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On Septerber30,2009,SenatorKerry andBoxer introducedthe CleanEnergyJobsand
American Power Act of 2009 (S. 1733). elbounterpart bill in the House of
Representatives is the Aamcan Clean EergyandSecurityAct of 2009(H.R. 2454),for
which EPA developedtostestimateson June23, 2009. This paper presents a discussion
of how some of the key provisionsin the Senate bill compare to the House hill,

particularly with respect to the likely economic impacts of the bill. In order to produce
this analysis, EPA synthesiz# results of asignificant volume of modeing analysis on
econony-wide climate policy perforrad by the Agency. This effort drew frothe

nearly 50 modeling scenarios of five bills over the past two years, with particular focus

on the two economic analyses of the Waxman-Markeybill thisyear. Throughthis effort,
we carefullyassessethekey differencesand whether any would salt in substantial
changes to the modeled impacts.*

Theassessentin this paperdrawsuponexisting modelingby EPA thatusedfull
computable general equilibrium models (ADAGE andIGEM), aswell asmodelingthat
used reduced far versions of EPAXodels. These models serve as stylized versions of
the U.S. economy and climate change policy. In effectivelysimplifying thereal-worldin
orderfor amodelinganalysisto be computaionally feasible,it is importantto recognize
that sone minor differences between tpelicy designs in H.R. 2454 and S. 1733 are
madeirrelevantby the set-upof themodels. This is not unique tthe set of models
employed by EPA, but common among the broader nodeling community. Nonetheless,
reviewingthe breadthof the EPA modeling scenariogprovidesan opportunityto identify
the nost important, robust conclusions tinaddelscanilluminateaboutthe designof
climate policy.

EPAQ assessment of the two bills indicates that the wll suite of EPA models would

likely showthattheimpactsof S.1733would be similar to those estimated for H.R.

2454. Four key messages from the EPA analysis of H.R. 2454would remainunchanged:
(1) the cap-and-trade policies outlined in these bills woultransform the way the United
States produces and uses energy; (2) the average loss in consumption per household will
be relatively low, on the order of hundreds ofidslper year in the main policy case; (3)
the impacts of climate policy are likely to vary conparativelylittle acrosggeographic
regions, and (4) what we assume about the actions of othercountrieshasmuchgreater
implications for the overall impact of the policy than the radeled differences between
the two hills.

Thatsaid,thereareafew differencesetween S. 1733 and H.R. 2454 that could have a
small impact on the modeled costs of the policy. First,the2020caplevelin S.1733
requires a 20% reduction from 2005 emissions levelsinsteadof the 17%reduction
requiredin H.R. 2454, athoughthis is the same 2020 target as adeled in the April 2009
analysis of the Waxman-Markey discussion draft. Moving froma 17% to 20% target
would raise costs dightly in the models. SecondS. 1733 allavs landfill and coal nme
CH, as offsé sources, whereas H.R. 2454 instead subjected tih@erfornance

standards. Thiswill lower costs dightly and result in asmall increase in overall

! Note also that EPA® analysis did not examine the costs of not acting to reduce greenhouse gases nor does
it compare the costs of S. 1733 against other policy approaches to address GHG emissions.
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emissions. Third, the market stability reserveallowanceprovisionsin S.1733are
changed to provide greater geicertainty than the strategic reserve allowance provisions
in H.R. 2454.S. 1733 also allocatesore allowances to the market stability reservethan
H.R. 2454allocatedo the straegic reserve. Assumg allowance prices regm low
enough that covered entities do not purchase reserve allowances, this change will result in
slightly higher costs in S. 1733 cpared to H.R. 2454. For theast part the differences
between the bills result in relatively small differences in estimated costs and may even
cancel each other out on net.

Therearemanysimilarities betweerthebills. While the 2020capsdiffer, the capsstart
out the samin 2012, and are identical beda@n2030and2050. Cunulatively, thecaps
differ by just one percérmover four @¢écades. Bib of the billscover tle sane sources of
greenhouse gas emissions. Both bills place limits on offsets that ameotexpectedo be
binding. Both bills allow offsets from a broaray of agriculture and forestry sources.
Both bills allow unlimted banking of allowares. Both bills haveoutput-basedebate
provisions designed to reduce emissions leakage and address competitiveness concerns

for energyintensie andtradeexposedndustries. Because of these many similarities and
the relatively small differences between the two bills, it islikely that afull analysisof S.
1733 would show econamimpacts very sinhar to H.R. 2454.

EPA analysis mainly focuses on modeling the cap-and-trade policy outlined in proposed
legidation. With time, EPA has also been able to incorporatea few additionalprovisons
into its models,suchasenergyefficiencystandards. EPA has not yet been able to
adequately incorporate other standards with@modelingframework suchasthosethat
applyto thetransportatioror electricity sectors (e.g., fuel econgnor perfornance
standards). Likewise, while formal modeling can shed light on the key aspects of the cap-
and-trade policy, it cannot replicate every aspect of private decision-aking and therefore
will not capture the impact of certain details. Forthis reasonmodelingresultsare
instructive in highlighting the magnitude and directionof impactsandthe way they may
changeunderdifferentconditionsbut shouldnat beinterpretedasprecise estimates of

what will occur once apolicy has been implemented.

The paper isorganized asfollows. First, it evaluates key elements of the two billsthat, in
most cases, are infoed by EPA modeling ayses. cap levels and coverage, offset
limits and sources, banking and borrowirggerve allowances, energy efficiency
provisions, incentives for CCS, energy-inteesandtrade-exposedutput-basedebates,
transportation provisions, antlacations. For each of thesopics, the gaer describes
the purposeof the provisionandhow thebills differ, then assesses how these differences
would be expectedo impactallowanceprices and costs. Second, the paper sarznes
the econone impacts of H.R. 2454ral S. 1733. Third, it discusses the importance of
modeling assuptions, particularly Wh regad to technologyandinternationakction.
Fourth, distributional and teperature irpacts are discussed. Finally, the appendix
describes the recent EPA modeling analyses that inform this paper.
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Cap Levels and Coverage

Both H.R. 2454 and S. 1733 place caps on tlegadvanount of greenhouse gas
emissions alowed from al covered entities by establishing a separate quantity of
emissions allowances for each year. In additionto establishingacap,H.R. 2454andS.
1733allow coveredsourcedo tradeallowances The requirerent that a covered entity
hold an allowance for every ton of greenhogagemissions it emits creates scarcity in
the market for allowances, which in turn implies a positive price in the market. The cap-
and-trade policy does notandate how sources achieve tgeal. Absentotherlegislated
requirements, a source can choose the cheapestmethod of compliance,by reducingits
output, changing its inputim modifying the underlying technologysedin production,
or purchasing allowances or offsets frothe entities with lower abatement costs. This
assures that the cap is met at the cheapest possible cost to covered sources while inducing
long-terminnovationandchangen the produdion and consumption of energy-intensive
goods in related ankets. The cap-and-trade myl often is carefully crafted to afford
sources numerous flexibilities that further decrease the costs of compliance, such as the
option to purchase offsets from non-covered sourcestheability to bankor borrow
allowances across time periods; and the ability to purchasellowancesfrom the
government if the price reaches a particular threshold. Standards that impose restrictions
on the way in which a particular subset of sources meet the cap will reduce this flexibility
and, if binding, likely increase the costs without delivering additional emission
reductions. However, it is difficult to model the effectsof suchstandarden thebehavior
of sources and to refl ect the costs they may impose.

Both H.R. 2454 and S. 1733 set the cap level in 2012, 2030, and 2050 to reduce
emissions from covered sources by 3%, 42%, and 83% fronR2005 levels respectively.
However, compared to HR. 2454, S. 1733 changes the 2020 cap level from 17% to 20%
below 2005 enssions levels froncovered source It shouldbe notedthatthe caps
specifiedin S. 1733areequivdent to the caps first specified in the Waxman-Markey
discussiordraft, which wasalsoanalyzedy EPA (EPA 2009a). This changan the 2020
cap level decreases the cumulative number of allowances available between 2012 and
2050 by one percent from 132.2 gigatoasbon dioxide equivalent (G@ze) to 130.6
GtCO.e. Figurel illustratesthe nearlyimperceptibledifference whichis indicatedby

the gap between the lines representing the two cap levels over tim Because covered
entitiesareallowedto bank,and to alimited extent,borrowemnissionsallowancesit is

the cumulative number of alowances over the entire 2012 B2050 time frame that drives
allowances prices. All else being equal, this tightening of the cap will raise allowance
priceson theorderof onepercenin all years from the alowance price in the core
scenarioof EPAO$I.R. 2454analysig($13/tCQe 2015; $16/tCge in 2020). Similar
changesvould be seenin the costof thebill for the average household.h& changed
caps will also likely result in slightly greater usage of domstic and international offsets,
all else being equal.
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Figure 1 B S1733 and H.R. 2454 Cap Levels
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The coveragin S. 1733 is unchanged framR. 2454. Bath bills contain three separate
phasegachcoveringa greatempercentagef emssions. In phase 1, from 2012 b 2013,
covers 66.2% of year 2005 greenhouse gassionsasmeasuredn theInventoryof US
Greenhouse Gas Emissions and Sinks (EPA 2008c). In phase 2, fro2014 b 2015,
75.7% of year 2005 greenhouse gasssions ae covered.In phase3, 2016 and after,
86.4% of year 2005 greenhouse gasssinns are covered.

Offset Limits and Sources

H.R.2454 ad S. 1733 both establigiffsets creds as an adtdonal method for entities
to comply with the requirement to hold an emissions alowance for each ton of

greenhouse gas emissions. Instead of purchasing an emissions alowance for each ton of
emissions, entities may also demonstrate compliance by purchasing an offset credit that
representseductionsn greenhousgasemssions (or increased sequestration of
greenhouse gases) from a non-covered source (eg., reduced emasions from landfill CH,
increased CO, sequestration frorahanged agricultutdillage practicespr increasedCO,

2 Mgjor sources covered in phase 1 include: CO, from electric power generators, CO, from non-industrial
petroleum use; some CO, from industrial usage of petroleum; CO, from the non-energy use of fuels; N,O
from product uses; PFC from semiconductor manufacturing; and SFs from electricaltransnissionand
distribution, magnesium production and processing, and semiconductor manufacturing. Major sources
coveed in phase2 include:CO, from industrial usage of coal; remaining CO, from industrial usage of
petroleum; most CO, from the industrial usage of natural gas; CO, from iron and steel production; CO,
from cement manufacturing; CO, and N,O from fertilizer production. Sources covered in phase 3 include:
CO, from residential, transportation, and commercial usage of natural gas; remaining CO, from industrial
usage of natural gas. Seethe data annex to EPA® analysis of H.R. 2454 (EPA 2009b) for a spreadsheet
detailing covered sources.
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sequestration from afforestation). The non-coveredsourcegrovidingoffsetcreditscan
either be dorestic or international.

