a dizzying upward oil
price spiral.

The fact of American affluence is worth repeating, because it
affected energy usage in a great many ways. People were e‘ating
more meat and poultry, a demand livestock feedlots and “chicken
factories” met by energy-intensive production methods. Frozen
foods had become a part of our lifestyle too. Unemployment had
gone well above six percent on two occasions, 1958 and 1962, but for
about half of this period it stayed below four and a hfilf
percent—even though the official national labor force was expandn?g
steadily to include larger numbers of females than ever befor(.e in
history. By contemporary standards (and certainly in compdrison
with the period before World War II) this was a time f)f full
employment nationwide. Steady paychecks kept consu.rr.lptlon of all

goods and services relatively high. Because all commodities and most
services are based at least in part on energy in some form, energy
consumption also was high.

Although there were still disturbing inequities on a racial ba\‘sis,
the real income of individuals and families rose markedly.'Notw1th—
standing a solemn “War on Poverty,” the poor remained Y:nth us; but
the meaning of “poverty level” (and even “middle .class ) char?ged.
Using 1967 purchasing power as a common yardstick, the national
fraction of families with real incomes of less than $7,000 dropped
from more than three-fourths in 1946 to barely one-third by 1973.

DA

If social conscience motivated this transformation, productivity
helped make it seem reasonable and natural. The value of U.S:™
manufacturing output per worker-hour doubled, although the rise in /
wage rates for non-farm industry rose even more sharply. That(7
meant unit labor costs were increasing—while the declining real,
price for most fuels made energy a smaller cost factor even when |
more resources were consumed. From a purely economic standpoint‘""
the long-standing incentive to substitute labor-saving machinery and
methods was further reinforced. Nowhere was this more obvious
than in agriculture. Over the period, farm output per man-hour went
up almost fourfold, the most dramatic overall rise in U.S. history.
Simultaneously, of course, the actual number of farmers dwindled.
By the early 1970s, it took less than half as many agricultural workers
to feed a U.S. population half again as large as it had been a
generation earlier—with more than six billion dollars worth of farm
produce on top of that for export.

The additional energy used in agriculture was based almost
entirely on petroleum. In fact, the only two purposes for which this
country was still using coal in any appreciable quantity were metals
production, in the form of coke, and the generation of electricity.

The unit price for a kilowatt hour of electricity declined steadily
during most of this period and its use expanded accordingly. The
fastest growth came in homes and businesses, where, around 1961,
air conditioning commenced a remarkable upsurge. This was
especially significant because electricity differed from many other
energy forms in the inability to stockpile it. Large-scale storage of
electric energy is very costly. That means enough generating
capacity had to be made available to meet peak demand—even if
that maximum requirement is confined to afternoons during a couple
months of the year, when air conditioning systems are turned on full
blast. A broader “generating mix” began to evolve—ranging from
capital-intensive but operationally efficient “baseload plants”
(which hum along steadily around the clock, month in, month out) to
various sizes of quick-responding units (which might rot be practical
for continuous operation, but could supply peak bursts of power). At
the same time, more extensive transmission networks had to be
planned and put into place. They would be needed to make such a
system work within a single utility area in any event, but they could
also take advantage of time differences in load peaks among

neighboring systems by interconnecting them.

At almost the same time, however, another vigorous complication
was developing. A new citizen activism expressed itself partly in the
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“environmental movement,” but it was really broader and deeper
than that alone.

The period 1946-1973 was an era of affluence, but not a time of
calm. During about half of the period, U.S. armed forces were
involved in combat overseas, although neither Korea nor Vietnam
involved a formal declaration of war. Constitutional precedents
were overturned and statutes of long standing were upset or
redefined in the interest of human rights. The “establishment” was
challenged in every way imaginable. The period closed with the
resignation of a Vice President and then a President.

