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EXECUTIVE SUMMARY

The United States will need new legislation to achieve its long-term target of 
reducing greenhouse gas (GHG) emissions by more than 80 percent by 2050. 
In this issue brief, we show how a national carbon price—in the form of either a 
carbon tax or a cap-and-trade program—can help the United States achieve this 
target by inducing emissions reductions in sectors across the economy.

When GHG emissions are unpriced, the costs of climate change are borne 
by third parties unrelated to the activities generating the emissions. A carbon 
price shifts these costs from society as a whole to those who buy and sell 
carbon-intensive products. In every energy-intensive sector of the economy, 
opportunities exist for individuals and businesses to adjust their behavior in ways 
that reduce emissions. When carbon is priced more appropriately, many buyers 
and sellers will be guided by financial self-interest to do so.
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The electricity sector offers the 
greatest potential for major, and 
immediate, change. A strong carbon 
price will make many coal-fired 
power plants more expensive than 
their competition, and systems are 
in place to ensure that lower-carbon 
generation alternatives are dis-
patched and built. Higher prices will 
also encourage consumers to use less 
electricity and producers to develop 
new clean energy technologies and 
improve existing technologies like 
solar and wind energy. 

Emissions reductions outside of 
the electricity sector may occur 
more gradually. In the transporta-
tion sector, substitutes for gasoline 
and diesel fuel may currently be 
too expensive for a carbon price to 
induce a large behavioral shift. Auto 
manufacturers are relatively locked-
in to current production lines, and 
consumers take time to re-evaluate 
their transportation purchasing deci-
sions. Short-term increases in gaso-
line prices have not led to significant 
changes in behavior but a sustained 
signal in the form of a carbon price 
encourages consumers to seek out 
less carbon-intensive transportation 
alternatives, and encourages produc-
ers to develop fuel-efficient vehicles. 

Additional policies can play impor-
tant roles in complementing a carbon 
price in situations where price 
signals are likely to be ineffective or 
insufficient. For example, without 
funding for research, development 
and deployment (RD&D), the private 
sector underinvests in energy RD&D 
because the benefits of these invest-
ments are shared with society as 
a whole. Support for clean energy 
RD&D can help to spur the tech-
nological advancements needed to 

achieve long-term emissions tar-
gets, and a carbon price can help to 
ensure that a market exists for such 
technologies once they are devel-
oped. Another example is energy 
efficiency programs and standards, 
which can encourage cost-effective 
energy-saving activities that would 
otherwise be ignored due to a lack 
of information or misaligned incen-
tives. Finally, because a carbon price 
must be implemented by Congress, 
the price may be set at a level that is 
lower than ideal, and complementary 
policies will be needed to stimulate 
the necessary action. 

However, compared to alternative 
approaches to reducing emissions, 
carbon pricing is more effective and 
less expensive. Unlike a carbon price, 
performance standards encourage 
emissions reductions from certain 
sources but not others. Technology 
standards, renewable portfolio 
standards, and clean-energy 
standards all encourage low-carbon 
electricity production, but they do 
not encourage consumers to use 
less electricity. Energy-efficiency 
programs are undermined by the 
“rebound effect”: in the absence 
of a carbon price, consumers will 
use these efficient products more 
often. And finally, targeted subsidies 
require the government to forecast 
the most effective technologies, 
effectively, to “pick winners”; they 
run the risk of government backing 
the “wrong” technologies.

Forecasts from energy/economic 
models are highly influential in 
shaping opinions on the effective-
ness of carbon pricing in reducing 
emissions, and no analysis is more 
influential than U.S. Energy Informa-
tion Administration's (EIA's) Annual 
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Energy Outlook (AEO). EIA’s AEO 
2014 analysis shows that if a $25 
per metric ton carbon price were 
implemented this year on energy 
sector CO2 emissions and increased 
by 5 percent per year, emissions 
would fall 22 percent below a refer-
ence scenario (with no carbon price) 
and 27 percent below 2005 levels by 
2025. Comparable energy/economic 
models have shown similar results. 
But EIA’s forecasts are conserva-
tive—they portray only the emissions 
reductions that are virtually certain 
to take place under a carbon price, 

while accounting for few emissions 
reductions that are encouraged but 
less predictable. Figure ES-1 dis-
plays EIA’s forecasts of emissions 
across sectors for its carbon pricing 
scenario and its reference scenario 
(identical except no carbon price). 
The response to a carbon price out-
side of the electricity sector is almost 
trivially small, despite the financial 
incentives for individuals and busi-
nesses to change their behavior in 
all energy-intensive sectors. In other 
words, with minor exceptions, EIA 
assumes that households and busi-

nesses will not respond to increasing 
heating bills, manufacturers will 
not adjust to rising input costs, and 
neither producers nor consumers 
will adjust to the increased costs of 
transportation fuels. In addition, 
EIA assumes very little technological 
progress—for example, solar energy 
does not become significantly less 
expensive than it is today, advanced 
“smart grids” do not enable consum-
ers to respond more rapidly to price 
signals, and alternative-fuel vehicles 
remain uncompetitive with gasoline-
powered vehicles. 
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EIA’S PESSIMISTIC FORECAST OF CO2 EMISSIONS  
REDUCTIONS FROM A CARBON PRICE 

Notes: Data from EIA’s Annual Energy Outlook 2014. EIA Reference Case (dark + light blue) scenario is a forecast of the U.S. energy system assuming only “on the 
books” policies as of late 2013, and its carbon pricing scenario (light blue area only) scenario reflects a $25 per metric ton carbon price implemented in 2015 and 
increasing 5% per year thereafter. 
Emissions from the transportation, industrial, commercial, and residential sectors exclude emissions from electricity generation.
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If, instead, producers and consumers 
across the economy respond to 
incentives, and if recent progress 
in clean energy technologies 
continues, the EIA’s forecast greatly 
underestimates the effectiveness of a 
carbon price at reducing emissions.

While real-world experience with 
strong economy-wide carbon prices 
is limited, the existing empirical 
evidence suggests that price 
signals cause significant behavioral 
changes both within and outside 
of the electricity sector. In British 
Columbia, a carbon tax of C$10 
per metric ton was implemented in 
2008 and increased by C$5 per year 
until 2012. Over those five years, 
despite starting with over 90 percent 
renewable electricity generation and 
very little fossil-fuel generation (the 
“low-hanging fruit”), CO2 emissions 
in British Columbia decreased by 5 to 
15 percent compared to a no-policy 
scenario (Murray and Rivers 2015), 
and the decline in gasoline usage 
has been over five times larger than 
expected (Rivers and Schaufele 
2014). In the United States, a 
combination of lower natural gas 
prices and environmental regulations 
has increased the relative cost of coal 
generation in recent years, leading to 
a decline in coal usage from about 50 
percent of U.S. electricity generation 
in 2008 to under 40 percent in 
2014.1 There is little doubt that a 
strong national carbon price would 
cause a rapid acceleration of this 
trend, thus reducing CO2 emissions, 
just as EIA’s analysis predicts.   

We conclude that a strong carbon 
price is a reliable policy for the 
United States, which can serve as 
the centerpiece of wider efforts to 
achieve national emissions targets, 
for the following key reasons:

 ▪ The near certain emissions 
reductions are sufficient to make 
meaningful progress toward 
achieving the U.S. emissions 
reduction targets;

 ▪ The broad-based incentives 
encourage countless additional 
emissions reductions across the 
economy as well as innovation in 
clean energy technologies; and 

 ▪ Emissions reductions are cost-
effective, because only actions 
less expensive than the carbon 
price are encouraged, and tax/
auction revenues can be used for 
other productive purposes. 

Carbon taxes and cap-and-trade 
programs differ in the ways in which 
they lead to emissions reductions. 
A cap-and-trade program can 
promise a precise level of emissions 
reductions with near certainty, 
whereas a carbon tax cannot. 
However, unless a carbon tax is 
severely less effective than expected, 
the benefit of precise emissions 
forecasts (at the national level) 
diminishes in importance, given the 
much larger uncertainties related to 
the effects of global climate change. 
As we show, if policy expectations 
are based on the results of energy/
economic models, a carbon tax is 
more likely to lead to larger-than-
expected emissions reductions. 
Nevertheless, in our judgment, 
the similarities between carbon 
taxes and cap-and-trade programs 
far outweigh their differences. 
Both policies encourage cost-
effective emissions reductions in 
energy-intensive sectors across the 
economy. Either policy can play an 
important role in driving the energy 
transformation needed if the United 
States is to achieve its long-run 
emissions objectives. 
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INTRODUCTION  
Last year, WRI published Putting 
a Price on Carbon: A Handbook 
for U.S. Policymakers, which 
provides a summary of the key issues 
associated with a national carbon 
price in the United States. Building 
on the information provided in the 
Handbook, WRI is releasing a series 
of issue briefs that will provide a 
more in-depth analysis of specific 
topics of particular importance. In 
this issue brief, we describe how a 
national carbon price will lead to 
lower greenhouse gas emissions 
across the U.S. economy.

The major countries of the world have 
committed to keeping the average 
global temperature change within 2 
degrees Celsius above pre-industrial 
levels to avoid the worst effects of 
climate change (UNFCCC 2009). To 
do its part, the United States has com-
mitted to reducing its greenhouse gas 
emissions by 26 to 28 percent below 
2005 levels by 2025 and 83 percent 
by 2050 (UNFCCC 2009). As WRI 
has shown in previous work, staying 
on track to achieve the deeper emis-
sions reductions will require substan-
tial policy action beyond the current 

authority of the federal government 
(Hausker et al. 2015). 

The concept of putting a price on 
activities that produce environmental 
damages dates back nearly a century 
and, in the next section of this issue 
brief of this Issue Brief, we provide 
an overview of the general theory of 
emissions reductions under a carbon 
price. The economic theory is both 
simple and compelling: greenhouse 
gas emissions lead to the harmful 
impacts of climate change. Pricing 
greenhouse gas emissions shifts 
these costs away from the broader 
society to those responsible for the 
emissions. The resulting higher 
prices of carbon-intensive goods 
and services provide incentives to 
reduce emissions, with higher carbon 
prices leading to larger emissions 
reductions.

We then describe how and when, we 
describe how and when emissions 
reductions from a national carbon 
price are likely to take place in key 
sectors. We show that a strong car-
bon price will be transformative in 
the electricity sector where systems 
are in place to shift production 
away from high-carbon fuels when 

it becomes cost-effective to do so. 
Change is likely to be more gradual 
in the transportation sector, where 
cost-effective alternatives to current 
modes of transportation are less 
prevalent. Households, businesses, 
and investors across a wide range 
of sectors will respond to a carbon 
price by shifting their business and 
investments to more cost-effective 
low-carbon alternatives, thus reduc-
ing emissions.

Wherever possible, we include empiri-
cal evidence on the emissions reduc-
tions caused by carbon pricing or 
similar price signals. We also present 
forecasts of the effects of a national 
carbon price from the National Energy 
Modeling System (NEMS) of the U.S. 
Energy Information Administration 
(EIA), which is the country’s most fre-
quently used and cited energy model. 
A common and valid concern about 
carbon pricing is that computer models 
cannot be relied upon to forecast emis-
sions reductions with accuracy. Using 
the detailed EIA modeling results, we 
show that model forecasts of emissions 
reductions are conservative, in that 
they account almost exclusively for 
emissions reductions that are virtually 
certain to take place under a carbon 

BO
X 

1 WHAT DO WE MEAN BY A CARBON PRICE?
While there are other approaches to pricing carbon, in this Issue Brief, a carbon price refers to either a carbon tax (or fee) or a cap-and-trade pro-
gram. A carbon tax directly establishes a price on carbon in dollars per ton of emissions, which is factored into the price of goods and services 
based on their carbon content. A cap-and-trade program establishes the price indirectly by placing a limit on the total quantity of emissions. This 
limit is enforced using tradable emission permits, typically called “allowances”, that any emissions source must own to cover its emissions. The 
market for these allowances creates the carbon price in a cap-and-trade program. 
 
