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Technology, Energy, and the Environment

Although technological advance has been blamed for a variety of ills, its most
obvious and long-lasting negative consequence has been the degradation and even
the destruction of the natural environment. For most of human existence, people
left the environment pretty much as they found it. But beginning with sedentary
agriculture and accelerating with industrialization, the use of new technologies has
at times left a ruined environment as its legacy. And there is a strong possibility that
environmental problems will worsen as more nations make greater use of industrial
technologies. Today, the United States, with less than 5 percent of the world’s population, consumes about 25 percent of the world’s resources. If the poor countries of
the world, which contain the majority of Earth’s population, used resources at the
current U.S. level, the consequences for the environment could be dire. This will
not happen in the near future, but the general trend is inescapable. For example,
according to the U.S. Energy Information Agency, global consumption of energy
from 2010 to 2040 is projected to increase by 56 percent, with the developing countries of the world expected to account for most of the increase.1 The rich countries
of the world should not begrudge the efforts of poor countries to pursue better lives
for their people, but for all countries, rich and poor alike, the sustainability of the
earth’s environment must be an essential goal.
The deleterious consequences of technological advance can be grouped into
two broad categories: pollution and depletion. In the former, the environment is
damaged by the addition of harmful substances, resulting in polluted skies, acid
rain, poisoned soil, contaminated water, and climate change. In the case of the
latter, the unchecked application of technology leads to the permanent loss of
resources, deforestation, and the extinction of plant and animal species. On many
occasions, of course, the two go together; a mining operation could extract all of
the available ore and leave a devastated environment in its wake. Either separately
or together, pollution and depletion threaten the sustainability of the environment.
But there is some cause for optimism. Technology is not just a source of environmental problems; it can also be part of the solution. In this chapter, we will look
at some of the environmental consequences of technological advance, review some
technologies that can alleviate the degradation of the environment, and briefly
consider how governmental policies affect the natural environment.
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Fossil Fuels, Air Pollution, and Climate Change
The use of fossil fuels (petroleum, coal, and natural gas) has vastly extended the
amount of available energy. At the same time, cars, power plants, factories, and
other sources emit immense quantities of carbon compounds, sulfur, and oxides of
nitrogen. In 2010, more than 33 billion tons of carbon fuel exhaust were discharged
into Earth’s atmosphere, a figure that has continued to rise, and will certainly do so
in the immediate future.2

Beijing’s historic Temple of Heaven can barely be discerned through the thick smog enveloping
the city. (Getty Images News/Getty Images)
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The blanket of smog now choking many of the world’s cities makes the consequences of the use of fossil fuel all too evident. Potentially more dangerous in the
long run is the accumulation of the main product of carbon combustion: carbon
dioxide (CO2).
CO2 is produced when the carbon in gasoline, diesel fuel, coal, or natural gas
unites with oxygen during the process of combustion. This creates quantities of CO2
significantly greater than the original carbon; burning 1 pound of gasoline generates more than 3 pounds of CO2.3 To look at it in a different way, a car traveling
100 miles produces about 100 pounds of CO2.
CO2 is a clear, odorless gas that by itself presents no threat to health. It is the
normal product of any animal’s respiration, and without it drinks like beer and soda
pop would be unpalatably flat. The danger presented by CO2 emerges only when
large quantities of it accumulate in the atmosphere along with two other products
of an industrial society, methane (CH4) and nitrous oxide (N2O). As light rays from
the sun pass through the atmosphere containing these gases, the radiant energy
warms the surface of the earth, but most of the heat cannot pass back through
the atmosphere. This is known as the “greenhouse effect.” Just as a greenhouse is
warmed by the light of the sun on a cold winter’s day, Earth’s temperature begins
to rise as greenhouse gases accumulate in the atmosphere. Concentrations of these
three greenhouse gases have increased to a marked degree as industrialization
advanced. In 1750, at the dawn of the Industrial Revolution, concentrations of
CO2, the most important greenhouse gas, stood at 280 parts per million (ppm); by
2014, that figure had climbed to 395.4 ppm.4
Continued warming due to increasing CO2 emissions seems likely. As noted by
the United Nations Intergovernmental Panel on Climate Change, average temperatures rose about 1.53°F (0.85°C) from 1880 to 2012. Taking a shorter time span,
the years from 1983 to 2012 were probably the warmest 30-year period of the past
14 centuries.5 Projections of future trends indicate substantially greater increases,
but as a general principle, the reliability of any kind of prediction diminishes as it
moves further into the future. In regard to Earth’s climate, predicting the course of
global warming is a complex exercise because the many variables affecting Earth’s
climate have complex interactions. Predictions are further complicated by the
need to estimate increases in the production of greenhouse gases resulting from
economic growth and consequent energy use in the developing countries in the
decades to come.
For all the uncertainties surrounding global warming, it still seems highly
likely that significant changes to Earth’s climate will take place if present trends
continue. Temperature increases will not be uniform, and some regions may even
end up with colder climates due to changes in ocean currents. Rainfall patterns
would shift to the advantage of some areas and to the detriment of others. In conjunction with increases in CO2 and other greenhouse gases, global warming could
increase agricultural yields in certain regions but reduce them elsewhere. It also
seems certain that climate changes will result in the loss of some plant and animal
species, and the relocation of others. One of the consequences of the latter could
be the spread of insect-borne diseases to previously unaffected parts of the world.
Most troubling, significant global warming is leading to partial melting of glaciers
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and the northern polar ice cap. It is also causing water to expand in volume as the
oceans warm. Over the long term, this will result in a rise of sea levels, and potentially catastrophic floods in low-lying areas. One particularly vulnerable place is
the nation of Bangladesh; according to a United Nations report, a three-foot rise
in sea level would inundate a quarter of its coastline, resulting in the displacement
of 30 million people.6
Atmospheric scientists are learning more and more about the complex interactions that govern Earth’s climate, but many unanswered questions remain. In the
meantime, the buildup of greenhouse gases could reach a potentially catastrophic
tipping point in a few decades. Reducing the emissions that contribute to climate
change will require the expenditure of billions if not trillions of dollars over the decades to come, but the costs of doing nothing will likely be even greater. Effectively
addressing the causes of climate change also requires taking some painful actions
today to forestall problems that lie well in the future, a difficult course of action
for business and governmental leaders who necessarily have short-term horizons.
Moreover, decisions (or nondecisions) must be made amid considerable uncertainty,
although the most fundamental issue, the reality of human-induced climate change,
can no longer be questioned.

