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I. Executive Summary 
 
The purpose of this document is to provide insights from prior economic modeling exercises that 
can supplement the modeling results specific to the Midwestern Greenhouse Gas Reduction 
Accord (the Accord) and inform the Accord Advisory Group’s discussions and deliberations. 
 
This document summarizes the key results from several prior economic modeling analyses of 
proposed U.S. national greenhouse gas (GHG) cap-and-trade programs (including the Waxman-
Markey Discussion Draft and the Lieberman-Warner Climate Security Act S.2191) and other 
GHG emission pricing policies. 
 
The synthesis below is followed by a more in-depth summary of modeling findings (Section IV) 
as well as study-by-study summaries of modeling analyses and their key results. In addition, 
Section V illustrates the potential impact of a carbon price on transportation fuel and natural gas 
prices. 
 
A synthesis of the results from prior economic modeling results provides the following insights 
(see the subsequent sections for greater detail): 
 
Macroeconomic Impacts 
·  The higher delivered energy prices under cap and trade are generally expected to 

slightly lower real output for the economy compared to a no-policy scenario. However, 
policies that cost-effectively reduce GHG emissions will still allow the economy to grow 
robustly.  
 

·  The assumptions about “business as usual” have a very large effect on the estimated 
impacts of climate policy. Assuming higher economic growth rates, higher baseline 
emission rates, and fewer baseline complementary policies will lead to higher estimates of 
the cost of climate policy. 

 
Industry Impacts 
·  The industry-level impacts are fundamentally tied to the carbon-intensity of those 

industries and the degree to which they can pass costs on to consumers of their 
products. 
 

·  Measured by the reduction in domestic output, a readily identifiable set of industries is 
at greatest risk of contraction over both the short and long terms. Modeling studies 
generally find the hardest hit industries to include: petroleum refining, chemicals and 
plastics, primary metals, coal mining, and nonmetallic minerals. 
 

·  Although some industries are expected to experience short-run output reductions, these 
impacts shrink over time as firms adjust inputs and adopt new technologies. 
 

·  Unilateral climate policy without comparable effort by trading partners can lead to 
reductions in output from trade-exposed, carbon-intensive industries and emissions 
leakage.  
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State- and Region-Specific Impacts 
·  Differences in state regional results can be attributed to a variety of factors including: 

energy industry composition, manufacturing industry composition and efficiency, household 
heating and cooling needs, transportation systems and average distances traveled, and 
existing fossil fuel capacity. 
 

·  The Accord states have economies that are more reliant on manufacturing than the U.S. 
average and that are more energy intensive.  

 
Allowance Value Allocation 
·  The allocation of allowance value is a significant determinant of who bears the costs of 

GHG abatement.  
 

·  Investing allowance value to improve efficiency in the end use of energy services or 
returning allowance value to consumers has a progressive impact on the distribution of 
costs from cap and trade. 

 
·  In general, simply grandfathering allowance value to incumbent emitters other than 

regulated utilities is expected to have a regressive impact. For emitters other than 
regulated electric utilities, the value of allowances is expected to accrue as an increase in 
shareholder value, absent any conditions on the use of allowance value. Under a simple 
grandfathering policy, the lowest-income groups are expected to experience relatively large 
losses as a percentage of income, and the highest-income group, by contrast, is expected to 
enjoy a net gain (since shareholders tend to be from this income group). 

 
GHG Reduction Targets 
·  Achieving more aggressive GHG emission reduction goals entails higher costs. 
 
Scope 
·  In general, expanding the scope of the cap-and-trade program to cover more sectors 

leads to lower allowance prices and improved economic performance, assuming a 
constant absolute emission reduction goal. Spreading an absolute GHG emissions 
reduction goal (i.e. X million metric tons CO2e) across more sectors of the economy allows 
for more opportunities for reduction at lower marginal cost.  

 
Banking/Borrowing 
·  Flexibility in the timing of GHG reductions, through approaches such as banking and 

borrowing or extended compliance periods, keeps costs down over time.  
 
Offsets 
·  The more offsets included in a program, the lower the costs. All of the models 

consistently demonstrate that one of the most important drivers of carbon allowance prices – 
in some modeling exercises, the most important driver – is the availability of offsets. 
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·  The geography of offsets matters. In general, analyses show that allowing international 
offsets expands the supply of lower-cost offsets. 
 

Complementary Policies 
·  Inclusion of complementary policies to promote end-use efficiency and assumptions 

regarding market failures can significantly affect the calculated cost-effectiveness of 
climate polices. Modeling analyses disagree over how complementary command-and-control 
policies (implemented in addition to cap-and-trade programs) affect the overall cost of GHG 
emissions reductions.  

 
Technology 
·  In general, models have limited capacity to project technological innovation. 

 
·  The availability of advanced, low-carbon technologies is crucial to minimizing the costs 

of achieving GHG reductions.  
 
·  In the medium- to long-term, CO2 capture and storage plays a potentially large role 

assuming adequate provisions are made for its use. 

II. Background and Objectives 
 
This document is intended to synthesize relevant findings from prior economic modeling 
analyses that addressed U.S. GHG emission reduction policies (primarily cap-and-trade 
programs) in order to inform discussion and deliberation regarding the Midwestern Greenhouse 
Gas Reduction Accord (the Accord) Advisory Group. This report builds directly upon a 
summary of economic modeling analyses of the Lieberman-Warner Climate Security Act of 
2008 prepared by the Pew Center on Global Climate Change.1 
 
Economic models establish a logical and consistent framework for considering the implications 
of different policies and have been extensively used to evaluate the consequences of different 
policy choices for addressing global climate change. Yet model results depend upon the 
assumptions, definitions, and structure of the model, as well as the data that are used for input 
into the model. For example, the flexibility of the economy in responding to change or the 
flexibility of the policy being modeled can both have significant implications for any assessment 
of the costs of a particular policy. Furthermore, there is uncertainty in attempting to predict 
outcomes that occur in 15 or 50 years, both in terms of technologies that might be available and 
the costs of using those technologies. In the past, prior estimates of the costs of regulation were 
often many times more than the actual observed costs once a program was initiated.2 
 
Models also only provide a simplified view of our economy. Models can capture many of the 
key policy elements (for example, the impacts of targets, timing, scope, and offsets) but cannot 
incorporate all of them. For example, in the modeling of the Waxman-Markey Discussion Draft 
and of Lieberman-Warner models did not fully represent provisions designed to encourage 
higher deployment rates of energy efficient products and programs. This does not mean that the 
modeling results are not useful but rather illustrates that model results often represent an 
approximation of the climate policy in question and not the policy as a whole. 
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��  
Few, if any, of the experts who work closely with models believe that specific model outputs 
regarding future energy costs or Gross Domestic Product (GDP) should be interpreted as inerrant  
forecasts. Rather, the results are interesting for the broader insights they reveal. In the effort to 
craft and implement cost-effective, well-designed strategies for addressing the problem of 
climate change, it is critical that all who seek to understand and use modeling results share a 
realistic view of their proper role in the climate policy debate. (For a full discussion see the Pew 
Center’s paper, “Insights Not Numbers”).3 
 
This paper examines some of the modeling and other studies that have been used to assess the 
economic impacts of GHG abatement policies and puts them in context for consumers of this 
information. It is important to note that the modeling reviewed herein use different baseline or 
“business as usual” (BAU) projections. Some analyses were undertaken in advance of the Energy 
Independence and Security Act of 2007 (EISA 2007). Because the more recent forecasts reflect 
lower “baseline” emissions than previously anticipated, the costs of the climate proposals based 
on earlier higher projections of baseline emissions are likely to be overestimated.4 
 
It is also worth noting that none of the models discussed in this paper is an integrated assessment 
that includes both costs and benefits of GHG emissions reductions (such as avoided damages 
from climate change and ancillary benefits of improved air quality or energy security). As such, 
the economic models profiled in this review present only one side of the story – the costs of 
policy, not the benefits of that policy. As such, these studies are best characterized as cost-
effectiveness analyses rather than cost-benefit analyses. 
 
The following sections summarize the scope and goals of the analyzed policies and detail the key 
policy insights that can be gleaned from these economic modeling analyses. The economic 
modeling studies reviewed for this analysis are then reviewed in more detail, including 
discussions of key assumptions and results. 

III. Comparison of Accord to Previously Analyzed Scenari os 
 
The Accord Advisory Group is considering a regional goal of reducing aggregate GHG 
emissions by 15-25 percent below 2005 levels by 2020, which is roughly an 18-27 percent 
reduction against the BAU forecast for 2020 GHG emissions growth.5 Table 1 below shows the 
scope and GHG reduction goals of the policies addressed in the economic modeling analyses 
described below. 
 
Table 1: Summary of Analyzed Climate Policies' Scope and Targets 
Modeling Scenarios Scope GHG Reduction Goal(s) / Carbon 

Price 
Waxman-Markey Discussion Draft 
(111th Congress) 

Economy-wide GHG cap-and-trade 
program. Some sectors are phased 
in over time such that covered 
emissions represent approximately 
the following percentages of total 
U.S. GHG emissions: 68 percent in 
Phase 1 (2012 – 2013); 76 percent 
in Phase 2 (2014 – 2015); 85 

·  The cap gradually reduces 
covered greenhouse gas 
emissions to 20 percent below 
2005 levels by 2020, and 83 
percent below 2005 levels by 
2050. 
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Modeling Scenarios Scope GHG Reduction Goal(s) / Carbon 
Price 

percent in Phase 3 (2016 – 2050) 

Lieberman-Warner Climate 
Security Act of 2008 

~ 87 percent of U.S. GHG 
emissions would be subject to the 
bill’s cap-and-trade program. Cap-
and-trade would cover: coal-fired 
power plants and other entities that 
use more than 5,000 metric tons of 
coal, natural gas processors and 
importers, petroleum processors 
and refiners, manufacturers and 
importers of more than 10,000 
metric tons of GHGs (as measured 
in CO2 equivalents), and any entity 
that emits more than 10,000 metric 
tons (CO2e) of HFCs 

·  4 percent below 2005 levels by 
2012 

·  19 percent below 2005 levels 
by 2020 (~30 percent below 
BAU forecast in 2020) 

·  71 percent below 2005 levels 
by 2050 

RTI International Scenario (based 
on Climate Stewardship Act of 
2005) 

Covers CO2 and the five most 
important types of non-CO2 GHGs. 
National, economy-wide cap-and-
trade system assumed to cover 
roughly 80% of all US GHG 
emissions 

·  GHG emissions capped at 2000 
levels, beginning in 2010, and 
maintained at that level 
thereafter 

·  ~15 percent below BAU 
forecast in 2020 

Resources for the Future 
(“Incidence”) 

Economy-wide emissions pricing in 
core case 

·  Study assumes a CO2 price of 
roughly $40 per metric ton of 
CO2 

·  Assumed emissions price 
estimated to result in a 
reduction of 15 percent vs. the 
baseline projection for 2015 

Resources for the Future (“Impact”) Economy-wide emissions price for 
combustion emissions only 

·  $10 per ton of CO2 

McKinsey Economy-wide ·  Mid-range case achieves 
emissions 7 percent below 
2005 levels by 2030 

Regional Greenhouse Gas Initiative 
(RGGI) 

Nine Northeastern States 
Electric power sector only (>250 
MW) 

·  Cap target of 35 percent 
reduction resulting in 2020 
emission levels 10 percent 
below 1990 levels 

Notes: Description of Lieberman-Warner bill taken from Pew Center summary.6 
 
Figure 1shows the cap-and-trade allowance prices projected in the initial analysis of the Accord 
cap-and-trade program compared to allowance prices projected in analyses of the Waxman-
Markey Discussion Draft and the Lieberman-Warner cap-and-trade proposals. One can see that 
the allowance prices projected for the Accord cap-and-trade program are closer to the prices 
projected for the Waxman-Markey Discussion Draft. 
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Figure 1: Cap-and-Trade Allowance Prices from Various Modeling Analyses 

 
Notes: This figure compares the allowance prices from modeling analyses reviewed below with 
the exception of the Accord projected allowance prices.7 See the sections below for details. The 
W-M Draft allowance prices for 2025 are interpolated from 2020 and 2030 allowance prices 
reported in EPA’s analysis. 