Throughout most of this brief, we do not differentiate between carbon taxes and cap-and-trade programs, because both policies incentivize 
cost-effective emissions reductions at the rate of the carbon price. However, in two instances we stray from our general language of “carbon 
pricing.” We provide certin concrete examples of the lessons learned from prominent carbon taxes and cap-and-trade programs. Following the 
sector-specific discussions, we provide a brief description of the differences between carbon taxes and cap-and-trade programs in the context 
of this Issue Brief. For instance, a well-designed cap-and-trade program can ensure a given level of emissions reductions, whereas a carbon tax 
ensures a predictable price on carbon and encourages additional emissions reductions if technological progress or the response to the price 
signal is larger than anticipated.
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price. Consequently, a carbon price is 
likely to be more effective at reducing 
emissions than the model predicts. 
Nevertheless, EIA modeling shows that 
even modest carbon prices would be 
sufficient to achieve substantial short-
term emissions reductions, roughly in 
line with the U.S. targets. 

These results, combined with the 
theoretical and empirical evidence 
showing how consumers and produc-
ers are likely to respond to a carbon 
price, lead us to conclude that a 
well-designed carbon pricing policy 
can build on emissions reduction 
policies already in place and serve as 
the centerpiece of the U.S. strategy 
to achieve its long-term emissions 
reduction targets. 
 

ECONOMICS OF 
EMISSIONS REDUCTIONS 
FROM A CARBON PRICE
Economists have long understood 
both the advantages and the limita-
tions of markets. Price signals help 
to ensure that the amount of a good 
produced is roughly equal to the 
amount that consumers want to 
buy. If a product is scarce, its price 
increases, encouraging sellers to 
produce more and buyers to buy less. 
As long as consumers and producers 
incur the full cost of transactions, 
market prices will adjust to ensure 
that all parties affected by the trans-
action come out ahead—buyers value 
the product more than the money 
they spend on it, and the price is suf-
ficient to cover the costs 
of production.
 
However, if the production or 
consumption of the product imposes 
costs for third parties, an unregu-
lated market will not provide signals 
to sellers and buyers to account 

for these costs. In such situations, 
government intervention may be 
warranted to ensure that produc-
ers and consumers factor the third 
party-costs into their decisions. 
Otherwise, too much of the product 
will be produced and consumed.  
Unpriced CO2 emissions are a prime 
example of the full social cost of 
a product not being reflected in 
its market price. In the absence of 
climate change policy, when carbon-
intensive goods are purchased, 
neither producers nor consumers pay 
for the damages caused by climate 
change. Instead, these damages 
are borne by society at large, which 
would be better off if fewer carbon-
intensive products were used.
    
Regulation to reduce CO2 emissions 
can take many forms. The govern-
ment can subsidize lower-carbon 
products, it can mandate changes 
to higher-carbon products or ban 
them altogether, or it can impose a 
carbon price. A carbon price works 
by increasing the price of carbon-
intensive products, which encour-
ages consumers to purchase less of 
that product or a different product 
altogether, and it encourages produc-
ers to develop less carbon-intensive 
products. Importantly, markets still 
function just as efficiently as they did 
before the carbon price was imposed, 
but polluters are now forced to pay 
for the damages to third parties 
caused by their activities.
 
A national carbon price has two 
major benefits over alternative 
emissions reduction policies. First, 
it encourages emissions reductions 
wherever and however they can be 
achieved most cost-effectively. Miti-
gation opportunities less expensive 
than the carbon price will be under-
taken, because the regulated entity 
would prefer to reduce emissions, 

rather than pay the carbon price. 
Alternative forms of regulations are 
likely to be more expensive, because 
regulators cannot accurately forecast 
which mitigation opportunities will 
be most cost-effective years ahead 
of time. Carbon pricing is somewhat 
unique in encouraging the lowest-
cost emissions reduction opportuni-
ties without anyone needing to know 
beforehand what these cost-effective 
solutions will be.

Second, a national carbon price can 
generate substantial government 
revenues that can be used in produc-
tive ways,2 which might include: (1) 
compensating businesses or indi-
viduals who are adversely affected 
by the higher prices; (2) promoting 
economic growth by lowering other 
taxes or reducing the deficit; and (3) 
investing in clean energy technolo-
gies or climate change adaptation 
infrastructure. Studies have shown 
that the benefits to the economy of 
certain productive revenue uses can 
rival or outweigh the harm to the 
economy caused by a carbon price 
(Jorgenson et al. 2013).

MECHANISMS FOR 
EMISSIONS REDUCTIONS 
ACROSS SECTORS
The general theory of carbon pric-
ing is applicable to any sector of the 
economy, but the specific mecha-
nisms for emissions reductions differ 
across sectors. This section focuses 
on the emissions reductions that can 
be expected in two sectors—electric-
ity and transportation—because 
they are the largest contributors to 
climate change, accounting for nearly 
60 percent of total U.S. greenhouse 
gas emissions (Figure 1), and because 
these two sectors illustrate how 
the pace of change is likely to dif-
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TOTAL U.S. GREENHOUSE GAS 
EMISSIONS BY SECTOR IN 2013

fer across sectors. At the end of the 
section, we provide a summary of the 
economy-wide effects. 

We divide the sector discussions 
based on when emissions reduc-
tions can be expected to take place 
in response to a carbon price. We 
identify four categories of rates 
of change. Emissions reductions 
take place in the “very short run” if 
pre-existing systems are in place to 
respond quickly to price changes. In 
the “short run”, households and busi-
nesses can respond to price changes 
in some ways that reduce emissions, 
but they are inhibited by existing 
commitments; for example, business 
cannot replace inefficient facilities 
or major equipment overnight, and 
households purchase new vehicles 
and appliances only occasionally. In 
the “long run”, households and busi-
nesses have full flexibility to change 
their behavior and equipment in 
response to economic opportuni-

Note: Calculations in terms of CO
2
-equivalent emissions                                                                                                                                  

Source: U.S. Environmental Protection Agency (2013a)

ties. Finally, in the “very long run”, 
price changes induce technological 
progress, giving households and 
businesses access to lower-carbon 
goods and services than existed prior 
to the implementation of the policy. 
We do not attempt to precisely define 
the length of time for each of these 
periods. Still, we hope this frame-
work will serve to elucidate the major 
similarities and differences in emis-
sions reductions across sectors.

Electricity Sector
The electricity sector produces more 
greenhouse gas emissions than any 
other sector in the United States. 
Over four billion megawatt hours of 
electricity are produced each year, 
approximately two thirds of which are 
produced using fossil fuels (U.S. EIA 
2015a). The result is over 2 billion 
metric tons of annual CO2-equivalent 
emissions, which comprise roughly 
one third of total U.S. greenhouse gas 
emissions (U.S. EPA 2013a).

For the United States to meet its 
emissions reduction targets, fossil-
fuel usage in the electricity sector 
must be significantly curtailed. 
Fortunately, there are viable alter-
natives. Nuclear energy provides 
nearly 20 percent of total electricity 
generation, and renewables provide 
another 13 percent (U.S. EIA 2015b). 
The amount of electricity produced 
by solar and wind energy in particu-
lar has increased dramatically in 
the past decade as the costs of these 
technologies have plummeted (Feld-
man et al. 2012), making them a 
more viable alternative to fossil-fuel 
generation each year. 

Still, absent strong climate change 
policies, the transition away from 
fossil fuels is unlikely to occur 
quickly enough to enable the United 
States to achieve its emissions 
targets. Accounting for the effects of 
the Clean Power Plan (the regula-
tion of greenhouse gas emissions 
from existing power plants), the U.S. 
Environmental Protection Agency 
(EPA) forecasts that fossil fuels will 
still comprise about 60 percent of 
U.S. electricity generation in 2030.
As explained below, carbon pricing 
can have dramatic effects on emis-
sions in the electricity sector. As soon 
as the policy is implemented, high-
carbon generating units will operate 
less often because of higher operat-
ing costs. The carbon price will also 
change decisions about how much 
electricity to consume, which plants 
to build, and what efficiency mea-
sures to implement. Simultaneously, 
pricing carbon will induce invest-
ments in low-carbon technologies, 
the development of which will be 
crucial if the United States is to meet 
its long-term emissions targets. 
  

31% Electricity

9% Agriculture

12% Commercial & Residential

21% Industry

27% Transportation
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Very Short-run Response to a 
Carbon Price in the Electricity Sector
A carbon price translates societal 
costs of climate change into explicit 
costs to electricity producers, and the 
price of electricity will incorporate 
these additional costs. In response, 
some producers and consumers will 
adjust their behavior to save money, 
as they would in response to any 
other increase in costs. Unlike in 
other sectors, where change takes 
place gradually, the electricity sector 
has systems in place to adjust to the 
carbon price virtually immediately.  
In any power system, due to the 
difficulties of storing electricity, 
producers build sufficient generat-
ing capacity to exceed customers’ 
maximum demand levels. As a result, 
significantly more resources are 

usually available to serve customers 
than are needed on a daily basis. 
The resources operating at any given 
time depend on a multitude of fac-
tors—including geographic location, 
the costs of starting and stopping 
power plants, and whether plants are 
engaged in a bilateral contract—but 
no factor is as important as operating 
costs (U.S. EIA 2012). In simplified 
terms, power plants with the lowest 
costs of operation are “dispatched” 
first, and those with higher costs 
are brought on line sequentially as 
demand increases (U.S. EIA 2012.) 
Because demand for electricity is 
constantly fluctuating, the dispatch 
of power plants changes frequently 
as well. Electricity grids are therefore 
designed to respond almost imme-
diately to changes in the cost of fuel 
(due to a carbon price or any other 
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reason). Figure 2 displays a hypo-
thetical (and greatly oversimplified) 
electricity grid “dispatch curve,” with 
and without a carbon price. 

Because a carbon price increases the 
costs of operating fossil-fuel units in 
proportion to the carbon content of 
the fuel, the primary consequence 
(in the very short run) is a reduc-
tion in generation from coal units, 
which have the highest emissions 
rate of any electricity source. The 
biggest beneficiaries of this immedi-
ate adjustment are natural gas units, 
whose operating costs (with no 
carbon price) are higher than coal 
plants on average (U.S. EIA 2015c) 
but, because of the lower carbon 
content of natural gas, pay a carbon 
price that is only 50 to 60 percent of 
the price paid by coal plants for the 
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same generation (U.S. EIA 2015d). 
Once built, the costs of operating 
nuclear and renewable energy units 
are typically much lower than those 
of coal or natural gas plants, so a 
carbon price will not significantly 
affect the usage of these units in the 
very short run (but a carbon price 
does incentivize the construction of 
more renewable plants, as explained 
below). Indeed, changes in operat-
ing costs have caused large fluctua-
tions in coal and natural gas usage 

in recent years (see Box 2 below), 
confirming the intuition of Figure 2.
  
Short-run Effects of Carbon Pricing 
in the Electricity Sector
In the short run, responses to a car-
bon price in the electricity sector are 
somewhat constrained by existing 
commitments and the lags associated 
with construction and large pur-
chases. Nevertheless, both producers 
and consumers will begin to change 
their behavior in the short run when 

the costs of carbon-intensive goods 
and services increase. 

Owners of electricity generation 
facilities can retrofit or refurbish 
fossil-fuel power plants so that 
they produce the same amount of 
electricity while burning less carbon. 
A coal plant operator will find that 
efficiency alternatives that were too 
costly without a carbon price are 
cost-effective with one. A study by 
Resources for the Future concluded 

BO
X 

2 PRICE SIGNALS AND THE RECENT DECLINE IN COAL USAGE
The decline of coal usage in recent years is primarily due to the responses of the electricity system to price signals (although environmental 
regulations have contributed as well) (Burtraw et al. 2012). The influx of shale gas caused the price of natural gas to fall precipitously in 2010 
and 2011, both in absolute terms and relative to coal prices (which remained relatively flat). As a result, natural gas generation was used 
more frequently at times and in places where previously coal units had been used. Coal usage rebounded in 2012/2013 as natural gas prices 
increased. Figure 3 shows the correlation between natural gas prices and coal usage, illustrating just how rapidly coal usage declines when it is 
no longer a low-cost option.  