The development of technological fixes to prevent or mitigate climate change is known as
geoengineering. One example is a proposed fleet of w
 ind-powered vessels that would generate clouds of seawater droplets, which in turn, would block some of the sunlight that is the
source of the greenhouse effect. (John MacNeill Illustration)
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A Planet under Stress
While the burning of c arbon-based fuels is making the largest contribution to global
climate change, deforestation also contributes. Particularly serious has been the
loss of forested areas in Africa and Latin America, much of it occurring in tropical
regions. From 1990 to 2005, the world was being deforested at a rate of 0.18 percent
per year, while losses in Africa and Latin America came to 0.62 and 0.51 percent,
respectively.7 Deforestation affects climate change in two ways: the burning of forests and the rotting of fallen trees release CO2, while the loss of trees removes an
important source of CO2 capture. Through these processes, deforestation contributes about 17 percent of human-caused greenhouse gases.8
In addition to affecting the skies above, human activities are generating massive amounts of refuse, a significant portion of which is hazardous. According to the
U.S. Environmental Protection Agency, in 2010, Americans generated 249.9 million tons of municipal solid waste, which comes to an average of 4.43 pounds per
person every day, along with a much greater volume of industrial and other waste
products.9 About o ne-third of household wastes are composted or recycled, and
most of the remainder is nontoxic. However, some of the materials discarded by
households and industrial enterprises reside in inadequate disposal facilities that
threaten adjacent communities. Already, some areas have been so badly contaminated that they had to be abandoned for a number of years while the mess was
being cleaned up. Many other places contain dump sites that are only slightly less
hazardous. Restoring toxic sites is and will be an expensive proposition; in 2011,
the Environmental Protection Agency estimated that it would cost $335 million
to $681 million per year to clean up the most contaminated areas, those that have
been designated as Superfund sites.10
While pollution, global warming, the massive generation of trash, and the
other negative consequences of industrial production cause problems on one front,
depletion of the resources that provide energy and raw materials pose another set
of challenges. Fossil fuels have been essential to the process of industrialization
since at least the middle of the nineteenth century, and p etroleum-based fuels are
the basis of the world’s transportation systems. Supplies of fossil fuel are necessarily
finite, although many uncertainties attend efforts to estimate their size, especially
in the case of petroleum. According to some experts, we have already reached “peak
oil” and inevitably face a future of declining petroleum extraction.11 Other experts,
however, take a contrary view. In recent years, the extraction of petroleum from
shale deposits through hydraulic fracturing or “fracking” has at least temporarily
repudiated the “peak oil” thesis. Whether or not this trend will continue is open to
debate. Although fuel prices were low in the middle of the second decade of this
century, the increasing costs of employing new technologies, environmental damage, and concerns about climate change may reinstate peak oil as the dominant way
of looking at petroleum supplies.12
Neither the peak oil thesis nor its antithesis can be settled once and for all.
Determining the amount of oil still remaining underground entails considerable
guesswork, and there is not even universal agreement on how to define petroleum
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“reserves.” The amount of oil that can be economically extracted from a known
reservoir depends on the prevailing market price. The price of oil will increase as
supplies dwindle, so the rate at which oil is extracted will depend on what users
are willing to pay. At the same time, high oil prices will motivate the development
of new extraction technologies, and a consequent increase in supplies and lower
prices. The complex interaction of supply, demand, and technology make projections of future supplies of oil a hazardous enterprise. Oil shortages will likely still
occur, just as they did during the energy crises of 1973–1974 and 1979, but it has to
be remembered that they were triggered by political actions, and not by an abrupt
decrease in the world’s petroleum supplies.
The energy crises of the 1970s were a painful reminder of our dependence on
key natural resources. No similar drama has attended the decline of another vital
resource, the earth’s topsoil. Since 1945, 1.2 billion hectares of agricultural land
have been degraded by moderate to extreme soil erosion, the equivalent of the
total land area of China and India. This trend has not abated; somewhere between
24 and 75 billion tons of soil are being lost annually around the world.13 In the
past, the loss of topsoil could be offset by moving to virgin lands, but this option is
no longer available in most parts of the world. Not only is new land unavailable,
erosion and land degradation are removing about 1 percent of existing arable land
annually. In many parts of the world, the loss of topsoil has increased the costs of
farming, but in some places, the consequences have been far more serious. Severe
loss of topsoil has converted some regions into deserts, bringing widespread famine
in its wake. Elsewhere, topsoil loss coupled with climate changes induced by global
warming could have dire consequences for agriculture, even as the continual growth
of the world’s population calls for the production of more food.

