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Executive Summary

The Annual Energy Outlook 2013 (AEO2013) included several alternative cases in which hypothetical
carbon dioxide (CO,) emission fees were imposed on fossil fuel consumers on an economy-wide basis.
The fees start at $10, $15, and $25 per metric ton of CO, in 2014 and rise at 5 percent per year
thereafter. The AEO2013 cases illustrate the impact of policies that might place an implicit or explicit
value on CO, emissions from fuel combustion.

Feedback from EIA customers suggested an interest in additional sensitivity runs that explore variations
of such policies, including cases in which a value is placed only on CO, emissions from electric power
facilities rather than on an economy-wide basis, and cases with alternative treatment of the potential
revenues associated with the fees. This analysis examines the impacts of fees placed only on the
emissions from electric power facilities starting at $10, $20 and $30 per metric ton of CO, in 2014 and
rising 5 percent or 7.5 percent per year thereafter. It also examines the impacts of returning the
potential revenues associated with the fees to consumers versus using it for deficit reduction or
returning it to businesses. And finally, two cap-and-trade policies with a 50 percent electricity sector
emission reduction target are compared to the fee cases. The important questions examined include:

e How sensitive are the electricity generation mix and electricity prices to variations in the level
and growth of values placed on CO, emissions from that sector?

e How does the response to an economy-wide CO, fee compare to one imposed on the electricity
sector alone?

e How do cases with CO, fees on the electric sector compare to ones in which a cap on emissions
is imposed through a tradable allowance program?

e How would the cost and CO, fees of such a policy be influenced by the flexibility of an
alternative to submit emissions offsets for up to 20 percent of the emission allowance?

Key findings:

e The electricity sector is very responsive to the imposition of CO, fees. Across the four fee
trajectories examined, electricity sector CO, emissions are between 28 and 60 percent below
the 2005 level in 2025 and 35 and 89 percent below the 2005 level in 2040.

e The emissions reductions are achieved through large reductions in coal use offset by increases in
natural gas (particularly early on), nuclear and renewable fuel use, as well as by reductions in
overall electricity use.

0 With a CO, fee starting at $10 per metric ton in 2014 and rising 5 percent per year, coal
generation is 24 percent below the Reference case level in 2025 and 37 percent below it
in 2040, when it accounts for 23 percent of overall electricity generation. In all of the
other CO, fee cases, coal generation falls to 10 percent to 29 percent of total generation
by 2025 and, except for one case, less than 10 percent of total generation by 2040.

0 Natural gas-fired generation surges in the early years after a fee is imposed, but tends to
return towards or below Reference case levels between 2030 and 2040. In 2025,
natural gas-fired generation ranges from 10 percent to 39 percent above the Reference
case level in the four CO, fee cases. However, by 2040 this range falls to between 14
percent below the Reference case level and 5 percent above the Reference case level.
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0 Renewable and nuclear generation becomes particularly important over time as large
numbers of new plants are brought on line as coal plants retire. In 2025, renewable
generation in the CO, fee cases is between 21 percent and 46 percent above the
Reference case level. By 2040 the increase ranges from 41 percent to 71 percent above
the Reference case level. Relative to the Reference case, nuclear generation is between
0 percent and 12 percent higher in 2025 and 20 to 105 percent higher in 2040 the CO,
fee cases.

e The change in the generation mix and emission fees in the CO, fee cases leads to higher
electricity prices. In 2025 electricity prices are 12 percent to 34 percent higher than in the
Reference case, while in 2040 they are 14 percent to 28 percent higher. There are significant
differences in Reference case electricity prices and electricity price impacts across regions.

e The imposition of an economy-wide CO, fee rather than an electricity sector CO, fee results in
only slightly larger emissions reductions, but provides significantly greater fee revenues and has
a larger economic impact. In two $20 fee cases that differ only in their coverage, the reduction
in total energy-related CO, emissions differs by a little over a 1-percentage-point by 2040.

e Theresults in cap and trade cases targeting a 50 percent electricity sector emissions reduction
by 2040 are most similar to fee cases with a starting level of $10 in 2014. However, allowance
prices in the cap and trade cases are zero until after 2020 even though utilities make plant
retirement decisions that reduce emissions prior to that date in anticipation of higher future
allowance prices.

e The imposition of CO, fees or allowance costs slows economic growth, but estimated economic
impacts are sensitive to decisions on how to apply the revenue that is provided.

0 When the CO,fees are first imposed there is a shock to the economy that reduces the
level of gross domestic product (GDP) relative to the Reference case by between 0.3
percent to 1.2 percent in 2020, which is generally the peak impact year. In real 2005
chain weighted dollar terms, projected GDP, which is $16,863 billion in the Reference
case, ranges from $16,664 billion to $16,807 billion in 2020 in the CO, fee cases. By
2040, the reduction in the level of GDP relative to the Reference case ranges from 0.2 to
0.4 percent in the electricity sector CO, fee cases. Projected 2040 GDP, which is $27,282
billion in the Reference case, ranges from $27,171 billion to $27,236 billion in the
electricity sector CO, fee cases.

0 The same impacts can also be considered in terms of changes in the annual average
projected rate of economic growth over the 2014 to 2040 period. In the CO, fee cases,
the annual average rate of economic growth, which is 2.54 percent in the reference
case, is reduced by between 0.0023 to 0.0124 percentage points.