While these changes were unrelated to climate change regulations, the implementation of a carbon price would provide a similar price signal, raising 
the price of coal compared to natural gas, and causing emissions to fall immediately due to the reduced coal usage (Jorgenson et al. 2013). This 
is precisely what happened in the first year of the European Union’s cap-and-trade program (the EU-ETS), where carbon prices of 20 to 30 Euro 
per metric ton (Ellerman and Joskow 2008) caused a shift from coal to gas generation that led to emissions reductions of 4 to 5 percent (Laing et 
al. 2013).

Notes: Data from the U.S. Energy Information Administration
Prices are for natural gas used by electric generators.

FIGURE 3: RELATIONSHIP BETWEEN PRICE OF NATURAL  
GAS AND COAL GENERATION IN THE UNITED STATES 
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that a carbon price of $10 per metric 
ton would lead to reductions in 
emissions rates at coal plants of 1 to 
2 percent, with higher prices leading 
to greater efficiencies (Linn et al. 
2014). Because the carbon price also 
encourages reduced usage of coal-
fired power plants, the efficiency 
gains will lead to emissions reductions 
(in contrast, policies that mandate 
efficiency improvements can encourage 
coal units to operate more often, 
because more efficient plants are less 
costly to operate) (Linn et al. 2014).

A carbon price also affects electricity 
consumption decisions. When the 
price of electricity increases, con-
sumers tend to use less of it (EPRI 
2008). Lower demand for electricity 

will typically lead to a fall in usage 
of fossil-fuel power plants because 
they have the highest operating 
costs. Reduced electricity usage also 
implies lower electricity bills, and 
the net effect of a carbon price on 
electricity bills depends on the extent 
to which consumers respond to the 
price change.3 

Economists have exhaustively studied 
the extent to which electricity demand 
decreases when prices increase 
(referred to as the “price elasticity of 
demand”). Table 1 displays the results 
of recent studies of the short-run (i.e. 
usually within the first few years, 
although definitions vary) and long-
run responsiveness of U.S. electricity 
consumers to electricity price 

changes. In the short run, consumers 
respond to changes in electricity 
prices by reducing their demand for 
electricity, but they do not respond as 
much as they do over longer periods, 
when consumers have had the 
opportunity to invest in more efficient 
machinery and appliances.

Short-run elasticities between −0.1 
and −0.4 imply that a 10 percent 
price increase would only lead to a 
1−4 percent reduction in electricity 
use. Some consumers may at first 
perceive the price change to be tem-
porary (if they notice it at all), and 
others may not adjust their behavior 
until they purchase new equipment 
or appliances.  

PRICE ELASTICITIES OF DEMAND FOR ELECTRICITY

TA
BL

E 
1

Notes: A price elasticity demand of −0.2 implies that a 10% increase in electricity price leads to a 2% decrease in demand. 
Data from Paul, Myers, and Palmer (2009), Bernstein and Griffin (2005), and EPRI (2008). Methodology and assumptions differ across studies.

Study Short-run Long-run

RESIDENTIAL CUSTOMERS: NREL (2006) −0.24 −0.32

EPRI (2008) −0.30 −0.90

Paul, Myers, and Palmer (2009) −0.13 −0.40

Bernstein and Griffin (2005) −0.24 −0.32

Dahl and Roman (2004) −0.23 −0.43

Espey and Espey (2004) −0.35 −0.85

COMMERCIAL CUSTOMERS: NREL (2006) −0.21 −0.97

EPRI (2008) −0.30 −1.00

Paul, Myers, and Palmer (2009) −0.11 −0.29

Bernstein and Griffin (2005) −0.21 −0.97

INDUSTRIAL CUSTOMERS: EPRI (2008) −0.20 −1.20

Paul, Myers, and Palmer (2009) −0.16 −0.40

Dahl and Roman (2004) −0.14 −0.56
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Long-run Effects of Carbon Pricing 
in the Electricity Sector
In the long run, consumers are more 
responsive to a carbon price, in large 
part because they are less constrained 
by currently installed technologies. 
The long-run price elasticities in 
Table 1 imply that a 10 percent elec-
tricity price increase will lead to an 
average of 3 to 12 percent reductions 
in electricity use. Such a wide range 
should not be surprising, consider-
ing the diversity of consumers and 
electricity uses across the economy.

Consumer responses to a carbon 
price may be larger than are sug-
gested by these empirical estimates 
based on general electricity price 
changes, for several reasons. First, 
a carbon price may be perceived 
as more permanent, which could 
cause consumers to change their 
behavior rather than wait for tem-
porary price increases to subside. In 
addition, the salience of the tax may 
coax consumers into fundamentally 
reducing electricity consumption, 
either to save money or for altruistic 
reasons (Chetty et al. 2007). The UK 
introduced a “Climate Change Levy” 
in 2001 that taxed electricity use at 
roughly 10 percent. A study of manu-
facturing plants and other commer-
cial users found that electricity use 
declined by over 22 percent at plants 
subject to the tax compared to plants 
that were eligible to opt out (Martin 
et al. 2011), which implies a much 
larger response than the elasticities 
presented above. (The authors of 
the study caution that some of this 
shift away from electricity in the UK 
may have been toward gas and coal, 
which were taxed at lower rates, thus 
offsetting the emissions reductions 
from the policy.) Finally, prog-
ress with “smart grids” and home 
energy management products could 

enable individuals and businesses 
to respond more efficiently to price 
signals than they have in the past.     

A carbon price will also have long-
run effects on electricity production. 
Hundreds of new electricity generat-
ing units are brought online each 
year in the United States, either to 
meet additional demand for electric-
ity or to replace older generating 
units (U.S. EIA 2015e). A carbon 
price would have a substantial 
impact on decisions regarding which 
plants are most cost-effective to build 
and operate over their lifetimes. A 
useful (though imperfect) metric to 
compare the costs of different types 
of new power plants is the levelized 
cost of electricity (LCOE), which 
depicts the lifetime costs of produc-

ing a given amount of electricity, 
including the costs of building and 
operating the plant. Figure 4 displays 
LCOE estimates from the company 
Lazard, with and without illustrative 
carbon prices of $25 and $50 per 
metric ton. Coal plants are omitted 
because few are likely to be built in 
the United States going forward.4

 
Figure 4 shows that with a carbon 
price, wind and solar become more 
competitive with natural gas, which 
has been the dominant source of 
fossil-fuel electricity being added 
to the grid for more than a decade 
(Shellenberger et al. 2014). While 
(unsubsidized) solar would remain 
more expensive than natural gas 
in some regions of the country at 
today’s prices, this will change if the 

BO
X 

3 CARBON PRICING AND THE CLEAN POWER PLAN

U.S. EPA finalized the Clean Power Plan (CPP) in August 2015 to fulfill its obligation to 
regulate greenhouse gas emissions from existing power plants. Under the CPP, states 
must meet emissions or emissions-rate targets between 2022 and 2030. Modeling 
by EPA projects that, with the CPP in effect, emissions in the power sector will fall 30 
percent below 2005 levels by 2030.  

States have significant flexibility to design their own implementation plans, which must be 
proposed to EPA by September 2016 (with extensions available to 2018). Carbon pricing 
programs are encouraged by EPA—particularly cap-and-trade programs, but also carbon 
taxes or fees—and many states are likely to take advantage of that option. The linking of state 
programs is also encouraged by allowing states to trade emissions allowances. Califor-
nia and the northeastern states that comprise the Regional Greenhouse Gas Initiative (RGGI) 
can comply with the CPP using their pre-existing cap-and-trade programs (or modified ver-
sions of these programs). The number of carbon pricing programs in the country may grow 
substantially if additional states elect to comply using cap-and-trade or carbon taxes. 

Well-designed carbon pricing programs will lead to less expensive emissions reduc-
tions compared to alternative state implementation plans. They may provide revenues 
that can be used to reduce taxes or invest in clean energy, among other possibilities 
(although states may instead choose to freely allocate allowances to regulated entities 
under cap-and-trade, in which case there would be no government revenues from the 
program). Carbon pricing programs would also encourage technological progress, 
enabling states to achieve emissions reductions beyond those required by the CPP.                                                
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LEVELIZED COST OF ELECTRICITY (UNSUBSIDIZED)  
WITH AND WITHOUT ILLUSTRATIVE CARBON PRICES

Notes: Data and assumptions from Lazard Levelized Cost of Energy Analysis, Version 9.0, November 2015.
The levelized costs do not factor in any effects of U.S. federal tax subsidies or reliability-related concerns.
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cost of solar energy continues to fall 
(Feldman et al. 2012). Building wind 
and solar units in lieu of natural gas 
plants avoids decades of emissions 
that would come from those plants 
(although it also introduces chal-
lenges associated with more unpre-
dictable generation sources). 

Forecasts of Emissions Reductions 
in the Electricity Sector 
A carbon price will cause grid 
operators to dispatch lower-carbon 
generation alternatives, producers 
to retrofit existing power plants and 
build new lower-carbon plants, and 
consumers to use less electricity. 
Taken together, these actions will 
lead to substantial emissions reduc-
tions in the electricity sector. 

U.S. EIA estimated the effects of a 
national carbon price in its 2014 
Annual Energy Outlook Report 
(U.S. EIA 2014a).5 EIA’s modeling is 
widely cited and highly influential, 
and its results are broadly similar to 
other prominent energy/economic 
models (Fawcett et al. 2015) (many 
of which rely in part on information 
from EIA). We display results for 
EIA’s carbon price scenarios that 
start at a price of $25 per metric ton 
(in 2012 dollars) in 2015, growing at 
5 percent per year. This carbon price 
trajectory is comparable to certain 
projections of carbon prices from the 
cap-and-trade program that passed 
the U.S. House of Representatives in 
2009 (as part of the American Clean 
Energy and Security Act, commonly 
known as “Waxman-Markey”) (U.S. 

EIA 2009). However, the price 
trajectory is low compared to econo-
mists’ and scientists’ best estimates 
of the carbon prices needed to 
achieve long-term emissions tar-
gets.6 While implementation of a 
national economy-wide carbon price 
in the next few years is unlikely, 
EIA’s results should be viewed as 
illustrative of how a model of the 
U.S. economy and energy system 
forecasts the impacts of a carbon 
price over the first 10 to 15 years of 
implementation. 

Table 2 displays the results of EIA’s 
analysis for the electricity sector. 
Retail electricity prices increase by 
14 percent in 2030 compared to the 
Reference Case (which differs only 
in its lack of a carbon price), leading 
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to a reduction in electricity usage 
of 6 percent. Recall that the best 
estimates of long-run price elastici-
ties from Table 1 range from -0.3 to 
-1.2, implying that a 14 percent price 
increase would lead to a decrease in 
demand between 4 and 17 percent. 
EIA’s forecast of 6 percent is near the 
bottom of that range.

On the supply side, the carbon price 
causes coal use to decline by 85 
percent below the Reference Case 
level in 2030. (For comparison, EPA 
projects the Clean Power Plan to 
cause a reduction in coal usage of 
22 to 23 percent by 2030 (U.S. EPA 
2015).) Natural gas usage increases 
rapidly in the initial years to replace 
this coal generation. By 2030, with 
higher carbon prices and more time 
to build new infrastructure, renew-

able energy increasingly replaces 
coal (and to some extent natural gas) 
generation. 