Table 1: Summary of Key Offset Provisions

H.R. 2454 S. 1733
Overal Offset Limits | 2 billion tons 2 hillion tons
Source Level Offset | Does not aggregate to the Aggregates to the overall limit
Limits overall limit

Domestic &
Intermational Offset
Limits

International:l billion tons
Domestic: 1 billion tons

International:0.5billion tons
Domestic: 1.5 hillion tons

Criteriafor Adjusting
Intermational Offset
Limit

Domestic offset usagediow
0.9 billion tons

Domestic offset usage below
0.9 billion tons

Revised International

1.5billion tons

1.25billion tons

Offset Limit
Performance standards | Landfill and coa mine CH,4 Landfill and coal mine CH4
covered by performance arenotcoveredoy
Standardsieducingthere performance standards.
ability to supplyoffsets.
Offsets Limits

Both H.R. 2454 and S. 1733 linannual offset usage to 2 billion toAgnd then specify
how the overall offset limh should be calcutedon a percoveredsourcebasisto generate
sourcelevel limits on theuseof offsets? Theformula for establishinghe sourcelevel
offset limit in H.R. 2454 does not add up to the overall 2 billion ton limit.> S. 1733
corrects this problem so the source level limit is now consistent with the overall 2 billion

®H.R. 2454 sec. 722 (d)(1)(A) and S. 1733 sec. 722 (d)(1)(A).
*H.R. 2454 sec. 722 (d)(1)(B) and S. 1733 sec. 722 (d)(1)(B).
®H.R. 2454 Sec 722 (d) (1) (A) allows covered entities to satisfy a specified percentage of the number of
allowances required to be held for compliance with offsets credits. H.R. 2454 Sec 722 (d) (1) (B) states
that for each year, the specified percentage is calculated by dividing two billion by the sum of two billion
and the annual tonnage limit for that year. For example, in 2012, when the cap level is 4.627 GtCO2e, the
percentage would be 30.20%; and in 2050, when the cap level is 1.035 GtCO2e the percentage would be
65.90%. The number of allowances required to be held for compliance is equal to the amount of covered
emissions, so for any given firm the amount of offsets they are allowed to useis equal to the product of
their covered emissions and the percentagespecifiedabove. The total amountof offsets allowed is equalto
the product of the total amount of covered emissions and the specified percentage. In order for thisto be
equal to the 2 billion ton limit on offsets specified above, total covered GHG emissions would have to be
equal to the cap level plus 2 billion tons. There are several reasons why thisis unlikely to be the case.

First, even if covered emissionsremain at reference levels, in the early years of the policy they will not be 2
billion tons over the cap level. Second, if firms bank allowances, their covered GHG emissions will be
reducel, whichwill reducetheamountof offsetstheyare allowedto use Third, in the later yearswhen
firms are drawing down their bank of allowances, it is possible for covered GHG emissions to be more than
2 hillion tons above the cap, which means that the pro rata sharing formula can be in conflict with the
overall 2 GtCO2e limit on offsets usage.

EPA Analysis of S. 1733




ton limit on offset usage.® For the purposes of economic analysis or modeling, this
change is not likely to have anypaict on dbwance prices, as the lite on offset usage
were not binding in EPAQOs analysis of 2854, and the revised lita in S. 1733 would
alsonotbeconstraining.

In addition to the overall limits placed on the amount of offsts a covesdentity canuse,
both H.R. 2454 and S. 1733 placeitsron theamount of offsets that can come from
either international or dogstic sources. HR. 2454 states that notome than one-half of
offsets can come from domestic offset credits and not more than one-half can come from
international offset creditsS. 1733 differdrom H.R. 2454 in that not more than three-
quarters of offsets can come from domestic offset creditsandnot morethanone-quarter
can cone frominternational offset credits.

After placing limits on domestic and international offset usage, both H.R. 2454 and S.
1733 state conditions under which those limits are modified. In both bills, if the

estimated usage of domestic offsetsis expected to be below 0.9 billion tons in any year,
the limits on international offsets usage aredified. When this condition is met, H.R.
2454allowsadditionalinterndional offset creditsequalto the differencebetweenl

billion tonsandtheamount1 billion tonsexceeds the estiated dorestic offset usage, up
to an additional 0.5 billion tons of international offset credits. This has the potential to
increase the limit on international offset credits in H.R. 2454 tb.5billion tonsperyear.
In contrastwhenthis conditionis met,S. 1733 allows additional international offset
credits equal to the difference between 1lbdm tons and the amount1.5billion tons
exceeds the estimated domestic offset usage, up to anadditional 0.75billion tonsof
internationabffsetcredits. This canpotentally increase the limit on international offset
creditsin S. 1733to 1.25billion tonsperyear, 0.25billion tonslessthanin H.R. 24548

In EPAOs analysis of H.R. 2454, estad usag of donestic and international offsets are
below the linits established in H.R. 2454, and below the limits established in S. 1733 in
all scenarios that do not place constraints on technology. Thus the changed language on
offsets limits will not impact the costs of the bill asestinatedby EPA in scenaios tha do
not place linits on technology. However, ins@rios with limits on the availability of
technologies such as nuclear, bass, and CCShelimits oninternationaloffsetusage
would be reached. In these scenarios, when the limit on domestic offsets is notety H.R.
2454 adjusts the lithon international offst usageto allow approxinately 1.5 GtCO,e
peryear,while S. 1733adjuststhelimit oninternationalbffsetusageo allow 1.25

GtCO.e per year.The fewer international ofégsallowedby S.1733comparedo H.R.
2454 in these limited technology scenarios would requireanextra9.5 GtCOye of

abatement from covered sources cumulatively over the 2012 2050 time frame, and

would result in higher allowance prices.

63, 1733 sec. 722 (d)(1)(B) establishes the entity level limit on offsets as the product of 2 billion tons and
that entity@® share of covered emissions from the previous year.

"H.R. 2454 sec. 722 (d)(1)(B) and S. 1733 sec. 722 (d)(1)(B).

8 H.R. 2454 sec. 722 (d)(1)(C) and S. 1733 sec. 722 (d)(1)(C).
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Coal Mine and Landfill CH,4: Offsets or Performmnce Standards

An additioral difference between the tvbills is thatH.R. 2454requiresthe
establishment of performance standards for uncapped stationarysrces including: any
individual sourceswvith uncappecanissionsgreaterthan10,000tonsCO,€; and any
sourcecategoryresponsibldor atleast20% of uncappedtationaryGHG emissions. The
bill requires that source categoriesto beidentifiedby EPA includethose responsibldor
atleast10% of uncappednethaneemssions Perfornance standards for new sources
would thenbe setunderthe provisions of section 111 of the Clean Air Act. In general,
performance standards are emissions limits set based on an analysis of best destrated
technologies but do not requitteat particular technologidse used. Under section
111(d), states are then directedset performance standards for existingsourcesasedn
the new source perfoance standards andagntake into account otharriteria such aa
facility@ remaining useful life. Sources that would pentially be covered by this
provision likely includes, at aminimum: landfills; coal mines; and natural gas systems.
Includingthesesourcesinderperformance standard provisiorsiminates their digibility
to provide offset credits.

In S. 1733, these perfoamce standard prosions are no longer included, and landfill,
coal mine, and natural gas system methane are instead eligible to provide offset credits.’

An extensiorof EPAOsinalysisof H.R. 2454 has shown that allowing these sources as
offset projects under H.R. 2454 insteado¥ering themunde performance standards
would decrease allowag pricesdy 2% in al years from the allowance price in the core
scenarioof EPAO$1.R. 2454analysig($13/tCQe 2015; $16/tCge in 2020); increase
2012 b 2050 cuatative donestic offsets usage by 46% (6 Gte&D decrease 2012 B
2050curnulative internationabffset usage by 12% (5 GtG€); andincrease2012D2050
cunulative U.S. GHG missions by 6 GtCee (Fawcett, 2009). Thaverall impact on the
modeled cost of the policy would likely be aiin

However, there are other general equilibrium consequences from the way that these
emission sources are controlled that are not included in the reduced form modelingused

to generateheseresults. Includingthesesources in an offsets program alows the market

to determine the appropriate level of abatement from these sources so that the marginal

cost of abatement is equal to the offset price. A performance standard dictates what level
of abatement particular sources must achieve. If costsendup beinglowerthanexpected,
then there will be less abatement activity than under an offsets program, athough sources
may beableto over-complyandgenerateaddtional offsets;if casts end up being higher
than expected, there will be more abatement activity than under an offsets prograamd

the marginal cost of abatement for these sources will be higher than for sources covered

by the cap.

° Note that S. 1733 gives the EPA Administrator discretion to set performance standards for uncapped
sources after 2020, which could affect the availability of offsets from these sectors. Previous EPA
modeling of climate legislation has generally assumed that such discretionary options are not exercised.
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Domestic Agriculture and Festry Offset Provisions

Thedomesticoffsetprovisionsin S.1733areuncdhangedrom H.R. 2454in regardto their
treatment of agriculture and forestry offsets. EPA® analysis uses the FASOM model

becausdt is theonly agicultural sectormodd thatsupportsa conprehensiveanalysisof

dynamic physical and economic responses to carbonpolicy. FASOM includesthree

important feedback effects: potential revefmoen sale of offsets, producer response to
changing input costs, and consmadenand reponsiveness. FASOM features a broad range
of offset-generating activitiesSpecifically, EPA estirates tlat 100 nillion metric tons of
carbon could be sequestet®d2040 in agricultural soilsaone. Overal, agricultural
producerOs surplus increases by 14% (in antenitg) overthefull periodof analysis.

EPAOs analysis of H.R. 2454 is intended toigecan estirate of donesic offset supply; it

is not meantto prejudgewhatsourcesvould beeligible for offsets. Several independent and
follow-on studieshavebeenrecentlyundertalento providemore detaileddomestic

agricultural and forestry results. In addition,the FASOM model has been updated over the
summer (Bakeet al., forthcoming). Baker et al. (forthcomng) use the updated FASOM
model, and their results show roughly twiceragh carbon déet potential in agriculture
conmpared to the March 2009 FASOM analysiswhich EPA basedts analysisof H.R.

2454, though the authors have not afited to nodel specific digibility or administrative
issues. Baker et al. analyzeresultsfor cropandlivestodk producers across ten regions under
three pricing levels, for a total of 120 cbimations, and find all but 6 combinations yield net
income increases. Summing the impacts to producersprocessorsandconsuners,theU.S.
agriculturesectorreceves net annualized benefits&i.2 billion - $18.8 billion. V& expect

that incorporating the updated FASOM results would resultin greaterdomestic offseé use yet
remain below the revised limits on domestic offsetusein bothH.R. 2454andS.1733.

