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Modern life needs energy, and lots of it. During
the economic boom following World War II, secur-
ing adequate supplies of energy was not a big prob-
lem for the United States because we were able to
meet our needs with domestic energy sources. But
in the early 1970s, two events upset this comfort-
able situation. Introduced in 1970, the Clean Air
Act clamped down on the uncontrolled burning of
fossil fuels that had characterized domestic eco-
nomic development for at least a century. And in
1971, the first oil embargo demonstrated the supply
risk inherent in an oil market no longer under U.S.
control. Suddenly, the United States had an energy
problem.

In the ensuing forty years, eight American presi-
dents proposed policies to solve this problem.
Although philosophically different - for instance,
President Reagan liked markets to work on their
own, but President Carter preferred intervening in
them — all had the same immutable goal : to guaran-
tee a reliable, affordable, and clean supply of ener-
gy. But despite this common aspiration, the energy
policies of all eight presidents shared another cru-
cial attribute: they all failed to make much progress
toward meeting their goal.

Today, national energy policy remains in disarray.
The proximate cause of the current situation is our
failure to adopt a sensible policy to mitigate climate
change. Only a few years ago, it seemed that the
Copenhagen Climate Change Conference would
produce a global agreement on mitigation policy,
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and that in response, the U.S. Congress
would pass a strong climate policy. Both
Copenhagen and Congress had unraveled
by 2010, and we have seen little in the way
of national energy policy since.

Against this background, it seems ap-
propriate to ask why creating energy pol-
icy is so hard. To provide some insight
into this question, the present volume
offers views of authors who have recently
studied key aspects of energy policy, past
and present. Our intention is to examine
the lessons learned from decades of dis-
appointment to suggest some directions
for the development of a national energy
policy that might, in fact, produce a reli-
able, affordable, and clean energy supply.

The volume’s two opening essays
frame the central problem of failed ener-
gy policy. Michael Greenstone and Adam
Looney draw on recent research showing
that our energy is woefully mispriced.
This research itself is not a new insight,
but it is an important up-to-date con-
firmation of the surprisingly large distor-
tions in energy prices. For example,
Greenstone and Looney conclude that
coal prices are about half of what they
should be to reflect the environmental
and human health impacts of mining and
burning a fossil fuel that supplies 48 per-
cent of the nation’s electricity. Further, if
the possible cost of climate change were
reflected in coal prices, the price distor-
tion would grow by another third. The
distortions are not limited to coal; they
pervade the energy system.

Michael Graetz provides a counter-
point to Greenstone and Looney’s essay
by summarizing the history of energy
policy since before the first oil embargo.
He documents a record of misdirected
policy initiatives that often are more suc-
cessful in producing subsidies for politi-
cally favored industries than in solving
energy problems. He notes that the law of

unintended consequences is alive and
well in energy policy; in this regard, his
review of the financial windfall to the
paper industry from a regulation designed
to increase the use of biofuels is painfully
instructive. However, he maintains that
the fundamental reason for repeated fail-
ures of energy policy is that no president
or Congress has ever had the stomach to
insist that consumers pay the full price of
the energy they use. In fact, the few at-
tempts to correct just the kind of distor-
tions that Greenstone and Looney identify
have been beaten back by powerful polit-
ical forces. For Graetz, the main problem
of energy policy is that we refuse to pay
a price that reflects the actual and well-
known cost of using energy.

Sowhy isit hard to craft a serious energy
policy ? It’s not that we don’t understand
how to correct for the price distortions in
energy. Joseph Aldy and Robert Stavins
argue that the only cost-effective and tech-
nically feasible solution to this problem
is to bring prices into line with the full
cost of energy and, importantly, to know
how to do so. They examine three policy
tools for this purpose—a carbon tax, a
cap-and-trade system, and a clean energy
standard. All would have a positive effect
it correctly designed, although a clean
energy standard is less efficient than the
other two policies because it does not ex-
plicitly price the environmental external-
ity whose cost is not otherwise reflected
in the market price. Perhaps this lack of
transparency can provide cover for a
president and Congress that is willing to
go at least some distance toward solving
the price problem in a reasonably efficient
way.

But price is not the only consideration.
Stephen Ansolabehere and David Konisky
present new research on how the public
views the need for change in the energy
system. Three conclusions stand out.
First, the connection in the public mind
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between climate change and the need to
transform the energy system is very weak.
Second, while people respond to energy
prices in a predictable way, they have an
overly optimistic opinion of the cost of
renewable energy. Third, the major driv-
er of change in the energy system is local
pollution. Perhaps these findings suggest
that as prices clarify, people will choose
the changes needed to deal with climate
change; but that for now at least, a focus
on the local benefits of cleaner energy is
the most effective way to frame the issue.
Interestingly, Aldy and Stavins make a
similar observation.

Yet there are dangers in being too
shortsighted. Daniel Schrag analyzes the
role of natural gas in reducing green-
house gas emissions while we wait for the
kind of decisive action needed to tackle
coal and oil. Natural gas is attractive
because it is cleaner than coal or oil and
so produces fewer local pollution prob-
lems. And thanks to new technology for
accessing unconventional natural gas
reserves — think shale gas — there may be
enough natural gas available to meet
many of our energy demands, improve
local air quality, and slow the rate of
greenhouse gas production.

Although natural gas seems to have
much in its favor, Schrag argues that rely-
ing on it is not a good solution to the
longer-term problem of climate change.
He notes that according to climate science,
it is cumulative greenhouse gas emissions
over one hundred years or so that change
the climate, not the rate at which that
cumulative load is emitted. Thus, there is
a real possibility that the use of natural
gas would delay action to reduce coal and
oil use, making it harder to do the job in
the long run. Worse, cheap gas could de-
press prices in a way that discourages the
development of the new technology need-
ed to deal with climate change. However,
Schrag suggests one optimistic point: if
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natural gas becomes the fuel of choice,
the diminishing power of the incumbent
tuels could change the politics of energy.

Regardless of how the price and poli-
tics of energy play out, it will be essential
to create technology that can grasp the
holy grail of affordable, reliable, and clean
energy. Developing such technology has
long been a mainstay of federal energy
policy, and although government has had
some success in this area, its record is
hardly exemplary. Thus, the companion
issue to pricing is innovation. How can
government help the private sector de-
velop innovative technology that actually
makes it to market, assuming that energy
prices are something like right?

Ernest Moniz takes on the innovation
issue, building on a recent report of the
President’s Council of Advisors on Sci-
ence and Technology (PCAST). He makes
the crucial point that innovation involves
more than inventing new technology; it
also requires that the technology diffuse
throughout the economy at sufficient
scale to make a difference. Too often,
government attempts at innovation have
ignored this final but necessary step.
Indeed, all ineffective energy policies of
the last forty years have fallen into just
this trap. Their history is replete with ex-
pensive government research programs
that produced technology that neither
consumers nor industry wanted to buy.
Fortunately, we now have a more sophis-
ticated understanding of the innovation
process. Moniz, who co-led the PCAST
report, summarizes the key lessons, sur-
veys the current (and much improved)
state of play, and makes a number of use-
tul recommendations for further progress.

Kassia Yanosek examines the problem
of financing the introduction of new
energy technologies—one of the key
stumbling blocks to innovation and an
issue recently in the news. The scale of
innovation required to change the energy
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system is very large, and capital forma-
tion is often a challenge. Yanosek iden-
tifies a crucial gap in the existing system
of capital formation, which she labels the
commercialization gap. Traditional venture
capitalists are willing to invest in high-
risk, high-reward innovations, but they
are not equipped to finance the large
investments needed to deploy the inno-
vation at scale. That, of course, is what
large companies in the private sector do,
but they are often unwilling to bet large
sums on innovations that are not yet
proven commercial successes. This is the
gap that recent government ventures such
as Solyndra have tried to close. Yanosek
offers recommendations for doing it right.
Finally, Mohamed El-Ashry lends weight
to the need to tackle the innovation sys-
tem at home by documenting the surpris-
ingly robust initiatives in other countries
that are building a world market for new
energy technology. He reports that ninety-
six countries have renewable power gen-
eration policies, and thirty-one have man-
dates for blending biofuels. El-Ashry
focuses on renewable energy, but inter-
national activity is accelerating around
other energy sources as well. For exam-
ple, almost half of the sixty-odd nuclear
power plants now under construction are
in China and India. Of course, all this rep-
resents a substantial market in which the
United States would like to compete. Per-
haps most disturbing, however, is not that
we aren’t competing successfully now, but
that we aren’t on a learning curve that
would help us compete in the future.

What do we make of energy policy
today, given the hard-earned insights of
experience ? In our view, two main themes
emerge from this collection of essays. One
is that getting prices right is essential to
good energy policy, but that a straightfor-
ward solution to this problem - raising
energy prices — remains politically infeasi-

ble, as it has for forty years. Nevertheless,
there may be room for second-best solu-
tions that would at least make a positive
contribution to building an affordable,
reliable, and clean energy system. For ex-
ample, well-designed performance stan-
dards may be reasonably efficient substi-
tutes for price increases. Focusing public
attention on existing environmental in-
sults rather than more global concerns
like climate change could also be a useful
strategy for taking early action to clean
up the energy system. Of course, danger
often lurks in second-best solutions, and
care must be taken to avoid doing more
harm than good. Even so, there is room to
do something.

The second theme deals with the need
to create the technology to build a new
energy system. The nature of the task is
well understood, thanks to recent reports
by the National Research Council, among
others; but it is clear that creating new
technology is only the penultimate step
in successful innovation. The final step is
deployment at a scale that makes a differ-
ence. And that means learning to over-
come conditions that deflect individual
and institutional decisions from presum-
ably rational economic behavior. Physi-
cal science and engineering, essential to
developing technology, are not the prin-
cipal tools for addressing these problems.
As underscored by a recent report from
the American Academy,! they are more
the province of the social sciences, and
greater attention should be given to
incorporating social science research
into energy-policy development. We will
return to that topic in the Winter 2013
issue of this journal.
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Paying Too Much for Energy?
The True Costs of Our Energy Choices

Michael Greenstone & Adam Looney

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 field, 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 field. 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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nomics at the Massachusetts Insti-
tute of Technology and Director
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Brookings Institution.
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Whether by heating our homes in winter, keep-
ing the lights on in our offices, 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 electrification projects
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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-five 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
significant 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, fine particle pollution, or soot,
still is estimated to contribute to roughly
one out of every twenty premature deaths
in the United States.! Indeed, soot from
coal power plants alone is estimated to
cause thousands of premature deaths and
hundreds of thousands of cases of illness
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each year.? 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 five
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 (CO, ) emissions
continue to rise at the current rate, they
are likely to drive temperature changes
that will have significant 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 CO,
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 profile 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 fifty 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 quantified 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-
nificant 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 Benefits 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 electrified 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 first
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.” Oil fuels more
than 9o percent of the nation’s motor
vehicle fleet and is a critical fuel input for
the entire transportation network. The
benefits 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-fifth (21 percent) of
the world’s energy, despite havingless than
5 percent of the world’s population.?

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.1© Indeed, indoor
smoke from solid fuels is believed to have
been the sixth-leading cause of death and
fifth-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
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surge, creating another set of global chal-
lenges resulting from climate change.

The External Costs of Energy Use. The
benefits 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 significant
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.1? Particulate air pollution, or soot,
is associated with elevated mortality rates
for adults and infants.13 In 2010, soot from
U.S. coal-fired power plants was estimated
to have caused 23,600 premature deaths
and more than 500,000 cases of respirato-
ryillness.14 Soot and other pollutants such
as sulfur dioxide (SO, ), carbon monoxide
(CO), and nitrogen oxides (NO, ), 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.!S

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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Source: Energy Information Administration, International Energy Statistics Database, November 2009, http://

www.eia.gov/emeu/international.

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.!”

Climate-change impacts. Since the start of
the Industrial Revolution, humans have
been emitting a growing amount of green-
house gases such as CO,, methane, and
NOj into the atmosphere. Figure 3 shows
that the concentration of CO, in the at-
mosphere has risen by more than 23 per-
cent over the past fifty years.!8 According

to the Intergovernmental Panel on Climate
Change, these rising levels of CO, 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 4.3°F to 11.5°F
(2.4°Ct0 6.4°C) 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 90°F; the aver-
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Main Sources of Non-Climate-Change-Related Damages, 2005 Greenstone
& Adam

Looney

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).

Figure 3
Mean Global Temperature and Atmospheric CO, Concentrations, 1900 to 2099

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

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
90°F than days when it is below 30°F. 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.2©

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 CO, into the atmosphere,
calling their estimate the social cost of
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carbon (SccC). The group concluded that
the current SCC is roughly $21 per ton of
CO, emissions.?! 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.>>

With this estimate of the scc, policy-
makers now have a bright-line rule to iden-
tify effective policies, because they can
quantify the benefits 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 benefits of CO, emission reduc-
tions have been included in at least seven
major regulations (those with costs or ben-
efits 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-
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tants, like those that form acid rain or the Michael
airborne mercury from burning coal, have Greenstone

& Adam

negative effects on trees, wildlife, ocean 1 gopey

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.?3 Recent evidence suggests that
air pollution has a significant impact on
the health and productivity of workers and
children’s absenteeism rates at school.>4
Ozone, even at levels below Environmen-
tal Protection Agency (EPA) standards,
has been shown to reduce the productivi-
ty of agricultural workers in California.?>

Even some alternative energy sources,
several of which have been heralded as the
future of energy use, have significant 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 CO,,.
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
0il.26 In the transportation sector, there
are almost no substitutes; oil meets more
than 9o percent of U.S. fuel needs.2” 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.2

Oil consumption also raises geopolitical
and national security issues. For more than
fifty years, the United States has main-
tained a military presence in the Persian
Gulf. Although it is difficult 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.”3°

Estimates of Private and External
Costs of Various Energy Sources. Smart
energy policy must take into account the
tull 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 difficult 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 field 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.3! 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-
ect3?; 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 difficult
to quantify or are simply not available.
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Table 1

The Private, External, and Social Costs of Electricity Generation

Type of Technology Capacity | Share of Current | Private Costs®f | Non-Carbon Carbon Social Costs™
Energy Factor€ Generationd (¢/kWh) External Costsi| External Costsk|  (¢/kWh)
(%) (%) (¢/kWh) (¢/kWh)
EXISTING CAPACITY?2
Fossil Fuels | Existing Coal 85 45 3.2 3.4 2.2 8.8
Existing Natural Gas 87 24 4.9 0.2 1.0 6.0
Other Existing Nuclear 90 20 2.2 uTQJ ~0 2.2
Traditional
NEW CAPACITYP
Base-Loading Technologies
Fossil Fuels | Coal (Dual Unit Advanced PC) 85 6.2 3.4 1.9 11.5
Natural Gas (Conventional 87 5.5 0.2 0.8 6.5
Combined Cycle)
Other Nuclear (PWR) 90 8.2-10.58 UTQ ~0 8.2-10.5
Traditional Hydro 52 6.4 UTQ ~0 6.4
Renewables | Geothermal 92 8.3 uTQ 0.1 8.4
Biomass 83 9.5 uTQ 0.0-2.7! 9.5-12.1
Combined Wind (onshore) backed up with 85 8.9 0.1 0.8 9.7
Peaking and Natural Gas Combustion Turbine
Intermittent | Solar (PV) backed up with Natural 85 12.2 0.1 0.9 13.2
Gas Combustion Turbine
Peaking Generating Technologies
Modified Natural Gas (Conventional 30 10.8 0.2 1.3 12.2
Traditional | Combustion Turbine)
Intermittent Generating Technologies
Renewables | Wind (onshore) 34 8.0h uTQ ~0 8.0
Wind (offshore) 34 19.10 UTQ ~0 19.1
Solar (PV) 25 19.50 uTQ ~0 19.5
Solar (thermal) 18 29.70 uTQ ~0 29.7

19

141 (2) Spring 2012



The True
Costs of
Our Energy
Choices

20

Notes and Sources for Table 1

All dollar figures 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 figures 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-o04, 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 ?incfile=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=To7.02; Energy Information Administration, “Electric Power Annual,” April 2011 (rev.), Table 5.3,
http://www.eia.doe.gov/cneaf/electricity/epa/epatsp3.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 ?incfile=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).

4 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 efficient
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/
epatsp3.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 gasification combined-cycle plants.

€ 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=To07.02.

€ 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 ?incfile=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),” Michael
June 2010, Table S6a, http://www.eia.gov/states/hf.jsp ?incfile=sep_sum/plain_html/sum_pr_eu.html. All Greenstone
plants are assumed to have identical forty-year lifetimes. Estimates for new capacity refer to plants coming & Adam
online in 2017 to compensate for the significant lead time required to construct many types of new plants. Looney

& Range reflects alternative financing 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 brownfield site ; greenfield sites may be more expensive.

=

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.

—

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 SO,, NO,, and PMz2.5 and PM1o (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 efficient, 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 SO, and NOy cap-and-trade cap.

—

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)

o

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

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

M Tntermittent energy sources, such as wind and solar, produce power only during periods of sufficient 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/files/
6317. In an attempt to define 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 sufficient 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 fisheries 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 fifth 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 significant 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 final 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
tull 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 specifically 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
significantly 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 significantly
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-
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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 traffic
on busy roads, and through injuries and
deaths from car crashes.3¢ These external
costs amount to more than $o.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
significant fiscal resources. Table 2 details
the many subsidies and financial 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 justified
as the result of efforts to jump-start in-
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*The non-carbon external costs of nuclear power, including the risk of serious accidents, have not been quanti-
fied for this figure. 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.

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.4° These subsidies impose a sub-

stantial fiscal 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
field and improve our well-being.
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Federal Energy Subsidies
Type of Energy FY 2007 Net Generation 2007 Federal Subsidy
(billions of kWh) and Support Value
(in millions of dollars)
Coal 1,946 854
Refined Coal 72 2,156
Natural Gas and 919 227
Petroleum Liquids
Nuclear 794 1,267
Biomass (and biofuels) 40 36
Geothermal 15 14
Hydroelectric 258 174
Solar 1 14
Wind 31 724
Landfill 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/.

For example, EPA analyses indicate that
the benefits 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 2050.4! But the global cumula-
tive benefits 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 benefits would have been
much larger than the costs. Although a
substantial proportion of these benefits
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 benefits for the United States.
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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
field, 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 aresult, society pays unnecessarily high
costs for energy.

New “rules of the road” could level the
energy playing field. 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:
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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
quantified 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”4% and elsewhere, the
best approach is to price these costs
directly, through cap and trade or tax
policies. If firms and consumers faced
the full cost of their energy use, they
would have a greater incentive to make
more-informed and socially efficient de-
cisions about energy consumption.

2) Fund basic research development and dem-

onstration. Many believe that technolog-
ical innovations are the solution to find-
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 profitable 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 efficient. Regula-

tion has played, and will continue to
play, a significant 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 efficient and
cost-effective. By requiring cost-ben-
efit 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 significant reg-
ulations is critical. If these reviews find
that the costs exceed the benefits, 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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diately to start down the path toward a
global solution. This effort can begin
today with a number of measures such
as building the capability to monitor
total net emissions at the country level
(this could be a building block for a
trading system) through a combination
of satellite- and land-based measure-
ment systems. This would provide evi-
dence of carbon emissions by coun-
tries and eliminate issues surround-
ing the accuracy of reporting, which
has been a stumbling block in inter-
national negotiations.

A fundamental change in our energy Michael

policy will not be easy and will come with Greenstone
dam

costs, with some industries and regions 1 goney

in the U.S. economy being more affected
than others. This is because U.S. house-
holds and businesses have made deci-
sions based on the expectation of access
to energy sources with relatively low pri-
vate costs. One solution is to offer com-
pensation to those that are harmed. On
net, however, the recognition of the full
costs of our energy choices would deliver
healthier and longer lives, an improved en-
vironment, and greater national security.
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Energy Policy: Past or Prologue?

Michael ]. Graetz

Abstract : The United States was remarkably complacent about energy policy until the Arab oil embargo
of 1973. Since then, we have relied on unnecessarily costly regulations and poorly designed subsidies to
mandate or encourage particular forms of energy production and use. Our presidents have quested after
an elusive technological “silver bullet.” Congress has elevated parochial interests and short-term political
advantages over national needs. Despite the thousands of pages of energy legislation enacted over the
past four decades, Congress has never demanded that Americans pay a price that reflects the full costs of
the energy they consume. Given our nation’s economic fragility, our difficult fiscal situation, and the
daunting challenges of achieving energy security and limiting climate change, we can no longer afford
second- and third-best policies. This essay discusses the failures of the past and how we might avoid

repeating them.
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‘/\fe take it for granted that when we come home
at night and flip on the light switch, the bulb will
illuminate. We also expect the heat to come on when
we turn up the thermostat. Although we sometimes
flinch at the price, we assume that when we pull up
to one of the more than one hundred thousand gas
stations in the United States, the fuel will flow from
below the asphalt into our cars’ gas tanks.

For most of our nation’s history, we were able to
garner all the energy we used from our own lands:
first, wood, then coal and oil. From the end of
World War II through the late 1960s, the United
States not only produced the bulk of o0il consumed
domestically, but also served as emergency supplier
to the rest of the free world. Large U.S. and British
oil companies controlled vast oil reserves in the
Middle East. Before the 1970s, our nation’s policy
struggles over oil had mostly dealt with how to
respond to abundance.

We remained remarkably complacent about
energy policy until the Arab oil embargo in Octo-
ber 1973 surprised our political leaders and stunned
the American public. Complacency had taken hold
largely because oil prices had been remarkably sta-
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Energy ble, or even declining, for decades. Oil

had been plentiful and cheap. Inflation in

Prologue? energy products had been lower than

inflation generally.

The job of U.S. energy regulators — pri-
marily state agencies, such as the Okla-
homa Commerce Commission and the
Texas Railroad Commission—had pre-
dominately been to manage abundant
supplies. In effect, they limited output so
as not to exceed domestic consumption.
In 1969, when he visited the United States
to attend President Dwight Eisenhower’s
funeral, the Shah of Iran offered to sell
the United States a million barrels of oil a
day for a decade at $1 a barrel; but, in a
decision we would come to regret, U.S.
policy-makers brushed his offer aside. In
May 1971, when Saudi Arabia’s King
Faisal visited Richard Nixon, oil was not
even discussed. Our most conspicuous
policy involving oil was an import quota
that Eisenhower adopted in the 1950s.
The quota kept foreign oil out of the
country and raised oil prices high enough
to satisty the oil producers but without
making consumers fret. We used up our
own oil when it was cheap and plentiful,
rather than buying Middle East and
Venezuelan oil when it was even cheaper.

But dramatic change was afoot. Princi-
pally as a result of strong economic
growth and rising incomes, total world
energy consumption more than tripled
between 1949 and 1972. Worldwide oil
demand more than quintupled during
this postwar period. However, vast new
discoveries and production of oil, espe-
cially in the Middle East, had kept prices
remarkably stable. The U.S. public
viewed abundant, inexpensive oil as a
birthright.

Our problems started with Muammar
al-Qaddafi. Before he came along, the
Organization of Petroleum Exporting
Countries (OPEC) had been an ineffectu-

al and unimportant oil cartel. But in 1969,
the twenty-seven-year-old Qaddafi led a
military coup that overthrew Libya’s King
Idris. Soon thereafter, Qaddafi expelled all
American and British troops from their
large Libyan air bases. Then-at a time
when Libya was supplying about 30 per-
cent of Europe’s oil imports — Qaddafi
demanded substantial increases in the
price of Libya’s oil. Executives of the ma-
jor oil companies, badly underestimating
both Qaddafi’s determination and his po-
litical skill, essentially ignored him. Qad-
dafi then went after one of the smaller
independent companies, Occidental Pe-
troleum, cutting its production by more
than one-third and demanding a sub-
stantial price hike. Unlike the major com-
panies, with large sources of oil else-
where, Occidental depended entirely on
Libyan oil to supply its European refiner-
ies. Qaddafi knew that. And after Exxon
foolishly refused to make up Occidental’s
shortfall by selling it, at cost, the oil it
needed, Occidental capitulated to Qad-
dafi’s price demands. This move gave the
majority of profits to Libya, ending the
historical 50-50 profit split between the
oil companies and the oil-producing na-
tions that had prevailed since the 1950s. It
also unmistakably and irrevocably trans-
ferred power over Middle East oil away
from the oil companies to the oil-produc-
ing nations.

Following Qaddafi’s lead, Abu Dhabi,
Iran, Iraq, Kuwait, Qatar, and Saudi Arabia
also sought higher prices for their oil. But
the price increases did not satisfy Qad-
dafi or the other OPEC nations for long:
demanding “equity participation” in the
oil companies, they established control
over the oil in their lands. Soon after this
turning point, the 1973 embargo made it
unmistakable that control over Middle
East oil production had shifted away from
U.S. and European oil companies — which
for decades had dictated both the level of
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output and prices—to the countries in
whose lands the oil was located.

The structural factors that made OPEC
ineffective forits first decade had changed.
In March 1971, Texas oil producers an-
nounced that they had reached peak oil
production and that their output would
begin to decline. By 1973, the United States
was consuming 6.3 million barrels of oil
per day more than it produced; Japan,
5 million more barrels than it produced;
and Europe, 13.1 million more than it pro-
duced. The Middle East countries were
exporting more than 20 million barrels a
day. Middle East petroleum reserves were
then estimated to exceed 316 billion bar-
rels, while those in every other region of
the world were estimated to have fallen
to less than 50 billion. With the Middle
East governments now in command, the
oil companies served primarily as their
technicians, sales agents, and managers.

Richard Nixon, the first of eight presi-
dents to confront our nation’s new de-
pendence on foreign oil, thought he had a
solution in turning to our Cold War allies
Saudi Arabia and Iran for support. Wash-
ington provided both countries with mil-
itary aid and encouraged their economic
interdependence with the United States,
hoping that in exchange they would serve
as the Middle East’s “two pillars” of anti-
Soviet stability and free-flowing oil.
Needless to say, that plan failed miserably.

The Iranian pillar collapsed a few years
later in an anti-American Islamic revolu-
tion. And even though Saudi Arabia and
the other Arab states of the Persian Gulf
have nominally remained U.S. allies,
they, not we, hold the key strings in the
relationship. The United States continues
to support and aid these regimes despite
their authoritarianism. If the sheiks of
the Persian Gulf decide to put down pop-
ular unrest with the same fervor of Libya
and Syria, the hands of U.S. foreign poli-
cy will almost certainly be tied.
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Our domestic policies also failed us. MichaelJ.
Notwithstanding all the new laws that ¢7aetz

Congress has enacted since the oil em-
bargo of 1973, we still have not solved our
nation’s energy problems. For forty years,
we have had no effective response to what
all eight presidents from Richard Nixon
to Barack Obama have called our “addic-
tion to oil.”

