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. Executive Summary

The purpose of this document is to provide insi@ifatsn prior economic modeling exercises that
can supplement the modeling results specific tavlevestern Greenhouse Gas Reduction
Accord (the Accord) and inform the Accord Advisd@youp’s discussions and deliberations.

This document summarizes the key results from sépeior economic modeling analyses of
proposed U.S. national greenhouse gas (GHG) cajtradd programs (including the Waxman-
Markey Discussion Draft and the Lieberman-Warnem@te Security Act S.2191) and other
GHG emission pricing policies.

The synthesis below is followed by a more in-deptinmary of modeling findings (Section 1V)
as well as study-by-study summaries of modelindyaea and their key results. In addition,
Section V illustrates the potential impact of abcar price on transportation fuel and natural gas
prices.

A synthesis of the results from prior economic miogeresults provides the following insights
(see the subsequent sections for greater detail):

Macroeconomic Impacts
The higher delivered energy prices under cap and &de are generally expected to
slightly lower real output for the economy comparedo a no-policy scenarioHowever,
policies that cost-effectively reduce GHG emissionagill still allow the economy to grow
robustly.

The assumptions about “business as usual’ have aryelarge effect on the estimated

impacts of climate policy. Assuming higher economic growth rates, higher lozese
emission rates, and fewer baseline complementdrgig® will lead to higher estimates of
the cost of climate policy.

Industry Impacts
The industry-level impacts are fundamentally tied 6 the carbon-intensity of those
industries and the degree to which they can passsts on to consumers of their
products.

Measured by the reduction in domestic output, a redily identifiable set of industries is
at greatest risk of contraction over both the shortand long terms Modeling studies
generally find the hardest hit industries to inéugetroleum refining, chemicals and
plastics, primary metals, coal mining, and nonnlietalinerals.

Although some industries are expected to experienahort-run output reductions, these
impacts shrink over time as firms adjust inputs andadopt new technologies

Unilateral climate policy without comparable effort by trading partners can lead to
reductions in output from trade-exposed, carbon-inénsive industries and emissions
leakage.
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State- and Region-Specific Impacts

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

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

Allowance Value Allocation
The allocation of allowance value is a significardeterminant of who bears the costs of
GHG abatement.

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

In general, simply grandfathering allowance valued incumbent emitters other than
regulated utilities is expected to have a regressvmpact. For emitters other than
regulated electric utilities, the value of allowands expected to accrue as an increase in
shareholder value, absent any conditions on thefuskowance value. Under a simple
grandfathering policy, the lowest-income groupsextgected to experience relatively large
losses as a percentage of income, and the higheste group, by contrast, is expected to
enjoy a net gain (since shareholders tend to be this income group).

GHG Reduction Targets
Achieving more aggressive GHG emission reduction gs entails higher costs.

Scope
In general, expanding the scope of the cap-and-tr&dprogram to cover more sectors
leads to lower allowance prices and improved econom performance, assuming a
constant absolute emission reduction goalSpreading an absolute GHG emissions
reduction goal (i.e. X million metric tons G€& across more sectors of the economy allows
for more opportunities for reduction at lower maajicost.

Banking/Borrowing
Flexibility in the timing of GHG reductions, through approaches such as banking and
borrowing or extended compliance periods, keeps ctssdown over time.

Offsets
The more offsets included in a program, the lower lte costs. All of the models
consistently demonstrate that one of the most itapbdrivers of carbon allowance prices —
in some modeling exercises, the most importanedrvis the availability of offsets.
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The geography of offsets mattersin general, analyses show that allowing intermegio
offsets expands the supply of lower-cost offsets.

Complementary Policies
Inclusion of complementary policies to promote endise efficiency and assumptions
regarding market failures can significantly affectthe calculated cost-effectiveness of
climate polices.Modeling analyses disagree over how complementamyntand-and-control
policies (implemented in addition to cap-and-tradegrams) affect the overall cost of GHG
emissions reductions.

Technology
- In general, models have limited capacity to projectechnological innovation.

The availability of advanced, low-carbon technologgs is crucial to minimizing the costs
of achieving GHG reductions.

In the medium- to long-term, CO, capture and storage plays a potentially large role
assuming adequate provisions are made for its use.

. Background and Objectives

This document is intended to synthesize relevaulirigs from prior economic modeling
analyses that addressed U.S. GHG emission redymticaies (primarily cap-and-trade
programs) in order to inform discussion and delhien regarding the Midwestern Greenhouse
Gas Reduction Accord (the Accord) Advisory Grouhislreport builds directly upon a
summary of economic modeling analyses of the Lielagr\Warner Climate Security Act of
2008 prepared by the Pew Center on Global Climatnge

Economic models establish a logical and considtamiework for considering the implications
of different policies and have been extensivelyduse evaluate the consequences of different
policy choices for addressing global climate changet model results depend upon the
assumptions, definitions, and structure of the maake well as the data that are used for input
into the model. For example, the flexibility of teeonomy in responding to change or the
flexibility of the policy being modeled can bothveasignificant implications for any assessment
of the costs of a particular policy. Furthermotgere is uncertainty in attempting to predict
outcomes that occur in 15 or 50 years, both in sepfitechnologies that might be available and
the costs of using those technologies. In the ety estimates of the costs of regulation were
often many times more than the actual observed avste a program was initiatéd.

Models also only provide a simplified view of owwomomy. Models can capture many of the
key policy elements (for example, the impacts of¢¢s, timing, scope, and offsets) but cannot
incorporate all of them. For example, in the maaglof the Waxman-Markey Discussion Draft
and of Lieberman-Warner models did not fully repragsprovisions designed to encourage
higher deployment rates of energy efficient prodwid programs. This does not mean that the
modeling results are not useful but rather illussathat model results often represent an
approximation of the climate policy in question arad the policy as a whole.
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Few, if any, of the experts who work closely witlodels believe that specific model outputs
regarding future energy costs or Gross Domestiddrito(GDP) should be interpreted as inerrant
forecasts. Rather, the results are interestinghferbroader insights they reveal. In the effort to
craft and implement cost-effective, well-designddategies for addressing the problem of
climate change, it is critical that all who seekutederstand and use modeling results share a
realistic view of their proper role in the climaielicy debate. (For a full discussion see the Pew
Center’s paper, “Insights Not Numbers”).

This paper examines some of the modeling and dfiuglies that have been used to assess the
economic impacts of GHG abatement policies and thém in context for consumers of this
information. It is important to note that the madglreviewed herein use different baseline or
“business as usual” (BAU) projections. Some anaysere undertaken in advance of the Energy
Independence and Security Act of 2007 (EISA 208€écause the more recent forecasts reflect
lower “baseline” emissions than previously antitgai the costs of the climate proposals based
on earlier higher projections of baseline emissianeslikely to be overestimatéd.

It is also worth noting that none of the modelsdssed in this paper is an integrated assessment
that includes both costs and benefits of GHG emnssreductions (such as avoided damages
from climate change and ancillary benefits of inya air quality or energy security). As such,
the economic models profiled in this review presenly one side of the story — the costs of
policy, not the benefits of that policy. As suchese studies are best characterized as cost-
effectiveness analyses rather than cost-benefiysem

The following sections summarize the scope andsgofathe analyzed policies and detail the key
policy insights that can be gleaned from these econ modeling analyses. The economic
modeling studies reviewed for this analysis ara teziewed in more detail, including
discussions of key assumptions and results.

. Comparison of Accord to Previously Analyzed Scenari 0S

The Accord Advisory Group is considering a regiogaél of reducing aggregate GHG
emissions by 15-25 percent below 2005 levels by2@/ich is roughly an 18-27 percent
reduction against the BAU forecast for 2020 GHGssioins growt. Table 1 below shows the
scope and GHG reduction goals of the policies a$dein the economic modeling analyses
described below.

Table 1: Summary of Analyzed Climate Policies' Scapand Targets

Modeling Scenarios Scope GHG Reduction Goal(s) / @on
Price

Waxman-Markey Discussion Draff Economy-wide GHG cap-and-trade-  The cap gradually reduces
(111" Congress) program. Some sectors are phased  covered greenhouse gas
in over time such that covered emissions to 20 percent below
emissions represent approximately 2005 levels by 2020, and 83
the following percentages of total percent below 2005 levels by

U.S. GHG emissions: 68 percent i 2050.
Phase 1 (2012 —2013); 76 percen

in Phase 2 (2014 — 2015); 85

— 3
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Modeling Scenarios

Scope

GHG Reduction Goal(s) / @mon
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 tha

use more than 5,000 metric tons af .

coal, natural gas processors and
importers, petroleum processors
and refiners, manufacturers and
importers of more than 10,000
metric tons of GHGs (as measure
in CG, equivalents), and any entity
that emits more than 10,000 metri
tons (CQe) of HFCs

i\t

=

L

4 percent below 2005 levels b
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 CQ and the five most
important types of non-COGHGs.
National, economy-wide cap-and-
trade system assumed to cover
roughly 80% of all US GHG
emissions

GHG emissions capped at 20
levels, beginning in 2010, and
maintained at that level
thereafter

~15 percent below BAU
forecast in 2020

DO

Resources for the Future
(“Incidence”)

Economy-wide emissions pricing i
core case

Study assumes a GQ@rice of
roughly $40 per metric ton of
Co,

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

Resources for the Future (“Impact

)

Economy-widdssions price for
combustion emissions only

$10 per ton of CQ

McKinsey

Economy-wide

Mid-range case achieves
emissions 7 percent below
2005 levels by 2030

Regional Greenhouse Gas Initiatiy
(RGGI)

eNine 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 takeorfi Pew Center summapy.

Figure 1shows the cap-and-trade allowance pricgiegied in the initial analysis of the Accord
cap-and-trade program compared to allowance ppigected in analyses of the Waxman-
Markey Discussion Draft and the Lieberman-Warngraad-trade proposals. One can see that
the allowance prices projected for the Accord cag-tade program are closer to the prices

projected for the Waxman-M

arkey Discussion Dratft.
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Figure 1. Cap-and-Trade Allowance Prices from Variaus Modeling Analyses
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Notes: This figure compares the allowance pricesifmodeling analyses reviewed below with
the exception of the Accord projected allowanceasi See the sections below for details. The
W-M Dratft allowance prices for 2025 are interpothfeom 2020 and 2030 allowance prices
reported in EPA’s analysis.

