October 31, 2018
Docket ID No. EPA-HQ-OAR-2017-0355-21117
Re: Emission Guidelines for Greenhouse Gas Emissions from Existing Electric Utility
Generating Units: Emission Guideline Implementing Regulations; New Source Review
Program
We, the undersigned, submit the following comments in response to the Federal Register Notice
“Emission Guidelines for Greenhouse Gas Emissions from Existing Electric Utility Generating
Units: Emission Guideline Implementing Regulations; New Source Review Program” (83 FR
44746; EPA 2018a). This proposal to replace the Clean Power Plan with the Affordable Clean
Energy Plan should take into account the following scientific findings and associated literature
cited.
In summary,
•

According to EPA’s Regulatory Impact Analysis (RIA), estimated national emissions of
carbon dioxide (CO2), sulfur dioxide (SO2), and nitrogen oxides (NOx) under the
Affordable Clean Energy (ACE) Plan are higher than under the Clean Power Plan (CPP)
and only slightly lower than under the no-policy case used by EPA in 2030.

•

At the state level, EPA’s RIA shows that many states are projected to experience higher
CO2, SO2, and NOx emissions under ACE compared to both the CPP and the no-policy
case in 2030.

•

The estimated increase in emissions is driven by a rebound effect that is the result of heat
rate improvements, in which more efficient units are utilized more.

•

The estimated increase in emissions under ACE is large enough to result in negative
health effects associated with elevated ground level ozone and fine particulate matter
associated with increased SO2 and NOx emissions that must be fully and accurately
accounted for in the benefit-cost analysis.

•

We find that the potential increase in estimated emissions and associated health effects
can be larger under different assumptions about the no-policy reference case.
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•

At-the-source measures that are already a common practice at regulated sources, namely
fuel-switching or co-firing with natural gas or biomass, were arbitrarily dismissed by
EPA as it defined the Best System of Emissions Reductions (BSER).

•

A proposal such as ACE that arbitrarily limits emission reductions measures and results
in increased emissions compared to no policy action defies the definition of a Best
System of Emissions Reductions.