IV. Model Insights 
 
This section presents insights gleaned from an assessment of several analyses addressing U.S. 
climate policies (where the analyses and their key results are described in more detail in the 
Section VI).  
 
Macroeconomic Impacts 

·  The higher delivered energy prices under cap and trade are generally expected to 
slightly lower real output for the economy compared to a no-policy scenario. They 
reduce energy consumption, but also indirectly reduce real consumer spending for other 
goods and services due to lower purchasing power. The lower aggregate demand for 
goods and services results in lower real GDP relative to BAU. The macroeconomic 
modeling conducted for the Regional Greenhouse Gas Initiative found positive economic 
effects under its core scenario due to investments in new generation, new energy efficient 
products and services, and savings from energy efficiency investments. 
 

·  Policies that cost-effectively reduce GHG emissions will still allow the economy to 
grow robustly. It is important to note that projections of changes in Gross Domestic 
Product (GDP) and consumption across all of the models reflect a reduction in future 
expected growth – not an absolute reduction. In EPA’s recent analysis of the Waxman-
Markey Discussion Draft core policy case, average annual GDP growth between 2010 
and 2030 is projected to be 2 to 4 basis points lower than in the reference scenario. This 
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means that in 2030, GDP is projected to be 0.5 to 1.2 percent lower than without climate 
policy. The analyses of Lieberman-Warner by EIA and EPA found reductions from BAU 
forecasts of GDP of 0.3 to 0.7 percent in 2020. In all cases, including the most 
pessimistic, the economy continues to grow significantly. Decreases from future GDP are 
small compared to the overall economic growth over the time period considered. For 
example, in EIA’s analysis of Lieberman-Warner, GDP grows 183 percent from 2005 to 
2030 in the S. 2191 core scenario compared to 184 percent in the reference case; this 
means that the economy would be less than 2 months behind BAU levels in 2030 with 
GHG caps.  
 

·  The assumptions about “business as usual” have a very large effect on the estimated 
impacts of climate policy. Analyses of Lieberman-Warner that did not include the EISA 
2007 provisions that would have lowered future emissions in their baseline found a 
higher cost for the proposed cap-and-trade program. Similarly, EPA’s recent analysis of 
the Waxman-Markey Discussion Draft used a BAU projection with significantly lower 
baseline emissions and economic growth than the BAU projection used to analyze 
Lieberman-Warner; this was one important reason that EPA projected much lower carbon 
prices for Waxman-Markey than for Lieberman-Warner. Similarly, RGGI modeling that 
used an alternative BAU scenario—one that allowed for new coal builds, higher natural 
gas prices, and thus higher baseline emissions—found that cap and trade had a slightly 
negative economic impact (rather than a slight positive one in the case of the standard 
baseline assumptions). 
 

·  Consideration of the range of uncertainty in the model is important for putting the 
potential cost impacts of a policy in perspective. Uncertainty about the types of 
technology that will be available in 10, 20, or even 50 years is quite large. Further, 
predicting how the economy will grow is also rife with uncertainty.  
 

·  In the short-term, employment impacts are expected to be proportional to changes 
in industry output under climate policy. In the long run, the labor market will reach a 
new equilibrium, and employment will shift from industries with lower output under cap 
and trade to other industries. In EIA’s analysis of Lieberman-Warner, total employment 
in manufacturing is projected to decline slightly more rapidly under cap and trade than in 
the reference case. 

 
Household Impacts 

·  The Accord states have higher per capita GHG emissions than most U.S. states. The 
Ohio Value and Plains regions (as defined by RFF’s Incidence study) have the highest 
per capita CO2 emissions in the country in terms of CO2 from direct fuel consumption 
and CO2 emissions embodied in consumption of goods and services. Per capita emissions 
in the Ohio Valley and Plains regions are roughly 13 and 23 percent higher than the 
national per capita average. 
 

·  Assuming full pass through to consumers of a carbon price, a $10 per metric ton of 
CO2 carbon price would roughly increase transportation and natural gas prices by 5 
percent at current prices (about 10 cents per gallon of gasoline or diesel fuel). 
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Industry Impacts 

·  The effects of a unilateral policy placing a price on carbon dioxide (CO2) will vary 
greatly across industries. The industry-level impacts are fundamentally tied to the 
energy (more specifically, the carbon) intensity of those industries and the degree to 
which they can pass costs on to consumers of their products (often other industries). The 
strength of competition from imports and consumers’ ability to substitute other, less 
carbon-intensive alternatives for a given product play crucial roles in determining the 
ultimate impacts on domestic production and employment. 
 

·  The relative importance of energy, including feedstocks, as a contributor to total 
costs varies quite widely across the different manufacturing industries.  
 

·  Industries vary in the value of their output, their absolute fuel consumption, the 
relative composition of their fuel consumption, and the CO2-intensity of their 
output. According to Resources for the Future, within manufacturing, the biggest users 
of coal are iron and steel, and paper mills; the biggest user of petroleum products is 
petrochemical manufacturing; and the biggest users of natural gas are food 
manufacturing, refining, and other basic organic chemicals. Other chemicals and plastic 
is the biggest user of electricity, followed by food manufacturing. Within manufacturing, 
cement manufacturing has the highest CO2-intensity at 5,100 tons of CO2 per million 
dollars of output, followed by petrochemical manufacturing with 4,100 tons and alumina 
refining and primary aluminum with 2,700 tons of CO2 per million dollars of output. At 
the other extreme, the machinery, electrical machinery, and transportation equipment 
industries have carbon content that is less than 120 tons of CO2 per million dollars of 
output. 
 

·  Measured by the reduction in domestic output, a readily identifiable set of 
industries is at greatest risk of contraction over both the short and long terms. 
Modeling studies generally find the hardest hit industries to include: petroleum refining, 
chemicals and plastics, primary metals, coal mining, and nonmetallic minerals. 
 

·  Although the short-run output reductions are significant in these industries, they 
shrink over time as firms adjust inputs and adopt new technologies. The industries 
that continue to bear the impacts are generally the same ones affected initially, albeit at 
reduced levels. When measured in terms of reduced profits, the rebound is especially 
large and, for some industries, virtually complete. 
 

·  Unilateral climate policy can reduce exports from trade-exposed, energy- or GHG-
intensive industries and lead to emissions leakage. If comparable polices are not 
adopted by all parties, the prices of exports rise relative to prices outside of the region 
adopting climate policy, and export volumes fall. Since exports are price-elastic, the 
volumes fall proportionally more than the price rises and thus the value of exports 
declines. In the sensitivity analysis that included low international action without output-
based rebates, EPA’s analysis of the Waxman-Markey Discussion Draft found that U.S. 
emissions leakage rates were 4 percent in 2015 and 2 percent in 2030 and 2050 overall; 
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however, EPA estimated the leakage emission rates for just the energy-intensive sector  
(only counting the Group 2 countries) to be 19, 17, and 28 percent in 2015, 2030, and 
2050, respectively. 

 
·  In the case of limited or no climate action by trading partners, output-based rebates 

can avoid decreases in output from the trade-exposed energy-intensive sector while 
also limiting the emission reductions achieved by this sector. EPA’s analysis of the 
Waxman-Markey Discussion Draft found that output-based rebates limit emission 
reductions by eligible firms since these firms receive rebates tied to their level of output. 
With output-based rebates, allowances prices are higher than in the core WM-Draft 
policy scenario, as emissions reductions that would have occurred at firms eligible for 
rebates must occur in other sectors at higher overall cost, which leads to higher long-run 
impacts on GDP from cap and trade that includes rebates. The scenario with output-based 
rebating and low international action results in a slight reduction in emissions leakage 
within the energy-intensive sector. 

 
State- and Region-Specific Impacts 

·  Differences in state regional results can be attributed to a variety of factors 
including: energy industry composition, manufacturing industry composition and 
efficiency, household heating and cooling needs, transportation systems and average 
distances traveled, and existing fossil fuel capacity. 
 

·  The Accord states have economies that are more reliant on manufacturing than the 
U.S. average and that are more energy intensive. Minnesota is the only Accord state 
projected to have a less energy-intensive state economy than the national average.  

 
Allowance Value Allocation 

·  Investing allowance value to improve efficiency in the end use of energy services is 
one of the most progressive policies examined. Expansion of the Earned Income Tax 
Credit and a cap-and-dividend program that directly returns revenue to households also 
have progressive distributional impacts but do not lower the cost of GHG abatement as 
does energy efficiency investment. 
 

·  Free allocation of allowances to electricity consumers via local distribution 
companies (LDCs) could raise the cost of achieving emission reductions but could 
have a progressive effect on the distribution of this cost. Free allocation to LDCs 
could mean that consumers receive a weaker price signal to reduce their consumption or 
invest in energy efficiency measures such that more emission reductions are required in 
other sectors of the economy unless allowance value allocated to LDCs is directed toward 
energy efficiency.  
 

·  In general, simply grandfathering allowance value to incumbent emitters other than 
regulated utilities is expected to have a regressive impact. For emitters other than 
regulated electric utilities, the value of allowances is expected to accrue as an increase in 
shareholder value, absent any conditions on use of allowance value. Under a basic 
grandfathering policy, the lowest-income groups are expected to experience relatively 
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large losses as a percentage of income, and the highest-income group, by contrast, is 
expected to enjoy a net gain. 

 
GHG Reduction Targets 

·  Achieving more aggressive GHG emission reduction goals entails higher costs 
(ignoring the benefits of climate change mitigation and other ancillary benefits). RTI 
International’s analysis of a program to cap U.S. GHG emissions at year 2000 levels in 
2010 and maintain that level of emissions thereafter (roughly a 15 percent reduction 
compared to BAU forecast in 2020) predicted a reduction in GDP of between 0.12 and 
0.24 percent in 2020 compared to the BAU forecast and allowance prices of between $7 
and $13.60. Analyses of the roughly doubly ambitious Lieberman-Warner proposal 
(approximately 30 percent reduction below BAU forecast in 2020), found reductions in 
GDP in 2020 of between 0.3 and 0.7 percent (EIA and EPA core policy cases, 
respectively) and allowance prices in 2020 of between $30 and $37 (EIA and EPA core 
policy cases, respectively). 

 
Scope 

·  In general, expanding the scope of the cap-and-trade program to cover more sectors 
leads to lower allowance prices and improved economic performance, assuming a 
constant absolute emission reduction goal. Spreading an absolute GHG emissions 
reduction goal (i.e. X million metric tons CO2e) across more sectors of the economy 
allows for more opportunities for reduction at lower marginal cost.  

 
Banking/Borrowing 

·  Flexibility in the timing of GHG reductions, through approaches such as banking 
and borrowing, keeps costs down over time. Among analyses of Lieberman-Warner, 
those modeling efforts that do not incorporate the banking and borrowing provisions 
result in higher overall impacts on GDP.8 Modeling efforts that do incorporate the 
banking provisions often show higher near-term allowance prices because firms buy 
additional allowances in anticipation of higher future prices; however, this ability to bank 
allowances reduces overall program costs in the longer-term. 