International Offset Supply Estimates

EPAOQOs analysis of H.R. 2454 useigimal abaterant cost curves representing
international abatement opportunities. The intenational non-©, and terrestrial sinks
abatenent schedules were generated byt finaking assumptions about when devel oped
and develomg countries adopt climate poy; second, for each mitigation option a
deterninationwasmade,dependenbn whethe or notthe sourcecountrywasassuned to
have adopted binding caps, regarding potential eligibility for afuture U.S. mitigation
program, or in some cases applying a uniform adjustment;’® third, separate offset
mitigation cost schedules were constructed with digible or adjusted options for
developed and developing countriésternational energy-related G@atement
schedulesvere developedisingthe MiniCAM model.Specifically,the modelwasrun
using the reference case developed for the U.S. Climate Change Science Program
Synthesis and Assesent Product 2.140CCSP SAP 2.1a,0 US CCSP, 2006).
International forestry related mitigation schedules were generated using the Global
Timber Model.

109 This determination of eligibility was not determined for methane from the natural gas and oil sectors, so
uniform adjustments were applied.
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In additionto generatinghe supplycurvefor international abateant, it is necessary to
determine what the competing demand is for international abatement. This will determine
how many internationa offsets are available for U.S.sourcego purchase.Determning
demand requires assumptions about the nerfiee case eissions of developed and
developingcountriesandassumptionsaboutthe climatepoliciesadoptedoy other
countries. Greaterreferencecase enssions growth, or tiglet caps on emissionsin other
countries, increases international demand for abatement, and thus will drive up the price
of international offsets, resulting in less U.S. reliance on them, all else being equal. This
may result in greater use of destic offsets. See than@rnational actions€ection
below that discusses how differing asgtionsabout internationadctions impact the
results of the HR 2454 analysislso see theghsitivities on offset availabilityOsection
below for a discussion of how differing asqutians about the availability of offsets,
particularly international offsets, impact the estimated costs of climate policy.

Banking and Borrowing

Both H.R. 2454 and S. 1733 allow for uniiead bankingof allowancesandsone limited
borrowing of allowancesBanking allowanceallows coveredentitiesto over-conply in
the early years of the program so that covered greenhouse gas emissions, accounting for
offsets,arebelowthecap. In thelater,yearsthe bankof allowanceghathasbeenbuilt
up can be drawn down so that covered gineese gas eilssions, again accounting for
offsets, are above the cap. While the cap is notmetexactlyin any given year, over time
cumulative covered greenhouse gas emissions are equal to the cumulative cap.

Becausef the optionto bankallowancestherate of return for holding allowancesis
expected to equalize with the rate of return from other available investments. For
modeling purposes, this means that the allowancepricewill grow at an exogenously set
interest rate. If instead the allowance price were rising faster than the interest rate, firms
would have an incentive to increase abatement in orderto hold ontotheir allowances,
whichwould be earningareturnbetterthanthe market interest rate. This would have the
effectof increasingallowancepricesin the presentanddecreasingllowancepricesin
thefuture. Converselyijf theallowance price were rising sl@mhantheinterestrate,
firms would have an incentive to draw dotheir bank of allowances, and use thenmay
that would have been spent on abagetrioralternative investments that earn the market
rate of return.This behaviowould decreas@ricesin the presenfandincreaseoricesin
thefuture. Becausef thesearltrageopportunities, the allowance price is expected to
rise at the interest rate.

In EPAOsinalyses 5% interest rateis usedfor banking. For comparison, in the five
models that participated in the Energy Modeling Forum22 U.S. transition scenarios
study,™ the interest rate used for bankirgged from 4 to 5 percent (Fawcett, et al,

" The Applied Dynamic Analysis of the Global Economy model (ADAGE) from the Research Triangle
Ingtitute; the Emissions Predictions and Policy Analysis model (EPPA) from the Massachusetts I nstitute of
Technology; the Model for Emissions Reductions in the Global Environment (MERGE), from the Electric
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forthconing). In EIAOsanalyse®f H.R. 2454and otherclimatebills, the NEMS model
uses a 7.4 percent interest rate for banking reflecting the avagecostof capitalin the
electricpowersector(EIA 2009). CBOOsinayses of H.R. 2454 uses 5.6 percent as the
interestratefor bankingreflecing the after-tax long-run inflation-adjusted rate of return
to capitalin theU.S. nonfinancialcorpoatesector(CBO 2009).Thus,all elsebeing

equal, models that use alower interest rate for banking show greater anmt of banking,
higherallowancepricesin the earlyyearsasthe bankis growing, and lower allowance
pricesin the later years as the bankis beingdrawn down.

Str ategic Reserve/ Market Stability Reserve

Both H.R. 2454 and S. 1733 set aside a portiallofvancedo establishareservepool

of allowances that areamle available aductionif allowancepricesrise high enough.
Auctionrevenuesrom selling thesereservealowances can then be used to purchase

offsets that are used to refill the reserve. These provisions are designed to contain price
volatility, controlcosts,or both, depending on the specifics of the provisions. EPA has
not assessed their ability to accomplish these stated goals. However, we do discuss the

key differencesetweerhow thesereseresaredesignedn H.R. 2454andS. 1733

below.

The market stability reserve establishedSn1733 differs in important ways frotine
strategic reserve described in H.R. 24Bdkey difference is that a greater nioen of
allowancesaretakenout of the capandplacedin thereserveunderS. 1733,asindicated
in the table 2 below.

Table 2: Strategic / Market Stability Reserve Allocations
HR. 2454  S. 1733

2012 B 2019 1% 2%
2020 b 2029 2% 3%
2030 B 2050 3% 3%

Cunulatively over2012D2050,H.R. 2454places2.7 billion allowancesn the strategic
reserve, representing 2.1% of total allowances, while S. 1733 places 3.5 billion
allowances in the anket stability reserveepresentin@.7%of total allowances. If
allowance prices remain low and the minimum prices for releasing alowances from the
reserves are not met, then the existence of the reserve has the effect of tightening the cap
(seefigure 2 below)andraidgng allowance prices.

While EPA did not model the strategic reserve mechanismn its analysisof H.R 2454,
subsequennodelinghasshownthatincluding the reserve would increase allowance
prices by approximately 1% in all years from the allowance price in the core scenario of

Power Research Institute; MiniCAM, from the Pacific Northwest National Laboratory / Joint Global
Change Research Institute; the Multi-Region National Model - North American Electricity and
Environment Model (MRN-NEEM), from Charles River Associates; and the Intertempora General
Equilibrium Model (IGEM), from Dale Jorgenson Associates
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EPAOS$I.R. 2454analysis($13/tCQe 2015; $16/tCgk in 2020), and also increase the
usage of international offset8ecase S.1733placesagreatempercentagof allowarces
in the reserve, it would result in adlightly larger increase in allowance pricesin a
scenario where allowance prices semlow enough that the reserve allowancesarenot
purchased For context,thechangdn the 2020 cap from7% (H.R. 2454) to 20% (S.
1733andWaxmanMarkeydiscussiordraft) below 2005 levels reduces the auative
number of allowances by 1.6 billiomms,andincreasesllowancepricesby
approxinately one percent. The changetlne allocation to the reserven S.1733
compared to H.R. 2454 reserves an additional 0.8 hillion tons, and thus should have a
smaller impact on alowance prices.

Figure 2 DS 1733CapLevelswith andwithoutMarket Sahility Reserve
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Anothermajor changes how the minimum reserve price is set. H.R. 2454 sets the
minimum reservepriceat $28 (in constan2009dollars)in 2012,andthe pricerises at a
realrateof 5 percenthrough 2014. Starting in 2015, themmumreserve price is set at
60 percent above the 36-momthling average of that yearOgmissionsallowance

vintage. This way of setting the mimumreseve price alows the reserve to be triggered
whenpricevolatility leadsto suddenlyhigh prices;however sustaned non-volatile high
allowance prices would not trigger the reserve. Thestrategiaeserven H.R. 2454is
primarily designed to address price volatility andnot costcontainnert in general. This
approach does not providesaningful prce certainty to inform business planning.

In contrastS. 1733setsthe minimum resene priceat $28(in constan005dollars)in
2012rising atarealrateof 5 percent through 2017, then risiatarealrateof 7 percent
thereafter. This change results in a predetermined minimum reserve price for every year,
which canbe met eitherby high allowarce pricescausedy price volatility, or by
sustained non-volatile allowance pric8e market stability reserve in S. 1733 is
designedo addresdoth pricevolatility andcostcontainnentin general. This approach
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providesbetterprice certairty, althoughthe priceceilingis not binding, depending on the
outcone of the reserve auctions.igure 3belowshowsthe minimum reservepricefor S.
1733 with the estiged allowance price frorHl.R. 2454 for corparison. Note that the
figure does not depict theimimum reserve pce for H.R. 2454, asthatpricewill vary
dependingon therealizedallowanceprice.

Figure 3 DS.1733Market StabilityReserve
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S.1733 places lims on the nurher of reserve kwanceghatmay beauctionedn each
year. The limts are equal to 15% oféhcap from 2012 B 2016 and 25% of the cap
thereafter. These limitsallow for theinitial allowances placed in the reserve to be used
very quickly. For example, if the minimum reserve price was reached immediately in
2012, and allowances were sold from the resepve the limit, then all of the 3.5 billion
allowances initially placed in #reservewvould be usedby 2016.

If allowancepricesareabovethe mnimum reserve price, thetheability of thereserveo
containpricesdepend®n the ability of the government to refill the reserve. If only the
allowances initially placed in the reserve are auctioned, then the reserve will Smply make
allowanceghatwereallocatedto thereserein later years available instead in early
years, without any impact on the cumulative number of allowances available. Thiswill
have no impact on modeled dlowance prices. If the reserve can be refilled, then
auctioning these refilled reserve allowanaegild increase the amount of greenhouse gas
emissions a covered entity could emit compared to a scenario with no reserve in the first
place, and thus have the potential to reduce allowance prices.

S.1733allowsreserveauctionrevenuedo be used to purchase destic and
international offset credits that would beined to createadditional allowances to be
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auctioned under the market stability reserve. If offsetcreditsareavailabe for aprice
lower than the minimum reserve price, then they can be purchased to refill the reserve

and help contain allowance priceBhis sitiationwould primarily be expected to hold
when the limits placed on domestic or international offset usage are binding o that the
market clearing offset price is lower than the allowance price. However, EPAOs
modeling has shown that theegarios with the highest dlowance prices generally have
limits on the availability of technologyandthe availability of offsets. If offsets are not
availablefor purchaseahroughthe offsetmarket, resultingin high allowancepricesi,it is
likely that they would also not be availableréhill the market stability reserve. This, in
turn, implies alimited ability of the strategic reserve to protect against sustained higher
allowance prices when offset availability is limited.

