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We emphasize two broad conclusions from our 
policy analyses.

•	 A single policy instrument will not effi-
ciently reduce both oil use and CO2 emis-
sions to meet the selected targets. We find 
that policies that target oil use—even broad-
based pricing policies such as an oil or gasoline 
tax—do provide some CO2 benefits, but they 
are far less beneficial in this regard than direct 
carbon policies. Similarly, although carbon 
pricing policies lead to some reductions in oil 
use, the remaining carbon policies (energy 
efficiency, nuclear, and renewables) do little if 
anything in this regard. 

•	 Combinations of policies, in contrast, are 
more effective at reducing both oil use 
and CO2 emissions, meeting or exceeding 
both reduction benchmarks laid out in this 
study. Costs differ widely depending on the 
underlying policies included, which creates 
opportunities to choose efficient solutions to 
our energy problems. Pricing policies deliver the 
greatest reductions in oil use or CO2 emissions 
for a given cost, achieving 33 percent more 
carbon reductions than the study target, while 
also meeting the target oil reduction. Although 
challenges remain for approaches—such as an 
oil tax for reducing oil consumption or a cap-
and-trade program (or carbon tax) for reducing 
CO2 emissions—no single regulatory substitute 
makes the same level of progress on all of this 
study’s key metrics. These pricing instruments 
do well on costs because they provide incen-
tives on all margins of behavior, including fuel 
substitution, energy efficiency, and conserva-
tion. They also spur industry and consumers 
to find the most cost-effective combination of 
these approaches. 

Several regulatory policies can complement pure 
pricing in ways that achieve greater reductions 
than pricing alone. For example, the combination 

of the Phased-In Oil Tax, CEPS-All, an LNG Heavy 
Trucks mandate (at half the penetration rate used 
in the Regulatory option), and other efficiency 
policies achieves a 70 percent greater oil reduction 
than the study target and 62 percent more than 
the Pure Pricing mechanism. It also nearly meets 
(98 percent) the CO2 target (albeit at a higher cost). 

The relative weight given by policymakers to 
reducing oil consumption versus CO2 emissions, 
as well as the political feasibility of various poli-
cies, are key additional considerations in evaluat-
ing combinations of policies.

As for the individual policies, there are several 
other results that merit emphasis:

•	 Several alternatives to Cap-and-Trade 
appear to be reasonably cost-effective, 
and some of these also achieve substantial 
reductions in emissions, or both. In particu-
lar, the Clean Energy Portfolio Standard (CEPS-
All) does reasonably well when compared to 
Cap-and-Trade. 

•	 Compared to policies targeting CO2 reduc-
tions, fewer options exist to efficiently 
reduce oil use. Further gains from tighter 
CAFE standards for light-duty vehicles appear 
limited and to come at high cost, given the 
ramp-up that has already been adopted in 
recent years. Similarly, feebates, which are 
a more flexible alternative to Pavley CAFE, 
provide only limited oil reductions relative to a 
broad-based oil tax.

•	 Hybrid subsidies alone show no progress 
on reducing oil use. Although they lead to 
market penetration of hybrids, they ease the 
burden on manufacturers of meeting CAFE 
standards with conventional gasoline-powered 
vehicles. 

•	 The cost-effectiveness of energy effi-
ciency policies depends critically on how 
we interpret observed market behavior. 

Summarizing 
the Results
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Consumer reluctance to invest in energy 
efficient equipment could stem from hidden 
costs associated with such equipment or mar-
ket failure (see Box 1). We found the welfare 
cost estimates to vary significantly with these 
assumptions, in some cases ranging from nega-
tive average costs (that is, savings in lifetime 
energy expenditures that outweigh upfront 
purchase costs) to positive and comparatively 
high average costs. Given the enormous impor-
tance of energy efficiency to overall energy use 
and the array of policy options for promoting 
energy efficiency in vehicles, buildings, appli-
ances, and other equipment, we feel strongly 
this issue needs additional research attention.