 
Offsets 

·  The more offsets included in a program, the lower the costs. All of the models 
consistently demonstrate that one of the most important drivers of carbon allowance 
prices – in some modeling exercises, the most important driver – is the availability of 
offsets. EPA’s preliminary analysis of the Waxman-Markey Discussion Draft found that 
eliminating international offsets would nearly double the allowance price. Among 
analyses of Lieberman-Warner, the model scenarios that limit offsets below the proposed 
total of 30 percent (international credits plus domestic offsets) show significantly higher 
costs. EPA’s Lieberman-Warner sensitivity analysis found that if international credits 
were not allowed and domestic offsets were  held at 15 percent, allowance prices 
increased by 34 percent. Furthermore, when international credits and domestic offsets 
were not allowed at all, allowance prices in the model increased by 93 percent above 
estimates that included the full 30 percent offsets.  
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Complementary Policies 
·  Inclusion of complementary policies to promote end-use efficiency and assumptions 

regarding market failures can significantly affect the calculated cost-effectiveness of 
climate polices. EPA’s analysis of the Waxman-Markey Discussion Draft projected that 
proposed energy efficiency programs could reduce allowance prices by roughly 10 
percent. The models that attempt to simulate the Lieberman-Warner bill’s energy 
efficiency provisions (EIA) find lower energy costs to consumers and lower program 
costs overall. Those that that do not explicitly include these provisions predict higher 
costs. McKinsey estimated that 40 percent of GHG abatement potential with marginal 
cost of less than $50/tCO2e could be realized at “negative cost” even without a price on 
carbon. McKinsey suggests that complementary policies are necessary to realize these 
“negative cost” opportunities since price signals alone have so far been insufficient and 
that such complementary policies would reduce the social cost of GHG emissions 
reductions. The macroeconomic modeling of RGGI found that a policy case with two 
times the energy efficiency produced larger positive impacts relative to the default 
reference than did the core policy case owing to increased investment stimulus, amplified 
bill savings to households and businesses, and dampened electric price increases. 

 
Technology 

·  The availability of advanced, low-carbon technologies is crucial to minimizing the 
costs of achieving GHG reductions. Models that constrain the use of potential 
technologies dramatically increase the costs of reducing emissions. EPA’s analysis of 
Lieberman-Warner included sensitivity runs that demonstrated the importance to 
technology—especially nuclear and carbon capture and storage (CCS) to minimizing the 
cost of climate policy. 
 

·  Given the limitations of models to predict technological innovations that reduce 
costs, results can be considered conservative as to technological innovation. 

 

V. Fuel Price Impacts from Cap and Trade 
 
This section estimates the impact of cap-and-trade allowance prices on transportation fuels and 
natural gas. 
 
First, to estimate the effect that a price on carbon has on transportation fuels and natural gas, one 
must know the carbon content of such fuels (see Table 2). Table 3 shows the impact that a 
carbon price in the form of cap-and-trade allowance prices would have on gasoline and diesel 
fuel prices assuming 100 percent pass through of the carbon price and no change in the 
underlying equilibrium market price. Note that the price of gasoline and diesel are expected to 
increase by 9 and 10 cents per gallon, respectively, for each $10 per metric ton of CO2e increase 
in the carbon price, assuming 100 percent cost pass through. The cost of natural gas, again 
assuming full cost pass through to consumers, is expected to rise by roughly 5 cents per thousand 
cubic feet for each $10 per metric ton of CO2e increase in the carbon price. At current fuel prices 
(roughly $2/gallon for gasoline and diesel and roughly $10/mcf for natural gas, see Table 4), a 
$10/tCO2e carbon price would increase transportation and natural gas prices by about 5 percent. 
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Table 2: CO2 Emissions Factors 
Fuel Units Value 
Gasoline g CO2 / gal 8,788 
Diesel g CO2 / gal 10,084 
Natural Gas g CO2 / mmBtu 51,210 
Sources: EPA9,10 
 
Table 3: Impact of Carbon Price on Gasoline, Diesel, and Natural Gas Prices 

CO2 Allowance 
Price 

Price Impact 
Gasoline ($/gal) Diesel ($/gal) Natural Gas ($/mcf) 

 $             5  $       0.04 $       0.05 $       0.26 
 $           10  $       0.09 $       0.10 $       0.51 
 $           15  $       0.13 $       0.15 $       0.77 
 $           20  $       0.18 $       0.20 $       1.02 
 $           25  $       0.22 $       0.25 $       1.28 
 $           30  $       0.26 $       0.30 $       1.54 
 $           35  $       0.31 $       0.35 $       1.79 
 $           40  $       0.35 $       0.40 $       2.05 
 $           45  $       0.40 $       0.45 $       2.30 
 $           50  $       0.44 $       0.50 $       2.56 
 $           55  $       0.48 $       0.55 $       2.82 
 $           60  $       0.53 $       0.61 $       3.07 
 $           65  $       0.57 $       0.66 $       3.33 
 $           70  $       0.62 $       0.71 $       3.58 
 $           75  $       0.66 $       0.76 $       3.84 
 $           80  $       0.70 $       0.81 $       4.10 
 $           85  $       0.75 $       0.86 $       4.35 
 $           90  $       0.79 $       0.91 $       4.61 
 $           95  $       0.83 $       0.96 $       4.86 
 $         100  $       0.88 $       1.01 $       5.12 
Note: Assumes 100 percent pass-through of carbon price to consumers.  
 
Table 4: Average 2008 Natural Gas Prices by Sector ($ per thousand cubic feet) 
State Retail Industrial Commercial 
IL  $  12.09   NA   $      11.72  
IA  $  11.93   $    8.96   $      10.22  
KS  $  13.03   $    9.51   $      12.34  
MI  $  11.82   $  10.21   $      10.55  
MN  $  11.30   $    9.09   $      10.52  
WI  $  12.80   $  10.66   $      11.28  
Source: EIA11 
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VI. Modeling Exercise Descriptions and Findings 
 
This section summarizes the assumptions, scenarios, and key findings from the economic 
modeling studies listed below: 
·  Environmental Protection Agency (EPA), Preliminary Analysis of the Waxman-Markey 

Discussion Draft in the 111th Congress, The American Clean Energy and Security Act of 
2009, April 2009, see http://www.epa.gov/climatechange/economics/economicanalyses.html.   

·  Energy Information Administration (EIA), Energy Market and Economic Impacts of S.2191, 
the Lieberman-Warner Climate Security Act of 2007, April 2008, see 
http://www.eia.doe.gov/oiaf/servicerpt/s2191/index.html. 

·  EPA, Analysis of Senate Bill S.2191 in the 110th Congress, the Lieberman-Warner Climate 
Security Act of 2008, March 2008, see http://www.epa.gov/climatechange/economics/ 
economicanalyses.html. 

·  Ross, Martin et al., State-Level Impacts of a National Climate Change Policy, April 2008, 
Prepared by RTI International for the Pew Center on Global Climate Change, see 
http://tinyurl.com/d8mshp.  

·  Burtraw, Dallas, Richard Sweeney, and Margaret A. Walls, The Incidence of U.S. Climate 
Policy: Where You Stand Depends on Where You Sit, September 2008, Resources for the 
Future Discussion Paper 08-28, see http://tinyurl.com/coh5k3.  

·  Creyts, J., et al., Reducing US Greenhouse Gas Emissions: How Much at What Cost?, 
December 2007, McKinsey & Co. see http://tinyurl.com/28cgwf.  

·  Ho, Mun, Richard Morgenstern, Jhih-Shyang Shih, Impact of Carbon Price Policies on U.S. 
Industry, December 2008, Resources for the Future Discussion Paper 08-37, see 
http://tinyurl.com/d8qgtl.  

·  Economic Development Research Group, Economic Impacts of Proposed Northeast Regional 
Greenhouse Gas Initiative, April 2006, see http://tinyurl.com/cdlv6w.  
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Environmental Protection Agency (Waxman-Markey Disc ussion Draft) 
 
Modeling Background 
EPA’s preliminary analysis of the Waxman-Markey Discussion Draft (WM Draft), The 
American Clean Energy and Security Act of 2009, uses two Computable General Equilibrium 
(CGE) models, both of which optimize the decisions of households and firms to develop a model 
of the whole economy.12 The first is the Intertemporal General Equilibrium Model (IGEM) 
developed and run by Dale Jorgenson Associates, and the second is the Applied Dynamic 
Analysis of the Global Economy (ADAGE) developed and run by RTI International. In addition, 
EPA feeds the projected carbon prices and electricity demand from these CGE models into the 
Integrated Planning Model (IPM), a detailed electric power sector optimization model.  
 
In this preliminary analysis, EPA focuses on the economy wide cap-and-trade program and does 
not model several of the other provisions in the WM Draft such as the renewable electricity 
standard, the low carbon fuel standard, and the vehicle and engine emission standards. 
 
EPA’s no policy case is benchmarked to the Energy Information Administration’s Annual 
Energy Outlook 2009 (AEO2009). 
 
In addition to the no policy or reference case and core policy case, EPA conducted sensitivity 
analyses for several scenarios: 

·  WM-Draft Scenario with Energy Efficiency Allowance Allocations 
·  WM-Draft Scenario with Output Based Rebates 
·  WM-Draft Scenario with No International Offsets 
·  WM-Draft Scenario with Low International Action 
·  WM-Draft Scenario with Output Based Rebates and Low International Action 

 
In EPA’s energy efficiency scenario, the energy efficiency programs are estimated to reduce 
electricity demand from reference case values by 4, 5, and 4 percent in 2020, 2030 and 2050, 
respectively. The energy efficiency programs are estimated to reduce natural gas demand from 
reference case values by 3, 7, and 6 percent in 2020, 2030, and 2050, respectively. 
 
The output based rebates provision of the the WM Draft applies to energy- or GHG-intensive 
industries that are also trade-intensive. Rebates average 85 percent of the direct and indirect cost 
of allowances, and the program gradually phases out between 2021 and 2030. In the cases with 
low international action, Group 1 countries (Kyoto group less Russia) maintain Kyoto emissions 
levels to 2050 and Group 2 countries (rest of world) do not take any climate action. Under the 
core WM-Draft Scenario’s international climate action assumptions, no international emissions 
leakage occurs as all regions take comparable action.  
 
ADAGE models 5 regions in the United States–West, Plains, Midwest, South and Northeast (see 
Figure 3). ADAGE models a single, aggregated energy intensive manufacturing sector. A more 
disaggregated model may show different emissions leakage results as specific industrial sectors 
within energy intensive manufacturing would likely be more strongly impacted than indicated by 
ADAGE’s aggregate representation.  
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Key Results 

·  EPA projects moderate allowance prices for the WM Draft cap-and-trade program. 
Allowance prices range from $13 to $17 per metric ton CO2 equivalents (tCO2e) in 2015 
and from $17 to $22/ tCO2e in 2020 in the core scenario, and across all scenarios 
modeled, the allowance price ranges from $13 to $26 per tCO2e in 2015 and from $17 to 
$33 / tCO2e in 2020.  

·  As measured by GDP, the economy grows only slightly more slowly under cap and 
trade compared to the no policy case (see Table 6). Under the WM Draft core policy 
case, average annual GDP growth between 2010 and 2030 is projected to be 2 to 4 basis 
points lower than in the reference scenario. This means that in 2030, GDP is projected to 
be 0.5 to 1.2 percent lower than without climate policy. 

·  Distributing the bulk of allowance value to consumers ensures a very slight impact 
on consumption from cap and trade (see Table 5). For the duration of the policy, 
average annual household consumption is estimated to decline in a range of $98 to $140 
dollars per year (in average net present value) relative to the no policy case, which is 0.1 
to 0.2 percent of household consumption. These costs include the effects of higher energy 
prices, price changes for other goods and services, impacts on wages and returns to 
capital, and these cost estimates reflect the value of emissions allowances returned lump 
sum to households. Excluding gasoline, household energy expenditures are projected to 
be 9 percent higher under the core policy case than in the no policy case in 2030 (see 
Figure 2). 