Anxiety about the environment was surely no novelty in this
country when Rachel Carson’s The Silent Spring was published in
1962. Yet, a social psychologist might easily argue that the seeds of
concern planted anew by that book found unusually fertile ground in
a country whose affluence gave its people more time to consider such
problems. Groups of “environmental activists” that sprouted and
spread during the following decade were undoubtedly nurtured by
general feelings of societal guilt, restlessness, and an amorphous
idealism that was willing to let “business as usual” grind to a halt
while what they conceived as “wrongs” were being set “right.”

The Wilderness Act (1964), National Gas Pipeline Safety Act
(1968), Federal Coal Mine Health and Safety Act (1969), National
Environmental Protection Act (effective January 1, 1970), Federal
Clean Air Act (1970), and Federal Water Pollution Control Act
(1972) are some of the highlights among important new legislation
that affected the production and use of energy. To cite just one
example, electric utilities began a sweeping conversion of baseload
coal plants to the burning of oil. Even at that point, oil was the more
expensive fuel, but its use made it possible to meet new regulations
on emissions from the generating plants” stacks. In only three years
(1970-1973), the amount of oil going into the generation of
electricity in this country rose by 685,000 barrels a day. To help
tighten the screw, a price ceiling on natural gas that crossed state
lines was cultivating a shortage of that alternative fuel.

A Supreme Court ruling in 1954 in the case of Phillips Petroleum v.
Wisconsin had extended the Federal Power Commission’s jurisdic-
tion from gas pipelines crossing state borders to the wellhead prices
paid producers to supply such pipelines. Two years later both houses
of the U.S. Congress voted to deregulate natural gas, but a flap over
industrial lobbying caused President Eisenhower to veto the
legislation. Because prices were then pegged at artificially low
levels, natural gas became a most attractive fuel for industry; but
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domestic production peaked in 1972. Interstate customers could not
compete with markets for natural gas within the producing states,
where prices were free of Federal control and simply followed free
market trends. So far as electric utilities were concerned, econ-
omically recoverable reserves (based on regulated prices) seemed
woefully small in the face of simultaneously rising demand for home
heating and petrochemical uses.

Meanwhile, civilian nuclear power plants also were encountering
their first organized roadblocks. In a military context, the nuclear
propulsion of submarines had never faced any true competition in
terms of performance. The atomic subs—and surface ships, to some
extent, too—could do things conventional marine powerplants had
no way of matching. But converting nuclear reactors to peaceful use
raised new questions of cost effectiveness when compared with
conventional plants. No one who understood the technology had
ever echoed AEC Commissioner Lewis Strauss’ boast that nuclear
steam sources would make electricity “too cheap to bother meter-
ing.” It was obvious that economical nuclear generating systems
would need large individual outputs to spread the inevitably big
capital outlay over a high baseload capacity of electricity with
relatively low costs for fuel, operation and maintenance. Neverthe-
less, it was by no means obvious which type of reactor would be best
for civilian power plant applications, so a few small “demonstration™
units were built in various parts of the country to test different
designs. As it turned out, “light water reactors” that were similar in
concept to those developed by Admiral Hyman B. Rickover’s team
(although the civilian versions used much lower percentages of fissile
uranium in their fuel) eventually proved most successful. Not until
1970 or 1971 did commercial-sized plants enable nuclear power to
surpass wood in its total energy contribution to the nation, but a very
large backlog of orders for follow-on plants seemed to indicate that
the future of nuclear energy was secure. A projection of some 1,000
reactor units by the end of the century was made quite seriously.
However, that was before a succession of objections by intervenors in
the plant licensing process began to be voiced. The vogue of.
complaints changed over time; charges of radioactive emissions
during normal operation gave way to fear of undesirable thermal
effects, and later to questions about the possibility of catastrophic
accidents. Responses to each objection as it arose failed to stem a
steady stream of protests. The only thing that stopped (in unfortun-
ate coincidence, just about the time of the Oil Embargo) was the
placing of orders for nuclear power plants by U.S. utilities.
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The existence of vigorous and occasionally violent protests of
various kinds might suggest individualism was ascendant in the
United States of 19046-73. To some extent it was, but quantitatively
this trend was certainly overwhelmed by a counter-move toward
national homogenization. Easy mobility and instantaneous com-
munication (a sort of “mobility of ideas”) were the blending factors.
The automobile, airliner and television were the principal
instruments.