EIA’s forecasts of changes in electric-
ity supply are pessimistic in that the 
model does not consider the pos-
sibility of transformative changes or 
disruptive technological progress. It 
assumes that no new technologies 
provide meaningful competition to 
fossil fuels, even though a carbon 
price will increase the incentive for 
technological progress (discussed 
in the next section). In fact, the 
recent trends of rapidly decreasing 
costs of solar and wind technologies 
are assumed not to continue—for 
example, the projected costs of build-
ing utility-scale solar photovoltaic 
generating plants are assumed to 
remain higher through 2025 than 

typical cost estimates from 2014.7 
Consequently, the extent to which 
wind and solar generation is avail-
able to replace coal and natural gas 
generation is constrained in EIA’s 
analysis, and consumers are not 
increasingly responsive to price 
changes due to innovative “smart 
grid” technologies. 

Still, EIA projects that the carbon 
price reduces electricity sector emis-
sions in 2030 by over 60 percent 
below Reference Case emissions 
levels. Actual emissions reductions in 
the sector could be larger or smaller. 
But if clean energy technologies 
continue to improve, it is far more 
likely that a carbon price will cause 
larger emissions reductions than 
are predicted in these conservative 
forecasts.

Source: U.S. EIA’s Annual Energy Outlook 2014. The Reference Case scenario is identical to the $25 carbon price scenario except for the lack of a carbon price.   

EIA PROJECTIONS OF THE EFFECTS OF A $25/METRIC  
TON CARBON PRICE IN THE ELECTRICITY SECTOR TA

BL
E 

2

EIA $25 Carbon Price Scenario

2015 2020 2025 2030

CARBON PRICES (2012 DOLLARS PER METRIC TON) $25 $32 $41 $52

PERCENTAGE CHANGE VERSUS REFERENCE CASE:

Retail Electricity Prices 6% 11% 14% 14%

Electricity Demand -1% -4% -5% -6%

Coal Usage -18% -64% -74% -85%

Natural Gas Usage 16% 51% 50% 27%

Renewables Usage 10% 24% 25% 51%

Electricity Sector Carbon Dioxide Emissions -12% -40% -49% -63%
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Very Long-run Effects of Carbon 
Pricing in the Electricity Sector 
For the United States to meet 
its goal of over 80 percent 
emissions reductions by 2050, a 
transformation of the electricity 
sector is essential. This will occur 
only through the development and 
scaling of new technologies. Most 
studies of carbon pricing focus on 
the effects described above because 
they are relatively predictable. We 
can measure how consumer demand 
changes with electricity prices and 
how low-carbon supply options 
become more competitive when a 
carbon price is implemented. But 
CO2 stays in the atmosphere for 
hundreds of years and, while the 
climate is changing today, the worst 
damages from climate change are 
decades or centuries away. For 
that reason, the most important 
effects of carbon pricing occur over 

BO
X 

4 A PRICE ON SO2 EMISSIONS LED TO DRAMATIC 
EMISSIONS REDUCTIONS

Pricing emissions in the electricity sector is not just a theoretical concept. With the Clean 
Air Act Amendments of 1990, the United States implemented the “Acid Rain Program” 
to regulate sulfur dioxide (SO

2
) emissions, a harmful air pollutant emitted primarily from 

coal-fired power plants. The Acid Rain Program put a price on SO
2
 emissions using a cap-

and-trade program. The administration of George H.W. Bush and Republicans in Congress 
supported the policy largely because of its reliance on market mechanisms to achieve 
environmental protection (Chan et al. 2012). 

Under the Acid Rain Program, SO
2
 emissions from power plants decreased 36 percent 

between 1990 and 2004, despite electricity generation from coal power plants increas-
ing by 25 percent over the same period (Chan et al. 2012). Various studies have con-
cluded that the emissions reductions due to the price on SO

2
 occurred more quickly and 

cost-effectively compared to the reductions that would have been achieved under a more 
traditional non-market regulatory policy (Burtraw and Palmer 2004). The success of the 
Acid Rain Program helped to inspire the EU-ETS and other CO

2
 cap-and-trade programs in 

the 2000s.

a long-term time scale. A major 
benefit of carbon pricing policies is 
that they encourage technological 
change, so the menu of cost-effective 
low-carbon alternatives available 
to producers and consumers will 
expand over time. 

The process that drives technological 
change is complex and not entirely 
understood. It includes the invention 
of new technologies, improvements 
to existing technologies, and the 
adoption and diffusion of technolo-
gies throughout the economy (Jaffe 
et al. 2003). We refer to inducing 
technological change as a “very 
long-run” effect because it can take 
decades for new technologies to 
mature, but the advancements can 
occur quickly as well (particularly 
improvements and cost reductions 
for existing technologies). 

Private businesses fund over 60 per-
cent and perform over 70 percent of 
total R&D in the United States, with 
industry responsible for even larger 
portions of applied research and 
product development (Newell 2015). 
A carbon price increases incentives 
for private businesses to invest in 
low-carbon technologies because it 
affects the expected return on invest-
ments. A strong and predictable car-
bon price will ensure that the price 
of producing electricity with fossil 
fuels incorporates the costs to society 
of burning these fuels, thus making 
new low-carbon technologies more 
competitive if and when they become 
available. Larger anticipated market 
shares for low-carbon innovations 
imply greater expected returns on 
investments today. Investments flow 
toward opportunities with higher 
expected returns, so a carbon price 
encourages investments in low-car-
bon technologies, and these invest-
ments are what drive innovation.

Increased experience with low-
carbon technologies will also lead to 
productivity gains over time. This 
effect—often referred to as “learning-
by-doing”—is responsible for major 
decreases in the costs of solar 
photovoltaic energy in recent years 
(Bollinger and Gillingham 2014). 
Economists attribute a significant 
portion of the technological progress 
across the economy to learning-by-
doing (Arrow 1962). 

Figure 5 summarizes the pathways 
by which a carbon price will lead to 
emissions reductions via technologi-
cal change.
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HOW A CARBON PRICE LEADS TO TECHNOLOGICAL  
CHANGE IN THE ELECTRICITY SECTOR

Strong and Predictable 
Carbon Price

Low-carbon 
technologies improve

Today’s market share of 
low-carbon technologies 

increases

Future market share of 
low-carbon technologies 

increases

Companies gain 
experience with low-
carbon technology

Increased investments in 
developing and improving 
low-carbon technologies

Economic theory and empirical 
evidence suggest that a strong and 
predictable carbon price is likely to 
increase the pace of technological 
development in the electricity sector 
by the pathways described in Figure 
5. A recent study showed that indus-
try leaders agree with this predic-
tion (New Climate Economy 2014). 
Importantly, a carbon price encour-
ages innovation without requiring 
accurate predictions regarding 
which technologies will be most 
cost-effective at reducing emissions. 
This is a major advantage because 
breakthroughs could emerge from 
any number of sources—for example, 
solar, wind, energy storage, nuclear, 
carbon capture, hydrogen fuel cells, 
advanced smart grids, or tech-
nologies as yet unknown.8 A carbon 
price encourages all clean-energy 
technologies simultaneously, thus 
eliminating the possibility of regula-
tions diverting scarce resources to 
promote the “wrong” technologies.    

Complementary Policies for 
Emissions Reductions in the 
Electricity Sector 
As we have shown, a carbon 
price can induce large emissions 
reductions in the electricity sector. 
Still, there are limitations to what a 
carbon price can accomplish. Smart 
complementary policies can increase 
the effectiveness and reduce the 
costs of emissions reductions in the 
sector.
  
One benchmark for determining the 
usefulness of complementary poli-
cies is whether there are additional 
market barriers (aside from unpriced 
greenhouse gas emissions) hindering 
emissions reductions (Hood 2013). 
While a sufficiently high carbon price 
might overcome additional barri-
ers, complementary policies may 
be a more effective alternative for 
addressing them. One often-cited 
example is investment in R&D. As 
explained above, a carbon price 

will spur innovation in low-carbon 
technologies. However, the return to 
society on R&D investments is more 
than double the return to private 
businesses, and perhaps consider-
ably more (Bazelon and Smetters 
1999; Jones and Williams 1998; 
Popp 2009), largely because private 
investors share the benefits of their 
innovations with society as a whole. 
Private investors will underinvest 
in R&D if they are not able to retain 
the return from the investments for 
themselves. For this reason, there 
is a strong economic rationale for 
additional policies to subsidize R&D 
(in energy and other sectors as well). 
Newell (2015) estimates that an 
additional $10 to $15 billion per year 
of public funding is needed for “basic 
strategic research inspired by critical, 
climate-related needs.” Total federal 
government funding for R&D in 2014 
was $133 billion, of which less than 
$2 billion was directed to the energy 
sector (AAAS 2015).
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5 TECHNOLOGY-FORCING EFFECTS OF REGULATIONS
Economists have long understood that regulations can induce technological change (Jaffe et al. 2003; Bellas and Lange 2011). Indeed, with 
the Clean Air Act Amendments of 1970, Congress required emissions reductions from the auto industry that were unachievable with existing 
technologies (Gerard and Lave 2003). The Department of Energy assumed that its 2001 efficiency standards would force “top-loading” clothes 
washers out of the market by 2007 but the efficiency of these washers improved dramatically following the regulation, and they were able to 
retain their market share (Taylor et al. 2015).

Some studies have claimed that, by drawing attention to market inefficiencies and providing incentives to innovate beyond the standards, well-
designed policies spur innovation to such a large degree that they often lead to long-run cost reductions that more than offset the compliance 
costs of the policies (referred to as the “Porter Hypothesis”) (Porter and van de Linde 1995). Empirical support for the Porter Hypothesis is 
mixed (Ambec et al. 2013), but even skeptics of Porter acknowledge that the “technology-forcing” effect of regulations (and in particular, market-
based regulations) is larger than zero (Palmer et al. 1995), as energy/economic models typically assume. 

Measuring the magnitude of induced technological change is difficult. The process of innovation takes years and existing carbon pricing pro-
grams are generally too new to display the long-term effects of spurred innovation. However, initial signs indicate that programs such as the EU-
ETS are successfully spurring innovation. For example, a 2011 study surveyed manufacturing companies and found a strong positive association 
between firms’ expectations on the stringency of the cap and overall innovation in emissions-saving processes or products (Martin et al. 2011). 
A separate study compared the patenting activity (as a proxy for innovation) of thousands of companies that were either regulated by the EU-ETS 
or exempt from regulation. Figure 6 displays the results of the study, which estimated that the EU-ETS increased low-carbon (or “green”) patent-
ing by 36 percent compared to what would have been expected without the EU-ETS (Calel and Dechezlepretre 2012).  

  Source: Calel and Dechezlepretre (2012).

FIGURE 6: THE EU-ETS AND LOW-CARBON PATENTS
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A carbon price encourages reduced 
electricity usage, but it is unlikely 
to incentivize consumers to take all 
cost-effective energy-saving actions. 
An International Energy Agency 
study (Ryan et al. 2011) summarizes 
the various market barriers inhibit-
ing cost-effective energy efficiency, 
which include:

 ▪ INFORMATIONAL FAILURES OR 
ASYMMETRIES. Consumers often 
have insufficient or inaccurate 
information regarding energy 
use or the energy-efficiency char-
acteristics of goods and services.

 ▪ SPLIT INCENTIVES. Those pur-
chasing major appliances (e.g. 
landlords) are often not the same 
people as those who pay the elec-
tricity bills (e.g. tenants). 

 ▪ BOUNDED RATIONALITY. Consum-
ers often do not perform the 
calculations needed to determine 
whether energy-efficient prod-
ucts will be cost-effective. 

Targeted energy-efficiency policies 
can be used to overcome these bar-
riers (at least to some extent) and 
lower the costs of achieving emis-
sions targets.