Iv. Model Insights

This section presents insights gleaned from ansassent of several analyses addressing U.S.
climate policies (where the analyses and their tesults are described in more detail in the
Section VI).

Macroeconomic Impacts
The higher delivered energy prices under cap and &de are generally expected to
slightly lower real output for the economy comparedto a no-policy scenario.They
reduce energy consumption, but also indirectly cedwal consumer spending for other
goods and services due to lower purchasing powee. [bwer aggregate demand for
goods and services results in lower real GDP kedato BAU. The macroeconomic
modeling conducted for the Regional Greenhousel@aative found positive economic
effects under its core scenario due to investmeanigw generation, new energy efficient
products and services, and savings from energgi@fity investments.

Policies that cost-effectively reduce GHG emissionsill still allow the economy to
grow robustly. It is important to note that projections of changesGross Domestic
Product (GDP) and consumption across all of the efsodeflect a reduction in future
expected growth — not an absolute reduction. In 'ERPécent analysis of the Waxman-
Markey Discussion Draft core policy case, averageual GDP growth between 2010
and 2030 is projected to be 2 to 4 basis pointetdan in the reference scenario. This
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means that in 2030, GDP is projected to be 0.52g#rcent lower than without climate
policy. The analyses of Lieberman-Warner by EIA &RA found reductions from BAU
forecasts of GDP of 0.3 to 0.7 percent in 2020.alh cases, including the most
pessimistic, the economy continues to grow sigaiftty. Decreases from future GDP are
small compared to the overall economic growth awer time period considered. For
example, in EIA’s analysis of Lieberman-Warner, G@Bws 183 percent from 2005 to
2030 in the S. 2191 core scenario compared to EBdept in the reference case; this
means that the economy would be less than 2 mdmhimd BAU levels in 2030 with
GHG caps.

The assumptions about “business as usual” have arydarge effect on the estimated
impacts of climate policy.Analyses of Lieberman-Warner that did not inclulde EISA
2007 provisions that would have lowered future aioiss in their baseline found a
higher cost for the proposed cap-and-trade prog&milarly, EPA’s recent analysis of
the Waxman-Markey Discussion Draft used a BAU mtgsm with significantly lower
baseline emissions and economic growth than the Bdjection used to analyze
Lieberman-Warner; this was one important reasonBR& projected much lower carbon
prices for Waxman-Markey than for Lieberman-Warr@&milarly, RGGI modeling that
used an alternative BAU scenario—one that allowednew coal builds, higher natural
gas prices, and thus higher baseline emissions—dftligt cap and trade had a slightly
negative economic impact (rather than a slighttp@sione in the case of the standard
baseline assumptions).

Consideration of the range of uncertainty in the mdel is important for putting the
potential cost impacts of a policy in perspectivelUncertainty about the types of
technology that will be available in 10, 20, or V&0 years is quite large. Further,
predicting how the economy will grow is also rifélwuncertainty.

In the short-term, employment impacts are expectedo 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 imstries with lower output under cap
and trade to other industries. In EIA’s analysid.mberman-Warner, total employment
in manufacturing is projected to decline slightlpna rapidly under cap and trade than in
the reference case.

Household Impacts
- The Accord states have higher per capita GHG emigssns than most U.S. stateslhe
Ohio Value and Plains regions (as defined by REftsdencestudy) have the highest
per capita C@emissions in the country in terms of £€fom direct fuel consumption
and CQ emissions embodied in consumption of goods andces. Per capita emissions
in the Ohio Valley and Plains regions are roughByahd 23 percent higher than the
national per capita average.

Assuming full pass through to consumers of a carboprice, a $10 per metric ton of
CO, carbon price would roughly increase transportationand natural gas prices by 5
percent at current prices(about 10 cents per gallon of gasoline or diesel fije
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Industry Impacts

- The effects of a unilateral policy placing a pricen carbon dioxide (CQ) will vary
greatly across industries.The industry-level impacts are fundamentally tedhe
energy (more specifically, the carbon) intensityhaise industries and the degree to
which they can pass costs on to consumers of pheducts (often other industries). The
strength of competition from imports and consumalslity to substitute other, less
carbon-intensive alternatives for a given produay grucial roles in determining the
ultimate impacts on domestic production and emplaym

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

Industries vary in the value of their output, their absolute fuel consumption, the
relative composition of their fuel consumption, andhe CO,-intensity of their

output. According to Resources for the Future, within ofanturing, the biggest users
of coal are iron and steel, and paper mills; tlygést user of petroleum products is
petrochemical manufacturing; and the biggest usensitural gas are food
manufacturing, refining, and other basic organieraltals. Other chemicals and plastic
is the biggest user of electricity, followed by éomanufacturing. Within manufacturing,
cement manufacturing has the highest@@ensity at 5,100 tons of G@er million
dollars of output, followed by petrochemical marateing with 4,100 tons and alumina
refining and primary aluminum with 2,700 tons of g82r million dollars of output. At
the other extreme, the machinery, electrical mafyirand transportation equipment
industries have carbon content that is less th@ndr2s of CQ per million dollars of
output.

Measured by the reduction in domestic output, a redily identifiable set of

industries is at greatest risk of contraction oveboth the short and long terms
Modeling studies generally find the hardest hitustgies to include: petroleum refining,
chemicals and plastics, primary metals, coal minamgl nonmetallic minerals.

Although the short-run output reductions are signiicant in these industries, they
shrink over time as firms adjust inputs and adopt ew technologiesThe industries
that continue to bear the impacts are generallygémee ones affected initially, albeit at
reduced levels. When measured in terms of reduaddsp the rebound is especially
large and, for some industries, virtually complete.

Unilateral climate policy can reduce exports from tade-exposed, energy- or GHG-
intensive industries and lead to emissions leakagdf. comparable polices are not
adopted by all parties, the prices of exports redative to prices outside of the region
adopting climate policy, and export volumes falinc® exports are price-elastic, the
volumes fall proportionally more than the priceedsand thus the value of exports
declines. In the sensitivity analysis that includied international action without output-
based rebates, EPA’s analysis of the Waxman-Makkegussion Draft found that U.S.
emissions leakage rates were 4 percent in 2012 gredcent in 2030 and 2050 overall;
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however, EPA estimated the leakage emission ratepi$t the energy-intensive sector
(only counting the Group 2 countries) to be 19, d7d 28 percent in 2015, 2030, and
2050, respectively.

In the case of limited or no climate action by trathg partners, output-based rebates
can avoid decreases in output from the trade-expodesnergy-intensive sector while
also limiting the emission reductions achieved byhts sector EPA’s analysis of the
Waxman-Markey Discussion Draft found that outpusdzh rebates limit emission
reductions by eligible firms since these firms reeeebates tied to their level of output.
With output-based rebates, allowances prices aghehithan in the core WM-Draft
policy scenario, as emissions reductions that wdwalde occurred at firms eligible for
rebates must occur in other sectors at higher twast, which leads to higher long-run
impacts on GDP from cap and trade that includeatesb The scenario with output-based
rebating and low international action results islight reduction in emissions leakage
within the energy-intensive sector.

State- and Region-Specific Impacts
Differences in state regional results can be attrilted to a variety of factors
including: energy industry composition, manufacturing indgstomposition and
efficiency, household heating and cooling needsngportation systems and average
distances traveled, and existing fossil fuel capyaci

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

Allowance Value Allocation
Investing allowance value to improve efficiency ithe end use of energy services is
one of the most progressive policies examineBxpansion of the Earned Income Tax
Credit and a cap-and-dividend program that dire@tyrns revenue to households also
have progressive distributional impacts but dolower the cost of GHG abatement as
does energy efficiency investment.

Free allocation of allowances to electricity consuars via local distribution

companies (LDCs) could raise the cost of achievirgmission reductions but could
have a progressive effect on the distribution of tis cost Free allocation to LDCs

could mean that consumers receive a weaker pgolsio reduce their consumption or
invest in energy efficiency measures such that reorission reductions are required in
other sectors of the economy unless allowance \aloeated to LDCs is directed toward
energy efficiency.

In general, simply grandfathering allowance value @ incumbent emitters other than
regulated utilities is expected to have a regressvimpact. For emitters other than
regulated electric utilities, the value of allowasds expected to accrue as an increase in
shareholder value, absent any conditions on usallovance value. Under a basic
grandfathering policy, the lowest-income groups e@xpected to experience relatively
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large losses as a percentage of income, and theedtigncome group, by contrast, is
expected to enjoy a net gain.

GHG Reduction Targets
Achieving more aggressive GHG emission reduction gts entails higher costs
(ignoring the benefits of climate change mitigataord other ancillary benefits). RTI
International’s analysis of a program to cap U.8GZemissions at year 2000 levels in
2010 and maintain that level of emissions theredfteighly a 15 percent reduction
compared to BAU forecast in 2020) predicted a rédodn GDP of between 0.12 and
0.24 percent in 2020 compared to the BAU forecadtalowance prices of between $7
and $13.60. Analyses of the roughly doubly ambgibieberman-Warner proposal
(approximately 30 percent reduction below BAU fastan 2020), found reductions in
GDP in 2020 of between 0.3 and 0.7 percent (EIAEIRA core policy cases,
respectively) and allowance prices in 2020 of betw®30 and $37 (EIA and EPA core
policy cases, respectively).

Scope
In general, expanding the scope of the cap-and-tr&jprogram to cover more sectors
leads to lower allowance prices and improved econamperformance, assuming a
constant absolute emission reduction goagpreading an absolute GHG emissions
reduction goal (i.e. X million metric tons G€) across more sectors of the economy
allows for more opportunities for reduction at lovearginal cost.

