
coming up in Dædalus:

U.S. $13; www.amacad.org

Science in the 21st
Century

Jerrold Meinwald, May Berenbaum, Jim Bell, Paul McEuen, Daniel
Nocera, Terence Tao, William Dichtel, Bonnie Bassler, Neil Shubin,
Gregory Petsko, G. David Tilman, Chris Somerville, Nima Arkani-
Hamed, and others

Ch
er
ish
in
g K
no
wl
ed
ge
· S
ha
pi
ng
 th
e F
ut
ur
e 

Robert W. Fri Challenges for Technological Change  5
& Stephen Ansolabehere

Michael Greenstone Paying Too Much for Energy?
& Adam Looney The True Costs of Our 

Energy Choices  10

Michael J. Graetz Energy Policy: Past or Prologue?  31

Joseph E. Aldy Using the Market to Address 
& Robert N. Stavins Climate Change: Insights from 

Theory & Experience  45

Stephen Ansolabehere The American Public’s Energy Choice  61
& David M. Konisky

Daniel P. Schrag Is Shale Gas Good for Climate Change?  72

Ernest J. Moniz Stimulating Energy Technology 
Innovation  81

Kassia Yanosek Policies for Financing the 
Energy Transition  94

Mohamed T. El-Ashry National Policies to Promote 
Renewable Energy  105

Dædalus
Journal of the American Academy of Arts & Sciences

Spring 2012

D
æ
dalus

Spring 20
12: T

he A
lternative E

nergy Future, vol. 1 

Robert Fri, Stephen Ansolabehere, Jon Krosnick, Naomi Oreskes,
Kelly Sims Gallagher, Thomas Dietz, Paul Stern & Elke Weber, 
Roger Kasperson & Bonnie Ram, Michael Dworkin, Pamela Matson 
& Rosina Bierbaum, Holly Doremus & Michael Hanemann, Ann 
Carlson, Robert Keohane & David Victor, and others

The Alternative
Energy Future,

vol. 2

The Common Good

plus Immigration & the Future of America &c.

Public Opinion Lee Epstein, Jamie Druckman, Robert Erikson, Linda Greenhouse,
Diana Mutz, Kevin Quinn & Jim Greiner, Gary Segura, Jim Stimson,
Jim Gibson, and others

The 
Alternative

Energy 
Future,
vol. 1

Norman Ornstein, William Galston, Amy Gutmann & Dennis
Thompson, Mickey Edwards, Thomas Mann, Deborah Tannen,
Howard Gardner, and others

Spring 2012 Cover  3/20/2012  2:21 PM  Page 1

http://www.mitpressjournals.org/toc/daed/140/1
swilder
Typewritten Text
Order this issue from MIT Press

swilder
Typewritten Text

swilder
Typewritten Text

swilder
Typewritten Text
Order this issue on Kindle

swilder
Typewritten Text

swilder
Typewritten Text

swilder
Typewritten Text

swilder
Typewritten Text

swilder
Typewritten Text

swilder
Typewritten Text

swilder
Typewritten Text

http://www.amazon.com/s/ref=nb_sb_noss_1?url=search-alias%3Ddigital-text&field-keywords=daedalus+mit+press&rh=n%3A133140011%2Ck%3Adaedalus+mit+press


10

Paying Too Much for Energy? 
The True Costs of Our Energy Choices
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Whether by heating our homes in winter, keep-
ing the lights on in our of½ces, powering factories
that manufacture goods, or fueling our automo-
biles, energy drives our economy and supports our
quality of life. Thanks in part to an economic infra-
structure heavily dependent on energy use–roads
and highways, ports and railways, broadband and
computer networks, manufacturing plants and
shipping facilities–American workers and busi-
nesses are among the most productive in the world
and the most globally integrated. A century of
innovation, fueled by cheap and plentiful energy
largely from coal, oil, and natural gas, has allowed
the nation to transition from an agriculture-based
economy to one based on high-value-added manu-
facturing and services aided by computerization.
Our standard of living–among the highest on
earth–would not be possible without energy and
the systems that have been developed to harness it. 

Elsewhere in the world, developing economies
are trying to catch up–both in terms of economic
growth and quality of life–and are expanding their
energy production infrastructures accordingly. 
For example, major rural electri½cation projects

Abstract: Energy consumption is critical to economic growth and quality of life. America’s energy sys-
tem, however, is malfunctioning. The status quo is characterized by a tilted playing ½eld, where energy
choices are based on the visible costs that appear on utility bills and at gas pumps. This system masks the
“external” costs arising from those energy choices, including shorter lives, higher health care expenses, a
changing climate, and weakened national security. As a result, we pay unnecessarily high costs for energy.
New “rules of the road” could level the energy playing ½eld. Drawing from our work for The Hamilton
Project, this paper offers four principles for reforming U.S. energy policies in order to increase Americans’
well-being.
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are under way in China and India to in-
crease access to energy in villages and to
mechanize farming tasks. Furthermore,
both countries are rapidly increasing
electricity production to feed their sharp
industrial growth. Abroad, as at home,
rising living standards and robust eco-
nomic growth require access to plentiful,
reliable, and inexpensive energy.

Unfortunately, the sources of energy
that we have grown to rely on are more
expensive than we once thought. The
true cost of energy includes the price we
pay at the gas pump or what shows up on
the electric bill–known as the “private
costs”–and also the less obvious impact
of energy use on health, the environ-
ment, and national security. Economists
refer to these additional damages as neg-
ative externalities, or “external costs.” A
more holistic accounting of the total costs
of energy consumption that includes
both the private and external costs is
known as the social cost of energy use.
Recent events like the Deepwater Hori-
zon oil spill, the death of twenty-nine
West Virginia coal miners in the worst
mining disaster in twenty-½ve years, and
the crisis at Japan’s Fukushima Daiichi
Nuclear Power Plant are salient examples
of the health and environmental costs,
and economic risks, of our current ener-
gy sources. While these tragic disasters
are the most obvious symbols of these
costs, they are by no means the largest.