0 Returning the fee related revenue through business tax adjustments tends to reduce the
impact of the policy compared with the two other alternatives considered: consumer
rebates or deficit reduction. When the fee-related revenue is returned through
business tax rebates, total GDP nearly returns to the Reference case level by 2040.
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Introduction

The Annual Energy Outlook 2013 (AEO2013) included several alternative cases in which hypothetical
carbon dioxide (CO,) emission fees were imposed on fossil fuel consumers on an economy-wide basis.
The fees start at $10, $15, and $25 per metric ton of CO, in 2014 and rise at 5 percent per year
thereafter The AEO2013 cases illustrate the impact of policies that might place an implicit or explicit
value on CO, emissions from fuel combustion.

Feedback from EIA customers suggested an interest in additional sensitivity runs that explore variations
of such policies, including cases in which a value is placed only on CO, emissions from electric power
facilities rather than on an economy-wide basis. This report presents results of a set of additional CO,
policy cases and compares them to a reference case that reflects the American Taxpayer Relief Act of
2012 (ATRA) enacted at the start of 2013. That law, among other things, extended several provisions for
tax credits to the energy sector.

The cases included in this report are presented in Table 1. The cases are designed to answer several
questions:

e How sensitive is the electricity sector to variations in the level and growth of values placed on
CO, emissions from that sector? Three cases are included with per-metric ton fees starting at
$10, $20, and $30 (2011 dollars) in 2014 growing at 5 percent per year in real (inflation-
adjusted) terms, and another case with per-metric ton fees starting at $10 in 2014 and growing
at 7.5 percent per year.

e How does the response to an economy-wide CO, fee compare to one imposed on the electricity
sector alone? How do emissions reductions compare in the two cases and what is the relative
impact on the economy? A case with a $20 per metric ton fee growing at 5 percent a year
imposed economy-wide is compared to a case with the same fees imposed on the electricity
sector only.

e How do cases with CO, fees on the electric sector compare to ones in which a cap on emissions
is imposed through a tradable allowance program? A market-based cap on emissions effectively
imposes an incremental, opportunity cost on emitting CO, through a requirement to submit
allowances for emissions. These marginal cost incentives are largely equivalent to those
imposed through a CO, fee on emissions, such that either approach could be used to provide
the same emissions reductions with roughly the same effects over time. In particular, what CO,
fees, or equivalent allowances prices, would be required each year to gradually cut annual CO,
emissions in the electricity sector by half the 2012 level by 2040? The 50-percent electricity cap-
and-trade case illustrates this scenario.

e How would the cost and CO, fees of such a policy be influenced by the flexibility of an
alternative to submit emissions offsets for up to 20 percent of the emission allowance
requirement? An electricity cap-and-trade case with offsets illustrates that variation to the cap-
and-trade scenario.

e How does the use of revenues from carbon fees affect economic impacts? How would the
economic impacts change if carbon fees were used to reduce the deficit rather than returning
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the fee revenue to consumers through tax rebates? How would the impacts change if carbon

fee revenue was rebated to reduce corporate taxes on a revenue neutral basis?

The cases presented in this report were prepared using the National Energy Modeling System, generally
as configured for AEO2013; however, as indicated above, an updated Reference case was prepared with
assumptions modified to reflect ATRA. The sensitivity cases listed in Table 1 differ from the updated

Reference case only by the settings indicated.

Table 1. List of carbon dioxide policy cases

Cap and
CO, Fees Trade Fee/Allowance Revenue Treatment
2040
Real Rate of Reduction Deficit Consumer Corporate
Case Name Start ($) Increase from 2012 Reduction Rebate Rebate Offsets
Reference - - - - - - -
Electricity Sector Only Fee Cases
$10 fee at 5% $10 5.0% No
$10 fee at 7.5% $10 7.5% No
$20 fee $20 5.0% No
$20 fee w/deficit
reduction $20 5.0% X No
$20 fee with
business rebate $20 5.0% X No
$30 fee $30 5.0% X No
Electricity Sector Cap and Trade Cases
Cap and Trade
without Offsets NA NA 50% X No
Cap and Trade with
Offsets NA NA 50% X Yes
Economy-Wide Fee Cases
$20 fee economy-
wide $20 5.0% X No
$20 fee economy-
wide w/deficit
reduction $20 5.0% X No
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Findings

A CO,fee provides an economic incentive to reduce emissions through its effects on energy-related
investment decisions, choice of fuels, and other market responses. Generally, the higher the fee and
faster its rate of growth over time, the greater the emission reduction response. CO, fees impose an
incremental cost of using fuels that is proportional to the carbon content of the fuel, so that a given fee
has greater incremental impact on coal than natural gas.

When the fees are applied across the economy, the effect on delivered (fee-inclusive) energy prices is
directly reflected in all uses of fossil fuels. When applied only in the electricity sector, the higher
delivered cost of fossil fuels to power producers results in higher electricity prices. Responses in the
power sector also change the overall demand for each of the fossil fuels, which can affect the prices paid
by consumers who use these fuels directly.