Energy Efficiency Provisions

In EPAOs analysis of H.R. 2454, three areas@fyy efficiency provisions were addressed:
building codes, energyefficiency-relatedallowance allocations, and the energy savings
conmponentof the Combined Efficiency andRenewable Electricity andard (CERES). For
modeling purposes, we assethrthat one quaet of the CERESrequrement would be met
throughelectricitysavings= EPA did not rodel severabthersectionsof theenergy
efficiency provisions,includinglighting and appliance standards,atrgrid advancement,
industrial energy efficiency programnandmprovenents in energy savings perfoance
contracting.® It is alsoworth notingthatin EPA®analysisof H.R. 2454the energysavings
and associated costs of the enerdigiehcy provisions are estiated outside of ADAGE and
imposedexogenouslynto our policy scenarios.Thus,certaininteractionsmay not befully
accountedor in EPAOsnalysis. Specifically,some overlap may exist between the estimate

of impactsdrivenby the energyefficiency provisionsandthe priceresponse-driven energy
efficiency investnents reflected wittn ADAGE.

Like H.R.2454,S.1733includesa building codes provision and energyfefiency-related
allowance allocations. However it does not includeany provisioncomparableto the CERES

of H.R. 2454.Unlike H.R. 2454, the building codes provision in S. 1733 does not specify
targetlevelsof reductionsn energyuse federd authority to implement, or federal ability to
withhold allowance allocations for non-cpirance. Insteadthe provisiondirectsEPA, or
another designated agency, to establish tatgesughrulemaking anddoesnot providefor
federal implementation or withholding of adlowance allocations. The energy efficiency-

12 The CERESrequiesretail electricsuppliersto meeta growing percentage of their load with electricity
generated from renewabl e resources and electricity savings. It begins at 6% in 2012 and gradually risesto 20%
in 2020. One quarter of the requirement may be met through electricity savings. Upon petition by a state@
governor up to 40% of the requirement may be met through electricity savings.

13 Building codes are in Sec. 201; energy efficiency-relate allowanceallocaions are specifiedin Sec.321; ard
the Conbined Efficiency and Renewale Electricity Standard (CERES) is specified in Sec. 101 of H.R. 2454,
Lighting and appliance standards are in Sec. 211-219; smart grid advancement isin Sec. 141-146; industrial
energy efficiency programs arein Sec. 241-245; and improvements in energy savings performance contracting
are specified in Sec. 251.
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related allowance allotansin S.1733(specifedto EPA by Senate Environment and Public
Works Committee Staff) are very smilar to those in H.R. 2454 except for thepact of the
increase in allowances taken off-the-top for the strategic reserve and deficit neutrality. This
effect reduces the ergy efficiency-relateddlowance allocations by approxinately 11%
through 2029, 22% from 2030-2039, and 25% therealtbe percentagallocationgbefore
accounting for the impact of the off-the-top allocations) to natural gaand home heating oil
andpropaneconsuners,aswell asthe minimum proportionsthatarerequred to be usedfor
energyefficiency,areidenticalto thosein H.R. 2454. Similarly, theallocationsto stateand
localinvestrrent in energyefficiencyandrenewable energy and associated restrictions on
uses are similar to those in H.R. 2454 on a percentagebasisbeforeaccauntingfor the off-the-
top allocations.

In total, because there is no provision panable to the CEES in H.R. 2454, the building
codes provision does not specify target gperse reduction levels or provide federal
authorities to ensure opliance, ad the energefficiency-related d&wance allocations are
lower, EPA expectgheimpacts(e.g.,changsin energydemand andprices)of energy
efficiencyprovisionsin S.1733to be approxirately half those estiaied in our analysis of
H.R. 2454 . Specifically, the effects of thesecth areas of energy eafiency provisions are
includedin EPAOsorepolicy scenaricof H.R. 2454 and the combined effects of these
provisions are highlighted thughthe Owithouenergyefficiency provisionsO scenario that
removes them from the core policy scenario. Theresultingmodeled economic impacts of the
energyefficiencyprovisionsincludemodestreductionsin allowanceprices(~1.5%),fossil
fuel prices (coal and natural gas ~1%nd electricity prices (<1%) fro015-2050*

Incentivesfor CCS

Both H.R. 2454andS. 1733containconsideable financial incentivesfor carboncapture
andstoragg(CCS)on newandexistingfacilities, as shown in table 3 below. The
proposalseachcontainabout$10 billion ($1 billion peyearovertenyears)for
demonstration and early deployment of the technology in addition to bonus allowances
that are awarded to early pecis based upon the amount of CO, that is captured and
sequesteredThe early deploymnt funding is resedfrom feeson electricity sales. The
bonus allovence pool under H.R. 2454 can adiaip to 5.32 billion allowances over the
life of the progranand 4.19 billion allowaces under S. 1733. Fewer bonus allowances
are available under S. 1733 due to that biti@re stringent2020cap, its allocationof a
largershareof overallallowancedo the market stability reserve, and its use of a larger
share of overall allowances for deficitlieetion. However thatdifferencedoesnot
necessaly translde to an equivalentdifference between the billsin the aggregate
monetary support for CCS or the effect on overall CCS deaynfor reasons
described below.

14 Note that the only analysis of the impact of the CERESon driving increagdrenavable eectricity
generation was conducted as a side case to the electricity sector modeling and not modeled within the core
ADAGE policy case.
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The CCS bonus is agnetary incetive for each ton of C@sequesteredgivenin the
form of allowances from the (lited) bonugpool. Thus, the nuber of allowances
granted per ton of Cequestereds a functionof theallowance price and the bill 3 per-
ton monetaryincentive. UnderbothH.R. 2454 and S. 1733, a pre-determined fixed per-
tonvalueis givenfor the earliest projects up to a certain capacity threshold (referred to as
a OtrancheO%ubsequent projectsust paticipate in areverse auction approach where
participantsChids help to determine the appropriate per-ton value thaiaximizes CCS
deployment until the bonus allowance pool runsout. The per-ton value structure oéth
bonus in S. 1733 differs froid.R. 2454 wheigy fixed per-ton values ream in effect
for a larger share of initial CCS capadjyntil 20 GW of capacityis built underS. 1733
versus 6 @V in H.R. 2454).

Table 3: Incentives for CS

H.R. 2454 S.1733
$1 billion annually $1 billion annually
=200 DEE O for 10 years for 10 years
Total Bonus Pool 5.32 Billion 4.19 Billion

$90/ton for first 6 GW+ $96/ton for first 10 GW +

st 15
L el $10/ton built before 2017|  $10/ton built before 2017

2" Tranche ReverseAuction $85/tonfor next10 GW

3 Tranche N/A ReverseAuction

Note:bonusamountis for 90%captrre. Lessercaptureratesreceivesmaller bonusvalues.

It is possible that with alarger tranche of initial projects digible for afixed per-ton value
incentive,S. 1733may acceleratéhe deploynentof CCS* However, if the fixed per-
ton values are higher than the market would accept to make all of those initial projects
econonic, the pool of bonus allowances will behausteaarlierandwill resultin less
total CCS purely arising frorine bonus incentive. There are other factors thegtawt to
increase CCS deployant under S. 1733, sud@s higher allowance prices and higher
demandfor electricity. In addition,by accelerating the early deployment of CCS
technology, there could be some learning-by-doing that assists with accelerating the
commercialiability of CCS.

15 3, 1733 made changes to the definition of capacity thatdeteminesthethresholdsfor eat trandeto
apply to the Qreated generating capacityO(Sec. 786) instead of the total capacity of the eligible generating
unit under H.R. 2454. Thiswould have no effect on EPA modeling.

16 This approach is most likely intended to address risk rather than cost minimization and/or optimization,
and so it may not be reflected in EPA modeling.
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Energy Intensive / Trade Exposed Output Based Rebate Provisions

Both H.R. 2454 and S. 1733 establish outpagedebatesf allowancedor covered
entitiesthatarebothenergyintensiveandtrade exposed (EI/TE). S. 1733 establishes
rebatedor EI/TE sectorsgqualto the product of firm output, an industry average
emissionsfactor,andtheallowanceprice The eligibility criteria,languagedescribingthe
rebate calculation, and phasetschedulearemostlyunchanged from H.R. 2454. The
changeshathavebeenmadeincludechangingthe baseyearfor the calculationof
industry average emissions factors, and adding additional details about the way averages
arecalculated. The ADAGE model aggregates energy interesmanufacturing sectorsin
such a way that it asks the distinctionthat mght be supported by this language. The
changed language would not affect the modeled costs of the bill or the modeled impacts
on EI/TE sectors.

The EI/TE sectors would be affecteddiherprovisionsof S. 1733thatimpact
allowanceprices. An analysisof theimpacts of the EI/TE provisions under S. 1733
would be somewhat different than the analysis under H.R. 2454 because of the different
capandotherchangeghatwould affectallowancemarket conditions(e.g.,larger

amounts of allowances allocated off-the-toghe strategiaeserveand deficit neutrality,
and the dternative assumptions about international actions discussed below). These
changes would likely have a relatively @immpact on allowance prices and the overall
costs of the policy.

Allocations

The initially released version of S. 1733 diot include information on the percentage of
allowances allocated to or auctioned for variouspurposes.However,Senate

Environmental and Public Works Committee staff have provided details on the allocation
andauctionpercentage® EPA, andtheseddails are expected to be included in the

version of S. 1733 that will be introduced in committee. Some of the changes to

allocations that ipact specific provisiong.g.,energyefficiencyallocationsandreserve
allowance allocations) are discussed above along with the likely impact the change will

have on costsOne inportant change toote isthat S. 1733 devotes a much greater

portionof allowanceto deficit reduction. S. 1733auctionsl0 percentof allowancedor

the purposeof deficit reductionfrom 2012 2029, 22% from 2030 2039, and 25% from
2040 b 2050For conparison H.R. 2454 auctioned 13% of current vintage allowance for
deficit reduction in 2012 and 2013 and approximately 1% from 2014 b 2025; in addition,
from 2014 to 2020 it auctioned a number of fetuintage allowances equal to 10% to
14% of cap levelsH.R. 2454 did not auctioallowances for defit reductionafter2025.
However, EPA has a lited ability to evalwte the impact of such changes on model ed

costs across proposals unless the changes result in behaviorakchangeThisis becausehe
models used by EPA are calibrated to deficit neutrality. As such, S. 1733 will bring the
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modeledcostsof the policy closerto thetruer measure of overall costs. Esatas of
allowance prices and household costs will not be significantly affected by this change.

Summary of Economiclimpacts

This paper has presented an assessiwfhow individual differences between S. 1733
and H.R. 2454 are expected to influence the costs of the bill. These assessments have
drawn upon existing odeling by BPA that usedhe full computable general equilibrium
models (ADAGE and IGEM), as well asoading that used reduced form versions of
EPAOs odds, and have focused on the efféw differenceshaveon allowance prices
andcosts. It is likely thatthe 1ull suite of EPA models wowl showthattheimpactsof S.
1733 would be smilar to those that were estimated for H.R. 2454. We therefore
summarize the ain results fromour analysis of H.R. 2454 in table 4 below.