Our primary sources of energy impose
signi½cant health costs–particularly on
infants and the elderly, our most vulnera-
ble. For instance, even though many air
pollutants are regulated under the Clean
Air Act, ½ne particle pollution, or soot,
still is estimated to contribute to roughly
one out of every twenty premature deaths
in the United States.1 Indeed, soot from
coal power plants alone is estimated to
cause thousands of premature deaths and
hundreds of thousands of cases of illness

each year.2 The resulting damages include
costs from days missed at work and
school due to illness, increases in emer-
gency room and hospital visits, and other
losses associated with premature deaths.
In other countries the costs are still greater;
recent research suggests that life expec-
tancies in northern China are about ½ve
years shorter than in southern China 
due to the higher pollution levels in the
north.3 The National Academy of Sciences
recently estimated total non-climate-
change-related damages associated with
energy consumption and use to be more
than $120 billion in the United States in
2005. Nearly all of these damages result-
ed from the effects of air pollution on our
health and wellness.4

The external costs associated with using
carbon-intensive fuels also include climate
change. If carbon dioxide (CO2) emissions
continue to rise at the current rate, they
are likely to drive temperature changes
that will have signi½cant environmental
and health consequences: rising sea lev-
els, more frequent and more severe storms,
increased flooding and drought, and other
dramatic changes in weather patterns.
These changes in turn could result in 
an increase in water- and insect-borne
diseases, a loss of biodiversity, and the loss
of human lives and livelihoods.5 The U.S.
government recently developed a measure
to monetize the damages caused by CO2
emissions: that is, the social cost of car-
bon. By this metric, carbon emissions in
the United States resulted in almost $120
billion in damages globally in 2009.6 Other
environmental costs associated with our
current energy sources include the impact
of acid rain on vegetation and lakes, the
effect of ozone on agricultural productivi-
ty, and oil leaks and spills. Further, recent
concerns about local damages associated
with hydraulic fracturing (“fracking”)
extraction techniques underscore the land-
use issues related to fuel extraction.
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There are additional economic, politi-
cal, and national security risks associated
with current domestic energy policies. Oil
plays an important role in the American
economy: it powers most of the transpor-
tation sector and is an important input in
many industries. Continuing turmoil in the
Middle East has raised the pro½le of energy
security and the geopolitical implications
of reliance on oil. In part to protect major
oil supplies, the United States has main-
tained a military presence in the Middle
East for more than ½fty years. On several
occasions, it has become mired in military
interventions to prevent oil supply disrup-
tions, among other objectives. 

These costs–ranging from increases in
lung disease and infant mortality to prob-
lems associated with climate change–
have been quanti½ed and can be expressed
in dollar terms. And these costs can far
exceed the price that appears on our util-
ity bills or at the gas pump. For example,
we estimate that it costs about 3.2¢ for an
existing coal plant to produce a kilowatt
hour (kWh) of electricity. But this inex-
pensive sticker price belies the more sig-
ni½cant damages (estimated at roughly
5.6¢ per kWh) of coal-generated electric-
ity to our well-being: shorter lives, higher
health care bills, and a changing climate
that poses risks to our way of life. The
true social cost is almost three times the
amount that appears on our utility bills.

Current energy policy tilts the balance
in favor of energy sources that appear
cheap only because their costs to health,
the climate, and national security are ob-
scured or indirect. A better approach to
energy policy should encourage fairer
competition between energy sources by
placing them on equal footing. Based on
our work for The Hamilton Project, this
paper offers four principles for reforming
U.S. energy policies that would move the
country in this direction.

The Bene½ts of Energy Use. The devel-
opment and exploitation of inexpensive
energy sources has been a key driver of
economic development and quality of life.
The story of the expansion of the U.S. econ-
omy, and of the advances and innova-
tions that have made life better for Amer-
icans, leaps from one energy-harvesting
invention to another: the cotton gin, the
steam engine, the lightbulb, the internal
combustion engine, the turbine, the mech-
anized factory, the electri½ed city, and the
computer. The development of coal, oil,
natural gas, nuclear power, and other en-
ergy sources made all this progress possi-
ble and has helped support activity that is
integral to our economy and quality of life.

Windmills and watermills, the ½rst
modes of generating mechanical energy,
were used almost entirely for rudimenta-
ry tasks such as grinding grain and pump-
ing water. The development of the steam
engine in Britain in the mid-eighteenth
century gave birth to industry by power-
ing factories and cotton mills. In the late
nineteenth century, the internal combus-
tion engine, which runs the entire modern
motor vehicle fleet, was invented. Around
the same time, the lightbulb was devel-
oped, allowing businesses to keep their
doors open even after the sun had set and
making it possible for employees to extend
their workdays.

Today our economy is heavily reliant on
electric power to run businesses and
maintain quality of life. Data centers and
server farms in the United States require
massive amounts of energy. In 2006, they
consumed 61 billion kWh of electricity
(1.5 percent of total U.S. electricity con-
sumption), more than was consumed by
the nation’s televisions.7 Oil fuels more
than 90 percent of the nation’s motor
vehicle fleet and is a critical fuel input for
the entire transportation network. The
bene½ts that energy provides, from home
heating to facilitation of trade, are inte-
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gral to our way of life. The United States
consumes about one-½fth (21 percent) of
the world’s energy, despite having less than
5 percent of the world’s population.8

But U.S. dominance in energy use is
about to change. Developing countries–
especially China and India–are rapidly
increasing the amount of energy they
consume as their economies grow and
their citizens aspire to better living con-
ditions (Figure 1). While access to plenti-
ful energy is important to maintaining the
standard of living in the United States, it
has taken on an even more vital role in
emerging markets as they transition to 
a higher standard of living and more
energy-intensive economies.