A summary of results for selected cases that demonstrate the range of CO, reductions and economic
impacts examined is provided in Tables 2 and 3. Full results for the case are available on EIA’s web site
through the Interactive Table Viewer. (http://www.eia.gov/oiaf/aeo/tablebrowser/).
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Table 2. Summary of selected case results, 2011 and 2025

2011 2025
Reference $10 fee $10 fee $20 fee $20 fee $30 fee Cap&Trade Cap&Trade
@ 5%/year @ 7.5%/year @ 5%/year @ 5%/year @ 5%/year No offsets  with offsets
Electric Electric Electric Economy Electric Electric Electric
CO, Fee or Allowance
Price (2011 dollars per
metric ton) -- - 17.10 22.16 34.21 34.21 51.31 15.50 9.25
Emissions, offsets, and
cap compliance (million
metric tons CO,
equivalent)
Electricity sector CO,
emissions 2166 2141 1750 1450 1276 1283 959 1602 1773
Offsets, if applicable - -- -- -- -- -- - - 173
Electricity sector CO,
emissions less offsets 2166 2141 1750 1450 1276 1283 959 1602 1600
Emissions cap, if
applicable - -- -- -- -- -- - 1598 1598
Total energy-related CO,
emissions 5471 5481 5066 4764 4580 4524 4246 4926 5091
Potential revenue from
fees or allowances
(billion 2011 dollars) - - 29.9 32.1 43.6 43.9 49.2 24.8 14.8
Delivered energy prices, including CO, fee (2011 dollars per unit indicated)
Electricity (cents per
kilowatthour) 9.91 9.43 10.60 10.96 11.73 11.63 12.63 10.60 10.21
Coal, electric power
sector (per million Btu) 2.38 2.69 4.20 4.58 5.61 5.63 7.05 4.06 3.53
Natural gas (per million
Btu)
Electricity sector 4.87 5.63 6.99 7.51 8.64 8.50 9.74 6.86 6.45
Residential 11.05 12.92 13.37 13.60 14.07 15.83 14.22 13.28 13.22
Motor gasoline,
transportation (per
gallon) 3.45 3.49 3.50 3.50 3.51 3.81 3.50 3.49 3.50
Diesel transportation
(per gallon) 3.58 3.97 3.97 3.96 3.96 4.29 3.95 3.96 3.97
Energy consumption (quadrillion Btu)
Liquid fuels and other
petroleum 37.02 36.87 36.60 36.43 36.30 35.92 36.11 36.56 36.65
Natural gas 24.91 27.15 27.59 28.46 28.73 28.27 29.45 28.67 28.34
Coal 19.66 19.22 14.78 11.24 9.23 9.18 5.62 12.75 14.61
Purchased electricity 12.71 14.14 13.59 13.42 13.10 13.16 12.71 13.66 13.80
Electricity Generation
Petroleum 28 18 17 15 14 14 13 16 16
Natural gas 1000 1233 1355 1515 1591 1582 1711 1521 1451
Coal 1730 1715 1302 963 771 769 419 1108 1288
Nuclear power 790 912 912 914 935 936 1024 915 912
Renewable/Other 544 716 865 1002 1014 1014 1038 908 833
Total 4093 4595 4451 4409 4325 4316 4205 4467 4500
Gross domestic product
Billion 2011 dollars 13299 18989 18941 18924 18899 18863 18867 18935 18953
Percentage change
from reference - - -0.25 -0.34 -0.47 -0.67 -0.64 -0.29 -0.19
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Sources: U.S. Energy Information Administration, National Energy Modeling System runs: ae02013hr8.d021213a, co2elfee10.d030613a, co2elfee1075.d030613a,

co2elfee20.d030613a, co2fee20.d030613a, co2elfee30.d030613a, capel50pct.d030613a, and capel500ff.d030613a.

Table 3. Summary of results, 2011 and 2040

2011 2040
Reference $10 fee $10 fee $20 fee $20 fee $30 fee Cap&Trade Cap&Trade
@ 5%/year @ 7.5%/year @ 5%/year @ 5%/year @ 5%/year No offsets with offsets
Electric Electric Electric Economy Electric Electric Electric
CO, Fee or Allowance Price
(2011 dollars per metric ton) - - 35.56 65.56 71.11 71.11 106.67 55.29 49.93
Emissions, offsets, and cap
compliance (million metric
tons CO, equivalent)
Electricity sector CO,
emissions 2166 2308 1566 799 516 585 276 1032 1285
Offsets, if applicable -- - -- -- -- -- - - 257
Electricity sector CO,
emissions less offsets 2166 0 1566 799 516 585 276 1032 1028
Emissions cap, if applicable - -- - - - - -- 1030 1030
Total energy-related CO,
emissions 5471 5680 4923 4173 3893 3814 3659 4417 4635
Potential revenue from fees
or allowances (billion 2011
dollars) - - 55.7 52.4 36.7 41.6 29.4 57.1 51.3
Delivered energy prices, including CO, fee (2011 dollars per unit indicated)
Electricity (cents per
kilowatthour) 9.91 10.71 12.24 13.31 13.59 13.48 13.74 12.97 12.81
Coal, electric power sector
(per million Btu) 2.38 3.20 6.33 8.63 8.89 8.98 12.30 7.83 7.52
Natural gas (per million Btu)
Electricity sector 4.87 8.51 10.15 11.98 12.43 12.14 13.59 10.98 10.98
Residential 11.05 16.71 16.69 16.87 17.18 20.76 16.61 16.38 16.61
Motor gasoline, transport
(per gallon) 3.45 4.32 4.32 4.33 4.34 4.96 4.32 4.32 4.33
Diesel (per gallon) 3.58 4.94 4.96 4.94 4.94 5.68 493 493 4,94
Energy consumption (quadrillion Btu)
Liquid fuels and other
petroleum 37.02 36.03 35.72 35.51 35.53 34.69 35.66 35.61 35.59
Natural gas 24.91 29.75 28.88 29.64 28.86 28.17 27.67 30.22 30.20
Coal 19.66 20.31 13.10 5.43 3.03 3.30 2.08 7.46 9.55
Purchased electricity 12.71 15.76 14.86 14.39 14.14 14.40 13.90 14.50 14.75
Electricity Generation
Petroleum 28 18 17 13 12 12 12 14 15
Natural gas 1000 1563 1510 1646 1549 1550 1341 1708 1707
Coal 1730 1827 1151 402 157 192 66 602 814
Nuclear power 790 911 1091 1431 1764 1736 1868 1303 1168
Renewable/Other 544 900 1255 1401 1364 1335 1520 1306 1257
Total 4093 5220 5023 4893 4846 4825 4806 4932 4961
Gross domestic product
Billion 2011 dollars 13299 27282 27229 27171 27183 27134 27236 27197 27172
Percentage change from
reference - -- -0.19 -0.41 -0.36 -0.54 -0.17 -0.31 -0.40