Is Technology the Problem or the Solution?
The previous pages have presented a depressing catalog of environmental ills.
Pollution, climate change, species extinction, and resource depletion pose multiple
threats to our standard of living and, perhaps, even to our continued existence.
The reliance on fossil fuels has left our atmosphere contaminated by various
pollutants, and the earth threatened by climate change. Irresponsible agricultural
practices have poisoned groundwater with pesticides and other chemicals while
depleting the topsoil. Industrial processes produce thousands of tons of toxic
wastes, and nuclear power plants leave behind radioactive wastes that will pose
potential health hazards for thousands of years. In the opinion of some critics,
the technological advances of the past few centuries seem to have produced only
temporary benefits that will ultimately be overwhelmed by the consequences of
environmental stress. In the long run, it may be argued, technology generates more
harm than good.
Is a modern economy, supported by advanced technologies, doomed to destruction, leaving us with no choice but to retreat to the simpler technologies of the past,
perhaps even back to the era of hunting and gathering? Or can technology itself
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provide us with the solutions to technologically induced problems? In addressing
these questions, it is useful to first gain some historical perspective. If nothing else,
some acquaintance with the past should convince us that damage to the environment is not solely a phenomenon of modern times and modern technologies. Entire
civilizations have collapsed due to excessive land clearance, overgrazing, withdrawal
of groundwater, and eventual desertification. Epidemic diseases of catastrophic
proportions have been spread by the careless disposal of household wastes. There
are some scholars who believe that a major factor in the collapse of the Roman
Empire was sterility and premature death brought on by the widespread use of
lead in pipes and utensils. Air pollution existed long before the invention of fossil
fuel–consuming engines; those suffering from twenty-first-century smog can find a
seventeenth-century counterpart in John Evelyn, who decried the growing use of
coal for energy and warmth:14
In London we see people walk and converse pursued and haunted by that infernal
smoake. The inhabitants breathe nothing but an impure and thick mist, accompa
nied by a fuliginous and filthy vapour, which renders them obnoxious to a thousand
inconveniences, corrupting the lungs and disordering the entire habit of their
bodies, so that catarrs, phtisicks, coughs and consumption rage more in that
one city than in the whole earth besides.