A Cautionary Note About Uncertainty

In most cases, forecasts of energy use and CO2 
emissions generated by NEMS-RFF for our various 
policy scenarios are presented as single-point esti-
mates, but a great deal of uncertainty surrounds 
these numbers. Explicit and implicit model param-
eters—such as elasticities of demand, elasticities 
of substitution across fuels, underlying resource 
estimates, appliance and equipment costs, and a 
host of other factors—are all uncertain to varying 
degrees, as are future oil prices, GDP, and tech-
nological advances across fuels and sectors. The 
NEMS model, however, is not set up to incorporate 
these uncertainties or to provide a distribution 
of outcomes; instead, the model’s management 
team at EIA chooses best-estimate parameters and 
produces outputs that use those parameters.

We were able to capture some aspects of uncer-
tainty, however. We identified factors that we 
believe had the greatest relevance for our results 
and ran the model under alternative assumptions. 
These assumptions included an alternative low 
oil price scenario; natural gas resource estimates 
that incorporated new shale gas resources and 
the possibility of associated lower extraction costs; 
lower hybrid vehicle battery costs; “high-tech” 
assumptions for our energy efficiency analysis; 
and alternative discount rates.

These sensitivity analyses revealed some interest-
ing results. Low oil prices will make it much more 
difficult for any policy to reduce oil consumption, 
especially to the level of the aggressive targets laid 
out in this study. We found that greater natural 
gas resources affect a variety of policies but not 
always in straightforward ways. Assumptions 
about rapid improvement in technology and 
lowering of battery costs altered the cost-
effectiveness of the Energy Efficiency and Hybrid 
policies, respectively, and highlighted the benefits 
that could be achieved if research and develop-
ment were to bring about those technological 
advances.

While we acknowledge the inherent uncertainty 
in our findings, we feel confident about our policy 
comparisons—which are the heart of our study—
because they are based on the same assumptions 
and modeling algorithms; they are apples-to-
apples comparisons. Although changing oil prices 
or technology costs may lead to more or less 
progress toward our effectiveness targets, they 
are unlikely to change the order in which policies 
may be ranked. Thus, users of these data may opt 
to put more faith in the relative comparisons of 
costs and effectiveness across policies than in the 
absolute levels of these metrics.

A Note on Calculating Welfare Costs

As detailed in the main report and the welfare 
cost appendix, we calculated costs based on 
principles of welfare economics, which is the 
standard approach among economists to mea-
sure policy costs. We used formulas worked out 
as far back as Harberger (1964)9. According to 
this definition, cost is the value of the resources 
society gives up to take a course of action. In the 
context of reducing dependence on foreign oil or 
meeting a CO2 emissions cap, welfare costs sum-
marize the costs to the economy of all different 
actions taken to reduce fossil fuel use. This would 
include, for example, such direct costs as produc-
ing electricity with cleaner but more expensive 
fuels. Welfare costs also include the less obvious 

9	Arnold C. Harberger. “The Measurement of Waste,” American Economic Review 54 (1964): 58–76.
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costs to households from driving less or using 
fewer energy-driven devices and services (such 
as keeping thermostats lower) than they would 
otherwise prefer.

To apply the formulas, we need to know only 
three things (as read from the NEMS-RFF model 
output):

•	 the magnitude of important sources of distor-
tions that already exist in the economy, such 
as tax rates that cause differences between 
consumer and producer prices, or the extent of 
market failures;

•	 any quantity changes in markets affected by 
these preexisting distortions; and

•	 new sources of distortions created by policies 
in directly affected markets. 

The formulas do not provide exact welfare mea-
sures, but they do provide reasonable approxima-
tions. For example, the formulas are based on the 
assumption that demand and supply curves in 
markets affected by new policies are linear over 
the range of behavioral responses, which may not 
be exactly correct.

It is often easier to define welfare costs by what 
they are not. They are not measured in terms 
of job losses in industries most directly affected 
by new policies. Usually, many of those jobs 
are made up by other sectors of the economy 
eventually. Welfare costs also are not measured 
by changes in GDP. Welfare economics in general 
is associated with impacts on private consump-
tion and production, but GDP includes investment 
and government spending. GDP fails to capture 
nonmarket effects, such as environmental dam-
ages, that can be important for welfare costs and 
benefits. GDP can also sometimes be mislead-
ing. A regulation or policy that leads to use of a 
higher-priced alternative and raises product prices 
may actually increase GDP, but this provides little 
information about the actual costs of the policy. 
For broad-based policies, such as cap and trade, 
that make their impacts felt across many mar-
kets and sectors of the economy, GDP can be a 
somewhat useful metric, but it is problematic for 
other policies.