Table4: Summaryf Economidmpactsof H.R. 2454

2015 2020 2030 2050
Core scenario $13 $16 $26-$27 $69-$70
Allowance Price
($/C0ze) Range across | ¢15 654 | $16:$30 | $26-349 | $69-$130

all scenarios

Undiscounted
household consumption
loss, relative to no policy

case, core scenario

Percent 0.03%-0.08%| 0.10-0.11% | 0.31-0.30% | 0.76-0.78%

Dollars per day | $0.06-$0.19 | $0.23-$0.29 | $0.76-$1.00 | $2.50-$3.52

Percentage increase in | No policy case 8-10% 15-19% 31-41% 71-96%
household consumption
increase from 2010 | Core scenario 8-10% 15-19% 31-40% 69-94%
Electricity price
increase, relative to no Percent unchanged | unchanged 13% 35%
policy case
Household energy Percent
expenditure increase, | oooco (2%) (7%) 2% 21%
relative to no policy (decrease)
case
Share of low- or zero- No policy case 14% 14% 15% 14%
carbon primary energy | e scenario | 15% 18% 26% 38%

EPAOs analysis of H.R. 2454 shows thabilhevould transbrmthe structure of energy
production and consyption, noving the economfrom one that is relatively energy
inefficient and dependent on highly-pollugienergyproductionto onethatis highly

" Ranges shown for the core policy run reflect the values for the two CGE models (ADAGE and |IGEM)
used in the EPA analysis of H.R. 2454. Thisrange only reflectsthedifferencesn the models,anddoesnot
reflect the other scenarios or additional uncertainties..
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energy efficient and powered by advanageaner, and more domestically-sourced
energy. Increaseanergyefficiencyandreduced derand for energy resulting frorine
policy mean that energy consumption levels thatwould bereachedn 2015 without the
policy are ot reached ntil 2040 with the polig. Theshareof low- or zero-carbon
primary energy (including nuclear, renewablasd CCS) would rise substantially under
the policy to 18% of primry energy by 2020, 26% by 2030, and to 38% by 2050,
whereasvithoutthe policy the sharewould remain steady at 14%. Increased energy
efficiency and reduced energy damd would simultaneously reduce prany energy
needs by 7% in 2020, 10% in 2030, and 12%060. Petroleunprimary energyuse
declines by 0.4 million barrels per day in 2020, 0.7 million barrels perday in 2030,and

1.6 million barrels per day in 2050. Electric poer supply ad use, and offsets represent
the largest sources of &sions abateent under H.R. 2454,

Electric power supply and use are an important part of achieving erssion reductions
undercap-and-traderograns andarelikely to represent the largest source of eissions
abatement under S. 1733, based upon previous EPA modeling. The power sector is a
large source of cost-effective emission reductions, drivenby thelong-termcapsplacedon
emissions of greenhouse gases and the resulting price signal,which transbrms the nature
of electric supply from higher-emitting techndogiesto lower- andnon-enitting
technologiedike renewablesnuclear, and coal with CCS technology h&ke perceived
by consuners, the price signalalsoenmuragesmprovenents in end-usesnergy
efficiency. By 2050, most foskelectricity generation wodl be capturing and storing
CO, emissionsandthe powersectorwould largely be de-carbonized.

Thetiming andmagnitudeof thereductionswithin this sectordargelydependon the
existing coal fleet, which provides almost 50%our nationOs eleicity. Theallowarce
priceis themostcritical element,andmuch of the existingfleet remains econonic at CO,
prices below $20 per ton. Additional policies and incentives beyond the pure cap-and-
trade program, such as CCS bonus provismreggressive renewable generation
requirenents, can reduce the econmnmpactof the program on the existing coal fl eet
by loweringthe allowanceprice. However,unless these policies are targeted to
overcome specific market failures (such as suboptimal private investment in research and
developnent), suchprovisionsarelikely to increasehe overall costsof achieving
emission reductions.

In the coe senario of EPAOs analysistbR. 2454 estimated alowance prices were
$13/tCQe in 2015 and $16/tC@ in 2020.Across scenarioshe allowance price ranged
from $13 to $24/tCO.e in 2015andfrom $16to $30/tCQe in 2020.

EPA estimatedthatH.R. 2454would havearelatively modest impact on U.S. consumers

assunng the bulk of revenues frothe programare returned to households.itkiVor

without H.R. 2454, household comsption will continue to grow. Average household
consumption is reduced by less than one percent in all years relative to theno policy case.

On per household basis, these costs are $0.23 to $0.29 per day in 2020 and $0.76 to $1.00
per day in 2030.The average annual holsdd consunption loss,calculatedasthe

annual net present value cost per household with a discountrateof 5% and averaged over
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the 2010-2050 time period, is estimated to be $30 to $111dollarsperyearrelativeto the

no policy case.This represents 0.1 to 0.2 percent of household cqotsum These
costsincludethe effectsof higher energy prices, price changes for other goods and
services, impacts on wages and returns to capital. Cost estimates aso reflect the value of
some of the emissions alowances returned to householdswhich offsetsmuchof the cap-
and-trade prografs effet on household conmption. The cost est@tes do not account
for the benefits of avoiding the effects of clitachange.A policy thatfailed to return
revenues from the program to consrswouldead to substantialy larger lossesin
consumption.

In the core scenario of EPAOs H.R. 24%dyais, electricity pricesareunchangedn
2020dueto theassumption thatallocationsto LDCs areusedto prewent electricity price
increases.In 2030,dueto the phaseout of the LDC allocation, thelectricity priceis
estimated to increase by 13% relative to the reference scenario. Actual household energy
expendituresncreasdyy alesseramountdueto reducedderand for energy. In 2020,the
averagenouseholdGsnergyexpendituregexduding motor gasoline) are estimated to
decreaséy 7% relativeto thereferencescenarioandin 2030householdenergy
expenditures are estimated to increase by 2%. In ADAGE, energyexpendituresepresent
approxinately 2% of total consuption in 2020, falling to % by 2050 in all senarios.

The economic literatureghowssmall variationsin the grosscostsof climatepolicy across
regions. Datafrom two recent economic studies, published by researchers at the National
Bureauof Econonic ResearcNBER) andResources for the Future (R); both indicate
thatdifferencesn grosscostby regionaremodest. These studies did not specifically
examine the allowance alocation provisions of H.R. 2454. Thus, the cparisons
displayed ignore the cost-mitigating effects of those proviens. The NBER study finds
only small regional differences. The increase in householdsépendingvould rangefrom
1.9% of annual income (East South Central region)to 1.5% (WestNorth CentralRegion)
(Hassettetal., 2008). The RFF study also finds only st regional differences. The
increasen householdsépendingvould range from 1.6% of annual incone (Ohio

Valley) to 1.3%(California,New York, andthe Northwest)(Burtraw, etal., 2009).

Importance of Modeling Assumptions

All analyses of climate change legislation must make assumptions, and these assumptions
will inevitably impact the estimated costs of the legidlation. Assumptions about
economic growth in the reference case will influence the resulting emissionsin the
referencecase anddeternine the amountof abatement required to comply with the cap.*®
Assunptions about the cost and availabilal/technology influece estimates of the
marginal cost of abatement from covered sources. Assuptionsaboutthe costand
availability of offsetsinfl uence the amount of abatement from non-coveredourceghat
can be used to reduce the@amt of abagment from covered sources. Assumptions

18 Fawcett et al., forthcoming, discusses how reference caseemissionsgrowth influencesthe costestimates
from the five models that participated in the Stanford Energy Modeling Form 22 U.S. transition scenarios
study.
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about clinate policies adopted by other countiiguencethe costandavailability of
internationabffsets,aswell asthe costof globally traded engly goods. All of these
assumptions will influence the estimated cost of climate policy. Most analyses of climate
legislation contain multiple scenariosdesignedo highlight the assumtions and policy
designchacesthatinfluencethe estimatedcostof the policy. In this sectionwe discuss
sone sensitivity scenarios that highlightetbe important assytions and uncertainties.

Sensitivities on Offset Availability

There are many institutional design issuegluding the measurement, monitoring,
reporting and verification requireants, surrouding estinates of offset availability.
These issueswst be adressed to ense thatthe offset reductions are truly incremental,
and represent real reductions. The Ealysisof H.R. 2454assunes thatthe
ingtitutions are put in place to procesghe domesticandinternationalbffsetsneeadto
realize reductions on the magnitude shown in the analysis. Additionally, the cost and
availability of offsets,particubrly international offsets, is one of the greatest uncertainties
in forecasting the cost of climate legislation. The U.S. will not be the only buyer of
international offset credits, and the prafehosecreditswill dependyreatlyonthe
conmpeting demand for those credits. The stgency of clinate policies adopted by other
countries, the types of restrictions they placeon internationabffset credits, and their
expected reference case emissions growth al will infl uence the competing demand for
international offset credits and the resulting price. Additionally, there is uncertainty on
the supply sde for both domestic and international credits that will infl uence the cost and
availability of offsets.

All analyses that have lookedtae issue have shown thaetvailability of offsetsis
oneof themostimportantfactorsinfluencing allowance prices. EPAOs analyses of the
Waxman-Markey discussion draft and of HZ254 showed that eiminating international
offsets increased allowance prices bya@@ 89 percent respectively (ER009a,b).
MITOs analysis of H.R. 2454 exasd twocasesa full offsetscasewith thefull two
billon metric tons of offsets available in eagkar, and a medium offsets case where the
amount of available offsets ramup linearly fom zero in 2012 to the full two billon tons
in 2050. The MIT analysis showed that thikaavance price in the medium offsets case
was 193 percent higher than the allowaneeepn thefull offsetcase(MIT 2009).

EIAOs analysis of H.R. 2454 showeat compared to their GasicCcase,™ the Ohigh
offsetsO case reduced allowance prices byr8Bmigandthe OnanternationabffsetsO
case increased alowance prices by 64% (EIA 2009).

Offsets can have such alarge impact on allowance price because, if they are able to
providelow costabatementrom uncoveredsources, they have thpetential to greatly
reducethe amountof emissionsreductions needed fromoveredsources.Thecapsin S.
1733allow coveredsourcego emt 131 GtCO,e cumulatively from 2012 through 2050.
If thetwo billion tonsof offsetsallowed annually under H.R. 2454 were all used,

1t should be noted that in EIAG analysis of H.R. 2454, their (asicOcase allowed fewer offsets than were
used in the core caseof EPA@ analysis of H.R. 2454.
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cumulative emissions from covered sources would be allowed to be 60 percent (78
GtCOze) higher.