Policies that encourage clean-energy 
innovation and energy efficiency 
are often more effective at reducing 
emissions when a carbon price is in 
place. A carbon price helps to ensure 
the deployment and diffusion of new 
technologies. Energy-efficiency policies 
encourage more efficient electricity use, 
but they also often reduce the cost of 
activities that require electricity—for 
example, if a more efficient air condi-
tioner is less expensive to run, it may be 
run more often—which offsets some of 
the effect of these policies on emissions 
(referred to as the “rebound effect”) 
(Shellenberger et al. 2011). A strong car-

bon price could ensure that the cost of 
the carbon-intensive activity increases, 
thus reducing a rebound effect.

Finally, given that the U.S. Congress 
would need to pass a national carbon 
price, it is not difficult to imagine 
that a carbon tax or emissions cap 
would be set at levels that are insuf-
ficiently stringent to achieve the 
necessary emissions reductions. In 
such cases, while a more stringent 
carbon price may be preferable, 
complementary policies that further 
reduce emissions may be the “second 
best” alternative.   
 
Alternative Policies for Emissions 
Reductions in the Electricity Sector
Alongside smart complementary 
policies, a carbon price is a highly 
effective tool for achieving emissions 
reductions in the electricity sector. 
Other forms of regulations do not 
provide the same breadth of incen-
tives for emissions reductions. 

Technology standards, renewable 
portfolio standards, and clean-
energy standards, all encourage low-
carbon electricity production, but 
they do not encourage consumers to 
use less electricity. As noted above, 
efficiency standards encourage more 
efficient electricity use, but decreased 
costs can actually increase the use 
of energy services via the “rebound 
effect” (Linn et al. 2014). A carbon 
price provides unambiguous incen-
tives to consumers and producers 
to reduce electricity use and utilize 
lower-carbon technologies.  

The future costs of electricity pro-
duction cannot be projected with 
any degree of precision. Unforeseen 
events and technological advance-
ments will determine the most cost-
effective ways to reduce emissions in 

the sector over the coming decades. 
This uncertainty does not impede the 
success of a carbon price, which uses 
market forces to encourage which-
ever emissions reductions activities 
turn out to be most cost-effective. 
Policies that favor particular climate 
change solutions risk backing the 
wrong technology, and thus wasting 
scarce resources and making it more 
difficult for non-incentivized tech-
nologies to succeed.     

Alternative emissions reduction policies 
(of comparable stringency) also are 
more often limited in their ability to 
induce the adoption and diffusion of 
new technologies (Jaffe et al. 2003). 
Unlike technology and performance 
standards that are satisfied once a 
power plant achieves a particular 
performance level, a carbon price 
rewards the continued reduction of 
emissions beyond the level required 
by a standard. Under a carbon tax, for 
example, a firm will benefit as long as it 
can continue to lower its tax burden 
by reducing emissions. The same is 
true under a cap-and-trade program as 
long as the total emissions covered 
by the policy do not fall below the 
emissions cap. Indeed, studies have 
shown that market-based instru-
ments have been significantly more 
effective at promoting the adoption 
of new technologies than the poli-
cies they replaced (Jaffe et al. 2003; 
Keohane 2002).

Finally, although political momen-
tum is notoriously difficult to predict, 
a national carbon price may be more 
likely to achieve bipartisan support 
than alternative emissions reduction 
strategies that require a significant 
increase in government spend-
ing. Indeed, a growing number of 
prominent conservatives support a 
revenue-neutral carbon tax (Carbon 
Tax Center 2015).
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Transportation Sector
The transportation sector is the 
country’s second largest contribu-
tor to climate change. In 2013, the 
sector was responsible for 1.8 billion 
metric tons of CO2-equivalent emis-
sions, comprising 27 percent of total 
U.S. greenhouse gas emissions and 
roughly one third of CO2 emissions 
from fossil fuels (U.S. EPA 2013b). 
Reducing emissions in the transporta-
tion sector will be critical to achieving 
U.S. long-term emissions targets and, 
in this section, we describe the ways 
in which a carbon price encourages 
emissions reductions in the sector. 

Cars and light trucks are responsible 
for over 60 percent of transportation 
sector carbon dioxide emissions, 
freight trucks comprise nearly a 
quarter of sector emissions, and 
aircraft, pipelines, trains, and ships 
contribute a small percentage each 
(U.S. EPA 2013a). A key difference 
between the transportation and 
electricity sectors is that the fossil 
fuel responsible for the vast majority 
of transportation sector emissions 
is oil. Per unit of energy produced, 
oil-based products produce roughly 
25 percent fewer CO2 emissions than 
coal, but roughly 33 percent more 
CO2 emissions than natural gas (U.S. 
EIA 2015f). Two thirds of the oil 
consumed in the transportation sec-
tor is motor gasoline, with diesel and 
jet fuel consuming lesser amounts 
(Center for Climate and Energy Solu-
tions 2014).
 
As in the electricity sector, a carbon 
price will lead to emissions reduc-
tions in the transportation sector 
through numerous mechanisms, 
involving behavioral changes by 
consumers, producers, and inves-
tors. However, substantial emissions 
reductions in the transportation 

sector are unlikely to occur as 
rapidly and as inexpensively as in the 
electricity sector. First, compared to 
the burgeoning renewable industry 
in the electricity sector, there are 
fewer cost-effective alternatives to 
fossil fuels currently available in 
the transportation sector. Second, a 
carbon price has a smaller effect on 
the price of petroleum products than 
it does on the price of coal—every $1 
increase in the carbon price would 
increase the price of gasoline and 
diesel by only around 1 cent per 
gallon (Aldy et al. 2012). Finally, 
there is no equivalent to electricity 
markets which immediately encour-
age cost-effective alternatives to be 
adopted. For these reasons, there is 
no category of “very short-run” emis-
sions reductions in the transporta-
tion sector, so we skip directly to the 
“short-run” effects of carbon pricing 
in the sector. 

Short-run Effects of Carbon Pricing 
in the Transportation Sector
Recall that, in the “short run,” the 
response of households and busi-
nesses to a carbon price is somewhat 
muted due to existing commitments. 
In the transportation sector, con-
sumers only occasionally reevaluate 
their transportation alternatives and 
producers cannot immediately adjust 
their supply chains or investments.    

Short-run effects are also con-
strained because of the relative lack 
of low-carbon substitute products in 
the transportation sector. A carbon 
price encourages producers and 
consumers of petroleum products to 
switch to fuels with potentially lower 
life-cycle emissions, but options are 
limited. Some consumers will switch 
to other transportation options (e.g. 
public transit, walking, bicycling), 
but absent drastic changes in gaso-

line prices, the vast majority will 
continue to drive their vehicles (U.S. 
EIA 2014b). 

Producers can blend biofuels like 
ethanol with gasoline to produce a 
lower-carbon fuel. According to EPA, 
the life-cycle emissions reductions in 
comparison to gasoline are about 20 
percent for corn-based ethanol and 
60 percent for sugarcane-based etha-
nol (U.S. EPA 2010), and the share 
of biofuels in U.S. gasoline increased 
from under 4 percent in 2006 to 
nearly 10 percent in 2013 (U.S. EIA 
2014c). In Brazil, sugarcane ethanol 
accounts for over 50 percent of fuel 
demand, and drivers commonly 
calculate whether it is cheaper to 
purchase fuel from the gasoline or 
ethanol pump before filling their 
tanks after accounting for the dif-
fering energy content of the fuels 
(Khanna and Mingo, 2015). How-
ever, it is unlikely that a carbon price 
would cause a significant increase in 
biofuel usage in the United States, 
for both technological (UCS 2013) 
and environmental reasons.9

The most visible effect of a carbon 
price in the transportation sector is 
the increase in the price of gasoline. 
Higher gasoline prices incentivize 
consumers to drive less and more 
efficiently. As a result, less gasoline 
is purchased and less oil is produced, 
causing emissions to decline. 

Given the lack of substitute fuels, it is 
perhaps not surprising that consum-
ers are even less responsive to the 
price of gasoline than to the price of 
electricity. In the first year following 
a price change, studies have found 
price elasticities of roughly –0.1 to 
–0.25 (IPCC 2014), implying that a 
10 percent price increase would lead 
to a reduction in demand for gasoline 
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6 GASOLINE PRICES, CONSUMER PREFERENCES, AND 
VEHICLE FUEL-ECONOMY STANDARDS
When fuel prices are relatively high, both consumers and government regulators demand more fuel-efficient vehicles (Ramey and Vine 2010). 
Figure 7 shows the correlation between gasoline prices and the fuel economy of new U.S. cars over the past 40 years. The oil embargo of 1973–
1974 caused oil prices to rise dramatically—gasoline prices were constrained by price controls, but gasoline shortages occurred instead. This 
event provided a major impetus for Congress to pass the Corporate Average Fuel Economy (CAFE) standards for new passenger vehicles in 1975 
(UCS 2015), which led to significant increases in vehicle fuel economy in the late 1970s and early 1980s. From the 1980s to the early 2000s, 
gasoline prices were relatively low, consumers worried less about fuel economy, and fuel-economy standards remained virtually constant. As 
gas prices rose again in the mid-2000s, the average fuel economy of new light-duty vehicles sold in the United States began to increase once 
again, from under 29 miles per gallon in 2001 to over 35 miles per gallon in 2013 (U.S. DOT 2015). At the same time, the Energy Independence 
and Security Act of 2007 made fuel-economy standards for future car and truck sales significantly more stringent. With gasoline prices at high 
levels once again following the financial crisis, the Obama administration finalized rules that raised fuel-economy standards even further (U.S. 
Government 2012). 

Gasoline prices in major European countries are more than twice as high as U.S. prices, and the fuel-economy standards for light-duty vehicles 
in the European Union were roughly 10 miles per gallon higher than in the United States as of 2013 (International Council on Clean Transporta-
tion 2015). A carbon price in the United States would not raise gasoline prices to European levels, so it is unrealistic to expect the U.S. fleet to 
transform into the European fleet overnight. Still, over time, historical trends indicate that a credible promise of higher future gasoline prices 
would cause consumers and government regulators to demand more fuel-efficient vehicles.

Notes: Retail gasoline price is the average annual gasoline pump price in constant US dollars, according to the U.S. Department of Energy.10 Adjusted fuel economy 
reflects the fleet-wide average fuel economy of new cars in each model year, according to the U.S. EPA.11 

FIGURE 7: GASOLINE PRICES AND FUEL ECONOMY  

13.0

16.0

19.0

22.0

25.0

28.0

31.0

$1.00

$1.50

$2.00

$2.50

$3.00

$3.50

$4.00

Adjusted Fuel Econom
y (M

PG
)

Pr
ic

e 
(U

S 
do

lla
rs

)

Retail Gasoline Price (Constant 2013 dollars/gallon) Adj. Fuel Economy for Cars (MPG)

1973 1977 1981 1985 1989 1993 1997 2001 2005 2009 2013

Gasoline 
shortages; CAFE 
standards first 
established in 

1975

More stringent 
CAFE standards 
adopted in 2007 

and 2009



20  |  

of 1 to 2.5 percent. The U.S. EIA 
argues that U.S. drivers have barely 
responded at all to gasoline price 
changes in recent years, with short-
run elasticities of just –0.02 to –0.04 
(U.S. EIA 2014b). If these estimates 
are indicative of the consumer 
response to a carbon price, then the 
short-run reduction in gasoline usage 
will be small.

Long-run Effects of Carbon Pricing 
in the Transportation Sector
In the long run, consumers and pro-
ducers have more flexibility to take 
advantage of the economic opportu-
nities encouraged by a carbon price. 
Consumers are far more responsive 
to changes in gasoline prices in the 
long run, perhaps due to reevaluat-
ing their commuting habits and 
making long-term investments in 
vehicles. Studies suggest that aver-
age long-run price elasticities range 
from –0.6 to –0.8, implying that a 
10 percent increase in gasoline prices 
leads to a 6 to 8 percent decrease 
in demand (IPCC 2014; Brons et 
al. 2008; Hamilton 2008). To the 
extent that a carbon price provides a 
more permanent and salient signal 
to consumers than general price 
fluctuations, the consumer response 
may be larger (as it has been in Brit-
ish Columbia, discussed in Box 7). 
On the other hand, if EIA’s finding 
of low short-term elasticities for U.S. 
drivers (U.S. EIA 2014b) is indicative 
of a longer-term trend, the consumer 
response may be smaller. 

