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Appendix 1: Bill Summary, Modeling

Approach and Limitations

Supplemental EPA Analysis of H.R. 2454 — Appendix



H.R. 2454 — Bill Summary
Title |

* Title | — Clean Energy
— Subtitle A - Combined Efficiency and Renewable Electricity Standard

» Sec. 101 requires utilities that sell more than 4 million megawatt hours of electricity to consumers to meet a certain percentage (6% in
2012 rising to 20% in 2020) of their load electricity generated from renewable resources and energy savings. Up to one quarter (or two-
fifths upon petition) of the requirement can be met with energy savings.

— This provision is modeled in IPM. In ADAGE, the energy savings portion of the RES is modeled, but not the renewable electricity
portion. IGEM does not model this provision.

— Subtitle B - Carbon Capture and Sequestration
e Sec. 114 creates a Carbon Capture and Sequestration (CCS) demonstration early deployment program.
— This provision is modeled in IPM, but not in ADAGE or IGEM.
» Sec. 115 promotes the commercial deployment of CCS technologies through a bonus allowance program.
— This provision in modeled in ADAGE, IGEM, and IPM.

— Subtitle C - Clean Transportation

— Subtitle D - State Energy and Environmental Deployment Accounts

* Sec. 131 establishes SEED Accounts to serve as a state-level repository for managing and accounting for all emissions allowances
designated primarily for renewable energy and energy efficiency purposes.

» Sec. 132 distributes emission allowances among states for energy efficiency and renewable energy deployment and manufacturing
support.

— The energy efficiency portions of Sec 131 and 132 are modeled in ADAGE and IPM, but not in IGEM.
— Subtitle E - Smart Grid Advancement
— Subtitle F - Transmission Planning
— Subtitle G - Technical Corrections to Energy Laws
— Subtitle H - Energy and Efficiency Centers
— Subtitle | - Nuclear and Advanced Technologies
— Subtitle J - Miscellaneous

* Title I, Subtitles C, E, F, G, H, |, and J are not modeled in this analysis.
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H.R. 2454 — Bill Summary
Title Il

« Title Il — Energy Efficiency

— Subtitle A - Building Energy Efficiency Programs

» Sec. 201 establishes energy efficiency targets of 30% reduction below 2006 IECC by enactment, 50% reductions
by Jan 1, 2014 (residential) and 2015 (commercial) and increasing 5% every three years thereafter until 2029
(residential) and (commercial)

- This provision is modeled in ADAGE. IGEM does not model this provision.

» Sec. 202 establishes the Retrofit for Energy and Environmental Performance (REEP) program for residential
buildings, and another for commercial, funded by allowances, to provide loans certification, and other support

- This provision is modeled in ADAGE. IGEM does not model this provision.

» Sec 203 assistance for homeowners living in manufactured homes built before 1976 to purchase new energy
efficient manufactured homes

- This provision is modeled in ADAGE. IGEM does not model this provision.
» Sec 204 creates a building energy performance labeling program
- This provision is modeled in ADAGE. IGEM does not model this provision.

— Subtitle B - Lighting and Appliance Energy Efficiency Programs

— Subtitle C - Transportation Efficiency

— Subtitle D - Industrial Energy Efficiency Programs

— Subtitle E - Improvements in Energy Savings Performance Contracting
— Subtitle F - Public Institutions

— Subtitle G - Miscellaneous

« Title Il, Subtitles B, C, D, E, F, and G are not modeled in this analysis.
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H.R. 2454 — Bill Summary
Title Il

» Title Il — Reducing Global Warming
« Amends the Clean Air Act by adding “Title VII — Global Warming Pollution Reduction Program” that
establishes a cap and trade system for greenhouse gases.
— These provisions are included in this analysis unless otherwise noted
— Economy-wide coverage phased in over time:
* All electricity sources
* Refiners/importers of petroleum with sales/distribution greater than 25kT CO,e
* Producers and importers of CO,, N,O, PFCs, SF, or other designated gases in amounts greater than 25kT CO,e

* Any stationary source (any size) in 13 special sectors incl. adipic acid, primary aluminum, ammonia, cement,
HFCs, lime, nitric acid, petroleum refining, phosphoric acid, silica carbide, soda ash, titanium dioxide, coal-based
liquids or gaseous fuels.

* Industrial sources larger than 25kT CO2e
» LDCs for gas which deliver more than 460mcf of gas (~25kT CO2e)

» Propane (Industrial sector phases in: 2014, Residential, industrial and commercial natural gas users served by
LDCs phase in: 2016)

» Based on EPA’s 2008 Inventory of US Greenhouse Gas Emissions and Sinks covered emissions represent
approximately the following percentages of total US GHG emissions
— 68% in Phase 1 (2012 — 2013)
— 76% in Phase 2 (2014 — 2015)
— 85% in Phase 3 (2016 — 2050)

— GHG emission targets for covered sectors (targets decline in each calendar year):
» 2012: 4,627 MtCO,e (3% below 2005 emissions levels for covered sectors)

 2020: 5,056 MtCO,e (17% below 2005 emissions levels for covered sectors)
* 2030: 3,533 MtCO,e (42% below 2005 emissions levels for covered sectors)
* 2050: 1,035 MtCO,e (83% below 2005 emissions levels for covered sectors)
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H.R. 2454 — Bill Summary
Title 1l (continued)

* Title Il — Reducing Global Warming (Continued)

— Banking of allowances is unlimited, a two year compliance period allows borrowing from one year
ahead without penalty, limited borrowing from two to five years ahead.

— Offsets are limited to 2,000 MtCO,e per year split evenly between domestic and international.*

— Offsets discounting requires entities using international offsets to submit 1.25 tons of offsets credits
for each ton of emissions being offset after the first five years.

— Supplemental emissions reductions from reduced deforestation

— Strategic Reserve Allowances (Not modeled in this analysis)

* Reserves allowances from the cap for the purpose of reducing price volatility
— 2012 - 2019: 1% of allowances reserved
— 2020 - 2029: 2% of allowances reserved
— 2030 - 2050: 3% of allowances reserved

* Reserve allowances auctioned off with a minimum strategic reserve allowance price that starts at twice the EPA
modeled allowance price in 2012 growing at a real rate of 5 percent through 2014. In subsequent years, the
minimum price is 100 percent above the rolling 36 month average price of that year’s allowance vintage.

» The models used in this analysis do not include price volatility, so the modeled price will never rise above the
minimum strategic reserve allowance price. For this reason, the strategic reserve allowance has not been included
in this analysis (i.e., the allowances are available for use, not reserved from the total cap).

» Amends the Clean Air Act by adding “Title VIII — Additional Greenhouse Gas Standards”

— These provisions are not modeled in this analysis
* Stationary source standards
» Separate cap and trade system for HFCs
* Black carbon provisions

* See appendix 2 for a discussion of how the pro rata sharing specified in Sec 722 (d) alters these limits.
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H.R. 2454 — Bill Summary
Title IV

* Title IV addresses competitiveness issues and the transition to a clean energy economy.
The only part of Title IV modeled here is Subtitle A — Part 1.

* Title IV — Transition to a Clean Energy Economy
— Subtitle A - Ensuring Domestic Competitiveness
* Part 1 - Preserving Domestic Competitiveness
—Based on H.R. 7146 (Inslee / Doyle)
—Applies to energy- or greenhouse gas-intensive industries that are also trade-intensive
—Rebates 100 percent of the direct and indirect cost of allowances to eligible industries
— Gradually phases out between 2025 and 2035.