A lack of reliable access to energy has
been a major deterrent to economic
growth and improved quality of life in
most of the developing world. Almost
one-fourth of the world’s population–
most of which lives in sub-Saharan Africa
and South Asia–lacks access to electric-
ity.9 Twice that number–half the world’s
population–lacks access to clean cook-
ing energy and relies on traditional bio-
mass fuels (wood, dung, coal, and agri-
cultural by-products) that produce smoke
and other air pollutants.10 Indeed, indoor
smoke from solid fuels is believed to have
been the sixth-leading cause of death and
½fth-leading cause of disability in low-
income countries in 2004.11 “Energy pov-
erty” and “fuel poverty” contribute to pov-
erty, health problems that can result in
lower life expectancy, diminished access
to education and other productive activi-
ties, and lower rates of economic growth
and productivity.

From facilitating trade to raising income
and improving health, reliable access to
energy could help reduce poverty and im-
prove life expectancy in developing nations
around the world. As these nations grow
and transition, however, their reliance 
on fossil fuel–based energy sources will

surge, creating another set of global chal-
lenges resulting from climate change.

The External Costs of Energy Use. The
bene½ts of the energy sources that we cur-
rently rely on are obvious. But it is increas-
ingly clear that the costs of our current
sources go well beyond what we pay at the
pump or to the utility company. These ad-
ditional costs of energy use take a variety
of forms, from the erosion of living stan-
dards to the diversion of taxpayer funds
and other critical resources. They include
increased health costs, shortened life
spans, higher military expenditures and
foreign policy constraints, expensive en-
vironmental cleanups, and the broad im-
pacts of climate change–all of which are
real costs that we impose on ourselves and
on future generations. 

Health effects of current energy sources. The
combustion of fossil fuels results in the re-
lease of pollutants that have a signi½cant
impact on the health and well-being of
American society and the world. Air pollu-
tion’s greatest costs to society come from
health impacts, which make up approxi-
mately 94 percent of external non-climate
costs.12 Particulate air pollution, or soot,
is associated with elevated mortality rates
for adults and infants.13 In 2010, soot from
U.S. coal-½red power plants was estimated
to have caused 23,600 premature deaths
and more than 500,000 cases of respirato-
ry illness.14 Soot and other pollutants such
as sulfur dioxide (SO2), carbon monoxide
(CO), and nitrogen oxides (NOx), which
lead to ozone, all pose threats to well-being,
including higher mortality rates, more hos-
pital admissions, restricted activity days,
and increased expenditures on medica-
tions for respiratory problems.15

The National Academy of Sciences esti-
mates that electricity generation from coal,
oil-fueled vehicles and transportation, and
electricity production from natural gas
caused an estimated $120 billion in non-
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climate-change-related damages in 2005
(Figure 2).16 Health-related damages ac-
count for almost all of these costs.

The health consequences of other ener-
gy sources can be severe, as the nuclear cri-
sis in Japan reminds us. Prior experiences
with nuclear disasters suggest that they
increase the incidence of cancer. Even at
doses once thought to be harmless, chil-
dren born in regions of Sweden that ex-
perienced higher radiation fallout from
the disaster at Chernobyl have been shown
to have reduced cognitive abilities, mea-
sured by school performance.17

Climate-change impacts. Since the start of
the Industrial Revolution, humans have
been emitting a growing amount of green-
house gases such as CO2, methane, and
NOx into the atmosphere. Figure 3 shows
that the concentration of CO2 in the at-
mosphere has risen by more than 23 per-
cent over the past ½fty years.18 According

to the Intergovernmental Panel on Climate
Change, these rising levels of CO2 and
other greenhouse gases will cause rising
average global temperatures in the coming
years and decades. If current emissions
trends continue, global temperatures will
increase by an estimated 4.3ºF to 11.5ºF
(2.4ºC to 6.4ºC) by the end of the century,
depending on the climate model and as-
sumptions about economic growth.19

The increase in average temperature is
well-documented, but it is less clear how
this will affect our lives. One way to illus-
trate the effect is to look at the incidence
of very hot days. Figure 4 reports the cur-
rent number of days per year when the
temperature experienced by the average
American falls into certain ranges. In re-
cent history, it has been extremely rare
for the average daily temperature (calcu-
lated as the average of the daily maximum
and minimum) to exceed 90ºF; the aver-

Source: Energy Information Administration, International Energy Statistics Database, November 2009, http://
www.eia.gov/emeu/international. 

Figure 1
World Energy Consumption by Country, 1980 to 2008
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Figure 3
Mean Global Temperature and Atmospheric CO2 Concentrations, 1900 to 2099

Multimodel average temperature; sres A1B scenario. Source: knmi Climate Explorer, http://climexp.knmi.nl/.

Figure 2
Main Sources of Non-Climate-Change-Related Damages, 2005

Vehicle costs refer to the total life-cycle costs of producing and operating. Source: National Academy of Sciences,
Hidden Costs of Energy (Washington, D.C.: National Academies Press, 2010).
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age American experiences about one such
day per year. But in the future, such ex-
tremely hot days are projected to become
much more regular, occurring about forty
times a year. This means the United States
will experience roughly four times as many
days when the temperature is hotter than
90ºF than days when it is below 30ºF. This
projected change is troubling because 
the greatest damages from temperature, in
terms of elevated rates of mortality and
morbidity and reduced agricultural pro-
ductivity, are concentrated at these high
temperatures.20

In addition to the increase in tempera-
tures, the higher concentrations of green-
house gases are expected to lead to other
changes on our planet, including changes
in precipitation patterns, weather variabil-
ity, and rising sea levels. Together, these
changes in climate are expected to lead 
to a series of adverse outcomes ranging

from reduced agricultural productivity,
increased mortality rates, higher flood
risks, greater rates of species extinction,
compromised ecosystem services, and
even increased conflict over scarce natu-
ral resources. Furthermore, there is rising
concern about the possibility of a cata-
strophic event, such as a potentially dis-
continuous “tipping point” in the behav-
ior of earth systems.