Both H.R. 2454 and S. 1733 allow forlumited banking of allowances, and most
modeling of H.R. 2454ssunes that bankingloes indeed occur. Because of the
possibility of banking, the cuntative nunber ofoffsetsavailableoverthe entiretime
horizon drives how the availability of o#fts influences allowance prices, not the
particulartime pathof whenthatcumulative anount of offsés is available. EPAOs
analysisof H.R. 2454showedthatdelayinginternational offsets availability by 10 years
resulted in only athree percent increase in allowance prices, because the cumulative
amount of international offsets used was ordguced by four percent as a result of the
10yeardelay,andfirmswould respondby banking fewerallowancesn the nearterm

and using more offsets in the years after thegane available. It is importantto note

that these results are premised on optimal banking behavior over a 40-year period. Any
restrictionson banking,limitationsto creditto enable banking, oryopia (not looking
beyond next 20 years would be sufficientapia), would alter these results.

Technologysensitivities

Another major source of uncertainty about the costs of climate change legislationis the

cost and availability of low or zero4tsntechnologies.Many analysesnclude
sensitivitieson the penetration of key technologiesn EPAQOs analysis of H.R. 2454,
limiting nuclear power to reference case levelsincreagdallowancepricesby 15 percent
relativeto the corescenario.In EIAOs analysis of H.R. 2454 the Ohigh costO case, which
assumed that the costs of nuclear, fossil with CCS,andbiomassgeneratingechnologies
are50 percentigherthanin the Obasiofse, had an allowance price 12 percent higher
than the ®asicCcase. In both of these analyses, the alowance price increases resulting

from the restricted or high cost technology scenarios was somewhp¢ladby the
ability to increasehe usageof offsets. The uncertainties surrounding the penetration of
key technologies involve technical uncertastboutthe costand perfornance of nev
technologies, political uncertaieaboutthe regulatoryinfragructurerequiredto license
and pernt the technologies, as well asagmtaintiesaboutthe pulicOsvillingness to
accepthe expansiorof technologessuchas nuclear power and coal wiliCS.

High Cost Scenarios

Thehighestcostscenariosncludedin various nodeling efforts generally involve both
restrictionson offsetsandlimitationson technology. In EIAOsanalysisof H.R. 2454, the
o international / limitedCcase combines the offsets lints and high technology costs
from their @o international offsetsCand Gigh costCcases. In this scenario, allowance

prices are 194 percent higher than in the ®asicCcase. Thisincrease is significantly
greaterthanwhenjusttechnobgy is restricted asoffsetusage can no longer increase to
make up for the highercostof abatenentwithin covered sectors. EPAOs past analyses
show asmilar result, where diminating international offsets and restricting nuclear and
CCS technologies significantigcreases allowance pricésg.,over180percent). The
high allowance prices ould increase the mre U.S.firms would bewilling to payfor
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international offset credits andaike it morelikely that international offsetcreditswould
be available. These scenarios are intended to representhe upperrangeof costsandcan
be included in analyses as part as a rangensitivities designed to highlight important
uncertaintieanddriversof costs.

International Action

One developrant since EPA conducted its anadysf H.R. 2454 is that at the July 9,
2009 Major Economies Forum, Ghe G8 leaders agreedo reducetheir emissions80%or
moreby 2050asits shareof aglobd goalto lower emissions50% by 2050,
acknowledging the broad scientific view tiedrmng shouldbelimited to no morethan
two degrees Celsius.O A set of international policy assumptions that is consistent with
the G8 agreement is as follows:

o Developed countries follow an allowangaththatfalls linearly from the Kyoto
Protocolemissiongevelsin 2012to 83%below2005in 2050.

o Developingcountriesadopta policy beginningin 2025that caps emissions at 2015
levels, and linearly reduces &sions to 26% below 2005 levels by 2050.

o The conbination of U.S., developednddevelopingcountryactionscaps2050
emissionsat 50%below2005levels.

Thisisamore stringent policy internationally thanwhatwasassuned in EPAOsnalysis

of H.R. 2454,which werebasedn theinternational policy assumptions used in the 2007
MIT report,OAssessemtof U.S.Cap-and-TadeProposals.@rigure4 belowdepictsthe
cap levels in both sets oifternationalpolicy assumptiongor non-U.S.developed
countries and developing coues,alongwith thetotal world emissions that result from
the developed and developing courtdapsalongwith U.S.action.

Figure 4 BMIT and G8 International Climate Policy Assumptions
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While this changen assumptionsaboutclimate change policies adopted by other
countriess notachangeo thebill, assunmng that these international goals are met would
affect the cost of both H.R. 2454 and S. 1i#88wuch more substantial ways than any
differencedn thebills thenselves. Thetighter caps assued for other countries under
the G8 agreenentwould increaseheir demand for GHG abaterant, and thus raise the
pricefor internationabffsetcredits. Adopting these new assyptions about international
action would likely raise EPAQOs projectedgof international offsets by approximately
onequarter,andalsosignificantlyreducethe anount of international offsets purchased
domestically. Thisincrease in the price of international offsets would aso result in an
equivalent increase in dastic allowarte prices. Notethatmoreaggressive
international action, while raising the costlo¢ U.S. climatepolicy, alsobenefitsthe
U.S. because it leads to more global greenhouse gas reductions, resulting in smaller
increases in temperature. Additionally, seriouslyengaying our trade partners, as
envisioned in the G8 statemt, enbodiedin U.S. international climate policy, and
reflected in the latest adeling analyseshould decrease estimated |eakage impacts.

Distributional Impacts

The way in which allowances are allocatg@uctionedr givenaway)andhow any
revenuesreusedaffectthedistribution of costs of a GHG cap-and-trade policy across
households.For exanple, thefreedistributionof allowancego firms tendsto bevery
regressivehigherincomehouseholdsrelessaffectedandmay evenbe made betteroff,
while lower income householdgsouldbeworseoff under a policy that distributesast or
all allowances to industry. This because the asset vaaighe allowances flow to
household$n the form of increasedtockvaluesor capitalgains,which areconcentrated
in higher-incone houskolds. Revenues can alseredistributedn theform of lower
payroll or corporate taxesSuch nethods ofdistributing allowances can lower the overall
costof the policy by reducingdistortionsin theeconony dueto taxation. However,they
may aso be regressive because corporate tax reductions benefit higher-income

households, and the lowest-income households do not pay federalincometaxes(though

an approach that uses a combination of income tax reductionsandper-capitaebatesan
bedesignedo be progressive)Auctioning allowances with per-capita lump-sum
distributionof revenuego householdss often the least regressive cap-and-trade policy
analyzedandis usuallyshownto be progressive.

Severakecentcap-and-traderoposalgincludingH.R.2454andS.1733)attenpt to
attenuate costs to householysallocatinga percentagef allowancedo consunersfor
free vialocal electricity distribution conpaniegLDCs). Because thesallowances are
allocatedon the basisof electricity use,indudrial, commercial, and residential consens
will benefit from electricity prices being kept low. However, this form of allowance
allocation can dampen the price signal that induces consugrs toconserveelectricity,
which increases the economy-wide cost of complying with the capsincegreateremission
reductions have to be achieved by other sectioitse economy. While electricity prices
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do not rise as much with LDC allocations, consumers will face higher prices for other
energy-intensivgoodsandservices.

The models EPA uses to analyze the costsof the policy assune thereis one

representative household, so dlaitional implications cannot be assessedirectly within
the general equilibrium framework. However, two recent studies have examined the
incidence of costs across inceglasss of the cap-and-traderogramin H.R.2454,
whichis similar in stringencyandin theallocation of allowaoevalueto S.1733(CBO,
2009; Blonz and Burtraw, 2009Before acconting for the way in which allowances are
allocatedor revenuesreredistributed, these analyses shihatthe capimposeshigher
welfare costs (as a percentage of householdniacon lowe income deciles. This is an
expected result since lower income households spend a higher fraction of their incesn

on energy-intensive goods.

Accountingfor thedistributionof allowancevalue counteracts sawof the welfare costs

for all households and presents a differentypebf the net welfare ipacts of the policy
across income groups. Both of these studies find an inverted U-shaped relationship
between net welfare |oss and income: lower income households are on net better off than
without the policy andthewedthiest households bear a alter burden or are virtually
unaffected by the policyThe highest costs a percentage of incerare borne by

middle to upper-middle income households.

Forexanple, Blonz andBurtraw (2009),accout for 56 percent of ermssions allowances
in H.R.2454 includingallowancevaluethatis allocatedto electricityandnaturalgas
LDCs home heating oil providers, and low-income families, find that in 2015 the benefit
of these allowance allocati@pproaches ore than offset the higher cost of goods and
services resulting frorthe policy for househdkin the bottomtwo income deciles.The
third and tenth income deciles experience a smaller netcostthanthe averagenousehold
under the policy.lt is the households in ¢middle to upper-middle income deciles that
bear the highest costs as a portion of hbakkncome. A full accountingof allowance
allocation would likely exacerbate the overall regressiveness of the policy since the
undistributed allowance allocations are primarily allocations to industry, which will tend
to benefitshareholderanostof whom are in the upper income deciles.

The Congresonal Budget Office accounts fgreat share ofeldistrilution of emission
allowances and finds qualitatively simiaitsin theiranalysisf H.R. 2454. CBO (2009)
esimateshe lossin purchasng powe? thatwouldbefacedoy householdm eacHifth
(quintile) of the population arrayedoy income(and adjustedor householdize).In 2020,
gainof about0.7 percenbf
after-taxincome or about$125measuredt 2010income levelsThe largest loss would be
experiencey households the middle and fourth income quintile, about 0.5-0.6 percent
of income or about$310-375at 2010incomelevels. Households in the highest income

20 CBO calculates the loss in purchasing power as the costs of complying with the policy (including the cost
of purchasing allowances and offsets, and of reducing emissionsN costs that businesses would generally
pass along to householdsin the form of higherprices)minusthe compensaion thatwould bereceivel as a
result of the policy.
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Different methods of distriiing the allowancevaluewill yield differentdistributional
results. For example, Blonz and Burtraw (2009) conpare their analysis of H.R. 2454 to
an dternative alocation of the same 56 percent of alowancesin which the allocation to
LDCsis limited to residentiakconsunersof electricityandnaturalgas. The proposed
allocationschene on behalfof residential electricity and natural gas custosraccounts
for approxinately 15 percent of allowance vauleaving the reaining 41 percent to be
distributedasa per-capitadividend. Theyfind this alternativevould smooth out the
burden across households while gitaneouslyioweringthe overallcostsfor households
in thethird throughninth income deciles. The bottom two income deciles are still better
off than in the no policy case.

Analyzinga policy similar in stringencyto H.R. 2454 and S. 1733, Burtraw et al. (2009)
find that if all of the allowacesareauctionedandreturnedto consuraers as a nontaxable
dividend, the bottom three income deciles are on net better dfthan without the policy.
The ngjority of costs as a portion of haelsoldincome arebornby householdsn the

sixth to tenthincome deciles. Theyalsonote that if the lump sum rebate were taxable,

the policy would be mre progressive. This because, assung budget neutrality, the
pre-tax lunp sumrebate would be increasey the average income tax rate for al
householdsPoorerhouseholdsvould thenhold a larger after-tax rebate than wealthier
households.