Sources: U.S. Energy Information Administration, National Energy Modeling System runs: ae02013hr8.d021213a, co2elfee10.d030613a, co2elfee1075.d030613a,
co2elfee20.d030613a, co2fee20.d030613a, co2elfee30.d0306134a, capel50pct.d030613a, and capel500ff.d030613a.
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CO, fees

The CO, fees considered in the fee cases developed in this report start at $10, $20 and $30 per metric
ton of CO, in 2014 and grow at either 5 or 7.5 percent per year over time (Figure 1). By 2040 they range
between $36 and $107 per metric ton of CO,. The allowance prices in the cap-and-trade cases are
generally much lower, particularly in the near term, than the fees in the four fee cases (Figure 2). In
both of the cap-and-trade cases the emissions target is set to 50 percent below the 2012 level by 2040.
The target is assumed to decline linearly from the emission level in 2012 to the final target in 2040. Both
cap-and-trade cases assume no banking of allowances, but one allows offsets to be used for up to 20
percent of their covered emissions as a compliance option, while the other does not. The assumed
offsets reflect a potential program to allow non-covered entities to register either reductions in non-CO,
greenhouse gases or increases in carbon sequestration through changes in forestry and agriculture
practices. While the supply of offsets is uncertain, they have the potential to lower compliance costs
significantly. In the cap-and-trade case with offsets, the estimated allowance price in 2033 is less than
half the price in the cap-and-trade without offsets case.

In all cases, covered entities are assumed to be aware of future allowance prices and CO, fees, so
investment decisions take current-year and future-year CO, fee or allowance values into account. This
foresight assumption leads to an interesting outcome, particularly in the cap-and-trade cases. In those
cases, simulated allowances prices in the first few years were driven to zero based on forward-looking
investment behavior by coal plant owners. In anticipation of future allowance prices that would
eventually make many of their coal plants uneconomical, they retire some of their coal plants earlier to
avoid the interim costs of upgrading them to meet environmental regulations that take effect in 2016."
These coal plant retirements cause emissions over the 2014 to 2020 period to fall below the assumed
caps even though allowance prices do not rise above S1 per metric ton CO, until after 2020.

! Section 112 of the Clean Air Act Toxic Standards (MATS). Compliance with MATS is expected to require all coal plants to add
emission control equipment, such as flue gas desulfurization and dry sorbent injection by 2016, or to be retired.
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Figure 1. Alternative CO, fees examined
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Figure 2. Allowance prices in cap-and-trade cases
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CO, emissions

The electricity sector exhibits a strong response to CO, fees by altering investment and operating
decisions to reduce emissions, while electricity consumers react to higher prices by cutting their demand
for electricity. Emissions decline rapidly in the first three years after introduction of the carbon fees,
2014-2016, as power companies initially react to the emissions fees by retiring coal plants rather than
investing in them to bring them into compliance with upcoming environmental regulations (Figure 3).
This leads to an increase in natural gas use. Emissions reductions continue after 2016, but at a slower
pace. The magnitude of the CO, emissions response is strongly related to the CO, fee levels assumed,
particularly in the early years, but reductions from the Reference case occur throughout the projection.
By 2040, energy-related CO, emissions in the electricity sector are less than half the 2005 level in three
of the four CO, fee cases. The $30 fee case induces an emission reduction in the electricity sector of 89
percent from 2005 levels by 2040.

Figure 3. Energy-related CO, emissions in electricity sector in CO, fee cases

million metric tons CO, equivalent %
history projections Change
3,000 from
2005
2,500
' Reference
-4.5

2,000
$10 fee at 5 %
= 352

1,500 10 fee at 7.5 %

1,000 $20 fee
-66.9
500 -78.7
-88.6
O I T T T T T T T
2005 2010 2015 2020 2025 2030 2035 2040
%
Sources: U.S. Energy Information Administration, National Energy Modeling System runs: €la

a2e02013hr8.d021213a, co2elfee10.d030613a, co2elfee1075.d030613a, co2elfee20.d030613a, and
co2elfee30.d030613a.