Banking/Borrowing
Flexibility in the timing of GHG reductions, through approaches such as banking
and borrowing, keeps costs down over timédmong analyses of Lieberman-Warner,
those modeling efforts that do not incorporateltheking and borrowing provisions
result in higher overall impacts on GDP.8 Modelaffprts that do incorporate the
banking provisions often show higher near-termvedince prices because firms buy
additional allowances in anticipation of higherug prices; however, this ability to bank
allowances reduces overall program costs in thgdoterm.

Offsets
The more offsets included in a program, the lowertte costsAll of the models
consistently demonstrate that one of the most itapodrivers of carbon allowance
prices — in some modeling exercises, the most itapodriver — is the availability of
offsets. EPA’s preliminary analysis of the Waxmaatkky Discussion Draft found that
eliminating international offsets would nearly déaithe allowance price. Among
analyses of Lieberman-Warner, the model scenamnetdimit offsets below the proposed
total of 30 percent (international credits plus @stic offsets) show significantly higher
costs. EPA’s Lieberman-Warner sensitivity analysisnd that if international credits
were not allowed and domestic offsets were helibgiercent, allowance prices
increased by 34 percent. Furthermore, when intiermatcredits and domestic offsets
were not allowed at all, allowance prices in thedeloncreased by 93 percent above
estimates that included the full 30 percent offsets
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Complementary Policies

- Inclusion of complementary policies to promote endise efficiency and assumptions
regarding market failures can significantly affectthe calculated cost-effectiveness of
climate polices.EPA’s analysis of the Waxman-Markey Discussion Dpabjected that
proposed energy efficiency programs could redulosvahce prices by roughly 10
percent. The models that attempt to simulate tkbedrman-Warner bill's energy
efficiency provisions (EIA) find lower energy costsconsumers and lower program
costs overall. Those that that do not explicitigiuale these provisions predict higher
costs. McKinsey estimated that 40 percent of GH&eahent potential with marginal
cost of less than $50/tCO2e could be realized egdtive cost” even without a price on
carbon. McKinsey suggests that complementary mdiare necessary to realize these
“negative cost” opportunities since price signdtsa have so far been insufficient and
that such complementary policies would reduce tiogas cost of GHG emissions
reductions. The macroeconomic modeling of RGGI ébtirat a policy case with two
times the energy efficiency produced larger positmpacts relative to the default
reference than did the core policy case owing toeiased investment stimulus, amplified
bill savings to households and businesses, and elaadpelectric price increases.

Technology
- The availability of advanced, low-carbon technologgs is crucial to minimizing the
costs of achieving GHG reductionsModels that constrain the use of potential
technologies dramatically increase the costs aicid) emissions. EPA’s analysis of
Lieberman-Warner included sensitivity runs that destrated the importance to
technology—especially nuclear and carbon captudestorage (CCS) to minimizing the
cost of climate policy.

Given the limitations of models to predict technolgical innovations that reduce
costs, results can be considered conservative agéghnological innovation.

v. Fuel Price Impacts from Cap and Trade

This section estimates the impact of cap-and-tedldevance prices on transportation fuels and
natural gas.

First, to estimate the effect that a price on carbas on transportation fuels and natural gas, one
must know the carbon content of such fuels (sedeTaph Table 3 shows the impact that a
carbon price in the form of cap-and-trade allowapdees would have on gasoline and diesel
fuel prices assuming 100 percent pass through efctdrbon price and no change in the
underlying equilibrium market price. Note that twéce of gasoline and diesel are expected to
increase by 9 and 10 cents per gallon, respectif@yeach $10 per metric ton of @Oincrease

in the carbon price, assuming 100 percent cost grassigh. The cost of natural gas, again
assuming full cost pass through to consumers,ps@xrd to rise by roughly 5 cents per thousand
cubic feet for each $10 per metric ton of £ancrease in the carbon price. At current fuetgsi
(roughly $2/gallon for gasoline and diesel and dyg10/mcf for natural gas, see Table 4), a
$10/tCQe carbon price would increase transportation amaralagas prices by about 5 percent.
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Table 2: CO, Emissions Factors

Fuel Units Value
Gasoline g CQ/ gal 8,788
Diesel g CQ/ gal 10,084
Natural Gas g C&Y mmBtu 51,210

Sources: EPAY

Table 3: Impact of Carbon Price on Gasoline, Diesghnd Natural Gas Prices

CO, Allowance

Price Impact

Price 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
$ 95 $ 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 $ 461
$ 95 $ 0.83 $ 0.96 $ 4.86
$ 100 $ 0.88 $ 1.01 $ 5.12

Note: Assumes 100 percent pass-through of carkdoe for consumers.

Table 4: Average 2008 Natural Gas Prices by Sect¢® per thousand cubic feet)

State Retail Industrial Commercial

IL $ 12.09 NA $ 11.72

A $ 11.93 $ 8.96 $ 10.22
KS $ 13.03| $ 951 $ 12.34
M $ 11.82 $ 10.21 $ 10.55
MN $ 11.30 $ 9.09 $ 10.52
WI $ 12.80 $ 10.66 $ 11.28
Source: EIAT
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vi. Modeling Exercise Descriptions and Findings

This section summarizes the assumptions, scenaaius, key findings from the economic

modeling studies listed below:

- Environmental Protection Agency (EPARreliminary Analysis of the Waxman-Markey
Discussion Draft in the 111th Congress, The Ameri€dean Energy and Security Act of
2009 April 2009, sedttp://www.epa.gov/climatechange/economics/econanatyses.html
Energy Information Administration (EIAEnergy Market and Economic Impacts of S.2191,
the Lieberman-Warner Climate Security Act of 2007April 2008, see
http://www.eia.doe.gov/oiaf/servicerpt/s2191/indeml.

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

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

Burtraw, Dallas, Richard Sweeney, and Margaret All8yThe Incidence of U.S. Climate
Policy: Where You Stand Depends on Where YquS8jitember 2008, Resources for the
Future Discussion Paper 08-28, sé&@://tinyurl.com/coh5k3
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Environmental Protection Agency (Waxman-Markey Disc  ussion Draft)

Modeling Background

EPA’s preliminary analysis of the Waxman-Markey d@ission Draft (WM Draft), The
American Clean Energy and Security Act of 2009,suse Computable General Equilibrium
(CGE) models, both of which optimize the decisiohlouseholds and firms to develop a model
of the whole econom¥: The first is the Intertemporal General Equilibriviodel (IGEM)
developed and run by Dale Jorgenson Associates,ttadsecond is the Applied Dynamic
Analysis of the Global Economy (ADAGE) developediaan by RTI International. In addition,
EPA feeds the projected carbon prices and eletgtritgmand from these CGE models into the
Integrated Planning Model (IPM), a detailed elecpower sector optimization model.

In this preliminary analysis, EPA focuses on therneeny wide cap-and-trade program and does
not model several of the other provisions in the ViDvaft such as the renewable electricity
standard, the low carbon fuel standard, and thechkeeind engine emission standards.

EPA’s no policy case is benchmarked to the Enemggrination Administration’s Annual
Energy Outlook 2009 (AEO2009).

In addition to the no policy or reference case aock policy case, EPA conducted sensitivity
analyses for several scenarios:

WM-Draft Scenario with Energy Efficiency Allowanédlocations

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 Laernational Action

In EPA’s energy efficiency scenario, the energycedficy programs are estimated to reduce
electricity demand from reference case values by, 4nd 4 percent in 2020, 2030 and 2050,
respectively. The energy efficiency programs atemeged to reduce natural gas demand from
reference case values by 3, 7, and 6 percent i@, 230, and 2050, respectively.

The output based rebates provision of the the WidftCapplies to energy- or GHG-intensive
industries that are also trade-intensive. Rebatesage 85 percent of the direct and indirect cost
of allowances, and the program gradually phasedbeteen 2021 and 2030. In the cases with
low international action, Group 1 countries (Kygt@up less Russia) maintain Kyoto emissions
levels to 2050 and Group 2 countries (rest of wodol not take any climate action. Under the
core WM-Draft Scenario’snternational climate action assumptions, no irdéomal emissions
leakage occurs as all regions take comparableractio

ADAGE models 5 regions in the United States—WelstinB, Midwest, South and Northeast (see
Figure 3). ADAGE models a single, aggregated enértgnsive manufacturing sector. A more

disaggregated model may show different emissioalkalge results as specific industrial sectors
within energy intensive manufacturing would likdédg more strongly impacted than indicated by
ADAGE’s aggregate representation.
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Key Results

- EPA projects moderate allowance prices for the WM [aft cap-and-trade program.
Allowance prices range from $13 to $17 per metiit €GQ equivalents (tCge) in 2015
and from $17 to $22/ tC#@ in 2020 in the core scenario, and across allesEn
modeled, the allowance price ranges from $13 to&28CQe in 2015 and from $17 to
$33 /tCO2e in 2020.
As measured by GDP, the economy grows only slightiyore slowly under cap and
trade compared to the no policy casésee Table 6). Under the WM Draft core policy
case, average annual GDP growth between 2010 &@ti2@rojected to be 2 to 4 basis
points lower than in the reference scenario. Thesums that in 2030, GDP is projected to
be 0.5 to 1.2 percent lower than without climatiégyo
Distributing the bulk of allowance value to consumes ensures a very slight impact
on consumption from cap and tradeg(see Table 5). For the duration of the policy,
average annual household consumption is estimatdedine in a range of $98 to $140
dollars per year (in average net present valuajivel to the no policy case, which is 0.1
to 0.2 percent of household consumption. Thesesdoslude the effects of higher energy
prices, price changes for other goods and senvitgscts on wages and returns to
capital, and these cost estimates reflect the \@fleenissions allowances returned lump
sum to households. Excluding gasoline, househattdggrexpenditures are projected to
be 9 percent higher under the core policy caseith#re no policy case in 2030 (see
Figure 2).
Difference in regional results can be attributed toa variety of factors including:
economic base (energy industry composition; manufexg industry composition);
energy use (efficiency and types of manufacturirysehold heating and cooling needs,
transportation systems and average distances eédyetlectricity generation (existing
fossil fuel capacity); allowance allocation (imggon regional consumption, income,
and GDP).
EPA projects that the Midwest region will see GDPmpacts from cap and trade that
are smaller in magnitude than in the West and Plais regions and larger that in the
Northeast region (see Figure 4). The Plains region (which includeergy-producing
states such as Texas) has projected declines ingdDipared to the no policy case that
are above average because, in addition to itsniiamn energy production, the Plains
region has a higher overall energy intensity teeg@snomy than the national average and
also depends more on fossil-fuel electricity getienathan other regions.
Energy efficiency programs can reduce demand and tls lower allowance prices.
EPA found that the modeled energy efficiency pritsered allowances prices by
roughly 10 percent.
Unilateral U.S. climate policy can reduce U.S. expts from trade-exposed, energy-
or GHG-intensive industries and lead to emissionsblkage.If comparable polices are
not adopted globally, the prices of U.S. exporse nielative to prices in the rest of the
world, and export volumes fall. Since exports amcepelastic, the volumes fall
proportionally more than the price rises and thhes walue of exports declines. In the
sensitivity analysis that included low internatibaation without output-based rebates,
EPA found that U.S. emissions leakage rates weperdent in 2015 and 2 percent in
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2030 and 2050 overall; however, EPA estimated ¢lakdge emission rates for just the
energy-intensive sector (only counting the GrougoRntries) to be 19, 17, and 28
percent in 2015, 2030, and 2050, respectively.