 Part 2 - International Reserve Allowance Program

—Only applies if the President finds that direct and indirect compliance costs after being mitigated by the rebates
provided in part 1 adversely impact production, jobs, or greenhouse gas emissions leakage

— Subtitle B - Green Jobs and Worker Transition
— Subtitle C - Consumer Assistance

— Subtitle D - Exporting Clean Technology
Subtitle E - Adapting to Climate Change
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H.R. 2454 — Bill Summary
Allowance Allocations

782 includes the following allocation of allowances, which were modeled in IGEM:
Electricity consumers: 43.75% in 2012, declining to 7% by 2029

Natural gas consumers: 9% beginning in 2016, declining to 1.8% in 2029

Heating oil and propane consumers: 1.875% in 2012, declining to 0.3% in 2029
CCS Bonus Allowances: 2% from 2014-2017; 5% from 2018-2050

International Forest Carbon: 5% through 2025, 3% through 2030, 2% through 2050

Energy Efficiency: 9.5% from 2012-2015, declining to 4.5% from 2026-2050

Clean vehicle technology: 3% from 2012-2017, 1% from 2018-2025

Domestic refiners: 2% from 2014-2026

International adaptation: 1% from 2012-2021, rising to 4% from 2027-2050

International clean technology deployment: 1% from 2012-2021, rising to 4% from 2027-2050
Output-Based Rebate: 15% through 2025, declines thereafter at 10% per year to phase out by 2035.
Necessary allowances for deficit neutrality

Remaining allowance value is recycled to households lump sum

» Sec 782 also includes the following allocations, not modeled in IGEM:

Low-income consumers: 15% from 2012-2050 (auctioned with revenue returned through Title IV C)
Trade-vulnerable industries: 2% in 2012, 2013, 15% in 2014, declining through 2050
Clean energy innovation centers: 1% from 2012-2050

investment in workers: 0.5% from 2012- 2021, 1% from 2022-2050

Domestic adaptation: 0.9% from 2012-2021, rising to 3.9% through 2050

Climate change health protection and promotion fund: 0.1% from 2012-2050

Wildlife and natural resource adaptation: 1% from 2012-2021, rising to 4% from 2027-2050
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H.R. 2454 — Bill Summary
Strategic Reserve

— Strategic Reserve Allowances (Not modeled in this analysis)

* Reserves allowances from the cap for the purpose of reducing price volatility
— 2012 - 2019: 1% of allowances reserved
— 2020 - 2029: 2% of allowances reserved
— 2030 - 2050: 3% of allowances reserved

* Reserve allowances auctioned off with a minimum strategic reserve allowance price that starts at $28 in 2012
growing at a real rate of 5 percent through 2014. In subsequent years, the minimum price is 60 percent above the
rolling 36 month average price of that year’s allowance vintage.

* In 2012 - 2016, the number of allowances from the strategic reserve that may be auctioned equals 5% of the total
allowances established for each year during that period. In 2017 and beyond, maximum 10% of the total
allowances for each calendar year may be released into the strategic reserve.

* Proceeds from the strategic reserve auction are deposited into a Strategic Reserve Fund, used to buy international
offset credits which are then retired. New allowances equal to 80% of the number of international offset credits are
established and deposited into the Strategic Reserve Fund.

* Offsets can be bought, sold, traded, etc. as part of the Strategic Reserve Auction after the allowances for one
particular year in the Reserve are sold.

 Allowance value used for the strategic reserve is distributed proportionately among all allowance value categories.

« The models used in this analysis do not include price volatility, so the modeled price will never rise above the rolling 36
month average used to set the minimum strategic reserve allowance price.

 For this reason, the strategic reserve allowance has not been included in this analysis (i.e., the allowances are
available for use, not reserved from the total cap).

« If the strategic reserve were included in the modeling, the allowances deposited in the reserve would never be
released, in effect tightening the cap. In IGEM, this would result in a 1% increase in the allowance price and an 8%
increase in international offsets usage.
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Analytical Scenarios

Reference and Core Policy Scenarios

EPA’s June 23, 2009 analysis of H.R. 2454 included 7 scenarios. This analysis includes 13
additional scenarios. The assumptions about other domestic and international policies that
affect the results of this analysis do not necessarily reflect EPA’s views on likely future
actions. These scenarios do not account for the American Recovery and Reinvestment Act,
which could further advance the deployment of clean energy technologies.

Scenario 1 - EPA 2009 Reference

— This reference scenario is benchmarked to the AEO 2009 forecast (March release) and includes EISA but not ARRA.
< Identical to the reference scenario used for EPA’s June 23, 2009 analysis of H.R. 2454.
« Does not include any additional domestic or international climate policies or measures to reduce international GHG emissions
« For domestic projections, benchmarked to AEO 2009 (March release) without the American Recovery and Reinvestment Act of 2009 (ARRA).

Does not include the proposed federal greenhouse gas and fuel economy program for passenger cars, light-duty trucks, and medium-duty
passenger vehicles.

« Forinternational projections, used CCSP Synthesis and Assessment Report 2.1 A MiniCAM Reference.

Scenario 8 — Updated H.R. 2454

« This core policy scenario models the cap-and-trade program established in Title 11l of H.R. 2454,

* The strategic allowance reserve is not modeled (i.e., these allowances are assumed to be available for use and not held in reserve).
« Provisions explicitly modeled in this scenario:

¢ CCS bonus allowances

« EE provisions (allowance allocations, building energy efficiency codes, and energy efficiency standard component of CERES).

¢ Output-based rebates (Inslee-Doyle)

< Allocations to electricity local distribution companies (LDCs) (used to lower electricity prices)

» Widespread international actions by developed and developing countries over the modeled time period. International policy
assumptions are consistent with the agreement among G8 leaders at the July 9, 2009 Major Economies Forum “to reduce their
emissions 80% or more by 2050 as its share of a global goal to lower emissions 50% by 2050.”

¢ Group 1 countries (Kyoto group less Russia) follow an allowance path that is falling linearly from the simulated Kyoto emissions levels in 2012
to 83% below 2005 in 2050.

Group 2 countries (rest of world) adopt a policy beginning in 2025 that caps emissions at 2015 levels, and linearly reduces emissions to 26%
below 2005 levels by 2050.

¢ The combination of U.S., Group 1, and Group 2 actions caps 2050 emissions at 50% below 2005 levels.
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Analytical Scenarios

Sensitivity Scenarios

In the following scenarios all assumptions are identical to scenario 8
unless specified.

Technology and offset sensitivities requested by Senator Voinovich

e Scenario 9 —V — No Int’l| Offsets
— International offsets are not allowed or available.

» Scenario 10 — V — Reference Nuclear & Biomass / Delayed CCS
— No nuclear or bioelectricity capacity additions above what is allowed in the reference case.
— CCS technology is not available until after 2030.

o Scenario 11 — V — Reference Nuclear & Biomass / Delayed CCS — No Int’| Offsets
— No nuclear or bioelectricity capacity additions above what is allowed in the reference case.
— CCS technology is not available until after 2030.
— International offsets are not allowed or available.

e Scenario 12 -V — IPM electricity sector reductions imposed on ADAGE

— The ADAGE model is constrained so that emissions reductions in the electricity sector match
the emissions reductions projected by IPM.
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Analytical Scenarios

Sensitivity Scenarios

In the following scenarios all assumptions are identical to scenario 8 unless
specified.