·  Difference in regional results can be attributed to a variety of factors, including: 
economic base (energy industry composition; manufacturing industry composition); 
energy use (efficiency and types of manufacturing, household heating and cooling needs, 
transportation systems and average distances traveled); electricity generation (existing 
fossil fuel capacity);  allowance allocation (impacts on regional consumption, income, 
and GDP). 

·  EPA projects that the Midwest region will see GDP impacts from cap and trade that 
are smaller in magnitude than in the West and Plains regions and larger that in the 
Northeast region (see Figure 4). The Plains region (which includes energy-producing 
states such as Texas) has projected declines in GDP compared to the no policy case that 
are above average because, in addition to its reliance on energy production, the Plains 
region has a higher overall energy intensity to its economy than the national average and 
also depends more on fossil-fuel electricity generation than other regions. 

·  Energy efficiency programs can reduce demand and thus lower allowance prices. 
EPA found that the modeled energy efficiency prices lowered allowances prices by 
roughly 10 percent. 

·  Unilateral U.S. climate policy can reduce U.S. exports from trade-exposed, energy- 
or GHG-intensive industries and lead to emissions leakage. If comparable polices are 
not adopted globally, the prices of U.S. exports rise relative to prices in the rest of the 
world, and export volumes fall. Since exports are price-elastic, the volumes fall 
proportionally more than the price rises and thus the value of exports declines. In the 
sensitivity analysis that included low international action without output-based rebates, 
EPA found that U.S. emissions leakage rates were 4 percent in 2015 and 2 percent in 
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2030 and 2050 overall; however, EPA estimated the leakage emission rates for just the 
energy-intensive sector  (only counting the Group 2 countries) to be 19, 17, and 28 
percent in 2015, 2030, and 2050, respectively. 

·  In the case of low international action, output-based rebates can avoid decreases in 
output from the trade-exposed energy-intensive sector while also limiting the 
emission reductions achieved by this sector (see Figure 5). Output-based rebates limit 
emission reductions by eligible firms since these firms receive rebates tied to their level 
of output. With output-based rebates, allowances prices are higher than in the core WM-
Draft policy scenario, as emissions reductions that would have occurred at firms eligible 
for rebates must occur in other sectors at higher overall cost, which leads to higher long-
run impacts on GDP from cap and trade that includes rebates. The scenario with output-
based rebating and low international action results in a slight reduction in emissions 
leakage within the energy-intensive sector. 

·  Offsets have a strong impact on cost containment. The capped sector uses all of 
international offsets allowed in all years of the policy (1.25 billion tCO2e offsetting 1 
billion tCO2e of capped sector emissions annually). The 1 billion tCO2e annual limit on 
domestic offsets is never reached due to limited mitigation potential. Without 
international offsets, the allowance price would increase 96 percent. 

 
Table 5: Change in Consumption under WM Draft Core Policy Case 
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Table 6: Changes in GDP under WM Draft Core Policy Case 

 
 
 
Figure 2: Changes in Household Energy Expenditures (Excluding Gasoline) 
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Figure 3: ADAGE Model Regions 

  
 
Figure 4: Regional GDP Impacts (ADAGE Model) 
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Figure 5: Effects on Energy-Intensive Manufacturing 
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Energy Information Administration (Lieberman-Warner ) 
 
Modeling Background 
The Energy Information Administration (EIA) analysis of S.2191 uses the National Energy 
Modeling System (NEMS), which models US energy markets out to 2030.13 NEMS is a bottom-
up/top-down model that explicitly represents the decisions involved in the production, 
conversion, and consumption of energy products. It consists of separate modules that represent 
various aspects of energy markets and macroeconomic activity: four supply sectors (oil and gas, 
natural gas transmission and distribution, coal, and renewable fuels); two conversion processes 
(electricity and petroleum refineries); four modules for end-use demand (residential, commercial, 
transportation, and industrial); one to simulate energy/economy interactions (macroeconomic 
activity); one module to simulate world oil markets (international energy activity); and an 
integrating module that provides the mechanism to achieve a general market equilibrium among 
all the other modules.14 EIA used the 2008 Annual Energy Outlook (AEO2008) projections, 
which include the impact of the Energy Independence and Security Act of 2007, as well as 
revised expectations about economic growth. 
 
The analysis attempts to capture many provisions of S. 2191, including the following:  

1. Emissions from fossil fuel generation and combustion are covered including: coal-fired 
electrical and industrial boilers, petroleum use in transportation (upstream), and 
residential, commercial and industrial natural gas and petroleum use (upstream); 

2. Domestic and international offsets can each be used to meet up to 15 percent of the 
compliance obligation;  

3. There are no limits on the number of allowances that can be banked for future years. For 
covered entities to be able to meet more stringent caps post-2030, EIA assumes that the 
bank will have a balance of 5 billion metric tons at the end of 2030. Covered entities are 
also allowed to borrow up to 15 percent of their compliance obligation from future years, 
but with a 10 percent interest penalty per year;  

4. Both natural gas and coal would be eligible for the CCS credit and bonus allowance 
allocations from Title III of the bill;  

5. To simulate the energy efficiency provisions in the bill, EIA reduced the cost of energy-
efficient appliances for end-users by half and tightened residential building codes by 30 
percent in 2015 and 50 percent in 2025; and 

6. EIA also assumed that the 10 percent of allowances allocated to Load-Serving Entities 
(LSE) and rural electric cooperatives were used to reduce electricity prices. 

 
The model does not include the separate caps for HFCs (Title X) or the Low Carbon Fuel 
Standard (Title XI). Allowance allocations to fossil fuel generators are also not covered in the 
model. For the S. 2191 core scenario, the model is analyzed based on these assumptions. EIA 
also examines the effects of varying international offsets and the costs and availability of 
electricity generating technologies, through four alternative scenarios.15 
 
Key Results 
Macroeconomic Impacts 

·  The higher delivered energy prices under cap and trade lower real output for the 
economy. They reduce energy consumption, but also indirectly reduce real consumer 
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spending for other goods and services due to lower purchasing power. The lower 
aggregate demand for goods and services results in lower real GDP relative to the 
Reference Case. 

·  GDP is 0.24 percent lower in the core scenario from the BAU scenario in 2015 and 0.3 
percent lower in 2030 (see Table 7). Under S. 2191, GDP grows 183 percent from 2005 
to 2030 compared to 184 percent in the reference case; this means that the economy 
would be less than 2 months behind BAU levels in 2030 with GHG caps. 

·  While real GDP is a measure of what the economy produces, the composition of GDP may 
change considerably between the major components: consumption, investment, government, 
and net exports. Consumer expenditures, one indicator of consumers’ welfare, show larger 
relative losses compared to GDP (0.4 and 0.5 percent below BAU levels in 2020 and 2030, 
respectively, in the core policy case, see Table 7). 

·  As energy prices increase, the energy-intensive sectors, including food, paper, bulk 
chemicals, petroleum refining, glass, cement, steel and aluminum, show greater losses 
compared to the rest of the industrial sectors, reaching 3.6 percent below the Reference Case 
by 2030 in the S. 2191 Core Case. 

·  As Figure 6 shows, EIA projected that cap and trade would lead to slower growth in the 
dollar value of industrial shipments with a larger impact on the value of shipments of energy-
intensive manufacturing outputs. Total employment in manufacturing was projected to 
decline more rapidly under cap and trade than in the reference case. 

 
Other key results from the EIA modeling analysis: 

·  In the S. 2191 core scenario, total greenhouse gases (including offsets) are 7,003 MtCO2e 
in 2015 and decrease to 5,428 MtCO2e by 2030.  

·  Allowance prices are $20/tCO2e in 2015 and rise to $59/tCO2e by 2030 (2005$).  
·  Electricity prices increase by about 8 percent in 2030 from BAU levels in the core 

scenario (this includes the cost of allowances). Electricity demand is about 5 percent 
lower in 2030 from the reference case. 

·  In terms of electricity generation, the model predicts that new coal builds without CCS 
are almost eliminated. For the S. 2191 core scenario, 64 GW of new coal generation with 
CCS is built by 2030, and overall coal consumption is 74 percent lower than the reference 
case. The introduction of coal with CCS is largely driven by the bonus allowance 
provision. 

·  Under the S. 2191 core scenario, nuclear generation expands rapidly, increasing by 266 
GW from 2005 to 2030 (100 GW to 366 GW); even with higher capital costs (S. 2191 
High Cost Case), nuclear generation is expected to grow about 86 percent over the time 
period. 

·  Renewable capacity more than doubles from 2005 to 2030 (an increase of more than 100 
GW), mainly due to an expansion in wind generation, followed by biomass. In Limited 
Alternatives Scenarios, where nuclear growth is constrained to BAU levels (17 GW over 
the time period), the increase in renewable capacity is much greater, above 300 GW in 
both cases. 

·  Under the S. 2191 core scenario, natural gas generation is lower than the reference case, 
due to a reduction in energy demand and increase in renewable and nuclear capacity. 
Total natural gas consumption decreases over the time period of analysis, and gas prices 
increase by about 35 percent from the BAU level in 2030 (this includes the cost of the 
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carbon allowances). In the Limited Alternative Scenarios, which constrain both CCS and 
nuclear technologies, natural gas consumption is between 12 and 19 percent above 
reference case levels in 2030, due to fuel switching and increased natural gas generation. 
In the core scenario, natural gas consumption is 17 percent lower. 

·  Offsets play a key role in reducing costs in the program. In the core scenario, the 15 
percent limit on offsets becomes binding in 2016 for international offsets and 2025 for 
domestic. In an alternate scenario with no international offsets, allowance prices are 
much higher than the other scenarios from 2012 to 2016, as covered entities rely on fuel-
switching and early investments in efficiency and carbon-neutral technologies. The 
analysis demonstrates that international offsets play an important role in mitigating costs 
in the early years of the program.   
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Table 7: Macroeconomic Impacts of S. 2191 Cases and Relative to the AEO2008 Reference Case (billion 2000 
dollars, except where noted) 
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Figure 6: Macroeconomic Variables Indexed to 2005 for Reference and Core Policy Case 
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Environmental Protection Agency (Lieberman-Warner) 
 

Modeling Background 
EPA’s analysis of S. 2191 uses two Computable General Equilibrium (CGE) models, both of 
which optimize the decisions of households and firms to develop a model of the whole economy. 
The first is the Intertemporal General Equilibrium Model (IGEM) developed and run by Dale 
Jorgenson Associates, and the second is the Applied Dynamic Analysis of the Global Economy 
(ADAGE) developed and run by RTI International. In utilizing both models, EPA assumes the 
following regarding the structure of S. 2191:  

·  Upstream coverage for petroleum, natural gas, and manufacturers of F-gases and N2O; 
downstream on coal facilities using over 5,000 tons of coal per year;  

·  Domestic offsets and international credits can each be used to meet 15 percent of the 
compliance obligation;  

·  Set-asides for agriculture and forestry sequestration and landfill and coal mine methane 
are available; and  

·  Bonus allowances for CCS.  
The analysis compares the results between the two models for a set of 10 scenarios: 2 BAU 
reference scenarios and 8 bill scenarios. The core policy scenario (Scenario 2) assumes 
substantial growth in nuclear power (150 percent increase from 2005-2050) and widespread 
international actions by developed and developing countries. Other scenarios include limits on 
international actions, unlimited offsets, no offsets, and a series of three scenarios requested by 
Senators Inhofe, Voinovich, and Barrasso combining constraints on nuclear, biomass, CCS, and 
international action as well as the emergence of a natural gas cartel. In order to approximate 
emissions reductions associated with the recently passed Energy Security and Independence Act 
of 2007 (not currently in the “baseline”), EPA also developed a “high technology reference 
scenario” (Scenario 9) and applied the provisions of the bill, including the core scenario 
assumptions of substantial growth in nuclear and widespread international action (Scenario 10).  
 