Several international expositions were held in this country during
the period, but none seems to have carried the special impact of
those in earlier days. Instead, Disneyland, Disneyworld and count-
less imitators of the “theme park” idea were open year-in and
year-out—as part of a bright new part of the American scene
christened the “leisure industry.” Entertainment, rather than
enterprise, was its keynote. Even the 200th anniversary of the
Declaration of Independence failed to produce a successor to
Philadelphia’s famous Centennial Exposition—although tens of
millions of Americans were able to watch coast-to-coast celebrations
of July Fourth in living color from their homes, and hundreds of
thousands in the nation’s capital succeeded in producing the premier
of all traffic jams after watching fireworks on the Mall.

The U.S. had essentially a rural population for most of its history.
Briefly—approximately for the era between the two world wars—this
was a basically urban nation. Since then it has become dominated by
suburbs. Cities like San Francisco, New York, Baltimore and New
Orleans retain their individuality, yet their suburbs are remarkably
alike. In dozens of ways, suburban living and “suburban psychology”
have tended to be energy-intensive. The phenomena of daily
commuting, fast food outlets, conspicuous consumption, throwaway
products, universal emphasis on petroleum-based synthetics, and
“drive-in everything” have been explored so thoroughly and are so
likely to be fresh in every reader’s perception that no new litany
seems necessary.

The decaying cores of our cities were unintended casualties of our
national energy sprawl—innocent bystanders, caught in the crossfire,
so to speak. Another memorable aspect of the era that had only an
indirect connection with energy habits at the time was the
exploration of space. The eventual impacts on energy development
were not perceived at first.

Space propulsion is a minute user of energy in the overall scheme
of things, but spinoffs from the space program are legion in their
energy effects. Transistors and integrated circuitry, vastly improved

photovoltaic cells, fuel cells, thermoelectric converters, lightweight
chemical batteries, cryogenic systems, and a vast array of new
materials and joining processes all relate to energy. Furthermore,
those are only the “things” of space development, quite apart from
new capabilities. The latter include a better understanding of
geological processes, the improved prospecting that results from
surveying earth resources by satellite, intercontinental and inter-
planetary video communication, and the refinements in navigation
that make remote areas of the globe much more accessible. The irony
is that the nation did not really have domestic energy problems on its
collective mind when most of these breakthroughs took place.

As the Age of Affluence drew to a close, the shock of having cheap
energy withdrawn suddenly was presaged by a more modest and
gradual domestic price escalation that began in 1970. A downward
trend in the real price of petroleum was interrupted. Restrictions on
the use of high-sulfur coal caused the average cost of that fuel to rise.
A steady decline in the average cost-per-kilowatt for most users of
electricity was turned around for the first time in nearly half a
century.

Industry—whose overall share of all energy consumption dropped
from nearly 50 percent to less than 40 percent between 1946 and
1973—was sensitive to the impending price storm during those last
three years. Starting in 1970, the average amount of energy
consumed for each unit of industrial output dipped annually.

Personal users of energy reacted differently, however. In 1946 the
household-and-commercial sector of the economy was using one-
quarter of all U.S. energy; by 1973 that sector’s share was more than
35 percent—an enormous increase when one considers the growth in
the size of the whole energy pie.

The man in the street was totally unprepared for either a
short-term energy crisis or a long-term national energy problem.
Perhaps the saddest feature of this entire segment of U.S. energy
history is that it left Americans ignorant of the basic structural
changes that had taken place in both supply and demand. Man had
left footprints on the lunar surface. The penchant for quick travel,
fast living, and immediate answers offered little patience with any
problem that threatened to drag itself out. Regardless of what they
thought about President Nixon in other contexts, many Americans
probably trusted the feasibility of his “Project Independence,”
which would set everything right by 1980. People did not realize
how preposterously optimistic that analysis was.
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