The major substitutions in the 
transportation sector may occur at 
the vehicle level. The price of gaso-
line changes the cost of owning a 
vehicle over its lifetime, so increases 
in gasoline prices cause consumers 
to place more value on fuel economy, 
which causes producers to build and 
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7 BRITISH COLUMBIA’S CARBON TAX
British Columbia implemented a carbon tax of C$10 per metric ton of CO

2
 equivalent in 

July 2008, which increased by C$5 per year to C$30 per metric ton in 2012. The tax covers 
most of the carbon dioxide emissions in the economy, but since British Columbia produces 
the vast majority of its electricity with renewable sources, the tax primarily affects the trans-
portation sector.  

The carbon tax is less than a decade old, so it is far too early to expect long-run effects 
to have materialized, but the evidence thus far is promising. Fuel consumption per capita 
declined by 17 percent compared to the year prior to implementation, and by 19 percent 
compared to the rest of Canada. The consumer response to fuel-price changes has been 
over five times larger than anticipated for a general price change, perhaps due to the 
prominence and perceived permanence of the carbon tax (Rivers and Schaufele 2014). 
Compared to a “no carbon tax” scenario, Murray and Rivers (2015) conclude that the 
carbon tax reduced emissions by 5 to 15 percent in the first five years. These emissions 
reductions have been achieved with no signs that the tax has harmed the BC economy 
(Murray and Rivers 2015) or low-income households (Beck et al. 2015).

Time will tell how successful British Columbia’s carbon tax will be at reducing emissions 
once all the short- and long-run effects have been realized. British Columbia’s carbon 
pricing policy appears to have had a highly successful start. And, if the response to the 
tax is indicative of how American drivers would respond, then a carbon price will lead to 
much larger emissions reductions in the U.S. transportation sector than energy/economic 
models currently predict.

sell more fuel-efficient vehicles (see 
Box 6). The extent of this effect is dif-
ficult to measure empirically (Greene 
2010), but recent studies suggest that 
consumers’ willingness to pay for a 
new vehicle increases nearly propor-
tionately with the expected lifetime 
costs of gasoline. 

Carbon prices will also encourage 
a shift away from vehicles powered 
by combustion engines that run on 
gasoline. Purchasers of light-duty 
vehicles can switch to hybrids or 
electric vehicles, the sales of which 
have accelerated rapidly in recent 
years (U.S. DOE 2015). Purchasers 
of trucks can switch from diesel to 
natural gas, which reduces tailpipe 
CO2 emissions by roughly 30 per-
cent,12 and vehicles that run on diesel 

fuel can run on biodiesel instead. 
Such vehicles are in their relative 
infancy compared to low-carbon 
alternatives for electricity genera-
tion—the share of electric vehicles 
as a percentage of total vehicle sales 
is less than 1 percent, and natural 
gas trucks comprise less than 10 
percent of the heavy-duty vehicle 
market (ACT 2012). Still, if the prices 
of electric vehicles continue to fall 
and performance and infrastructure 
continue to improve, the effects of 
a carbon price could increase dra-
matically, because consumers would 
have viable alternatives to gasoline-
powered vehicles.

Cars and trucks generate more than 
80 percent of transportation sec-
tor emissions (Center for Climate 
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and Energy Solutions 2014) so they 
will also be responsible for the vast 
majority of emissions reductions in 
the sector. But a major advantage 
of a carbon price is that it provides 
incentives for emissions reductions 
in other parts of the sector as well-
-including from trains, airplanes, and 
ships—where significant efficiency 
improvements may be attainable 
(IPCC 2014).

Forecasts of Emissions Reductions 
in the Transportation Sector
A carbon price is likely to have a 
modest effect on fuel prices, at least in 
the first decades of implementation. A 
common “rule of thumb” is that each 
additional dollar of a carbon price will 
raise gas prices by about 1 cent per 
gallon or slightly less, so a $25 per 
metric ton carbon price may raise the 
price of gasoline by 20 to 25 cents per 
gallon (Aldy et al. 2012). This would 
reflect a 7.5 percent increase over the 
2014 average U.S. price of $3.34 per 

gallon at the pump (AAA 2014). Using 
the best estimates of long-run con-
sumer responses to gasoline prices, 
a 7.5 percent increase in gas price 
would lead to an overall reduction in 
demand of about 4.5 to 6 percent, and 
thus a similar reduction in emissions. 

A summary of EIA’s AEO 2014 
estimates of the effects of a carbon 
price in the transportation sector 
compared to its Reference Case pro-
jections (identical except for the lack 
of a carbon price) is displayed below 
in Table 3. Recall that EIA scenarios 
assume carbon prices of $25 per 
metric ton in 2015, increasing by 5 
percent per year.

EIA’s model forecasts that carbon 
prices would raise gasoline prices 
by 12 percent in 2030. The range of 
long-run price elasticities presented 
above suggests that such gas price 
increases would cause a reduction in 
gasoline consumption by 7 to 10 per-

Source: U.S. EIA’s Annual Energy Outlook 2014.

EIA PROJECTIONS OF THE EFFECTS OF A $25/METRIC  
TON CARBON PRICE IN THE TRANSPORTATION SECTOR TA

BL
E 

3

EIA $25 Carbon Price Scenario

2015 2020 2025 2030

CARBON PRICES (2012 DOLLARS PER METRIC TON) $25 $32 $41 $52

PERCENTAGE CHANGE VERSUS REFERENCE CASE:

Gasoline Prices 7% 8% 10% 12%

Energy Use by Light-duty Vehicles 0% -2% -3% -4%

Energy Use by Heavy-duty Vehicles -1% -4% -4% -4%

Transportation Sector Energy Use -1% -2% -3% -4%

Transportation Sector CO
2
 Emissions -1% -3% -4% -4%

cent by 2030; instead, EIA estimates 
that energy use by light-duty vehicles 
decreases only 4 percent in 2030. 
The estimated reduction in total 
transportation sector energy use and 
total emissions is 4 percent in 2030 
as well, indicating that the carbon 
price does not have a significant 
effect on the behavior of producers. 
Other studies forecast somewhat 
larger emissions reductions,13 but 
energy/economic models consis-
tently show relatively small effects 
of a carbon price on transportation 
sector emissions.

EIA’s model does not account for 
the effect of carbon prices on vehicle 
fuel economy. Instead, fuel economy 
is assumed to improve at about the 
same rate in both of EIA’s scenarios 
(i.e. the fuel economy standards 
for passenger vehicles and trucks 
are assumed to be in place in both 
cases, and carbon prices do not have 
incremental effects on either the 
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standards or actual fuel economy). 
As in the electricity sector, the model 
assumes that disruptive technol-
ogy changes do not occur, with or 
without a carbon price. For example, 
the trends of decreasing prices of 
electric vehicles (see Box 8) or move-
ment toward a “sharing economy” 
(e.g. Uber, Lyft) are assumed not to 
continue in any meaningful way. 

EIA’s estimates likely demonstrate 
the low end of what a carbon price 
can accomplish in the transportation 
sector over the first 10 to 15 years fol-
lowing implementation. If the initial 
result of the British Columbia carbon 
tax (see Box 7) is at all indicative 
of how U.S. drivers would respond, 
larger behavioral changes may be 
realized. And, if technologies progress 
such that alternative-fuel vehicles 
become more competitive with gaso-
line- and diesel-fuel vehicles, a carbon 
price could cause more transforma-
tive changes to the sector.  
 
Very Long-run Effects of Carbon 
Pricing in the Transportation Sector
While the United States can achieve 
its short-run emissions targets with 
relatively small changes to the trans-
portation sector (Hausker et al. 2015), 
it is difficult to find a pathway for 
achieving the country’s long-run emis-
sions targets absent a transformation 
of the sector to low-carbon technolo-
gies. The numbers simply do not add 
up—to reduce emissions to 20 percent 
of today’s levels by 2050 (roughly 
the U.S. long-run goal) with minimal 
contribution from the transportation 
sector, emissions in every other sector 
would need to be reduced to zero (or 
technology would need to be devel-
oped to safely capture CO2 from the 
air and store it underground). 

A carbon price that steadily increases 
over time (as economists agree it 
should14) could eventually have a 
substantial effect on gasoline prices, 
providing a strong signal to develop-
ers of low-carbon technologies that 
the costs of driving gas-powered 
vehicles will remain high in the 
future. The mechanisms for encour-
aging technological change in the 
transportation sector are virtually 
identical to those in the electricity 
sector (summarized in Figure 5). 
In short, a carbon price—and more 
importantly, the credible promise of 
a high future carbon price—would 
increase the expected returns on 
investments in future low-carbon 
technologies and increase the market 
share of current low-carbon alterna-
tives, both of which would increase 
the likelihood of the development 
and diffusion of breakthrough low-
carbon technologies in the transpor-
tation sector. 

The signal provided by a strong 
carbon price may have a special 
importance in the transportation 
sector because of the collective 
action problems associated with 
transportation systems. Whether it 
is a network of charging stations for 
electric vehicles or improved public 
transport within and across cities, 
large-scale improvements in the 
transportation sector are typically 
characterized by large upfront invest-
ments in infrastructure. A carbon 
price would reduce the financial risks 
associated with such investments.

While a carbon price will encourage 
technological change in the transpor-
tation sector, it is difficult to predict 
the specific technologies that will 
be capable of cost-effectively trans-
forming the sector. A carbon price 
does not favor any particular low-

carbon technology, so it encourages 
transformation without requiring 
any predictions of how it will occur. 
Technological breakthroughs could 
come from known technologies such 
as electric vehicles, hydrogen fuel 
cell vehicles or advanced biofuels;15 
from transformations in city designs 
or toward vehicle-sharing models; or 
perhaps from a low-carbon technol-
ogy less well known today.    

Complementary Policies in the 
Transportation Sector
The relatively small projected impact 
of a carbon price in the transporta-
tion sector does not in itself imply 
that other emissions reduction poli-
cies are necessary in the sector. After 
all, if less expensive emissions reduc-
tions are available in other sectors, a 
cost-effective policy would encourage 
those opportunities to be undertaken 
first. However, this argument ignores 
the following economic and political 
realities that strongly suggest addi-
tional policies should be used to help 
reduce emissions in the sector. 

 ▪ There have been massive in-
vestments in infrastructure to 
support the current fossil-fuel-
based transportation system. The 
existing network of fueling sta-
tions across the country benefits 
drivers of gasoline- and diesel-
fuel vehicles and thus encour-
ages consumers not to purchase 
alternative-fuel vehicles. For this 
reason, as part of the American 
Recovery and Reinvestment Act, 
the U.S. government spent over 
$100 million to help install more 
than 118,000 electric vehicle 
chargers across the country (U.S. 
DOE 2014a). Making public 
transportation systems less 
carbon-intensive will require 
policy support as well.      
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8 HOW TESLA MAY CHANGE THE EFFECTIVENESS OF CARBON  
PRICING IN THE TRANSPORTATION SECTOR

If a carbon price has only a small effect on behavior in the transportation sector, it will be due to a lack of cost-competitive substitutes to 
gasoline-powered vehicles. This was not always the case. In the first decade of the 1900s, electric cars represented about a third of all vehicles 
on the road (U.S. DOE 2014a). Gas vehicles were powerful and flexible, but electric vehicles were cleaner, quieter, easier to start, and ran on an 
engine that was much simpler to build and service. Consumers had a choice. Then, thanks in large part to the affordable Model T, gas vehicles 
became far more affordable, which led to the near-eradication of electric vehicles from the roads by the 1930s (U.S. DOE 2014a).