Some Technological Fixes of the Past
These examples of past environmental ills provide little comfort, for they can be
seen as a preview of what might be in store for us. But there are other examples of
environmental threats that have been successfully countered. One example is the
deforestation that had become a serious problem in England during the sixteenth
century. By that time, vast quantities of wood had been consumed by the demands
of an expanding population and the growth of shipbuilding, construction, and iron
manufacture (which required large quantities of charcoal). Within a century, the
depletion of timber was perceived as a serious problem, as seen in the complaint
of one contemporary writer that “at this present, through the great consuming of
wood as aforesaid, and the neglect of planting of woods, there is so great a scarcitie
of wood through the whole kingdom.”15
England’s forests were never fully restored, but fuel shortages were alleviated
by burning coal in the place of wood. Although there were misgivings about the
noxious vapors given off by burning coal, it came to be widely used for domestic
heating and as a source of process heat for the production of beer, sugar, bricks, soap,
glass, and iron. More than simply a substitute for wood, by the end of the nineteenth century coal had become the basis of industrial civilization, as the rich coal
deposits of Britain significantly contributed to that country’s unique position as “the
Workshop of the World.” Much of the industrial age was the era of coal, as coal-fired
steam engines powered factories, hauled railroad trains, generated electricity, and
propelled ships to distant destinations.
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Yet just when coal had established its primacy as the most important energy
source for industrial society, hard questions were being asked about the continued
viability of coal-based technologies. By the end of the nineteenth century, it was
becoming evident that stocks of coal, while still large, were being depleted at e ver-
increasing rates. The projection of established trends seemed to offer indisputable
proof that the day of reckoning was not far off: Britain was running out of coal. In
the words of the contemporary English economist, W. Stanley Jevons, “There is no
reasonable prospect of any relief from a future want of the main agent of industry.
We must lose that which constitutes our particular energy.”16
Coal was king, and in Jevons’s estimation, as well as those of other informed
students of the British economy, there was no hope that anything could take its
place. In Jevons’s gloomy appraisal, “All things considered, it is not reasonable
to suppose or expect that the power of coal will ever be superseded by anything
better.”17 His pessimistic assessment of potential substitutes is exemplified by his
quick dismissal of petroleum as a fuel: “Its natural supply is far more limited and
uncertain than that of coal, and an artificial supply can only be made by the distillation of some kind of coal at considerable cost. To extend the use of petroleum,
then, is only a new way of pushing the consumption of coal. It is more likely to be
an aggravation of the drain than a remedy.”18 Natural gas, another possible substitute, was an equally forlorn hope. Jevons approvingly quoted the assessment of an
American steel executive: “Of late years the supply of gas has been decreasing . . . 
and it would seem that before many years this fuel would cease to be a factor in the
large operations of a steel works.”19
One can smile at the remarkable wrongheadedness of these assessments, but
it is easy to be wise after the fact. After all, the true extent of oil and gas reserves
were only dimly perceived at the time Jevons was coming to his gloomy conclusions.
The third edition of Jevons’s book that contains the passages quoted was published
in 1905, four years after the Spindletop field demonstrated the vast oil reserves of
East Texas. There, a single well produced twice as much oil as the entire state of
Pennsylvania, until then the center of the American oil industry.20 And it was not
until three decades later that the immense oil deposits of the Middle East began to
be explored.
The essential point here is that a problem such as resource depletion can
often be solved by the use of substitutes, just as coal substituted for wood, and oil
replaced a great amount of coal. This does not happen easily or automatically,
of course; it requires the invention, development, and application of many new
ways of doing things. The large-scale employment of petroleum fuels required a
host of new technologies: seismic exploration devices, casings and bits for rotary
drilling, new compounds for the cementation of bore holes, and so on. Equally
important, the use of a new source of energy must be complemented by the
emergence of new energy-using technologies. In the early 1900s, the coal-fired
reciprocating steam engine was a proven technology, while the g asoline-fueled
internal combustion engine was cranky and unreliable, and the diesel engine had
scarcely emerged from the laboratory. The rapid strides made by these new engine
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types in the ensuing years was both a product of the availability of new fuels as
well as a stimulus to their accelerated extraction.

Alternatives to Fossil Fuels
The example of the widespread substitution of p etroleum-based energy for c oal-
based energy applies to many other diminishing resources. It demonstrates that
at one level of analysis, the cure for depletion and environmental damage can be
found in new technologies that successfully address the problems generated by
old technologies. Still, this is not the end of the matter. Historical analogies have
their place, but like all analogies, they must be treated with caution. The fact that
technological solutions have been found in the past is no guarantee that they will
be found in the future.

Nuclear Energy: From Panacea to Peril

The limitations of technological solutions to energy shortages are all too apparent
when nuclear energy is examined. Beginning in the 1950s, nuclear energy was heralded as the next stage in the evolution of energy sources. In the words of a former
head of the U.S. Atomic Energy Commission, nuclear power would produce electricity that was “too cheap to meter,” (it has been argued that this phrase has been
misleadingly taken out of context),21 In any event, nuclear power has not been an
energy panacea. Although it now provides about 10 percent of the world’s electri
city and 4.5 percent of total energy22 its future is uncertain at best. In addition to
costing twice as much per megawatt as a coal-fired plant and five times as much
as one using natural gas,23 the generation of nuclear power requires considerable
expenditure of energy for uranium mining and transportation, equipment manufacture, plant construction, maintenance and administration, and waste disposal.
When all of these energy inputs are taken into account, nuclear plants make a
much smaller contribution to net energy supplies than their output indicates, and a
number of years will go by before the cumulative contributions of a nuclear facility
exceed the energy that went into its construction and operation.
Second, the product of nuclear plants is electricity, and electricity has its limitations. Electricity is not a source of primary energy; it is a means of transmitting
energy, and as much as 10 percent of the energy used to generate electricity is lost
in transmission. This means that, if possible, it is always better to produce energy
close to where it will be used. Although rooftop solar panels are not the most efficient way of generating electricity, they may outperform a large power plant situated
hundreds of miles away when transmission losses are taken into account. Also,
electrical energy cannot be used for all purposes. Although fossil fuels are an important source of electrical power, the substitution of nuclear plants for conventional
generating facilities would diminish but not come close to eliminating the need for
energy derived from fossil fuels. Nuclear power is sometimes offered as an effective
way of slowing global warming through the replacement of power plants fueled by
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coal or gas. Again, its contribution would be significant, but limited. Depending on
the type of conventional power plant being replaced, tripling the present generating
capacity supplied by nuclear power would reduce greenhouse gases by between 11
and 26 percent.24
Finally, accidents at nuclear plants are rare but potentially catastrophic. In
2011, an earthquake and subsequent tsunami caused a partial core meltdown and
hydrogen explosion at the nuclear facility near Fukushima, Japan. In addition to
the massive economic losses incurred by the region and the nation as a whole, the
disaster resulted in hundreds of immediate deaths and will lead to the eventual loss
of thousands more due to greater-than-normal incidences of cancer.
Less dramatically, nuclear wastes present serious long-term problems. The processing of ores into nuclear fuel has left a residue of hundreds of millions of tons
of radioactive waste, while thousands of tons of radioactive materials remain as