If therebateto low income householdsnstead were redistrilbed on alump sum non-
taxablerebateacrossall housholds the policy would beless progressive. While less
progressiveit doeshavethefeaturethatthe net burden would be levelized across
household®n a percentage-of-incoabasis. If a greater share of the allowance value
were returned to households based orr gr@ergy consuption rather than through a
lump-sum rebate, the incidence model would likely show the overall policy cost would
increase while the change in the distribution of costislessclear.

EPA is currently developing the capacity to model the distributional impacts of the
allowanceallocationsin existingbills using an incidence model and methodology similar
to theonedescribedn Burtraw etal. (2009).

Temper ature Impacts

In previousanalysesEPA haslookedattheimpact of U.S. policy cotvined with the
policiesassuned for developecanddevdoping countrieson globalgreenhousgas

2L CBO goe®nto showthatH.R. 2454wauld havedifferentimpactsacrossouseholds 2050,by which
time mog of the vaue of alowanceswould flow to householddirectly. Therewouldbealargergainin
purchasing power (asa percentage of after-tax income) for thelowes income households and alarger lossfor
the highes income quintile compared to the middleinconme groups. The largestburdenwould still be
expetien@dby houseloldsin the middle and nex-to-highestincome quintiles.
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concentrationsHowever, the assumptions usacarlieranalysegor what policies other
countries would adopt are not consisteith the recenG8/Major Ecolmmies Forum
goaldiscusse@bove. EPA hasnow amalyzed, using the MiniCAM and MAGICC
models how U.S.targetsconsistentvith the President@sY 2010budgetproposal14%
below 2005 in 2020, and 83% below 2005 in 2656)mbined with international action
consistent uwth the G8 agreeent could affect global C#& concentratiomand
temperatures.

Figure 5 below shows global G&concentrations through 2100 assuming a climate
sensitivity (CS) of 3.6° The CS is the equilibrium tgmarature response to a doubling of
CO,, anda CSof 3.0is deenedthe (best estimateOby the IPCC.** The figure presents

three scenarios:

(1) Reference: no cliaie polices or masures adopted by any countries.

(2) G8 - International Assumptions: consistent with G8 agreeent to reduce global
emissionsto 50%below2005levelsby 2050. U.S.andotherdevelopedtountries
reduce enssions to 83% below 2005Jelsby 2050,anddevelopingcountries
cap emissions beginning in 2025, and return emissiongo 26%below2005levels
by 2050. All countries hold enssions targets constant after 2050.

(3) Developing Countries After 2050: US and developed countries aarG8
scenario.Developingcountriesadoptpolicy in 2050holdingemissionsconstant
at 2050 levels.

In the reference scenafiGO,e concentrationgn 2100would riseto approxinately 936
ppm.% If theU.S.andotherdevelopingcountiestook actionto reduceemnissionsto 83%
below 2005 levels by 2050, and developoogintriestook no adion until 2050,then
CO.e concentrationgn 2100would riseto appioximately 647 ppm. If the G8 goals are
met, then CO,e concentrationsvould riseto appoximately 485 ppmin 2100. It should
be noted that C£ concentrationsrenot stabilized in thesecenarios. Tgrevent
concentrationsrom continuingto rise after2100,post-2100GHG emissionswould need
to be further reducedr-or exanple, stabilization of Cee concentrations at 485 ppm
would require net Cg emissionsto goto zeroin theverylong run after2100.

2 The cunmulative GHG enissionsunderthe cap from 2012 §2050 under the President@ FY 2010 budget
proposal are 133.9 GtCO,e. Thisis 1% greater than the 132.6 GtCO.e in H.R. 2454, and 2% greater than
the 130.6 GtCO.ein S. 1733.

2 Theclimatesensitivityis the equilibriumchangen global mean near-surface air tenrperatue that would
result from a sustained doubling of the atmospheric CO.e concentration.

24 |PCC WG1 SPM (2007): (Climate sensitivity] is likely to be in the range

2 C to 4.5;C with a best estimate of about 3;C, and is very unlikely to be less than 1.5;C. Vaues
substantially higher than 4.5; C cannot be excludedE O

% Global CO, concentrationsin 2008 were 385.6 ppmv (see Tans (2009)) compared with pre-industrial
concentrations of 280 ppmv (see IPCC WG1 SPM (2007)). According to the IPCC, historic CO,
concentrations have not exceeded 300 ppmv in the last 650,000 years.
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Figure 5 BCO,e Concentrations (Climate Sensitivity = 3.0)

1000
900 -
800 +
700 ~
600 -
500 -
400 ~

300 +

200 | Reference

—— G8 - International Assumptions

100 1 Developing Countries After 2050
0

1995 2010 2025 2040 2055 2070 2085 2100

ppm

Given the CO.e concentrations for the various scenarios,we canalsocalculatethe
observed change in globakan temperate (from pre-industrial time) in 2100 under
different climate sensitivities. Assumg theG8 goals (reducing gbalemssionsto 50%
below 2005 by 2050) areat) warning in 2100 would be lifted to no more than 2
degree Celsius (3.6 degrees Fahrenhbityapre-industrialevels under a climate
sensitivity of 3.0 or lower, as shown in figure 6 below.

Figure 6 BGlobal MeanTemperaturéChangein 2100by Scenaricand Climate
Sensitivity (CS)
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It shouldbe notedthatthetenmperaturechangean 2100in this scenarias not stabilized,
so the observed change in globaan terperature in 2100 is not equal to the
equilibrium change in global mean temperature. There are two reasons for this. First,
while the G8 international goals sabilize global GHG emissionsat 50% below 2005
levels, CQe concentrations and t@eratue ae not stabilized. Determining an
equilibrium temperature under any scenario requires additional assyations about post-
2100 enmssions. If enrsgons renain constant post-2100, G&concentrations will
continueto rise. Equilibrium temperature would only be achieved after COe
concentrations are in equilibrium. Second, the inertiain ocean temperatures causes the
equilibrium global mean surface temperature change to lag behind the observed global
mean surface temperature change by as much as 500 years. Even if CO.e concentrations
in 2100werestabilized observedemperaturesould continueto risefor centuries
before the equilibrium were reached.

ContinuedGHG emissionsreductiors after 2100 could stabilize G&concentrations at
the 485 ppm levels achieved in 2100 in thesG8nario.In orderto achievean
equilibrium temperature change of 2 degrees (assung CS = 3.0), C@e concentrations
must be stabilized below 485 ppm, requiring continuedabatenentbeyondthe level
needed to stabilize conceationsat2100levels. It would be possibleto reduceCO,e
concentrations after 2100 below 485pby evenfurtherreducingGHG emissionsin the
next century.An Oovershoot€esariosuchasthis would further reduce the equilibrium
temperature change, making it possible to achieve the 2 degrees C target even with a
climate sensitivity of 3.0.

While this analysis doesn@® quantify the impacts of higher temperaturesandothereffects
of increasingGHG conentrationsthe U.S. Global ChangeResearchProgram(in its June
2009 report, GGlobal Climate Change Impactsin the United StatesQ) described the
impacts that we are already seeing and that are likely to dramatically increase this century
if we allow global warrmg to continue unttecked. In the report, it docemts how
communities throughout Aearica would experiese increased costs, including from more
sustained droughts, increased heat stresyvestdick,morefrequentandintensespring
floods, and more frequent and intense forest wildfires.

Conclusion

EPAOsnalysis of S. 1733 demonstrates that the costs of the bill are likely to be quite
similar to the costs of H.R. 2454. While there are some minor differences in the bills in
several areas that wllkely resultin slightly highercosts for S. 1733, these differences
are overshadowed by the fumdental simlarities in approach, caps, offsets, and other
critical design parasters that affect the costs.

In table5 below, we depictthe differencesdhetweenthe bills with respect to these
fundamental design parasters and illustratéor each element the degree to which we
expect similarities or differencesin the costs of S. 1733 copared to H.R. 2454. The
evidencédor thefinding in thetableis drawnfrom the preceding text in this papehieh
clearly shows the large similarities between the two hills.
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Table5: Summay of Impacts of KeyProvisionsin S.1733

Key Provisions

H.R. 2454

S.1733

Impact of Differencesin S.1733 on
Modeled Costs& Price from H.R. 2454

17% below 2005 in 2020;

20% below 2005 in 2020;

Small increase in both allowance prices and

Cap Leve cumulative numberof allowances cumulative numberof allowances costs
are 132.2 gigatons CO.e are 130.6 gigatons CO.e
Coverage Differences are negligible
2 billion ton limit overll; 2 billion ton limit overll;
1 billion ton domestic limit; 1.5 billion ton domestic limit; Nedligible. or small increase in both
- 1 billion ton international limit; 0.5 billion ton international limit; egiigibie, or .
Offset Limits allowarce pricesandcostsin low technology

Up to an extra 0.5 billio n tons of
international offsetsif domestic
usage below 0.9 billion tons

Up to an extra 0.75 billio n tons of
international offsetsif domestic
usage below 0.9 billion tons

scenarios

Strategic Reserve

2.7 billion cumulative allowances
from 2012-2050.

Minimum reserveawction priceis 60
percent above the 36-month rolling
average of that year( emissions
alowance vintage

3.5 billion cumulative allowances
from 2012-2050.

Minimum reserve auction priceis
$28in 2012 rising at 5% through
2017 and rising at 7% thereafter.

Small increase in both allowance prices and
costs if minimum reserve prices are not met

Changecdtonditionson minimumresene
auctionprice havethe patentialto provide
betterpricecertainty

Energy Efficiency and Renewable Energy
Provisions

Building codes, energy efficiency-
related allocations, and Combined
Efficiency and Renewable Energy
Standard

Less stringent building codes,
dlightly lower energy efficiency-
related allocations, and no
Combined Efficiency and
Renewable Energy Standard

Slightincreasen allowancepricesdueto
changesin energy efficiency provisions; a
decrease in costs and price without the
renewableenery requirementsis possibleto
the extent that such requirements are binding
in H.R. 2454

Standard$or uncappedsources

Uncappedsourcestreatedas

Small decrease in both allowance prices and

Performanceétandards (e.g., landfills, coal mines, and : costs, though U.S. cumulative emissions
domestic offsets ) :
natural gas systems) increase dightly
5.32 hillion allowances, fixed 4.19 billion alowances, fixed Small increase in allowance prices due to
CCSBonus incertive for first6 GW, reverse advanced payment incentive for first P

auction thereafter

20 GW, reverse auction thereafter

smallerbonusallowancepool

Energy Intensive, Trade Exposed Industries

Differences are negligible

Transportation

Differences are negligible

Domestic Agriculture and Forestry Offsets

Differences are negligible
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Appendix
Past EPA modeling analyses of Billsrelated to mitigating greenhouse gas emisms

Since2005,EPA hasreleasedix anayses,ncludingthreefor the 110" Congress. This
appendix provides alist of the analyses, a brief descriptiahthe scenariosnodeledfor
each,andabrief descriptionof the models used for these analyses.