In the two cap-and-trade cases, the emission target in 2040 was assumed to be half the 2012 level, or
about 57 percent below the 2005 level (Figure 4). Some over-compliance or excess emissions reductions
occur in the first five years. Again, the anticipation of future allowance prices drives some retirement
and investment decisions, leading to greater emissions reductions than required in the early years of the
projections. The difference in CO, emissions shown between the two cap-and-trade cases reflects the
guantity of offsets used in the case with offsets. The effect on CO,-equivalent greenhouse gas emissions
in the two cases would be essentially the same, but reductions in the offsets case include non-CO,
emissions reductions in non-covered sectors, as well as increases in carbon sequestration in agriculture
and forestry. No energy-related CO, offsets were simulated from the non-covered sectors, as might be
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Figure 4. Energy-related CO, emissions in electricity sector in cap-and-trade cases
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Sources: U.S. Energy Information Administration, National Energy Modeling System runs: ae02013hr8.d021213a, EIQ
capel50pct.d030613a and capel500ff.d030613a.

allowed under an electricity-only cap-and-trade offset policy. Comparing the emissions reductions in
the cap-and-trade cases to those in the fee cases shows that the two $10 fee cases produce emissions
reductions most similar to the 50 percent reduction target called for in the cap-and-trade cases.

The change in total U.S. energy-related CO, emissions in 2040 relative to 2005 emissions ranges from 18
percent to 39 percent across the fee cases (Figure 5), lower than the 35 percent to 89 percent
reductions seen in the power sector alone. This difference reflects the fact that in 2011, the electricity
sector accounted for about 40 percent of total U.S. energy-related CO, emissions.

One interesting finding in this analysis is shown in Figure 6, comparing energy-related CO, emissions in
two $20 fee cases that differ only in their coverage. In one case, only the electricity sector is covered,
while in the other, all energy-related CO, emissions throughout the economy are covered. The total CO,
emissions in the economy-wide coverage case are only slightly lower than in the electricity sector
coverage case, and in both cases, the emissions reductions are almost entirely attributable to electricity
sector actions. By 2040, there is only a little over a 1-percentage-point difference in the total emissions
reduction from the 2005 level.

Many factors including changing fuel prices and slowing energy demand growth contribute to the
relatively small emissions reductions seen in the fee cases outside of the electricity sector. Recent
changes in energy regulations may be a particularly important factor. For example, the Reference case
incorporates the recently-extended fuel economy and tailpipe emission standards for light-duty
vehicles. The rulings mandate increasingly stringent improvements in CO, emissions and fuel economy
between 2017 and 2025. As a result, the Reference case projects a 16-percent reduction in CO,
emissions from all light-duty vehicles between 2011 and 2025. Since these standards lead to technology
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adoption for fuel economy in excess of what might otherwise occur, increases in gasoline prices from a
CO, fee have limited incremental effect on consumer or manufacturer decisions to adopt fuel-saving
technology. In addition, any increases in driving costs from CO, fees on gasoline would be tempered by
the high fuel economy of the vehicle fleet already in place to meet the fuel economy standards.

Figure 5. Total energy-related CO, emissions in CO, fee cases
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Figure 6. Total energy-related CO, emissions in CO, fee cases, electricity only vs. economy wide
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Generation by fuel

The imposition of CO, fees or allowance prices on the power sector has significant impacts on the mix of
fuels used to generate electricity. The fees raise the cost of using fossil fuels, making it more economical
to use less carbon intensive fuels or technologies that capture and store the CO,. Among the fuels used
to generate electricity, coal is most impacted by the imposition of a CO, fee (Figure 7), particularly when
the fee starts above $10 per metric ton of CO, or rises more rapidly than 5 percent per year. When the
CO, fee starts at $10 per metric ton and rises 5 percent per year, coal generation falls below the
Reference case levels, but it continues to account for a significant share of overall electricity generation.
In this case, coal generation is 24 percent below the Reference case level in 2025 and 37 percent below
it in 2040, when it accounts for 23 percent of overall electricity generation. In all of the other CO, fee
cases, coal generation falls to 10 percent to 29 percent of total generation by 2025 and, except for one
case, less than 10 percent of total generation by 2040. In the case where the CO, fee starts at $10 per
metric ton and rises 5 percent per year, just over one-third (36 percent) of existing coal capacity is
retired by 2040 while in the other fee cases more than 75 percent of current coal capacity is retired by
then.

Figure 7. Coal generation in alternative electricity sector CO, fee cases
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The implications for natural-fired generation differ significantly from those for coal (Figure 8). When the
CO, fee is first imposed, power plant owners retire a large amount of existing coal capacity rather than
make investments to bring it into compliance with upcoming environmental regulations. Since
companies know that the CO, fees will rise over time, they take this into account in their environmental
retrofit investment decisions and, in many cases, choose not to go forward with them. This leads to a
sharp increase in natural gas-fired generation to replace the power formerly supplied by existing coal
plants. Over time, however, as the CO, fees continue to increase, non-emitting sources like new
renewable and nuclear plants become increasingly attractive. As these new zero-CO, emitting plants are
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brought on line, the generation contribution from natural gas-fired plants falls towards or below
Reference case levels, particularly in the higher fee cases. In 2025, natural gas-fired generation ranges
from 10 percent to 39 percent above the Reference case level in the CO, fee cases. However, by 2040
this range falls to between 14 percent below the Reference case level and 5 percent above the
Reference case level in the CO, fee cases. A portion of the natural gas generation in the later years in
the CO, fee cases, particularly in the $30 fee case, comes from new natural gas plants with carbon
capture and storage equipment.