In the case of low international action, output-basd rebates can avoid decreases in
output from the trade-exposed energy-intensive semt while also limiting the
emission reductions achieved by this sectgdsee Figure 5). Output-based rebates limit
emission reductions by eligible firms since thesag receive rebates tied to their level
of output. With output-based rebates, allowanceseprare higher than in the core WM-
Draft policy scenario, as emissions reductions watld have occurred at firms eligible
for rebates must occur in other sectors at higheradl cost, which leads to higher long-
run impacts on GDP from cap and trade that includbates. The scenario with output-
based rebating and low international action resuts slight reduction in emissions
leakage within the energy-intensive sector.

Offsets have a strong impact on cost containmenthe capped sector uses all of
international offsets allowed in all years of th@igy (1.25 billion tCQe offsetting 1
billion tCO.e of capped sector emissions annually). The JohilCGe annual limit on
domestic offsets is never reached due to limiteiibation potential. Without
international offsets, the allowance price woulcr@ase 96 percent.

Table 5: Change in Consumption under WM Draft CorePolicy Case

ADAGE 2015 2020 2030 2040 2050
Ref. Consumption per Household = $92.202 $99,888 $117,973 $140,233 $164,348
% Change (Scn. 2) 011% -019% -037% 067% -078%
Consumption Loss per Household -$100 -$192 -$441 -$936 -$1,288
NPV Cost per HH ($) $75 -$112  $158  -$206  -$174
Average Annual NPV cost per Household | -$140]

IGEM 2015 2020 2030 2040 2050
Ref. Consumption per Household = $77,310 $83 387 $08 443 5113760 $132 056
% Change (Scn. 2) 002% -017% -039% -062% -0.85%
Consumption Loss per Household $19 -$137 -£358 -$647 -$1,018
NPV Cost per HH -$14 -580 -5128 -$143 -$138
Average Annual NPV cost per Household -m
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Table 6: Changes in GDP under WM Draft Core PolicyCase

ADAGE

2015 2020 2030 2040 2050
Reference $15.4 $17.4 $22 6 $286 $354
Scn 2 - WM-Draft %154 $174 $225 $283 $34.8
Absolute Change -$0041 -$0045 -$0.112 -$0.268 -$0.567
% Change -0.27% -0.26% -0.50% -0.94% -1.60%
IGEM

2015 2020 2030 2040 2050
Reference $157 3177 $227 $285 3354
Scn 2 - WM-Draft $156 $17.5 $22 4 $28.0 $346
Absolute Change -$0.095 -$0.132 -%0268 -%0.466 -$0.790
% Change -0.60% -0.75% -1.18% -1.64% -2.23%

Jre 2: Changes in Household Energy ExpenditurefExcluding Gasoline)

' Average Household Energy Expenditures Change in Average Household Energy Expenditures
(excluding gasoline) (excluding gasoline)
$2 500 16%
@
g2 14%
$2,000 4 £
= 12%
X
$1,500 — g 10%
“» &
3 5 &%
o~
$1,000 + g 6%
&
4%
$500 1 g
@
o 2%
@
o
$0 T T T T 0% T T T
2015 2020 2030 2040 2050 2020 2030 2040 2050
Scn 1 - Reference ®m Scn 2 - WM-Draft H Scn 3 - WM-Draft - Energy Efficiency

Page 19 of 71



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) analysof S.2191 uses the National Energy
Modeling System (NEMS), which models US energy ratalout to 2034* NEMS is a bottom-
up/top-down model that explicitly represents thecisiens involved in the production,
conversion, and consumption of energy productsoiitsists of separate modules that represent
various aspects of energy markets and macroeconagtiiGty: four supply sectors (oil and gas,
natural gas transmission and distribution, coatl enewable fuels); two conversion processes
(electricity and petroleum refineries); four modufer end-use demand (residential, commercial,
transportation, and industrial); one to simulat@rgg/economy interactions (macroeconomic
activity); one module to simulate world oil markeisternational energy activity); and an
integrating module that provides the mechanisnctoexve a general market equilibrium among
all the other module¥. EIA used the 2008 Annual Energy Outlook (AEO20p8)jections,
which include the impact of the Energy Independeacd Security Act of 2007, as well as
revised expectations about economic growth.

The analysis attempts to capture many provisior$. @191, including the following:

1. Emissions from fossil fuel generation and combustoe covered including: coal-fired
electrical and industrial boilers, petroleum use tmnsportation (upstream), and
residential, commercial and industrial natural gag petroleum use (upstream);

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

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

4. Both natural gas and coal would be eligible for @€S credit and bonus allowance
allocations from Title Il of the bill;

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

6. EIA also assumed that the 10 percent of allowaladlesated to Load-Serving Entities
(LSE) and rural electric cooperatives were use@duoice electricity prices.

The model does not include the separate caps f&@sHHitle X) or the Low Carbon Fuel
Standard (Title XI). Allowance allocations to fdskiel generators are also not covered in the
model. For the S. 2191 core scenario, the modah&édyzed based on these assumptions. EIA
also examines the effects of varying internatioatisets and the costs and availability of
electricity generating technologies, through foteraative scenarios.

Key Results
Macroeconomic Impacts

The higher delivered energy prices under cap amdetrlower real output for the
economy. They reduce energy consumption, but aldoeictly reduce real consumer

Page 22 of 71



spending for other goods and services due to lopwechasing power. The lower
aggregate demand for goods and services resultewiar real GDP relative to the
Reference Case.

GDP is 0.24 percent lower in the core scenario ftbenBAU scenario in 2015 and 0.3
percent lower in 2030 (see Table 7). Under S. 281P grows 183 percent from 2005
to 2030 compared to 184 percent in the referense;dhis means that the economy
would be less than 2 months behind BAU levels iB®@ith GHG caps.

While real GDP is a measure of what the economyuywres, the composition of GDP may
change considerably between the major componeotsumption, investment, government,
and net exports. Consumer expenditures, one irticdtconsumers’ welfare, show larger
relative losses compared to GDP (0.4 and 0.5 petmdow BAU levels in 2020 and 2030,
respectively, in the core policy case, Sadble 7.

As energy prices increase, the energy-intensivaosgcincluding food, paper, bulk
chemicals, petroleum refining, glass, cement, stel aluminum, show greater losses
compared to the rest of the industrial sectorg;imeg 3.6 percent below the Reference Case
by 2030 in the S. 2191 Core Case.

As Figure 6shows, EIA projected that cap and trade would leadlower growth in the
dollar value of industrial shipments with a largapact on the value of shipments of energy-
intensive manufacturing outputs. Total employmemtmanufacturing was projected to
decline more rapidly under cap and trade thanerréifierence case.

Other key results from the EIA modeling analysis:
In the S. 2191 core scenario, total greenhousesdassuding offsets) are 7,003 MtG®
in 2015 and decrease to 5,428 Mye®y 2030.
Allowance prices are $20/tG®in 2015 and rise to $59/tG&by 2030 (2005$).
Electricity prices increase by about 8 percent @8@ from BAU levels in the core
scenario (this includes the cost of allowancesgctcity demand is about 5 percent
lower in 2030 from the reference case.
In terms of electricity generation, the model petslithat new coal builds without CCS
are almost eliminated. For the S. 2191 core scenédi GW of new coal generation with
CCS is built by 2030, and overall coal consumptsoi4 percent lower than the reference
case. The introduction of coal with CCS is largdiyven by the bonus allowance
provision.
Under the S. 2191 core scenario, nuclear generatipands rapidly, increasing by 266
GW from 2005 to 2030 (100 GW to 366 GW); even witgher capital costs (S. 2191
High Cost Case), nuclear generation is expectegtdev about 86 percent over the time
period.
Renewable capacity more than doubles from 20088 Zan increase of more than 100
GW), mainly due to an expansion in wind generatiolipwed by biomass. In Limited
Alternatives Scenarios, where nuclear growth isst@med to BAU levels (17 GW over
the time period), the increase in renewable capasitmuch greater, above 300 GW in
both cases.
Under the S. 2191 core scenario, natural gas gemela lower than the reference case,
due to a reduction in energy demand and increasenewable and nuclear capacity.
Total natural gas consumption decreases over ittne pieriod of analysis, and gas prices
increase by about 35 percent from the BAU leve2®30 (this includes the cost of the
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carbon allowances). In the Limited Alternative Saéos, which constrain both CCS and
nuclear technologies, natural gas consumption tsvden 12 and 19 percent above
reference case levels in 2030, due to fuel switglaimd increased natural gas generation.
In the core scenario, natural gas consumption iget@ent lower.