The ADAGE model used by EPA provide results at the US regional level (see Figure 7 for 
definition of regions). 
 
Key Results 
Model results indicate that U.S. regions will experience differentiated economic impacts 
from climate policy.  

·  Difference in regional results can be attributed to a variety of factors including: energy 
industry composition, manufacturing industry composition and efficiency, household 
heating and cooling needs, transportation systems and average distances traveled, and 
existing fossil fuel capacity. 

·  Table 8 and Table 9 below show that the EPA’s ADAGE model results indicate that the 
Plains and Midwest regions are expected to experience reductions in regional GDP 
compared to the reference case forecast that are more severe than those experienced by 
the rest of the country with the Plains region being the most negatively impacted of all 
U.S. regions. The cap-and-trade program is projected to lead to regional GDP that is 0.8 
percent and 1.3 percent lower than the BAU projection in 2020 for the Midwest and 
Plains regions, respectively.  
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The economic impact of a cap-and-trade program will vary by economic sector. 
·  Table 10 shows that some sectors will see large negative changes in output by 2020 

compared to the BAU projection whereas some will see increases in output. Many 
industries that see significant decreases in output quantities relative to the BAU 
projection will also see price increases that mitigate the effect on industry revenue. 

·  Among the industrial sectors with the greatest percentage reductions under cap and trade 
compared to the BAU projection for output quantities in 2020 are energy extraction, 
manufacturing, and other energy-intensive industries.  

·  The industrial sectors with the largest percentage decreases in output quantities under 
climate policy relative to the BAU projection are: primary metals (-9.4 percent), 
petroleum refining (-18.8 percent), chemicals and allied products (-9.8 percent), coal 
mining (-48.6 percent), motor vehicles (-5.6 percent), and fabricated metal (-6.1 percent). 
See Table 10 for the full list of industries. 

 
In general, the use of offsets and international credits has a larger impact on allowance 
prices than any constraints placed on technology. The key results for Scenarios 2 and 10 using 
the ADAGE model are presented below. 

·  Under Scenario 2 in ADAGE, total U.S. GHG emissions (including offsets and 
international credits) in 2030 are estimated to be 5,867 MtCO2e, dropping to  5,279 
MtCO2e by 2050. Using ADAGE Scenario 10, emissions are 5,953 MtCO2e in 2030 and 
5,263 MtCO2e in 2050.  

·  For the core policy case (Scenario 2), allowance prices in 2015 are $29/tCO2e , increasing 
to $61/tCO2e in 2030 and $159/tCO2e in 2050.16  Using the high technology scenario 
(Scenario 10), allowance prices are slightly lower: $22/tCO2e in 2015, $46/tCO2e in 
2030, and $121/tCO2e in 2050.  

·  The ADAGE model projects that in 2030 GDP is 0.9 percent lower than BAU for 
Scenario 2 (0.6 percent for Scenario 10). In 2050, GDP is 2.37 percent lower under 
Scenario 2 and 1.76 percent  under Scenario 10; in both scenarios GDP grows by more 
than 335 percent from 2005 to 2050 compared to 344 percent in the BAU case. The 
economy would be about 11 months behind BAU levels under Scenario 2 and about 8 
months for Scenario 10.  

·  Electricity prices are projected to increase 44 percent in 2030 and 26 percent in 2050 
under Scenario 2 in ADAGE.17 

·  Modeling of regional impacts indicates a switch from coal to natural gas and CCS in 
2030. Natural gas consumption increases in both Scenarios 2 and 10 until 2020, after 
which it decreases by more than 25 percent from 2005 levels by 2050.  

·  Coal generation with CCS picks up after 2015. About 175 GW of coal capacity with CCS 
is built by 2030. All coal without CCS is retired by 2035 and total CCS capacity 
increases to 323 GW in 2035, then decreases slightly to 299 GW by 2050.  

·  The electricity sector provides the vast majority of the GHG reductions in the early years 
(see Figure 8). Even after 2035, the electricity sector still provides most of the GHG 
abatement, although transportation and energy intensive manufacturing begin to 
contribute more to emissions reductions. Nuclear and renewable generation capacity 
increases steadily, more than doubling from 2005 to 2050.  

·  In Scenario 2 of ADAGE, gasoline prices increase $0.53 per gallon in 2030 and $1.40 per 
gallon in 2050 due to the cost of the carbon content. The higher gas price, due to the 
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increased cost of carbon allowances, in the later years of the analysis spurs GHG 
reductions from the transportation sector. 

·  To better understand the bill’s offset provisions, EPA also estimated two alternative 
scenarios in IGEM: one that allowed for unlimited use of offsets (Scenario 4) and one in 
which no offsets were allowed (Scenario 5). All other assumptions remained the same as 
Scenario 2. For Scenario 4, allowance prices were 71 percent lower than the core policy 
scenario in 2050; for Scenario 5, they were 93 percent higher. 

·  To test the sensitivity to various technology assumptions, EPA included a modeling run 
that limited nuclear and biomass power to BAU levels and assumed that CCS is not 
available before 2030 (ADAGE Scenario 7). In this case, allowance prices in 2050 were 
82 percent higher than the core policy scenario. 

 
Figure 7: ADAGE Model Regions 

 
 
Table 8: % Change in Regional GDP 

US Region 2010 2020 2030 2040 2050 
Northeast -0.10% -0.50% -0.60% -1.10% -1.90% 
South -0.20% -0.60% -0.70% -1.30% -2.20% 
Midwest -0.20% -0.80% -1.10% -1.60% -2.80% 
Plains -0.20% -1.30% -1.80% -2.60% -3.80% 
West -0.20% -0.60% -0.70% -1.30% -2.20% 

Notes: Figures above are from EPA ADAGE model for Scenario 2 – S.2191.  
Percentage change values are against the reference case forecast. 

 
Table 9: % Change in Regional Consumption 

US Region 2010 2020 2030 2040 2050 
Northeast 0.80% -0.20% -0.70% -1.30% -1.90% 
South 0.80% -0.30% -0.70% -1.10% -1.80% 
Midwest 0.80% -0.50% -1.10% -1.60% -2.60% 
Plains 0.20% -1.40% -2.00% -2.50% -3.40% 
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West 0.70% -0.20% -0.70% -1.10% -1.80% 
Notes: Figures above are from EPA ADAGE model for Scenario 2 – S.2191.  
Percentage change values are against the reference case forecast. 
 
Table 10: Predicted Industry Impacts in 2020 from EPA IGEM Model 
Industry Industry 

Price 
Industry 
Output 

Agriculture, forestry, fisheries -1.12% 6.26% 
Metal mining 0.89% -7.22% 
Coal mining 136.82% -48.55% 
Crude oil and gas extraction -7.34% -9.71% 
Non-metallic mineral mining 5.54% -8.13% 
Construction 0.78% -3.84% 
Food and kindred products 0.45% 5.65% 
Tobacco manufactures 0.45% 9.11% 
Textile mill products 1.78% -7.12% 
Apparel and other textile products 0.63% -2.41% 
Lumber and wood products 0.85% -5.81% 
Furniture and fixtures 0.83% -4.91% 
Paper and allied products 1.98% -4.12% 
Printing and publishing 0.59% -1.66% 
Chemicals and allied products 4.29% -9.81% 
Petroleum refining 19.04% -18.83% 
Rubber and plastic products 2.23% -5.97% 
Leather and leather products 0.03% -3.27% 
Stone, clay and glass products 0.22% -4.89% 
Primary metals 3.00% -9.40% 
Fabricated metal products 0.96% -6.11% 
Non-electrical machinery 0.22% -6.09% 
Electrical machinery 0.35% -5.78% 
Motor vehicles 0.29% -5.59% 
Other transportation equipment 0.34% -3.53% 
Instruments 0.20% -3.58% 
Miscellaneous manufacturing 0.67% -3.31% 
Transportation and warehousing 1.64% -4.10% 
Communications 0.16% -0.35% 
Electric utilities (services) 14.29% -13.81% 
Gas utilities (services) 19.36% -23.06% 
Wholesale and retail trade 2.19% -3.54% 
Finance, insurance and real estate 0.35% -0.78% 
Personal and business services 0.48% -0.51% 
Government enterprises 1.42% -2.15% 
Notes: Figures above are taken from EPA’s IGEM output for Scenario 2 
and show the % change from BAU forecast in 2020. 
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Figure 8: GHG Abatement Sources 

 
Notes: The figure above shows the amount of GHG abatement by type and year for EPA’s Scenario 2 (from the ADAGE model). 
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RTI International (Climate Stewardship Act of 2005)   
 
Background 
RTI International prepared a study for the Pew Center on Global Climate Change that modeled 
the effects of a national GHG cap-and-trade program with the moderate goal of capping U.S. 
emissions at year 2000 levels (similar to the Climate Stewardship Act of 2005) and that included 
distinct state-level impact data.18 
 
RTI International used its Applied Dynamic Analysis of the Global Economy (ADAGE) model. 
In the ADAGE model states are combined into regions using a flexible regional-aggregation 
scheme that allows an individual state of focus to be designated and modeled relative to other 
multi-state regions. Five primary regions (groups of neighboring states) and an individual state 
(modeled as a distinct sixth region) are included in each policy simulation. RTI International 
calculated state-specific results for 28 states of interest (including all six Accord member states 
and Ohio) via distinct simulations. BAU forecasts for energy production, consumption, prices, 
and CO2 emissions come EIA’s Annual Energy Outlook 2004. 
 
RTI modeled a cap-and-trade program with a target less stringent than that of the Accord. A cap 
for U.S. GHG emissions was established at year 2000 emissions levels, beginning in 2010, and 
maintained at that level thereafter. The emissions target covers CO2 and the five most important 
types of non-CO2 GHGs. A national, economy-wide (with some exemptions for households, 
agriculture and small businesses) cap-and-trade system was assumed to cover roughly 80 percent 
of all U.S. GHG emissions. Several “flexibility mechanisms” were also incorporated, notably 
flexibility to overcomply and save (or “bank”) allowances for use in the future and the ability to 
acquire allowance offsets equivalent to 15 percent of the target. RTI International modeled two 
different offset scenarios. In the “free offsets” scenario, the model allowed for the purchase of 
offsets at zero cost to meet up to 15 percent of the reduction target. In the “market offsets” 
scenario, the model assumed offsets were available only from within the United States (from 
entities outside the cap-and-trade program) and at costs estimated within the model. The 
emissions target used in the model required a reduction of 15-25 percent below the baseline 
forecast in 2025 depending upon the offset scenario. 
 
Allowances enabling entities to emit GHGs up to the level of the cap are considered in the model 
to be fully auctioned (and the revenue recycled to the economy in lump-sum). RTI International 
considered two scenarios for allowance allocation. In the first, allowances are allocated to states 
based on their historical emissions in 2000. In the second, allowances are allocated to states 
based on their populations. 
 
Key Results 

·  The moderate emissions reduction goal leads to slight macroeconomic impacts (see 
Table 11). Under the cap-and-trade scenario with market-priced offsets, the model shows 
that U.S. GDP would be 0.04 percent and 0.24 percent below the BAU forecast in 2010 
and 2020 respectively. Likewise, employment would be 0.18 percent and 0.23 percent 
below the BAU forecast in 2010 and 2020 respectively.  
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·  Coal will see the most significant price impacts from a cap-and-trade program, but 
natural gas and oil will also see higher prices compared to their BAU forecast prices 
(see Figure 9). 

·  Individual states may experience economic effects that deviate substantially from 
U.S. averages (see Figure 10 and Figure 13). Among the most important characteristics 
of a particular state’s economy controlling the impacts of climate-change mitigation 
policies are its initial energy efficiency, the mix of products manufactured, how 
electricity is generated, and the endowment of allowances it receives. Figure 10 shows 
that, for the “market offsets” scenario, among modeled Accord members and observers 
Michigan and Wisconsin fare worse than the other states in terms of the percentage 
reduction in GSP compared to the BAU forecast while Illinois and Kansas experience the 
smallest percentage reductions in GSP compared to BAU. However, the state-level 
differences are much smaller when one looks at the average growth rates from 2005 to 
2015 (see Figure 11). 