Cap sensitivities
e Scenario 13 —20% 2020 Cap

— The 2020 cap is changed from a 17% reduction below 2005 covered emissions to a 20% reduction.
— The 2012, 2030, and 2050 reduction targets remain the same.
— Cap levels are reduced in the years 2013 — 2029.

e Scenario 14 — 14% 2020 Cap

— The 2020 cap is changed from a 17% reduction below 2005 covered emissions to a 14% reduction.
— The 2012, 2030, and 2050 reduction targets remain the same.
— Cap levels are increased in the years 2013 — 2029.

Energy efficiency provision sensitivity

e Scenario 15 — Updated H.R. 2454 scenario w/o energy efficiency provisions

— Removes the energy efficiency provisions included in scenario 8 (allowance allocations, building energy
efficiency codes, and energy efficiency standard component of CERES).

Allocation sensitivity

» Scenario 16 — Revenue recycling to reduce labor taxes

— All allowances that modeled as being returned to households lump sum in Scenario 2 are instead auctioned
and the revenue used to reduce taxes on labor.
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Analytical Scenarios

Sensitivity Scenarios

In the following scenarios all assumptions are identical to scenario 8 unless specified.

International action sensitivities:

» Scenario 17 — Early developing country action scenario

— Explores the impact of earlier action by developing countries, with a 2050 target that is consistent with the
G8 agreement:

— Group 1 countries (Kyoto group less Russia) follow an allowance path that is falling linearly from the
simulated Kyoto emissions levels in 2012 to 83% below 2005 in 2050.

— Group 2 countries (rest of world) adopt a policy beginning in 2020 that caps emissions 15% below BAU
levels, and linearly reduces emissions to 26% below 2005 levels by 2050.

— The combination of U.S., Group 1, and Group 2 actions cap 2050 emissions at 50% below 2005 levels.

« Scenario 18 — No developing country action

— Explores the impact of developing countries not taking any action, resulting in a failure to achieve the G8
2050 goals:

— Group 1 countries (Kyoto group less Russia) follow an allowance path that is falling linearly from the
simulated Kyoto emissions levels in 2012 to 83% below 2005 in 2050.

Group 2 countries (rest of world) do not cap GHG emissions.
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Analytical Scenarios

Sensitivity Scenarios

In the following scenarios all assumptions are identical to scenario 8 unless
specified. These scenarios were run with the reduced form IGEM model, which
only provides a limited set of outputs.

Technology and offset sensitivities:

» Scenario 9a — H.R. 2454 with International Offsets Delayed 10 Years
— U.S. covered entities are not allowed to purchase international offsets for the first 10 years.

Scenario 9b — H.R. 2454 with International Offsets Delayed 20 Years
— U.S. covered entities are not allowed to purchase international offsets for the first 20 years.

Scenario 9¢ — H.R. 2454 with No International REDD Offsets

— No reduced emissions from deforestation and degradation (REDD) offsets for the U.S. or for any
other country.

Scenario 9d — H.R. 2454 with No Domestic Offsets
— U.S. covered entities are not allowed to use domestic offsets.

Scenario 9e — H.R. 2454 with No Offsets
— U.S. covered entities are not allowed to use domestic or international offsets.
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Analytical Scenarios

Sensitivity Scenarios

In the following scenarios all assumptions are identical to scenario 8 unless
specified. These scenarios were run with the reduced form IGEM model, which
only provides a limited set of outputs.

Additional sensitivities using the reduced form IGEM model:

e Scenario 8a — Alternative (EMF) International Reference Emissions

— For the purpose of analyzing the international offset market, international reference emissions
are based on the GCAM Energy Modeling Forum 22 reference scenario, instead of the CCSP
SAP 2.1a GCAM reference scenario.

» Scenario 8b — Strategic Reserve Carve Out

— The cap is reduced by the amount of strategic reserve allowances that are specified in the bill.
The strategic reserve allowances are not released back into the system.

» Scenario 8c — Terminal Bank
— All countries are required to hold a terminal bank of allowances in 2050.

» Scenario 8d — MIT International Assumptions
— International policy assumptions are based on those used in the 2007 MIT report, “Assessment
of U.S. Cap-and-Trade Proposals.”

» Group 1 countries (Kyoto group less Russia) follow an allowance path that is falling gradually from the
simulated Kyoto emissions levels in 2012 to 50% below 1990 in 2050.

» Group 2 countries (rest of world) adopt a policy beginning in 2025 that returns and holds them at year 2015

emissions levels through 2034, and then returns and maintains them at 2000 emissions levels from 2035 to
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Modeling Approach

For the purpose of this analysis, we have chosen to use two separate computable general
equilibrium (CGE) models: IGEM and ADAGE.

CGE models are structural models.

— They build up their representation of the whole economy through the interactions of multiple agents (e.g.
households and firms), whose decisions are based upon optimizing economic behavior.

— The models simulate a market economy, where in response to a new policy, prices and quantities adjust
so that all markets clear.

These models are best suited for capturing long-run equilibrium responses, and unique
characteristics of specific sectors of the economy.

The general equilibrium framework of these models allows us to examine both the direct and
indirect economic effects of the proposed legislation, as well as the dynamics of how the
economy adjusts in the long run in response to climate change policies.

The NCGM, FASOM, GTM, and MiniCAM models are used to provide information on
abatement options that fall outside of the scope of the CGE models.

— These models generate mitigation cost schedules for various abatement options.

Additionally, the IPM model gives a detailed picture of the electricity sector in the short-run
(through 2025), which complements the long-run (through 2050) equilibrium response
represented in the CGE models.
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eD 87
S

: @ Modeling Approach
%, mﬁe Reference Calibration and Composition of GDP (IGEM)

In IGEM’s AEO 2009 Reference Case, the composition of GDP arises as follows. First, there is an important accounting distinction. The
Jorgenson-IGEM accounts treat consumer durables like housing differently than they are treated in the U.S. National Income Accounts (NIA).
Specifically, expenditures on these appear as part of investment, not consumption as in the NIA, while their capital services flows are added both
to consumption and GDP. This accounting treatment lowers consumption’s share of GDP and raises investment’s share of GDP in comparison to
pure NIA-based ratios.

» Second, government purchases are endogenous and result from combining an exogenous deficit with endogenous tax receipts, tax rates being
exogenous. Model closure requires that government debt eventually stabilizes which implies the government deficit is zero in steady state.
Reference case assumptions regarding annual deficits and tax rates are based on Congressional Budget Office (CBO) projections that are several
years old, vintage 2003-04, with the government deficit projected to vanish by 2037 at a rate slower than the CBO forecast.

* Third, exports are driven by exogenous export demands combined with endogenous relative prices, U.S. versus rest-of-world. Imports are driven
purely by relative price effects, import prices being exogenous. Model closure requires that rest-of-world debt also eventually stabilizes which
implies the exogenous current account deficit is zero in steady state. Aside from oil and gas import prices which are scaled to reflect the Energy
Information Administration’s (EIA’'s) AEO 2009 Reference Case pricing, the trends in export demands and import prices also are of the 2003-04
vintage and reflect the CBO forecasts and their underlying data; here, the current account deficit vanishes also more slowly but by 2025. In
simulatiog,ft_he exchange rate adjusts so that relative prices, U.S. versus rest-of-world, yield export and import patterns aligned to the current
account deficit.