Since then, electric-car companies have faced seemingly insurmountable hurdles to increasing their market shares. First, electric-car owners had 
no comparable infrastructure to the network of refueling stations, dealerships, and repair shops servicing gas vehicles. Second, electric cars had 
limited range and power. Third, the highly concentrated U.S. automobile industry was virtually impossible to enter for any company, let alone an 
electric-car company—the last successful startup car company of the 20th century in the United States was Chrysler in 1925.  

Electric cars may be on the verge of overcoming all three hurdles, thanks in large part to the emergence of Tesla Motors, an independent auto-
maker founded in 2003. Tesla’s luxury vehicles have outperformed comparable gas vehicles with regard to power and performance (DeMorrow 
2012; DeMorrow 2013), and driving range is far less of a barrier than it used to be due to a nationwide network of charging stations and on-the-
road charging technology.16 Tesla’s market capitalization is now larger than Chrysler’s, and over half that of Ford and General Motors.17 The price 
of Tesla vehicles has so far been prohibitively high for most consumers ($70,000 and up), but the company plans to transition its business to 
selling more affordable electric vehicles as quickly as it can.

After years of eschewing investments in electric vehicles, the established auto companies are now following Tesla’s lead in developing electric 
vehicles, and in turn, adding to the electric-vehicle infrastructure in the country. Nissan, Ford, Chevy, BMW, Mercedes, Volkswagen, Fiat, Kia, 
and Mitsubishi all sell electric vehicles. There are more than 234,000 plug-in electric vehicles on the road in the United States (U.S. DOE 2014a), 
compared with fewer than 10,000 in 1999 (U.S. DOE 2014b). Other automobile manufacturers like Toyota and Honda are betting heavily on 
hydrogen fuel-cell vehicles, which use compressed hydrogen gas to produce the electricity that powers the motor (Mearian 2015).

A modest carbon price is currently not sufficient to have transformative effects on the U.S. automobile industry. But, if current trends of increas-
ing affordability and performance continue, electric vehicles will become viable substitutes for a large portion of the U.S. fleet. (On the other 
hand, inexpensive gasoline makes competition for alternative-fuel vehicles more difficult.) At that point, the effects of a carbon price in the 
transportation sector may start to look a lot more like the effects in the electricity sector.

 ▪ While a carbon price will 
increase innovation in the 
transportation sector, policies 
promoting R&D or the next gen-
eration of low-carbon technolo-
gies in the sector may be neces-
sary to ensure that a carbon price 
will lead to significant long-run 
emissions reductions. Otherwise, 
entrepreneurs will not be ad-
equately incentivized to develop 
new technologies, because the 
payoffs of these investments 
occur far in the future—due to 

slow vehicle-fleet turnover and 
infrastructure development—and 
because investors will not reap 
the full social benefits of any 
breakthrough innovations (as 
previously discussed with respect 
to electricity sector technological 
breakthroughs).

 ▪ As in the electricity sector, if 
Congress passes a carbon price 
that is not sufficient to put the 
United States on a pathway to 
achieving its long-term goals, 

complementary policies will be 
necessary to provide the addi-
tional emissions reductions. 

 
Fuel-economy standards encour-
age investment in and deployment 
of fuel-efficient and alternative-fuel 
vehicles, and therefore may have an 
important role to play in comple-
menting a carbon pricing policy. 
The United States has relied on 
fuel-economy standards to achieve 
efficiency improvements since 1978 
for passenger cars and light trucks 
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(called “CAFE Standards”) and since 
2011 for medium- and heavy-duty 
trucks (Center for Climate and 
Energy Solutions 2015). As shown 
in Figure 7, CAFE Standards have 
helped to achieve large gains in 
average vehicle-miles per gallon, and 
thus large reductions in emissions. 
Going forward, the U.S. government 
estimates that the 2012–2025 CAFE 
standards will reduce cumulative 
emissions by roughly 225 million 
metric tons per year (more than 
10 percent of total transportation 
sector emissions). Even if these are 
overestimates (and there is reason to 
believe they may be [Linn and Mun-
nings 2013]), the effects of CAFE 
may exceed the emissions reductions 
achievable over the same period with 
a modest carbon price.    

Other possible complementary poli-
cies to a carbon price in the transpor-
tation sector include per-mile driving 
tolls and fuel taxes, which could 
achieve emissions reductions while 
simultaneously accomplishing other 
objectives such as road safety and 
funding of infrastructure improve-
ments (Parry and Small 2015).

Alternative Policies for Emissions 
Reductions in the Transportation 
Sector
Fuel-economy standards and other 
transportation sector policies may be 
more effective at reducing emissions 
than a modest carbon price in the 
transportation sector. However, carbon 
pricing still has many of the same advan-

MECHANISMS FOR EMISSIONS REDUCTIONS ACROSS SECTORS

TA
BL

E 
4

Very Short-Run Effects Short-Run Effects Long-Run Effects Very Long-Run Effects

ELECTRICITY 
SECTOR

 ▪ Reduction in usage of 
higher-carbon (i.e. coal) 
electricity generation

 ▪ Efficiency retrofits at 
existing generating 
plants 

 ▪ Consumers begin to 
improve efficiency and 
reduce electricity use

 ▪ New low-carbon genera-
tion plants built  

 ▪ Consumers continue to 
improve efficiency and 
reduce electricity use

 ▪ Increased innovation 
and technological 
change

TRANSPORTATION 
SECTOR

 ▪ Producers reduce life-
cycle emissions of fuel                      

 ▪ Consumers begin to 
reduce consumption of 
gasoline & diesel

 ▪ Increased usage of 
more fuel-efficient and 
alternative-fuel vehicles              

 ▪ Consumers continue to 
reduce consumption of 
gasoline & diesel  

 ▪ Increased innovation 
and technological 
change

OTHER COVERED 
SECTORS

 ▪ Producers adjust 
processes to reduce 
emissions intensity of 
equipment and inputs                                                        

 ▪ Consumers begin to 
reduce demand for 
higher-carbon goods 
and services

 ▪ Producers build and 
operate lower-carbon 
facilities

 ▪ Consumers continue 
to reduce demand for 
higher-carbon goods and 
services

 ▪ Increased innovation 
and technological 
change

tages we described earlier in the context 
of the electricity sector, including:

 ▪ Carbon prices provide the 
broadest incentives for emis-
sions reductions. For example, 
fuel-economy standards require 
emissions reductions to be 
achieved by making changes to 
the vehicle and provide no incen-
tives for reduced driving.

 ▪ Cost-effective emissions reduc-
tions can be achieved without 
needing to forecast the costs or 
progress of any particular tech-
nology. Subsidies for particular 
technologies risk wasting scarce 
government resources on the 
“wrong” technologies.    
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 ▪ A carbon price encourages tech-
nological change by incentivizing 
regulated entities to continue 
to reduce emissions beyond any 
given target. For example, in a 
study of the phase-out of lead 
in gasoline, Kerr and Newell 
(2003) found that the rate of 
technological adoption was con-
siderably faster when a mar-
ket-based policy was in effect 
(compared to when regulated 
entities had to meet standards 
individually).

Summary of Economy-wide 
Emissions Reductions 
By raising the price of carbon-inten-
sive goods and services, a carbon 
price provides incentives for emis-
sions reductions across the economy. 
Table 4 provides an overview of the 
mechanisms through which a carbon 
price encourages emissions reduc-
tions. Electricity is the only sector 
with “very short-run” effects, because 
the electricity system is uniquely 
poised to make adjustments based on 
a carbon price almost immediately. 
In encouraging technological change, 
the mechanisms for “very long-run” 
effects are similar across sectors, 
although of course, the timing and 
technologies will differ greatly. 

“Other covered sectors” for a carbon 
pricing policy would likely include 
(non-electricity) emissions from resi-
dential, commercial, and industrial 
sources. Commercial and residential 
emissions arise from fossil fuels 
burned for heating, cooking, and 
water heating, but also include leaks 
of refrigerants from air conditioning 
and refrigeration systems in homes 
and businesses and methane emis-
sions from landfills and wastewater 
treatment plants (U.S. EPA 2013c). 
Industrial sector emissions include 
the burning of fossil fuels for energy 
and chemical reactions necessary to 
produce goods from raw materials 
(at manufacturing plants, petroleum 
refineries, etc.). Under a carbon 
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EIA’S PESSIMISTIC FORECAST OF ENERGY SECTOR  
CO2 EMISSIONS REDUCTIONS FROM A CARBON PRICE  

Notes:
Data from EIA’s Annual Energy Outlook 2014. EIA Reference Case (solid + shaded area) scenario is a forecast of the U.S. energy system assuming only “on the 
books” policies as of late 2013, and its carbon pricing scenario (solid area only) scenario reflects a $25 per metric ton carbon price implemented in 2015 and 
increasing 5% per year thereafter.  
Emissions from the transportation, industrial, commercial, and residential sectors exclude emissions from electricity generation.
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EIA ESTIMATES FOR ECONOMY-WIDE  
EMISSIONS REDUCTIONS FROM CARBON PRICES  

Notes: The Reference Case in EIA’s forecast assumes only public policies that are “on the books” at the time of the forecast. It is identical to EIA’s carbon pricing 
scenario except for the lack of a carbon price.                                                                                          
Source: U.S. EIA’s Annual Energy Outlook 2014.
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price, businesses responsible for 
such emissions will have a financial 
incentive to seek out lower-carbon 
production processes, and consum-
ers will have a financial incentive 
to purchase fewer carbon-intensive 
products or to seek out lower-carbon 
substitute products. Previous work 
by WRI has shown that considerable 
opportunities for emissions reduc-
tions are available in these other 
sectors (Bianco et al. 2013).

Similar to the transportation sector, 
models of the effects of economy-
wide carbon prices typically assume 
that producers and consumers in 
“other covered sectors” largely ignore 

the financial incentives to reduce 
emissions. Figure 8 shows the emis-
sions reductions across sectors pro-
jected by EIA in its AEO 2014 carbon 
price scenario of $25 per metric ton, 
implemented in 2015 and rising by 5 
percent per year. Projected emissions 
reductions outside of the electricity 
sector are almost trivially small. With 
minor exceptions, EIA predicts that 
households and businesses will not 
change their behavior in response to 
increased heating bills, manufactur-
ers will not adjust their production 
processes in the face of rising input 
costs, and a sustained increase in 
the costs of transportation fuels will 

not lead to changes on the part of 
producers or consumers.  

Despite these conservative assump-
tions, Figure 9 shows the consider-
able economy-wide emissions reduc-
tions projected by EIA, compared to 
both EIA’s Reference Case (identical 
except for the lack of a carbon price) 
and to 2005 emissions. The results 
show that a carbon price of $25 per 
metric ton—implemented in 2015 
and rising 5 percent per year—would 
reduce emissions 22 percent below 
Reference Case emissions and 27 
percent below 2005 emissions by 
2025, and 28 percent below Refer-
ence Case emissions and 32 percent 
below 2005 emissions by 2030.
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Study
Tax rate in 2015 

($/metric ton CO2e)
Annual increase  

in tax rate
Emissions reductions in 

2030 (vs baseline)

McKibben et al. (2012) $17.76 4.0% 11%

Paltsev et al. (2007) $21.16 4.0% 31%

Rausch & Reilly (2012) $21.63 4.0% 19%

Shapiro et al. (2008) $27.27 $1.80 30%

Rausch et al. (2010) $28.99 4.0% 25%

ESTIMATES OF EMISSIONS REDUCTIONS FROM A NATIONAL CARBON PRICE 

TA
BL

E 
5

Source: Adapted from Morris and Mathur (2014).

Table 5 shows comparable estimates 
from the academic literature on 
carbon pricing. EIA’s estimate of 28 
percent below a reference case sce-
nario is within the range, displayed 
in Table 5, of 11 to 31 percent. Of 
course, higher carbon prices would 
lead to greater emissions reductions.
  