When the embargo hit in Fall 1973,
both oil and natural gas were subject to
domestic price controls that held their
prices substantially below market levels.
Controls on interstate natural gas prices
had been part of our regulatory land-
scape since the late 1930s. By the mid-
1970s, unregulated intrastate natural gas
prices were three or four times as great as
interstate prices, despite lower transpor-
tation costs. In the harsh winters of 1977
and 1978, severe shortages in the North-
east and Midwest led to federal rationing
among users.

Oil price controls were a more recent
phenomenon, a creature of Richard Nix-
on’s 1971 wage and price freeze, which he
had instituted for political advantage -
not for the plan’s economic soundness.
The president and his advisors had ex-
pected the freeze to last only ninety days,
with a short thawing period to follow. But
the plan did not play out as anticipated: a
118-page government report was needed
simply to describe the four phases of rules
and regulations and some of the effects of
petroleum price controls from the August
1971 freeze until the end of 1975 — nearly
six years before the controls would be
lifted.! Price controls produced shortages
of home heating oil; lower domestic oil,
coal, and natural gas production; hoard-
ing and black market transactions; un-
certainty throughout the energy industry
and among energy users; and the bestow-
ing of favorable or unfavorable treatment
on categories of buyers and sellers un-
related to considerations of fairness or
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efficiency - to name just a few unfortu-
nate and unintended consequences.
Price controls for oil and gas remained
long after other controls had expired.
After a period of general controls, a large
price explosion followed, ultimately con-
tributing to the combination of high
unemployment and high inflation - the
dreaded “stagflation” — that would haunt
the country in the 1970s. Keeping the
prices of oil and natural gas artificially
low not only decreased incentives to con-
serve energy but also diminished the
prospects for successfully developing and
marketing alternative energy sources.
The political struggle over whether to
decontrol the prices of oil and natural gas
proved to be the dominant and most con-
tentious energy policy issue of the 1970s,
inhibiting policy-makers’ ability to re-
spond to a brand-new set of energy con-
ditions. Decontrol of natural gas prices
began after 1978, when Congress enacted
extraordinarily contentious and complex
legislation that slowly allowed prices to
rise to market levels over a number of
years. On January 28, 1981, eight days after
being sworn in as president, Ronald Rea-
gan used the unilateral power that Con-
gress had given the president to lift all fed-
eral controls on oil and gasoline prices.
The contradictions of our energy policy
in the 1970s had become apparent: Con-
gress endeavored to keep oil and gas prices
low to benefit energy consumers, while
presidents and environmental organiza-
tions exhorted citizens to use less. But why
would a homeowner or business make
large capital investments in energy-saving
windows or insulation, for example, when
natural gas and heating oil were cheap?
Artificially low prices for oil and gas also
hampered the environmentalists’ quest
for a “soft” energy path. The prices made
it much more difficult for energy pro-
duced from the sun, wind, or other non-
fossil sources to compete with fossil fuels.

“For more than nine years,” Reagan said,
“restrictive price controls have held U.S.
oil production below its potential, artifi-
cially boosted energy consumption, aggra-
vated our balance of payments problems,
and stifled technological breakthroughs.”2
Right on all counts.

After we fulfilled John Kennedy’s prom-
ise by landing a man on the moon in 1969,
presidents viewed committing the nation
to a major technological project as proof
of their vision and determination. It is
therefore not surprising that our presi-
dents sought a technological “silver bul-
let” to solve our nation’s energy problems.
For Richard Nixon, the nuclear “breeder
reactor” was the solution. Jimmy Carter
placed his bets on fueling our cars with
“synfuels” made from coal. Both cost bil-
lions, and both came to naught.

In Congress, the search for technologi-
cal solutions to our energy problems pre-
sented another opportunity to distribute
largesse to constituents and contribu-
tors. Congress became deeply involved in
the business of picking winners and los-
ers, awarding subsidies — whether in the
form of direct spending or tax breaks — in
such a way that their costs were often un-
related to the benefits they were intended
to produce. Decisions about what to sub-
sidize and by how much were, at best,
arbitrary and capricious. At worst, they
were wasteful and even nefarious.

The most comprehensive analysis of
government energy R&D efforts in the
1970s, a book aptly titled The Technology
Pork Barrel, concludes that the biggest R&D
efforts of that period — the breeder reactor
and synfuels projects — were “unambigu-
ous failures” and that our overall energy
R&D effort was “hardly a success.” Only
the efforts to develop better and more
economical photovoltaics for solar pow-
er garnered even passing marks from the
authors.3
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The greatest problems have been the
tendency for Congress to place geographic
considerations above technological and
economic prospects, along with a pattern
of boom-and-bust financing character-
ized by a debilitating mix of excessive
optimism about technological develop-
ments, impatience for results, and a pro-
cess of haste and waste. The synfuels pro-
gram, for example, favored eastern over
western coal for political, not technolog-
ical, reasons.

Members of Congress frequently have
insisted on their own personal priorities,
directing funds to individual projects,
locations, or institutions by earmarking
projects. Between 2003 and 2006, for
example, congressional earmarks in De-
partment of Energy programs for energy
efficiency, renewable fuels, and electrici-
ty production tripled from $46 million to
$159 million, with earmarks accounting
for about 20 percent of the total 2006
budget.4 By 2008, congressional earmarks
totaled $180 million, with an additional
$46 million directed to specific energy
projects, including particular biofuel
plants and green buildings.5 Earmarks
that year accounted for one-half of the
total R&D budget for biomass, one-third
for wind, and more than one-quarter for
hydrogen projects. The American Associ-
ation for the Advancement of Science
lamented that “earmarks eat up whatever
increases there are for most energy pro-
grams and cut deeply into core R&D pro-
grams.”® Clearly, many members of Con-
gress have been more concerned with
rewarding well-connected constituents
and contributors than advancing science
or promising technologies.

Federally financed R&D plays an impor-
tant role in helping identity, develop, and
induce the private sector to adopt the
kinds of technological improvements that
may ultimately enable us to shift from coal
and oil to more climate-friendly fuels.
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But the government’s spending priorities Michael].

have not been set by scientists and engi-
neers. Nor have government subsidies
been neutral across products or technolo-
gies. Any way you analyze energy subsi-
dies, you will find wide variations in their
amounts relative to the fossil fuel savings
they yield.

The “black liquor” scandal is the most
notorious recent instance of the pitfalls
of congressional efforts to pick and sub-
sidize winners. Black liquor, a fuel by-
product from the chemical production of
wood pulp used in manufacturing paper,
has been used as fuel to power paper mills
since the 1930s. In 2007, Congress ex-
panded the definition of alternative fuels
eligible for a s0-cents-per-gallon tax
credit to include a wide range of petro-
leum fuels containing biomass products.
Paper companies soon discovered that by
adding some diesel fuel to their black
liquor they could become eligible for bil-
lions in tax credits. Instead of reducing
the amount of petroleum fuel by substi-
tuting a biomass product, they added
diesel fuel to the biomass simply to ob-
tain tax credits. The U.S. paper industry
garnered about $8 billion from this gam-
bit, having inadvertently become eligible
for a tax benefit originally estimated to
cost $100 million.

If black liquor is the most scandalous
beneficiary of energy subsidies, ethanol
has been the most wasteful. In 1978, Con-
gress enacted a 40-cents-per-gallon sub-
sidy for ethanol used in gasoline. Unlike
many other subsidies for renewable ener-
gy that were allowed to expire in the 1980s,
the ethanol benefit has, until December
2011, consistently been extended at a
level between 40 and 60 cents a gallon.

When ethanol subsidies were first en-
acted, the environmental activist Barry
Commoner insisted that alcohol fuel
could be produced at little or no addition-
al cost and at a commercially feasible
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Energy price simply as a by-product of farming.

Commoner cited a Nebraska test suggest-

Prologue? ing that a mixture of 10 percent ethanol

with 9o percent gasoline would result in
5 percent better gas mileage than gasoline
alone.” Who could resist the appeal of
ethanol? It would help small farmers
without increasing their costs and simul-
taneously produce a cleaner, more effi-
cient automobile fuel as a by-product.

By providing large and ongoing sub-
sidies, we have successfully substituted
ethanol for a substantial amount of gaso-
line. But when one compares the costs of
the program to its benefits, applause dis-
appears. Despite Commoner’s claims to
the contrary, gasohol has a lower fuel
economy than gasoline. According to a
1986 report by the U.S. Department of
Agriculture, “Each gallon of ethanol con-
tains about two-thirds as much energy as
does gasoline.”8 The Department of Ener-
gy concluded that gasohol-fueled vehicles
average 4.7 percent fewer miles per gallon
than gasoline-fueled vehicles. In July 2010,
the Congressional Budget Office estimat-
ed that in 2009 ethanol subsidies cost
taxpayers $1.78 for every gallon of gaso-
line saved and $750 for every ton of car-
bon dioxide emissions saved.?

Despite their shortcomings, ethanol
subsidies, mandates, and tariffs have en-
joyed great political support. First, farm
states are represented by a substantial,
bipartisan, and aggressive cadre of influ-
ential senators. Second, the special im-
portance of Iowa as the earliest state to
play an important role in our presidential
nominating process and the importance
of corn to that state’s economy have led
many a vocal ethanol opponent to reverse
that position when running for presi-
dent. Indeed, every president who has
moved into the White House since the
1970s has made campaign commitments
to support ethanol subsidies. Finally, key
players from corporations that have made

the most money from ethanol have been
exceptionally generous financiers of polit-
ical campaigns. Thus, despite the waste
caused by ethanol subsidies, and despite
their status as a poster child for poor pol-
icy, they became very difficult to dislodge.

In the past and today, analysts of energy
R&D efforts agree that success will require
major institutional changes. Eliminating
earmarks is a useful first step; multiyear
budgeting for greater funding stability
would be a second. Congress’s diffuse and
overlapping committee structure remains
a fundamental problem, perhaps even
“dooming the enterprise to failure.”1©
That structure, however, is very difficult
to change.

Much greater neutrality in the incen-
tives for technological innovations and
commercial development is necessary.
Trying to pick winners and avoid losers
has proved to be a fool’s errand.

In theory, if one wanted only to substi-
tute more benign fuels for oil and other
carbon-emitting fuels and cared little
about curbing overall energy use, a sub-
sidy for the favored fuel substitutes could
work as well as a tax on disfavored fuels.
Congress, for example, might either in-
crease the gasoline tax by a dollar per gal-
lon or subsidize alternatives by a dollar
for every gallon of gasoline they save.
Likewise, to combat climate change, Con-
gress might impose a tax of, say, $25 per
ton on carbon-emitting fuels or grant a
subsidy based on an equivalent amount
of carbon dioxide emissions avoided.
Either the tax or subsidy approach should
decrease the costs of alternatives relative
to the prices of oil, coal, and natural gas.
In practice, however, taxes and subsidies
operate quite differently.

For one, the burdens and benefits of
taxes and subsidies are different. A tax
imposed on the carbon content of fossil
fuels, for example, would burden the pro-
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ducers and consumers of carbon-intensive
products. It would raise the price of coal-
fired electricity, for example, compared
to solar, wind, hydro, or nuclear power,
which are carbon free. The tax would re-
duce demand for carbon-emitting prod-
ucts so that people would consume less,
and producers of fossil fuels might also
earn smaller profits. Consumers would
face higher prices for much of the elec-
tricity, gasoline, or home heating fuels
they use (although the revenues from the
tax could be returned to the public or, for
instance, used to reduce payroll taxes so
that low- and middle-income consumers
would not have less money to spend or
save). In contrast, the costs of subsidiz-
ing alternative sources of energy would
be financed by the public at large; the
subsidies would increase the profits of
those who produce the favored products
and lower costs for those who use them.
Importantly, imposing a tax on dis-
favored fuels does not create any favorites
among cleaner alternatives or among
particular technologies. As we have seen
when it comes to subsidies, however, our
government often plays favorites. In
response to a tax on energy, people might
change a wide range of behaviors — such
as turning off lights, lowering thermo-
stats, driving less or more slowly, proper-
ly inflating tires, and maintaining their
automobiles more consistently. Congress
would have a hard time subsidizing these
activities in anything close to an efficient
manner. It is also virtually impossible to
design a subsidy so that it does not pro-
vide an unnecessary benefit for behavior
that would have occurred without the
subsidy. Some folks, for example, will buy
insulation or a more energy-efficient air
conditioner or furnace (at least when the
old one wears out) without any govern-
ment subsidy. If half the amount of the
favored activity would have occurred
without a subsidy, the cost of a subsidy
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doubles without any additional benefits. MichaelJ.

Limiting the benefits of a subsidy to gen-
erally incremental activity is impractical.

But since the 1970s, U.S. policy has been
to subsidize the production and consump-
tion of fuels we want to encourage rather
than to tax the use of fuels we want to dis-
courage. Politics explains why. In 1971,
Richard Nixon proposed a “sulfur tax” to
curb the sulfur dioxide output of coal-
fired power plants, which had just reached
a new all-time high —the plants having
doubled their output of this noxious gas
every decade since 1940. Nixon garnered
little support for this tax, however. Coal
companies obviously opposed it; surpris-
ingly, so did environmental groups, which
shortsightedly criticized the level of the
tax, claiming that the companies would
pay it rather than investing in cheaper
technologies.

Other tax proposals hardly fared better.
In the 1970s, the Nixon administration
announced that it was considering a sub-
stantial gasoline tax increase, but it quick-
ly dropped the idea. Gerald Ford rejected
any increase in gas taxes, despite support
from Alan Greenspan, chairman of his
Council of Economic Advisers. President
Ford also fired his key energy advisor, John
Sawhill, when Sawhill publicly suggested
that gasoline taxes be hiked up to 30 cents
a gallon. In 1975, the House Ways and
Means Committee chairman, Oregon
Democrat Al Ullman, proposed a substan-
tial gasoline tax increase, but his plan was
soundly defeated on the House floor and
never even considered in the Senate. In
1977, Jimmy Carter proposed (as part of his
comprehensive energy plan engineered by
James Schlesinger) increasing the gaso-
line tax by a nickel per gallon each year
for ten years, up to a 50-cent ceiling, for
every percentage point that the nation’s
gasoline consumption exceeded specified
national goals. In March 1980, President
Carter exercised the authority he had been
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western conservatives worried about vot-
erswho drive long distances. Midwestern
senators were particularly concerned

Energy given by Congress to impose a fee on oil

Policy: jmports, designed to function similarly to
Past or

Prologue? @ tax on gasoline; Congress then voted

overwhelmingly to stop the import fee
from taking effect. As an independent can-
didate for president in the 1980 election,
John Anderson urged an increase in gaso-
line taxes of 50 cents per gallon, but he
garnered only about 7 percent of the pop-
ular vote. In 1983, Ronald Reagan signed a
gas tax increase of a nickel per gallon to
provide additional funds for highway
construction and mass transit.

In both 1990 and 1993, Congress came
close to imposing a substantial tax on
energy consumption, but the motivation
then was deficit reduction, not energy
policy. In 1990, many observers blamed
Congress’s failure to enact an energy tax
on the fact that oil prices nearly doubled
(from $14 a barrel to $24 a barrel between
July and September) after Iraq invaded
Kuwait. This price spike made it difficult
for politicians to pile additional costs
onto their constituents. When all was
said and done, in 1990, Congress simply
increased the federal gasoline tax by
another nickel a gallon.

In 1993, when oil prices were again low
(having fallen back to about $14 a barrel),
President Clinton urged Congress to enact
an energy tax —a so-called Btu tax. After
much presidential arm-twisting, the
House of Representatives barely passed
this provision — without garnering a sin-
gle Republican vote. The Btu tax then
died in the Senate. The following year,
Republicans won a majority in the House
of Representatives for the first time in a
generation, defeating many House Dem-
ocrats who had voted for the Btu tax.

In the Senate, as usual, regional politics
inhibited sound policy. Higher energy
taxes were opposed by a variety of region-
al interests, ranging from northeastern
liberals worried about low-income con-
stituents who burn home heating oil to

about the potential impact of an energy
tax on the international competitiveness
of energy-intensive manufactured prod-
ucts, such as steel and chemicals. The Btu
tax also foundered on the opposition
of key senators from the oil-producing
states of Louisiana and Oklahoma.

Following al-Qaeda’s attack on the
World Trade Center on September 11,
2001, George W. Bush might have rallied
public opinion and Congress to support a
substantial increase in gasoline taxes, an
oil import fee, or perhaps even a broad-
based energy tax to fund the military
operations he launched in Afghanistan
and Iraq. He never even considered such
options, however, instead funding those
ventures through borrowing.

Nor has President Obama demonstrat-
ed any intention of proposing a carbon
tax, a gasoline tax, or any other tax to ad-
vance his energy policy goals — no matter
how strong the merits. On April 16, 2008,
debating Hillary Clinton in Philadelphia
ata crucial moment in their campaign for
the Democratic presidential nomination,
Barack Obama pledged not to raise taxes
on Americans earning less than $250,000
a year. Hillary Clinton made a similar
pledge. Obama repeated this pledge fre-
quently during the 2008 campaign and
after he took office: no tax increase for
any family making less than $250,000 a
year. This promise, of course, seems to
rule out a gasoline tax increase, any
broader tax on petroleum fuels and prod-
ucts, or a new carbon tax.

Given the failures of energy subsidies
and politicians’ refusals to impose sub-
stantial petroleum taxes, a broad-based
energy tax, or a carbon tax, one other
major policy option remains: to require
specified behavior through regulations or
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mandates. Before the 1970s, the federal
government played only a bit part in reg-
ulating energy use. The federal role con-
sisted mostly of the Federal Power Com-
mission’s regulation of interstate natural
gas; the Atomic Energy Commission’s
insistent promotion of nuclear power;
the building of dams for hydroelectric
power; and the leasing of federal lands
for exploration of oil and natural gas. But
by 1980 — after adding many thousands of
pages of new laws and regulations — the
national government had entered into
every nook and cranny of our nation’s
energy policy, with federal regulations
affecting virtually all aspects of energy
production and consumption.

In 1974, for example, Congress required
the administration to set specific energy-
efficiency standards for thirteen house-
hold appliances and heating and cooling
equipment. However, the executive branch
under Presidents Ford and Carter dithered,
and the Reagan administration refused to
implement any such rules. Congress re-
sponded in 1987 by passing the National
Appliance Energy Conservation Act,
which not only set national standards for
appliances, but also imposed deadlines for
the Department of Energy to promulgate
specific rules. In 1992, Congress extended
energy-efficiency mandates to some light-
ing products and certain industrial and
commercial technologies. More recent
legislation further extended and tightened
efficiency standards. States also continue
to be active in regulation — with Califor-
nia the most aggressive.

Virtually all the federal and state regu-
lations of the 1970s were of the “com-
mand and control” sort. Congress, the
Department of Energy, the Environmen-
tal Protection Agency (EPA), and state
authorities told producers and manufac-
turers exactly what practices were per-
missible and, frequently, what kind of
technology had to be employed to attain
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regulatory goals. Under the 1970 Clean Michael].

Air Act, for example, federal regulators
set air-quality standards for particular
regions of the country, requiring state
and local authorities to impose restric-
tions on individual polluters in order to
meet the region’s goals. (In some circum-
stances, the federal regulators told pol-
luters directly what limitations applied to
their emissions.)

Throughout that decade, such “com-
mand and control” regulations were in-
creasingly criticized as wasteful, expen-
sive, and often ineffective. Complaints
about updating delays and ossification
became commonplace. Litigation flour-
ished, though with decidedly mixed re-
sults. Congress and the EPA frequently
loosened and postponed standards they
had originally set. For example, the 1970
Clean Air Act mandated that carbon mon-
oxide and nitrous oxide emissions for
new cars be reduced by 9o percent of
their 1970 levels within five years. Auto-
mobile manufacturers soon insisted that
achieving this goal was impossible, and
by 1977, Congress had lowered the stan-
dards to about 50 percent reductions.
Even this requirement was subsequently
delayed until 1981. EPA enforcement ac-
tions frequently resulted in promises by
industries to comply “sometime” or
“pretty soon.”

As energy and environmental regula-
tion came to the fore in the 1970s, econo-
mists began urging a regulatory innova-
tion that we now know as “cap and
trade.” Elsewhere in this volume, Joseph
Aldy and Robert Stavins systematically
discuss this and related incentives for
controlling pollution, but for purposes of
our discussion, here is how cap and trade
works: Congress (or the EPA) determines
the volume of emissions from a particu-
lar pollutant that will be permitted. The
government then issues transferable
allowances to emit a specified quantity of
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Energy the restricted substance(s). For example,

it might issue permits to emit one ton of

Prologue? carbon dioxide in any particular year,

with the total number of permits adding
up to that year’s total permissible emis-
sions. These emissions permits or allow-
ances may either be sold — auctioned - by
the government or given away; they can
be used by their owners or sold to others.
The fundamental idea is that sales (or
“trades”) of the permits will operate to
concentrate their ownership in compa-
nies that find it most expensive to curb
emissions. Companies that are able to
reduce or eliminate their emissions more
cheaply than the price of the permits will
do so, and then will sell their excess al-
lowances to others who would otherwise
have to spend more than the permits’
price in order to curb their own emissions.
In this way, market transactions allow
emissions to be reduced in the least cost-
ly manner and avoid the wasteful addi-
tional costs that would occur under com-
mand-and-control regulations requiring
each company to limit its own emissions
to a government-specified level.

The most successful use of cap and
trade to date, the Clean Air Act of 1990,
instituted a pollution permit-trading pro-
gram to tackle the problem of acid rain
caused by coal-fired electric utilities. In
applying the market-based cap-and-trade
technique, Congress broke a legislative
logjam that had prevented it from dealing
with the acid rain problem for more than
adecade. The Government Accountabili-
ty Office estimated that cap and trade has
saved business more than half the costs
(up to $3 billion a year) of command reg-
ulations. Recently, however, questions
have arisen over whether too many per-
mits have been issued, a common occur-
rence in cap-and-trade programs.

Even as cap and trade, with its cost-sav-
ing advantages over command-and-con-
trol regulation, has emerged as the pre-

terred regulatory approach for addressing
environmental problems, there has been
considerable reluctance to transform pre-
existing regulatory structures. Take, for
instance, the Corporate Average Fuel
Economy (CAFE) fuel-efficiency stan-
dards enacted in 1975 and phased in dur-
ing the following decade. Even though the
automotive industry took enormous ad-
vantage of the “light truck” loophole
(read: suVv), which resulted in the num-
ber of light trucks growing by two-and-a-
half times between 1979 and 1999 — from
22 percent of the nation’s motor vehicle
fleet to 37 percent — Congress waited three
decades before revising the CAFE rules in
2007. The new rules prescribe fuel stan-
dards covering both light trucks and
automobiles and, beginning in 2011, re-
quire average fuel economy to increase
to 35 miles per gallon by 2020. In 2009,
President Obama accelerated fuel mile-
age improvements, announcing that anew
standard of 35.5 miles per gallon must be
reached by 2016. In 2011, he announced
that the EPA will issue new regulations
requiring automobile manufacturers to
double their cars’ average fuel consump-
tion from the current 27.5 miles per gal-
lon to 54.5 mpg by 2025.

When the CAFE standards were first
enacted in 1975, President Ford, who had
long served in Congress as the represen-
tative of Grand Rapids, Michigan (a city
about 160 miles from Detroit and itself
home to an automobile manufacturer
early in the twentieth century), had no
enthusiasm for mandatory rules of any
sort. Furthermore, the automobile indus-
try and its powerful unions had another
key ally in Congress: Michigan Congress-
man John Dingell, who chaired the key
House subcommittee. As a result, the
mileage requirements enacted in 1975 did
little more than ratify changes already
under way in the auto industry, with triv-
ial penalties for failing to meet them.
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Political journalist Elizabeth Drew of The
New Yorker described the new standards
as “in effect, a product of the Ford Motor
Company. ! Because the mileage require-
ments were based on the average fuel
economy of each manufacturer’s fleet,
they favored the small cars from Japanese
manufacturers, which easily met the re-
quirements and, responding to Ameri-
cans’ taste for larger cars, began to sell
larger, less fuel-efficient brands, such as
the Lexus and Infiniti. Despite its weak-
nesses, however, CAFE is regarded by
many experts as the most effective con-
servation measure adopted in response to
the OPEC oil embargo and price shocks of
the 1970s. That, however, is faint praise.
CAFE may rank among our nation’s most
successful energy policies, but it is a long
way from the best we might have had.

Unlike a gasoline tax, the CAFE stan-
dards create no incentive for people to
reduce how much they drive. Economists
have estimated that a gasoline tax of just
25 cents per gallon could have saved as
much oil as the fuel efficiency standards
at one-third the cost to the economy.
Alternatively, a cap-and-trade automobile
fuel efficiency regime would permit those
manufacturers that are most efficient at
increasing gas mileage to sell excess cred-
its to firms that find increasing the mile-
age of their vehicles more costly. This
would substantially bring down the total
costs to auto manufacturers of comply-
ing with the mileage standards. Given the
serious economic challenges that auto-
mobile companies now face, lowering the
costs of complying with CAFE should be a
national priority.

But President Obama is handcuffed.
Although he worries about risks from cli-
mate change and wants to reduce our
dependence on imported oil, persuading
Congress to enact policies to reduce the
regulatory costs of CAFE seems impossi-
ble. Pledges signed by virtually all Repub-
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lican members of Congress take gasoline Michael .

taxes off the table. Moreover, despite its
conservative Republican pedigree and
notable success in reducing emissions
from electric power plants that cause acid
rain, “cap and trade” has become an epi-
thet in our political process, no matter
how cost effective and limited in scope.
Cap-and-trade regulations are so poorly
understood by the public that political
opportunities for mischaracterization
and demagoguery abound. Thus, our
dysfunctional politics keeps us mired in
an inefficient regulatory structure enact-
ed more than thirty-five years ago, while
unnecessary costs to our fragile economy
multiply. Either a cap-and-trade regime
or a gas tax would eliminate more gaso-
line consumption at a fraction of CAFE’s
costs. But no politician is now urging us
to move in either of those directions.

In Spring 2011, Barack Obama an-
nounced his Blueprint for a Secure Energy
Future. > The president said he would use
the full force of government power to
regulate, bribe, purchase, and cajole in
order to transform how we produce and
use energy in this country. He promised
to open federally controlled property to
more oil drilling and to expand produc-
tion of domestic natural gas. He said he
would deploy the might of the federal gov-
ernment’s spending power to purchase
only hybrid, electric, and alternative fuel
cars and trucks as well as to substitute
biofuels for petroleum in military jets.
President Obama also promised govern-
ment “incentives” for a litany of oil-sav-
ing items and activities, including auto-
mobile batteries, electric fueling stations,
high-speed rail and mass transit, energy-
efficient building materials, and biofuels.
Many (if not most) of the incentives the
president promised will, unfortunately,
take the shape of tax breaks, despite nearly
a half-century of compelling evidence —
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Energy from ethanol, wind power, black liquor,

hybrid vehicles, and energy-saving home

Prologue? improvements, to name just a few - that

such incentives are wasteful and inade-
quate to the task. President Obama also
promised to tighten regulatory require-
ments governing automobile fuel efficien-
cy, to extend such regulations to large
trucks, and to adopt new federal require-
ments for the ways in which the nation’s
electricity will be produced. Along the way
- notwithstanding the then-recent trou-
bles in Japan and subsequent moves away
from nuclear power in Europe —he once
again embraced nuclear power, and he
even gave a thumbs up to that chimera,
“clean coal.”