« In developing IGEM’'s AEO 2009 Reference Case, the model is calibrated using industry and aggregate productivity adjustments to match closely
the levels and growth in real GDP and coal, petroleum, gas and electricity consumption of EIA’'s AEO 2009 Reference Case. In examining
IGEM's simulated share composition of GDP, it is important to note that all shares are consistent with their respective long-run historical averages
and, thus, offers a reasonable basis against which to frame H.R. 2454 policy outcomes. Nevertheless, it is worthwhile to consider what likely
would occur were the government and trade assumptions brought more up-to-date. For government, the deficits would be larger and the tax rates
lower, combining to yield a lower government share than forecasted by the model. For trade, rest-of-world demands would grow more rapidly,
import prices, except for oil and gas, would be slightly lower and current account deficits would be larger. With an endogenous exchange rate,
these would combine primarily to yield a larger import share and slightly larger consumption and investment shares as net foreign saving (i.e.,
investment in U.S. assets) is presumed to be larger.

« In that the overall scale of the economy and energy consumption and greenhouse gas emissions patterns are very close across the ADAGE,
IGEM and NEMS reference cases, does it matter that their compositions of GDP slightly differ? The following point cannot be emphasized too
strongly. While it is tempting to focus on levels, it is the absolute and relative changes and their underlying causes that matter most once a
common scale among variables of interest and across methodologies has been achieved. Indeed, a common scale only becomes necessary to
the extent that overall model outcomes arise from dominant non-constant elasticities and response surfaces somewhere in their functional

representations. Also, model outcomes to policy changes are more than likely to be qualitatively very robust and relatively insensitive across

small compositional differences within a methodology and a common scale; in short, model differences matter much more than do starting points.
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Modeling Limitations

The models used in this analysis do not formally represent uncertainty.

Using sectoral models to construct offset curves limits ability to estimate all leakage effects.

Confidence intervals cannot be presented for any of the results in this analysis.

Veré/ flew CGE models are capable of computing confidence intervals, so this limitation is currently shared with virtually all CGE
models.

The use of two CGE models provides a range for many of the key results of this analysis; however, this range should not be
interpreted as a confidence interval.

Alternate scenarios are presented to provided sensitivities on a few of the key determinants of the modeled costs of H.R. 2454,

 The CGE modeling approach generally does not allow for a detailed representation of technologies.

While ADAGE does represent different generation technologies within the electricity sector, it does not represent peak and base load
generation requirements.

Since the electricity sector plays a vital role in the abatement of CO, emissions, we have supplemented the results from our CGE
models with results from the Integrated Planning Model (IPM), which is a bottom-up model of the electricity sector.

The CGE models do not explicitly model new developments in transportation technologies. These reductions occur as households
alter their demand for motor gasoline and through broad representations of improvements in motor vehicle fuel efficiency.

The CGE models do not explicitly represent end-use efficiency technologies.

« The time horizon of the CGE models, while long from an economic perspective, is short from a
climate perspective.

« CGE models represent emissions of GHGs, but cannot capture the impact that changes in
emissions have on global GHG concentrations.

In previous analyses, EPA has used the Mini-Climate Assessment Model (MiniCAM) to supplement to provide information on how S.
2191, S. 1766, and S. 280 affect CO, concentrations throughout the 215t century. These analyses are available at
http://www.epa.gov/climatechange/economics/economicanalyses.html.

* None of the models used in this analysis currently represent the benefits of GHG abatement.
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Modeling Limitations (continued)

The models used in this analysis do not incorporate the effects of changes in conventional
pollutants (SO,, NOx, and Hg) on labor productivity and public health.

—  While this is an important limitation of the models, the impact on modeled costs of the policy is small
because H.R. 2454 does not necessarily reduce overall emissions of conventional pollutants covered by
existing cap and trade programs. Instead, allowance prices for conventional pollutants would fall.

 The federal government costs of administering H.R. 2454 (e.g. monitoring and enforcement) are
not captured in this analysis.

 Household effects are not disaggregated by demographic characteristics (e.g. income class).

« Both of the CGE models used in this analysis are full employment models.
—  The models do not represent effects on unemployment.
—  The models do represent the choice between labor and leisure, and thus labor supply changes are represented in the models.

 While ADAGE does include capital adjustment costs, capital in IGEM moves without cost.

 IGEM is a domestic model; ADAGE has the capability of representing regions outside of the
U.S., which were used to incorporate interactions between the U.S. and Group 1 & 2 countries.
For consistency across analyses, international abatement options were generated in the
following fashion:

—  We used the MiniCAM model to generate the supply and demand of GHG emissions abatement internationally.

—  For Group 2 countries that are assumed to not have a cap on GHG emissions before 2025, and thus supply mitigation only
through certified emissions reductions resulting from project activities, the potential energy related CO, mitigation supply is
reduced by 90% though 2015, and by 75% between 2015 and 2025.

—  Combining the international demand for abatement from MiniCAM, the domestic demand for offsets determined by the limit on
offsets, and the mitigation cost schedules for the various sources of offsets generated by the NCGM, FASOM, GTM, and
MiniCAM models, allows us to find market equilibrium price and quantity of offsets and international credits.
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Modeling Limitations (continued)

IGEM does not capture emissions leakage because it does not model
international emissions.*

— Since IGEM is a domestic model, world prices are not affected by climate policies in Group 1
and Group 2 countries. As a result of H.R. 2454, the prices of U.S. exports rise relative to
prices in the rest of the world, and export volumes fall. Since exports are price-elastic the
volumes fall proportionally more than the price rises and thus the value of exports declines.
Imports are reduced in part by the overall reduction in spending associated with the lower
levels of consumption. Additionally, commodities directly affected by the emissions cap (e.g.
oil) are reduced proportionally more than other imports due to the allowance prices embodied
in their cost. Import substitution counterbalances the two forces above. U.S. prices of
commodities not directly affected by the policy are relatively higher, which leads to substitution
away from domestically produced goods and towards imported goods. To the extent that
policies in Group 1 and Group 2 countries increase world prices of affected commodities, the
relative price difference between goods produced in the U.S. and goods produced abroad will
be lessened. This will reduce impact on exports, and reduce the import substitution effect,
both of which are driven by the relative price differential.

« ADAGE is a global model that does represent the emissions leakage associated with
H.R. 2454,

— The assumed climate policies in Group 1 and Group 2 countries are explicitly represented in
ADAGE, and thus affect world prices. As a result, the relative price differences between goods
produced domestically and abroad are smaller than the differences in IGEM, and thus the
relative price-driven changes in imports and exports are smaller in ADAGE than in IGEM.

* Emissions leakage occurs when a domestic GHG policy causes a relative price differential between domestically produced and imported goods.
This causes domestic production, which embodies the GHG allowance price to shift abroad, and thus an increase in GHG emissions in other
countries. Additionally, emissions leakage not associated with trade effects may occur when a GHG policy reduces domestic consumption of all,

lower demand for oil lowers the world oil price, which increases oil consumption in countries without a GHG policy thus increasing emissions.
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Modeling Limitations

Specified Uses of Auctioned / Allocated Allowances

» The use of the revenue generated by auctioning permits can affect the cost of the policy.

« Compared to returning auction revenues to consumers in a lump sum fashion that maintains deficit
neutrality, other uses of auction revenues for other purposes can positively or negatively impact the
cost of the policy.

— Using auction revenues to lower distortionary taxes can lower the cost of the policy.

» This possibility is known as the “double dividend” and has been widely discussed in the economics literature (e.g. Goulder et al. 1999,
Parry et al. 1999, Parry and Oates 2000, and Parry and Bento 2000, CBO 2007).