Welfare costs measure only true opportunity 
costs, not who pays and who receives. Transfers 
of funds between producers and consumers or 
between consumers and the government and 
tax revenues raised through oil or gasoline taxes 
are not considered welfare costs, to the extent 
that they are offset by higher private-sector tax 
payments. These are simply transfers from one 
segment of society to another. 

The welfare cost (or social cost) concept has been 
endorsed by governments around the world to 
evaluate regulations, government investments, 
taxes, and other policies. In the United States, 
a series of executive orders, dating from the 
Carter administration to the present, has made it 
mandatory for government agencies to perform 
cost-benefit analyses using welfare economics 
to determine whether major regulations they are 
considering can be justified from society’s point of 
view. Hundreds of Regulatory Impact Analyses are 
performed every year, with welfare cost estimates 
as a key component. 
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Table 2. Policies Modeled 

Reference Case
The reference case is based on AEO 2009 + stimulus and also 
includes advancing of fuel economy standards mandating that new 
light-duty vehicles achieve 35.5 mpg from 2020 to 2016.

Transportation/Oil Policies

Gasoline Tax

Raises the gasoline tax by $1.27 per gallon in 2010 and increases it 
in real terms at an annual rate of 1.5 percent a year, adding $1.73 to 
the cost of a gallon by 2030. The revenues from this tax, and taxes 
or auctioned allowances described below, are returned in lump-sum 
payments to individuals (they are therefore considered to be revenue 
neutral). We discuss the implications of alternative revenue recycling 
possibilities in the main report.

Immediate Oil Tax

Applies the above level of gasoline tax to all refined oil products used 
in the United States, including imported petroleum products (exported 
products are exempt). The tax is based on British thermal unit (Btu) 
equivalence. This tax is revenue neutral.

Phased Oil Tax

A variant of the immediate oil tax, which eventually reaches $1.73 
per gallon of gasoline equivalent on all oil products by 2030. This tax 
begins at 8 cents per gallon in 2010 and rises by approximately 8 
cents per gallon each year out to 2030. This tax is revenue neutral.

Pavley CAFE 

Features an increase of 3.7 percent a year in fuel economy standards 
for both cars and light trucks for 2017 through 2020. From 2021 
to 2030, the policy further tightens standards by 2.5 percent a year, 
reaching an average standard of 52.2 mpg for light-duty vehicles in 
2030.

High Feebate10 

Fee assessed on vehicles that do worse than the Pavley CAFE stan-
dard in each year and rebate to those vehicles that do better. Basic 
rate is $2,000 per 0.01 gallons/mile, phased in progressively between 
2017 and 2021 and thereafter rising (in real terms) at 2.5 percent a 
year, so that it reaches $2,969 per 0.01 gallons/mile in 2030.

Very High Feebate
Sets the feebate rates in each year exactly twice as large as in the 
high feebate case.

Hybrid Subsidy

Establishes a vehicle purchase subsidy of $3,000 for each 0.01 gal-
lon/mile saved between the hybrid electric or plug-in hybrid electric 
vehicle and its gasoline-equivalent vehicle, with the subsidy constant 
in real terms from 2010 to 2030.

Pavley CAFE/Gasoline Tax Combines the Pavley CAFE policy with the Gasoline Tax.

Oil Tax/Feebate/Hybrid Subsidy Combines the Phased Oil Tax, High Feebate, and Hybrid Subsidy.