It is important to note that EPA is not aloimgoerfornmng econonic analyse®f climate
legislation. Within theU.S. governnent, the Energy Information Admistration and the
Congressional Budget Offi ce have done analyses of recent legialive climate policy
proposals.USDA hasalsodevebpedanalysisrelatedto therole of agriculture in climate
policy proposals.Outside of the U.S. govement the Stanford Energy Modeling Forum
hasgatheredogethera numberof modelsthat havebeenwidely usedfor climatepolicy
analysis including: the pplied Dynamic Analysisof the Global Economymodel
(ADAGE) from the ResearciriangleInstitute; the EmissionsPredictionsandPolicy
Analysis model (EPPA) from the Massachusetts I nstitute of Technology; the Model for
Emissions Reductions in the Global Environment (MERGE), from the Electric Power
Research Institute; MiniCAM, from the Pacific Northwest National Laboratory / Joint
GlobalCharge Researclinstitute;the Multi-Region NationalModd - North American
Electricity and Environrant Model (MRN-NEB), from Charles River Associates, and
the Intertemporal General Edbrium Model (IGEM), fromDale Jorgenson Associates
(Fawcett et al., forthcoming).

Analyses

e Analysisof H.R. 2454in the 111th Congress, the American Clean Energy and
Security Act of 2009BPJune 2009

¢ Preliminary Analysis of the Waxman-Markey DiscussionDraft in the 111th
Congress, The American Clean Energy and Security Act of 2009 B April 2009

e Analysisof Senate Bill S.2191 in the 110th Congress, the leberman-Warner
Climate Security Act of 2008 B March 2008

¢ Analysis of SenateBill S.1766in the 110th Congressthe Low Carbon Economy
Act of 2007BJanuary 2008

e Analysisof Senate Bill S.280 in the 110th Congress, The Climate tewardship
and Innovation Act of 2007- July 2007

¢ Analysis of SenateBill S.843in the 108th Congress, Clea Air Planning Act -
October 2005

Note: The OWaxman-Markey Dission DraftCand H.R. 2454 were analyzed with
updated models reflecting, among other changige AEO March 2009 reference case
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which reflects the provisions of theéigy Independence and Security Act of 2007, but
notthoseof the AmericanRecoveryand Reinvestmenct of 2009.

Scenarios Analyzed:

Analysis of H.R. 2454in the 111th Congress, the American Clean Energy and
Security Act of 2009BbJune 2009

1) EPA 2009 Reference Scenario

2) H.R. 2454 Scenario

3) H.R. 2454 Scenario without Ergy Efficiency Provisions

4) H.R. 2454 Scenario with Qput-Based Allocations

5) H.R.2454with Referencaegrowthin NuclearPower

6) H.R. 2454 Scenario without Output-Bas&itbcations or Energy Efficiency
Provisions

7) H.R. 2454 Scenario without International Offsets

Preliminary Analysis of the Waxman-Markey DiscussionDraft in the 111th
Congress, The American Clean Energy and Security Act of 2009 B April 2009

1) EPA 2009 Reference Scenario

2) Waxman-Markey Scenario

3) Waxman-Markey Scenario with Energy Efficiency Provisions
4) Waxman-Markey Scenario with Output-Based Allocations

5) Waxman-Markey Scenario with No International Offsets

Analysis of Senate Bill S.2191 in the 110th Congress, the ieberman-Warner
Climate Security Act of 2008 B March 2008

1) EPA Reference Scenario

2) S. 2191 Scenario

3) S. 2191 Scenario withdw International Action

4) S. 2191 Scenario Allowing Unlited Offsets

5) S. 2191 Scenario withdNOffsets

6) S. 2191 Scenario with Constrained Nuclear and Biomass

7) S.2191Scenariowith ConstrainedNuclear, Bionass, and Carbon Capture and
Storage

8) S.2191Scenariowith ConstrainedNuclear, Bionass, Carbon Capture and
Storage, international targets Beyond KyotoOand a Natural Gas Cartel

9) Alternative Reference Scenario, assuning EIA OHigh TechnologyO case

10) S. 2191 Alternative Reference Scenario
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Analysis of SenateBill S.1766in the 110th Congress,the Low Carbon EconomyAct
of 2007 b January 2008

1) Core Reference Scenario
2) S.1766 Scenario

3) S. 1766 Scenario withoTechnolog Accelerato Paynents (TAP)

4) S. 1766 Scenario witheh Pecent International Offsets

5) S. 1766 Scenario with Unlimited International Offsets

6) S. 1766 Scenario without TAP, and witknPercentnternationalOffsets

7) S. 1766 Scenario without TAP, andhvUnlimited International Offsets

8) S. 1766 Scenario without Carbon Capture and Storage Subsidy

9) S. 1766 Scenario without Tap, and wiih Carbon Capture and Storage Subsidy

10) S. 1766 Scenario without Carbon Capture and Storage Subsidy and Low Nuclear

11) S. 1766 Scenario with Alternative Internéional Action

12) High Technology Reference Scenario

13) S. 1766 High Technology Scenario

14) S.1766High TechnologyScenariovithout TAP

15) S.1766High TechnologyScenariowvith TenPerceninternationalOffsets

16) S.1766High TechnologyScenariownith Unlimited International Offsets

17) S.1766High TechnologyScenariovithout TAP, and with Ten Percent
International Offsets

18) S.1766High TechnologyScenariovithout TAP, and with Unlimited
International Offsets

19) S.1766High TechnologyScenariovithout Carbon Capture and Storage Subsidy

20) S.1766High TechnologyScenariovithout TAP, and without Carbon Capture
and Storage Subsidy

Analysis of SenateBill S.280in the 110th Congress, The Climate &wardship and
Innovation Act of 2007- July 2007

1) EPA Reference Scenario

2) S. 280 Senate Scenario

3) S.280SenateScenariavith Low InternationalAction

4) S.280SenateScenaricallowing Unlimited Offsets

5) S.280SenateScenariavith No Offsets

6) S.280SenateScenariavith Lower NuclearPowerGrowth

7) S.280SenatéScenariovith No Carbon Capture and Storage
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Analysis of SenateBill S.843in the 108th Congress, Clea Air Planning Act -
October 2005

Note S. 843 was a billdaressing emissions frothe power sector, and not an eoomy-
wide approach like those abov&he bill &t a cap for carbondioxideemissiongromthe
power sector and allowed for domestic andrinétional offsets to meet the cap. EPA
analyzedhoseprovisionsof thebill with early versions of the models used for the
analysedistedpreviously. A numberof sensitivities were pedrmedfor the power
sectorcomponentsyut for the GHG analyss, only two scenarios were analyzed.

1) Core Scenario b assing Kyoto ends in 2012
2) Sensitivity Scenario Bassuming Kyoto continues with no changes

Models Used
Applied Dynanic Analysis of the Global Economy Model (ADAGE)

ADAGE is a dynant computable generafuilibrium (CGE) modelcapableof
examining many types of economic, energy, environmental, climate-change mitigation,
and trade policies at the international, national, U.S.regional,andU.S. statelevels.
ADAGE is developed and run for EPA by RTtdmational. See the model homepage at
http://www.rti.org/adage

Intertemporal Genera Equilibrium Model (IGEM)

IGEM is amodelof theU.S. econony with an emphasis on the energy and
environnentalaspects.It is adynamicmodel, which depicts growth of the economy due
to capitalaccunulation,technicalchangeand population change. IGEM is a detailed
multi-sector model covering 35 industries. The model is developed and run by Dale
Jorgenson Asociates for EPA. See thedel hongpage:
http://post.economos.harvard.edu/fadty/jorgenson/papes/papers.htin

Non-CO, Greenhouse Gas Models

EPA develops and houses projections esmhomic analyses of emission abatement
throughthe useof extensivebottomup, spreadsheetnodels.Theseareengineeringb
econonic models capturing the relevant casdperformancedataon over 15 sectors
emitting the non-CO, GHGs.The datausedin thereportarefrom Global Mitigation of
Non-CO, Greenhouse Gas€EPA Report 430-FR06-005).www.epa.gov/nonco2/ecen
inv/international.htrh

ForestandAgricultural Optimization Model b GHG (FASM-GHG)
FASOM-GHG simulates land ranagenent and land allocation decisions over ¢ito

competing activities in both the forest and agricultural sectors. In doing this, it sutates
the resultant consequences for the conityadarkets supplied by these lands and,
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importantly for policy purposes, the net greenhouse gas (GHG) &sions. FASONEHG
is a multiperiod, intertemporal, pricerdogenous, mathematical programming model
depictinglandtransfersand otherresourceallocationsbetweerandwithin the

agricultural and forest sectorsin the US. The principal model developer is Dr. Bruce
McCarl, Departrent of Agricultural Econones, TexasA&M University. Thedataused
in thereportaredocunentedin: U.S.EPA, 2009.Updated Forestry and Agriculture
Marginal Abatement Cost CurveMemorandum to John Conti, EIA, March 31, 2009.
See the model homepage: http://agecon2.tamu.edu/people.faculty/mccarl-
bruce/FASOM.htrh

Global Timber Model (GTM)

GTM is an econom model capable of exaining global forestry land-use,amagement,
and trade responses to policiesréaponding to a policyhe model captures

afforestation, forest management, and avoided deforestation behavior.

The model is a partial equilibrium intertemporally optimizing model that maximizes
welfare in timber markets over time across gpproximately 250 world timber supply

regions by managing forest stand ages, compositions, and acreage given production and
land rental costs. The principal model developer is Brent Sohngen, Depaatitnof
Agricultural, Environnental, and Developent Econorts, Ohio State University. See
the nodel website for GTM papers and input datasets:
http://aede.osu.edu/people/sohngéorésts/ccforest.htigfmod

Global Climate Assessment Model (GCAM, formerly MiniCAM)

The MiniCAM is a highly aggregated integrated assessment model that focuses on the
worldOs energy and agriculture systeatnospheric concentrations of greenhouse gases
(CO; and non-CQ) andsulfur dioxide,andconsequetes regarding climate change and
sea level riseThe nodel is developed and run at the Joihblial Change Research
Institute, University of Maryland. See the model homepage:
http://www.globalchange.udiedu

Integrated Ranning Model (IPM)

EPA useshelntegrated?lanningModel (IPM) to analyzethe projectedmpactof
environnental policies on the electric powsgctorin the 48 contiguousstatesandthe
District of Columbia. IPM is amulti-regional, dynant, deternmistic linear
programming model of the U.S. electric power sector. The IPM wasa key analyticaltool
in developing the Clean Air Interstate Regulation (CAIR) and was also used in the
developnent of the Regional GreenhouSes Initiative (RGGI). The model was
developed by ICF Resources and is applied B4 tor its Base Case. M is a
regidered traderark of ICF Resources, m ER\Os application of IPM Hapage:
http://www.epa.gov/airarkets/progsregs/epanapindex.htm
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