» One study (Parry and Bento 2000) finds that different methods of revenue recycling under a cap-and-trade system that reduces
emissions by 10 percent can lead to economy-wide costs that differ by a factor of three.
— Directing auction revenues to special funds or creating subsidies to specific technologies can raise the overall costs
of a policy due to the need to finance these policies with increases in distortionary taxes (the converse of the
“double dividend” benefit of reducing distortionary taxes discussed above).

* Note that substantial cost savings could be achieved by combining direct emissions policies (e.g. cap-and-trade or carbon tax) with
technology push policies (e.g. technology and R&D incentives) that correct for the market failure associated with the fact that the
inventor of a new technology cannot appropriate all of the associated social benefits (Fischer and Newell 2005; Schneider and
Goulder 1997). However, the value of the subsidy needed to fully correct the market failure is not known.

* In IGEM we assume that the policy is deficit neutral, which implies that the market outcomes are
invariant to the auction/allocation split.

— Allowance auction revenues flow to the U.S. government, and are redistributed to households lump sum to the
extent that deficit and spending levels are maintained. If auction revenues were directed to special funds instead of
returned directly to households as modeled, the reduction in household annual consumption and GDP would likely
be greater. If the auction revenues were instead used to lower distortionary taxes, the costs of the policy would be
lower.

— Private sector revenues from allocated allowances accrue to employee-shareholder households, and the
government adjusts taxes lump sum to maintain deficit and spending levels.
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Peer Review

» Over the past two years, EPA has analyzed the economic impacts of three GHG cap & trade bills at the
request of Members of Congress: S. 280 (McCain-Lieberman), S. 1766 (Bingaman-Specter), and S.
2191 (Lieberman-Warner).

» EPA’s approach to these analyses has been to use multiple models, each with different strengths.
These models include economy-wide computable general equilibrium (CGE) models (IGEM, ADAGE),
and detailed sector-specific models (IPM, FASOMGHG).

« Each of EPA’s analyses (including this analysis) has undergone extensive internal EPA peer review and
external inter-agency review by economists and other experts within the federal government.

* IGEM

— IGEM stands for Inter-temporal General Equilibrium Model. IGEM is formerly known as the Jorgenson-Wilcoxen
model and the Jorgenson-Wilcoxen-Ho model, after the researchers who developed it.

— The model is described and results presented in a number of publications, including:

« Jorgenson, Dale and Goettle, Richard, et al., U.S. Market Consequences of Climate Change. Prepared for the Pew Center on Global
Climate Change. April 2004.

« Jorgenson, Dale and Goettle, Richard, et al., The Role of Substitution in Understanding the Costs of Climate Change Policy. Prepared
for the Pew Center on Global Climate Change. September 2000.

« Jorgenson, Dale and Goettle, Richard, et al., Carbon Mitigation, Permit Trading and Revenue Recycling. Prepared for U.S.
Environmental Protection Agency. 1998.

« Jorgenson, Dale, Econometric General Equilibrium Modeling (Growth, Volume 1), Cambridge, The MIT Press, 1998.
» Jorgenson, Dale, Energy, the Environment, and Economic Growth (Growth, Volume 2), Cambridge, The MIT Press, 1998.

« The Benefits and Costs of the Clean Air Act, 1970 to 1990. Washington, DC: Prepared for the U.S. Congress by the U.S.
Environmental Protection Agency, October 1997.

* The Clean Air Act and the U.S. Economy. Cambridge, MA: Prepared for the U.S. Environmental Protection Agency by Dale W.
Jorgenson Associates, August 1993.
— IGEM underwent a peer review through the EPA Scientific Advisory Board as part of the Clean Air Act Amendments
of 1990 Section 812 process that produced The Benefits and Costs of the Clean Air Act, 1970 to 1990. The peer
review of the 812 approach was completed October 1996.

EPA has initiated an updated outside experts-based peer review of IGEM that will be completed in early 2010.
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Peer Review (continued)

AGE

ADAGE stands for Applied Dynamic Analysis of the Global Economy. It is a dynamic computable general equilibrium (CGE) model capable of
investigating economic policies at the international, national, U.S. regional, and U.S. state levels.

— Peer-reviewed articles based on ADAGE modeling include an article in B.E. Journal of Economic Analysis and an article in a forthcoming
special issue of Energy Economics.

— The core model of ADAGE is based on the MIT Emissions Predictions and Policy Analysis (EPPA) model, also a multi-sector, multi-region

CGE model of the world economy. EPPA analyses have been published in multiple peer-reviewed academic energy, economic, and
environmental journals.

— EPA has initiated an updated outside experts-based peer review of ADAGE that will be completed in early 2010.

— Periodic formal peer review of IPM includes separate expert panels on the model itself, and EPA’s key modeling input assumptions. For
example, within the past six years separate panels of independent experts have been convened to review IPM’s coal supply and transportation
assumptions, natural gas assumptions, and model formulation.

— Rulemaking process provides opportunity for expert review and comment by

« Operators of the electricity sector that is represented in IPM
Stakeholders affected by the policies being modeled
« Developers of other models of the U.S. electricity sector
e This feedback provides a highly detailed reality check of
— Input assumptions
— Model representation
— Model results
« EPA is required to respond to every significant comment submitted
« Comments on IPM have been solicited in most of the major air regulations that EPA has promulgated in the last 15 years

— IPM has been used by states (e.g., for RGGI, WRAP, OTAG), other Federal agencies (e.g., FERC, GAO), environmental groups (including the
Clean Air Task Force), and industry (e.g., TVA, SoCAL), all of whom subject the model to their own review procedures

— Extensive review by energy and environmental modeling experts from states, industry and other groups during the 2 years of the OTAG
process in 1997-1998,

Science Advisory Board review of IPM as part of the CAAA Section 812 prospective study 1997-1999
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Peer Review (continued)

« FASOMGHG

— The FASOMGHG model has been vetted through an extensive refereeing process in
numerous academic publications including: Science, Nature, American Journal of Agricultural
Economics, Environmental and Resource Economics, Climatic Change, Ecological
Economics, Land Economics, Forest Ecology and Management, Journal of Soil and Water
Conservation, and more.

— FASOMGHG and its predecessors have been used for assessments on ozone impacts
(Adams et al., 1984), acid rain (Adams et al., 1993), soil conservation policy (Chang et al.,
1994), global climate change impacts (Reilly et al., 2000), and GHG mitigation (USEPA, 2005,
USEPA, 2007), among many others.

* Adams, R.M., S.A. Hamilton, and B.A. McCarl. September 1984. “The Economic Effects of Ozone on Agriculture.”
Research Monograph. EPA/600-3-84-90. Corvallis, OR: USEPA, Office of Research and Development.

e Adams, R.M., D.M. Adams, J.M. Callaway, C.C. Chang, and B.A. McCarl. 1993. “Sequestering Carbon on
Agricultural Land: Social Cost and Impacts on Timber Markets.” Contemporary Policy Issues 11:76-87

» Chang, C.C., J.D. Atwood, K. Alt, and B.A. McCarl. 1994. “Economic Impacts of Erosion Management Measures
in Coastal Drainage Basins.” Journal of Soil and Water Conservation 49(6):606-611

* Reilly, J., F. Tubiello, B. McCarl, and J. Melillo. 2000. “Climate Change and Agriculture in the United States.” In

Climate Change Impacts on the United States: The Potential Consequences of Climate Variability and Change, pp.
379-403. Report for the U.S. Global Change Research Program. New York: Cambridge University Press.