10	In this study, we assumed that feebates were imposed at the manufacturer level. Alternatively, they could be imposed at the 
consumer level, though either would be equivalent within the NEMS-RFF modeling framework (as would some combination of 
consumer and manufacturer feebates, for which there are advocates).
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Table 2. Policies Modeled  (continued)

LNG Trucks

Assumes that 10 percent of new Class 7 and 8 heavy-duty trucks 
bought in 2011 run on natural gas, rising to 20 percent of new trucks 
bought in 2012, up to 100 percent of new trucks bought in 2020 and 
beyond. This case is modified in one of the policy combinations to rise 
at half the penetration rate (rising by 5 percent per year to reach 100 
percent by 2030 rather than 2020). This scenario can be viewed as a 
policy mandate or subsidy.

CO2 Pricing Policies

Central Cap-and-Trade (C&T)

Reduces all GHGs by 17 percent below 2005 levels in 2020 and 40 
percent below this base by 2030; covers all energy-related CO2 and 
all industrial and agricultural sources of non-CO2 emissions; covers all 
major sectors; allows 500 million tons each for domestic and interna-
tional offsets per year; allows banking and borrowing of allowances 
with a zero bank balance in 2030; and auctions allowances, returning 
the revenue to households in lump-sum rebate checks. 

C&T: Excluding Transportation
Same requirements for total cumulative reductions under the cap, but 
excludes the transportation sector from the policy.

C&T: Alternative Cases for Offset 
Availability

One case allows 1 billion tons each of domestic and international 
offsets per year, and another does not allow the use of any offsets in 
meeting the overall cap.

C&T: Less Stringent Cap
Required cumulative reductions for all GHGs are 33 percent lower 
than in the central case.

Carbon Tax
A tax per ton of CO2 emissions that mimics the time path of allowance 
prices under the central C&T policy.

Energy Efficiency (EE) Policies

New Construction Building Codes 

Calls for a 30 percent reduction in energy use by new buildings upon 
enactment of the law, a 50 percent reduction from residential build-
ings by 2014 and from commercial buildings by 2015, and a 5 percent 
reduction at 3-year intervals thereafter up until 2029. This policy is 
consistent with the Building Code provisions in the Waxman-Markey 
(WM) bill, H.R. 2454.

Complete Set of WM Energy 
Efficiency Policies 

Adds retrofit requirements; standards for outdoor lighting, portable 
light fixtures, and incandescent reflector lamps; and new standards 
and testing procedures for appliances to Building Code provisions sim-
ilar to those represented by the Energy Information Administration’s 
analysis of the WM bill.

Complete Set of WM EE Policies + 
“High Tech” Assumptions

A modification of the set of WM energy efficiency policies, which 
assumes accelerated technical progress (beyond that already found in 
the reference case) across the board. This manifests in higher efficien-
cies for most energy-using equipment. 
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Table 2. Policies Modeled  (continued)

Energy Efficiency (EE) Policies (continued)

Residential Geothermal Heat 
Pumps—Subsidy

Models a $4,000 direct consumer subsidy for the purchase and 
installation of a geothermal heat pump (GHP) system in the residential 
sector.

Residential Geothermal Heat 
Pumps—Loan

Models a zero-interest $4,000 loan for the purchase and installation 
of a GHP in the residential sector, paid back over a seven-year period.

Nuclear Power: Loan Guarantee

6.5 Gigawatt (GW) New Nuclear 
Capacity by 2020

Reduces the return on equity assumed in NEMS-RFF from 17 percent 
(in the reference case) to 14 percent, which leads to an expansion of 
6.5 GW of nuclear power by 2020. 

17.3 GW New Nuclear Capacity by 
2020

Reduces the return on equity assumed in NEMS-RFF from 17 percent 
(in the reference case) to 11 percent, which expands nuclear power by 
17.3 GW by 2020. 

Renewable Energy Technologies

Production Tax Credit

Models an extension of the current production and investment tax 
credits for renewables (a 2.1-cent tax credit for wind, geothermal, and 
closed-loop biomass, and a 1.1-cent tax credit for landfill gas, other 
forms of biomass, and hydrokinetic energy). 

Renewable Portfolio Standard 
(RPS)

Calls for 25 percent of total generation (excluding generation from 
hydro and municipal solid waste [MSW] plants) to come from non-
hydro renewables nationwide by 2025, with interim targets leading up 
to this ultimate goal. Renewable Energy Credits (RECs) are used as a 
way to achieve these targets. 