Figure 8. Natural gas generation in alternative electricity sector CO, fee cases
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Similar to natural gas, renewable generation shows strong growth in the early years when the CO, fees
are first imposed (Figure 9). However, unlike natural gas, the increase above Reference case levels
continues to grow over time as new renewable capacity is added. In 2025, renewable generation in the
CO, fee cases is between 21 percent and 46 percent above the Reference case level. By 2040 the
increase ranges from 40 percent to 71 percent above the Reference case level. The share of total
generation accounted for by renewables ranges from 25 percent to 31 percent in 2040 in the CO, fee
cases, much higher than the 17 percent share achieved in the Reference case. Among the specific
renewable sources, wind, solar, biomass and geothermal all contribute to the increase in renewable
generation in the CO, fee cases, but their relative contribution varies from case to case, particularly for
biomass. Biomass can be burned in dedicated plants and co-fired along with other fuels like coal. In the
$10 CO, fee cases, it becomes attractive to reduce coal use through increased co-firing of biomass and
this leads to a large overall increase in biomass generation. In the higher CO, fee cases, however, most
coal capacity is eventually retired, reducing the opportunity for co-firing. Large increases in wind and
solar capacity occur in the CO, fee cases. In the Reference case, wind capacity increases from 46
gigawatts in 2011 to 101 gigawatts in 2040. In the CO, fee cases, wind capacity ranges from 154 to 220
gigawatts in 2040. The pattern is similar for solar. In the Reference case, solar capacity increases from 5
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gigawatts in 2011 to 44 gigawatts in 2040, but in the CO, fee cases, capacity ranges from 60 to 152
gigawatts in 2040.

Figure 9. Renewable generation in alternative electricity sector CO, fee cases
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Nuclear generation, like renewable generation, increases in all of the CO, fee cases, but its growth
occurs later, mostly after 2025 and 2030 (Figure 10). The development timeline for new nuclear
capacity is generally longer than for other capacity types. Relative to the Reference case, nuclear
generation ranges from unchanged to 12 percent higher in 2025 in the CO, fee cases. By 2040, the
increase in nuclear generation relative to the Reference case grows to from 20 percent to 105 percent
higher in the CO, fee cases. While not entirely unprecedented, the rate of nuclear expansion seen in the
$20 and $30 fee cases rivals or exceeds the rate of expansion seen between 1970 and 1990 in the

United States, and it may be challenging to repeat that rate of growth again. For example, in the $30 fee
case, 135 gigawatts of new nuclear capacity are added between 2015 and 2040, substantially exceeding
the 90-plus gigawatts of nuclear capacity that was added between 1970 and 1995.
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Figure 10. Nuclear generation in alternative electricity sector CO, fee cases
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Electricity prices

The imposition of CO, fees leads to higher fossil fuel and electricity prices, and slower economic growth,
but the impacts vary significantly with the level of the fees imposed, the uses of the fee revenue and the
coverage of the program. Across the CO, fee cases, electricity prices are 12 percent to 34 percent higher
than in the Reference case in 2025 and 14 percent to 28 percent higher in 2040 (Figure 11). The
percentage changes and the electricity prices shown in Figure 11 are average delivered prices to all
consumers, including homes, commercial buildings, and industrial facilities.

The CO, fees raise the cost of using fossil fuels to generate electricity. For example, in 2025, the cost of
coal to power plants without carbon capture and storage equipment is $2.69 per million Btu in the
Reference case, but it is $3.70 in the $10 fee case, $4.85 in the $20 fee case and $6.01 in the $30 fee
case. The cost of using coal increases even further by 2040, ranging from $6.33 to $12.30 per million
Btu in the CO, fee cases versus $3.20 in the Reference case. The impacts on natural gas prices are
smaller than those for coal because of its lower carbon content, but they are still significant. The cost of
using natural gas for power generation in 2040 ranges from $9.94 to $13.31 per million Btu in the CO,
fee cases versus $8.33 in the Reference case.

While CO, fees raise electricity prices through their impact on generation costs, they do not affect
electricity distribution costs, which typically constitute a larger share of the electricity price for
residential consumers than for industrial consumers, who typically pay lower overall prices. Therefore,
in each of the CO, fee cases, the percentage increase in residential electricity prices tends to be
significantly smaller than the percentage increase in industrial electricity prices.
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Figure 11. National average electricity prices in electricity-sector-only CO, fee cases
2011 cents per kilowatthour
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Current electricity prices, as well as projected electricity prices in the Reference case and the change in
electricity prices in the CO, fee and cap-and-trade cases considered in the paper, vary significantly
across U.S. regions. Table 4 shows actual 2011 regional prices and projected reference and alternative
case prices in 2025. Table 5 displays the same for 2011 and 2040 in the CO, fee cases, while Figure 16
displays the regions.
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Table 4. Regional electricity prices, 2011 actual and 2025 in alternative cases