* USEPA, 2005. Greenhouse Gas Mitigation Potential in U.S. Forestry and Agriculture, U.S. Environmental
Protection Agency, EPA 430-R-05-006, Washington D.C., November 2005.

* USEPA, 2007. “EPA S.280 mitigation cost schedules for capped sectors and domestic and international offsets.”
EPA memo to the Energy Information Administration (EIA), March 2007. Available at:
www.epa.gov/climatechange/economics/economicanalyses.html.

Supplemental EPA Analysis of H.R. 2454 — Appendix



Appendix 2: Additional Qualitative

Considerations
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Allowance Allocation & Revenue
Recycling in ADAGE and IGEM

In the models used for this analysis, households are represented by a
single representative consumer. Since the behavior of employee-
shareholders do not vary by industry, the initial allocation of
allowances to different industries does not affect estimated model
outcomes.

 Inthis analysis we assume that the policy Is deficit neutral, which
iImplies that the market outcomes are invariant to the
auction/allocation spilit.

— Private sector revenues from allocated allowances accrue to employee-
shareholder households, and the government adjusts taxes lump sum to
maintain deficit and spending levels.

— Allowance auction revenues flow to the U.S. government, and are
redistributed to households lump sum to the extent that deficit and
spending levels are maintained. If auction revenues were directed to
special funds instead of returned directly to households as modeled, the
reduction in household annual consumption and GDP would be greater.

If the auction revenues were instead used to lower distortionary taxes, the

costs of the policy would be lower.
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Revenue Recycling Issues

The use of the revenue generated by auctioning permits can affect the cost of
the policy.

« Compared to returning auction revenues to consumers in a lump sum fashion
that maintains deficit neutrality, other uses of auction revenues for other
purposes can positively or negatively impact the cost of the policy.

— Using auction revenues to lower distortionary taxes can lower the cost of the
policy.

This possibility is known as the “double dividend” and has been widely discussed in
the economics literature (e.g., Goulder et al. 1999, Parry et al. 1999, Parry and Oates
2000, and Parry and Bento 2000, CBO 2007).

* One study (Parry and Bento 2000) finds that different methods of revenue recycling
under a cap-and-trade system that reduces emissions by 10 percent can lead to
economy-wide costs that differ by a factor of three.

— Directing auction revenues to special funds or creating subsidies to specific
technologies can raise the overall costs of a policy due to the need to finance
these policies with increases in distortionary taxes (the converse of the “double
dividend” benefit of reducing distortionary taxes discussed above).

 However, substantial cost savings could be achieved by combining direct emissions
policies (e.g. cap-and-trade or carbon tax) with technology push policies (e.g.
technology and R&D incentives) that correct for the market failure associated with the
fact that the inventor of a new technology cannot appropriate all of the associated

social benefits (Fischer and Newell 2005; Schneider and Goulder 1997).
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Allowance Allocation Issues

Since emissions allowances are valuable assets, differing allowance allocation
schemes can have differing equity implications.

Equity considerations can justify allocating allowances to (or directing
allowance auction revenue to) those who ultimately bear the cost of
abatement.

Who bears the ultimate burden of the costs of abatement is not determined by
who is required to hold allowances (or who performs the abatement), but by
the complex interaction of markets.

— (Harberger 1962 provides the first general equilibrium model of tax incidence,

Kotlikoff and Summers 1987 provides a useful review of the subsequent literature,
CBO 2007 discusses the issue in the context of a cap-and-trade program).

Freely allocating allowances to the entities required to hold allowances can
create a windfall gain for those entities as they receive a valuable asset and
pass the costs associated with abatement downstream to consumers.
— Bovenberg and Goulder 2001 examines the degree to which freely allocated
allowances maintain or increase profits.
Similar to creating subsidies, allocating allowances in a non lump sum fashion
can, in some cases, raises costs.

— E.g. allocating allowances based on the average number of production employees
employed at a facility acts as a distortionary subsidy for labor.
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Allowance Allocation Issues
(continued)

 Distortions may also occur with tax interaction effects with labor,
indirectly reducing the labor supply by increasing the distortionary
effect of income taxes. (See Murray, Thurman, and Keeler, 2000)

— Burtraw et al (2001) discuss three alternative allocation mechanisms and their resulting distributional
Impacts on consumers and producers. They demonstrate that allocation based on a generation
performance standard acts as a generation subsidy and increases overall costs compared with
allocation through auction.

— Fischer, Kerr, and Toman (1998) discuss the types of risk associated with different allocation
systems. They note that “external” risk (e.g. changes in caps due to international agreements or
improved climate science) should be borne by the emitter while “internal” risk (e.g. political or revenue
based motivations for changing caps) should be eliminated to the extent possible. They also address
tax effects of different allocation systems and note that there are tax distortion effects in both
grandfathering and auction systems (encouraging too much and too little banking, respectively) and
that eliminating these effects would require a broad overhaul of the capital gains tax system.

— Neuhoff, Grubb, and Keats (2005) demonstrate that the potential for future updating of the emissions
allocation baseline in Europe creates distortionary incentives in operation and investment.

— Burtraw, Kahn, and Palmer (2005) examine the proposed Regional Greenhouse Gas Initiative effort
by nine NE/mid-Atlantic states and discuss the implications for individual firms’ profits. They find that
allocation mechanism impacts the price of electricity, consumption, and mix of production
technologies. Additionally, they show that the regional nature of the system will allow for leakage,

creating profit for firms outside the region.
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Near Term Incidence Analysis

Scenario 10: Reference Nuclear & Biomass/Delayed CCS

Average Scn. 8 Loss Per Scn. 10 Loss Per

Income Decile Income Household Household

(20069) (20069) (20069)

1 (lowest) $7,200 -S160 -$179

. 2 $15,500 -$102 -$113

a4 =

g £ 3 $23,200 $19 -$19
zZ 2 4 $31,200 $69 $81
S 5 $39,700 $177 $203
= —i_' 6 $49,800 $254 $290
25 7 $61,700 $329 $376
=« 8 $77,200 $394 $449
9 $100,600 $492 $560

Income Decile 10 (highest) $179,400 $465 $521

Average $58,500 $190 S217

-03 -
. For this analysis, sectoral emissions in the incidence model are calibrated to the results from ADAGE Scenario 10, as are
welfare costs in each sector implied by marginal abatement cost curves approximated from ADAGE results.

. The allocation of allowance value is the same as was assumed for Scenario 8 as described in the analysis in the main slides.

. Relative to Scenario 8, the cost of the rule to the average household is higher. However, the distribution of the impact of the
rule follows a pattern similar to Scenario 8, but with greater magnitude for all income deciles.
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Near Term Incidence Analysis

Scenario 11: Reference Nuclear & Biomass/Delayed CCS — No Int’| Offsets

Average Scn. 8 Loss Per Scn. 11 Loss Per

01 | Income Decile Income Household Household

(20069) (20069) (20069)
00 1 (lowest) $7,200 -$160 -$547
-01 2 $15,500 -$102 -$381
22 .02 3 $23,200 $19 -$141
22 _os 4 $31,200 $69 $124
SS 5 $39,700 $177 $449
=2 % 6 $49,800 $254 $671
g; -.05 7 $61,700 $329 $883
=7 _os 8 $77,200 $394 $1,065
o7 Income Dedlle 9 $100,600 $492 $1,285
| 10 (highest) $179,400 $465 $360
E: Average $58,500 $190 $377

. For this analysis, sectoral emissions in the incidence model are calibrated to the results from ADAGE Scenario 11, as are
welfare costs in each sector implied by marginal abatement cost curves approximated from ADAGE results.