No doubt looking ahead to his 2012 re-
election campaign, which he kicked off
only a few days later, the president said
his energy plan would require “tough”
choices. But he did not ask the American
people to do anything tough. He did not
ask us to drive less or more slowly, to turn
down our thermostats, or even to turn off
the lights when we leave a room. Despite
all his bold talk of policy initiatives, the
president failed to explain how he planned
to pay for his new spending incentives,
saying only that this was a “fair” question
to ask.

The phrase “cap and trade” was absent
from the president’s remarks. This, of
course, is what distinguished his 2011
energy speech from those he had made
during the previous three years. Nor did
he venture to suggest that we should tax
what we want to reduce - petroleum use
and electricity consumption from fossil
fuels —and use the revenues that this
would produce to reduce taxes on jobs or
wages: things we want to increase.

Sherlock Holmes famously instructed
us to be alert to a dog that fails to bark. In
the large kennel of policies that the Unit-
ed States has deployed to address energy
policy, one dog fails to bark —the same

dog that never barks. In the thousands of
pages of energy legislation and regula-
tions enacted since energy policy came to
the fore in the 1970s, Congress has never
demanded that Americans pay a price
that reflects the true costs of the energy
they consume. As I have described, for
nearly a decade following the oil embar-
go of 1973, Congress refused even to allow
the price of gas at the pump to rise
enough to reflect the worldwide market
price of oil. Today, not one of our politi-
cal leaders urges a requirement that gaso-
line prices include, for example, the costs
of keeping oil moving safely from the
Persian Gulf into our gas tanks, or that
our electricity prices reflect the costs of
coal pollution. None is insisting that the
price of fossil fuels should reflect the
risks of climate change from greenhouse
gas emissions.

The problem, of course, is that reflect-
ing these kinds of costs in the price of
energy would require taxing energy con-
sumption, rather than subsidizing its
production. And as our nation’s massive
public debt reminds us, it is far easier for
our government to spend than to tax.
Despite all the costs our nation has paid
in lives and treasure to keep oil moving
from the Middle East to our gas tanks,
past efforts to tax energy consumption
offer no encouragement: Jimmy Carter
failed in his effort to tax gasoline; Bill
Clinton’s Btu energy tax plan suffered a
resounding defeat. We should not be sur-
prised that no American politician is now
proposing that we tax petroleum use and
electricity consumption from fossil fuels.

We will continue our quest for a tech-
nological panacea, pretending that such a
search is separate from any need to insist
that energy prices reflect their true costs.
In the absence of a carbon tax or a cap-
and-trade system for curbing greenhouse
gas emissions, the outlook for carbon-free
alternatives does not seem bright. The
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Fukushima disaster has made a wary pub-
lic more fearful of nuclear power, and bets
are now off for a “nuclear renaissance” in
the United States. Some analysts claim
that ongoing improvements in solar
technology will drive the costs of solar
power below that of coal a decade hence,
but we have heard similar hopes before,
and they have not been realized.!3 Energy
efficiency continues to improve, but the
absence of appropriate incentives inhibits
progress on that front.

Higher prices and expectations that ex-
panding demand from rapidly develop-
ing economies, especially China and India,
will keep prices robust have stimulated
important technological breakthroughs
for natural gas and oil. The ability to ex-
tract oil and gas from shale through
hydraulic fracturing, or “fracking” —in
which a high-pressure mixture of chemi-
cals, sand, and water is used to open
cracks in rocks and allow oil and gas to
flow into wells miles below the earth’s
surface — now offers the potential to keep
our cars and trucks running without rely-
ing on the flow of oil from the Middle
East. And we could significantly lower
our greenhouse gas emissions by substi-
tuting natural gas for coal in generating
electricity, if we could only muster the
political will to do so.

In the meanwhile, we will continue to
rely on second- or third-best policies -
government purchases, unnecessarily
costly regulations, poorly designed subsi-
dies —even though, given our nation’s
fragile economy, our difficult fiscal con-
dition, and the daunting challenges of
simultaneously limiting climate change
and achieving energy security, we have
never been more in need of cost-efficient
and effective energy policies.

As our failed energy policy story has
unfolded —in all its complexity — many

villains have come to the fore, including,
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no doubt, the OPEC cartel and some of its MichaelJ.

members in particular. At home, we have
suffered from poor leadership from both
ends of Pennsylvania Avenue, with short-
term political expediency trumping sen-
sible long-term policies. Key legislators
far too frequently have elevated parochial
interests over our national needs and have
been led astray by the potential for short-
term partisan gains. Our political leaders
have also often been seduced by sweet
visions of technological silver bullets
around the next corner. Environmental
organizations have sometimes insisted
on unrealistic goals, now and then forged
inapt alliances, and been used to further
elite, not-in-my-backyard (NIMBY) agen-
das. Energy companies have frequently
underestimated risks and shifted to tax-
payers costs that the companies them-
selves should properly bear.

Amid all the currents and crosscurrents,
however, one character plays a particu-
larly central role: price. Although our gov-
ernment has enacted thousands of pages
of energy legislation since the 1970s, it has
never demanded that Americans pay a
price that reflects the full costs of the
energy they consume. Nothing that we did
or might have done has had as much
potential to be efficacious as paying the
true price. The contrast with tobacco, for
example, in which taxes have been used
over time both to reduce its consumption
and to help finance some of the costs it
imposes on public budgets and society,
could hardly be more stark. This failure,
alongside quite a few others, accounts for
the state of affairs we face today.

Despite all the laws Congress has enact-
ed since 1973, our policies have always
been inadequate. The weekend following
President Obama’s Spring 2011 energy
policy speech and the simultaneous re-
lease of his Blueprint for a Secure Energy
Future, many newspapers ran a cartoon by

Jeft Stahler depicting the eight presidents

Graetz
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Energy from Richard Nixon to Barack Obama,

each supplying one word of the refrain:

Prologue? ~ We must reduce our dependency on

Mideast oil.” Nearly a year earlier, after
President Obama delivered his first Oval
Office address to the nation, setting forth
his energy policy goals following the BP
oil spill in the Gulf of Mexico, Jon Stew-
art of The Daily Show played clips from the

end our dependence on oil, all offering
other energy alternatives, and all setting
deadlines for reaching their goals. The
problem, of course, is that forty years of
energy policy failures is not funny. But
our history offers little cause for opti-
mism. Knowing our past failures may not
be enough to prevent us from repeating
them.

same eight presidents —all promising to
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Using the Market to Address
Climate Change: Insights from
Theory & Experience

Joseph E. Aldy & Robert N. Stavins

Abstract : Emissions of greenhouse gases linked with global climate change are affected by diverse aspects
of economic activity, including individual consumption, business investment, and government spending.
An effective climate policy will have to modify the decision calculus for these activities in the direction of
more efficient generation and use of energy, lower carbon-intensily of energy, and a more carbon-lean
economy. The only technically feasible and cost-effective approach to achieving this goal on a meaningful
scale is carbon pricing : that is, market-based climate policies that place a shadow-price on carbon dioxide
emissions. We examine alternative designs of three such instruments: carbon taxes, cap and trade, and
clean energy standards. We note that the U.S. political response to possible market-based approaches to
climate policy has been, and will continue to be, largely a function of issues and structural factors that
transcend the scope of environmental and climate policy.

\]irtually all aspects of economic activity — individ-
ual consumption, business investment, and govern-
ment spending — affect greenhouse gas emissions
and, hence, the global climate. An effective climate
change policy would change the decision calculus
for these activities to promote more efficient gen-
eration and use of energy, lower carbon-intensity
of energy, and a more carbon-lean economy. There
are three ways to accomplish this goal: (1) mandate
that businesses and individuals change their tech-
nology and emissions performance; (2) subsidize
JOSEPH E. ALDY is an Assistant  business and individual investment in and use of
Professor of Public Policy at the  Jower-emitting goods and services; or (3) price the

Harvard Kennedy School. greenhouse gas externality commensurate with the
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nedy School. avoid picking technology winners, and ameliorate,
(*See endnotes for complete contributor not exacerbate, government fiscal conditions. When
biographies.) all businesses and households face a common price

© 2012 by the American Academy of Arts & Sciences

45



Using the
Market to
Address
Climate
Change

46

per unit of greenhouse gases embodied in
tuels, goods, and services, no additional
policies can lower the total cost of achiev-
ing a specified climate policy goal. By
pricing carbon pollution, the govern-
ment defers to private firms and individ-
uals to find and exploit the lowest-cost
ways to reduce emissions and to invest
in the development of new technologies,
processes, and ideas that could mitigate
future emissions. A variety of policy ap-
proaches fall within the concept of exter-
nality pricing, including carbon taxes, cap
and trade, and clean energy standards.

In contrast, the conventional approach
to environmental policy employs uniform
mandates to protect environmental qual-
ity. Although uniform technology and per-
formance standards have been effective in
achieving some established environmen-
tal goals and standards, they tend to lead
to non-cost-effective outcomes in which
some firms use unduly expensive means to
control pollution. In addition, convention-
al technology or performance standards
do not provide dynamic incentives for the
development, adoption, and diffusion of
environmentally and economically supe-
rior control technologies. Once a firm sat-
isfies a performance standard, it has little
incentive to develop or adopt cleaner tech-
nology. Indeed, regulated firms may fear
that if they adopt a superior technology,
the government may tighten the standard.

Given the ubiquitous nature of green-
house gas emissions from diverse sources,
it is virtually inconceivable that a stan-
dards-based approach could form the cen-
terpiece of a meaningful climate policy.
The substantially higher cost of a stan-
dards-based policy may undermine sup-
port for such an approach, and securing
political support may require weakening
standards and lowering environmental
benefits.

Government support for lower-emitting
technologies often takes the form of in-

vestment or performance subsidies. Pro-
viding subsidies for targeting climate-
friendly technologies entails revenues
raised by taxing other economic activi-
ties (either contemporaneously or in the
future, with contemporaneous financing
via deficit spending). Given the tight fis-
cal environment throughout the developed
world, it is difficult to justify increasing (or
even continuing) the subsidies that would
be necessary to change significantly the
emissions intensity of economic activity.

Furthermore, by lowering the cost of
energy, climate-oriented technology sub-
sidies likely result in socially excessive
levels of energy supply and consumption.
Thus, subsidies can undermine incentives
for efficiency and conservation and im-
pose higher costs per ton abated than
cost-effective policy alternatives. In prac-
tice, subsidies are typically designed to be
technology specific. By designating tech-
nology winners, such an approach yields
a special-interest constituency focused on
maintaining subsidies beyond what may
be socially desirable. It also provides little
incentive for the development of novel,
game-changing technologies.

In contrast, real-world experience dem-
onstrates the power of markets to drive
changes in the investment and use of
emission-intensive technologies. The run-
up in gasoline prices in 2008 increased
consumer demand for more fuel-efficient
new cars and trucks, while also reducing
vehicle miles traveled by the existing fleet.
Likewise, electric utilities responded to
the dramatic decline in natural gas prices
(and decline in the relative gas-coal price)
in 2009 and 2010 by dispatching more
electricity from gas plants, resulting in
lower carbon dioxide (CO,) emissions
and the lowest share of U.S. power gen-
eration by coal in some four decades.>
Longer-term evaluations of the impacts
of energy prices on markets have found
that higher prices have induced more
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innovation — measured by frequency and
importance of patents-and increased
the commercial availability of more en-
ergy-efficient products, especially among
energy-intensive goods such as air con-
ditioners and water heaters.3

Real-world experience with policies that
price externalities illustrates the effec-
tiveness of market-based instruments.
So-called congestion charges in London,
Singapore, and Stockholm have reduced
traffic congestion in busy urban centers,
lowered air pollution, and delivered net
social benefits. The British Columbia car-
bon tax has reduced carbon dioxide emis-
sions since 2008. The U.S. sulfur dioxide
(S§0O,) cap-and-trade program has cut
SO, emissions from U.S. power plants by
more than 50 percent since 1990, result-
ing in compliance costs one-half of what
they would have been under convention-
al regulatory mandates.4 The success of
the SO, allowance trading program moti-
vated the design and implementation of
the European Union’s Emissions Trading
Scheme (EU ETS), the world’s largest cap-
and-trade program, focused on cutting
CO, emissions from power plants and
large manufacturing facilities through-
out Europe.> The 1980s phasedown of lead
in gasoline, which reduced the lead con-
tent per gallon of fuel, served as an early,
effective example of a tradable perfor-
mance standard.® These positive exper-
iences provide motivation to consider
market-based instruments — carbon taxes,
cap and trade, and clean energy standards
—as potential approaches to mitigating
greenhouse gas emissions.

In principle, government imposition of
a carbon tax represents the simplest way
to price greenhouse gas emissions.” The
government could set a tax in terms of
dollars per ton of CO,-equivalent on
greenhouse gas emissions from all sourc-
es covered by the tax. To be cost effective,
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such a tax would cover all sources, and to Jjoseph E.

be efficient, the carbon price would be set
equal to the marginal benefits of emis-
sion reduction: that is, the social cost of
carbon.8 An efficient carbon tax would be
expected to increase over time to reflect
the fact that as more greenhouse gas emis-
sions accumulate in the atmosphere, the
incremental damage from an additional
ton of CO, becomes greater; such a tax
would also include a risk premium to re-
duce uncertain future damages.? Impos-
ing a carbon tax would provide certainty
about the marginal cost of compliance,
thereby reducing uncertainty about re-
turns to investment decisions, but would
leave economy-wide emissions uncertain.

The government could apply the car-
bon tax “upstream” on fossil fuel suppli-
ers based on the carbon content of fuels
or “downstream” on final emitters at the
point of combustion, or it could employ
a hybrid of the two. In an upstream ap-
proach, refineries and importers would
pay a tax based on the carbon content of
their gasoline, diesel fuel, or heating oil;
coal mine operators would pay a tax re-
flecting the carbon content of extracted
coal; and natural gas companies would
pay a tax reflecting the carbon content of
their gas production and imports. Focus-
ing on the carbon content of fuels would
cover about 98 percent of U.S. CO, emis-
sions through a relatively small number
of firms —two to three thousand —as op-
posed to the hundreds of millions of
smokestacks and tailpipes, for example,
that emit CO, after fossil fuel combustion.
Such a tax approach could also cover other
greenhouse gases.

A carbon tax would be administratively
simple and straightforward to implement.
The tax could incorporate existing meth-
ods for fuel-supply monitoring and report-
ing to the regulatory authority. Given the
molecular properties of fossil fuels, mon-
itoring their physical quantities yields a
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precise estimate of the emissions they re-
lease during combustion. Because an emis-
sion tax would be similar in form to taxes
that many fuel suppliers already pay,'©
firms could easily understand and account
for it in their operations.

A crediting system for downstream se-
questration could complement the emis-
sion tax system. A firm that captures and
stores CO, through geological sequestra-
tion, thereby preventing the gas from
entering the atmosphere, could generate
CO, tax credits. Similar approaches could
be undertaken to promote biological se-
questration in forestry and agriculture and,
potentially, emission-reduction projects
(“offsets”) in other countries.

Faced with an emission tax, fuel suppli-
ers will increase the cost of the fuels they
sell. This will effectively pass down the
tax through the energy system, creating
incentives for fuel-switching and invest-
ments in more energy-efficient technolo-
gies. The impact of a carbon tax on emis-
sion mitigation and the economy will de-
pend in part on the amount and use of the
tax revenue. An economy-wide U.S. car-
bon tax of $20 per ton of CO, would like-
ly raise more than $100 billion per year.
The revenue could allow for reductions in
existing distortionary taxes on labor and
capital, thereby stimulating economic ac-
tivity and offsetting some of the policy’s
costs. For example, reducing the payroll
tax by 2 percentage points in 2012 could
be financed with an economy-wide car-
bon tax on the order of $15 to $20 per ton
of CO,. Other socially valuable uses of rev-
enue include reducing the federal deficit,
funding energy R&D, and compensating
low-income households for the burden of
higher energy prices.

The implementation of a carbon tax (or
cap-and-trade system) will increase the
cost of consuming energy and could
adversely affect the competitiveness of
energy-intensive industries. This competi-

tiveness effect can result in negative eco-
nomic and environmental outcomes: firms
may relocate facilities to countries without
meaningful climate change policies, there-
by increasing emissions in these new lo-
cations and offsetting some of the envi-
ronmental benefits of the policy. Because
a majority of developed countries’ emis-
sions occur in non-traded sectors — thatis,
electricity, transportation, and residential
buildings - this so-called emission leakage
may, in fact, be relatively modest. How-
ever, energy-intensive manufacturing in-
dustries that produce goods competing
in international markets may face incen-
tives to relocate.

Additional emission leakage may occur
through international energy markets. As
countries with climate policies reduce
their consumption of fossil fuels and drive
down fuel prices, those countries without
emission mitigation policies may be in-
duced to increase their consumption. The
fact that leakage undermines the environ-
mental effectiveness of any unilateral
effort to mitigate emissions makes inter-
national cooperation and coordination all
the more important.

A cap-and-trade system constrains the
aggregate emissions of regulated sources
by creating a limited number of tradable
emission allowances — in sum equal to the
overall cap — and requiring those sources to
surrender allowances to cover their emis-
sions.!! Faced with the choice of surren-
dering an allowance or reducing emis-
sions, firms place a value on the allow-
ance reflecting the cost of the emission
reductions that can be avoided by surren-
dering the allowance. Regardless of the
initial allowance distribution, trading can
lead allowances to be put toward their
highest-valued use: covering those emis-
sions that are the most costly to reduce
and providing the incentive to undertake
the least costly reductions.
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In developing a cap-and-trade system,
policy-makers must decide on several ele-
ments of the system’s design. First, they
must determine how many allowances to
issue (thatis, the level of the emission cap)
and the scope of the cap’s coverage, iden-
tifying the types of greenhouse gas emis-
sions and sources covered as well as
deciding whether to regulate upstream
(based on carbon content of fuels) or
downstream (based on monitored emis-
sions). Policy-makers must then deter-
mine whether to freely distribute or auc-
tion allowances. Free allowance alloca-
tion could be “grandfathered,” reflecting
some historical record such as recent fos-
sil fuel sales. Grandfathering involves a
transfer of wealth, equal to the value of
the allowances, to existing firms, whereas
an auction transfers the same level of
wealth to the government. In theory, the
government would collect revenue iden-
tical to that from a tax producing the same
amount of emission abatement. As with
tax receipts, auction revenues could be
used to reduce distortionary taxes or fi-
nance other programs.

In an emission-trading program, cost
uncertainty — unexpectedly high or vola-
tile allowance prices—can undermine
political support for climate policy and
discourage investment in new technolo-
gies and R&D. Therefore, attention has
turned to incorporating the “cost con-
tainment” measures of offsets, allowance
banking and borrowing, safety valves, and
price collars in cap-and-trade systems.

An offset provision allows regulated
entities to offset some of their emissions
with credits from emission-reduction
measures outside the cap-and-trade sys-
tem’s scope of coverage. Allowance bank-
ing and borrowing effectively permits
emission trading across time. The flexi-
bility to save an allowance for future use
(banking) or to bring a future period
allowance forward for current use (bor-
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rowing) promotes cost-effective abate- Joseph E.

ment and redefines a series of annual
emission caps as a cap on cumulative emis-
sions over a period of years.

A safety valve puts an upper bound on
the costs that firms will incur to meet an
emission cap by offering the option of pur-
chasing additional allowances at a pre-
determined price. This effective price
ceiling reflects a hybrid approach: a cap-
and-trade system that transitions to a tax
in the presence of unexpectedly high mit-
igation costs. When firms exercise a safe-
ty valve, their aggregate emissions exceed
the emission cap. A price collar combines
the ceiling of a safety valve with a price
tloor created, for example, by a reserve
price in allowance auctions.

Increasing certainty about mitigation
cost reduces certainty about the quantity
of emissions. Smoothing allowance prices
over time through banking and borrow-
ing reduces emission certainty in any giv-
en year but maintains certainty of aggre-
gate emissions over a longer time period.
A cost-effective policy with a mechanism
insuring against unexpectedly high costs
increases the likelihood that firms will
comply with their obligations and can fa-
cilitate a country’s participation and com-
pliance in a global climate agreement.

Aswith a carbon tax, cap-and-trade pro-
grams could include some variant of a bor-
der tax to mitigate the competitiveness
impacts of domestic climate policy and
encourage trade partners to take on com-
parable mitigation policies. Border mea-
sures under a carbon tax or cap and trade
raise policy questions about the applica-
tion of a trade “stick” to encourage broad-
er and more extensive emission mitigation
actions globally, as well as questions about
their legality under the World Trade
Organization.1?

The purpose of a clean energy standard is

to establish a technology-oriented goal for
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the electricity sector that can be imple-
mented cost effectively.!3 Under such stan-
dards, power plants generating power with
technologies that satisfy the standard
create tradable credits that they can sell
to power plants that fail to meet the stan-
dard, thereby minimizing the costs of
meeting the standard’s goal in a manner
analogous to cap and trade. An important
distinction is that cap and trade establishes
the policy goal in terms of the externality
(greenhouse gas emissions), while clean
energy standards establish the policy goal
in terms of a set of technologies with zero-
or low-emission characteristics.

For example, state renewable electrici-
ty standards, a restricted type of a clean
energy standard, typically identify the ob-
jective of the standard as a specific renew-
able share of total power generation (that
increases over time).14 A few states have
implemented alternative energy stan-
dards that target renewables, new nucle-
ar capacity, and advanced fossil fuel tech-
nologies. Proposals for national stan-
dards have targeted a combination of all
generating technologies except conven-
tional coal.ts

Clean energy standards that focus on
technology targets do not explicitly price
the greenhouse gas externality and thus
impose a higher cost for a given amount
of emission reductions than a carbon tax
or cap-and-trade program. A renewable
mandate treats coal-fired power, gas-
fired power, and nuclear power as equiv-
alent —none of these technologies create
credits necessary for compliance —and
therefore provides no incentive to switch
from emission-intensive coal to emission-
lean gas or emission-free nuclear.

A more cost-effective approach to a clean
energy standard would employ a technol-
ogy-neutral performance standard, such
as tons of CO, per megawatt hour of gen-
eration (tCO,/MWh). Given that all pow-
er sources, from fossil fuels to renewables,

could be eligible under such a perfor-
mance standard, this approach would pro-
vide better innovation incentives than a
renewable portfolio approach and would
enable all possible ways of reducing the
emission intensity of power generation.
The Canadian province of Alberta has em-
ployed a tradable carbon performance
standard for most large sources of CO,
emissions, requiring a 12 percent improve-
ment in these sources’ emission intensity
since 2007.

Power plants would be awarded credits
for generating cleaner (less emission-
intensive) electricity than the standard,
and they could sell these credits to other
power plants or save them for future use.
Tradable credits promote cost-effective-
ness by encouraging the greatest deploy-
ment of clean energy from those plants
that can lower their emission intensity at
lowest cost. Clean power plants could then
sell their extra credits to other plants that
face higher costs for deploying clean en-
ergy. The creation and sale of clean energy
credits would provide a revenue stream
that could conceivably enable the financ-
ing of low- and zero-emission power
plant projects.

Eligible technologies for the standard
could extend beyond generation technolo-
gies, permitting improvements in energy
efficiency and emission-offset activities
to create tradable credits. Extending the
carbon price to a broader set of activities
could improve cost-effectiveness, but
there are risks in allowing for energy ef-
ficiency and other offsets. In both cases,
estimating the offset is complex, requires
extensive review and monitoring by reg-
ulators, and risks undermining the objec-
tive of a clean energy standard if some
projects do not, in practice, deliver mean-
ingful emission reductions.

Monitoring and enforcement would be
relatively straightforward, given that reg-
ulators already track electricity generation
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and CO, emissions at U.S. power plants.
A power plant could demonstrate com-
pliance through a combination of the fol-
lowing approaches: (1) the plant has less-
er or equal emissions per megawatt hour
than the standard (or a share of power
from clean energy exceeding the stan-
dard); (2) the plant purchases clean energy
credits from other power plants; or (3) the
plant purchases additional clean energy
credits from the federal government at a
preset price. The last option is similar to
“alternative compliance payments” in
state electricity portfolio standards (and
akin to the hybrid safety-valve approach
under a cap-and-trade program) that fi-
nance some state energy R&D programs.
This approach could provide more cer-
tainty about compliance cost under a clean
energy standard.

A clean energy standard represents a
de facto free allocation of the right to emit
greenhouse gases. Suppose that the fed-
eral government created a clean energy
performance standard of 0.5 tCO,/MWh
(in 2010, U.S. power sector emission in-
tensity was 0.56 tCO,/MWh). Every pow-
er plant implicitly receives the right to
emit a half-ton of CO, per megawatt hour
of generation under such a standard, sim-
ilar to an output-based allocation of emis-
sion allowances under cap and trade.

Market-based policies can support
cost-effective attainment of policy goals. A
carbon tax and cap and trade establish a
common price for emitting a ton of CO,,
and the private sector has the flexibility
to identify and exploit the least costly ways
of reducing emissions. This approach is
vastly superior to command-and-control
regulatory mandates and can result in
lower costs per ton of CO, abated than a
clean energy standard. Even a clean ener-
gy standard designed as a tradable carbon
performance standard would be less cost
effective than cap and trade or a tax be-
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incentive for efficiency and conservation.
The implicit free allocation of the right to
emit is functionally an output-based sub-
sidy that will result in more electricity
generated and consumed than under cap
and trade or a tax.

A renewable electricity standard is even
less cost effective because it proscribes
some low- and zero-emission technolo-
gies from the set of compliance options.
In theory, this type of standard could man-
date so much renewable power that it
spurs a socially excessive amount of total
generating capacity, lowers the price of
electricity (at least in the short run), and
causes a net increase in electricity con-
sumption, contrary to the efficiency and
conservation incentives under cost-effec-
tive approaches.

Cost-effective implementation is nec-
essary but not sufficient for a climate pol-
icy to maximize net social benefits. A
socially efficient policy, one resulting in
marginal costs equal to marginal benefits
of emission reduction, would require set-
ting the carbon price equal to the esti-
mated social cost of carbon. Alternative-
ly, policy-makers could set an emission
cap that would deliver an expected allow-
ance price equal to the estimated social
cost of carbon. Under a clean energy stan-
dard, the stringency of the performance
standard could be set to yield expected
credit prices on par with the social cost of
carbon, although the weaker incentive for
efficiency and conservation would result
in some efficiency losses.