In the abstract, it is easy to understand
that there is a wide range of risks for the
United States and the world population
associated with climate change. The chal-
lenge of summarizing and monetizing the
costs–a necessary next step for informing
policy-makers–has only recently been
addressed. In 2010, a U.S. government
working group estimated the global dam-
ages associated with the release of an ad-
ditional ton of CO2 into the atmosphere,
calling their estimate the social cost of

Figure 4
Current and Predicted End-of-Century Daily Temperatures

Hadley 3-A1Fl predictions, error corrected. Source: Olivier Deschenes and Michael Greenstone, “Climate Change,
Mortality, and Adaptation: Evidence from Annual Fluctuations in Weather in the U.S.,” American Economic Journal:
Applied Economics 3 (4) (2011): 152–185.
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carbon (scc). The group concluded that
the current scc is roughly $21 per ton of
CO2 emissions.21 To put that number in
context, at a cost of $21 per ton, carbon
emissions in the United States last year
resulted in roughly $120 billion in global
damages. The damages within the United
States are projected to be smaller, ranging
from about 7 to 23 percent of the total. Of
course, the global and domestic damages
apply regardless of where on the planet the
emissions occur.22

With this estimate of the scc, policy-
makers now have a bright-line rule to iden-
tify effective policies, because they can
quantify the bene½ts of regulations that
would reduce carbon emissions. Indeed,
the scc has already become a standard tool
in the evaluation of national policy choic-
es. Since the release of the scc values, the
monetized bene½ts of CO2 emission reduc-
tions have been included in at least seven
major regulations (those with costs or ben-
e½ts above $100 million) across three fed-
eral departments and agencies. In Table 1
(discussed below), we use the scc to quan-
tify the climate-related damages from var-
ious energy sources. 

Other environmental and economic effects.
Other aspects of energy production and
consumption also impose external costs.
For example, extracting, transporting, and
consuming fuels such as coal and petrole-
um have adverse effects on the environ-
ment and impair our quality of life. The
methods used to extract fuel, such as coal
mining or offshore oil drilling, can be very
disruptive to the surrounding ecosystem.
Strip-mining, a form of surface mining
that peels back layers of soil and rock to
expose seams of mineral, destroys veg-
etation, displaces wildlife, and often per-
manently changes soil composition. The
Deepwater Horizon oil spill in 2010,
which damaged both local ecosystems
and local economies, is one illustration of
the consequences of accidents. Air pollu-

tants, like those that form acid rain or the
airborne mercury from burning coal, have
negative effects on trees, wildlife, ocean
life, and soil quality. The smog that re-
sults from air pollutants impairs visibility
and interferes with enjoyment of national
parks and other scenic vistas. 

Pollution also results in economic dam-
ages. Ozone can slow plant and crop
growth and increase plants’ vulnerability
to disease.23 Recent evidence suggests that
air pollution has a signi½cant impact on
the health and productivity of workers and
children’s absenteeism rates at school.24

Ozone, even at levels below Environmen-
tal Protection Agency (epa) standards,
has been shown to reduce the productivi-
ty of agricultural workers in California.25

Even some alternative energy sources,
several of which have been heralded as the
future of energy use, have signi½cant en-
vironmental costs. Biofuels such as etha-
nol were once considered a promising sub-
stitute for carbon-intensive fuels. How-
ever, clearing the land, growing, trans-
porting, and processing the crops used for
biofuels results in large emissions of CO2.
Examining the entire life cycle of produc-
tion and consumption of biofuels suggests
that at least some of them may be, on bal-
ance, worse for the environment than the
entire energy cycle for oil.

Macroeconomic stability and international
security. Energy security has been a critical
concern for U.S. policy-makers since at
least the oil shocks of the 1970s. Although
U.S. oil intensity–the amount of oil the
United States consumes per dollar of eco-
nomic activity–has been declining by
about 2 percent per year since 1980, our
economy remains heavily dependent on
oil.26 In the transportation sector, there
are almost no substitutes; oil meets more
than 90 percent of U.S. fuel needs.27 Con-
sequently, oil continues to play both a sub-
stantive and symbolic role in the econ-
omy. The challenges that arise from U.S.
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reliance on oil have both economic and
geopolitical dimensions. 

Dependence on oil imposes macroeco-
nomic risks from oil shocks. Ten of the
eleven postwar recessions followed an
increase in the price of oil, including the
most recent recession.28 While some re-
search suggests that oil shocks have had
steadily smaller effects on economic ac-
tivity since the 1970s–perhaps because
our economy’s oil intensity has been
diminishing, because policy-makers have
learned how to respond better to these
shocks, or because the U.S. economy is
more flexible today than it was–evidence
from the most recent recession suggests
that our vulnerability to oil shocks has
not disappeared.29

Oil consumption also raises geopolitical
and national security issues. For more than
½fty years, the United States has main-
tained a military presence in the Persian
Gulf. Although it is dif½cult to disentan-
gle energy security from other national
security goals, the need to guard against
the possibility of oil disruptions has
added urgency to U.S. military action.
According to Brent Scowcroft, the na-
tional security adviser under Presidents
Gerald Ford and George H.W. Bush,
“What gave enormous urgency to [the
Persian Gulf War] was the issue of oil.”30

Estimates of Private and External
Costs of Various Energy Sources. Smart
energy policy must take into account the
full social cost of energy production. This
includes the private costs of building,
maintaining, operating, and fueling elec-
tricity generating plants or transportation
vehicles, as well as the external costs to
health and the environment. Making good
energy policy decisions has been espe-
cially dif½cult because the extent of the
private and external costs has not always
been clear. Indeed, without access to full,
transparent information about the true

costs of energy sources, policy-makers
have not had the tools to make the best
choices for the economy and the welfare
of the American people. With an “apples
to apples” comparison of actual costs, we
can help level the playing ½eld among 
the various energy sources by providing
more-accurate information for the public
discussion around energy policy. 