As we have discussed, modeling fore-
casts of emissions reductions tend to 
depict only those that are virtually 
certain to take place—that is, the 
shift away from coal in the electricity 
sector and conservative estimates of 
consumer responses to price signals. 
Various mechanisms described in 
Table 4 are not accounted for at all, 
such as the reduced costs of renew-
able energy and improvements to 
the vehicle fleet. This leads us to 
two related conclusions: (1) such 
modeling results should be viewed as 
low-end estimates of the emissions 
reductions from a carbon price (as 

opposed to most likely estimates); 
and (2) there is relatively little 
danger that emissions reductions will 
be lower than these results suggest. 
The one-sidedness of the emissions 
uncertainty may have important 
implications for policy design, as 
discussed in the next section.

REDUCING EMISSIONS 
WITH CARBON TAXES 
AND CAP-AND-TRADE
A carbon tax would directly establish 
a price on carbon dioxide emissions, 
whereas a cap-and-trade program 
would establish the price indirectly 
by limiting total emissions and issu-
ing tradable emissions allowances. 
Both carbon taxes and cap-and-
trade programs are characterized by 
explicit carbon prices that provide 
all of the short-run and long-run 
incentives for emissions reductions 

described in the previous sections. 
Both policies also encourage cost-
effective emissions reductions, 
in that they provide incentives to 
undertake the lowest-cost abate-
ment opportunities (absent other 
market barriers), and both policies 
can generate revenues that can be 
used in productive ways. As a result, 
in energy/economic models like 
EIA’s, achieving a given emissions 
target with carbon pricing requires 
the same trajectory of carbon prices, 
whether imposed via a carbon tax 
or cap-and-trade. The price trajec-
tory may of course differ based on 
real-world uncertainties and model-
ing design decisions—for example, 
allowing “offsets” (emissions from 
sources that are not covered by 
the policy, such as sources in other 
countries) can significantly lower 
the carbon price in a cap-and-trade 
program.     
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Despite their similarities, much ink 
has been spilled debating which 
carbon pricing policy is superior. 
We summarized these differences 
in Putting a Price on Carbon: A 
Handbook for U.S. Policymakers 
(Kennedy et al. 2015) so, for the 
purposes of this Issue Brief, we focus 
only on differences in emissions 
reductions caused by a carbon tax 
and a cap-and-trade program of 
equal stringency (i.e. expected to 
produce an identical trajectory of 
carbon prices).  

As explained in the sections 
above, U.S. climate change policy 
should include a portfolio of smart 
complementary policies alongside 
a carbon price. Complementary 
policies can induce additional 
emissions reductions beyond those 
encouraged by a carbon tax. Under 
a cap-and-trade program, emissions 
reductions from complementary 
policies are likely to be offset by 
emissions increases elsewhere. 

The advantage of cap-and-trade 
programs is that they ensure a given 
level of emissions reductions. Since 
emissions caps are pre-ordained, 
the United States could say with 
near certainty that, under a cap-
and-trade program, it will meet its 
commitment to reduce emissions 
by 26 to 28 percent relative to 2005 
levels by 2030 and by more than 80 
percent by 2050. Under a carbon tax, 
emissions reductions are impossible 
to predict with certainty. Advocates 
of cap-and-trade stress the benefits 
of “emissions certainty” because 

climate change damages do not 
increase linearly with temperature 
changes, so it is important to 
keep temperatures below certain 
thresholds (Repetto 2013). An 
emissions cap (at the global level) 
could help ensure that dangerous 
temperature thresholds are avoided. 

On the other hand, scientists 
do not know exactly how much 
temperatures will change under 
any given emissions trajectory or 
exactly what temperature changes 
could lead to catastrophic outcomes. 
Consequently, while the stringency 
of a carbon pricing policy is critical, 
policy uncertainties (at the national 
level) are likely to be lost in the noise 
of the much larger uncertainties 
related to the effects of global climate 
change (Pizer 1997). Put another 
way, the benefits of precise emissions 
forecasts may be small unless a 
carbon tax is severely less effective 
than expected. 

As we have shown, if policy 
expectations are based on the  
results of energy/economic models, 
it is more likely that a carbon  
price will be significantly more 
effective than expected. In such 
circumstances, a carbon tax will lead 
to larger-than-expected emissions 
reductions. In contrast, under a cap-
and-trade program (without a price 
floor), emissions reductions are not 
encouraged below the level of  
the cap.

A well-designed carbon tax also 
provides predictability concerning 
the magnitude of future carbon 
prices, which encourages long-term 
investments (and thus innovation) in 
low-carbon technologies. It ensures 
that the price signal will not weaken 
based on unforeseen economic 
circumstances. Indeed, in the initial 
stages of the EU-ETS, modeling by 
the European Commission predicted 
that allowance prices would steadily 
increase to roughly 39 Euros per 
metric ton by 2020 (Capros et al. 
2008). Instead, prices have fallen 
to as low as 4 Euros per metric 
ton in recent years. The EU would 
have achieved massive additional 
emissions reductions if it had opted 
for a tax at the expected allowance 
price levels. On the other hand, a  
tax may not have been a politically 
viable option.
   
Despite these differences, in the 
words of Jean Tirole, the 2014 
winner of the Nobel Prize in 
Economics, the debate between 
cap-and-trade and carbon taxes 
is “of second order importance” 
compared to addressing the risks of 
climate change (Tirole 2012). In fact, 
“hybrid” policies that utilize “price 
collars” or automatic tax adjustments 
could combine the best elements of 
both. So, while there are legitimate 
reasons to prefer one policy to 
the other, both carbon taxes and 
cap-and-trade are reliable policies 
that can provide clear and strong 
economic incentives for reducing 
emissions in the United States. 
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DISCUSSION
In this Issue Brief, we described 
the incentives that a carbon price 
provides for emissions reductions 
across sectors of the U.S. economy. 
A carbon price can transform the 
electricity sector by dramatically 
reducing coal generation and 
increasing the penetration of 
renewables. In the transportation 
sector, consumers will drive less 
and demand more fuel-efficient and 
alternative-fuel vehicles. Across 
all sectors, producers, consumers, 
and investors will be encouraged to 
find less carbon-intensive products 
and processes. These incentives, 
combined with other major benefits 
of carbon pricing that we describe 
in Putting a Price on Carbon: A 
Handbook for U.S. Policymakers,  
lead us to conclude that a national 
carbon price can and should  
be the centerpiece of the U.S.  
climate strategy.
  

Congressional action is needed if 
the United States is to achieve its 
long-term emissions targets. Accord-
ing to recent polls, well over half of 
Americans support some form of 
carbon pricing (RFF 2015; Leise-
rowitz et al. 2015). Recent federal 
legislative proposals for carbon 
pricing policies—including those 
by Sheldon Whitehouse (D-RI) and 
Brian Schatz (D-HI) in the Senate, 
and by Jim McDermott (D-WA) in 
the House—have all been carbon 
taxes, at least in part due to the 
perception that such policies could 
garner bipartisan support. Indeed, 
while Republicans almost universally 
condemn increased EPA regula-
tion and cap-and-trade, a growing 
number of prominent Republicans 
have expressed support for a carbon 
tax because it is consistent with 
conservative and libertarian prin-
ciples (Mooney 2015). As we have 
shown, carbon taxes harness free 
market forces to achieve emissions 
reductions. Carbon taxes can also 
raise revenue to achieve conservative 
objectives such as reduced taxes and 
deficits, and they do not require an 
increase in the size of government.

Absent major political shifts, a 
national carbon pricing policy is 
unlikely to pass the U.S. Congress 
in the next few years, so the cor-
nerstone of U.S. efforts to meet its 
short-term emissions targets will be 
President Obama’s Climate Action 
Plan. Fortunately, states are given 
considerable flexibility to implement 
the Clean Power Plan (CPP) using 
carbon pricing programs with multi-
state trading.

Both cap-and-trade programs 
and carbon taxes can be reliable 
methods of reducing emissions. 
We have shown that, even in highly 
pessimistic scenarios, a carbon 
price starting at $25 per metric 
ton would generate emissions 
reductions that are roughly in line 
with the U.S. short-term targets. In 
addition, both theory and historical 
evidence tell us that the breadth of 
incentives provided by a carbon price 
would lead to additional emissions 
reductions that are typically not 
predicted in model forecasts. 
Perhaps most importantly, the price 
signal would encourage investors and 
entrepreneurs to develop the low-
carbon technologies that can drive 
the transformation to a low-carbon 
economy in the United States.   
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ENDNOTES
1. See data from U.S. Energy Information 

Administration at: http://www.eia.gov/
electricity/monthly/epm_table_grapher.
cfm?t=epmt_1_01.

2. Under a cap-and-trade program, the carbon 
price generates government revenue only if 
emissions allowances are auctioned instead 
of freely allocated.

3. To the extent that the burden of higher electric-
ity prices falls on low-income households, it is 
important that the carbon price is designed (or 
alternative policies are implemented) to ensure 
that these households are compensated for the 
price change. WRI is publishing an Issue Brief 
in 2016 on the regional and socioeconomic 
effects of a carbon pricing policy.

4. Natural gas plants are less expensive, and 
EPA’s proposed greenhouse gas emissions 
regulations for new power plants requires at 
least partial carbon capture and storage at 
all new coal-fired power plants.

5. The 2015 Annual Energy Report was 
released in April 2015, but it does not 
include any carbon pricing scenarios. 

6. For example, see the carbon prices required 
to meet the 450 ppm targets at the IPCC 
AR5 Scenario Database (IIASA 2015).

7. For example, see the costs of renewables 
used by EPA in its recent analysis of the Clean 
Power Plan using the IPM model: http://www.
epa.gov/airmarkets/programs/ipm/psmo-
del515.html.

8. For further description of the technologies 
listed here, as well as additional examples, 
see http://www.wri.org/publication/seeing-
believing-creating-new-climate-economy-
united-states.

9. The overall benefits of biofuels are highly 
controversial—Searchinger and Heimlich 
(2015) argue that once factors such as land 
use and the effects on food prices are fac-
tored in, biofuels are an extremely inefficient 
energy alternative. See: http://www.wri.org/
sites/default/files/avoiding_bioenergy_com-
petition_food_crops_land.pdf 

10. See http://energy.gov/eere/vehicles/downloads/
fact-835-august-25-2014-average-annual-
gasoline-pump-price-1929-2013-dataset.

11. Adjusted fuel economy data retrieved from 
Table 3.3.1 in “Full Report Tables” (http://
www.epa.gov/oms/fetrends-complete.htm).

12. Note that this does not include the potential 
effects of methane releases from the 
process of producing natural gas. http://
www.scdigest.com/gsc/NEWS/15-05-27-1.
php?CID=9341 Studies have shown that 
for natural gas to present lifetime climate 
benefits compared to diesel, the upstream 
methane leakage rate must be kept to 1 
percent or less. See Alvarez et al. (2012).

13. For example, Goulder’s (2010) model of the 
cap-and-trade program proposed as part 
of the “Waxman-Markey” bill forecasted 
transportation sector emissions reductions 
of roughly 6 to 7 percent in 2030.

14. There are multiple reasons for increas-
ing carbon prices. First, future emissions 
are projected to produce larger damages, 
because physical and economic systems 
become more stressed over time in response 
to climate change (see the U.S. Interagency 
Working Group on the Social Cost of 
Carbon). Second, an increasing carbon 
price could induce more gradual changes 
to the economy, thus reducing the costs of 
transition. Finally, carbon permits will tend 
to increase at the rate of interest; otherwise 
arbitrage opportunities would exist.

15. For further description of the technologies 
listed here, as well as additional examples, see 
Bianco et al. (2014).

16. For a map of all Supercharger stations, see 
http://www.teslamotors.com/supercharger.

17. For the most recent financial data for Tesla 
and its competitors, see http://finance.yahoo.
com/q/co?s=TSLA.
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