Offsets play a key role in reducing costs in thegpam. In the core scenario, the 15
percent limit on offsets becomes binding in 2016ifdernational offsets and 2025 for
domestic. In an alternate scenario with no inteonal offsets, allowance prices are
much higher than the other scenarios from 201Di®%2as covered entities rely on fuel-
switching and early investments in efficiency amafbon-neutral technologies. The
analysis demonstrates that international offseag ph important role in mitigating costs
in the early years of the program.

Page 24 of 71



Table 7: Macroeconomic Impacts of S. 2191 Cases aRe&lative to the AEO2008 Reference Case (billion 20
dollars, except where noted)
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Figure 6: Macroeconomic Variables Indexed to 200%f 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 Gérieguilibrium (CGE) models, both of
which optimize the decisions of households andditmmdevelop a model of the whole economy.
The first is the Intertemporal General Equilibrilvtodel (IGEM) developed and run by Dale
Jorgenson Associates, and the second is the Appledmic Analysis of the Global Economy
(ADAGE) developed and run by RTI International.utilizing both models, EPA assumes the
foIIowmg regarding the structure of S. 2191:

Upstream coverage for petroleum, natural gas, aadufacturers of F-gases andQ\

downstream on coal facilities using over 5,000 tohsoal per year;

Domestic offsets and international credits can daelused to meet 15 percent of the

compliance obligation;

Set-asides for agriculture and forestry sequestradnd landfill and coal mine methane

are available; and

Bonus allowances for CCS.
The analysis compares the results between the tadels for a set of 10 scenarios: 2 BAU
reference scenarios and 8 bill scenarios. The qmiey scenario (Scenario 2) assumes
substantial growth in nuclear power (150 percertdase from 2005-2050) and widespread
international actions by developed and developiogntries. Other scenarios include limits on
international actions, unlimited offsets, no offseind a series of three scenarios requested by
Senators Inhofe, Voinovich, and Barrasso combimimigstraints on nuclear, biomass, CCS, and
international action as well as the emergence oétaral gas cartel. In order to approximate
emissions reductions associated with the recemribggd Energy Security and Independence Act
of 2007 (not currently in the “baseline”), EPA aldeveloped a “high technology reference
scenario” (Scenario 9) and applied the provisiofsthe bill, including the core scenario
assumptions of substantial growth in nuclear ardkspread international action (Scenario 10).

The ADAGE model used by EPA provide results atUiseregional level (see Figure 7 for
definition of regions).

Key Results
Model results indicate that U.S. regions will expeence differentiated economic impacts

from climate policy.

- Difference in regional results can be attributedateariety of factors including: energy
industry composition, manufacturing industry compos and efficiency, household
heating and cooling needs, transportation systemisaxerage distances traveled, and
existing fossil fuel capacity.

Table 8 and Table 9 below show that the EPA’'s ADAG&del results indicate that the
Plains and Midwest regions are expected to expegiaeductions in regional GDP
compared to the reference case forecast that are severe than those experienced by
the rest of the country with the Plains region betine most negatively impacted of all
U.S. regions. The cap-and-trade program is prajetidead to regional GDP that is 0.8
percent and 1.3 percent lower than the BAU pragecin 2020 for the Midwest and
Plains regions, respectively.
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The economic impact of a cap-and-trade program wilzary by economic sector.
Table 10 shows that some sectors will see largativegchanges in output by 2020
compared to the BAU projection whereas some wi# gg&creases in output. Many
industries that see significant decreases in outpudntities relative to the BAU
projection will also see price increases that raitigthe effect on industry revenue.
Among the industrial sectors with the greatest @etage reductions under cap and trade
compared to the BAU projection for output quansitia 2020 are energy extraction,
manufacturing, and other energy-intensive industrie
The industrial sectors with the largest percentdgereases in output quantities under
climate policy relative to the BAU projection argrimary metals (-9.4 percent),
petroleum refining (-18.8 percent), chemicals afigbch products (-9.8 percent), coal
mining (-48.6 percent), motor vehicles (-5.6 petieand fabricated metal (-6.1 percent).
See Table 10 for the full list of industries.

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

- Under Scenario 2 in ADAGE, total U.S. GHG emissiofiscluding offsets and
international credits) in 2030 are estimated to5t#&67 MtCQe, dropping to 5,279
MtCO.e by 2050. Using ADAGE Scenario 10, emissions é89835MtCQe in 2030 and
5,263 MtCQe in 2050.

For the core policy case (Scenario 2), allowanazeprin 2015 are $29/tGO, increasing
to $61/tCQe in 2030 and $159/tG@ in 2050'°® Using the high technology scenario
(Scenario 10), allowance prices are slightly low&22/tCQe in 2015, $46/tCé in
2030, and $121/tC4 in 2050.

The ADAGE model projects that in 2030 GDP is 0.9cpat lower than BAU for
Scenario 2 (0.6 percent for Scenario 10). In 208DP is 2.37 percent lower under
Scenario 2 and 1.76 percent under Scenario 1Bptim scenarios GDP grows by more
than 335 percent from 2005 to 2050 compared to [Bent in the BAU case. The
economy would be about 11 months behind BAU lewelder Scenario 2 and about 8
months for Scenario 10.

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

Modeling of regional impacts indicates a switchnir@oal to natural gas and CCS in
2030. Natural gas consumption increases in botm&ms 2 and 10 until 2020, after
which it decreases by more than 25 percent fronb 20@els by 2050.

Coal generation with CCS picks up after 2015. Adbte GW of coal capacity with CCS
is built by 2030. All coal without CCS is retiredy 2035 and total CCS capacity
increases to 323 GW in 2035, then decreases sfith#99 GW by 2050.

The electricity sector provides the vast majorityhee GHG reductions in the early years
(see Figure 8). Even after 2035, the electricitgt@estill provides most of the GHG
abatement, although transportation and energy siven manufacturing begin to
contribute more to emissions reductions. Nucleat eenewable generation capacity
increases steadily, more than doubling from 200Z0t&0.

In Scenario 2 of ADAGE, gasoline prices increas&3$®er gallon in 2030 and $1.40 per
gallon in 2050 due to the cost of the carbon cdnt€he higher gas price, due to the
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increased cost of carbon allowances, in the lagars/ of the analysis spurs GHG
reductions from the transportation sector.

To better understand the bill's offset provisioB$A also estimated two alternative
scenarios in IGEM: one that allowed for unlimitegewf offsets (Scenario 4) and one in
which no offsets were allowed (Scenario 5). All@atlassumptions remained the same as
Scenario 2. For Scenario 4, allowance prices warpefcent lower than the core policy
scenario in 2050; for Scenario 5, they were 93g@rhigher.

To test the sensitivity to various technology asstioms, EPA included a modeling run
that limited nuclear and biomass power to BAU levahd assumed that CCS is not

available before 2030 (ADAGE Scenario 7). In thase, 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% -2.20P0
Midwest -0.20% | -0.80%| -1.10% -1.60%  -2.80%
Plains -0.20%| -1.30% -1.80% -2.60% -3.80%0
West -0.20%| -0.60% -0.70% -1.30% -2.20P0

Notes: Figures above are from EPA ADAGE model foergrio 2 — S.2191.
Percentage change values are against the referasedorecast.

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

0.709 -0.20%

-0.70%

-1.10%

Notes: Figures above are from EPA ADAGE model foergrio 2 — S.2191.

Percentage change values are against the referasedorecast.

Table 10: Predicted Industry Impacts in 2020 from FPA IGEM Model

Industry Industry Industry
Price 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 outpr 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 GHGeafent by type and year for EPA’s Scenario 2 (ftbedMADAGE model).
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RTI International (Climate Stewardship Act of 2005)

Background
RTI International prepared a study for the Pew €eoh Global Climate Change that modeled

the effects of a national GHG cap-and-trade progsetim the moderate goal of capping U.S.
emissions at year 2000 levels (similar to the Clertstewardship Act of 2005) and that included
distinct state-level impact dat.

RTI International used its Applied Dynamic Analysisthe Global Economy (ADAGE) model.
In the ADAGE model states are combined into regigsiag a flexible regional-aggregation
scheme that allows an individual state of focubaalesignated and modeled relative to other
multi-state regions. Five primary regions (groups@ghboring states) and an individual state
(modeled as a distinct sixth region) are includedach policy simulation. RTI International
calculated state-specific results for 28 statdatefest (including all six Accord member states
and Ohio) via distinct simulations. BAU forecasis €énergy production, consumption, prices,
and CQ emissions come EIA’s Annual Energy Outlook 2004.

RTI modeled a cap-and-trade program with a tameg stringent than that of the Accord. A cap
for U.S. GHG emissions was established at year 2008sions levels, beginning in 2010, and
maintained at that level thereafter. The emisstanget covers COand the five most important
types of non-C@ GHGs. A national, economy-wide (with some exenmgidor households,
agriculture and small businesses) cap-and-tradersywas assumed to cover roughly 80 percent
of all U.S. GHG emissions. Several “flexibility nfemisms” were also incorporated, notably
flexibility to overcomply and save (or “bank”) all@nces for use in the future and the ability to
acquire allowance offsets equivalent to 15 percérthe target. RTI International modeled two
different offset scenarios. In the “free offsetgesario, the model allowed for the purchase of
offsets at zero cost to meet up to 15 percent efrédduction target. In the “market offsets”
scenario, the model assumed offsets were availatdle from within the United States (from
entities outside the cap-and-trade program) anaosts estimated within the model. The
emissions target used in the model required a teoluof 15-25 percent below the baseline
forecast in 2025 depending upon the offset scenario

Allowances enabling entities to emit GHGs up tolthel of the cap are considered in the model
to be fully auctioned (and the revenue recycletheoeconomy in lump-sum). RTI International
considered two scenarios for allowance allocatiorihe first, allowances are allocated to states
based on their historical emissions in 2000. In g¢keond, allowances are allocated to states
based on their populations.