Clean Energy Portfolio Standard 
(CEPS)

Broadens the portfolio standard to include other “clean” fuels besides 
renewables, including incremental generation from nuclear power 
plants and natural gas and coal plants that have carbon capture and 
storage (CCS) technology.

CEPS-NG
Broadens the CEPS to include new natural gas capacity (without CCS) 
in the portfolio. New natural gas capacity receives a fraction of a clean 
energy credit, dependent on the CO2 emissions from the technology.

RINGPS

Combines a 25 percent RPS with a 20 percent Incremental Natural 
Gas Portfolio Standard, meaning that 25 percent of total electricity 
generation (excluding generation from hydro and municipal solid 
waste plants) must come from renewables and 20 percent must come 
from new natural gas plants.

CEPS-All

Seeks to replicate the share of generation produced by technologies 
other than coal (with the exception of coal with CCS) obtained under 
the central cap-and-trade policy. The scope of CEPS-All is larger than 
CEPS and includes generation from new and existing noncoal genera-
tors. Unlike the CEPS and CEPS-NG policies, no cap on the price of 
clean energy credits, and the clean generation share target is applied 
to all generation, including hydro and MSW. 
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Table 2. Policies Modeled  (continued)

Renewable Energy Technologies (continued)

Cap-and-Trade + RPS Combines the 25 percent RPS with the Central Cap-and-Trade Policy.

Carbon Tax + RPS Combines the 25 percent RPS with the Carbon Tax policy.

Crosscutting Policy Combinations

Oil Tax + Carbon Tax Combines the Phased Oil Tax with the Carbon Tax.

Oil Tax + Carbon Tax + EE Measures
Combines the Phased Oil and Carbon Tax with the Building Codes and 
the Pavley CAFE policy.

Regulatory Alternatives
Combines the LNG trucks policy, the Building Codes, the Pavley CAFE 
policy, and CEPS-All.

Blended Portfolio

Combines the Phased Oil Tax, High Feebate, Hybrid Subsidy, Building 
Code provisions, GHP subsidy, and CEPS-All with a modified LNG Truck 
policy at half the original penetration rate (5 percent per year rather 
than 10 percent).
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Table 3a. Key Metrics, by Policy—Oil Consumption

Progress on 
Oil Target

Cumulative 
Reductions

PDV Welfare Cost
Cost 

Effectiveness: Oil
Cost 

Effectiveness: CO2

Reduction from 
2007 (mmbpd)

CO2 
Emissions 
(mmt CO2)

($2007, billions) ($2007/barrel) ($2007/ton CO2)

in 
2020

in 
2030

to 2030 to 2030 a. a.

Reference Case 2.1 2.0 – – – –

Incremental Reductions to 
Reference case

Policies to Reduce Oil Consumption

Transportation Policies

Phased Oil Tax 0.9 1.5 2,828 88.0 14 31

Oil Tax 1.6 1.4 4,715 200.5 19 43

Gas Tax 0.8 0.8 2,224 53.3 10 22

Pavley CAFE 0.1 0.7 722 44.6 12 31

High Feebate 0.1 0.7 637 41.9 12 35

Very High Feebate 0.2 0.9 919 116.8 23 67

Hybrid Subsidy 0.0 0.0 0 -8.2 – –

CAFE/Gas Tax 0.8 1.4 2,919 134.2 25 46

Phased Oil Tax/Feebate/
Subsidy

1.0 2.0 3,319 207.8 27 62

Natural Gas Vehicles

LNG Heavy-Duty Trucks 1.1 2.2 1,821 186.4 14 76
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Table 3b. Key Metrics, by Policy—Carbon Dioxide Emissions

Progress on 
Oil Target

Cumulative 
Reductions

PDV Welfare Cost
Cost 

Effectiveness: Oil
Cost 

Effectiveness: CO2

Reduction from 
2007 (mmbpd)

CO2 
Emissions 
(mmt CO2)

($2007, billions) ($2007/barrel) ($2007/ton CO2)

in 
2020

in 
2030

to 2030 to 2030 a. a.