. The allocation of allowance value is the same as was assumed for Scenario 8 as described in the analysis in the main slides.
. Relative to Scenario 8, the cost of the rule to the average household is higher.(note change in scale of vertical axis). However,
the distribution of the impact of the rule follows a pattern similar to Scenario 8, but with greater magnitude for all income

deciles. Lower income households are better off than in Scenario 8 because the allowance price has risen and 15% of the
allocation is provided to them.
. The assumption of similar budget shares to 2006 consumption levels is a particularly important assumption for this scenario.
A high allowance price will result in more significant shifts in activity across the economy and in the processes used to
produce many goods. Both of these effects will influence the relative prices of goods, and thus may influence the distributional
burden of the policy.
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Appendix 3: Additional Information on

Offsets Usage & Limits
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Domestic Offsets & International Credits
Methodology Highlights

EPA developed mitigation cost schedules for 24 offset mitigation categories, covering the
following mitigation types:

— Domestic non-CO, GHG emissions reductions

— International non-CO, GHG emissions reductions

— Domestic and international increases in terrestrial carbon sinks (soil and plant carbon stocks)

— International energy-related CO, mitigation

 EPA evaluated individual mitigation options to determine potential eligibility and feasibility
over time for a future mitigation program:

— Based on EPA’s emissions inventory & mitigation program expertise.

» Considered a broad set of factors, including existing and emerging programs/protocols/tools, monitoring,
measurement & verification (MMV), magnitude of potential, additionality, permanence, leakage, and co-
effects.

— Options evaluated both domestically, internationally (by region group), and over time.
— Captured responses to rising carbon prices.

* Modeled rising carbon price pathways (vs. constant) to capture investment behavior.

* Applied in three mitigation categories: Domestic agriculture & forestry, international forestry, and
international energy-related CO,.

— Capped sector non-CO, and bio-energy emissions reductions are also modeled.

— For the individual mitigation options that were determined to be eligible, no further discounting
was assumed.

EPA did not estimate transaction costs associated with the use of offsets in this analysis.
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H.R. 2454 Offsets Provisions
H.R. 2454 Sec. 722 (d) (1)

» H.R. 2454 Sec 722 (d) (1) (A) allows covered entities to collectively use offset credits to demonstrate compliance for up to a
maximum of 2 billion tons of GHG emissions annually.

» This section also attempts to share the 2 billion tons of offsets allowed pro rata among covered entities. However, the
formula specified for pro rata sharing among covered entities does not result in 2 billion tons of offsets in total.

— Covered entities are allowed 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) shows 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 use is equal to the product of their covered emissions and the percentage specified
above.

— The total amount of offsets allowed is equal to the product of the total amount of covered emissions and the specified percentage.
In order for this to 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 this is unlikely to be the case.

« First, even if covered emissions remain 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 reduced, which will reduce the amount of offsets they
are allowed to use.

* Third, in the later years when firms are drawing down their bank of allowances, it is possible for covered GHG emissions to be
more than 2 billion 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. However, if the domestic limit is non-binding, then the pro-rata sharing would allow for the
international limit to exceed 1 GtCO2e, so long as the sum of domestic and international offsets were still below 2 GtCO2e.

* H.R. 2454 Sec 722 (d) (1) (C) modifies the pro rata sharing to allow more international offsets if fewer than 0.9 GtCO2e are
expected to be used.
— In years when this provision triggers, an additional amount of international offsets are allowed equal to the lesser of: 1 GtCOZ2e less
the actual amount of domestic offsets used; or 0.5 GtCO2e.

— This has the potential in later years to allow more than 2 GtCO2e of offsets into the system, so our interpretation is that the actual
amount of extra international offsets allowed would be equal to the lesser of the amount calculated above, or 2 GtCO2e less the
sum of the international offsets limit and the actual usage of domestic offsets.

— Because the pro-rata sharing limits domestic offsets in the early years to well below 0.9 GtCO2e, this provision will automatically
trigger, even If the actual limit on domestic offsets were binding.
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Offset and Allowance Prices

(IGEM)

* H.R. 2454 limits the use of domestic and

$100 international offsets; however, in ‘scenario 8 —
Updated H.R. 2454’ the limits are non-binding
in all years.
$80 /

» The domestic offset price is equal to the
allowance price.

$60 * International offsets are subject to a turn-in-
ratio so that after the first five years 5 tons of
offsets must be turned in for every 4 offsets
credits received.

$40

2005 Dollars / tCOze

* The price shown here is the price before
applying the turn-in-ratio. Since 1.25
$20 allowances must be purchased for each ton of
/ covered emissions being offset, the price to
use international offsets to offset one ton of
0 | | | domestic emissions is equal to the product of
2010 2020 2030 2040 2050 1.25 and the price shown here. When the limit
on international offsets usage is non-binding,
——Scn. 8 - H.R. 2454 (Updated) - Allowance Price this product is equal to the domestic allowance
price.

Scn. 8 - H.R. 2454 (Updated) - International Offset Price
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Appendix 4: Modeling of

Forestry & Agricultural Offsets
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Modeling of Domestic
Forestry and Agricultural Offsets

Forest and agricultural lands in the United States currently comprise a net carbon sink of over 1,060
million metric tons of CO2 equivalent per year (U.S. GHG inventory, EPA 2009).

As with any modeling exercise, it is important to remember that models are useful for gauging the
responsiveness of complex economic systems. EPA has found the Forestry and Agricultural Sector
Optimization Model (FASOM) the best tool available for analyzing policies that affect both domestic
forestry and agricultural producers. Even with the best modeling efforts, precise predictions of
conditions thirty years hence is impossible. EPA is commited to supporting the legislative process by
providing analysis that identifies policies and opportunities that can benefit agriculture and forestry
producers while reducing greenhouse gas emissions.

Modeling efforts on GHG mitigation and possible offset supply potential are not intended to model a
specfic policy or to prejudge which offset types will or will not be included in climate legislation

For this analysis, EPA has used estimates of domestic offset supply based on analyses performed in
March 2009. This makes the underlying domestic offset supply potential consistent with the April 20t
analysis of the Waxman Markey Discussion Draft, the June 23 analysis of H.R. 2454, and the
October 231 analysis of S.1733.