·  State-specific impacts vary depending on the distribution of allowances (see Figure 
12). The RTI International model assumed allowances were distributed to states based on 
historical emissions. When this assumption was changed to distribution of allowances to 
states based on population, the model found that states experienced different 
macroeconomic outcomes. Among the Accord participant states, Kansas and Iowa fare 
significantly better when allowances are distributed based on population rather than 
historical emissions. 

·  The Accord states have economies that are more reliant on manufacturing than the 
U.S. average and that are more energy intensive (see Figure 14 and Figure 15). MN is 
the only Accord state projected to have a less energy-intensive state economy than the 
national average.  

·  The most direct economic impacts of a climate-change mitigation policy are 
generally experienced in energy markets (see Figure 16). Aside from coal, natural gas, 
and transportation services, effects in the rest of the economy are quite small. In revenue 
terms, the largest absolute changes are experienced by the services industry (equal to $50 
to $100 billion, or 0.3 to 0.6 percent) because of its relative size in the economy, even 
though it does not consume much energy per unit of output. Revenue impacts across 
manufacturing industries are larger than in services in percentage terms, although 
comparable in dollar values, because of their greater reliance on energy. Also, under the 
“Market Offsets” case, agriculture output tends to decline slightly as agricultural efforts 
are shifted from traditional production techniques to efforts that reduce non-CO2 
emissions—like reduced cultivation, in response to compensation for additional 
reductions in non-CO2 emissions. 

·  Output revenues of nonenergy industries (agriculture, manufacturing, and services) 
are expected to change across states with an inverse relationship between energy 
intensity per unit of output and the responses of state economies to the GHG policy 
(see Figure 18). As a general rule, states with high industrial energy use will experience 
larger adjustments than states with a service-oriented focus. 

 
Table 11: US Macroeconomic Results for US Emissions Capped at Year 2000 Level 

Macroeconomic Variable Free Offsets Market Offsets 
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2010 2020 2010 2020 

Allowance Price ($/MtCO2e) $4.30  $7.00  $8.40  $13.60  

GDP (%) -0.01% -0.12% -0.04% -0.24% 

Employment Change -110 -168 -232 -334 

Employment Change (%) -0.09% -0.12% -0.18% -0.23% 
Notes: Percentage changes are changes compared to the baseline forecast values. 
 
Figure 9: Impacts on US Energy Prices 
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Figure 10: Impacts on Gross State Product in 2020 by State 

 
Notes: Accord member states denoted with solid boxes and observers with dashed boxes. Percentage change values 
are relative to baseline BAU forecast. The red dashed line indicates the overall impact on U.S. GDP for the “market 
offsets” scenario in 2020. 
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Figure 11: Impacts on Annualized GSP Growth Rates Between 2005 and 2020 

 
Notes: Accord member states denoted with solid boxes and observers with dashed boxes. 
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Figure 12: Impacts of Alternative Allowance Distribution on State Household Consumption Spending 

 
Notes: MGGRA member states denoted with solid boxes and observers with dashed boxes. Changes in consumption 
are relative to baseline BAU forecasts. “Households” scenario indicates the distribution of allowances to states 
based on state household population and the inclusion of offsets at market prices. “Market Offsets” scenario refers to 
distribution of allowances to states based on historical emissions 
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Figure 13: Impacts on State Employment in 2020 

 
Notes: Accord member states denoted with solid boxes and observers with dashed boxes. Percentage change values 
are relative to the BAU forecast values for 2020. 
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Figure 14: Business-as-Usual Output Shares of States in 2020 

  
Notes: Accord member states denoted with solid boxes and observers with dashed boxes. 
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Figure 15: Business-as-Usual Energy Intensity in 2020 (delivered energy) 

 
Notes: Accord member states denoted with solid boxes and observers with dashed boxes. The red dashed line 
denotes the U.S. average energy intensity. 
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Figure 16: Impacts on U.S. Output Quantities in 2020 

 
Notes: Percentage change values are relative to the BAU forecast values for 2020.  
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Figure 17: Impacts on Annualized Growth Rates In Industrial Output – Non-Energy (2005 to 2020) 

 
Notes: Accord member states denoted with solid boxes and observers with dashed boxes.  
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Figure 18: Impacts on Output Revenues of Nonenergy Industries in 2020 

 
Notes: Accord member states denoted with solid boxes and observers with dashed boxes. Percentage change values 
are relative to the BAU forecast values for 2020.  
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Resources for the Future (The Incidence of U.S. Cli mate Policy)  
 
Background 
Researchers from Resources for the Future (RFF) evaluated the effects of a cap-and-trade 
program on households in each of 11 regions of the country (see Table 12) and sorted into annual 
income deciles, corresponding to effects that would occur in 2015 from policies enacted in 
2008.19 RFF examined 10 alternative policies for cap-and-trade allowance value distribution (see 
Table 13) and found tremendous variation in their incidence. RFF focused only on the costs of 
climate policy and not the benefits. 
 
A cap-and-trade policy will have serious distributional consequences with two components. One 
part depends on how the price of CO2 changes expenditures and ultimately consumer surplus 
throughout the economy. The second part depends on how the policy distributes the value from 
the CO2 price—both the value of emissions allowances if allocated for free and the government 
revenue collected under an allowance auction.  
 
RFF used annual income, net of taxes and transfers, as the basis to assess the ability to pay for 
households as reported in the Consumer Expenditure Survey (CEX) for 2004–2006. RFF 
included demand responses to higher carbon prices and calculated changes in consumer surplus. 
RFF assumed almost all of the price effects are passed forward to consumers and accounted for: 
changes in direct fuel and energy costs; changes in indirect costs from embodied energy in 
consumer goods and services; and redistribution of allowance auction revenues. The only 
instance in which the carbon pricing policy does not fully pass through to consumers is in the 
case of the electricity sector, where RFF used a detailed power sector model. 
 
RFF’s estimation of the effect of climate policy on household expenditures depends on the 
emissions intensity of economic activity. The component related to direct energy use is relatively 
easy to measure; the indirect component is measured with significantly less precision. 
 
An emissions cap-and-trade program serves as a central policy case to provide a benchmark for 
comparison of policies. RFF benchmarks the stringency to an emissions reduction of 3.13 mtCO2 

per capita, including an adjustment for new CAFE standards, resulting from a price of $41.50 (in 
2006 dollars) per ton of CO2. RFF assumes the policy is announced in 2008 and takes effect in 
2012 and considers the effect on households in 2015. For all policies RFF assumes the 
government retains 35 percent of the allowance value in order to offset its own increase in costs 
at the federal and state level (e.g. increases in government’s energy-related expenditures). 
 
As a measure of the change in welfare resulting from climate policy, RFF calculates changes in 
consumer surplus, which captures both the change in expenditures due to higher prices for direct 
and indirect energy consumption and reduced consumption in response to higher prices. 
 
The authors calculate a modified Suits Index (MSI) with values less than zero connoting 
regressivity and values greater than zero connoting progressivity; the MSI provides a simple 
metric with which to compare the distributional impacts of alternative policies. 
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Key Results 
·  The Ohio Value and Plains regions have the highest per capita CO2 emissions in the 

U.S. in terms of CO2 from direct fuel consumption and CO2 emissions embodied in 
consumption of goods and services (see Figure 20). Per capita emissions in the Ohio 
Valley and Plains regions are roughly 13 and 23 percent higher than the national per 
capita average. 

·  Relative to households in other regions, households in the Plains and Ohio Valley 
regions spend relatively larger percentages of their income on natural gas and 
relatively lower percentages on electricity (see Figure 19). 

·  Investing allowance value to improve efficiency in the end use of energy services is 
one of the most progressive policies examined (see Figure 29). Moreover, this policy 
would lead to lower allowance prices, indicating less cost would be imposed on other 
sectors of the economy in order to achieve the specified climate goal. This finding 
assumes that allowance value can be invested so as to overcome the persistent market 
failures or institutional failures that have so far hindered cost-effective investments in 
energy efficiency.  

·  Free allocation of allowances to electricity consumers via local distribution 
companies (LDCs) could raise the cost of achieving emission reductions but could 
have a progressive effect on the distribution of this cost (see Figure 28). Free 
allocation to LDCs could mean that consumers receive a weaker price signal to reduce 
their consumption or invest in energy efficiency measures such that more emission 
reductions are required in other sectors of the economy if LDC allocations are not 
directed toward energy efficiency.  

·  Expansion of the Earned Income Tax Credit and a cap-and-dividend program that 
directly returns revenue to households have progressive distributional impacts (see 
Figure 21, Figure 22, and Figure 25). 

·  Reducing the income tax and reducing the payroll tax have severely regressive 
distributional impacts (see Figure 23 and Figure 24). These policies may have 
important efficiency advantages from using allowance value to reduce other distortionary 
taxes and thus provide incentives to expand labor supply; however, RFF’s analysis 
suggests this efficiency advantage may come at a distributional cost as low-income 
households appear to bear a large burden in these scenarios. 

·  The exclusion of personal transportation or home heating fuels leads to higher 
allowance prices (see Figure 26 and Figure 27). This is the case because greater 
emissions reductions would have to be achieved in other sectors. Although these options 
appear progressive once the allowance revenue is returned as a dividend, this increased 
progressivity comes at the expense of efficiency, and the outcomes are less progressive 
than cap-and-dividend. 

·  Grandfathering allowance value to incumbent emitters, with the exception of 
regulated electric utilities, has a regressive impact (see Figure 30). The value of 
emissions allowances accrues to the firm independent of ongoing economic activity, so, 
with the exception of regulated electricity markets, the value of allowances accrues as an 
increase in shareholder value. For this policy, regional differences stemming from 
differences in electricity regulation are not as important as differences across income 
groups. The greatest impact in terms of percentage of income accrues to the lowest- and 
highest-income groups. The lowest-income groups experience relatively large losses as a 
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percentage of income (6 and 8 percent in the Plains and Ohio Valley regions, 
respectively). The highest-income decile, by contrast, enjoys a net consumer surplus gain 
from this policy. These results are attributable to the fact that high-income households 
hold a relatively large share of corporate stock and thus reap most of the benefits of the 
allowance values. About 10 percent of the allowance value actually flows overseas to 
foreign holders of shareholder equity. Since electricity 
consumers in regions of the country with cost-of-service regulations do not see their 
prices rise as much in this scenario, the allowance price has to be higher to achieve the 
same overall level of emissions reduction. 