Although nuclear power plants do not produce greenhouse gases, they present other dangers, as was demonstrated when a tsunami led to a catastrophic explosion at the Fukushima
Daiichi nuclear power plant in 2011. The severely damaged No. 4 reactor building, shown
here, housed 460 tons of nuclear fuel in a storage pool in its upper floors. (*/AP Images)
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b y-products of civilian and military nuclear programs. In addition, large quantities
of low-level radioactive wastes are generated through medical and industrial applications of nuclear technologies. In the United States, these dangerously radioactive
materials now reside in 131 “temporary” storage sites while efforts to open a permanent waste facility near Yucca Mountain, Nevada, have been stymied by technical
problems and political opposition.25
Problems with the disposal of nuclear wastes are not confined to the United
States, and they will only intensify with the expansion of nuclear power. If global
production of nuclear energy went from its current annual output of 350,000 mega
watts to 1 million megawatts, the resultant waste material would fill a disposal
facility the size of Yucca Mountain in only three-and-a-half years.26 Alternatively,
nuclear plants could use a “closed cycle” process through which nuclear wastes are
recycled into nuclear fuel. This method, however, entails additional costs. More
ominously, it results in the production of large quantities of plutonium that could be
the basis of a nuclear weapon if only a small amount fell into the hands of terrorists
or hostile states.

Renewable Sources of Energy

Lest it be thought that nuclear energy is being singled out as an especially problematic source of energy, it should also be noted that other alternative energy sources
have their own shortcomings. The energy of the sun offers a fantastically large
source of potential energy; the solar energy that strikes the earth in 40 minutes
equals the world’s annual consumption of energy. The trick, of course, lies in effec
tively using even a modest fraction of that energy. Significant strides have been
made in that direction. In 1970, electricity produced by photovoltaic cells cost $60
per kilowatt-hour (kWh). By 1980, the cost had fallen to $1 per kWh, and by 2009,
it stood at 46.9 to 70.5 cents per kWh.27 By the second decade of the twenty-first
century, the price had fallen further to 12 to 30 cents per kWh for small to medium
installations.28 An alternative, more centralized form of solar technology uses the
sun to heat troughs of water or oil that is then routed to a heat exchanger that in
turn produces steam to drive a turbine. Yet another solar energy technology uses a
steam-powered turbine by focusing sunlight on a “power tower” filled with liquid
sodium. Up to now, the economic and technical limitations of solar technologies
have inhibited the widespread adoption of power derived from the sun, but solar
power has been making steady gains in costs and efficiency, and it will likely become
more significant as conventional energy sources become increasingly costly.
Wind power, a very old technology, has been increasing in importance in
recent years. When sited in the proper location, the most efficient wind turbines
can produce electricity for as little as 2.35 cents per kWh.29 As with solar energy,
this price reflects the operating cost of generating electricity; when construction
costs are included the price is necessarily higher, but putting an exact value on these
costs is complicated when interest rates and subsidies are figured in.
As with solar energy, the use of wind power will increase as more efficient turbines are developed and the costs of c arbon-based sources rise, although complaints
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about noise and the degradation of landscape aesthetics will limit or prevent the
construction of wind turbines in some areas. Wind power also shares with solar
cells the problem of episodic operation. This means that some way to store energy
is needed for times when the sun doesn’t shine and the wind doesn’t blow. Wind
and solar also suffer from a fundamental mismatch: areas of maximum sunlight or
wind are usually far from the places that consume the most electricity. Redressing
this situation will require substantial upgrading of electrical transmission lines, the
design of which goes back a hundred years.30 At the household and small business
level, it may be possible to use batteries for the provision of supplemental electricity. Batteries are the obvious choice, but despite substantial progress in recent years,
batteries remain expensive and space-consuming sources of electricity.
At present, the most important source of renewable energy is hydropower,
which accounts for about 10 percent of electrical generation in the United States.
In recent years, however, it has come under considerable criticism because dams
alter the ecology of river systems, often to the detriment of the plants and animals
that live in them. It is unlikely that massive new hydropower projects will appear
in the years to come.
Other sources of renewable energy might take on more significance as reserves
of fossil fuels are depleted and their environmental consequences become unacceptable. Among these are biomass (plants and other organic sources), geothermal,

Wind turbines and nuclear power plants are alternatives to the use of fossil fuel, but each
carries disadvantages as well as advantages. (Sylvain Sonnet/Corbis)
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methanol (methyl alcohol) produced from coal and gas, ethanol (ethyl alcohol)
produced from plants, and nuclear fusion (although not for many decades, if ever).
Still, for the immediate future, none of them can rival petroleum and natural gas as
relatively cheap and convenient sources of energy. These fossil fuels will continue
to be of central importance for many decades. The key issue will be using them
efficiently.