Key Results
- The moderate emissions reduction goal leads to dtigmacroeconomic impactysee
Table 11). Under the cap-and-trade scenario wittketgriced offsets, the model shows
that U.S. GDP would be 0.04 percent and 0.24 pétmsow the BAU forecast in 2010
and 2020 respectively. Likewise, employment wolddhl8 percent and 0.23 percent
below the BAU forecast in 2010 and 2020 respegtivel
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Coal will see the most significant price impacts tm a cap-and-trade program, but
natural gas and oil will also see higher prices copared to their BAU forecast prices
(see Figure 9).

Individual states may experience economic effecthdt deviate substantially from
U.S. averagegseeFigure 10 and Figure 13). Among the most importdwaracteristics
of a particular state’s economy controlling the aogs of climate-change mitigation
policies are its initial energy efficiency, the nokproducts manufactured, how
electricity is generated, and the endowment ofaadlaces it receives. Figure 10 shows
that, for the “market offsets” scenario, among niedé\ccord members and observers
Michigan and Wisconsin fare worse than the othatiestin terms of the percentage
reduction in GSP compared to the BAU forecast whiileois and Kansas experience the
smallest percentage reductions in GSP comparedth Blowever, the state-level
differences are much smaller when one looks ahtleeage growth rates from 2005 to
2015 (see Figure 11).

State-specific impacts vary depending on the distoution of allowances(see Figure
12). The RTI International model assumed allowamee® distributed to states based on
historical emissions. When this assumption was gbdno distribution of allowances to
states based on population, the model found thtgsexperienced different
macroeconomic outcomes. Among the Accord partitiptates, Kansas and lowa fare
significantly better when allowances are distriloub@sed on population rather than
historical emissions.

The Accord states have economies that are more rafit on manufacturing than the
U.S. average and that are more energy intensi{see Figure 14 and Figure 18)N is
the only Accord state projected to have a lessggrietensive state economy than the
national average.

The most direct economic impacts of a climate-chamgmitigation policy are

generally experienced in energy marketésee Figure 16)Aside from coal, natural gas,
and transportation services, effects in the regi@economy are quite small. In revenue
terms, the largest absolute changes are experidnycta services industry (equal to $50
to $100 billion, or 0.3 to 0.6 percent) becaus#sfelative size in the economy, even
though it does not consume much energy per ur@tigfut. Revenue impacts across
manufacturing industries are larger than in sesvingercentage terms, although
comparable in dollar values, because of their greatiance on energy. Also, under the
“Market Offsets” case, agriculture output tendsléaline slightly as agricultural efforts
are shifted from traditional production techniqtefforts that reduce non-GO
emissions—Iike reduced cultivation, in responsedmpensation for additional
reductions in non-C@emissions.

Output revenues of nonenergy industries (agricultue, manufacturing, and services)
are expected to change across states with an invenglationship between energy
intensity per unit of output and the responses oftate economies to the GHG policy
(see Figure 18). As a general rule, states with mdustrial energy use will experience
larger adjustments than states with a service-taitfocus.

Table 11: US Macroeconomic Results for US Emissiori3apped 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  .$03
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 compatedtiageline forecast values.

Figure 9: Impacts on US Energy Pri

ces
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Figure 10: Impacts on Gross State Product in 2020ybState
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Figure 11: Impacts on Annualized GSP Growth Rates &ween 2005 and 2020
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Figure 12: Impacts of Alternative Allowance Distribution on State Household Consumption Spending
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Figure 13: Impacts on State Employment in 2020
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Figure 14: Business-as-Usual Output Shares of Statén 2020
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Figure 15: Business-as-Usual Energy Intensity in 20 (delivered energy)
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Figure 16: Impacts on U.S. Output Quantities in 20Q
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Figure 17: Impacts on Annualized Growth Rates In Imdustrial Output — Non-Energy (2005 to 2020)
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Figure 18: Impacts on Output Revenues of Nonenergydustries in 2020
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Resources for the Future (The Incidence of U.S. Cli  mate Policy)

Background
Researchers from Resources for the Future (RFR)atea the effects of a cap-and-trade

program on households in each of 11 regions ottlmatry (see Table 12) and sorted into annual
income deciles, corresponding to effects that waglclir in 2015 from policies enacted in
2008 RFF examined 10 alternative policies for cap-aadé allowance value distribution (see
Table 13) and found tremendous variation in thaidence. RFF focused only on the costs of
climate policy and not the benefits.

A cap-and-trade policy will have serious distriloaiil consequences with two components. One
part depends on how the price of £8Danges expenditures and ultimately consumerwsairpl
throughout the economy. The second part depentiswrthe policy distributes the value from
the CQ price—both the value of emissions allowancesldcated for free and the government
revenue collected under an allowance auction.

RFF used annual income, net of taxes and transfetfie basis to assess the ability to pay for
households as reported in the Consumer Expendumeey (CEX) for 2004-2006. RFF
included demand responses to higher carbon primesalculated changes in consumer surplus.
RFF assumed almost all of the price effects arsquh®rward to consumers and accounted for:
changes in direct fuel and energy costs; changeslirect costs from embodied energy in
consumer goods and services; and redistributi@l@ivance auction revenues. The only
instance in which the carbon pricing policy doesfally pass through to consumers is in the
case of the electricity sector, where RFF usedaildd power sector model.

RFF’s estimation of the effect of climate policy lbousehold expenditures depends on the
emissions intensity of economic activity. The comguat related to direct energy use is relatively
easy to measure; the indirect component is measuthdignificantly less precision.

An emissions cap-and-trade program serves as etpoticy case to provide a benchmark for
comparison of policies. RFF benchmarks the stringeo an emissions reduction of 3.13 mgCO
per capita, including an adjustment for new CAFRihdards, resulting from a price of $41.50 (in
2006 dollars) per ton of GORFF assumes the policy is announced in 2008 ak@s$ teffect in
2012 and considers the effect on households in.ZBdkall policies RFF assumes the
government retains 35 percent of the allowanceevadwrder to offset its own increase in costs
at the federal and state level (e.g. increasesvemment’s energy-related expenditures).

As a measure of the change in welfare resultingnfcbmate policy, RFF calculates changes in
consumer surplus, which captures both the changepganditures due to higher prices for direct
and indirect energy consumption and reduced consomim response to higher prices.

The authors calculate a modified Suits Index (M@8th values less than zero connoting

regressivity and values greater than zero conngtingressivity; the MSI provides a simple
metric with which to compare the distributional iagps of alternative policies.
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Key Results

- The Ohio Value and Plains regions have the higheper capita CO, emissions in the
U.S. in terms of CQ from direct fuel consumption and CQ, emissions embodied in
consumption of goods and servicgsee Figure 20). Per capita emissions in the Ohio
Valley and Plains regions are roughly 13 and 28gqarhigher than the national per
capita average.
Relative to households in other regions, householdts the Plains and Ohio Valley
regions spend relatively larger percentages of theincome on natural gas and
relatively lower percentages on electricityfsee Figure 19).
Investing allowance value to improve efficiency ithe end use of energy services is
one of the most progressive policies examindgeeFigure 29. Moreover, this policy
would lead to lower allowance prices, indicatingsl€ost would be imposed on other
sectors of the economy in order to achieve theiipéclimate goal. This finding
assumes that allowance value can be investedtsocagrcome the persistent market
failures or institutional failures that have so fi@mdered cost-effective investments in
energy efficiency.
Free allocation of allowances to electricity consuars via local distribution
companies (LDCs) could raise the cost of achievirgmission reductions but could
have a progressive effect on the distribution of tis cost(see Figure 28). Free
allocation to LDCs could mean that consumers recaiweaker price signal to reduce
their consumption or invest in energy efficiencyasres such that more emission
reductions are required in other sectors of theeay if LDC allocations are not
directed toward energy efficiency.
Expansion of the Earned Income Tax Credit and a cajand-dividend program that
directly returns revenue to households have prograsve distributional impacts (see
Figure 21, Figure 22, and Figure 25).
Reducing the income tax and reducing the payroll tahave severely regressive
distributional impacts (see Figure 23 and Figure 24). These policies naag
important efficiency advantages from using alloneamalue to reduce other distortionary
taxes and thus provide incentives to expand labpply; however, RFF’'s analysis
suggests this efficiency advantage may come atdhiitional cost as low-income
households appear to bear a large burden in tloesausos.
The exclusion of personal transportation or home hating fuels leads to higher
allowance prices(see Figure 26 and Figure 2This is the case because greater
emissions reductions would have to be achievedhersectors. Although these options
appear progressive once the allowance revenuéuises as a dividend, this increased
progressivity comes at the expense of efficienng, the outcomes are less progressive
than cap-and-dividend.
Grandfathering allowance value to incumbent emittes, with the exception of
regulated electric utilities, has a regressivampact (see Figure 30). The value of
emissions allowances accrues to the firm indeperafesngoing economic activity, so,
with the exception of regulated electricity markeie value of allowances accrues as an
increase in shareholder value. For this policyioeg differences stemming from
differences in electricity regulation are not apartant as differences across income
groups. The greatest impact in terms of percemégeome accrues to the lowest- and
highest-income groups. The lowest-income groupgrgpce relatively large losses as a
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percentage of income (6 and 8 percent in the PandsOhio Valley regions,
respectively). The highest-income decile, by catfranjoys a net consumer surplus gain
from this policy. These results are attributabléhi® fact that high-income households
hold a relatively large share of corporate stoat s reap most of the benefits of the
allowance values. About 10 percent of the allowaratae actually flows overseas to
foreign holders of shareholder equity. Since eieityr

consumers in regions of the country with cost-af4ee regulations do not see their
prices rise as much in this scenario, the allowgmme 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 Angked

Scenario Type Specific Scenarios

Cap-and-dividend 1. Per capita dividend of allowance revenues to haldshpretax (i.e., income taxes would be paid on
those dividends)
Per capita dividend of allowance revenues to havldshposttax

Reduction in income taxes
Reduction in payroll taxes
Expansion of the Earned Income Tax Credit

Adjustments to preexisting
taxes

NN

Energy and fuel sector optiong 6.Free allocation of allowances to consumers in betigcity sector (accomplished by allocation todb
distribution companies, i.e., retail utilities)

Exemption of transportation sector from the cap-made program

Exemption of home heating sector from the cap-aadet program

Investment in end-use energy efficiency

©o~N

Free allocation to emitters 10Grandfathering to incumbent emitters
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Figure 19: Average Household Expenditures by Regioan Direct Fuel Purchases as Percentage of Income

Figure 20: Per Capita CO, Emissions by Region

Page 47 of 71



Figure 21: Change in Consumer Surplus for Cap-and-ividend (Taxable)

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

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

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

Figure 26: Change in Consumer Surplus for Excludinglransportation
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Figure 27: Change in Consumer Surplus for ExcludingHome Heating

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

Figure 29: Change in Consumer Surplus for Investmets in Energy Efficiency
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Figure 30: Change in Consumer Surplus for Grandfatlering
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McKinsey (GHG Abatement Cost Study)

Background
McKinsey's analysis differs from the other reposismmarized in this document insofar as

McKinsey did not use a model to estimate the effsfctlifferent climate policie&® Rather,
McKinsey estimated the techno-engineering costs@HG mitigation potentials of a portfolio
of options for reducing GHG emissions from all sestof the economy. McKinsey used the
calculated abatement costs to estimate a margosalotirve for GHG abatement (see Figure 31
and Figure 32).