A market-based policy may raise revenue
to finance reductions in taxes that dis-
courage the supply of labor and capital.
Lowering payroll, income, or capital gains
tax rates could offset some of the costs of
a climate policy. A well-designed market-
based policy with a modest carbon price
and efficiently targeted reduction in tax
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rates could —in principle —cause a net
increase in GDP, although - in practice —
the more likely outcome is some savings
in the policy’s cost.’® In general, recy-
cling revenue back into the economy by
lowering existing distortionary taxes can
allow for a more aggressive greenhouse
gas mitigation policy that maximizes net
social benefits.

In aworld without uncertainty, a carbon
tax and a cap-and-trade program could
be designed and implemented to yield an
identical carbon price and emission re-
ductions. But the choice of policy instru-
ment can affect the net social benefits,
given the real-world uncertainty that char-
acterizes emission mitigation.!7 The gov-
ernment must implement a climate poli-
cy before uncertainty about the cost of
emission mitigation can be resolved. If
mitigation costs are higher than the gov-
ernment expected, then the climate poli-
cy will yield either (a) fewer emission re-
ductions if the government implemented
a carbon tax; or (b) higher costs if the
government implemented cap and trade.
If the foregone economic benefits from
fewer emission reductions under the tax
are less than the higher costs under the
cap-and-trade program, then a tax would
be the preferred policy instrument under
uncertainty. Otherwise, cap and trade
would likely maximize net social benefits
relative to a carbon tax.

Uncertainty about the price of carbon
inhibits private-sector investment. In re-
cent years, uncertainty about the type, de-
sign, and stringency of climate policy has
adversely affected new energy and climate-
related technology investment. Uncer-
tainty about future modifications to a
climate policy may also deter investment,
especially for long-lived energy-related
capital. For example, a future government
could relax policy stringency (with a
lower carbon tax or higher emission cap)

that would lower the economic return to
low- and zero-carbon technology invest-
ments. Alternatively, under a cap-and-
trade regime, a future government could
wipe out the value of an emission allow-
ance bank (the allowances set aside and
banked for future use), increasing the
stringency of the cap-and-trade program,
not unlike recent experience with the ef-
tect of regulatory changes on the U.S. SO
cap-and-trade program.

While the business community would
prefer cost certainty, the environmental
community favors certainty over green-
house gas emission levels. Placing much
greater weight on emission reductions re-
flects the concern of some in the environ-
mental community that business will sim-
ply “buy its way out” under a carbon tax
and fail to undertake emission mitigation,
even though it may be in businesses’ in-
terests to do so.

Real-world experience has addressed
uncertainty by pursuing hybrid price-
quantity approaches, such as state renew-
able electricity standards that establish
quantity renewable goals and include
alternative compliance payments that
serve as a price ceiling on tradable renew-
able credits. Such hybrid approaches can
provide insurance against policy costs
reaching unexpected heights. They may
also represent a way of imposing an im-
plicit carbon tax if a cap-and-trade pro-
gram’s safety valve is set at a level that has
avery high probability of being triggered.

2

Although public policies are frequently
proposed and analyzed in isolation, they
in factinteract with one another in anum-
ber of important ways, which can affect a
policy’s environmental effectiveness and
costs. Policies of all kinds — both market-
based instruments and conventional pol-
icies—act as implicit taxes and interact
with preexisting taxes in ways that drive
up the policies’ costs — the so-called tax-
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interaction effect.’® Those policy instru-
ments that produce revenues for govern-
ment, including carbon taxes and cap and
trade with auctioned allowances, can ded-
icate part or all of their revenue to cutting
existing, distortionary taxes, thereby off-
setting some or (in principle) all of the
tax-interaction effect. These interactions
can have profound effects on the costs of
a climate policy.19

The interaction of flexible, quantity-
based policies, such as cap-and-trade sys-
tems and tradable clean energy standards,
with other climate policies introduces an
additional set of issues. In general, allowed
trading means that once a flexible, aver-
aging type of policy instrument is in place,
any attempt to elicit greater reductions
from some specific source or sector under
the cap will essentially be undone by some
other source or sector covered under the
cap. Moreover, when marginal abatement
costs at the specific source or sector are
increased, the overall flexible (cap and
trade) regime is no longer cost effective.
This is a major issue for cap-and-trade
systems, renewable electricity standards,
clean energy standards, and motor-vehi-
cle fuel efficiency standards. Problematic
interactions can occur when one policy
instrument is nested within another, as
with subnational and national policies,2©
or when two policy instruments coexist
within the same political jurisdiction.>!
The effects are potentially less severe with
a carbon tax than with quantity-based
policies because the multiple policies
could yield a lower emission level than
the carbon tax in isolation, but that ben-
efit would come at the expense of cost
effectiveness.

Given that climate change and actions
to mitigate it play out in the global com-
mons, it is important that any U.S. policy
actions be carefully coordinated with the
actions or anticipated actions of other
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have no more than trivial environmental Aldy &

impacts (despite their cost) and can in-
crease other countries’ emissions through
induced leakage of carbon-intensive eco-
nomic activity.

Cap-and-trade systems seem to have
emerged as the preferred national and
regional instrument for reducing green-
house gas emissions throughout much
of the industrialized world. The Clean
Development Mechanism (CDM), an
international emission-reduction credit
system, has developed a substantial con-
stituency despite concerns about its per-
formance. Because linkage between trad-
able permit systems (that is, unilateral or
bilateral recognition of allowances from
one system for use in another) can reduce
compliance costs and improve market
liquidity, there is great interest in linking
cap-and-trade systems with each other,
as well as to the CDM and other credit
systems. There are not only benefits but
also concerns associated with various
types of linkages,?? but it is safe to say
that such linkage may play one of three
possible roles: as an independent bottom-
up international climate policy architec-
ture; as a step in the evolution of a top-
down architecture; or as an ongoing ele-
ment of alarger climate policy agreement.

A parallel issue arises with respect to
national or subnational carbon taxes:
namely, they can be linked in productive
ways. For purposes of overall cost effec-
tiveness, the various taxes would need to
be set at the same level, that is, harmo-
nized.?3 The prospect of harmonization
is complicated by equity issues—would
developing countries harmonize taxes
without some form of side payments? —
and related tax issues: how might carbon
tax harmonization account for preexist-
ing energy subsidies in developing coun-
tries and high preexisting energy taxes in
some developed countries?
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Considering the variety of policy in-
struments — both market-based and con-
ventional command-and-control - that
countries can employ to reduce their
greenhouse gas emissions, it is important
to ask whether a diverse set of heteroge-
neous national, subnational, or regional
climate policy instruments can be linked
in productive ways. The simple answer is
that such a set of instruments can be
linked, although coordinating a set of more
homogeneous tradable permit systems
would be easier.24 The basic approach
behind emission-reduction credit systems
such as the CDM can be extended to foster
linkage opportunities among diverse pol-
icy instruments, including cap and trade,
taxes, and certain regulatory systems.25

Countries could coordinate effectively
through the unilateral use of border ad-
justments. A national carbon tax, for in-
stance, would take the form of a tax on
imports equivalent to the implicit tax on
the same goods produced domestically.
In the cap-and-trade climate legislation
passed by the U.S. House of Represen-
tatives in 2009, border adjustments cov-
ered only a limited set of energy-inten-
sive, trade-exposed manufactured bulk
products.

Political factors are at the heart of policy
feasibility. In general, it may be necessary
to elicit support from concentrated inter-
ests.2% A key question is whether the pro-
cess of developing such support reduces a
policy’s effectiveness (for example, by
muting the price signals of a market-
based instrument) or increases its cost.
Such outcomes are frequently the case.
However, a key merit of one of the policy
instruments we have considered — namely,
cap and trade —is that under many cir-
cumstances, the process of developing
political support need not impair the pol-
icy. An important property of such sys-
tems — the independence of the equilibri-

um allocation of allowances after trading
from the initial allocation?7 — permits the
legislature to distribute allowances in a
way that builds a constituency of political
support for enactment without jeopar-
dizing the policy’s environmental integ-
rity or its cost effectiveness.28

At the same time, it is important to rec-
ognize that those market-based policy
instruments that raise revenues for gov-
ernment — including taxes and auctioned
allowances - can have their own political
attraction, particularly at a time of chronic
government budgetary deficits.

Any public policy, whether cost effec-
tive or not, will inevitably have significant
distributional consequences, even if it
does no more than reinforce the status
quo. In the case of U.S. climate change
policy, the near-term distributional im-
pacts will primarily reflect the cost of
mitigating emissions. The climate bene-
fits to any single nation from its emis-
sion-reduction efforts will be spread
globally and over several generations.
Any meaningful climate policy will in-
crease energy prices, particularly with
regard to energy derived from coal com-
bustion and, to a lesser extent, petroleum
and natural gas combustion. Mitigation
policies would also benefit firms (and
some regions) with zero-carbon technol-
ogies, such as wind, solar, and energy effi-
ciency technologies. The economic inci-
dence of energy price increases will make
up a considerable share of the distribution-
al impacts, which will vary across sectors
of the economy, across regions, and across
income groups. These impacts are also
likely to have profound political impacts
on the feasibility of climate policy and the
choice among climate policy instruments.

The political-economy implications of
the costs associated with various policy
instruments give public officials strong
incentive to identify and select policies
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and instruments with minimal perceived
costs. In some cases, policies and/or pol-
icy instruments may indeed be low-cost,
either because they are essentially unam-
bitious or because they are cost effective.
Another option is for public officials to
identity policy instruments that hide or
partially obscure their costs. Largely for
this reason, ordinary performance and
technology standards have long been
favored over market-based instruments.>9
A prime example is the apparent political
attraction of Corporate Average Fuel
Economy standards as a means of in-
creasing the fuel efficiency of American
automobiles, in contrast with the political
aversion to gasoline taxes, even though
the latter would accomplish more at lower
cost (but in a highly visible manner).3°©

Public and political interest in a market-
based policy instrument may respond
positively to the threat of a high-cost reg-
ulatory alternative. The business com-
munity may prefer a more cost-effective
(and hence potentially lower-cost) mar-
ket-based policy to traditional command-
and-control regulation. Some in the envi-
ronmental community may also support
a cost-effective policy if it enables a more
ambitious environmental goal than is
possible under a conventional regulatory
mandate.

During the policy debate over the 1990
Clean Air Act amendments, the prospect
of a costly regulatory standard for power
plant SO, emissions prompted interest in
a cap-and-trade regime that became the
centerpiece of the law’s approach to com-
bat acid rain. Building on the successful
experience with SO, cap and trade, the
Environmental Protection Agency (EPA)
worked with Northeastern, Mid-Atlantic,
and Midwestern states to design a nitro-
gen oxide emissions cap-and-trade pro-
gram to reduce ground-level ozone pollu-
tion (smog). While states had the option
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and-control regulation in lieu of joining
the cap-and-trade regime, every state chose
to pursue the more cost-effective trading
approach.

The threat of a high-cost regulatory
alternative for greenhouse gas emissions
could influence potential interest in a
market-based policy approach. First, the
EPA could design regulations under the
existing Clean Air Act that include some
form of cap and trade or a variant of a
clean energy standard. While existing law
would circumscribe some potentially ap-
pealing attributes of a market-based cli-
mate policy (including revenue generation
and cost containment through a safety
valve) as well as prohibit a carbon tax
outright, it could allow for a more cost-
effective approach than conventional reg-
ulatory mandates. Second, the risk of a
politically (and potentially economical-
ly) unpalatable regulatory scheme under
the Clean Air Act may also mobilize in-
terest in a legislative alternative.

P ursuing a legislative option through
Congress could involve a variety of leg-
islative committees that would engage a
range of special interests. Consider the
example of the Senate: a carbon-tax bill
would likely start in the Finance Com-
mittee; a cap-and-trade bill in the Envi-
ronment and Public Works (EPW) Com-
mittee; and a clean energy standard bill
in the Energy and Natural Resources Com-
mittee. If a cap-and-trade or clean energy
standard bill raises significant revenue, it
would likely be referred to the Finance
Committee, while any bill that modifies
the Clean Air Act (for example, by substi-
tuting a market-based policy for existing
statutory authority) would likely be re-
ferred to the EPW Committee. The com-
mittee that begins drafting a bill will
shape that bill in line with its priorities:
for example, the Finance Committee will
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prioritize raising revenue, while the EPW
will lay out ambitious environmental goals.
The persistence of policy design as a bill
moves through the legislative process
would result in a final law reflecting those
initial efforts.

A successful effort in designing and
implementing a market-based policy
would also benefit from the positive ex-
periences on other policy fronts related
to the gradual increase in policy stringen-
cy.In 2008, British Columbia implement-
ed a carbon tax starting at $10 (Canadian
dollars) per ton of carbon dioxide and
climbing annually until it reaches $30/
tCO, in 2012. To complement this gradual
implementation of the policy, in the month
before tax collection began, the provin-
cial government provided checks to house-
holds representing the revenue expected
to be raised by the tax in the first year. As
the carbon tax revenue has increased,
households and businesses have enjoyed
larger reductions in their income taxes.
The SO, cap-and-trade program was
phased in over two time periods, with the
largest power plants covered by the pro-
gram starting in 1995 and the balance of
the covered facilities entering the program
in 2000. The EU ETS began with a pilot
phase in 2005 that imposed a relatively
lax emission cap to enable time for cov-
ered facilities and government regulators
to gain experience with the trading regime
before moving into a more stringent sec-
ond phase in 2008. State renewable elec-
tricity and alternative energy standards
have likewise started with relatively mod-
est goals: the average renewable target
for the twenty-four operational state pro-
grams in 2010 was about 4.7 percent, but
will increase by a factor of three by 2020.

The U.S. political response to possible
market-based approaches to climate pol-
icy has been and will continue to be large-

ly a function of issues and structural fac-
tors that transcend the scope of environ-
mental and climate policy. Because a
truly meaningful climate policy - whether
market-based or conventional in design —
will have significant impact on economic
activity in a wide variety of sectors (given
the pervasiveness of energy use in a mod-
ern economy) and in every region of the
country, it is not surprising that propos-
als for such policies bring forth signifi-
cant opposition, particularly during diffi-
cult economic times.

In addition, U.S. political polarization
—which began some four decades ago
and accelerated during the economic
downturn - has decimated what had long
been the key political constituency in
Congress for environmental (and energy)
action: namely, the middle, including
both moderate Republicans and moder-
ate Democrats.31 Whereas congressional
debates about environmental and energy
policy have long featured regional poli-
tics, they are now fully and simply parti-
san. In this political maelstrom, the fail-
ure of cap-and-trade climate policy in the
Senate in 2010 was collateral damage in a
much larger political war.

Better economic times may reduce the
pace—if not the direction - of political
polarization. Furthermore, the ongoing
challenge of large federal budgetary defi-
cits may at some point increase the polit-
ical feasibility of new sources of revenue.
When and if this happens, consumption
taxes (as opposed to traditional taxes on
income and investment) could receive
heightened attention; primary among
these might be energy taxes, which, de-
pending on their design, can be signifi-
cant climate policy instruments.

Some would argue that a mobilizing
event will soon precipitate U.S. climate
policy action. But the nature of the cli-
mate change problem itself helps explain
much of the relative apathy among the
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U.S. public and suggests that any such
mobilizing event may come “too late.”
Nearly all our major environmental laws
have been passed in the wake of highly
publicized environmental events or “dis-
asters,” including the spontaneous com-
bustion of the Cuyahoga River in Cleve-
land, Ohio, in 1969, and the discovery of
toxic substances at Love Canal in Niagara
Falls, New York, in the mid-1970s. But note
that the day after the Cuyahoga River
caught on fire, no article in The Cleveland
Plain Dealer commented that the cause was
uncertain, that rivers periodically catch
on fire from natural causes. On the con-
trary, it was immediately apparent that the
cause was waste dumped into the river by
adjacent industries. A direct consequence
of the observed “disaster” was, of course,
the Clean Water Act of 1972.

Climate change is distinctly different.
Unlike the environmental threats ad-
dressed successfully in past U.S. legisla-
tion, climate change is essentially unob-
servable. We observe the weather, not the
climate. Until there is an obvious and
sudden event - such as a loss of part of
the Antarctic ice sheet leading to a dra-
matic sea-level rise—it is unlikely that
public opinion in the United States will
provide the bottom-up demand for action
that has inspired previous congressional
action on the environment over the past
forty years.

Despite this somewhat bleak assess-
ment of the politics of climate change
policy in the United States, it is much too
soon to speculate on what the future will
hold for the use of market-based policy
instruments, whether for climate change
or other environmental problems. On the
one hand, it is conceivable that two de-
cades (1988 —2008) of high receptivity in
U.S. politics to cap and trade and offset
mechanisms will turn out to be no more
than a relatively brief departure from a
long-term trend of reliance on conven-
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hand, it is also possible that the recent
tarnishing of cap and trade in national
political dialogue will itself turn out to be
a temporary departure from a long-term
trend of increasing reliance on market-
based environmental policy instruments.
Perhaps the ongoing interest in these pol-
icy mechanisms in California (Assembly
Bill 32), the Northeast (Regional Green-
house Gas Initiative), Europe, and other
countries will form a bridge to a changed
political climate in Washington.
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The American Public’s Energy Choice

Stephen Ansolabehere & David M. Konisky

Abstract : Public opinion about energy can be understood in a unified framework. First, people evaluate
key attributes of energy sources, particularly a fuel’s cost and environmental harms. Americans, for
example, view coal as relatively inexpensive but harmful, natural gas as less harmful but more expensive,
and wind as inexpensive and not harmful. Second, people place different weights on the economic and
environmental attributes associated with energy production, which helps explain why some fuels are more
popular than others. Americans’ attitudes toward energy are driven more by beliefs about environmental
harms than by perceived economic costs. In addition, attitudes about energy sources are largely unrelated
to views about global warming. These findings suggest that a politically palatable way to reduce green-
house gas emissions is through regulation of traditional pollutants associated with fossil fuels, rather than

a wholly new carbon policy.
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Americans do not directly buy the coal, natural
gas, or uranium used to generate nearly all the elec-
tricity in the United States. Nor do they see, smell,
or feel those fuels when they use electricity. In that
respect, electricity consumption differs fundamen-
tally from most other consumption goods, includ-
ing our main transportation fuel, gasoline. None-
theless, Americans have definite opinions about
the best way to generate electricity because the
fuels used have immediate effects on their electric-
ity bills, as well as on economic growth, national
security, and the local and global environments.
Americans want less reliance on coal and oil; they
want expanded use of wind and solar power; they
want to continue and even expand use of natural
gas; and they are deeply torn about nuclear power.!

A basic goal of public opinion research on energy
is to understand how Americans view their energy
choices. Are they content with the existing ways that
we generate electricity, or do they want to change
significantly the fuels that power the country? If
the latter, what drives that preference? How im-
portant a factor is global warming, or security, or
affordability ? The importance of energy as a truly
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public policy matter has never been
greater. Challenges of global warming,
economic competition, possible oil scar-
city, and attendant questions of national
security have pushed energy production
high on the national policy agenda. In
many respects, the environmental move-
ment and public backlash over oil prices
in the 1970s were only preludes to the
challenges we face today.

Little is known about public attitudes
toward electricity generation in general
and about the fuels used in particular.
Perhaps because of the tumultuous poli-
tics surrounding nuclear power and oil
prices in the 1970s, there has been much
public opinion and psychological research
about nuclear power, especially questions
of risk, and some research on oil, espe-
cially attitudes about gasoline prices and
energy companies. There has been almost
no research on coal and natural gas, even
though those two fuels together account
for approximately 70 percent of electrici-
ty generation in the United States.? And
almost no research compares energy
sources directly or examines why people
prefer one source over another.

The history of nuclear power makes it
painfully clear how important public atti-
tudes are to the development of energy
policy and to the deployment of any meth-
od of generating electricity on alarge scale.
Nuclear power promised to become a
great new energy source for the United
States and Europe at the beginning of the
1970s. The United States had invested
heavily in this new technology over the
previous decade, and numerous plants
were planned or under construction. How-
ever, rising fears of safety, exacerbated to
some degree by Cold War fears of nuclear
attack, led to public opposition and pro-
tests against siting several prominent
facilities. The accident at Three Mile Island
legitimated those protests and triggered
a three-decade-long “nuclear winter” for

the industry, as the development of new
facilities came to a virtual standstill. At
this time, the National Science Founda-
tion (NSF) also began to include nuclear
power as one of its key indicators of pub-
lic opinion toward engineering and sci-
ence. By the 1990s, however, attention to
the issue had faded. Public attitudes were
firmly against building new nuclear pow-
er plants, and the numbers had not moved
in two decades. NSF stopped asking the
public about nuclear power around 2000.

Social scientists today face the task of
understanding energy choices and public
opinion in a more systematic way be-
cause of the twin challenges of economic
development and global warming. The
prospect of global warming has trans-
formed the debate over energy in Amer-
ican society. How we generate and use
electricity and transportation fuel had
been viewed as a specific sector of our
economy, albeit an important one. A ris-
ing threat of global warming has shifted
the debate from one that concerns a spe-
cific sector to one that touches on most
aspects of contemporary society and
economy. Further, advances in technol-
ogy for energy use and consumption will
be essential to the transition away from
fossil fuels, and that realization has creat-
ed a strong push in the United States and
elsewhere to be in the forefront of the
next high-tech boom, this one focused on
energy. Global warming and energy in-
novation have put energy back onto the
national political agenda — and in a much
broader way than either nuclear risks or
gasoline price spikes ever did. What and
how the public thinks about energy choic-
es, then, will be critical in making legis-
lative and other policy decisions about
energy use.

One troubling finding that has emerged
from contemporary survey research is the
absence of a connection between global
warming and energy use in public opin-
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ion. Those willing to pay more on their
electricity bills to solve global warming,
or who say they are very concerned about
global warming, express only slightly high-
er support for expansion of nuclear pow-
er or contraction of coal power—two
changes in the U.S. energy portfolio
thought to be essential to reduce green-
house gas emissions from the electricity
sector. Even if Americans were to become
more concerned about global warming, it
is unclear today whether those concerns
would translate into support for a realign-
ment of U.S. energy policy. Conventional
environmental problems, on the other
hand, strongly influence public attitudes
about which fuels the United States should
use. Accordingly, public policies that re-
duce conventional pollutants would like-
ly have public support and could be de-
vised so as to reduce use of fuels that emit
disproportionate amounts of greenhouse
gases.

Public opinion about energy can be un-
derstood in acommon, unified framework.
Such a framework conjectures that peo-
ple evaluate all fuels in terms of a com-
mon set of attributes: affordability, envi-
ronmental cleanliness, security, and so
forth. People evaluate each fuel accord-
ing to those attributes and use them to
formulate preferences about how they
would like the United States to generate
electricity. Attributes have different weight
in people’s thinking; cost may be more
important than security, for instance.
Structuring energy choices in terms of
attributes allows us to think of public opin-
ion not as unique to the fuel type, but as
driven by a common set of considerations.

In a series of public opinion surveys
sponsored by MIT and Harvard beginning
in 2002, we have examined the public’s
energy choice by way of two important at-
tributes: affordability (or economic cost)
and cleanliness (or environmental harm).3
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Several key findings emerge. First, people
hold beliefs about the economic and en-
vironmental consequences for all the main
energy sources. Individuals do not all per-
ceive the costs and harms of fuels accu-
rately, but at the aggregate level, public
opinion is strongly consistent with elite
assessments of the relative cost and envi-
ronmental harms associated with the
major fuels used to generate electricity.
Second, nearly all respondents in recent
national surveys express a preference
about whether they would like the Unit-
ed States to use more or less of the major
fuel sources for electricity generation,
including coal, natural gas, nuclear pow-
er, oil, and hydro, wind, and solar power.
Third, people value both affordability
and the environment. Individuals express
opinions about future energy use that are
based on their perceptions of costs and
harms. Those who perceive a fuel as less
costly and less harmful to the environ-
ment express a desire to increase use of
that fuel. Importantly, this pattern holds
across all fuels. Perceptions of the eco-
nomics and the environmental harms
strongly predict preferences about the use
of each energy source.

Thinking about energy choices in this
way allows us to characterize public opin-
ion in terms of publicly acceptable alter-
natives. That is, we can think of energy
policy as choices about different attributes
of the U.S. electricity generation port-
folio. Rather than conceiving of the port-
folio as many unique and distinctive fuel
sources, we characterize public opinion on
energy according to a handful of attributes.
Consider the two attributes of affordabil-
ity to consumers and environmental clean-
liness. We can map out how affordable and
clean the public perceives each fuel source
to be. Then, using the relative weight of
cost and environmental harm, we can as-
sess how the public weighs costs and
harms relative to each other in evaluating
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the trade-off between fuels that are rela-
tively inexpensive but environmentally
harmful, such as coal, and fuels that are
relatively expensive but environmentally
less harmful, such as wind and solar pow-
er. The public’s demand for one or the
other of these fuels depends on how
strongly costs and environmental harm
are valued.

Public opinion, of course, does not
mirror the marketplace. In fact, it may
reflect what does not happen in the pri-
vate sector. Industrial production of elec-
tricity does not fully capture the cost of
environmental harms and damages.4 Pub-
lic opinion on energy expresses the rela-
tively high value that people place on fur-
ther reduction of pollution from electric-
ity generation, beyond what is reflected
in prices.

Most public opinion research on energy
before 2000 was driven by specific con-
cerns or events associated with particular
forms of power generation. The gasoline
price shocks, the 1969 oil spill off the coast
of Santa Barbara, the accident at Three
Mile Island, and other events spawned
public opinion research about specific
crises.5 The framework presented here
builds on such research, but in a way that
broadens the picture. While each of those
earlier events concerned important as-
pects of the energy system — whether price
or environmental damage — the new wave
of survey research on energy attempts to
measure the bases of public opinion across
the range of energy choices.

A second long-standing avenue of re-
search on the environment concerns trade-
offs. Since the 1970s, survey researchers
have asked respondents what they think
is more important, “jobs or the environ-
ment” (also formulated as “economic de-
velopment or environment”). This ques-
tion has been criticized as not being
specific enough to inform policy choices,
and as not presenting the right choices.

Lower energy costs are often viewed as
the alternative to environmental regula-
tion. Setting these particular concerns
aside, this question attempts to establish
how people will trade off one value against
another. The question seeks to do explic-
itly what we do implicitly: that is, assess
the degree to which people are willing to
trade off higher cost to achieve a cleaner
energy system.

Finally, survey research on global warm-
ing has greatly expanded. Resources for
the Future, the Pew Center on Global Cli-
mate Change, and Yale and George Mason
Universities, among others, have probed
the public’s willingness to adopt aggres-
sive climate regulations. Most of this poll-
ing asks about climate change directly,
and then about conservation, fuel types,
and other features of energy use in the
context of climate change. We flip this
approach on its head, starting with what
people know about energy and what it
means for designing a publicly accept-
able policy to address greenhouse gases.