Doing More with Less
The generation and use of massive quantities of energy is the cornerstone of industrial society. Much of the expansion of production (and of course consumption) that
has taken place since the Industrial Revolution has come through the development
of technologies dependent on external sources of energy. Countering the depletion
of fossil fuels as well as their adverse consequences will require the use of new sources of energy. Still, it must be remembered that new sources will generate new problems, as will the employment of effective pollution-control strategies; in both cases,
there are few, if any, cost-free technological fixes. In the early twentieth century,
the replacement of the horse by the automobile was widely applauded because it
promised a far cleaner urban environment—in those days horses in New York City
deposited 2.5 million tons of manure annually.31 One might speculate on which
source of pollution is preferable, the emissions of cars or of horses.
Instead of substituting one source of pollution for another, a better course of
action is to try to reduce pollution by cutting back on energy use. Here, it is useful to distinguish conservation from curtailment. The former implies doing the same
sorts of things with fewer inputs of materials and energy, while the latter implies an
actual loss of output and consumption. Fortunately, most of the advances in recent
decades have in fact come from conservation. In the United States, energy intensity
(the ratio of energy used to productive output) peaked during the second decade
of the twentieth century and has been declining ever since.32 The total amount
of energy used has increased, but the emergence of more fuel-efficient sources of
energy (primarily the shift from wood and coal to oil and natural gas), changes in
the structure of the economy, and the development of more energy-efficient technologies allowed the rate of economic growth to outstrip by a comfortable margin
the rate of energy use.
A portion of the improved output-to-energy ratio can be attributed to the
growth of services (which use relatively little energy) and the relative decline of
industrial production (which uses a lot of energy). It should be pointed out, however, that the growth of the service sector has been accompanied by increasing
energy use in developing countries, most notably China, that have become major
producers of manufactured items bought by economically advanced nations.33 The
rest of the improvement in energy intensity has been the result of increased efficiency. New technologies along with better management of heating, lighting, and
ventilation systems have reduced energy costs by billions of dollars.34
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Relatively modest changes in everyday items such as refrigerators and freezers have produced large benefits. Refrigerators sold today use only o ne-quarter
the energy of those made in 1974. Were it not for this substantial improvement,
operation of the 150 million refrigerators and freezers in the United States would
require the generation of an additional 40,000 megawatts of electrical power.35
Similar savings have been gained by replacing incandescent bulbs with compact
fluorescent lamps (CFLs) and light emitting diodes (LEDs). CFLs use about one-
third the energy of conventional incandescent bulbs, and they produce far less heat
than incandescents. LEDs are even better; they use 75 percent less energy while
lasting 25 times as long as incandescent bulbs. According to the U.S. Department
of Energy, by the year 2027, widespread use of LEDs will save the equivalent annual
electrical output of 44 electric power plants, each generating 1000 megawatts.36
A multitude of other energy conservation measures can also be applied to
commercial and residential buildings. Many of them require nothing in the way of
advanced technology. Intelligent site selection and proper orientation of buildings
and the windows in them can result in structures staying warmer in the winter
and cooler in the summer while making use of natural light. Adequate sealing and
insulation prevents the loss of hot air in the winter and cool air in the summer,
while the provision of thermal storage in buildings allows the use of electricity for
air-conditioning to be shifted to off-peak hours, thereby obviating the need to build
new generating facilities.37 At the same time, there are many electronic technologies that can produce significant energy savings. M
 icroprocessor-based integrated
controls for heating, ventilation, and cooling can keep temperatures within narrow
limits that are optimal for different rooms in a building, so during the summer a
computer room can be kept cooler than a storage room.38
Additional gains could come through more intensive recycling efforts. One
noteworthy example comes from a prodigious user of energy, the aluminum industry.
Aluminum smelters consume 3 percent of the world’s electrical supply, and the electricity used to produce one ton of aluminum would run a typical U.S. household for
nearly 18 months. Much less energy is required to convert aluminum beverage cans
back into raw aluminum, making these cans a valuable part of the waste stream, as is
demonstrated by the fact that 75 percent of these cans were recycled in the United
States in 2013.39