The McKinsey study examined three GHG reductiomades that differed in their reduction
goals and thus in the abatement options necessaghieve the targeted reductions (see Table
14). McKinsey chose the GHG reduction targets baseda sample of federal legislative
proposals. The Accord goal of a 15-25 percent realuén GHG emissions by 2020 is more
aggressive than the Mid-Range Case evaluated byildel.

The McKinsey study did not model a dynamic econoamd energy system. Essentially,
McKinsey took the Reference Case forecast for thimahd for energy services (e.g. vehicle
miles traveled, air heating/cooling, lighting) afatecast energy prices and assumed that the
demand for energy services and energy prices wmeilcbnstant irrespective of GHG abatement
action. McKinsey then calculated the cost of GHGtaiment via various options for replacing
Reference Case technology with alternative teclyylto meet the same Reference Case
demand for energy services (e.g. replacing incarahtdights with compact fluorescent lights).
The cost of an abatement option reflects its reso(wr techno-engineering) costs — i.e., capital,
operating, and maintenance costs — offset by aakggrsavings, with the costs/savings levelized
over the lifetime of the option using a 7-perce@l discount rate. McKinsey did not assume any
price on carbon resulting from a carbon tax or aag-trade program.

Key Results

- The Midwest has BAU GHG emissions that are a muctatger proportion of the U.S.
total than are the Midwest’s population or regionalGDP (see Figure 34). Whereas the
Midwest accounts for 19 percent of U.S. populatowl GDP in the mid-range forecast
for 2030, it accounts for 28 percent of total petgel GHG emissions and 30 percent of
GHG abatement potential.
Compared to other regions, the Midwest “negative” ost GHG abatement options
constitute a smaller proportion of total regional datement potential (see Figure 33).
As a proportion of total regional GHG abatement poéntial, agriculture/forestry has
much greater potential in the Midwest than in otherU.S. regions whereas buildings
and appliances offer less GHG abatement potentiahithe Midwest (see Figure 35
and Figure 32). Agriculture and forestry accoumtXé percent of the cost-effective GHG
abatement potential in the Midwest, which is farrenthan in any other region. Electric
power is also a more important source of GHG abaitenm the Midwest than nationally
(32 percent of total abatement in the Midwest caregbdo 27 percent nationally). As a
percentage of total regional GHG abatement potebtigdings and appliances are only
15 percent in the Midwest as compared to 24 penmtaindnally. Transportation is also a
proportionally smaller source of GHG abatement ik in the Midwest than in any
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other region (8 percent in the Midwest comparedQqgoercent in the Northeast and 11
percent nationally).

Almost 40 percent of abatement could be achieved dhegative” marginal cost
Exploitation of these “negative” cost abatementapmities depends upon overcoming
persistent market barriers—e.g. high effective alist rates for energy efficiency
investments and bounded rationality. Moreover, #simated magnitude of the
“negative” cost GHG reductions depends on McKinsessumptions regarding, among
other factors, future energy prices and the distmate.

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

GHG abatement potential and marginal cost curves dier among US geographic
regions (see Figure 33 and Figure 35). Each major geogramygion has substantial
abatement potential, although the cost and potesftiadividual options may vary by up
to $50 per ton when pursued in different locatiddisparities reflect regional differences
in population growth and/or density, carbon intgnsof local power generation
portfolios, energy productivity, climate, availabjlof renewable energy sources, forest
cover, agricultural orientation, concentrationmdustrial 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 pursuedeffation levels tend to drive the
learning rate and can determine whether the teolggohchieves sufficient scale to
propel economic success. Solar photovoltaics, @iBels, and LED lighting exhibit a
broad range of outcomes that depend on innovatidrcast compression associated with
reaching commercial scale.

High sensitivity to oil/gas prices and commodity d®and shifts. The abatement
analysis uses the Energy Information Administragoforward commodity price
assumptions, which assume relatively stable oilraatdral gas prices through 2030, with
oil averaging approximately $60 per barrel and $&90 per million BTUs (in 2005
dollars). If average energy prices move signifibartigher, abatement options that
compete with oil and natural gas, such as eneffigieafcy and fuel economy in vehicles,
will become more economic at the margin. By contragtions that depend on gas, such
as switching from coal to gas for power generatwiti,pbecome more expensive.
Abatement opportunities are highly fragmented and wdely distributed across
industry sectors and geographic regions in the U.SNo single abatement option
accounts for more than 11 percent of the total dppdy. The sector with the largest
emissions (power generation) only accounts for @pprately one-third of the abatement
potential we analyzed.

GHG abatement will lead to significantly less coalconsumption compared to
business-as-usual and no significant increase in n@al gas usage McKinsey’s
calculations of the effect of the adoption of alakiated GHG abatement options on
natural gas and coal usage shows increases in 8038 percent and 9 percent
respectively compared to 2005 consumption and texhscof 1 percent and 33 percent
in 2030 compared to the business-as-usual Refefease (see Table 15).
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Table 14: McKinsey GHG Mitigation Scenarios for 208

Case 2030 US GHG% Change vsl% Change vs| % Change vs,
Emissions 2030 Reference2005 Baseline | 1990 Baseline
(GtCOe) Case

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 GHEC®legative percentage change values indicate iemséss
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 &fm Opportunities less than $50/tCGQe

Source: McKinsey (2007; p. 21)

Figure 33: Geographic Differences in Abatement Costfor Mid-Range Case in 2030

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

Notes: Geographic breakdown values expressed asmiaf total. All values shown are for the midgarcase.

Figure 35: Geographic Differences in Abatement Potgial by Sector, Mid-Range Case in 2030

Notes: Column totals in MtCg@/yr. Sector breakdown values expressed as pestastal.
Source: McKinsey (2007; p. 24)

Table 15: Impact on US Coal and Natural Gas Deman@d005-2030, Mid-Range Case

2030 Mid-Range % Change vs, % Change vs|
Case 2005 Baseline | 2030 Reference
Case
Coal 1.2 billion short 9% -33%
tons
Natural Gas 71.0 billion cubic 18% -1%
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| feet per day |

Notes: Negative percentage change indicates decreaemand.
Source: McKinsey (2007; p. 31)
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Resources for the Future (Impact of Carbon Priceso  n U.S. Industry)

Background
RFF examined how a unilateral, economy-wide, @fxing policy would affect a large set of

industries, taking into account the ways that adjest costs may change over tifiémpacts
were measured in terms of costs, profits, employnaemd trade effects, assuming a unilateral
$10/ton CQprice without any offsetting measures regardingneallocation or border
adjustments and without any stipulated policiesragling partners. The authors employed four
different modeling approaches using consistentraptions in order to consider outcomes along
four different time scales:

1. The very short run, where firms cannot adjugtgzrand profits fall accordingly.

2. The short run where firms can raise prices fiecethe higher energy costs, with

a corresponding decline in sales as a result afymtoor import substitution.

3. The medium run, when in addition to the changesitput prices, the mix of

inputs may also change, but capital remains ingyland economywide effects

are considered.

4. The long run, when capital may be reallocatetiraplaced with more energy

efficient technologies.

Both the first and second time horizons are analyae partial equilibrium framework

with fixed input coefficients. The first one, witto changes in output prices, involves no demand
adjustments whatsoever. The second time horizanrexjan estimate of the demand elasticities
for each industry’s output, that is, how much sédlsvhen output prices are raised. The third
time horizon is analyzed by direct application eEkatively simple long-run computable general
equilibrium (CGE) model. The use of such a modedsanto account the fact that, for example,
the demand for steel depends not only on the pfisteel but also on the price of plastics,
indeed the price of everything in the economy.h&t $ame time, this third case continues to
assume that capital is not mobile but stuck invamgiindustry. The fourth time horizon, the full
long-run analysis, allows for capital mobility. Tleeare no industry-specific profit effects, but
simply the change in the economy-wide return t@takersus capital. The focus is on the long-
run effects of GHG policies on consumption pattethat is, households and other components
of final demand switching to less energy-intengveducts.

The importance of the analysis of multiple timelesas that long-run analysis fails to capture
the short-run costs that most firms will experierfear example, a chemical plant suddenly faced
with higher energy costs cannot immediately andhout cost convert to more energy-efficient
methods. If it leaves its output price unchangked,higher input costs will lower profits. If it

tries to raise prices to cover the higher costsjlitbe faced with lower sales.

For all four time horizons analyzed, RFF uses atiredly disaggregated modeling framework,
based on the North American Industry Classificatgstem (NAICS) basis. For the two longer-
run scenarios the authors use the two-digit levetwallows for 21 sectors across the U.S.
economy, including 13 manufacturing industries. therfirst two modeling frameworks
sufficient data are available to subdivide a nundfehe categories into finer three-digit
groupings, a total of 52 industrial sectors. Estamaf carbon intensity are made for the year
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2002, the most recent year of the benchmark inutptd (I0) table, using industry-specific
information on output, intermediate input, fossiéfuse, and emissions for that year.