The traditional framing of survey ques-
tions about energy pits jobs versus the
environment. This formulation has been
criticized because it oversimplifies the true
choices and because it presents a trade-
off that need not always be present. None-
theless, it does capture an essential ele-
ment about energy and the American pub-
lic. All fuels can be thought of as having a
set of attributes, and perhaps the most
important are the economics of provid-
ing electricity using that fuel and the en-
vironmental externalities produced by that
process. There are other important attri-
butes, such as the safety of the produc-
tion process and national security con-
cerns arising from the supply of different
energy sources; however, most public de-
bate and opinion research concerns the
economics of providing electricity and the
environmental side effects.
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A series of surveys conducted through
the MIT Energy Initiative gauges how
people perceive the economic costs and
environmental harms associated with
each type of fuel used to generate elec-
tricity in the United States today. These
surveys, conducted in 2002, 2003, 2006,
2007, 2009, and 2010, were among the first
to compare public perceptions of and at-
titudes about the major fuel sources. The
surveys first ask, “How expensive or in-
expensive is it to use each of the follow-
ing fuel sources?” For each fuel source,
respondents are provided a range of
options, from “very expensive” to “very
cheap.” The surveys also ask: “Different
ways of producing electricity cause pollu-
tion, such as air pollution, water pollution,
and toxic wastes. How harmful do you
think each of the following is to the envi-
ronment?” Respondents are allowed to
evaluate each on a scale from “very harm-
ful” to “not harmful at all.”

A fairly consistent pattern of responses
emerges in all the energy surveys. On the
question of environmental harm, Ameri-
cans see a wide gulf between traditional
and “alternative” fuels. Americans, on the
whole, think that coal, oil, and nuclear
power are harmful to the environment.
They think that natural gas is somewhat
harmful to the environment, and large ma-
jorities view solar, wind, and to a lesser
degree hydro, power as not harmful at all.

On the question of economic cost, a sim-
ilar gap emerges. The average American
sees oil and natural gas as somewhat ex-
pensive, followed by nuclear power and
then coal. Solar and wind power are
viewed as somewhat inexpensive. Figure 1
shows the average value of the perceived
harm and perceived cost of using each
fuel source, as determined by the 2008
MIT Energy Survey. Some of the values
move over the course of the last decade.
Oil, for example, was perceived to be some-
what less expensive at the beginning of
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the decade than it was at the end, a change
that reflected rising oil prices.

Responses to these two questions allow
us to map out how people perceive ener-
gy choices according to certain attributes.
Wind and solar, for example, are perceived
to rate highly on both environmental
cleanliness and economic cost. These per-
ceptions are certainly wrong on afford-
ability, which we consider in the final sec-
tion of this paper. Among the traditional
fuel sources, natural gas dominates oil:
natural gas is seen as slightly less expen-
sive than oil and somewhat less harmful
to the environment. In comparison with
natural gas, nuclear power is deemed as
just slightly more harmful to the environ-
ment and somewhat more expensive.
Coal shows an even more dramatic dif-
terence with natural gas; it is perceived as
noticeably less expensive and substan-
tially more harmful to the environment.
(Natural gas is in fact a more costly but
cleaner alternative to coal.)

The MIT/Harvard Energy Surveys also
ask whether the United States should
increase or decrease its use of each fuel
to generate electricity. A strong majority
(about 75 percent) wants to increase the
amount of solar and wind power in the
American energy portfolio, while majori-
ties also desire reduced reliance on coal
and oil. These broad assessments are con-
sistent with the findings shown in Figure 1,
but there is a deeper question: which at-
tribute is more important in explaining
preferences? How an elected official or
regulator might make decisions that are
responsive to public opinion depends not
just on how the public perceives different
attributes, but on how much weight these
attributes have. The relative importance
of environment and economics in public
thinking can guide how we as a society
choose between less expensive but envi-
ronmentally more harmful fuels and more
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Perceived Harm and Perceived Price of Energy Sources as Related to Desired Future Use

Bars represent mean value for each energy source. Source: Energy Survey 2008, MIT/Harvard Energy Surveys.
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expensive but environmentally less harm-
ful fuels. In short, how do we decide be-
tween coal and natural gas, and, eventu-
ally, between fossil fuels and renewable
sources?

One can measure the relative weight of
attributes in two ways. First, we use per-
ceptions of harm and cost to predict in-
dividuals’ expressed preferences about
whether they think the country should
use more or less of each fuel type. We
make this prediction by regressing ex-
pressed preferences about fuel use on
perceived cost, perceived environmental
harm, and other factors. Second, we con-
duct experiments in which some survey
respondents are told the actual prices of
producing electricity from each source.
We can then measure the magnitude of
the difference in preferences about which
energy source to use between those who
are given the correct price information
and those who are not. Of particular in-
terest is whether the public becomes less
enthusiastic about renewable sources
upon learning the relatively high price of
those alternatives, and whether the change
in preferences is consistent with the first
sort of analysis.

Figure 2 shows the relative weight of
perceived economic costs and perceived
environmental harms associated with
each fuel in survey respondents’ evalua-
tions of whether the United States should
use more or less of a given fuel.® The graph
shows standardized regression coefficients
and their associated 95 percent confidence
interval for each perception. In this graph,
positive values mean that a given attribute
(environmental cleanliness or economic
affordability) is valued more highly.”

Several qualitative findings stand out.
First, Americans value the environment
more than affordability. Environmental
considerations have a stronger effect
than economic considerations in predict-
ing whether people want to increase or
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decrease use of a given fuel. The difference
is particularly large for coal and nuclear
power, but it holds for each fuel source.

Second, the weight given to cost is sim-
ilar (and statistically indistinguishable)
across the fuel types. Prices have approxi-
mately the same effect on people’s think-
ing about energy use regardless of the fuel.
This is an important finding, as it indi-
cates that people respond to prices of each
fuel source in the same way. In accord
with economic intuitions, people want
to substitute more expensive fuels with
cheaper fuels regardless of what fuels are
involved.

Third, the weights of perceived envi-
ronmental harms are about the same for
most fuels. The weights are indistinguish-
able for natural gas, oil, solar, and wind.
Environmental harms have much greater
weight when people think about coal and
nuclear power. Considering that coal is
seen as the most harmful for the environ-
ment, these data suggest a very strong will-
ingness among the American public to
move away from coal, even though it is
cheaper than alternative fuels.

Fourth, these results reveal that people
think about all fuels through a common
lens. The weights of perceived prices are
approximately the same in public assess-
ments of all fuels, and the weights of per-
ceived environmental harms are approxi-
mately the same for natural gas, oil, wind,
and solar power. This finding is somewhat
surprising because solar and wind are
often talked about separately from gas and
oil —as if renewable technologies differ
fundamentally from fossil fuels. Instead,
we find that people think about these
fuels using the same attributes and in the
same ways, though they have different per-
ceptions of those attributes. Coal and nu-
clear power differ from the other fuels in
the environmental domain; people weigh
environmental considerations much more
when they think about whether to use
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Source: Energy Survey 2008, MIT/Harvard Energy Surveys.

more of those fuels. This is a serious liabil-
ity for coal, suggesting that public support
for increasing its use is highly dependent
on making it into a cleaner fuel (which is
quite expensive to do).

A final question is whether people
think of environmental harm in local or
global terms. The question analyzed so
far framed environmental harm in local
terms. The surveys also ask respondents
how concerned they are about global
warming and how willing they are to pay
to reduce global warming. In the 2002 MIT
Energy Survey, the weight of the measure
of concern about global warming was
statistically indistinguishable from zero
in most of our analyses predicting prefer-
ences about future use of fuel source.
Only for wind and solar power did con-
cern about global warming matter for
people’s thinking about the fuel, and even

then the effect was small. By the end of
the decade, the importance of global
warming in thinking about energy had
risen, but the effect was still much small-
er than the effects of either local pollu-
tion or energy prices. Attitudes about glob-
al warming have weak or no correlation
with attitudes about which fuels we use to
generate electricity in the United States.
The environmental concerns that people
rely on in thinking about energy produc-
tion and policy, then, are local environ-
mental and health considerations, not
global ones.

Experiments provide another way to
measure the sensitivity of future energy
preferences to perceptions of price and
environmental harm. The 2002 MIT En-
ergy Survey included an experiment to
measure shifts in attitudes for different
energy sources in light of information
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about changes in costs and harms. The
survey sample was randomly divided into
five groups. Three groups were provided
information about 1) current prices of
power generation and projected increases
in the costs of fossil fuels relative to other
energy sources over the next twenty-five
years; 2) current prices of power genera-
tion and global warming threats from
burning fossil fuels; or 3) current prices
of power generation and toxic wastes
generated as a by-product of burning fos-
sil fuels. A fourth group was provided all
three messages, and a fifth group, serving
as a control, was provided with no in-
formation. Each group was then asked
whether the United States should in-
crease or decrease the use of each energy
source of generating electricity.

The effects of the information were
modest; that is, people’s preferences for
increasing or decreasing the use of a par-
ticular fuel did not differ much for groups
receiving the various messages compared
to the group that did not receive any in-
formation. One notable exception per-
tains to the price information. Compared
to the control group, individuals provid-
ed information about the price of energy
were more likely to support the increased
use of coal, oil, and nuclear power and
more likely to support the reduced use of
wind, solar, and hydro power. These dif-
ferences were each statistically significant,
except for the case of nuclear power. In
other words, upon being provided factual
information about the relative costs of
energy sources, support for traditional
fuels increased, while support for the
increased use of renewable technologies
diminished. There was no similar differ-
ence for the groups provided information
about global warming or toxic waste;
these messages did little to affect prefer-
ences for either fossil fuels or renewables.
The one deviation from this pattern is that,
when provided information about price
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and environmental harm (particularly
toxic wastes), respondents on average were
more likely to favor increased use of nu-
clear power compared to respondents
receiving no information. These experi-
mental results show that, similar to the
regression analysis, people do not con-
nect global warming to future policies
about electricity production.

Additional experiments administered
in the 2007 and 2008 MIT Energy Surveys
replicated the findings on cost. When in-
formed that solar and wind power are
much more expensive than coal and nat-
ural gas, support for coal and natural gas
rose slightly, and support for solar and
wind power dropped substantially.

P ublic opinion research about energy in
the United States points repeatedly to one
unfortunate conclusion: concern about
global warming is, at best, weakly corre-
lated with attitudes toward particular
fuels. That weak correlation suggests that
raising the alarm and public education
about global warming are unlikely to lead
to radical changes in public opinion about
energy production and use.

The analyses described above reveal
that even if all Americans thought climate
change required immediate action, sup-
port for coal would decline by only o.10
on a scale from zero to one, support for
solar and wind power would increase by
only 0.20, and support for nuclear power
would actually decline. That result is con-
sistent with a separate literature on Amer-
icans’ willingness to pay to reduce green-
house gas emissions, as well as their sup-
port for climate change legislation and
international climate agreements. With
the exception of recent work by social
psychologist Jon Krosnick of Stanford
University,® nearly all survey research in
this area shows that people are willing to
approve of only modest carbon taxes or
regulatory changes in order to slow green-

Stephen
Ansolabehere
& David M.
Konisky

69



The
American
Public’s
Energy
Choice

70

house gas emissions. Climate change,
given the current mindset of many elected
officials, policy pundits, and environmen-
tal advocates, is clearly not going to drive
public opinion about energy use and en-
ergy policy.

But there is another way to take on the
climate problem. The results here reveal
that the public is willing to support
changes in the mix of fuels used to gener-
ate electricity when those changes are
based on local environmental problems.
Recent analyses by economist Michael
Greenstone of MIT and Adam Looney, a
senior fellow in economic studies at the
Brookings Institution, indicate that much
of the increase in the price of coal needed
to reduce use of that fuel can be accom-
plished through stricter regulation of
local pollution problems, such as emis-
sions of ozone precursors, particulates,
and mercury.?

Regulations that tackle these problems
will help make a first cut at greenhouse
gas emissions from electricity for the sim-
ple reason that those problems arise dis-
proportionately with the use of coal. Such

ENDNOTES

aregulatory approach is not a climate pol-
icy per se, because it would not regulate
coal for the explicit purpose of decreasing
carbon emissions. However, regulations
aimed at improving local air quality by re-
ducing emissions from coal combustion
would have the effect of also reducing
greenhouse gas emissions by reducing
the use of coal in general. And regulation
of pollution from coal-fired power plants
would likely receive substantially more
public support than similar efforts to re-
duce coal use through regulation of green-
house gas emissions.

Perhaps the most intriguing finding is
the unity that we see across fuels. For de-
cades, survey research has treated opinion
about different power sources as unique.
The new wave of survey research suggests
that people view all fuels through the same
lens. Technological advances that dimin-
ish environmental harm or reduce costs
will make fuel sources more competitive
in the economic marketplace, more ac-
ceptable to the public, and more palat-
able in the political realm.
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Is Shale Gas Good for Climate Change?

Daniel P. Schrag

Abstract : Shale gas is a new energy resource that has shifted the dominant paradigm on U.S. hydrocar-
bon resources. Some have argued that shale gas will play an important role in reducing greenhouse gas
emissions by displacing coal used for electricity, serving as a moderate-carbon “bridge fuel.” Others have
questioned whether methane emissions from shale gas extraction lead to higher greenhouse gas emissions
overall. I argue that the main impact of shale gas on climate change is neither the reduced emissions from
fuel substitution nor the greenhouse gas footprint of natural gas itself, but rather the competition be-
tween abundant, low-cost gas and low-carbon technologies, including renewables and carbon capture
and storage. This might be remedied if the gas industry joins forces with environmental groups, provid-
ing a counterbalance to the coal lobby, and ultimately eliminating the conventional use of coal in the
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Over the last ten years, technological innovation
has transformed U.S. energy resources. Geologists
have long known that organic-rich shales contain
large quantities of natural gas, but the technology
was not available to recover this gas at a reasonable
cost. With the development of cheaper, more effi-
cient horizontal drilling methods combined with
improvements in hydraulic fracturing (“fracking™)
techniques that greatly increase the permeability
of the shale, vast reserves of natural gas are now
available at relatively low cost. In just five years,
shale gas has grown from 4 percent to more than
25 percent of the U.S. supply of natural gas. With
the new shale gas reserves, the United States has
decades of reserves of a critical energy resource for
home heating, electricity generation, and a wide
variety of industrial processes.

Environmental groups have had a mixed reaction
to shale gas. National environmental organizations
focused on climate change, as well as organizations
concerned with air-quality issues, have cautiously
embraced the new technologies in anticipation that
greater availability of low-cost natural gas may dis-
place coal in electricity generation, thereby reducing
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carbon dioxide emissions and substantial-
ly decreasing emission of other pollutants,

reductions in greenhouse gas emissions — Daniel P.
gained from natural gas displacing coal in Schrag

particularly mercury and sulfur. Indeed,
U.S. coal consumption fell 10 percent
between 2007 and 2011, while natural gas
production rose by 15 percent. On the
other hand, many environmental groups
have opposed the expansion of natural gas
drilling, especially in places that histori-
cally have not seen extensive oil and gas
activities. Some groups are concerned that
the chemicals used in the fracking process
will contaminate groundwater aquifers;
others are concerned with natural gas
leakage into aquifers and even residential
houses; others are concerned with the
overall footprint of natural gas extraction,
including new roads, new pipelines, truck
activity, and storage of toxic waste from
produced water (a mixture of formation
brines and chemicals from the fracking
process).1

Is the natural gas boom good for climate
change mitigation, independent of other
environmental concerns? A common
view, including that of a recent commis-
sion convened by U.S. Secretary of Ener-
gy Steven Chu, is that expanded natural
gas activities are inherently good for cli-
mate change mitigation because natural
gas has lower greenhouse gas emissions
than coal, which gas will displace for use in
electricity generation.? A dissenting view
is that methane leakage from shale gas
extraction leads to greenhouse gas emis-
sions as bad or worse than those produced
from coal,3 although this view is fiercely
debated. Considering the timescale of the
carbon cycle and the climate system, both
of these perspectives are wrong, but for
similar reasons. Leakage of methane is not
as important as some have argued because
its short lifetime limits its impact on an-
thropogenic climate change, which has a
characteristic timescale of roughly one
hundred years. But because of this long
timescale of climate change, short-term
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the U.S. electricity sector — have a relatively
small effect on the progression of anthro-
pogenic climate change relative to other
impacts of the shale gas boom. The most
important of these is how the availability
of low-price natural gas affects investment
in the research, development, and deploy-
ment of truly low-carbon technologies,
including renewable energy and carbon
sequestration.

The real benefit of shale gas to a respon-
sible climate change policy is a political
one, if the economic power of the new
industry can break the stranglehold that
the coal industry has had on the national
discussion around climate policy. The
answer to whether shale gas is good or bad
for climate change mitigation depends on
what policies are used to regulate it; some
policy options that encourage natural gas
production in the United States are part
of aresponsible climate policy, but only if
they simultaneously encourage other low-
carbon technologies as well as disrupt the
political power of the coal industry.

Are greenhouse gas emissions from
natural gas better than those from coal?
The answer would seem obvious. Natural
gas has roughly half the carbon content
of the average coal per unit energy, thus
producing half as much carbon dioxide
when combusted for heat or electricity.
Moreover, a combined-cycle natural gas
plant that generates base-load electricity
has a thermal efficiency of roughly 50 per-
cent, which is higher than the newest
ultra-super critical coal plants (40 to 45
percent) and much higher than the aver-
age coal plant (33 percent) in the United
States. Thus, burning natural gas for elec-
tricity, when displacing an average U.S.
coal plant, results in a reduction in car-
bon dioxide emissions of nearly a factor
of three.
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Cornell University scientists Robert
Howarth, Renee Santoro, and Anthony
Ingraffea question this calculation, focus-
ing on the emissions of methane associat-
ed with natural gas production, distribu-
tion, and consumption.4 In their analysis,
shale gas production leaks methane at as
much as twice the rate of conventional
gas wells. Most of this extra leakage, they
assert, comes during the well-completion
phase, immediately after the fracking,
when brine from the formation and water
used in the fracking process come out of
the well. They argue that this methane
leakage, along with leakage during pro-
cessing, transport, and distribution, re-
sults in shale gas having higher green-
house gas emissions than coal due to the
high warming potential of methane rela-
tive to carbon dioxide.

Even if one accepts the leakage rates pro-
posed by Howarth and colleagues (and
there is considerable uncertainty about
their findings), there remains the question
of the value of greenhouse gases other
than carbon dioxide, particularly those
like methane that have short atmospheric
lifetimes. To compare the impact of differ-
ent greenhouse gases, a physical metric
called the Global Warming Potential
(GWP) was adopted by the Intergovern-
mental Panel on Climate Change (IPCC)
in its First Assessment Report.5 The GWP of
a greenhouse gas is defined as the time-
integrated global mean radiative forcing
of a pulse emission of 1 kg of the gas rela-
tive to 1 kg of carbon dioxide over a speci-
fied time period, commonly one hundred
years. This metric has persisted for the
past twenty years despite many economic
and technical criticisms.® The IPCC estab-
lished the one hundred-year timescale as
astandard for comparison between green-
house gases, but it is an arbitrary designa-
tion. If one chooses a longer timescale —
for example, five hundred years — the Gwp
for methane would be 8 rather than 25. If

one chooses a shorter timescale — for ex-
ample, twenty years — the GWP for meth-
ane would be 70.

In the analysis by Howarth and his col-
leagues, natural gas and coal for electricity
are compared for both one hundred—year
and twenty-year timescales, but the stan-
dard GwP values are amplified by roughly
50 percent based on a model calculation?
thatincludes the inhibitory effect of meth-
ane emissions on the formation of sulfate
aerosols, which cool the climate. Using
this calculation raises the twenty-year and
one hundred—-year GWP values to 33 and
105, respectively. This is a controversial
adjustment; sulfate aerosols come primar-
ily from sulfur dioxide emissions associ-
ated with coal combustion and are a ma-
jor contributor to respiratory illness. One
might expect sulfur emissions to decrease
in the future, even if greenhouse gases do
not, and so it is difficult to know how to
measure the future impact of methane on
emissions of sulfate aerosols. Moreover,
the analysis does not use similar account-
ing to evaluate coal combustion; if one
used an identical approach and included
coal combustion’s impact on sulfate aero-
sols (as was done for methane), the sulfur
emissions associated with coal can sub-
stantially offset the warming effects of
coal’s carbon emissions.® Of course, this
would be absurd: the longer-term conse-
quences of coal combustion are disas-
trous. Thus, one can see how Howarth and
colleagues reached their conclusion if they
value a ton of methane at 105 times the
value of a ton of carbon dioxide.

Putting aside the issue of the relation-
ship between methane and sulfate aero-
sols, the major problem with the compar-
ison between natural gas and coal by
Howarth and colleagues is that the GwP
does not provide a good indication of the
warming caused by different greenhouse
gases. Rather, it considers only the time
integral of the radiative forcing. A series

Dcedalus, the Journal of the American Academy of Arts & Sciences



of studies propose a better metric for
comparing different greenhouse gases,
the Global Temperature Potential (GTP),
defined similarly to the GWP but using the
global average temperature response to a
pulse emission in a climate model instead
of the radiative forcing.9 The disadvan-
tage of a GTP is that it is model-dependent,
although the importance of climate sen-
sitivity of any individual climate model is
relatively minor, as one is looking not at
the absolute temperature response but the
response of the model for one greenhouse
gas relative to carbon dioxide. The specific
values for GTPs from different climate
models are systematically lower for short-
lived gases like methane than what are
found with GwPs. For example, the GTP
for methane for one hundred years is ap-
proximately 7.1° This figure is more than
three times lower than the one hundred-
year GWP value used by the European
Union and the U.S. Environmental Pro-
tection Agency (EPA) to compare differ-
ent greenhouse gases, and is fifteen times
lower than the twenty-year GWP used by
Howarth and colleagues. Thus, even if
shale gas production results in large
methane emissions, burning natural gas
is still much better for the climate system
than burning coal.

The preceding discussion has left unre-
solved the question of what timescale to
adopt for a comparison between green-
house gases. Howarth and colleagues
defend the use of a twenty-year timescale
because, they assert, we should care more
about climate change over the next few
decades. Some have also suggested that
the rate of warming is important, espe-
cially in terms of the ability of ecological
systems to adapt to climate change.l!
Similar arguments are made in a recent
UN Environment Programme/World
Meteorological Organization report on
the climate mitigation value of reducing

141 (2) Spring 2012

black carbon and methane through pol- Daniel P.

lution abatement measures.!2 This debate S¢/798

raises a more general question about what
timescale is best for evaluating climate
mitigation efforts, such as a policy that
promotes natural gas consumption rela-
tive to coal.

One thing is clear: twenty years is far
too short a timescale over which to evalu-
ate climate change policies. This simple
fact poses enormous problems for the for-
mulation of climate change policy, as mak-
ing projections for even the next decade
is difficult enough, to say nothing of pro-
jecting out over a century. And yet it is the
century timescale (at least) that matters.
An insightful study by climate scientist
Myles Allen and his colleagues!3 showed
that the peak warming in response to
greenhouse gas emissions depends on cu-
mulative greenhouse gas emissions over
a period of roughly one hundred years;
moreover, the climate response to any
specific emissions scenario is surprisingly
insensitive to the emissions pathway.14
They concluded that climate policy should
focus on limiting cumulative emissions
rather than setting emissions-rate targets.
This result has been replicated by several
studies; all find that it is the cumulative
emissions over a century, not the rate of
emissions, that is most important for the
climate response to greenhouse gas emis-
sions.!S This finding contradicts the argu-
ment that the rate of warming warrants
attention to shorter timescales. Such as-
sertions are often made without mention
of any specific rates or scenarios. In reality,
different emissions scenarios with ditfer-
ent mixes of methane and carbon dioxide
emissions, for example, result in very sim-
ilar rates of warming over the century.
Focusing on reducing methane emissions
over the next two decades merely delays
warming by a few years by the end of the
century — a small benefit relative to efforts
to reduce the cumulative emissions of
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greenhouse gases, which are dominated
by carbon dioxide.

Dissecting this result to understand ex-
actly which process is responsible for the
one hundred-year timescale is compli-
cated because there are so many different
timescales at play. One important factor
is the general shape of global emissions
scenarios, whose timescale is set largely
by the lifetime of new energy infrastruc-
ture and the rate of investment in new
infrastructure at the global scale. Because
carbon dioxide concentrations will con-
tinue to rise through much of the centu-
ry, the impact of any short-term reduc-
tion in emissions is offset by future emis-
sions, resulting in only a small delay in
eventual warming. Another important
timescale is the residence time of carbon
dioxide in the atmosphere. Once carbon
dioxide is emitted from the combustion of
fossil fuel, it is transferred among atmo-
spheric, terrestrial, oceanic, and sedimen-
tary reservoirs by a wide variety of bio-
geochemical processes that convert car-
bon dioxide to organic carbon, dissolved
bicarbonate ion, or calcium carbonate,
and then back again. The rates of these
processes determine how long carbon re-
sides in each reservoir, and how long it
will take to bring the elevated concentra-
tions of carbon dioxide in the atmosphere
back to pre-industrial levels. There are
also longer timescales in the carbon cycle.
Over the timescale of several thousand
years, once ocean equilibration is com-
plete and only 20 to 40 percent of cumu-
lative emissions remain in the atmo-
sphere, dissolution of carbonate rocks on
land and on the ocean floor will further re-
duce the airborne fraction to 10 to 25 per-
cent, over a range of several thousand
years to ten thousand years. This remnant
of anthropogenic carbon dioxide emis-
sions will stay in the atmosphere for more
than one hundred thousand years, slowly
drawn down by silicate weathering that

converts the carbon dioxide to calcium
carbonate, as well as by slow burial of
organic carbon on the ocean floor.1® The
size of this “tail” of anthropogenic carbon
dioxide depends on the cumulative emis-
sions of carbon dioxide, with higher cu-
mulative emissions resulting in a higher
fraction remaining in the atmosphere.

Understanding these long timescales of
the carbon cycle shows us that climate
change is likely to persist for centuries
and millennia. Earth will continue to
warm as long as humans continue to emit
carbon dioxide from fossil fuel. The long-
term goal of a responsible climate policy
must be zero emissions —or at least very
low emissions. A partial reduction in emis-
sions — especially within just one country
—only delays the extent of climate change
as the carbon continues to accumulate in
the ocean-atmosphere system.