 
Table 12: States Mapped to Regions 
Region States Included 
Southeast AL, AR, DC, GA, LA, MS, NC, SC, TN, VA 
CNV CA, NV 
TX TX 
FL FL 
Ohio Valley IL, IN, KY, MI, MO, OH, WV, WI 
Mid-Atlantic DE, MD, NJ, PA 
Northeast CT, ME, MA, NH, RI 
NY NY 
Plains KS, MN, NE, OK, SD 
Mountains AZ, CO 

 
Table 13: Allowance Value Allocation Scenarios Analyzed 
Scenario Type Specific Scenarios 
Cap-and-dividend 1. Per capita dividend of allowance revenues to households, pretax (i.e., income taxes would be paid on 

those dividends) 
2. Per capita dividend of allowance revenues to households, posttax 

Adjustments to preexisting 
taxes 

3. Reduction in income taxes 
4. Reduction in payroll taxes 
5. Expansion of the Earned Income Tax Credit 

Energy and fuel sector options 6. Free allocation of allowances to consumers in the electricity sector (accomplished by allocation to local 
distribution companies, i.e., retail utilities) 

7. Exemption of transportation sector from the cap-and-trade program 
8. Exemption of home heating sector from the cap-and-trade program 
9. Investment in end-use energy efficiency 

Free allocation to emitters 10. Grandfathering to incumbent emitters 

 



Page 47 of 71 
 

Figure 19: Average Household Expenditures by Region on Direct Fuel Purchases as Percentage of Income 

 
 
Figure 20: Per Capita CO2 Emissions by Region 
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Figure 21: Change in Consumer Surplus for Cap-and-Dividend (Taxable) 

 
 
Figure 22: Change in Consumer Surplus for Cap-and-Dividend (Nontaxable) 

 
 
Figure 23: Change in Consumer Surplus for Reducing the Income Tax 
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Figure 24: Change in Consumer Surplus for Reducing the Payroll Tax 

 
 
Figure 25: Change in Consumer Surplus for Expanding the Earned Income Tax Credit 

 
 
Figure 26: Change in Consumer Surplus for Excluding Transportation 
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Figure 27: Change in Consumer Surplus for Excluding Home Heating 

 
 
Figure 28: Change in Consumer Surplus for Free Allocation to Electricity Consumers 

 
 
Figure 29: Change in Consumer Surplus for Investments in Energy Efficiency 
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Figure 30: Change in Consumer Surplus for Grandfathering 
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McKinsey (GHG Abatement Cost Study) 
 
Background 
McKinsey’s analysis differs from the other reports summarized in this document insofar as 
McKinsey did not use a model to estimate the effect of different climate policies.20 Rather, 
McKinsey estimated the techno-engineering costs and GHG mitigation potentials of a portfolio 
of options for reducing GHG emissions from all sectors of the economy. McKinsey used the 
calculated abatement costs to estimate a marginal cost curve for GHG abatement (see Figure 31 
and Figure 32). 
 
The McKinsey study examined three GHG reduction scenarios that differed in their reduction 
goals and thus in the abatement options necessary to achieve the targeted reductions (see Table 
14). McKinsey chose the GHG reduction targets based on a sample of federal legislative 
proposals. The Accord goal of a 15-25 percent reduction in GHG emissions by 2020 is more 
aggressive than the Mid-Range Case evaluated by McKinsey. 
 
The McKinsey study did not model a dynamic economy and energy system. Essentially, 
McKinsey took the Reference Case forecast for the demand for energy services (e.g. vehicle 
miles traveled, air heating/cooling, lighting) and forecast energy prices and assumed that the 
demand for energy services and energy prices would be constant irrespective of GHG abatement 
action. McKinsey then calculated the cost of GHG abatement via various options for replacing 
Reference Case technology with alternative technology to meet the same Reference Case 
demand for energy services (e.g. replacing incandescent lights with compact fluorescent lights). 
The cost of an abatement option reflects its resource (or techno-engineering) costs – i.e., capital, 
operating, and maintenance costs – offset by any energy savings, with the costs/savings levelized 
over the lifetime of the option using a 7-percent real discount rate. McKinsey did not assume any 
price on carbon resulting from a carbon tax or cap-and-trade program. 
 
Key Results 

·  The Midwest has BAU GHG emissions that are a much larger proportion of the U.S. 
total than are the Midwest’s population or regional GDP (see Figure 34). Whereas the 
Midwest accounts for 19 percent of U.S. population and GDP in the mid-range forecast 
for 2030, it accounts for 28 percent of total projected GHG emissions and 30 percent of 
GHG abatement potential. 

·  Compared to other regions, the Midwest “negative” cost GHG abatement options 
constitute a smaller proportion of total regional abatement potential (see Figure 33). 

·  As a proportion of total regional GHG abatement potential, agriculture/forestry has 
much greater potential in the Midwest than in other U.S. regions whereas buildings 
and appliances offer less GHG abatement potential in the Midwest (see Figure 35 
and Figure 32). Agriculture and forestry account for 24 percent of the cost-effective GHG 
abatement potential in the Midwest, which is far more than in any other region. Electric 
power is also a more important source of GHG abatement in the Midwest than nationally 
(32 percent of total abatement in the Midwest compared to 27 percent nationally). As a 
percentage of total regional GHG abatement potential buildings and appliances are only 
15 percent in the Midwest as compared to 24 percent nationally. Transportation is also a 
proportionally smaller source of GHG abatement potential in the Midwest than in any 
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other region (8 percent in the Midwest compared to 19 percent in the Northeast and 11 
percent nationally).  

·  Almost 40 percent of abatement could be achieved at “negative” marginal cost. 
Exploitation of these “negative” cost abatement opportunities depends upon overcoming 
persistent market barriers—e.g. high effective discount rates for energy efficiency 
investments and bounded rationality. Moreover, the estimated magnitude of the 
“negative” cost GHG reductions depends on McKinsey’s assumptions regarding, among 
other factors, future energy prices and the discount rate. 

·  Reducing GHG emissions would require capital spending increases and a change in 
investment patterns relative to the business-as-usual forecast. The incremental capital 
costs associated with the mid-range case would average approximately $50 billion 
annually through 2030. Cumulative net new investment through 2030 would be $1.1 
trillion, or roughly 1.5 percent of the $77 trillion in real investment the US economy is 
expected to make over this period. 

·  GHG abatement potential and marginal cost curves differ among US geographic 
regions (see Figure 33 and Figure 35). Each major geographic region has substantial 
abatement potential, although the cost and potential of individual options may vary by up 
to $50 per ton when pursued in different locations. Disparities reflect regional differences 
in population growth and/or density, carbon intensity of local power generation 
portfolios, energy productivity, climate, availability of renewable energy sources, forest 
cover, agricultural orientation, concentration of industrial activity, and other factors. 

·  High sensitivities to learning rates. Costs and/or yields for some technologies improve 
according to the scale at which they are pursued. Penetration levels tend to drive the 
learning rate and can determine whether the technology achieves sufficient scale to 
propel economic success. Solar photovoltaics, CCS, biofuels, and LED lighting exhibit a 
broad range of outcomes that depend on innovation and cost compression associated with 
reaching commercial scale. 

·  High sensitivity to oil/gas prices and commodity demand shifts. The abatement 
analysis uses the Energy Information Administration’s forward commodity price 
assumptions, which assume relatively stable oil and natural gas prices through 2030, with 
oil averaging approximately $60 per barrel and gas $6.00 per million BTUs (in 2005 
dollars). If average energy prices move significantly higher, abatement options that 
compete with oil and natural gas, such as energy efficiency and fuel economy in vehicles, 
will become more economic at the margin. By contrast, options that depend on gas, such 
as switching from coal to gas for power generation, will become more expensive. 

·  Abatement opportunities are highly fragmented and widely distributed across 
industry sectors and geographic regions in the U.S. No single abatement option 
accounts for more than 11 percent of the total opportunity. The sector with the largest 
emissions (power generation) only accounts for approximately one-third of the abatement 
potential we analyzed. 

·  GHG abatement will lead to significantly less coal consumption compared to 
business-as-usual and no significant increase in natural gas usage. McKinsey’s 
calculations of the effect of the adoption of all evaluated GHG abatement options on 
natural gas and coal usage shows increases in 2030 of 18 percent and 9 percent 
respectively compared to 2005 consumption and reductions of 1 percent and 33 percent 
in 2030 compared to the business-as-usual Reference Case (see Table 15). 
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Table 14: McKinsey GHG Mitigation Scenarios for 2030 
Case 2030 US GHG 

Emissions 
(GtCO2e) 

% Change vs. 
2030 Reference 
Case 

% Change vs. 
2005 Baseline 

% Change vs. 
1990 Baseline 

Low-Range 8.4 -13% 17% 35% 
Mid-Range 6.7 -31% -7% 8% 
High-Range 5.2 -46% -28% -16% 
Notes: McKinsey reports a 2005 baseline of 7.2 GtCO2e. Negative percentage change values indicate emissions 
reductions relative to the baseline. 
 
Figure 31: US Mid-Range Abatement Cost Curve - 2030 

 
Source: McKinsey (2007; p. 20) 
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Figure 32: Abatement Potential by Sector in 2030 from Opportunities less than $50/tCO2e 

 
Source: McKinsey (2007; p. 21) 
 
Figure 33: Geographic Differences in Abatement Costs for Mid-Range Case in 2030 

 
Source: McKinsey (2007; p. 23) 
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Figure 34: Differences in Abatement Potential, Emissions, Population and GDP - 2030 

 
Notes: Geographic breakdown values expressed as percent of total. All values shown are for the mid-range case. 
 
Figure 35: Geographic Differences in Abatement Potential by Sector, Mid-Range Case in 2030 

 
Notes: Column totals in MtCO2e/yr. Sector breakdown values expressed as percent of total. 
Source: McKinsey (2007; p. 24) 
 
Table 15: Impact on US Coal and Natural Gas Demand 2005-2030, Mid-Range Case 
 2030 Mid-Range 

Case 
% Change vs. 
2005 Baseline 

% Change vs. 
2030 Reference 
Case 

Coal 1.2 billion short 
tons 

9% -33% 

Natural Gas 71.0 billion cubic 18% -1% 
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feet per day 
Notes: Negative percentage change indicates decrease in demand. 
Source: McKinsey (2007; p. 31)  
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Resources for the Future (Impact of Carbon Prices o n U.S. Industry) 
 
Background 
RFF examined how a unilateral, economy-wide CO2 pricing policy would affect a large set of 
industries, taking into account the ways that adjustment costs may change over time.21 Impacts 
were measured in terms of costs, profits, employment, and trade effects, assuming a unilateral 
$10/ton CO2 price without any offsetting measures regarding permit allocation or border 
adjustments and without any stipulated policies by trading partners. The authors employed four 
different modeling approaches using consistent assumptions in order to consider outcomes along 
four different time scales: 
1. The very short run, where firms cannot adjust prices and profits fall accordingly. 
2. The short run where firms can raise prices to reflect the higher energy costs, with 
a corresponding decline in sales as a result of product or import substitution. 
3. The medium run, when in addition to the changes in output prices, the mix of 
inputs may also change, but capital remains in place, and economywide effects 
are considered. 
4. The long run, when capital may be reallocated and replaced with more energy 
efficient technologies. 
 
Both the first and second time horizons are analyzed in a partial equilibrium framework 
with fixed input coefficients. The first one, with no changes in output prices, involves no demand 
adjustments whatsoever. The second time horizon requires an estimate of the demand elasticities 
for each industry’s output, that is, how much sales fall when output prices are raised. The third 
time horizon is analyzed by direct application of a relatively simple long-run computable general 
equilibrium (CGE) model. The use of such a model takes into account the fact that, for example, 
the demand for steel depends not only on the price of steel but also on the price of plastics, 
indeed the price of everything in the economy. At the same time, this third case continues to 
assume that capital is not mobile but stuck in a given industry. The fourth time horizon, the full 
long-run analysis, allows for capital mobility. There are no industry-specific profit effects, but 
simply the change in the economy-wide return to labor versus capital. The focus is on the long-
run effects of GHG policies on consumption patterns, that is, households and other components 
of final demand switching to less energy-intensive products. 
 
The importance of the analysis of multiple time scales is that long-run analysis fails to capture 
the short-run costs that most firms will experience. For example, a chemical plant suddenly faced 
with higher energy costs cannot immediately and without cost convert to more energy-efficient 
methods. If it leaves its output price unchanged, the higher input costs will lower profits. If it 
tries to raise prices to cover the higher costs, it will be faced with lower sales. 
 