Table 1 provides new and what we be-
lieve are the most complete estimates of
the costs of electricity production for 
several energy-producing technologies,
including coal, natural gas, nuclear, wind,
solar, and hydroelectric. It reports the full
life-cycle costs of creating new electricity-
generating capacity using different types
of electricity sources; that is, it shows the
total social cost per unit of energy of
starting up and operating a new plant
over the entire lifetime of the plant
(sometimes called the “levelized cost”)
including the health and environmental
costs associated with electricity produc-
tion. These costs are divided into private
costs (the cost of building, fueling, oper-
ating, and maintaining a plant); non-
carbon external costs (primarily the costs
to health); and carbon-related external
costs due to climate change.31 The sources
for the estimates of the private costs are
based on our calculations, described in de-
tail in our paper for The Hamilton Proj-
ect32; estimates for non-carbon costs are
from the National Academy of Sciences33;
and estimates for carbon-related costs
are from the Interagency Working Group
on the Social Cost of Carbon.34 We are
unaware of any previous effort to pull
these cost components together. 

Although we attempt to draw on the
best available data and research when
producing these estimates, there is sub-
stantial uncertainty around many of these
costs. For some energy sources, estimates
of non-carbon external costs are dif½cult
to quantify or are simply not available.
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Notes and Sources for Table 1

All dollar ½gures are in 2010 U.S. Dollars (usd). Values not originally reported in 2010 usd are inflated using the
Consumer Price Index. A technical appendix (available on request) includes a full description of the methodology
and assumptions used to generate these estimates. Cost ½gures may not sum due to rounding. pc stands for pul-
verized coal, pv for photovoltaic, pwr for pressurized water reactor, and utq for “unable to quantify.” 

Sources: Authors’ calculations; Yangbo Du and John E. Parsons, “Update on the Costs of Nuclear Power,” Work-
ing Paper 09-004, mit Center for Energy and Environmental Policy Research, May 2009, http://web.mit.edu/
mitei/docs/spotlights/nuclear-fuel-cycle-du.pdf; Energy Information Administration, Annual Energy Outlook 2011
(Washington, D.C.: Department of Energy, April 2011), http://www.eia.gov/forecasts/aeo/; Energy Information
Administration, “Updated Capital Costs for Electricity Generating Plants,” November 2010, http://www.eia.gov/
oiaf/beck_plantcosts/pdf/updatedplantcosts.pdf; Energy Information Administration, “Consumption Price and
Expenditure Estimates, State Energy Data System (seds),” June 2010, Table S6a, http://www.eia.gov/states/
hf.jsp?inc½le=sep_sum/plain_html/sum_pr_eu.html; Energy Information Administration, “Levelized Cost of New
Generation Resources in the Annual Energy Outlook 2011,” 2010, http://www.eia.doe.gov/oiaf/aeo/electricity_
generation.html; Energy Information Administration, “Monthly Energy Review,” April 2011, Table 7.2a, “Elec-
tricity Net Generation: Total (All Sectors),” http://www.eia.doe.gov/totalenergy/data/monthly/query/mer_data
.asp?table=T07.02; Energy Information Administration, “Electric Power Annual,” April 2011 (rev.), Table 5.3,
http://www.eia.doe.gov/cneaf/electricity/epa/epat5p3.html; Energy Information Administration, “Electric Power
Monthly,” April 2011, Tables 4.10.A and 4.13.A, http://www.eia.doe.gov/electricity/data.cfm#avgcost; Energy In-
formation Administration, “Updates by Energy Source, State Energy Data System (seds),” April 2011, Table F23,
http://www.eia.gov/states/hf.jsp?inc½le=sep_fuel/html/fuel_nu.html; Interagency Working Group on Social
Cost of Carbon, “Technical Support Document: Social Cost of Carbon for Regulatory Impact Analysis Under Exec-
utive Order 12866,” February 2010, http://www.epa.gov/oms/climate/regulations/scc-tsd.pdf; Internal Revenue
Service, “How to Depreciate Property,” Publication 946, Cat. No. 13081F, 2011; National Academy of Sciences, Hid-
den Costs of Energy (Washington, D.C.: National Academies Press, 2010).

a Estimates for existing coal, natural gas, and nuclear facilities assume the same fuel costs and capacity factors as
the new coal dual unit advanced pc, the new natural gas conventional combined cycle, and the new nuclear
(pwr) plants, respectively. Existing plants are assumed to have two-thirds the operating, management, and
maintenance costs of the corresponding new plants to reflect the fact that existing plants, on average, are sub-
ject to less stringent environmental standards and use older technologies. Existing plants are assumed to have
fully depreciated all initial capital costs. To account for the fact that existing plants are, on average, less ef½cient
than new plants, we use the estimated heat rates for existing plants in 2009 from Energy Information Adminis-
tration, “Electric Power Annual,” April 2011 (rev.), Table 5.3, http://www.eia.doe.gov/cneaf/electricity/epa/
epat5p3.html. The heat rates are 10,461 Btu/kWh for coal, 8,160 Btu/kWh for natural gas, and 10,460 Btu/kWh
for nuclear. 

b These estimates do not include experimental technologies such as plants with carbon capture and sequestration
or integrated gasi½cation combined-cycle plants.

c Source: Energy Information Administration, “Levelized Cost of New Generation Resources in the Annual 
Energy Outlook 2011,” 2011, http://www.eia.doe.gov/oiaf/aeo/electricity_generation.html.

d Source: Energy Information Administration, “Monthly Energy Review,” April 2011, Table 7.2a, “Electricity 
Net Generation: Total (All Sectors),” http://www.eia.doe.gov/totalenergy/data/monthly/query/mer_data
.asp?table=T07.02.

e Private cost estimates for new capacity are levelized costs: they reflect the present discounted value of the total
cost of constructing, maintaining, and operating an electricity-generating plant over its entire lifetime and are
expressed in terms of real cents per kWh. 