If the climate system is relatively insen-
sitive to shorter timescales of emissions
changes, then any methane emissions as-
sociated with shale gas extraction are not
as important as portrayed by Howarth
and his colleagues. So if the shale gas
boom in the United States results in lower
greenhouse emissions overall because it
displaces some use of coal for electricity
generation, isn’t that a good thing for cli-
mate change mitigation? Not necessarily.
There are several ways that the shale gas
boom’s more harmful effects on climate
mitigation may outweigh the climate ben-
efit (that is, reduced coal use). For this
analysis, I embrace the conclusion of Allen
and his colleagues: that effective climate
policy should focus on reducing cumula-
tive emissions, not the rate of emissions at
a certain point in time. This is not to say
that setting targets for the rate of emis-
sions in the near term is a bad idea. First,
there will always be some basic connec-
tion between rates of emissions and cu-
mulative emissions. Lowering the rate of
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greenhouse gas emissions is always good
for climate change, as lower emissions
rates will affect the cumulative emissions.
Second, having short-term emissions tar-
gets forces our society to invest in the in-
frastructure and other changes required
to reach a low-carbon economy, actions
that would be less likely if there were
only long-term targets. The problem is
that emissions rates are a very imperfect
metric for progress toward the long-term
goal of near-zero emissions. Indeed, sever-
al possible impacts of the shale gas boom
in the United States may lead to slightly
lower greenhouse gas emissions in the
short term, but may actually increase
cumulative emissions by delaying the
deployment of near-zero emission tech-
nologies in the long term.

The argument for the climate benefits
of shale gas depends heavily on a compar-
ison between natural gas and coal. But is
a direct comparison with coal appropri-
ate? There is no question that natural gas
competes with coal in the electricity sec-
tor, but only 31 percent of natural gas in
the United States is used for electricity
generation, compared with 93 percent of
coal consumption. Cheap and abundant
natural gas may stimulate additional de-
mand in the residential, commercial, or
industrial sectors that would negate any
displacement in coal combustion. A side
effect might also be reduced investments
in energy efficiency, for example, that
could result in substantial reductions in
emissions over the long term. If one de-
signed an energy policy that encouraged
shale gas production, with the anticipa-
tion that it would lead to lower green-
house gas emissions by displacing coal,
one might discover that emissions reduc-
tions in the electricity sector were offset
by increased emissions in other sectors
that also use natural gas. A quantitative
analysis of this issue is difficult to perform
because of many other macroeconomic
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factors that affect natural gas demand, but Daniel P

it is worthy of more attention.

Another serious concern is the impact
of low-priced natural gas on the electrici-
ty sector for technologies beyond coal —
specifically renewable technologies such
as wind and solar — and for investment in
R&D in renewable and low-carbon energy
systems. If the goal is to minimize cumu-
lative emissions and reach near-zero emis-
sions as soon as possible, renewable ener-
gy technologies must play a much larger,
perhaps even a dominant role in the world
energy system. And to do so, the cost of
these technologies must compete with
fossil fuel systems. Driving down their
price will likely come only through wider
deployment and through development of
new technologies. Both of these actions
have been adversely affected by the shale
gas boom in the United States, with natu-
ral gas prices currently hovering below $3
per thousand cubic feet. The negative im-
pact of low gas prices on renewable ener-
gy is not significant if we measure climate
progress by looking only at near-term
emissions; renewable electricity makes
up too small a fraction of the overall elec-
tricity sector. But if our goal is to minimize
cumulative global emissions over the next
century, the delayed investment in renew-
able technologies may set us back more
than the climate benefits achieved from
a marginal reduction in U.S. coal con-
sumption. Low gas prices have similarly
inhibited investment in nuclear power
and carbon capture and storage, both of
which are likely to be needed to achieve a
near-zero carbon emissions society.17 Of
course, these technologies have faced
challenges independent of the competi-
tion with low-priced natural gas for elec-
tricity generation.

There are enormous benefits in having
cheap, abundant natural gas for the Unit-
ed States in terms of the competitiveness
of U.S. industry and economic growth in

Schrag
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general. But from the climate perspective,
the negative impacts on innovation in
low-carbon technologies appear to out-
weigh the benefits of a marginal reduc-
tion in emissions from reduced coal con-
sumption.

Ironically, the natural gas industry and
the renewable energy industry share a
common goal: higher natural gas prices.
If the shale gas boom’s major negative
impact on climate change mitigation is
its negative effect on investment in re-
newable energy and low-carbon technol-
ogy more generally, then a higher price
for natural gas would remedy that situa-
tion. And with natural gas prices reach-
ing lower and lower levels in the past two
years, the profitability of shale gas has
already become more marginal. Some
companies are now targeting “wet” shale
deposits, which contain a higher fraction
of hydrocarbon liquids along with gas, to
make the economics of drilling more
favorable. A policy that raises the price of
natural gas without encouraging increased
use of coal would reap the benefits of nat-
ural gas, including reduced conventional
air pollution; but it would also stimulate
investment in renewable energy. This may
be the key to reconciling the benefits of the
shale gas boom with a responsible strate-
gy for the mitigation of climate change.
Who would be the real winner over the
next ten years if a significant price on car-
bon - for example, $30 per ton of carbon
dioxide — were introduced? Renewable
energy companies would benefit from a
carbon price, although their market share
is still quite small. The costs for wind and
solar power have come down, but these
costs do not include electricity storage or
other strategies for dealing with intermit-
tency, which is essential to address as the
renewable capacity grows; this would still
limit their scale in many places. Nuclear
power will also be aided by a price on

carbon, although the Energy Information
Administration projects that only 9 GW
of new nuclear power will be built by 2035
in the United States.’8 Oil is relatively
unaffected by a price on carbon simply
because oil is already so expensive per ton
of carbon. Energy efficiency would be
very attractive with a significant carbon
price, particularly in states with large
amounts of coal-generated electricity.
But the major impact of a price on carbon
in the United States would be an arbi-
trage of natural gas for coal in the elec-
tricity sector. Even with an increase in
natural gas price because of the price on
carbon, the natural gas industry would be
the winner with regard to climate legisla-
tion because it would not be affected as
much as the coal industry.

This argument is not based merely on
economics. A major obstacle to compre-
hensive climate legislation in the United
States, whether in the form of a carbon
tax or a cap-and-trade regime, has been
the staunch opposition of the coal lobby,
a combination of coal companies and
large utilities that own coal-fired power
plants. This industrial alliance is notori-
ously powerful, particularly in the Senate
because states with abundant coal re-
sources or numerous coal power plants
make up a disproportionate share of the
United States relative to their population.
Overcoming this political challenge and
placing a significant price on carbon (or an
equivalent policy that encourages renew-
ables and discourages coal) would repre-
sent a major step toward a low-carbon
economy, and would achieve many of the
goals discussed above, including more
deployment of and investment in renew-
ables and carbon capture and storage.

If this analysis is correct, then perhaps
there is a path forward on climate change
that puts shale gas in a favorable light.
Could the economic power of the natural
gas industry be pitted against the politi-
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cal power of the coal industry to lobby for
climate legislation that puts a price on
carbon ? Historically, the coal industry has
been better organized than the natural gas
industry, but natural gas has one impor-
tant advantage: shale gas has resulted in
substantial job growth in the United
States, creating far more jobs than would
come from an increase in coal production.
Consider the case of Pennsylvania, where
coal production exceeds gas production
on an energy-equivalent basis, but em-
ployment by the gas industry now ex-
ceeds employment by the coal industry.
A price on carbon would be in the best
interests of the natural gas industry;
whatever market losses would come with
the incentives for renewable and low-
carbon technologies would be more than
compensated by the decline in coal con-
sumption and the rise in natural gas de-
mand. With a price on carbon, we could
see a slight drop in demand for natural
gas in the residential, commercial, and
industrial sectors, but the elimination of
even half the coal from the electricity sec-
tor would increase natural gas demand by
roughly 25 percent, thus driving up the
price (and the profitability) of natural gas.
Building a coalition between the natural
gas industry and the environmental com-
munity to support a comprehensive cli-
mate policy will not be easy. The oil and
gas industries have long had a combative
and distrustful relationship with the en-
vironmental movement. They understand
that climate mitigation will ultimately
mean an attack on all fossil fuels, not just
coal, and so supporting climate legisla-
tion may prove folly over the long run,
even if there are substantial economic
benefits over the next two decades. But if
the oil and gas industries will not use their
financial and political power to support
climate legislation directly, dual attacks
on the coal industry by environmental
groups and the natural gas industry will
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still provide substantial benefits in terms Daniel P

of progress toward a low-carbon world. Schrag

The key is not just to displace some por-
tion of current coal use in the United
States, but rather to weaken severely the
coal industry’s political power by virtual-
ly eliminating conventional coal use in
the United States. A first step could be for
the oil and gas industries to support the
new EPA regulations on sulfur and mer-
cury, which would likely force the closure
of many older coal plants that were effec-
tively grandfathered under the Clean Air
Act and its later amendments.

In the one hundred—year war to build a
low-carbon world, it is not necessarily
prudent to open up multiple fronts in
early battles. By focusing current political
efforts on attacking the coal industry and
leaving the oil and gas industries out of the
initial fight, a path toward a low-carbon
economy in the United States can be con-
structed in a politically pragmatic manner.
This does not mean giving the gas industry
a free pass on irresponsible practices on
drilling or waste disposal. By leveraging the
financial self-interest of the natural gas
industry to broaden political support for
anti-coal policies, environmental groups
can simultaneously use a grassroots cam-
paign to pressure existing coal-fired power
plants to shut down. The success of this
strategy will determine whether shale gas
is indeed good for climate change.19
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Stimulating Energy Technology Innovation

Ernest . Moniz

Abstract: The innovation system has interrelated components of invention, translation, adoption, and
diffusion. Energy technology innovation has lagged that in other domains, and there is a compelling pub-
lic interest in picking up the pace through appropriate government action. Government and universities
are creating new approaches in the invention and translation stages. The Department of Energy (DOE)
has implemented novel programs such as ARPA-E. Research universities have moved closer to the mar-
ketplace through more diversified industry collaboration models, such as convening research-sponsoring
companies both horizontally in a sector and vertically across the innovation chain. Much more needs to
be done to expand public-private partnerships and to define a broadly accepted government role in the
adoption and diffusion stages. An administration-wide Quadrennial Energy Review process, informed
by technical analysis and social science research, offers the best opportunily in this regard.

The U.S. economy was the engine for twentieth-
century global development. The key role of R&D
in driving productivity growth has been document-
ed extensively, and American serial innovation was
instrumental in producing not just improved prod-
ucts but new technology-based industries. The
world’s preeminent research university system, a
magnet for attracting top talent globally, proved
central to these developments. A recent study! of
the entrepreneurial impact of MIT alone found
more than twenty-five thousand alumni-founded
companies generating $2 trillion in sales and more
than three million jobs worldwide. The local effect
is strong, with Massachusetts-based firms produc-
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ing more than $150 billion in sales and nearly a mil-
lion jobs worldwide.

Societal features such as a mobile workforce and
acceptance of business and investment risk support
a culture of innovation. Natural advantages, includ-
ing a continental scale, an immense natural resource
base, the world’s third largest population, and the
biggest market for new products and services, are
also important for U.S. performance. Together, all
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of these factors facilitate the capture of
invention for domestic economic activity
and for building an export base.

While this U.S. model remains strong,
its very success is changing the game in
an age of globalization. Many countries
have invested heavily in their research
universities, stemming the loss of scien-
tific and engineering talent to other
nations and encouraging start-up compa-
nies. Further, the fastest-growing mar-
kets are in the large emerging economies,
which attract not only manufacturing
but also global industry R&D. With the
largest markets for new energy infra-
structure located outside the United
States, concerns about the competitive-
ness of the American economy over time
have elevated the importance of retain-
ing an innovation edge.

This brings us to the innovation system.
My discussion draws on the report of the
President’s Council of Advisors on Sci-
ence and Technology (PCAST), Accelerat-
ing the Pace of Change in Energy Technologies
through an Integrated Federal Energy Policy,*
which adapts a description put forward
by Edward Rubin.3 The report views the
development and use of energy technolo-
gies as an integrated system, comprised
of four interrelated components:

« Invention: discovery, creation of knowl-
edge, and generation of prototypes;

. Translation: creation of a commercial
product or process;

« Adoption: deployment and initial use of
anew technology; and

« Diffusion: increasing adoption and use
of a technology.

Importantly, these components cannot
be viewed as a linear progression; multi-
ple feedbacks occur all along the chain.
That is, while invention is certainly driven

by R&D, it is also propelled by the experi-
ences that accompany commercialization,
use, and diffusion. Similarly, translation
emerges from R&D and may be revisited
following adoption. Adoption and diffu-
sion are the stages at which materiality of
products and processes are realized (or
not). Innovation, as I use it here, refers to the
end-to-end system including market diffusion,
not front-end R&D alone.

Today, clean energy is considered a key
area for innovation. The reasons for this
view include an anticipated doubling of
global energy use and tripling of electricity
demand by mid-century, and the atten-
dant major build-out of energy supply,
delivery, and use infrastructure. The driv-
ers include economic growth in the devel-
oping world, continuing concerns about
energy security, and the need to mitigate
the risks of climate change. Addressing
climate change, in particular, will call for
a major transformation of the current fos-
sil fuel-based energy system and inspires
a vision of trillion-dollar markets for the
leaders in clean-energy technology.

Yet energy technology was largely passed by
in the last decades of innovation relative to
areas such as information and communi-
cations technology and biotechnology.
Jeff Immelt, the CEO of GE, has observed
that during his career with the company,
medical technologies have turned over
several times while core energy technolo-
gies are easily recognized as improved
versions of product lines from a quarter-
century ago. There was, and is, a great deal
of clean-energy activity at the stages of
invention and translation to commercial
products, often driven by an enhanced
participation by venture capital firms. The
level of activity at these stages reached
unprecedented heights in recent years,
boosted somewhat by the stimulus pack-
ages put in place in the United States and
elsewhere. There have been substantial
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product improvements to core technolo-
gies (for example, increased efficiency of
energy supply and end-use technology),
but the scale-up of novel technologies
across the entire innovation chain, from
invention to diffusion with large market
share, is modest. Arguably, wind turbines
and biofuels are counter-examples; but
these technologies have required substan-
tial subsidies and/or mandates to reach
their current levels of penetration, raising
questions about their further scalability in
the marketplace absent a societal willing-
ness to foot a growing bill and/or pricing
of externalities such as carbon emissions.

What is it about the energy system that
slows innovation? Multiple characteris-
tics should be kept in mind to address
this question:

. multitrillion-dollar annual revenues;

. often, large capital needs to reach even
the demonstration phase;

. a commodity business, with attendant
cost sensitivity;

. well-established efficient supply chains,
delivery infrastructure, and customer
bases;

. provision of essential services for all
activities;

. an emphasis on reliability over innova-
tion;

. ahigh degree of regulation; and

. complex policy and politics, often driv-
en by regional considerations.

None of these characteristics provides a
nimble platform for end-to-end innova-
tion. Rather, they suggest a business with
high barriers to displacement of incumbents.
Several of the points require elaboration.
Energy can be characterized as a commodi-
ty business in the sense that even novel tech-
nologies generally provide the same ser-
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vices as incumbent ones, such as produc- Ernest J.
ing electricity (for example, photovoltaics Moniz

and coal plants) or providing mobility
from point A to point B (for example, bio-
tuels and gasoline). Consequently, rather
than create novel consumer services, as
numerous communication/information
technologies have done, new energy tech-
nologies inherently must displace incumbent
market share. This fact diminishes the op-
portunity for market entry of disruptive
technologies unless they meet stringent
cost tests early in their deployment. As a
result, early adoption of energy technolo-
gy is highly sensitive to policies and sub-
sidies that help create the initial market.
Conversely, cost reduction must be a
principal criterion for new energy tech-
nologies, lowering the barriers to new
policy introduction. In particular, mak-
ing zero-carbon technologies more cost
competitive would facilitate acceptance of
strong policies to limit greenhouse gas
emissions. State utility commissions are
generally required to provide lowest-cost
options for consumers. Alternatively, the
technologies may need to address multi-
ple objectives to enhance political palata-
bility. In the case of zero carbon, technolo-
gies addressing climate risk mitigation will
also strengthen energy security by limit-
ing dependence on fossil fuels, especially
oil. However, these considerations gener-
ally apply to national policy rather than at
the state level, where many energy tech-
nology deployment decisions are made.
An exception to the rule is the rapid
scale-up of shale gas production in the
United States, resulting from the introduc-
tion of hydraulic fracturing combined
with horizontal drilling. Production has
grown remarkably from a very small share
of natural gas supply to about one-quarter,
propelling the United States back into the
global lead for annual natural gas produc-
tion and driving down domestic prices
dramatically. The shale gas “revolution”
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is the biggest story for U.S. energy in a
long time. However, this is a case where
incumbent hydrocarbon producers scaled
up a business in which they already dom-
inate the supply chains and have the pro-
cessing and delivery infrastructure. These
producers decide on which assets to pro-
duce as they have done for decades. It is
true that intermediate-sized companies
played a central role in scaling the tech-
nology before the supermajors, but signifi-
cant capital availability allowed the latter
to move easily into the business.

For new substitutional energy technol-
ogies, it remains to be seen how effectively
the entrepreneurial culture of the start-up
world can scale when incumbent energy
producers are not familiar with the tech-
nology or with the risk-taking paradigm.
“Impedance matching” is needed between
risk acceptance (such as venture capital)
and capital availability (such as equity in-
vestors and large energy companies) and
between novel product development at
start-ups and management attention and
profit-loss reward systems at incumbents.

Another part of the shale gas story
frames the innovation challenge.4 The
technology demonstration for unconven-
tional natural gas production (coalbed
methane, tight gas, shale gas) was ad-
vanced through public-private partner-
ship and diffusion through well-timed
synergistic tax incentives. A surcharge on
interstate gas transportation, approved
and administered by the Federal Energy
Regulatory Commission (FERC), and in-
dustry cost-sharing funded the Gas Re-
search Institute (GRI). Further, the GRI
Board of Directors was required to be com-
posed of industry representatives, from
well to burner tip, plus a small number to
represent the public interest. The indus-
try thus provided both input to define the
research, development, and demonstra-
tion (RD&D) portfolio around specific
industry challenges and the cost-sharing

needed to implement projects. Within the
GRI portfolio, a major success was that of
unconventional gas, driven by board mem-
bers representing independent producers.

Equally important, Congress passed
time-limited tax incentives for unconven-
tional gas production during the GRI tech-
nology demonstration period. The com-
bination of technology development and
deployment incentive proved synergistic
in establishing an unconventional natu-
ral gas industry that is flourishing beyond
expiration of the tax credits and produc-
ing substantial revenue for the economy
and the government. (I shall return to this
model of government participation with
the private sector in order to advance ener-
gy innovation.) Unfortunately, the energy
surcharge RD&D financing mechanism
that supported the GRI was phased out as a
consequence of deregulation.

Highlighting the business challenges to
energy technology innovation is not
meant to suggest an inability to succeed,
but rather to draw attention to the factors
that must be addressed to accelerate in-
novation, which is in the public interest
for many reasons. Most of all, climate-
change risks grow inexorably with con-
tinuing greenhouse gas emissions, and
the opportunities to mitigate the conse-
quences of and to adapt to climate change
diminish with time and become more dif-
ficult to address. In addition, the global
markets for clean-energy technology are
forming rapidly, and early innovation en-
hances the probability of capturing mar-
ket share. Finally, the enormous outflow
of funds for imported oil and the vulner-
abilities associated with almost complete
dependence on oil for transportation fuel
places a premium on progress with ad-
vanced vehicles and alternative fuels. The
question is, what is being done and what
more can be done?

The government will necessarily play an
important role if clean-energy innovation is to
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be accelerated relative to the pace of the
marketplace left to its own devices. The
energy system has historically required a
multidecade timescale for appreciable
change, which is inadequate for the pur-
poses noted above. To accelerate the pro-
cess, the government, including both the
administration and Congress, has at least
three distinct roles. One critical, and un-
contested, function is to provide the gen-
eral conditions that stimulate, or at least
do notimpede, innovation. A clear exam-
ple is providing a framework for intellec-
tual property (IP) protection that reaches
abalance between incentivizing invention
and investment without tying up intellec-
tual capital that could stimulate further
innovation. Another critical example is
passage of the Bayh-Dole Act and its
amendments in the 1980s, which allowed
universities to move government-spon-
sored research outcomes to commercial-
ization and profoundly influenced indus-
try-university relations. In a similar vein,
the National Technology Transfer Act and
the National Cooperative Research Act
opened up national lab-industry and
industry-industry collaboration, respec-
tively.

A second role is stimulation of technol-
ogy development and support for the
underlying science that enables develop-
ment. Public support for RD&D is the
principal mechanism. R&D financing is
generally viewed as an essential govern-
ment role because the results of early-
stage basic research are seldom captured
by a single firm, but demonstration is less
widely endorsed, both on principle and
because of some visible failures over the
years. Support for demonstration projects
can involve direct funding, such as gov-
ernment cost-sharing, or indirect assis-
tance, such as a long-term purchase agree-
ment for a product.

A third role for government, and the
most controversial, is “technology pull”

141 (2) Spring 2012

at the adoption and diffusion stages of Ernest].
the innovation cycle. In this function, the Moniz

government helps create markets using a
wide variety of instruments, such as port-
folio standards, feed-in tariffs, investment
tax credits, consumer rebates, efficiency
standards, and federal long-term purchase
agreements, among many others. Some-
times multiple instruments are used
simultaneously for a particular technolo-
gy. Viewed optimistically, the large num-
ber of approaches has evolved in order to
provide options fit to purpose; less opti-
mistically, it may reflect the lack of gen-
eral support for “picking winners,”
instances of unintended consequences,
and a mixed track record.

Recent government engagement in
energy-technology invention and transla-
tion has had a positive impact on the early
stages of the innovation chain. First, the
Department of Energy (DOE) has introduced
three new programs that show great promise
for more effectively applying public funds to fill
the innovation pipeline: Energy Frontier
Research Centers (EFRCS); ARPA-E (the
Advanced Research Projects Agency-
Energy); and energy innovation hubs. The
EFRC program, originating in the DOE
Office of Basic Energy Science, was estab-
lished through an exemplary process orga-
nized over several years to identify the
basic science barriers to a host of energy
technology breakthroughs. Engaging a
wide community of scientists in a series of
workshops, the program moved the Office
of Basic Energy Science research portfolio
more into Pasteur’s QuadrantS of use-
inspired science —an approach fitting to
the DOE’s mission. Each EFRC is funded at
several million dollars per year and focuses
on one of the many enabling-science chal-
lenges identified in the workshops. As with
all these new programs (awards were first
distributed in 2009), it is too early to judge
outcomes; but the approach deserves
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praise and should be continued aggres-
sively, at least until the first centers are
evaluated on their core mission of opening
new technology pathways.

ARPA-E has had the most visibility
among the new programs. Established in
the 2007 America COMPETES Act, it was
initially funded only in early 2009 as part
of the economic stimulus bill. The pro-
gram aims to fund high-risk, high-reward
technology development that can then
qualify for venture funding within a few
years. Many of the awards support uni-
versity-industry collaborations, and both
EFRC and ARPA-E awards generally clus-
ter around major research universities.
This highlights the central role of research
universities and university-industry part-
nering in the innovation system, includ-
ing translation of research into venture
investment opportunities for commer-
cial products.

The initial ARPA-E solicitation received
well over three thousand concept papers
for what was eventually narrowed to just
thirty-seven awards. This 1 percent suc-
cess rate is suggestive of not only an inno-
vative program design but also an enor-
mous capacity at American universities
and other research organizations to fill
the innovation pipeline. ARPA-E has sup-
ported nearly two hundred projects in lit-
tle more than two years. The program
design includes a staff assembled with
some relatively young individuals who
have experience in the venture world and
serve limited terms in the program.

ARPA-E represents a very different way of
doing business relative to the established
applied-energy programs at the DOE. It has
assembled an interesting portfolio target-
ed at breakthrough technology cost per-
formance. Many of the ARPA-E opera-
tional features should be adapted to the
applied programs, including streamlined
procedures for contract negotiations and
colocation of support functions, such as

procurement, with program officers.®

More ambitious reorganization is also
necessary. The applied energy offices are
organized around fuel: that is, Fossil En-
ergy, Nuclear Energy, and Efficiency and
Renewables. For one, grouping Efficiency
and Renewables into one office is a relic
with little logic to support it. Further, the
organization of the offices is backward
looking, reflecting a time when the ener-
gy marketplace and technology break-
through opportunities were quite differ-
ent. Low-carbon technologies are not
focused on resource extraction (with the
exception of unconventional natural gas
as a bridge to a very low-carbon future?).
The energy marketplace of the future is
likely to call for new business models in
areas such as electrification of the trans-
portation sector (the lead priority in the
recent DOE Quadrennial Technology Re-
view3) or the integration of subsurface ac-
tivity with electricity generation through
carbon dioxide capture for storage and
enhanced oil recovery.

A complete reorganization of the applied
energy offices around key end uses, rather than
inputs, would profoundly affect and improve
how the RD&D portfolio is shaped. For ex-
ample, in the last few years of the Clinton
administration, the DOE began to utilize
a cross-cutting portfolio/road-mapping
approach to setting new directions. By
organizing programs around strategic
objectives rather than fuel, the energy
offices identified and addressed major
program gaps within a few years. This
included both enabling science and tech-
nology (a modeling/simulation focus for
energy) and applied energy needs that
did not fit within the existing stovepipes
(electricity grid technologies and relia-
bility). Such an organizational change,
combined with use of ARPA-E manage-
ment approaches, would undoubtedly be
disruptive for the applied energy offices
and the companies that have become
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accustomed to doing business with them.
Nevertheless, it would likely help these
offices become much more effective com-
ponents of the innovation system. More-
over, while consultation with Congress is
essential, much of the reorganization
could be accomplished with existing exec-
utive authorities.9

The third new program element is the
energy innovation hub. Three have been
established to date, with two more antic-
ipated in 2012. The concept centers on
large, multidisciplinary, integrated teams
assembled for a multiyear effort, funded
at about $25 million per year, and orga-
nized to address the basic research and
applied engineering needed for a priority
technology challenge. In this sense, they
could be compared to a “mini-Manhattan
Project.” Each hub partners with industry
to translate its work to commercialization.
For example, the first hub was established
in May 2010 to develop new predictive
simulation tools that can be used by light
water reactor (LWR) vendors, researchers,
and regulators alike. Based at Oak Ridge
National Laboratory (in partnership with
the Idaho, Los Alamos, and Sandia Labo-
ratories), it builds on a historic strength
of the national labs (advancing the fron-
tier of modeling/simulation of complex
engineered systems, such as nuclear
weapons), with strong university (MIT,
Michigan, North Carolina State), industry
(Westinghouse), and user (Tennessee Val-
ley Authority, Electric Power Research
Institute) core members. The DOE has ad-
hered to the philosophy of an outcome-
oriented oversight approach and a light
touch compared to the more intrusive
approach that has too often characterized
program management in the applied ener-
gy offices. The hub has already developed
and released an innovative software tool
to simulate a virtual LWR.