Reference Case 2.1 2.0 – – – –

Incremental Reductions to 
Reference case

Policies to Reduce Carbon Dioxide Emissions

Carbon Pricing Policies

Central Cap and Trade 
(C&T)

0.3 1.0 12,366 138.8 44 11

C&T: Excluding 
Transportation

0.2 0.7 12,948 152.8 70 12

C&T: Greater Offset 
Availability

0.2 0.8 8,320 	 64.9 27 8

Carbon Tax 0.2 1.0 12,181 	 138.0 46 11

C&T: No Offsets 0.6 1.3 28,745 	 538.9 115 19

C&T: Less Stringent Cap 0.3 1.3 6,404 	 43.6 14 7

Energy Efficiency Policies

Building Codes 
– Residential

0.0 0.1 179 	 15.4 b. 25

Complete Set of WM EE 
Policies – Residential

0.0 0.1 249 	 26.7 b. 34

WM EE Policies + High 
Tech Assumptions 
– Residential

0.0 0.1 847 	 -42.4 b. -17

Geothermal Heat Pumps 
– Loan

0.0 0.1 138 	 -11.7 b. -36

Geothermal Heat Pumps 
– Subsidy

0.1 0.1 245 	 -5.1 b. -9

Nuclear Power: Loan Guarantee

6.5 GW New Nuclear 
Capacity by 2020

0.0 0.2 958 	 0.7 1 0

17.3 GW New Nuclear 
Capacity by 2020

0.0 0.2 2,643 	 4.5 6 2
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Table 3b. Key Metrics, by Policy—Carbon Dioxide Emissions (continued)

Progress on 
Oil Target

Cumulative 
Reductions

PDV Welfare Cost
Cost 

Effectiveness: Oil
Cost 

Effectiveness: CO2

Reduction from 
2007 (mmbpd)

CO2 
Emissions 
(mmt CO2)

($2007, billions) ($2007/barrel) ($2007/ton CO2)

in 
2020

in 
2030

to 2030 to 2030 a. a.

Reference Case 2.1 2.0 – – – –

Incremental Reductions to 
Reference case

Policies to Reduce Carbon Dioxide Emissions (continued)

Renewables Policies

RPS 0.0 0.2 3,489 47.0 104.9 14

CEPS 0.0 0.1 2,851 37.7 93.8 13

CEPS + Natural Gas 0.0 0.0 2,652 27.8 351.6 11

RINGPS 0.0 -0.1 6,860 161.1 � – 24

CEPS-All 0.1 -0.1 7,632 108.2 535.7 14

Cap-and-Trade + RPS 0.2 1.1 12,697 148.6 45.8 12

Carbon Tax + RPS 0.3 1.1 13,103 146.9 45.3 11
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a.	Oil and emissions reductions counted over investment lifetime or to 2050, whichever comes sooner. 
b.	Cost per barrel for policies in this category are not calculated because of small cumulative reductions in oil use.
c.	Cost-effectiveness is not calculated for crosscutting combinations, as costs cannot be assigned to individual 

effectiveness measures.

Table 3c. Key Metrics, by Policy—Policy Combinations

Progress on 
Oil Target

Cumulative 
Reductions

PDV Welfare Cost
Cost 

Effectiveness: Oil
Cost 

Effectiveness: CO2

Reduction from 
2007 (mmbpd)

CO2 
Emissions 
(mmt CO2)

($2007, billions) ($2007/barrel) ($2007/ton CO2)

in 
2020

in 
2030

to 2030 to 2030 a. a.

Reference Case 2.1 2.0 – – – –

Incremental Reductions to 
Reference case

Policy Combinations

Oil Tax + Carbon Tax 1.0 2.1 15,070 241.0 c. c.

Oil Tax + Carbon Tax + 
EE Measures

1.1 2.5 15,544 328.7 c. c.

Regulatory Alternatives 1.2 2.7 10,077 375.5 c. c.

Blended Portfolio of 
Policies

1.4 3.4 12,102 342.4 c. c.

Regulatory Alternatives 
—no LNG Trucks

0.1 0.5 8,256 169.9 c. c.

Blended Portfolio of 
Policies—no LNG Trucks

0.8 2.3 11,192 317.0 c. c.
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