More Miles to the Gallon
Even greater savings follow when the fuel consumption of private vehicles is reduced.
Gasoline, which is primarily used by cars and light trucks, accounts for about 45 percent of the petroleum refined in the United States.40 American automobiles are
also responsible for 20 percent of CO2 production in the United States, an amount
greater than the total emissions of CO2 from all but three of the other nations of the
world.41 Improving automotive technology to produce greater efficiency would thus
be a major step in arresting both resource depletion and global warming.
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There are essentially three ways of enhancing the fuel economy of cars and
trucks: reducing weight, improving aerodynamics, and making engines and accessories perform more efficiently. All of these have contributed to the substantial
gains in fuel economy scored by American automobiles after the first energy crisis
in 1973. For the 1975 model year, American cars averaged about 13.2 miles per
gallon (mpg); by 2013, fuel mileage had nearly doubled to an average of 25 mpg.42
An even more impressive advance—if it can be achieved—will come with the 2025
model year, when each automobile firm’s fleet will be required to average 54.5 mpg.
The largest share of this improvement was effected by reducing weight. Cars
became smaller and lighter, but the shift to front-wheel-drive designs for many
models maintained interior space. Better aerodynamics also helped, while under
the hood, fuel injection, turbochargers, computerized engine controls, variable
valve timing and lift, and detail improvements allowed engines to squeeze more
mpg while actually increasing performance.43 It is not certain that these ongoing
improvements to fuel mileage and performance can continue at the same rate. Still,
there are many promising technologies that could result in considerably more fuel-
efficient vehicles. Greater use of aluminum and plastics can make cars lighter, as can
the use of more space-efficient designs. More aerodynamic improvements will be
made, for they promise substantial rewards; a 10 percent reduction of a car’s air resistance can improve fuel economy by 3.5 percent, while a 10 percent weight reduction
yields only a 2.5 percent gain.44 Many of today’s cars are aerodynamically “cleaner”
than automobiles of the past; the original Volkswagen Beetle had a coefficient of
drag (cd) of 0.48, while the cd for a 2010 Toyota Prius was only 0.25.45 Still, there
is considerable room for improvement; experimental vehicles have been built with
drag coefficients as low as 0.14, better than that of an F -15 fighter.46 Production cars
will not likely approach this figure in the near future, but considerable aerodynamic
gains are possible.
Although the internal combustion engine is not likely to be replaced anytime
soon, other parts of the automobile’s power train could undergo significant changes,
such as the widespread use of continuously variable transmissions that allow engines
to run at their most efficient rotational speeds. Even more radical concepts, such as
cars powered by fuel cells, have already been sold to customers in small numbers. It
is possible that in a decade or two, these vehicles will be on the road in substantial
numbers. Several automobile manufacturers now produce battery-powered electric
vehicles and more will be offered in the years to come. Even more successful have
been hybrid vehicles that use both an internal combustion engine and an electric
motor to optimize fuel consumption. Hybrids are now a common sight on the
world’s highways; by the middle of 2015, Toyota had sold eight million Prius hybrids
since their launch in late 1997.47
Fuel-efficient cars will become more attractive as rising gas prices make them
increase in appeal, and rising corporate average fuel economy (CAFE) standards
required by the federal government will mandate more miles per gallon of gasoline.
It is far from certain that the days of the conventional automobile are numbered, and
it is likely that new automotive technologies will be able to at least partially compensate for the environmental problems caused by rising car populations worldwide.
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This Volkswagen experimental car is able to go up to 235 miles on one gallon of gasoline.
Some of the technology it embodies will eventually be used for cars sold to the public.
(Wolfram Steinberg/Newscom/Picture Alliance/Berlin/Berlin/Germany)