The organization of the hubs is true to
the core mission of the national laborato-
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ries but, regrettably, does not reflect how Ernest J.
the DOE has in fact interacted with the Moniz

labs for quite some time. The DOE should
return to a model in which the national labora-
tories are assigned major mission-aligned
challenges that call for significant multidisci-
plinary teams and sustained efforts that would
be difficult to carry out elsewhere. A focus on
outcomes should replace department
micromanagement; management author-
ity and responsibility should be left with
the operating contractor. Despite their
considerable capabilities, the national labs
have “punched below their weight” in ad-
vancing energy-technology innovation,
and “hubification” of the energy R&D pro-
gram could greatly amplify the effective
use of the labs’ considerable capabilities.

All told, these new ways of doing busi-
ness at the DOE are positive initiatives
that show sufficient promise to warrant
displacement of the management and
organizational approaches of the last few
decades. They are much better matched
to the innovation challenges at hand and
the evolving energy marketplace.

Another issue is the scale of the DOE’s
RD&D program. A number of recent re-
ports, including the PCAST report and one
released by American business leaders,©
have argued for tripling the DOE’s RD&D
budget to about $15 billion per year. The
funding level is somewhat notional,
though PCAST provided a crude estimate
of the scale: roughly the contribution of
energy expenditures to GDP (about 9 per-
cent in the United States) multiplied by
the benchmark for public spending on
RD&D (1 percent). Among the major
economies, only Japan reaches this level
of investment.

This budget recommendation raises at
least two questions: where is the money,
and how should its expenditure be orga-
nized? A sustained increment of $10 bil-
lion per year for energy RD&D is highly
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unlikely to occur at a time of budget
tightening, and accelerating the pace of
innovation calls for making these funds
available sooner rather than later. Even if
congressionally appropriated funds were
available, a better approach might be gen-
erating the revenue through a small charge on
energy supply, delivery, and/or use —a “return
to the future” analogous to the surcharge
that funded the GRI. A 0.1¢/kWh charge
on electricity and a 2¢ per gallon charge
on transportation fuel are well within
standard variations in consumer price,
and each would generate about $4 billion
annually. However, while the GRI sur-
charge was implemented through regula-
tion, the amount of deregulation that has
since occurred suggests the need for a
statutory approach.

Implementation would follow the gen-
eral principles used in the GRI model:
management by one or more nonprofit
organizations fit to purpose; “light touch”
oversight by the federal government (the
DOE, in this case); a strong industry role in
setting the portfolio for technology trans-
lation, adoption, and diffusion stages; and
a degree of industry cost-sharing. The
$5 billion DOE budget should be main-
tained and reweighted toward R&D, for
which it has a much better track record
and capability than with demonstration
and deployment. The lessons learned with
the EFRCs, ARPA-E, and innovation hubs
would guide the expanded early-stage
portfolio. An explicit mechanism should
be set up as an interface between the DOE
program and the public-private partner-
ship organizations that manage the addi-
tional funds generated by the energy inno-
vation surcharge. This provision would
align management of different parts of the
innovation portfolio with expertise and
knowledge of both the research enterprise
and the energy marketplace.

Today, more than twenty states support
efficiency programs and/or research through

utility surcharges.!1 This is just one example
of the many ways in which states can take
the lead on clean-energy technology and
policy, setting a precedent for the federal
government to follow. Energy needs and
opportunities in the United States are
highly variable by region, and the states
are naturally more in tune with the best
pathways to economic development and
job creation for their particular circum-
stances. At least some of the nonprofit
organizations charged with managing
the energy innovation surcharge would
be best established at the regional level,
with coordination to share best practices
and different implementation mecha-
nisms that can be experimented within a
regional context.

Over the last few decades, universities have
moved closer to the marketplace. As noted
above, conditions established through leg-
islation such as the Bayh-Dole Act led to
dramatic expansion of university-industry
cooperation, adomain that previously en-
gaged very few universities at a meaning-
tul scale (MIT and Stanford University
were prominent exceptions). Today, novel
approaches are being tested at numerous
institutions. For example, the MIT Energy
Initiative (MITEI)!? is collaborating with
fifteen major companies as research part-
ners. The core of the relationship is a ded-
icated sponsored research portfolio with
customary IP terms, such as IP ownership
by the university, a sponsor nonexclusive
royalty-free license, and a time-limited
sponsor option for a royalty-bearing ex-
clusive license. In practice, sponsors may
find ways to exploit project IP using
methods other than acquiring licenses:
for example, by becoming an equity in-
vestor in a start-up when the technology
is adjacent to current core business. Cer-
tainly, all work is publishable after appro-
priate steps are taken to manage the IP.

The MITEI partnership includes a num-
ber of additional elements. Significantly,
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the initial five-year commitment stipulates
a consultation mechanism that allows the
portfolio to evolve in alignment with fac-
ulty interests and company strategic plan-
ning. Extensive exchange between uni-
versity and company researchers is com-
mon. Indeed, companies with the largest
portfolios place a senior research manag-
er at the university to stay engaged with
projects, maintain the back-and-forth
flow of information, and identify new
university researchers and opportunities.

MITEI's most interesting feature may
be a set of mechanisms that allow all the com-
panies to come together in a commons. The
Initiative has formed a governing board
that helps guide overall MITEI directions.
A jointly supported seed fund provides
crucial support for early-stage ideas gen-
erated by faculty across the full spectrum
of energy-related activity, including,
specifically, social science and manage-
ment research as well as science, engi-
neering, architecture, and planning. The
companies, which span the oil, equip-
ment, and infrastructure sectors, have
seen nearly three hundred proposals over
four years. Once the proposals are dis-
tributed and evaluated throughout the
companies, all the companies in the part-
nership come together with MITEI lead-
ership to perform an intensive selection
review; this is not unlike a panel review
that one might see at the National Science
Foundation (NSF) or the National Insti-
tutes of Health. The discussion itself,
drawing on the different interests and
outlooks of companies across the energy
space, is instructive. The companies have
no IP capture from the funded projects
but can track the projects and support ex-
tensions as part of their individual spon-
sored research portfolios. More than
eighty such projects have been funded,
and the program has served the impor-
tant purpose of stimulating both new col-
laborative ideas with the companies and
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drawing in faculty who had not previous-
ly engaged in energy-related research.

As company representatives get to
know one another, they begin to form
small “consortia of the willing.” Typical-
ly, these are cross-cutting analytical proj-
ects useful to an industry sector, although
some consortia now support science and
engineering with IP implications. This is
one manifestation of the role of the uni-
versity as a convening place for companies,
even direct competitors in the marketplace.
Another is the conferences and symposia
in which the companies participate along
with others in the innovation chain, such
as venture capitalists and energy law firms.
In other words, a space is provided for
convening energy-system players both
horizontally in a specific sector (for exam-
ple, petroleum) and vertically along the
entire innovation chain, from inventors
to the largest energy incumbents.

The MITEI example highlights the
growing intimacy of the university-indus-
try relationship. This phenomenon is
driven by the university commitment to
engage with the marketplace (in some
sense, reweighting the research portfolio
to emphasize Pasteur’s Quadrant rather
than Bohr’s!3) and the increasing trend
in industry toward open innovation mod-
els. This convergence augurs well for stim-
ulating early-stage innovation.

Another recent development at MIT has
been a series of multidisciplinary analyt-
ical studies of key clean-energy pathways
that provide a sound engineering-eco-
nomic base as a platform for policy recom-
mendations grounded in facts. MIT’s inter-
disciplinary study on The Future of Natural
Gas, cited above, is an example. These stud-
ies do not fit the mold of traditional aca-
demic research aimed at peer-reviewed
journals, although they do produce prior-
ity research agendas and graduate student
theses that lead to such publication. The
work requires close collaboration between
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natural scientists, engineers, and social
scientists, particularly economists and po-
litical scientists engaged in public atti-
tudes research. Universities have much to
offer in providing policy-motivated tech-
nical analysis. Such policy, which includes
that for publicly supported RD&D, can in
turn have significant consequences for
shaping the government role in the inno-
vation system.

As recommended in the PCAST report,
the DOE should incorporate a multidisciplin-
ary social science research program into its en-
ergy programs as an important component of
the innovation system. Social science research
will help inform the pathway for clean-
energy technologies through the entire
innovation chain, exploring questions
such as: How and why do such technolo-
gies satisfy consumer choice? What are
barriers to adoption ? How can public pol-
icy best enable technology push and pull ?
What economic and cultural factors may
influence take-up of new technologies
internationally ? Would reengineering of
American products help their export po-
tential? How can start-up companies and
the largest incumbents in the energy sec-
tor interface their different cultures and
resources to stimulate innovation effec-
tively ? These are some of the many ques-
tions relevant to innovation that are ame-
nable to rigorous social science research.
In addition to providing sufficient in-house
capacity to guide its research program,
the DOE, perhaps in cooperation with the
NSF, should support such research at uni-
versities and nongovernmental research
organizations. An institution analogous to
the National Bureau of Economic Research
(or possibly even a supplement to it)
would provide an interesting model.

While there are many promising new
approaches to filling the energy-technol-
ogy innovation pipeline at the invention
and translation stages, acceleration in the

adoption and diffusion stages continues to be
more challenging, especially with respect to the
government role. The public-private model
discussed above can be an important con-
tributor, especially at the adoption stage,
but the prospect of implementing an
energy innovation surcharge in the near
future is bleak. A recent congressional
initiative to introduce a “line charge” on
coal-generated electricity — the proceeds
of which would have established carbon
capture and sequestration to enable con-
tinued coal use — did not get very far, even
though the measure had a fair degree of
support in the industry.

The most obvious and conceptually sim-
ple approach to accelerate low-carbon
deployment at scale is the imposition of a
substantial economy-wide price on car-
bon dioxide emissions. Alternatively, a
regulatory cap on emissions that tightens
over time could be put in place. In either
approach, a high degree of confidence
that the policy will stay in place over a
considerable period of time — rather than
be subject to dramatic shifts in Congress
and the administration — will be impor-
tant for generating private investments at
scale in a timely fashion. Similar mecha-
nisms could address the externality of
energy security and oil dependence. The
prospects for carbon pricing continue to
be inauspicious. At best, a continuation
of proxy policies such as renewable port-
folio standards and tax credits, often at
the state level, can be anticipated. These
policies tend to be inefficient for the
overarching purpose of stringent carbon
dioxide emissions reductions and, by
observation, have too often been subject
to starts and stops. Such policy realities
highlight the importance of clean-energy
technology cost reduction as a more as-
sured path to deployment and, then, to
appropriate policy by lowering implemen-
tation costs. Furthermore, it is not clear
that pricing externalities would accelerate
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innovation at the needed pace without
additional energy-technology policy steps.

It should come as no surprise that I do
not have the answers for how the govern-
ment should intersect the latter stages of
the innovation process in a general sense.
However, PCAST recommended a prag-
matic approach to an integrated federal
energy policy that would employ all the
tools available to the government in a
coherent way. Termed the Quadrennial
Energy Review (QER), the process is nec-
essarily complex, but history suggests
that anything short of a full multiagency
effort is unlikely to provide a robust plan
that accounts for the many threads of an
energy policy. Furthermore, a degree of
analysis is required that has not been
present in previous efforts.

Energy policy is derivative of many policies:
environment, technology and competi-
tiveness, diplomacy and security, natural
resources, and land and food, among
many others. Indeed, multiple agencies
that are not labeled “energy” have major
equities and long-held perspectives on
key elements of energy policy. Often, the
preferred policies for different agencies’
agendas conflict. Further, states and local
governments play a strong role, for exam-
ple with building codes, and their ap-
proaches can vary dramatically in differ-
ent parts of the country; certainly, Cali-
fornia’s energy policies have influenced
the national market. The tools available
to support innovation are also diverse,
ranging from direct support of RD&D to a
variety of economic incentives, regula-
tion, standards, and federal procurement,
among other instruments. Congress is
equally fragmented: in the House of Rep-
resentatives and Senate, many commit-
tees beyond those tasked with energy
policy have equities that mirror those of
the different executive agencies. To over-
come this fragmentation of responsibili-
ties and perspectives, and especially if the
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goal is a plan that has staying power in Ernest].
advancing adoption and diffusion, pcasT Moniz

recommended a

QER process to provide a multiyear road-
map that:

. lays out an integrated view of short-,
intermediate-, and long-term objectives
for Federal energy policy in the context
of economic, environmental, and securi-
ty priorities;

. outlines legislative proposals to Congress;

. puts forward anticipated Executive ac-
tions (programmatic, regulatory, fiscal,
and so on) coordinated across multiple
agencies;

. identifies resource requirements for the
RD&D programs and for innovation in-
centive programs; and, most important,

. provides a strong analytical base.'4

This is a tall order intellectually and
organizationally. Several process ele-
ments are essential to fostering a chance
for success. First, the Executive Office of
the President (EOP) must use its conven-
ing power to ensure effective cooperation
among the myriad relevant agencies.
However, the capacity to carry out such
an exercise and to sustain it does not (and
should not) reside in the EOP. The DOE is
the logical home for a substantial Execu-
tive Secretariat supporting the EOP inter-
agency process that would present deci-
sion recommendations to the president.
However, the scope of the analytical capa-
bility needed does not currently reside at
the DOE or any other agency. The DOE
needs to build this capability, presumably
supplemented by contractor support to
gather data, develop and run models, and
carry out analysis, such as independent
energy-system engineering and economic
analysis. Market trends and prices would
be part of the analysis, including interna-
tional markets and robust analyses of
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uncertainty. The Energy Information
Administration can help with some data
gathering and models, but its indepen-
dence from the policy function needs to
be preserved. The national laboratories
also lack this range of functions, and
tasking them with providing the analyti-
cal support to the policy process would
be regarded as a conflict of interest; their
focus is best directed at research, inven-
tion, and technology transfer. Building
this analysis capacity is a large job that
will take time.

For the QER to succeed, the government
must seek substantial input from many
quarters in a transparent way; certainly,
ongoing dialogue with Congress and the
energy industry are essential. The good
news is that members of Congress have
supported the development of the QER?S
as a way to present a coherent starting
point for congressional action across
many committees. A hope is that Congress
could then use the QER as a basis for a four- or
five-year authorization that would provide the
private sector with the increased confidence
needed to make sound clean energy investment
decisions.

Given the magnitude of the task, PCAST
recommended in 2011 that the DOE carry
out a Quadrennial Technology Review
(QTR) —a first step centered in a single
department and focused on technology.
The QTR resulted in a rebalancing of the
R&D portfolio toward the oil dependence
challenge through advanced vehicle de-
velopment, particularly transportation
electrification. The key now will be to ex-
tend the processes developed for the QTR
to the multiagency QER, involving the
EOP in a leadership role. Taking the next
steps in 2012 will maintain momentum
and establish the capabilities needed for
the QER by early 2015, the time frame rec-
ommended by PCAST.

While some may view 2015 as a frus-
tratingly long time away, the alternative

is to rely on wishes rather than analysis
while failing to gain multiple perspec-
tives in a fair and open manner. Rushing
the process will result in a poorly done
job that will not accomplish any of the
key QER goals. Certainly, it will not bring
together succeeding administrations and
Congresses around a reasonably shared
vision and set of objectives that can accel-
erate innovation in service of national
competitiveness and environmental and
security goals. Continuing with fragment-
ed and economically inefficient policies,
technologies “dujour,” and frequent shifts
will complicate private-sector decisions
rather than facilitate innovation. The
government unavoidably plays a strong
role in the innovation process, even when
this is unacknowledged in policy and po-
litical debates. The issue now is to pre-
sent both a set of principles and fact-based
analyses supporting coordinated govern-
ment-wide actions that earn decent buy-
in from major stakeholders.
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Abstract : Historically, energy transitions have occurred gradually over the span of several decades, marked
by incremental improvements in technologies. In recent years, public interest in accelerating the next ener-
gy transition has fueled a clean-energy policy agenda intended to underpin the development of a decar-
bonized energy economy. However, policies to date have encouraged investors to fund renewable energy
projects utilizing proven technologies that are not competitive without the help of government subsidies.
A true transition of the energy mix requires innovations that can compete with conventional energy over
the long term. Investments in innovative technology projects are scarce because of the “commercializa-
tion gap,” which affects projects that are too capital-intensive for venture capital yet too risky for private
equity, project, or corporate debt financing. Accelerating innovation through the commercialization gap
will require governments to allocate public dollars to, and encourage private investment in, these riskier
projects. Policy-makers will face a trade-off between prioritizing policies for accelerating the energy tran-
sition and accounting for the risks associated with innovation funding in a tight budgetary environment.

In recent years, concerns over energy security, cli-
mate change, and maintaining U.S. competitive-
ness have made the next energy transition a promi-
nent topic in public debate. These concerns have
led to calls to reduce dependence on foreign oil,
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decarbonize our energy supply, and create new
“green” industries. Many believe that these goals
can be addressed through a single solution: the cre-
ation of a robust clean energy industry. If success-
ful at scale, this new market would accelerate the
next energy transition to a low- or zero-carbon
economy.! On the surface, it appears that the tran-
sition may be under way. In 2010, investment in
clean energy technologies and projects reached a
record $268 billion globally and $30 billion in the
United States.? Annual growth rates have exceeded
25 percent over the past five years. Despite this
boom in investment, clean energy still has far to go
to make a dent in the energy mix: in the United
States, renewable energy (excluding hydropower)
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made up 5 percent of the energy supply in
2009.3 Furthermore, most renewable
energy assets operating today can attract
private investment only with significant
public subsidies. In the short term, main-
taining strong growth rates will depend
on whether governments continue to
provide sizable supports for the industry.
In today’s tight fiscal environment,
robust government aid and the health of
the current industry are questionable.

To make this next energy transition in
an accelerated time frame, the United
States and other economies must scale
clean-energy technologies beyond the
limitations of government funding and
the boom/bust cycles that have charac-
terized the industry to date. A true energy
transition to a low-carbon economy will
require innovations and new technolo-
gies that can compete with conventional
energy on both cost and scale, without
the crutch of government.4 This essay
addresses financing —the key challenge
to accelerating the commercial adoption
of new energy innovations —and what
can be done about it.

Energy transitions permeate all sectors
of the economy and have catalyzed ma-
jor periods of economic growth, most
notably the industrial revolutions in
Western Europe and the United States in
the eighteenth and nineteenth centuries.
Energy transitions also provide noneco-
nomic benefits including improved air
quality (as in the case of cleaner-burning
fuels) and improved geopolitical posi-
tioning, as energy supplies become more
diverse and less reliant on foreign imports.
These important effects explain why ener-
gy transitions are viewed favorably by
society and have warranted R&D efforts
in both the public and private sectors.
Large-scale energy transitions from
one primary energy supply to another
have characteristically been gradual, span-

141 (2) Spring 2012

ning several decades. Examples include Kassia
the major transitions from biomass to Yarosek

coal and from coal to oil as the dominant
energy supply. Improvements in the steam
engine stimulated the transition from
biomass to coal in eighteenth-century
Europe. The steam engine, originally de-
signed to pump water out of coal mines,
had been used for this purpose as early
as the late 1600s. But not until 1769 —
more than a half-century later — did James
Watt’s more compact, portable design
lead to the widespread commercial use of
the coal-powered steam engine for rail-
road and steamboat transportation.

The U.S. transition from biomass to
coal dominance occurred over the course
of the nineteenth century. In 1800, wood
and animal feedS supplied 95 percent of
U.S. energy use; by 1880, wood com-
prised 20 percent of U.S. energy supplies,
while coal made up 70 percent.® The
Industrial Revolution played a major role
in expanding the use of coal. In addition
to railroad transportation, coal was used
to fire iron blast furnaces for industrial
steel production, beginning with weap-
ons production during the Civil War.

Technology innovations, such as the
steam engine, are often incremental im-
provements over old technologies or are
borrowed from other applications. A
more modern example of incremental,
borrowed innovation in power genera-
tion is the combined cycle gas turbine
(CCGT). CCGT owes its existence to mili-
tary-backed R&D on jet engines in the
1950s. Major manufacturers such as
Westinghouse and GE recognized that
the jet engine expertise they were devel-
oping could be transferred to gas tur-
bines.” Today, CCGT is one of the most
prevalent technologies in new-build
power generation.

The sheer capital intensity needed for
developing and deploying new technolo-
gies is a major reason why innovation
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happens incrementally. Moving energy
technology innovations from niche mar-
kets to market diffusion is challenging in
large part because energy systems are
complex value chains requiring major
infrastructure investments — such as new
power plants or storage infrastructure —
to shift to new resources. Liquefied natu-
ral gas (LNG)-methane that has been
temporarily converted to liquid form for
storage or transport —is an example of an
energy source that has great potential yet
has taken decades to develop into a viable
industry, given the large infrastructure
challenges of building a global LNG value
chain. Infrastructure investments in the
hundreds of millions of dollars are neces-
sary, for example, for building import
capacity to receive and re-gasify LNG.8
In short, energy transitions occur over
long time periods, are often marked by
gradual improvements in technology,
and require massive infrastructure invest-
ments. Transitions, and the investments
that support them, typically ensue only
when new innovations have superior cost
advantages over the status quo.9 Thus,
history suggests that the next energy
transition will be a multidecade process.
Can the transition to a decarbonized
energy economy buck historical trends?
Politicians on both sides of the aisle have
voiced a desire to see this happen. Clean-
energy goals have been prominent fea-
tures of presidential energy agendas
since the turn of the twenty-first century,
with calls for rapid change on ten- and
twenty-year time frames. While in office,
President George W. Bush announced
goals to replace 75 percent of U.S. oil
imports from the Middle East by 2025,
and in 2007 called for a reduction in gaso-
line demand by 25 percent over ten years.
President Obama’s election agenda for
energy included goals of putting 1 million
plug-in hybrid cars on the road by 2015
and generating 25 percent of electricity

from renewable sources by 2025.1° More
recently, in his 2011 State of the Union
address, Obama announced a goal to
generate 80 percent of electricity from
clean-energy sources by 2035.

The bold goals and policies of the Bush
and Obama administrations have played
a part in growing the clean-energy market
over the past several years. But the major-
ity of investment activity over the course
of these administrations has been con-
centrated in projects that cannot com-
pete in the marketplace without govern-
ment supports — an expensive path to an
energy transition. In 2010, conventional
clean-energy projects, which are quick to
build and easy to commission - such as
large-scale wind farms, solar parks, and
corn ethanol plants — made up 61 percent
of total new U.S. clean-energy invest-
ments. Corporate and government R&D
accounted for less than 4 percent.!!

Tax credits and accelerated deprecia-
tion benefits attract private-sector finan-
cial investors to conventional projects.
Currently, these subsidies account for
more than half the after-tax returns on
investments in conventional wind farms
and two-thirds of the after-tax returns on
solar farm investments.!? These rich sup-
ports have created an industry dependent
on their existence in the short term,
resulting in boom/bust cycles character-
ized by investment patterns that are
highly correlated with the expiration and
reinstatement of tax credits.

The 2008 financial crisis demonstrated
the critical importance of tax credits to
the sector’s viability. Investors in clean
energy lost much of their taxable earn-
ings, crushing demand for tax credits
and, therefore, investment in the sector.
The 2009 American Recovery and Rein-
vestment Act (ARRA), signed by Obama,
instated the emergency scheme Section
1603, which offered cash grants designed
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to “temporarily fill the gap created by the
diminished investor demand for tax
credits.”13 Section 1603 deployed $2.7 bil-
lion into the U.S. renewable-energy proj-
ect market in 2010, covering 30 percent of
the up-front capital costs of shovel-ready
wind and solar projects. While one can
justify these funds by viewing them as
true stimulus dollars, developers using
the cash grants had few incentives to cut
costs in order to make these technologies
more competitive over the long term.

As stimulus dollars taper off over the
next few years and government subsidies
fall victim to budgetary cuts, the econom-
ic sustainability of a clean-energy indus-
try that relies so heavily on short-term
government supports is improbable. If
government officials wish to accelerate
the next energy transition, they will need
a different strategy to develop an indus-
try that can survive without major subsi-
dies, one that prioritizes funding to devel-
op decarbonized energy technologies that
can compete dollar-for-dollar against
carbon-based energy. Such technologies
do not exist today, in part because of per-
sistent financing challenges, or financing
gaps, that impede their mass diffusion.

In the energy sector, financing gaps
occur when the private sector does not
get the investment returns it seeks. A
technology gap occurs when university and
government lab innovations lack financ-
ing for the next phase of development
into potential commercial applications.
This gap precedes funding by venture
capital. In 2008, the government took
steps to address the energy technology
gap by establishing the U.S. Department
of Energy Advanced Research Projects
Agency-Energy (ARPA-E). Filling the
technology gap is not a new role for gov-
ernment (the Department of Defense has
funded similar programs with undis-
closed budgets), but whether such a pro-
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gram will perform well within the De- Kassia
partment of Energy (DOE) has yet to be Yanosek

determined, given that DOE programs
are more subject to political winds and
bureaucratic challenges.

The greater challenge is the commer-
cialization gap. Technologies in this gap
require massive investment to move
beyond pilot and demonstration testing
to commercial viability, at which point
the private sector will take over full fund-
ing. Attracting private investment to
these technologies is difficult. They are
often too capital-intensive for venture
capital yet too risky for private equity,
project, or corporate debt financing (see
Figure 1). Next-generation nuclear, clean
coal, and large-scale solar technologies
fall into the commercialization gap as a
result of the sheer size of investment
needed for proving their capability. To
help close the gap, the government ideal-
ly would lower the financial risks for pri-
vate-sector investors backing first-com-
mercial technologies and projects. While
the government role is critical in the
commercialization gap, the risks and
costs for taxpayers are high. Government
funding in the form of financial guaran-
tees or direct subsidies can add up to hun-
dreds of millions, even billions, of dollars
awarded to one company.

Nonetheless, the U.S. government has
a history of supporting commercializa-
tion programs, beginning with nuclear
energy programs in the 1950s and 1960s.
The Atomic Energy Commission’s Nu-
clear Light-Water Reactor Development
Program contributed significantly to the
commercialization of light-water reac-
tors installed by electric utilities in the
1960s. In the aftermath of the 1973 oil
embargo, federal investments in energy
R&D grew dramatically — from $2.4 billion
in 1974 to $7.4 billion in 1980 — causing a
surge in commercialization activities.
These programs included the $4 billion
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Source: Tana Energy Capital LLC.