For all four time horizons analyzed, RFF uses a relatively disaggregated modeling framework, 
based on the North American Industry Classification System (NAICS) basis. For the two longer-
run scenarios the authors use the two-digit level which allows for 21 sectors across the U.S. 
economy, including 13 manufacturing industries. For the first two modeling frameworks 
sufficient data are available to subdivide a number of the categories into finer three-digit 
groupings, a total of 52 industrial sectors. Estimates of carbon intensity are made for the year 
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2002, the most recent year of the benchmark input–output (IO) table, using industry-specific 
information on output, intermediate input, fossil fuel use, and emissions for that year. 
 
 
Key Results 

·  From a policy perspective, the path taken to the long-run outcome is extremely 
important.  A carbon control policy that ignores these short- and medium-term impacts 
will raise concerns about fairness and will likely be opposed by many stakeholders. 
Further, the appropriate policy response can change over time; a policy that addresses 
fairness questions in the initial years may not be appropriate in the future. 

·  The effects of a unilateral policy placing a price on carbon dioxide (CO2) will vary 
greatly across domestic industries. The industry-level impacts are fundamentally tied to 
the energy (more specifically, the carbon) intensity of those industries and the degree to 
which they can pass costs on to consumers of their products (often other industries). The 
strength of competition from imports and consumers’ ability to substitute other, less 
carbon-intensive alternatives for a given product play crucial roles in determining the 
ultimate impacts on domestic production and employment. 

·  The relative importance of energy, including feedstocks, as a contributor to total 
costs varies quite widely across the different manufacturing industries (see Table 
16). It ranges from more than 60 percent in the petroleum industry to less than 1 percent 
in miscellaneous  manufacturing, motor vehicles, and other transportation equipment. 
Outside of  manufacturing a similarly wide range exists, from a high of about 42 percent 
in gas utilities to 0.2 percent in finance and insurance. Even when energy costs are 
restricted to the combusted portion, the cost share ranges from 15 percent in cement to 
0.9 percent in transportation equipment. Of the 33 manufacturing industries identified 
here, 15 of them have energy costs exceeding 6 percent of total costs. 

·  Industries vary in the value of their output, their absolute fuel consumption, the 
relative composition of their fuel consumption, and the CO2-intensity of their output 
(see Table 17). Within manufacturing, the biggest users of coal are iron and steel, and 
paper mills; the biggest user of petroleum products is petrochemical manufacturing; and 
the biggest users of natural gas are food manufacturing, refining, and other basic organic 
chemicals. Other chemicals and plastic is the biggest user of electricity, followed by food 
manufacturing. Within manufacturing, cement manufacturing has the highest CO2-
intensity at 5,100 tons of CO2 per million dollars of output, followed by petrochemical 
manufacturing with 4,100 tons and alumina refining and primary aluminum with 2,700 
tons of CO2 per million dollars of output. At the other extreme, the machinery, electrical 
machinery, and transportation equipment industries have carbon content that is less than 
120 tons of CO2 per million dollars of output. 

·  Measured by the reduction in domestic output, a readily identifiable set of 
industries is at greatest risk of contraction over both the short and long terms (see 
Table 18, Table 19, and Table 20). Within the manufacturing sector, at a relatively 
aggregated, two- or three-digit standard industrial classification level, the hardest hit 
industries are: petroleum refining, chemicals and plastics, primary metals, and 
nonmetallic minerals. 

·  Although the short-run output reductions are significant in the most heavily 
impacted industries, they shrink over time as firms adjust inputs and adopt new 
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technologies (see Table 19). The industries that continue to bear the impacts are 
generally the same ones affected initially, albeit at reduced levels. When measured in 
terms of reduced profits, the rebound is especially large and, for some industries, virtually 
complete. 

·  Focusing on the nearer-term timeframes, the authors observe that the largest cost 
increases are concentrated in particular segments of these industries (see Table 18). 
Using a broad definition of costs that includes capital inputs, petrochemical 
manufacturing and cement see very short-run cost increases of more than four percent 
from a modest charge of $10 per ton of CO2, while iron and steel mills, aluminum, and 
lime products see cost increases exceeding two percent. 

·  In the nonmanufacturing sector, RFF finds that although the overall size of the 
production losses also declines over time, a more diverse pattern applies. 
Specifically, the impact on electric utilities does not substantially worsen over time 
(compared to other industries such as mining, which experiences a continuing erosion of 
sales) as broader adjustments occur throughout the economy. Agriculture faces modest 
but persistent output declines over time, while the service sector is largely unscathed 
across all timeframes. 

·  In terms of employment, short-term job losses are modeled as proportional to those 
of output. Over the longer term, however, when labor markets are able to adjust, the  
remaining, relatively small, losses are fully offset by gains in other industries. 

·  Overall, the leakage rate (that is, the rate at which reductions in U.S. emissions is 
offset by increases in foreign emissions) is estimated to be about 25 percent. For the 
three most energy-intensive sectors, chemicals, nonmetallic mineral products, and 
primary metals, the leakage due to imports and exports is more than 40 percent. The 
authors find a consistent pattern among carbon-intensive manufacturing industries: a 
modest increase in imports and a bigger reduction in exports. 
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Table 16: Energy Costs as a Share of Total Costs 
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Table 17: Combusted-Only Energy Consumption and CO2 Intensity, 2002 
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Table 18: Very Short–Run Time Horizon: Estimated Percent Increase in Production Costs per $10/ton CO2 
(2005$) 
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Table 19: Very Short Run versus Short Run: Effect on Profits of a $10/ton CO2 Tax (percent change) 
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Table 20: Effect on Output of a $10/ton CO2 Tax (percent change) 

  
 
Table 21: Long-Run Trade Effects of CO2 Tax on Domestic and Imported Fuels 
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Economic Development Research Group (RGGI Economic Impacts) 
 
Background 
The Economic Development Research Group (EDR) analyzed the economic impacts of the 
proposed Regional Greenhouse Gas Initiative (RGGI) undertaken by the Northeastern states.22  
 
EDR analyzed proposed regional greenhouse gas emission policies on electric generators 250 
MW or larger for the 9-state RGGI region (comprised of the six New England states plus New 
York, New Jersey and Delaware) to assess the economic impacts that would result from policy-
induced changes on the electricity supply market. EDR’s analysis was built upon predictions of 
how the electricity supply market would respond over the period 2008-2035 under various 
carbon-cap policies, information which was derived from the ICF Consulting IPM Model, and an 
economic simulation forecasting model, developed by REMI (see Figure 36).  
 
The IPM Model was enlisted for the primary analysis of each proposed carbon-cap policy, as 
well as for the base case outlook in the regional energy market. For example, the IPM model 
predicted: the resulting wholesale prices for electricity, natural gas, and oil for three broad 
customer segments (residential, commercial and industrial energy customers); resulting 
investment mix for traditional and renewable energy generation technologies; investment in 
energy efficiency measures and the associated savings. These results were then mapped 
appropriately as changes into the economic forecasting framework. The REMI model was then 
used to predict changes in key economic indicators, such as gross-state product, aggregate 
personal income, and jobs for the 9-state RGGI region (based on results for the individual states). 
 
EDR used a REMI 12-region model. This system was built with historical data through 2001, 
and classified business activity into 70 industries using the North American Industrial 
Classification System (NAICS). Nine of the twelve regions correspond to the RGGI participating 
states: New Hampshire, Vermont, Maine, Rhode Island, Massachusetts, Connecticut, New York, 
New Jersey and Delaware. The three additional non-participating regions configured in the 
model were Pennsylvania, Maryland, and the District of Columbia. 
 
The IPM model was used to generate a default baseline energy forecast—termed the Reference 
Run—as well as a High-Emissions Reference for sensitivity analysis. For each of these base 
cases, several RGGI policy scenario forecasts were also developed and then subsequently 
examined in the REMI model. Table 22 lists the scenarios that were examined off of each 
reference case, and Table 23 defines each model run. 
 
Key Results 

·  The core RGGI policy case found slight positive economic impacts (see Table 24 and 
Table 25). Despite higher electric prices, consumers paying for an energy efficiency 
program and their buying efficient goods, the combined effects of generating technology 
investments (traditional, renewable and energy efficient) and bill savings eventually 
outweigh the effect of higher electric prices. As a result gross regional product in 2015 is 
approximately $0.25 billion higher than it would be without the policy. This activity adds 
an additional 4,180 jobs in the private-sector for the 9-state region in 2015. 
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·  While still small in magnitude, the positive economic effects of RGGI were several 
times larger when double the energy efficiency investment was assumed (see Table 
24 and Table 25). The policy case with two times the energy efficiency produces larger 
positive impacts relative to the default reference than does the core policy case. This 
results from the combined effect of more than double an investment stimulus across all 
types of generating/load averting technologies than in the core policy case, amplified bill 
savings to households and businesses that adopt energy efficient measures, and dampened 
electric price increases due to heightened energy efficiency adoption.  

·  A reference case with higher emissions and higher natural gas prices led to 
projections of slight negative economic impacts under the RGGI policy (see Table 26 
and Table 27). The High-Emissions Reference case assumptions led to a different set of 
impacts for the core policy case. Negative economic outcomes persist for the 9-state 
region under the core policy scenario. In this case, the RGGI region faces (a) drastically 
lower investment ($5 billion) over the policy interval relative to its reference case (fewer 
New CC and IGCC plants compared to the High Emissions Reference Case), (b) 
markedly larger increases in electric prices, and (c) increases in natural gas prices not 
seen for the policy scenario applied to the default reference case. Nonetheless, the 
economic impacts are still slight, such as Gross Regional Product and private sector 
employment that are roughly 0.05 percent lower than in the High Emissions Reference 
Case in 2015.  

·  While RGGI states were projected to face varying economic impacts, state-specific 
impacts were generally of the same direction (positive or negative) and of similar 
magnitudes (see Table 28 and Table 29). 

 
Figure 36: RGGI Economic Modeling Framework 

 
 
Table 22: RGGI Model Runs 
Default Reference  High-Emissions Reference  
RGGI Package  RGGI Package  
RGGI Package + CN – Federal Policies  RGGI Package + CN – Federal Policies  
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RGGI Package + 2 x Efficiency  -  
 
Table 23: Definitions of RGGI Model Runs 
Model Run Description 
Reference (default) Includes existing state air quality regulations, federal 3P regulation, 

Renewable Portfolio Standards (RPS), mid- to long-term gas prices 
(2010-2024) averaging 7.5% growth. 

High-Emissions Reference Allowance of coal builds in RGGI region and higher natural gas prices 
assumed. 

RGGI Package Refers to the carbon–cap target of 35 percent resulting in 2020 
emission levels 10 percent below 1990 levels; off-sets mechanism and 
energy efficiency. For energy efficiency, technology costs, load 
shapes, load factors, and potential supply by sector are based on data 
provided by ACEEE. Program costs to implement measures are based 
on average of RGGI states’ actual expenditures through 2004 to 
implement public benefit programs. The RGGI Package scenario 
assumes that current levels of annual state expenditures for public 
benefit programs continue through 2025. Approximately 1/3 of the 
projected load growth is assumed to be averted by these measures. 

RGGI Package + CN – 
Federal Policies 

Same as RGGI Package but assumes Canadian stabilization at 
projected 2008 levels starting in 2008 and assumes U.S. stabilization 
at projected 2015 levels starting in 2015. 

RGGI Package + 2 x 
Efficiency 

Same as RGGI Package but with a two-fold participation in energy 
efficiency adoption described above 

 
Table 24: RGGI Region Impacts Compared to Default Reference Case 
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Table 25: RGGI Region Impacts (%) Compared to Default Reference Case 

 
 
Table 26: RGGI Region Impacts Compared to High-Emissions Reference Case 

 
 
Table 27: RGGI Region Impacts (%) Compared to High Emissions Reference Case 
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Table 28: State-Level Impacts as Percent Change (RGGI Package Scenario vs. Default Reference Case) 

 
 
Table 29: State-Level Impacts as Percent Change (RGGI Package Scenario vs. High Emissions Reference 
Case) 
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