2011 cents per kilowatthour

2011 2025
Reference $10 fee $10 fee $20 fee $20 fee $30fee  Cap&Trade Cap&Trade
@ 5%/year @ 7.5%/year @ 5%/year @ 5%/year @ 5%/year No offsets with offsets
Electric Electric Electric Economy Electric Electric Electric
1 Texas 9.2 9.0 10.7 11.3 12.0 11.8 13.1 11.0 10.4
2 Florida 10.6 9.9 10.9 11.5 12.6 12.6 13.6 11.0 10.5
3 Eastern Wisconsin 9.5 9.0 10.2 10.8 11.4 11.4 12.6 10.2 9.9
4 Northern Plains 8.1 7.9 9.1 9.3 9.9 10.0 10.9 9.0 8.8
5 New England 14.5 12.8 14.7 13.8 15.1 14.8 15.8 13.6 13.6
6 New York
City/Westchester 20.0 18.5 18.8 18.9 211 19.8 21.9 19.0 18.1
7 Long Island 18.8 15.8 17.8 18.3 17.3 19.3 18.6 17.8 17.2
8 Upstate New York 11.5 12.4 13.6 13.6 14.4 14.3 15.4 13.2 13.1
9 Mid-Atlantic 12.3 10.5 12.2 12.4 13.3 13.0 14.7 11.9 11.7
10 Lower Michigan 10.6 9.7 111 115 12.5 12.1 12.9 111 10.5
11 Great Lakes 8.9 9.8 11.0 11.8 12.6 12.6 13.4 11.2 10.7
12 Mississippi Delta 7.5 9.0 9.8 10.4 11.2 111 11.8 10.1 9.7
13 Mississippi Basin 8.1 8.2 9.8 11.2 12.2 115 12.6 10.5 9.6
14 Alabama / Georgia 9.6 8.7 9.7 9.9 10.8 10.7 11.6 9.5 9.2
15 Tennessee Valley 8.4 6.8 7.8 8.1 8.7 8.8 10.7 7.7 7.3
16 Virginia / Carolina 8.8 8.9 9.6 9.8 10.4 10.4 11.1 9.6 9.3
17 Central Plains 9.0 9.2 10.6 11.2 11.7 11.7 12.8 10.7 10.2
18 Southern Plains 7.6 7.8 9.5 9.8 10.7 10.6 11.6 9.3 9.0
19 Arizona / New
Mexico 9.7 10.3 115 11.8 12.2 12.2 12.9 11.5 11.0
20 California 13.1 12.7 13.3 13.6 14.0 13.9 14.6 13.4 13.1
21 Northwest 7.2 7.0 7.6 7.8 8.4 8.4 8.7 7.8 7.6
22 Rocky Mountain 9.2 9.0 10.2 10.5 11.1 11.1 12.5 10.1 9.6

Sources: U.S. Energy Information Administration, National Energy Modeling System runs: ae02013hr8.d021213a, co2elfee10.d030613a,
co2elfee1075.d030613a, co2elfee20.d030613a, co2fee20.d030613a, co2elfee30.d030613a, capel50pct.d030613a, and capel500ff.d030613a.
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Table 5. Regional electricity prices, 2011 actual and 2040 in alternative cases

2011 cents per kilowatthour

2011 2040
Reference $10 fee $10 fee $20 fee $20 fee $30fee Cap&Trade Cap&Trade
@ 5%/year @ 7.5%/year @ 5%/year @ 5%/year @ 5%/year No offsets  with offsets
Electric Electric Electric Economy Electric Electric Electric
1 Texas 9.2 12.1 13.2 14.5 15.1 14.7 15.6 14.2 13.8
2 Florida 10.6 11.7 13.5 14.4 14.5 14.4 14.6 14.2 14.1
3 Eastern Wisconsin 9.5 9.3 11.4 13.3 13.3 13.4 13.6 12.7 12.3
4 Northern Plains 8.1 8.3 10.1 10.9 11.3 11.3 11.2 10.6 10.6
5 New England 14.5 15.1 16.1 16.6 17.6 17.2 17.3 16.2 16.7
6 New York City/
Westchester 20.0 20.7 21.6 22.8 23.7 234 24.2 22.6 22.7
7 Long Island 18.8 18.9 20.1 21.6 22.6 22.3 22.2 20.8 20.8
8 Upstate New York 11.5 14.7 16.0 16.8 17.3 17.0 17.8 16.3 16.3
9 Mid Atlantic 12.3 12.3 13.5 14.4 15.2 15.1 15.6 14.0 14.0
10 Lower Michigan 10.6 10.3 12.4 13.1 13.2 13.3 12.5 13.3 13.2
11 Great Lakes 8.9 10.9 12.5 14.1 14.3 14.2 14.7 13.4 13.1
12 Mississippi Delta 7.5 10.0 11.6 12.7 13.0 13.0 13.4 12.4 12.1
13 Mississippi Basin 8.1 9.2 11.2 13.1 13.5 13.5 13.2 12.7 12.2
14 Alabama / Georgia 9.6 9.2 11.1 12.9 13.1 12.9 13.0 12.2 11.9
15 Tennessee Valley 8.4 7.1 9.2 10.9 10.8 10.7 10.7 10.5 10.0
16 Virginia / Carolina 8.8 9.3 10.8 11.5 11.6 11.6 11.8 114 11.2
17 Central Plains 9.0 9.4 11.1 12.0 12.5 12.2 12.9 11.8 11.6
18 Southern Plains 7.6 9.5 114 12.1 12.4 12.3 12.8 12.0 12.0
19 Arizona / New Mexico 9.7 12.3 14.1 14.4 14.3 14.2 14.5 14.4 14.5
20 California 13.1 13.8 14.6 15.4 15.5 15.4 15.7 15.1 14.9
21 Northwest 7.2 8.1 9.3 9.6 10.0 10.0 9.8 9.5 9.4
22 Rocky Mountain 9.2 10.8 12.6 14.0 14.0 13.9 14.4 13.7 13.4

Sources: U.S. Energy Information Administration, National Energy Modeling System runs: ae02013hr8.d021213a, co2elfee10.d030613a,
co2elfee1075.d030613a, co2elfee20.d030613a, co2fee20.d030613a, co2elfee30.d030613a, capel50pct.d030613a, and capel500ff.d030613a.