Synthetic Fuels Program and the $2 bil-
lion large-scale Solar Demonstrations
Program.'4 Urgent concerns over U.S.
dependence on foreign oil motivated the
majority of these expenditures; 73 per-
cent of funding from 1978 to 1981 was
used to produce liquid and gas fuels from
coal and oil shales.15

The government’s track record in these
and other commercialization programs
has been mixed at best. Funding com-
mercialization is thorny: it entails taking
venture capital-like risk but also requires
substantial capital commitments in the
hundreds of millions of dollars for com-
mercial-scale development -a difficult
proposition to explain to taxpayers when
such projects fail. Failures are often highly
publicized; the recent case of solar com-
pany Solyndra is one example. Another
much criticized government-funded fail-

ure, the Synthetic Fuels Corporation, was
established in 1980 to finance the devel-
opment of synthetic fuels plants, which
were predicted to produce two million
barrels of liquid fuel per day. Amid col-
lapsing oil prices, the program was can-
celed within five years, having reached a
production rate of only ten thousand bar-
rels per day and incurring costs of $5 bil-
lion. Since the 1980s, the overall trend has
been to support basic science instead of
applied energy-technology development
programs, with notable exceptions such
as clean coal projects.16

Yet presidential administrations persist
in supporting policies designed to accel-
erate the next energy transition, which re-
quires closing the commercialization gap.
In an era of depleted government bud-
gets, policy-makers must ask: is funding
the commercialization gap worth it?17
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The risks of using scarce taxpayer dollars
to accelerate new technology deployment
must be weighed against potential bene-
fits of creating competitive innovation in-
dustries over the long run.

The role of private-sector capital in
technology funding has grown in recent
years with the advent of venture capital
and private equity funds. Venture capital,
which was traditionally focused on the
information-technology sector, has of
late been invested in the clean-energy
industry: venture investment in the ener-
gy sector increased from $0.4 billion in
2004 to $2.4 billion in 2010, a 35 percent
annualized growth rate. Meanwhile, pri-
vate equity investment, which is primari-
ly concentrated in companies with prov-
en technologies, grew from $0.3 billion
to $3.1 billion, a 47 percent annualized
growth rate.!8

Despite the introduction of new types
of capital into the funding picture for
energy innovation, the commercialization
gap remains. The risk/return profiles of
commercialization do not fit the venture
or private equity investment fund mod-
els, which seek returns exceeding 25 per-
cent and paybacks within a five-year time
horizon (see Table 1).19 Capital-intensive
commercialization companies rarely fit
this profile. Projects have longer time-
lines and, in the case of project-based
power generation investments, have lim-
its on their investment returns due to the
regulated nature of the power sector.

Corporate investment has also increas-
ingly played a role alongside private
funds. Given their strategic interests,
long-term investment horizons, and
cheaper cost of capital, corporations are
ideally suited for funding commercializa-
tion in the private sector, as long as these
risky investments are limited to a small
portion of their capital budgets. Google,
BP, Exxon, Chevron, GE, and Siemens are
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just a few of the large companies that in Kassia

the past decade have launched energy-
technology investment arms or bolstered
their investment groups to focus on ener-
gy technologies and commercialization.
U.S. power utilities —while not incen-
tivized by their regulated business model
to do so-have also of late invested in
innovation. Utilities have started internal
investment arms, developed commer-
cialization projects, and made direct
investments in funds or joint venture
funds for strategic reasons.?©

Aside from a handful of coal gasifi-
cation and carbon sequestration projects,
few DOE dollars were allocated to com-
mercialization efforts in recent years. Sec-
tion 1703 of the 2005 Energy Policy Act,
which established the Loan Guarantee
Program (LGP), changed this status quo.
The LGP was designed to support a port-
folio of new and improved technologies
not yet available in the commercial mar-
ketplace with loan guarantees backed
by the U.S. government. The purpose of
these credit supports was to improve the
risk/return profile for first-commercial,
capital-intensive technologies, thereby
motivating investment of private-sector
capital in projects including nuclear,
large-scale solar, geothermal, and energy
storage. Although the program was au-
thorized in 2005, Congress did not appro-
priate funding to implement it effective-
ly; as a result, Section 1703 did not make
any loan guarantees under the Bush
administration.

The LGP was revitalized by 2009 ARRA
stimulus funding, which amended the
policy to also guarantee loans for com-
mercial projects facing funding chal-
lenges as a result of dislocations in the
credit markets. The revision was a sig-
nificant departure from the original man-
date of the LGP, as awards were not limit-
ed to commercialization gap projects and

Yanosek
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Table 1

Financing Energy Technology Financing: Investment Stage and Financing Participants

the Energy
Transition
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Scale Production

development

Minimal assets

Negative cash flow

capital

. . Financing Typical Investment
Stage of .. Financial .
Definition of Stage L. Instruments/ Required/Target
Development Characteristics .. N
Participants Return Profile
R&D Basic research N/A DOE/national labs; $o-2m
some corporate (N/A)
strategic investors
Proof of Concept Prove a concept/ N/A Bootstrapping; $2 —sm
qualify for start-up angel funding (N/A)
capital
Prototype and Pilot | Complete product | Losses Early-stage venture $5-15m

(10 - 15X, 40 - 50+%)

Prototype System
Development

Initiate manufac-
turing ; advance
projects through
pilot scale

Losses
Minimal assets
Negative cash flow

Venture capital ;
occasionally debt

$15—30m
(10x, 40%)

infra funds

Pre-Commercial Scale up projects Losses Commercialization $30-som
Scale-Up and manufacturing | Minimal assets gap (5-10%, 35— 40%)

processes or el Negative cash flow

nologies not yet

proven at com-

mercial scale
Growth/ Growth stage for Break-even to Corporate debt; $50 —200m
Commercial expansion/capital profitable leases (equipment); | (> cost of capital)
Scale-Up used for working Rapidly growing private equity

capital ; expansion assets

for commercial Negative or mod-

scale-up estly positive cash

flow

Commercial Mature, stable- Profitable Self-sustaining ; +$200m
Replication growth businesses | Stable asset levels | public debt and (> cost of capital)
(Maturity) Positive cash flow | €duity; markets;

*Multiple of money or internal rate of return. Estimates assume a five-year hold for venture capital/private equity

investments. Source: Table created by author.

applicants were judged on stimulus-
related goals including short-term job
creation. ARRA provided $4 billion for
funding credit subsidy costs supporting
$32.4 billion in loans.?! As of July 2011,
the DOE had issued conditional commit-
ments for $35 billion in loans or loan
guarantees to thirty-two projects. The

projects span technologies related to
wind, solar, advanced biofuel, geothermal,
and nuclear energy as well as transmis-
sion and battery storage.

Despite the program’s progress in de-
ploying funds, the LGP has been fraught
with an ambiguous mission, structural
challenges, and front-page scrutiny of its

Dcedalus, the Journal of the American Academy of Arts & Sciences



first award recipient — Solyndra — which
declared bankruptcy in September 2011.
Evaluating the LGP program in detail -
including the laborious interagency pro-
cess that industry participants and the
DOE itself have criticized - is beyond the
scope of this essay.2? However, it is impor-
tant to consider whether the LGP, as the
sole active U.S. government program de-
signed to address the energy technology
commercialization gap, is effective. It is
also worth considering the extent to which
the failure of Solyndra demonstrates the
inadequacy of the program to identify
high-potential technologies, or whether
tailures like Solyndra are simply “par for
the course” in the difficult enterprise of
funding the commercialization gap.

It is likely too early to tell if any compa-
ny in the LGP portfolio will help accelerate
a low-carbon energy transition through
funding the commercialization gap. How-
ever, the LGP offers lessons that can help
position future programs for success.

Commercialization programs ideally should
focus on the persistent financing challenges of
innovation acceleration — not short-term job cre-
ation goals. The LGP ultimately was amend-
ed to include commercial technologies
and was funded by a stimulus program
requiring the DOE to select companies
that could facilitate the short-term goal
of stimulating job creation. Thus, the DOE
was incentivized to select companies
with the greatest job-generation poten-
tial, such as large-scale project deploy-
ments or manufacturing operations. By
contrast, commercialization gap manu-
facturing companies or projects without
proven technologies or steady revenues
are less likely to scale up headcount over-
heads before their business models can
support them. Riskier commercialization
companies that employ high headcounts
- Solyndra being an example — do so risk-
ing failure, which can result in lost jobs.
Critics of Solyndra’s high-profile bank-
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the failure of the LGP as a stimulus pro-
gram. If the LGP had been laser-focused
on the goal of promoting commercial
innovation - rather than trying to be a
climate change mitigant, job creator, and
technology accelerator all at the same
time — the program would have more
appropriately been judged by the public
as a tool for technology advancement.

Loans and loan guarantees are limiting and
may not be the most appropriate mechanism
for funding commercialization technologies.
The LGP is limited to providing loans and
loan guarantees, financial tools most
suited to projects and companies that are
commercially viable and have a contracted
revenue stream in place, such as a long-
term power purchase agreement (PPA).
As a debt provider with a fixed return, the
government has little incentive to take on
projects that offer neither PPAs nor any
monetary upside. Consequently, the ma-
jority of LGP awards funded projects
using existing technologies.?3 However,
higher risk projects (for example, first-
commercial projects using a new coal
gasification technology) may represent
significant technological breakthroughs.
If a government funding program could
provide equity or quasi-equity instru-
ments to projects, it could not only help
these projects advance, it could also
benefit alongside the private sponsor at
an appropriate rate of risk/return and
build a revenue stream to finance future
program funding costs.?4

Funding efforts would benefit from private-
sector expertise and an arms-length relation-
ship with the DOE. The LGP’s multiagency
review process suffers from long delays
and funding awards that are easily politi-
cized. The “check” on the DOE is under-
standable, given the difficultly in choos-
ing the best portfolio of projects for gov-
ernment support. However, putting the
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investment decision-making function at
arm’s length from agencies and hiring
private-sector technical and financial
skill sets to award funds would remove
bureaucratic and political agendas from
the funding process, reduce conflicts of
interest, and provide greater autonomy
to investment decisions. Public informa-
tion on the Solyndra investment process
shows that this funding award-and
potentially others — benefited from polit-
ical involvement. While this sort of activ-
ity is nothing new in Washington, inside
political tracks reduce the rigor and
transparency of an investment decision-
making process.

Another way to augment decision-
making rigor is to align monetary com-
pensation for investment managers with
the performance of the portfolio —a com-
mon approach in the private sector. Link-
ing pay to performance would better
serve the goal of successful commercial-
ization. A current plan to improve the
commercialization funding process and
the rigor of investment decision-making
calls for a Clean Energy Deployment
Authority (CEDA). This proposed (but still
not approved or funded) administration
could, among other things, partner with
private-sector funds investing in the
commercialization gap and would sit as
an independent agency under the DOE.

The challenges of implementing com-
mercialization programs offer a number
of lessons about how difficult it is to
speed a naturally incremental process,
particularly amid competing agendas
(such as short-term job creation) and the
political nature of disbursing govern-
ment dollars for high-cost, high-profile
projects. The following are principles and
recommendations to guide future policy-
makers in funding energy technology
commercialization.

- Gobigor go home: the massive scale of invest-
ment needed should not be underestimated.
Commercialization is risky; funding it
entails a number of venture capital-like
“bets.” It is also capital-intensive: for
example, demonstrating an advanced
nuclear technology or utility-scale
solar thermal facility requires hun-
dreds of millions, or even billions, of
dollars. If policy-makers want to accel-
erate innovation through the commer-
cialization gap, they must be serious
about taking on the sheer scale of effort
needed to fill the gap that, given the
risk/return imbalance, the private sec-
tor cannot. Programs must be well
funded (unlike the 2005 loan program),
placing investments across a range of
technologies to provide multiple oppor-
tunities for success. Furthermore, addi-
tional investments in ancillary infra-
structure (such as new transmission
lines or electric car charging stations)
are necessary to support commercial
deployment of new innovations.

« Stress the incremental benefits — and embrace
the failures. Inevitably, technologies dem-
onstrated in pilot projects or pilot
deployments will fail to reach commer-
cial diffusion. This does not mean all is
lost; historically, technological innova-
tions are incremental and appropriated
for other uses. An example of this phe-
nomenon is the infamous Synthetic
Fuels Corporation, which, although
viewed as an expensive failure, laid the
groundwork for coal gasification tech-
nology utilized today.

« Leverage global investment dollars to encour-
age investment in commercialization. Given
the sheer investment needs and risks
associated with commercialization, as
well as the fact that energy is a global
market, the United States is unlikely to
create the next energy transition on its
own. One solution could be the cre-
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ation of a global commercialization
fund that would pool the capital of ten
countries instead of one, allowing for a
large portfolio of multimillion-dollar
demonstration and first-commercial
projects. Putting aside complexities
that could thwart this effort, such as

intellectual property assignments and Kassia

domestic industry development goals,
a global innovation fund would pool
risk among various participants, lever-
aging foreign dollars and limiting tax-
payer exposure to risky government
investments.
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Abstract: The world is entering a new energy era marked by concerns over energy security, climate
change, and access by the poor to modern energy services. Yet the current energy path is not compatible
with sustainable development objectives. Global demand for energy will continue to grow; so will CO,,
emissions. Achieving a low-carbon energy world will require an unprecedented technological transfor-
mation in the way energy is produced and used. That transformation has begun, as renewables capacity
continues to grow, prices continue to fall, and shares of global energy from renewables continue to
increase. Government policies are the main driver behind renewable energy’s meteoric growth. Still, the
world is tapping only a small amount of the vast supply of renewable energy resources. There is broad
consensus that the role of these resources should be expanded significantly in order to meaningfully
address energy security, energy access, and climate change.
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The main driver of sustainable economic devel-
opment is sustainable energy. Yet there is broad
consensus that the current path of global energy
development is not sustainable in economic, envi-
ronmental, or social terms. Moving to a more sus-
tainable development path is the central global chal-
lenge for energy policy. The world’s energy needs
will be almost 60 percent higher in 2030 than they
are now, and CO, emissions will increase at about
the same rate.! In 2009, fossil fuels accounted for
81 percent of total global primary energy supply,
which doubled between 1971 and 2009. Rising
global demand for fossil fuels plays a key role in the
continued growth of CO, emissions. In fact, CO,
from energy production and use represents about
65 percent of global emissions. In 2009, the BRICS
countries (Brazil, Russia, India, China, South Africa)
accounted for 33 percent of global energy use and
37 percent of CO, emissions from fossil fuels; and
energy consumption in these countries is expected
to grow in coming years as a result of their strong
economic performance.? According to McKinsey &
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Company, more than 75 percent of the
world’s energy infrastructure needed by
2030 has not yet been constructed, and
most of it will be built in developing coun-
tries.

To meet this infrastructure goal in the
context of heightened concern over ener-
gy security and climate change, greater
global attention is being given to clean and
renewable sources of energy. Recognizing
“with a sense of urgency” that decisions
taken now will be decisive for a transition
toward a sustainable energy future, world
leaders gathered in Johannesburg, South
Africa, at the World Summit on Sustain-
able Development (WSSD) in 2002 to call
for a substantial increase in the global
share of renewable energy.

In Copenhagen in 2009 and Cancun in
2010, the international community agreed
to limit the rise in worldwide tempera-
tures to no more than 2 degrees Celsius
above preindustrial levels, which scien-
tists regard as the threshold for avoiding
the most serious effects of global warm-
ing. Given that global demand for energy
could more than double by 2050, reducing
global emissions by at least so percent
from 1990 levels will require an unprece-
dented technological transformation of
how energy is produced and used. Wide-
spread deployment of currently available
clean-energy technologies and develop-
ment of new, cheaper, and more efficient
technologies are needed to achieve this
goal.

C ontinuing along the current path of
energy development is not only incompat-
ible with sustainable development objec-
tives, it also makes the world more vul-
nerable to supply disruptions and price
shocks as international trade and econom-
ic growth expand, especially in developing
countries. The continued rise in oil prices
reflects concerns about meeting the fast-
growing demand for energy and the risks

of dependency on fossil fuels. The high
price of oil is taking its toll on the econ-
omies of less developed countries. In little
more than a decade, the cost of these coun-
tries” oil imports has quadrupled to an es-
timated $100 billion in 2011, or 5.5 per-
cent of their GDP.3

In a 1931 meeting with Henry Ford,
Thomas Edison told the inventor of the
gasoline-powered car: “I'd put my money
on the sun and solar energy. What a source
of power! I hope we don’t have to wait
until oil runs out before we tackle that.”
Eighty years later, in 2010, global invest-
ment in renewable energy grew 32 per-
cent to a record $211 billion.4 Renewable
energy supplied an estimated 16 percent
of global final energy consumption and
delivered close to 20 percent of global
electricity production. Including hydro-
power (about 30 GW added in 2010), re-
newable energy accounted for approxi-
mately 50 percent of total added power
generation capacity in 2010.5 Table 1 and
Figure 1 show, respectively, regional and
worldwide trends in the consumption of
new renewable energy from 2000 to 2010.

Wind power grew by 23.6 percent in
2010 and, at $95 billion, continued to be
the favored technology for investors.
Asia deployed the largest share of new
wind installations —54.6 percent—with
China ranking number one in total in-
stalled capacity, accounting for 50 per-
cent of the world market for new wind
turbines. The solar sector experienced
the strongest growth, with investments
climbing 53 percent to a record $79 bil-
lion, helped by declining prices and key
government support. In 2010, 18 GW of
photovoltaic (PV) power were installed
globally - the first time more than 10 GW
were installed and connected to electric
grids in a single year. Today, more people
than ever before derive energy from
renewables.
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Table 1

Consumption of New Renewable Energy by Region, in Million Tonnes of Oil Equivalent (Mtoe)

North Central | Europe & | Middle Africa Asia Total
America | & South | Eurasia East Pacific
America

2000 21.1 3.9 14.8 0.0 0.3 11.2 51.3
2001 20.2 4.5 16.8 0.0 0.3 11.7 53.5
2002 22.2 5.0 20.5 0.0 0.4 12.4 60.5
2003 22.6 5.4 24.0 0.0 0.4 13.1 65.5
2004 23.5 5.7 30.1 0.0 0.6 14.6 74.5
2005 24.9 6.2 35.3 0.0 0.6 16.0 83.0
2006 27.0 6.4 40.9 0.0 0.6 17.8 92.7
2007 29.3 7.6 48.4 0.0 0.6 19.7 105.6
2008 34.1 8.5 56.0 0.0 0.7 22.9 122.2
2009 38.7 9.3 61.6 0.1 0.9 26.7 137.3
2010 44.2 11.1 69.6 0.1 1.1 32.6 158.7

New renewables include wind, geothermal, solar, biomass, and waste. Source: REN21, Renewables Global Status

Report 2011.

Figure 1

Worldwide Consumption of New Renewable Energy, in Million Tonnes of Oil Equivalent (Mtoe)

New renewables include wind, geothermal, solar, biomass, and waste. Source: BP Renewable Statistical Review

2011.
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Renewable energy policies and capacity
targets are the main drivers of renewable
energy growth. By early 2011, at least 118
countries had some type of policy target or
renewables-support policy at the nation-
al level, compared to 55 countries in early
2005. Public policies have had a major im-
pacton driving renewable energy markets,
investments, industry development, and
social benefits. In developing countries,
such policies have caused a remarkable
change in the geographic spread of renew-
able energy as of 2010. Adoption of renew-
able energy technologies is no longer
confined to the industrialized world.
More than half of the existing renewable
power capacity is in the developing world,
especially in Asia. Significant advances
have also occurred in many Latin Ameri-
can countries, and at least twenty coun-
tries in the Middle East, North Africa, and
sub-Saharan Africa have active renewable
energy markets.

Thanks to its pioneering Renewable
Energy Law, China now leads in several
indicators of market growth. In 2010,
China was the top installer of wind tur-
bines and solar thermal systems and the
leading hydropower producer. India is
fiftth worldwide in total existing wind
power capacity and is rapidly expanding
many forms of rural renewables, such as
biogas and solar Pv. Brazil produces vir-
tually all of the world’s sugar-derived eth-
anol and has been adding new hydro-
power, biomass, and wind power plants,
as well as solar heating systems.

One force propelling renewable energy
policies and development is the potential
to create new industries and generate
new jobs. Jobs from renewables number
in the hundreds of thousands in several
countries. Globally, there are more than
3.5 million direct jobs in renewable ener-
gy industries, about half of them in the
biofuels industry, with additional indirect
jobs well beyond this figure.

Momentum is building. But business,
investors, activists, and scientists alone
cannot change the way we produce and
use energy. These groups can anticipate
change, facilitate it, and profit from it, but
they cannot drive it. Public policies that
create markets, remove barriers, level the
playing field, and establish clear objec-
tives and targets for renewable energy
and energy efficiency help shape the
future. Energy policies affect the price,
availability, and advancement of new
technology; therefore, they determine
how quickly we reach the point at which
consumers can choose electricity gener-
ated by wind and sun or purchase more
efficient lighting, appliances, and cars.

Policies to support renewable energy
investments vary from country to coun-
try. Experience shows that no one policy
or instrument has been the sole driving
force in the growth of renewable energy
investments. Countries choose a combi-
nation of policies and regulations that fit
their circumstances. Key among the suc-
cessful policies and regulations adopted
by many countries are: (1) clear goals and
targets as well as strategies and implemen-
tation plans; (2) a level playing field and
fiscal incentives to reduce up-front costs,
including tax credits, loans, and guaran-
tees; (3) regulatory instruments such as
portfolio standards or quota systems,
feed-in laws and tariffs, and green certifi-
cates; (4) rural energy provisions and
electrification policies; (5) capacity devel-
opment to ensure the necessary capabili-
ties and skills; and (6) strong public insti-
tutions at the national level for setting
priorities and establishing policy and reg-
ulatory agendas. These policies and regu-
latory frameworks must be stable and long
lasting to ensure investor confidence.

At least ninety-six countries, more than
half of which are developing countries,
have established national targets for ex-
panding renewable energy use. These tar-
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gets represent commitments to shares of
electricity production (typically 10 to 30
percent from renewables), total primary
or final energy, heat supply, installed
capacities of specific technologies, and
shares of biofuels in road transport fuels.
Many targets also exist at the state, pro-
vincial, and local levels. Although some
were not met or were scaled back, many
countries achieved or exceeded their tar-
gets set for 2010; Sweden has already sur-
passed its goal for 2020. Existing targets
were raised in a number of countries,
including Finland, Germany, Spain, and
Taiwan, and entirely new targets were
adopted in South Africa, Guatemala, and
India, among others.

Ninety-six countries have implement-
ed renewable power generation policies.
The feed-in tariff (FIT) remains the most
widely employed policy, in place in at least
sixty-one countries and twenty-six states
or provinces worldwide. FIT schemes have
effectively promoted renewable power
generation with long-term fixed-price
premium payments, network connec-
tions, and guaranteed purchase of all gen-
erated electricity. Most FIT-related activ-
ity in 2010 focused on revisions to exist-
ing policies in response to strong markets
that exceeded expectations, particularly
in the case of Pv. Several developing and
transition countries introduced new FIT
policies in 2010 and early 2011. In addition,
ten countries have enacted renewable
portfolio standards (RPS) or quota poli-
cies at the national level. Atleast fifty other
jurisdictions have such policies, including
thirty U.S. states (plus Washington, D.C.)
and the Canadian province British Colum-
bia, which requires that 93 percent of new
power capacity be renewable. Quota poli-
cies have been effective when designed to
reduce risk, for example, in case of long-
term contracts.

Many additional types of policies are
being implemented to support renewable
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tax incentives; energy production pay-
ments or credits; and public financing.
Net metering, or net billing, policies exist
in at least fourteen countries, including
Italy, Japan, Jordan, and Mexico, and in
almost all U.S. states. Green energy pur-
chasing and labeling programs are grow-
ing, with more than six million green
power consumers in Europe, the United
States, Australia, Japan, and Canada.

Mandates for blending biofuels exist in
thirty-one countries at the national level
and in twenty-nine states or provinces.
Subsidies and tax exemptions are also
used to promote biofuels. Finland, Ethio-
pia, Thailand, and Spain all revised exist-
ing biofuels policy legislation in 2010, and
South Korea and Jamaica implemented
new blending mandates.

City and local governments continue to
become increasingly important players in
promoting the local generation and use
of renewable energy. Local support poli-
cies include renewable energy targets;
urban planning that incorporates renew-
able energy; building codes that mandate
or promote renewable energy; tax credits
and exemptions; investment in renew-
able energy for municipal buildings and
transit; subsidies, grants, or loans; and a
variety of informal, voluntary actions to
promote renewable energy at the com-
munity level.

Even with this progress, new renewable
energy (excluding traditional biomass)
accounted for just 7 percent of total pri-
mary energy demand in 2010.% Absent fur-
ther progress, it will expand to only 14 per-
cent by 2035, according to International
Energy Agency projections. The world is
tapping only a small amount of the vast
supply of renewable energy resources
worldwide, with the technical potential
of renewable energy several times greater
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than global energy demand. This is par-
ticularly true for electricity generation.
Solar energy, for example, can be har-
nessed almost everywhere, and its poten-
tial alone is many times higher than glob-
al electricity consumption. A new report
released by the Intergovernmental Panel
on Climate Change notes that renewable
energy could provide as much as 77 per-
cent of the world’s energy needs by 2050.7

Critical to securing a sustainable, afford-
able, and climate-friendly future for this
generation and many to come is the ability
of individuals and institutions to effect
change in the way we generate and use
energy. Only by significant scaling-up of
renewable energy will we enter the virtu-
ous cycle of cost-reductions followed by
more significant scaling-up. To accom-
plish that goal, we must:

. Connect the dots, bringing knowledge
and experience together in partnerships
—at all levels—so that cleaner, more
efficient energy systems are available at
scale;

. Establish renewable energy targets for
individual energy markets as shares of

ENDNOTES

projected demand in the electricity,
heat, and transport sectors;

. Phase out fossil fuel subsidies and use
taxes and regulations to promote mar-
ket conditions in which renewable ener-
gy can compete — but without shifting a
disproportionate share of additional
burden to the poor;

. Encourage the expansion of renewable
energy technologies for decentralized
applications that are already cost-com-
petitive with conventional fuels, such as
diesel generators, once the up-front costs
are bought down for low-income users;

. Utilize public funds to leverage and in-
centivize large-scale private investment
in developing countries; and

« Investinresearch, development, and de-
ployment of cheaper and more efficient
clean-energy technologies and adapt
them for use in developing countries.

And most important, with the planet’s
population heading for nine billion with-
in our children’s lifetime, we need to act
fast.

1 Energy & Sustainable Development (Paris: International Energy Agency, 2007).

2 CO, Emissions from Fuel Combustion (Paris: International Energy Agency, 2011).

3 World Energy Outlook 2011 (Paris : International Energy Agency, 2011).

4 Bloomberg New Energy Finance and United Nations Environment Programme, Global Trends
in Renewable Energy Investment 2011 : Analysis of Trends and Issues in the Financing of Renewable
Energy, July 2011.

5 REN21, Renewables Global Status Report 2011, http://www.ren21.net. GSR 2011 provides a com-
prehensive view of the global renewable energy policy landscape, including country-by-
country listings of renewable energy targets and renewable energy promotional policies.
The bulk of my discussion of specific countries’ government policies is based on informa-
tion and analysis from GSR 2011.

6 Including traditional biomass, renewable energy supplied 16 percent of world energy con-
sumption in 2010.

7 Special Report on Renewable Energy Sources and Climate Change Mitigation (Geneva, Switzerland :
Intergovernmental Panel on Climate Change, 2011).
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