f Authors’ estimates based on a model developed by Yangbo Du and John E. Parsons, “Update on the Costs of
Nuclear Power,” Working Paper 09-004, mit Center for Energy and Environmental Policy Research, May 2009,
http://web.mit.edu/mitei/docs/spotlights/nuclear-fuel-cycle-du.pdf. Most cost inputs for new capacity, includ-
ing overnight capital costs, operation and management costs, and heat rates, come from Energy Information Ad-
ministration, “Updated Capital Costs for Electricity Generating Plants,” November 2010, http://www.eia.gov/
oiaf/beck_plantcosts/pdf/updatedplantcosts.pdf. Fuel price estimates for coal and natural gas come from
Energy Information Administration, “Electric Power Monthly,” April 2011, Tables 4.10.A and 4.13.A, http://
www.eia.doe.gov/electricity/data.cfm#avgcost; those for nuclear power come from Energy Information Ad-
ministration, “Updates by Energy Source, State Energy Data System (seds),” April 2011, Table F23, http://
www.eia.gov/states/hf.jsp?inc½le=sep_fuel/html/fuel_nu.html; and those for biomass come from Energy In-
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formation Administration, “Consumption Price and Expenditure Estimates, State Energy Data System (seds),”
June 2010, Table S6a, http://www.eia.gov/states/hf.jsp?inc½le=sep_sum/plain_html/sum_pr_eu.html. All
plants are assumed to have identical forty-year lifetimes. Estimates for new capacity refer to plants coming
online in 2017 to compensate for the signi½cant lead time required to construct many types of new plants.

g Range reflects alternative ½nancing costs. The low end of the range assumes a weighted average cost of capital
of 7.8 percent (the same assumption for all other technologies), while the high end of the range assumes a
weighted average cost of capital of 10 percent. This approach follows The Future of Nuclear Power: An Interdis-
ciplinary MIT Study (Cambridge, Mass.: Massachusetts Institute of Technology, 2003), http://web.mit.edu/
nuclearpower/; and Du and Parsons, “Update on the Costs of Nuclear Power.” The capital cost estimates from
Energy Information Administration, “Updated Capital Costs for Electricity Generating Plants” assume that the
nuclear plant is built in a brown½eld site; green½eld sites may be more expensive. 

h Estimates for wind and solar are based on current market costs, which have been declining due to advances in
technology. Some analysts argue that improved technology will substantially reduce the price of wind and solar
power. For example, if overnight capital costs of solar pv were reduced to $2,000/kW, levelized costs for solar
pv would drop to 8.6¢/kWh. 

i Source: National Academy of Sciences, Hidden Costs of Energy, 92 (coal) and 118 (natural gas). The nas esti-
mates the monetized costs resulting from emissions of SO2, NOx, and PM2.5 and PM10 (two forms of particu-
late matter) from existing natural gas and coal power plants, assuming a value of a statistical life of $6 million
(in 2000 usd). These estimates do not include external costs other than from those four air pollutants, nor do
they include “upstream” costs resulting from mining, drilling, construction, and other activities not directly
associated with electricity generation. While it is likely that new plants are more ef½cient, the assumption that
both existing and new plants have the same external costs reflects the fact that both existing and new plants are
included under the same SO2 and NOx cap-and-trade cap. 

j Reliable estimates of the non-carbon external costs are unavailable for many electricity-generation technologies,
even for technologies like nuclear or hydroelectric, which have demonstrable environmental or health costs. We
label non-carbon external costs of these technologies “unable to quantify” (utq) 

k Source: For tons of CO2/Btu or tons of CO2/MWh (megawatt hour), see Energy Information Administration,
“Updated Capital Costs for Electricity Generating Plants”; for external costs of carbon at $22.5/ton of CO2
(2010 usd), see the Interagency Working Group on Social Cost of Carbon, “Technical Support Document.”

l The range of carbon emissions estimates reflects uncertainty regarding the source of biomass fuel materials. 

m Intermittent energy sources, such as wind and solar, produce power only during periods of suf½cient wind and
sunlight. The costs in this table do not attempt to monetize the reduction in value that this intermittency im-
poses on energy users. On an adjusted basis, wind and solar would be more costly. Conversely, peaking gener-
ating technologies, such as natural gas combustion turbines, are used only during periods of fluctuating high
demand, and thus appear expensive in this comparison. For a more detailed discussion, see Paul Joskow, “Com-
paring the Costs of Intermittent and Dispatchable Electricity Generating Technologies,” ceepr Working Paper,
mit Center for Energy and Environmental Policy Research, September 2010, http://econ-www.mit.edu/½les/
6317. In an attempt to de½ne a more appropriate comparison of wind and solar to other base-loading technolo-
gies, “Combined Peaking and Intermittent” presents estimates of hybrid wind and solar pv facilities that are
backed up by natural gas combustion turbines during periods of intermittency. These hypothetical plants as-
sume that a renewable source is paired with a natural gas combustion turbine of suf½cient capacity such that the
turbine could fully substitute for the renewable source if it produced no output during some time periods. The
average capacity factor of the paired natural gas combustion turbine is chosen such that the average capacity
factor for the combined plant is equal to 85 percent (roughly the capacity factor for traditional coal and natural
gas combined-cycle plants).
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For example, for nuclear and hydroelec-
tric power, the costs from nuclear acci-
dents or from damage to ½sheries are
very real, but few studies have reliably
estimated those costs. Additionally, the
prices of fuel sources are determined by
market forces, and can rise or fall over
time, leading to changes in private costs.
Similarly, innovation has reduced the
costs of many emerging technologies and
may continue to reduce costs in the future.

The ½fth column shows estimates of the
levelized private costs of generating new
electricity from different sources. For base-
line power (power that is not subject to
interruption), hydroelectric and coal are
the least expensive energy sources when
measured by private costs. 

However, these private costs do not take
into account the signi½cant external costs
stemming from many electricity sources.
The sixth column shows the non-carbon
external costs associated with different
types of electricity sources, such as nega-
tive effects on health and the environment.
Coal has high non-carbon external costs
of 3.4¢ per kWh–roughly the same size
as its private costs for existing capacity and
more than 50 percent of its private costs
for new capacity. The next column shows
the costs associated with carbon emissions,
assuming an scc of $21.4 per ton (the pre-
ferred estimate of the Interagency Work-
ing Group on Social Cost of Carbon). 