Economic Impacts

The higher consumer electricity prices (and higher consumer fossil fuel prices when the coverage
extends beyond the electricity sector) in the CO, fee cases tend to slow economic growth. Figures 12
and 13 display the economic impacts in alternative ways. Figure 12 shows total U.S gross domestic
product (GDP) in the Reference case and the four CO, fee cases. As shown, the impacts are hard to
discern, the thickness of the lines in the figure obscure them.

Figure 13 displays the same information in a different way, showing the percentage change in GDP in
the CO, fee cases relative to GDP in the Reference case. Initially as the CO, fees are first imposed there
is a shock to the economy leading to a reduction in GDP of 0.3 percent to 1.2 percent in 2020, which is
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generally the peak impact year. In real 2005 chain-weighted dollar terms, projected GDP, which is
$16,863 billion in the Reference case, ranges from $16,664 billion to $16,807 billion in 2020 in the CO,
fee cases. Over time, the impacts fall as the economy adjusts, the power sector converts to lower
emitting sources and consumers spend the revenue associated with the fees that is rebated to them. By
2040, the reduction in GDP relative to the Reference case in the CO, fee cases ranges from 0.2 to 0.4
percent. Projected 2040 GDP, which is $27,282 billion in the Reference case, ranges from $27,171
billion to $27,236 billion in the electricity sector CO, fee cases. Figure 14 shows the same information
for the cap-and-trade cases and illustrates that their economic impacts are similar to those in the two
$10 fee cases.

The impacts in the alternative cases can also be considered in terms of changes in the annual average
projected rate of economic growth over the 2011 to 2040 period. In the CO, fee cases, the annual
average rate of economic growth, which is 2.51 percent in the reference case, is reduced by between
0.006 to 0.014 percentage points.

In all of the fee cases, industrial and employment impacts tend to follow GDP changes, with energy-
intensive industries experiencing higher percentage changes from Reference case levels compared to all
of manufacturing and overall industry as well.

Figure 12. GDP in electricity-sector-only CO, fee cases
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Figure 13. Change in GDP in alternative electricity sector CO, fee cases
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Figure 14. Change in GDP in cap-and-trade cases
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While the fee level is important in estimating the potential economic impact of the program, other
important factors include how the revenue associated with the CO, fees is used and the coverage of the
program. In most of the cases discussed in this report it is assumed that all the fee revenue is rebated to
consumers. Other options include using the fee revenue to reduce the deficit or returning it to
businesses through lower business taxes.

U.S. Energy Information Administration | Further Sensitivity Analysis of Hypothetical Policies to Limit Energy-Related Carbon Dioxide Emissions

21



July 2013

In general, using the fee revenue for deficit reduction rather than rebating it to consumers, leads to a
larger adverse impact on the GDP in the near term. This occurs because personal consumption, a major
portion of GDP, is much lower when the fee revenue is not returned. Conversely, when the fee revenue
is returned to businesses, the economy tends to be better off because businesses increase their
investments that lead to greater productivity and economic growth. As shown, when the revenue is
returned through business tax rebates, total GDP nearly returns to the Reference case level by 2040.
However, personal consumption remains lower when the revenue is returned to businesses rather than
consumers.

Figure 15. Change in GDP in electricity sector CO, $20 fee cases with different revenue use
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Figure 16. Regional boundaries and definitions

Number Abbreviation NERC Sub Region Name Geographic Name*
1 | ERCT Texas Regional Entity Texas
2 | FRCC Florida Reliability Coordinating Council Florida
3 | MROE Midwest Reliability Council — East Eastern Wisconsin
4 | MROW Midwest Reliability Council — West Northern Plains
5 | NEWE Northeast Power Coordinating Council/ Northeast New England
6 | NYCW Northeast Power Coordinating Council/ New York City-Westchester New York City
7 | NYL Northeast Power Coordinating Council/ Long Island Long Island
8 | NYUP Northeast Power Coordinating Council/ Upstate New York Upstate New York
9 | RFCE Reliability First Corporation — East Mid Atlantic
10 | RFCM Reliability First Corporation — Michigan Lower Michigan
11 | RFCW Reliability First Corporation — West Great Lakes
12 | SRDA Southeast Reliability Corporation - Delta Mississippi Delta
13 | SRGW SERC — Gateway Mississippi Basin
14 | SRSE SERC - Southeast Southeast
15 | SRCE SERC - Central Tennessee Valley
16 | SRVC SERC - Virginia Carolina Virginia Carolina
17 | SPNO Southwest Power Pool North Central Plains
18
SPSO Southwest Power Pool South Southern Plains
19 | AZNM Western Electricity Coordinating Council — Arizona New Mexico Southwest
20 | camx WECC - California California
21 | NWPP WECC - Northwest Power Pool Area Northwest
22 | RMPA WECC - Rocky Mountain Rocky Mountain

*- Names are intended to be approximately descriptive of location. Exact regional boundaries do not necessarily correspond to state borders or to other regional
naming conventions
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