Key Results
- From a policy perspective, the path taken to the log-run outcome is extremely

important. A carbon control policy that ignores these shanid medium-term impacts
will raise concerns about fairness and will likby opposed by many stakeholders.
Further, the appropriate policy response can chamgetime; a policy that addresses
fairness questions in the initial years may noappropriate in the future.
The effects of a unilateral policy placing a priceon carbon dioxide (CQ) will vary
greatly across domestic industriesThe industry-level impacts are fundamentally ted
the energy (more specifically, the carbon) intgnsftthose industries and the degree to
which they can pass costs on to consumers of pheducts (often other industries). The
strength of competition from imports and consumatslity to substitute other, less
carbon-intensive alternatives for a given produay grucial roles in determining the
ultimate impacts on domestic production and emplaym
The relative importance of energy, including feedsicks, as a contributor to total
costs varies quite widely across the different marfacturing industries (seeTable
16). It ranges from more than 60 percent in the petrolendustry to less than 1 percent
in miscellaneous manufacturing, motor vehiclesl afer transportation equipment.
Outside of manufacturing a similarly wide rangésts from a high of about 42 percent
in gas utilities to 0.2 percent in finance and masice. Even when energy costs are
restricted to the combusted portion, the cost stearges from 15 percent in cement to
0.9 percent in transportation equipment. Of then@®ufacturing industries identified
here, 15 of them have energy costs exceeding @peot total costs.
Industries vary in the value of their output, their absolute fuel consumption, the
relative composition of their fuel consumption, andhe CO,-intensity of their output
(see Table 17). Within manufacturing, the biggestrs of coal are iron and steel, and
paper mills; the biggest user of petroleum prodigcetrochemical manufacturing; and
the biggest users of natural gas are food manufagiuefining, and other basic organic
chemicals. Other chemicals and plastic is the lsiggser of electricity, followed by food
manufacturing. Within manufacturing, cement mantufacg has the highest GO
intensity at 5,100 tons of G@er million dollars of output, followed by petraahical
manufacturing with 4,100 tons and alumina refiramgl primary aluminum with 2,700
tons of CQ per million dollars of output. At the other extrenthe machinery, electrical
machinery, and transportation equipment industreae carbon content that is less than
120 tons of C@per million dollars of output.
Measured by the reduction in domestic output, a redily identifiable set of
industries is at greatest risk of contraction oveboth the short and long terms(see
Table 18, Table 19, and Table 20). Within the maatufring sector, at a relatively
aggregated, two- or three-digit standard industidsification level, the hardest hit
industries are: petroleum refining, chemicals alagdtrs, primary metals, and
nonmetallic minerals.
Although the short-run output reductions are signiicant in the most heavily
impacted industries, they shrink over time as firmsadjust inputs and adopt new
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technologieg(seeTable 19. The industries that continue to bear the impaas ar
generally the same ones affected initially, albéiteduced levels. When measured in
terms of reduced profits, the rebound is especlatlye and, for some industries, virtually
complete.

Focusing on the nearer-term timeframes, the authorsbserve that the largest cost
increases are concentrated in particular segmentd these industries(see Table 18).
Using a broad definition of costs that includesit@pnputs, petrochemical
manufacturing and cement see very short-run cest@ses of more than four percent
from a modest charge of $10 per ton of C@while iron and steel mills, aluminum, and
lime products see cost increases exceeding twepkerc

In the nonmanufacturing sector, RFF finds that altrough the overall size of the
production losses also declines over time, a morévdrse pattern applies.
Specifically, the impact on electric utilities dasst substantially worsen over time
(compared to other industries such as mining, whiqgteriences a continuing erosion of
sales) as broader adjustments occur throughowcireomy. Agriculture faces modest
but persistent output declines over time, whilesbrvice sector is largely unscathed
across all timeframes.

In terms of employment, short-term job losses are pdeled as proportional to those
of output. Over the longer term, however, when labor markegsable to adjust, the
remaining, relatively small, losses are fully offbg gains in other industries.

Overall, the leakage rate (that is, the rate at whih reductions in U.S. emissions is
offset by increases in foreign emissions) is estitea to be about 25 percentFor the
three most energy-intensive sectors, chemicalgnetallic mineral products, and
primary metals, the leakage due to imports and egp® more than 40 percent. The
authors find a consistent pattern among carbom&nte manufacturing industries: a
modest increase in imports and a bigger reductia@xports.
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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 C@Intensity, 2002
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Table 18: Very Short—Run Time Horizon: Estimated Pecent Increase in Production Costs per $10/ton C®
(20053%)
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Table 19: Very Short Run versus Short Run: Effect a Profits of a $10/ton CQ Tax (percent change)
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Table 20: Effect on Output of a $10/ton CQ Tax (percent change)

Table 21: Long-Run Trade Effects of CQ Tax on Domestic and Imported Fuels
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Economic Development Research Group (RGGI Economic Impacts)

Background
The Economic Development Research Group (EDR) aedlythe economic impacts of the

proposed Regional Greenhouse Gas Initiative (RG6&dertaken by the Northeastern stéfes.

EDR analyzed proposed regional greenhouse gas iemigslicies on electric generators 250
MW or larger for the 9-state RG@gion (comprised of the six New England states plew
York, New Jersey and Delaware) to assess the edonompacts that would result from policy-
induced changes on the electricity supply markBtRE analysis was built upon predictioas
how the electricity supply market would respond rotlee period 2008-2035 under various
carbon-cap policies, information which was deritieuin the ICF Consulting IPM Model, and an
economic simulation forecasting model, develope®REMI (see Figure 36).

The IPM Model was enlisted for the primary analysiseach proposed carbon-cap policy, as
well as for the base case outlook in the regiomargy market. For example, the IPM model
predicted: the resulting wholesale prices for eleity, natural gas, and oil for three broad
customer segments (residential, commercial and stnidli energy customers); resulting
investment mix for traditional and renewable eneggneration technologies; investment in
energy efficiency measures and the associated gsavihhese results were then mapped
appropriately as changes into the economic foreastamework. The REMI model was then
used to predict changes in key economic indicateugh as gross-state product, aggregate
personal income, and jobar the 9-state RGGI region (based on resultsHerimdividual states).

EDR used a REMI 12-region model. This system wakl tith historical data through 2001,

and classified business activity into 70 industriesing the North American Industrial

Classification System (NAICS). Nine of the twehagions correspond to the RGGI participating
states: New Hampshire, Vermont, Maine, Rhode IsIdMabksachusetts, Connecticut, New York,
New Jersey and Delaware. The three additional rashegpating regions configured in the

model were Pennsylvania, Maryland, and the Distiic€olumbia.

The IPM model was used to generate a default Imeselergy forecast—termed the Reference
Run—as well as a High-Emissions Reference for seitgianalysis. For each of these base
cases, several RGGI policy scenario forecasts vadése developed and then subsequently
examined in the REMI model. Table 22 lists the sc@s 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 ecmmic impacts(see Table 24 and
Table 25). Despite higher electric prices, consgnpying for an energy efficiency
program and their buying efficient goods, the camebi effects of generating technology
investments (traditional, renewable and energycieffit) and bill savings eventually
outweigh the effect of higher electric prices. Ageault gross regional product in 2015 is
approximately $0.25 billion higher than it would Wwéhout the policy. This activity adds
an additional 4,180 jobs in the private-sectortfiar 9-state region in 2015.

Page 66 of 71



While still small in magnitude, the positive econone effects of RGGI were several
times larger when double the energy efficiency ingment was assumedsee Table
24 and Table 25). The policy case with two times ¢hnergy efficiency produces larger
positive impacts relative to the default refereticen does the core policy case. This
results from the combined effect of more than deu investment stimulus across all
types of generating/load averting technologies thaie core policy case, amplified bill
savings to households and businesses that adaptyezféicient measures, and dampened
electric price increases due to heightened endfigyeacy adoption.

A reference case with higher emissions and higheratural gas prices led to
projections of slight negative economic impacts uret the RGGI policy (see Table 26
and Table 27). The High-Emissions Reference casengstions led to a different set of
impacts for the core policy case. Negative economittomes persist for the 9-state
region under the core policy scenario. In this céise RGGI region faces (a) drastically
lower investment ($5 billion) over the policy intet relative to its reference case (fewer
New CC and IGCC plants compared to the High Emissi®eference Case), (b)
markedly larger increases in electric prices, arjdir(creases in natural gas prices not
seen for the policy scenario applied to the defaeference case. Nonetheless, the
economic impacts are still slight, such as Grosgidtaal Product and private sector
employment that are roughly 0.05 percent lower timathe High Emissions Reference
Case in 2015.

While RGGI states were projected to face varying emomic impacts, state-specific
impacts were generally of the same direction (posie 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 Polic|eRGGI Package + CN — Federal Policles
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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 regulationslefial 3P regulation,
Renewable Portfolio Standards (RPS), mid- to Iaergatgas prices
(2010-2024) averaging 7.5% growth.

High-Emissions Reference

Allowance of coal builds in RGGI region and higimatural gas price$

assumed.

RGGI Package

Refers to the carbon—cap target of 35 percent raguti 2020
emission levels 10 percent below 1990 levels; efs-snechanism and
energy efficiency. For energy efficiency, technglegsts, load
shapes, load factors, and potential supply by seceobased on data
provided by ACEEE. Program costs to implement messsare based
on average of RGGI states’ actual expendituresutiir@004 to
implement public benefit programs. The RGGI Paclksagmario
assumes that current levels of annual state exjpeesifor public
benefit programs continue through 2025. Approxityaté3 of the
projected load growth is assumed to be avertethdset measures.

D

)

RGGI Package + CN —
Federal Policies

Same as RGGI Package but assumes Canadian stadiliag
projected 2008 levels starting in 2008 and assWwn®sstabilization
at projected 2015 levels starting in 2015.

RGGI Package + 2 x

Efficiency

Same as RGGI Package but with a two-fold partimpan energy

efficiency adoption described above

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

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

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

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