The ½nal column shows the social costs,
which is the sum of all private and exter-
nal costs. The costs of several electricity
sources increase dramatically when the
full costs of production are included. For
example, the social cost of existing coal
plants is more than double the private
cost (8.8¢ compared to 3.2¢); the social
cost of new conventional coal plants is
roughly 83 percent higher than the pri-
vate costs (11.5¢ compared to 6.2¢), mak-
ing coal the most expensive new non-
renewable source of energy. Conversely,

for many other electricity-producing tech-
nologies, such as hydro, nuclear, wind, and
solar, the private costs make up the vast
majority of the social costs.

Estimates of the costs of “intermittent”
energy sources–wind and solar–must
also be adjusted to reflect the fact that they
cannot be compared directly to those of
base-loading technologies: wind power
plants produce power only when there is
wind, and solar power plants produce pow-
er only when there is sunlight. Sunny and
windy times of the day or year do not
always correspond to times when demand
for power is greatest. Consequently, these
types of energy are less valuable even if
the cost per kWh is the same as coal, nat-
ural gas, or other “dispatching” energy
sources (sources that can be turned on and
off to produce power when needed most).
Similarly, cost estimates for “peaking”
generation technologies, such as natural
gas combustion turbines, overstate their
costs because they are speci½cally designed
to be used in times of very high demand
for electricity.

To put these sources on comparable
footing, we created hypothetical plants
that include intermittent technologies
paired with a peaking generation technol-
ogy (natural gas combustion turbines)
that could meet energy needs during
periods when solar or wind power is un-
available. These estimates, which we label
“Combined Peaking and Intermittent” in
Table 1, suggest that some versions of these
combined plants could be competitive
with many existing technologies if the full
social costs of energy production were tak-
en into account. For example, the com-
bined wind/combustion turbine power
plant would have social costs almost 2¢ per
kWh less than that of new coal capacity.
However, this combined wind/combus-
tion turbine technology would still have
signi½cantly higher social costs than many
other options, including new convention-
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al natural gas power plants and existing
coal power plants. Furthermore, the wind
and solar estimates are based on siting
plants in optimal locations for harvesting
these energy sources; the cost estimates
would be higher, potentially signi½cantly
so, in other locations.

Figure 5 summarizes several of the most
important electricity sources from Table 1.
These sources are shown in order of their
private costs. The private costs are in black,
the non-carbon external costs (mostly
health costs) are black-and-white check-
ered, and carbon costs due to climate
change are in light gray. The dramatic dif-
ferences in the private and social costs of
different energy sources illustrate how the
low-private-cost energy sources we rely
on often come with high external costs.

When private costs alone are consid-
ered, existing coal power plants appear to
be a great deal. These plants account for
roughly 45 percent of the electricity in the
United States, and they do so at an aver-
age price of 3.2¢ per kWh. This appears to
be a bargain, but the true costs are much
higher–in fact, they are 170 percent higher.
Each kWh of coal-generated electricity
comes with an additional 5.6¢ per kWh of
damages to our well-being, from a com-
bined 3.4¢ per kWh of non-climate-
change-related damages (primarily health-
related) and 2.2¢ per kWh of climate-
change-related damages. Although these
costs are not listed on our monthly utility
bills, they are nevertheless real. They show
up in shorter life spans, higher health care
bills, and a changing climate that poses
risks to our way of life.

Figure 5 also reports on the costs of other
electricity sources. Electricity from new
coal plants is more expensive than from
existing plants, largely due to the capital
costs of building the plant; however, be-
cause new plants are slightly cleaner, ex-
ternal costs are modestly lower. Once the
full costs of all energy sources are account-

ed for, natural gas power plants are among
the least expensive electricity sources.
This outcome reflects the low prices of
natural gas due to the recent dramatic
increase in reserves and the fact that the
health and environmental costs associated
with natural gas are lower than for other
fossil fuels. (At the time of this writing,
the environmental costs associated with
the extraction of natural gas through frack-
ing are largely unknown and could in-
crease the social costs of natural gas use.) 

For vehicles and transportation, the
story is similar. From sticker prices on
new cars to the price at the pump, the pri-
vate costs of transportation are readily
apparent to most Americans. The private
costs to purchase, maintain, and fuel the
average car add up to about $0.51 per ve-
hicle mile traveled over the car’s lifetime.35

But cars, trucks, and other vehicles also
impose costs by polluting the air, emitting
greenhouse gases, contributing to traf½c
on busy roads, and through injuries and
deaths from car crashes.36 These external
costs amount to more than $0.10 per
vehicle mile traveled, or roughly $16,000 
for a car that is driven 150,000 miles37–
which represents more than 20 percent
of the car’s lifetime private costs.

An additional consequence of the costs
in Table 1 is that industry and consumers
have little incentive to change their ener-
gy preferences based on comparison of
direct costs. This is because coal and gas-
oline are comparatively inexpensive when
only their private costs are considered. 

In addition to the private and external
costs of these energy sources, policies to
influence energy production also consume
signi½cant ½scal resources. Table 2 details
the many subsidies and ½nancial incen-
tives for different types of energy produc-
tion provided by federal, state, and local
governments. The higher cost per kWh
for some sources is frequently justi½ed 
as the result of efforts to jump-start in-
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novations that are necessary to lower
costs.

Other government programs also give
a boost to preferred energy sources. Lia-
bility for nuclear disasters is capped at
$12.6 billion, and oil companies’ respon-
sibility for spills is capped at $350 million
for onshore facilities and $75 million for
offshore facilities.38 Thus, these energy
producers are protected from the risks they
impose on society, liabilities that other
businesses are required to shoulder.39

Additionally, federal and state legislation
has granted a host of subsidies for eth-
anol production and use, including a tax
credit equal to $0.45 per gallon for blend-
ing ethanol with other fuels and a variety
of other standards that require the use of
ethanol.40 These subsidies impose a sub-

stantial ½scal cost on taxpayers while cre-
ating market distortions.