Economic Systems, Government Policies,
and the Environment
Just as technological advances affect energy supplies and 
energy-
conservation
measures, so too are there a substantial number of innovative technologies that
can help to control toxic wastes, pollutants, and other undesirable by-products of
modern technology. Many new technologies can be used to substitute for hazardous
materials and processes, make more efficient use of potentially toxic materials, and
counteract existing hazards. But as important as these technological advances are,
one would be overly optimistic to think that new and improved technologies are
the solution to all of our environmental ills. As Chapter 1 argued, technological
fixes have their place, but when major problems are involved they must be complemented by social, political, and cultural changes. Some of these changes may occur
spontaneously, but many of them must be encouraged by laws, regulations, and other
government interventions. Even when a technological fix can be developed, it is
often necessary to stimulate its use through the formation and implementation of
effective policies.
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During the energy crisis brought on by the OPEC oil embargo in 1973, some
scholarly observers came close to panic. As they saw things, the massive reduction
in oil supplies was the latest symptom of a massive crisis. Combined with population growth and environmental destruction, the contraction of energy supplies was
forcing major changes in industrial societies. Democratic procedures would have
to be replaced by powerful, even authoritarian, government mandates. One influential economist looked toward a dangerous future and reluctantly concluded that
“the passage through the gauntlet ahead may be possible only under governments
capable of rallying obedience far more effectively than would be possible in a democratic setting.”48 His assumption, one shared by many others, was that in the face
of a massive crisis, the only salvation lay in a government’s ability to force people to
sacrifice their individual interests in favor of the collective good. A highly centralized government was inescapable, for only such an authority could bring sufficient
expertise to bear on the shaping of the necessary policies and at the same time stifle
individual actions contrary to these policies.
There may be a surface plausibility in these ideas, but they are easily refuted by
an examination of the performance of centrally planned economies like the Soviet
Union and the People’s Republic of China during the years of Maoist ascendency.49
Inefficient and wasteful production along with massive environmental destruction
were painfully evident in these and other centrally directed economies.
While the inefficient use of energy and environmental degradation was endemic
in these economies, the converse, that an unfettered market economy is environmentally benign, is no less problematic. The history of capitalist economic development
has been marred by numerous examples of pollution, contamination, and heedless
exploitation of natural resources. This is to be expected; a pure market system, engine
of economic growth though it may be, is by its nature a threat to the environment.
Markets generally do a good job of coordinating production and consumption, but
they are not effective in dealing with consequences that lie outside the transactions
of individual buyers and sellers. The problem lies in what economists identify as
“negative externalities.” These occur when the cost of a commodity sold by one party
and bought by another does not take into account the costs borne by other parties,
such as the damages suffered by downstream residents when a paper mill dumps its
wastes into a river.
In similar fashion, a transaction may not take into account the loss of an
irreplaceable resource to future generations. The price of a commodity may reflect
some depletion costs, but time lags may prevent adequate corrective actions. In
many cases, the price of a dwindling resource will increase at too slow a rate to
signal its rapid depletion. The result is an overshoot-and-crash situation. This situation resembles a car driven by someone with slow reflexes; by the time the driver
perceives a problem ahead and decides to apply the brakes, it is too late to avoid a
collision.50
As will be noted in greater detail in Chapter 18, the imperfections of a market
system can be alleviated by intelligent regulations and tax policies, government-
sponsored research programs, and educational efforts. The consequences of governmental policies have been particularly evident in the development and application
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of energy technologies, although the results have not always been benign. Critics of
the nuclear industry argue that atomic power would never have gained a foothold
without loan guarantees, limits on liability in the event of accidents, and financial
support for the disposal of wastes.51 Renewable energy has also depended to a significant degree on government subsidies. From 1992 to 2014, wind power installations
received a tax credit of 2.2 cents per kWh of electricity generated for their first 10
years of operation, while until recently, the solar industry was supported by cash
grants that amounted to 30 percent of the construction costs of new projects.52 The
oil and gas industry does not receive direct subsidies, but according to critics, tax
breaks of a sort that only an accountant or lawyer could understand and love have
been worth $70 billion over a 10-year period.53
Less controversial is governmental support of scientific and technological
research relating to the environment. Providing economical and environmentally
friendly sources of energy will require an increased pace of research and development (R&D) efforts on a variety of fronts. Although private industry has been an
important source of energy-related R&D funding, governments have also been
essential, if erratic, providers. Federal g overnment–sponsored R&D expenditures
on nonfossil sources of energy rose sharply in the wake of the energy crises in the
1970s, but only temporarily. R&D for nuclear energy continued at a high level in
the 1980s, but R&D for other sources of energy underwent a sharp decline and then
more or less leveled off from the mid-1980s onward.54
The federal budget for the 2013 fiscal year allocated $1.051 billion for renewable energy R&D.55 By comparison, defense R&D expenditures for that year came
to more than $130 billion.56 There is no guarantee, of course, that higher levels
of R&D support would have resulted in an array of technological breakthroughs
on the energy front or for the benefit of the environment as a whole. Still, it does
seem likely that we would be in better shape today if R&D on conservation and
renewable sources of energy had been supported at least a bit closer to the level of
military expenditures.
At the same time, it should be recalled that the availability of a potentially
superior technology does not ensure that it will be used. The development of technologies that could help us use energy more efficiently, reduce pollution, and make
fewer demands on a fragile environment is only part of the solution. Individual
choices, corporate and governmental policies, the general distribution of income
and power, and the willingness to forsake short-term advantages for longer-term
benefits are at least as important as any combination of technological fixes. These
will be the ultimate determinants of our ability to maintain and even improve our
material standard of living while at the same time preserving the environment that
has sustained us through centuries of carelessness, neglect, and exploitation.

Questions for Discussion
1. What do you consider to be the greatest environmental threat facing the
world today? What sort of measures need to be taken to counter it? What will
be the major sources of resistance to these measures?
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2. The long-term environmental consequences of CO2 emissions cannot be
known for sure. Earth’s atmosphere is an extremely complex system that is
driven by a great multitude of variables. Predictions of climate trends are, and
probably always will be, based on data that are not completely adequate. Are
we justified in enacting laws to enforce significant reductions in the use of
fossil fuels on the basis of imperfect scientific information? At what point can
we decide that the assessment of risk is exact enough to warrant taking firm
actions?
3. In the text, a distinction was drawn between conservation and curtailment.
Are the energy-saving measures taken in the past 15 years primarily examples
of conservation or curtailment? Will future energy-saving strategies be based
on the former or the latter?
4. The continual extraction and use of natural resources does not result in their
being completely “used up,” but eventually the costs of extracting a diminishing resource exceed the value of the resource; barring improvements in extraction technologies, the resource is as good as gone. This may not happen for a
long time, perhaps not until we as individuals are long departed from this earth.
Is there anything immoral about using large quantities of Earth’s resources
for our own benefit? Do we owe anything to future generations? If so, by how
much should we restrict our use of resources? How should these restrictions
be mandated?
5. A considerable improvement in the fuel economy of automobiles has been
the result of “downsizing.” Yet all other things being equal, smaller cars are not
as safe as larger ones in the event of an accident. Can a substantial savings in
fuel justify the likelihood of more traffic-related injuries and fatalities? At the
same time, more fuel-efficient automobiles also produce fewer pollutants, leading to fewer pollution-induced deaths and illnesses. Is it possible to construct a
balance sheet that takes into account all of these factors in order to determine
if smaller cars improve or threaten our physical health?
6. A major issue in environmental analysis is sustainability. Is our present
economy and society sustainable over the long run? In what ways do present
technologies undermine sustainability? Are there any that promote it?
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