A fuller description of the FASOM model can be found in the Appendix to EPA’s June 23 analysis of
H.R. 2454,

EPA is working with USDA and the FASOM modeling team to continue improving the analytical tools
that are used to assess how different climate policies would affect agriculture. An external peer review
of the updated FASOM model will be completed in 2010.
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Appendix 5: Modeling of Energy Efficiency

Provisions
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Modeling of Energy Efficiency Provisions

Provisions represented in Scenario 2 (HR 2454)
« Title | — Clean Energy
— Subtitle A—Combined Efficiency and Renewable Electricity Standard (Sec. 101-102)
— Subtitle D—State Energy and Environment Development Accounts (Sec. 131-132)
» Title Il — Energy Efficiency
— Subtitle A—Building Energy Efficiency Programs (Sec. 201-204)
e Title lll = Reducing Global Warming Pollution

— Subtitle B—Disposition of Allowances (Sec. 321)

» Specifically, accounted for allocation of emission allowances for energy efficiency to
— Natural gas consumers (Sec. 782 and 784),
— Home heating oil and propane consumers (Sec. 782 and 785), and
— Energy Efficiency and Renewable Energy (Sec. 782)

Provisions not represented in Scenario 2 (HR 2454)
« Title | — Clean Energy
— Subtitle E—Smart Grid Advancement (Sec. 141-146)
— Subtitle H—Energy and Efficiency Centers (Sec. 171-173)
e Title Il — Energy Efficiency
— Subtitle A—Building Energy Efficiency Programs (Sec. 205-206)
— Subtitle B—Lighting and Appliance Energy Efficiency Programs (Sec. 211-219)
— Subtitle D—Industrial Energy Efficiency Programs (Sec. 241-245)
— Subtitle E—Improvements in Energy Savings Performance Contracting (Sec. 251)
— Subtitle F—Public Institutions (Sec. 261-264)
Subtitle G—Miscellaneous (Sec. 271-274)
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° Modeling of Energy Efficiency Provisions

Three types of energy efficiency provisions are represented

1. Building codes

2. Allowance allocations for energy efficiency programs
e To natural gas local distribution companies
e To states

3. Energy savings contribution to Combined Efficiency and Renewable Electricity Standard

* Annual impacts (energy savings and costs) of EE provisions are estimated outside of
the ADAGE model

 These impacts are represented in ADAGE by adjusting reference demand and
incorporating costs

 Economy-wide impacts from the EE provisions are then estimated by ADAGE

« Estimates of costs for 2. and 3. are based on public sources of Cost of Saved Energy

— Cost of saved energy (CSE) at rate of $46/MWh (electric) and $3/mmBTU (natural gas), and
average measure lives of 10 and 15 years, respectively. CSE includes “program administrator”
and “participant” costs. CSE escalated at 1%l/year.

Sources:
— National Action Plan for Energy Efficiency (July 2006)

— National Action Plan for Energy Efficiency Vision for 2025: Developing a Framework for Change
(Nov. 2007) (National Action Plan documents available at www.epa.gov/eeactionplan)

— American Council for an Energy Efficient Economy, Saving Energy Cost-Effectively: A National
Review of the Cost of Energy Saved Through Utility-Sector Energy Efficiency Programs (Sep
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Modeling of Energy Efficiency Provisions
Building Codes

Building Codes

« Title Il — Energy Efficiency, Subtitle A—Building Energy Efficiency Programs,

Sec. 201. Greater Energy Efficiency in Building Codes

— Establishes targets for improvement and implementation of residential and commercial
building codes to achieve 30%, 50%, and, ultimately, 75% reductions in energy use in
buildings, phasing in from enactment through 2030.

— Defines state/local compliance, establishes reporting requirements, provides allowances to
states/locals to support compliance/enforcement efforts, and provides for federal
enforcement under certain conditions.

« Estimated energy impacts and associated economic costs.
— Used bill provisions for energy reductions, timing, and compliance.

— Used AEO 2009 forecasts of new construction in residential/commercial sectors and HUD
data for residential demolitions, and AEO forecasts of building energy intensity.

— Accounted for code-affected building end-uses and applied estimated realization rate of 50%
to account for shortcomings in implementation of codes at State level.*

— Estimated incremental new building construction costs using EIA energy price forecasts from
AEO 2009 (March) and 10-year simple payback.

* "Estimated realization rate" accounts for the fact that even when building codes are "on the books" the level of implementation and enforcement are
less than 100%. Historically these rates are not well measured but anecdotally are known to be qU|te low in some states (<50%) with great variation by
State. Due to stronger enforcement provisions and funding support provided for within this bill, we've used a rate of 50% as a reasonable but
conservative estimate.
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Modeling of Energy Efficiency Provisions
Allowance Allocations for EE Programs

Allowance Allocations for EE Programs

. Title | — Clean Energy, Subtitle D—State Energy and Environment Development
Accounts (Sec. 131-132)

. Title Il — Energy Efficiency, Subtitle A—Building Energy Efficiency Programs (Sec.
202-204)

. Title Il — Reducing Global Warming Pollution, Subtitle B—Disposition of Allowances
(Sec. 321)

. **Specifically, accounted for allocation of emission allowances for EE programs to
— Natural gas consumers (Sec. 782 and 784)
. 33% of total for EE w/ allowances going to natural gas LDCs
- Home heating oil and propane consumers (Sec. 782, 785)
. 50% of total for EE w/ allowances going to States
- Energy Efficiency and Renewable Energy (Sec. 782)
. 75% of total for EE w/ allowances going to States

Estimated energy impacts using

- Cost of saved energy (CSE) at rate of $46/MWh (electric) and $3/mmBTU (natural gas), and
average measure lives of 10 and 15 years, respectively

— CSE includes “program administrator” and “participant” costs
— CSE escalated at 1%/year

**Note: savings from these EE programs do not count towards CERES requirements
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Combined Efficiency & Renewable Electricity Standard

Combined Efficiency & Renewable Electricity Standard

(CERES)
o Title I — Clean Energy, Subtitle A~—Combined Efficiency and Renewable
Electricity Standard (Sec. 101-102)

— Allows for electricity savings to meet 25% to 40% of standard

— Savings must be achieved through measures implemented after enactment

* Accounted for electricity savings

— Met 25% of standard using electricity savings; left standard at 20% from 2040-
2050

— Adjusted for affected entity size cutoff of 4 million MWh

— Adjusted for exclusion from base amount of non-qualified hydro, new nuclear,
and CCS

— Adjusted for BAU energy savings from utility DSM programs
» Estimated energy impacts and associated economic costs using

— Cost of saved energy (CSE) at rate of $46/MWh (electric) and $3/MMBTU (gas)
and average measure lives of 10 (electric) and 15 (gas) years

— CSE escalated at 1%/year
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« A significant energy demand price response is forecast by
ADAGE. This response is driven by a number of factors
Including substitution away from energy consumption to other
products/services, conservation behavior (e.g., turning off
lights), as well as increased investments in energy efficiency.

e A portion of estimated energy demand reduction from energy
efficiency provisions may be a-priori incorporated into the
baseline responsiveness of demand to a price increase in
ADAGE. Further analyses are needed to quantify the extent to
which demand reduction may be double counted in this
scenario.

* While the costs of the energy efficiency programs are applied to
the manufacturing and services sectors of ADAGE, the cost of

saved energy for energy efficiency programs is not endogenous
to the model.
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The modeling of non-price policies in tandem with the analysis of GHG mitigation policy
is the subject of much current research, including an on-going effort by the Energy
Modeling Forum (EMF 25).

 There has been, historically, a disagreement between ° top down” modellng including the
use of computable general equilibrium (CGE) models and “bottom up” or engineering
economic models.

Energy Efficiency Modeling in Context

CGE models account for capital and labor flows between different sectors, representing the full
effects of changes in prices, but they assume that markets are efficient. Because of this
assumption, top down modeling implies that actors would adopt cost effective technology at an
optimum rate, and that policies to increase investment in energy efficiency could come at the
expense of other investments in the economy.

Bottom up models examine specific energy uses and show that there are large cost effective
opportunities for energy efficient technologies. These studies often don’t include the opportunity
costs of increased investment in any particular sector.

« Economists recognize that there are market failures which may lead to sub-optimal
adoption of energy saving technology.

Undersupply of research and development, externalities related to energy security and pollution,
and principal-agent (landlord/tenant) problems are widely accepted as potential market failures.

Some researchers argue that asymmetric information and transaction costs also inhibit the
adoption of more energy efficient investments and thus merit government intervention.

Economists also p