Efforts to address the environmental,
health, and climate-related effects of our
current energy sources are often derided
as too costly. But Table 1 emphasizes that
many current energy sources are already
more costly than perceived; those costs
are simply more diffuse and less salient
because they indirectly impact health,
economic activity, the environment, and
national security. Although there are un-
doubtedly costs associated with moving
to energy sources that require higher pri-
vate outlays, the introduction of policies
that cause producers of all energy sources
to recognize the full social (that is, private
plus external) costs will level the playing
½eld and improve our well-being.

Figure 5
The Private, External, and Social Costs of Electricity Generation

*The non-carbon external costs of nuclear power, including the risk of serious accidents, have not been quanti-
½ed for this ½gure. Non-carbon external costs include only damages associated with operating the plant, not “up-
stream” costs from mining, drilling, and extraction of fuels (including any environmental costs associated with
fracking), or from plant construction. Sources: See notes for Table 1.
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For example, epa analyses indicate that
the bene½ts of recently proposed policies
to address climate change would have ex-
ceeded their costs. The analyses suggest
cumulative domestic costs of a cap-and-
trade bill at $600 billion to $1 trillion
through 2050.41 But the global cumula-
tive bene½ts of the emissions reductions
produced by enacting a cap-and-trade sys-
tem would be approximately $1.5 trillion
to $1.7 trillion over the same period, indi-
cating that the bene½ts would have been
much larger than the costs. Although a
substantial proportion of these bene½ts
would accrue outside the United States,
many believe that the adoption of such a
carbon policy would lead other countries
to implement similar policies to reduce
carbon emissions that would produce
substantial bene½ts for the United States.

Reforming Energy Policy. Energy con-
sumption is critical to economic growth
and quality of life. America’s energy sys-
tem, however, is malfunctioning. The sta-
tus quo is characterized by a tilted playing
½eld, where energy choices are based on
the visible costs that appear on utility bills
and at the gas pump. This system masks
the external costs arising from those
energy choices, including shorter lives,
higher health care expenses, a changing
climate, and weakened national security.
As a result, society pays unnecessarily high
costs for energy. 

New “rules of the road” could level the
energy playing ½eld. Drawing from our
work for The Hamilton Project, we offer
the following principles for reforming
U.S. energy policies in order to increase
Americans’ well-being:

Table 2
Federal Energy Subsidies

Type of Energy FY 2007 Net Generation
(billions of kWh)

2007 Federal Subsidy 
and Support Value 

(in millions of dollars)

Coal 1,946 854

Re½ned Coal 72 2,156

Natural Gas and 
Petroleum Liquids

919 227

Nuclear 794 1,267

Biomass (and biofuels) 40 36

Geothermal 15 14

Hydroelectric 258 174

Solar 1 14

Wind 31 724

Land½ll Gas 6 8

Municipal Solid Waste 9 1

Source: Energy Information Administration, “Federal Financial Interventions and Subsidies in Energy Markets:
2007,” April 2008, Table 35, http://www.eia.doe.gov/oiaf/servicerpt/subsidy2/.
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1) Appropriately price the external costs of ener-
gy production and use. Fossil fuels such as
coal, oil, and natural gas have costs be-
yond what users pay to the utility com-
pany or at the gas pump. These costs–
ranging from increases in lung disease
and infant mortality to problems asso-
ciated with climate change–have been
quanti½ed and can be expressed in dol-
lar terms. As argued in the Hamilton
Project paper “An Economic Strategy to
Address Climate Change and Promote
Energy Security”42 and elsewhere, the
best approach is to price these costs
directly, through cap and trade or tax
policies. If ½rms and consumers faced
the full cost of their energy use, they
would have a greater incentive to make
more-informed and socially ef½cient de-
cisions about energy consumption.

2) Fund basic research development and dem-
onstration. Many believe that technolog-
ical innovations are the solution to ½nd-
ing cleaner low-cost energy sources–
in other words, that we will innovate
our way out of our energy and climate
change problems. Unfortunately, there
is little incentive for the private sector
to undertake either basic research or
technology demonstration projects that
are good for society because they may
not offer the promise of a pro½table pri-
vate return. One impediment is the lack
of a clear price signal that provides the
right incentive for innovation. A sec-
ond impediment is the fact that the
fruits of basic research and demon-
stration investments–ideas and meth-
ods, as well as information about the
commercial viability of these innova-
tions–are hard to capture as they are
easily shared among competitors. This
impediment would exist even in the
presence of cap and trade or a tax based
on carbon’s social costs. This creates a
critical role for government research 

to provide funding and support for 
the types of basic research that could
help facilitate the creation of low-cost,
clean energy sources. 

3) Make regulations more ef½cient. Regula-
tion has played, and will continue to
play, a signi½cant role in addressing 
the environmental and health conse-
quences of energy consumption. The
current process for promulgating reg-
ulations needs to be updated to pro-
mote rules that are more ef½cient and
cost-effective. By requiring cost-ben-
e½t analysis to evaluate the potential
impact of regulations and by assess-
ing the reliability of empirical studies
that are used to complete that analy-
sis, we can greatly enhance the effec-
tiveness and reputation of our envi-
ronmental regulatory system. Further-
more, to ensure their ongoing value, an
independent, automatic retrospective
review of economically signi½cant reg-
ulations is critical. If these reviews ½nd
that the costs exceed the bene½ts, then
the regulations should be amended or
removed. Finally, genuine reform may
involve rethinking and potentially elim-
inating regulations that become super-
fluous or counterproductive after ener-
gy sources are priced.

4) Address climate change on a global scale.
Climate change is distinct from many
environmental and energy-related is-
sues in that it is global in scope and
requires a global effort to address.
Although the United States is a leading
emitter today, in the future the bulk of 
emissions growth will come from de-
veloping countries. From a pragmatic
standpoint, this means that any viable
effort to address climate change must
involve a coordinated approach by 
many countries. Negotiations have been
complicated, however, and there are 
smaller steps that can be taken imme-
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