I. Flaws in EPA’s proposed legal interpretation of sections 111(a) and 111(d)
The information and analysis we present on the adverse effects of the ACE proposal illustrate
flaws in EPA’s proposed legal interpretation of section 111(a) and 111(d) of the Clean Air Act
(CAA) and the potential emissions, air quality, and health and ecosystem consequences of
implementing this flawed approach.
A. Overly narrow definition of “Best System of Emission Reduction”
EPA’s proposed interpretation asserts that the “Best System of Emission Reduction” (BSER)
must be applied only “at a source”. The assertion in and of itself does not advance EPA’s
argument. In its proposal to repeal the CPP, EPA recognizes that “operational changes” to a
source fall within the scope of the BSER. However, nowhere in the ACE proposed replacement
rule does the agency address the fact that, in practice, reducing utilization at a source is an
operational change that utilities already use to reduce emissions. In fact, the proposal fails to
address the ample CPP record which demonstrates that managing and reducing utilization at
individual facilities has long been integral to utilities’ practices for complying with Clean Air
Act (CAA) air pollution control programs.
B. Faulty categorization of at-the-source measures
EPA asserts that Building Blocks 2 and 3 of the CPP cannot be included in the definition of
BSER emissions standards. This assertion is not supportable. The building blocks refer to cofiring with or substituting electricity generation from lower carbon emitting existing natural gas
plants (Building Block 2) or from new zero-emitting renewable energy sources (Building Block
3) to reduce generation from higher emitting coal-fired power plants.
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The proposal fails to recognize the actual function of Building Blocks 2 and 3 in establishing the
ACE emissions standards. The proposal makes much of the distinction between the application
of measures at a source and the action of owners and operators at a source, as if the application
of measures, including reduced utilization, is undertaken by an agency other than the source’s
operator or operating system. Building Blocks 2 and 3 represent the CPP’s device for
quantifying, in part, what degree of reduced utilization at affected sources is reasonable and
appropriate. In fact, according to an analysis by Resources for the Future, 37 percent of coal
units co-fired with natural gas or biomass in 2017, thus demonstrating that use of alternative
fuels is a common practice undertaken at a source (see comments to this docket from Burtraw et
al. at Resources for the Future). Thus, EPA’s narrow interpretation of an “at the source”-only
approach, including its exclusion of the considerations on which Building Blocks 2 and 3 are
based, is contrived and arbitrary.
As a result, any replacement of the CPP must be based on a reasonable, non-arbitrary analysis of
the BSER, not constrained by the current EPA’s proposed narrow “at the source”-only approach.
It is in this context that our analysis of the potential for emissions rebound and the full range of
emissions, air quality, and health benefits foregone with the adoption of ACE and the potential
impacts of a narrow “at the source”-only approach applies. Emissions rebound occurs when
facilities that exhibit high emissions are made more efficient and therefore operate more
frequently and for longer periods than in the no-policy reference case (Linn et al. 2014, Driscoll
et al. 2015). The foundational case law on the interpretation and application of “best system of
emission reduction” states that in determining the ‘‘best’’ system, the EPA must also take into
account ‘‘the amount of air pollution’’ reduced. Sierra Club v. Costle, 657 F.2d 298, 326 (D.C.
Cir. 1981). Therefore, our analysis of the increase in emissions under ACE, the implications for
air quality and public health, and the public health effects of repealing the CPP and replacing it
with a narrow “at the source”-only approach must be explicitly considered by the EPA in
rationally justifying the legality of the constrained BSER determination on which it is proposing
ACE.
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II. Determining the Best System of Emissions Reductions and the Potential for Emissions
Rebound
A reasonable, non-arbitrary determination of the BSER should be based on an analysis of the
change in the amount of pollution emitted under ACE compared to a no-policy alternative and
compared to the existing CPP along with a full accounting of all associated benefits and costs.
Standards limiting carbon dioxide (CO2) emissions from existing power plants are known to also
decrease emissions of non-carbon pollutants (co-pollutants) from the electric utility sector such
as sulfur dioxide (SO2), nitrogen oxides (NOx), mercury (Hg), and directly emitted particulate
matter (PM) (Thompson et al. 2014, Driscoll et al. 2015, Capps et al. 2016, Buonocore et al.
2016).
Therefore, a benefit-cost analysis should include information on changes in emissions of all air
pollutants (i.e., target and co-pollutants), changes in air quality, changes in associated health
effects, and consequences for ecosystem health (e.g., water quality, soil quality, visibility, fish
and wildlife health, and crop and tree productivity). The analysis should also include a complete
economic accounting of the monetized value of the full foregone benefits of ACE as a potential
replacement compared to the existing CPP.
A. Estimated Emissions Changes under ACE based on the ACE RIA
Using model results for potential emissions outcomes in the ACE RIA, we present a summary of
changes in CO2 emissions and several criteria pollutants (SO2 and NOx) at national, state, and
plant levels. Citations for the specific tables in the RIA are included for each of the summary
bullets.
1. Changes in National Emissions based on ACE RIA
•

EPA projects that national CO2 emissions estimates will be slightly lower under the ACE
compared to no policy in all years but 2050, when emissions rise above the no-policy
case in 2 of 3 ACE cases (EPA 2018b, Table ES-5; EPA 2018c). See Figure 1.

•

For the 4.5 percent HRI at $50/kW ACE case:

4

o National power sector CO2 emissions estimates are higher under the ACE
compared to the CPP in all years (EPA 2018b, Table ES-6; EPA 2018c).

o National power sector CO2 emissions in 2030 are 0.8% lower compared to the nopolicy case and 3.5% higher compared to the CPP in 2030 (EPA 2018c).
o National power sector SO2 emissions estimates under ACE are 0.7% lower in
2030 compared to the no-policy case (EPA 2018b Tables ES-7 and ES-8).
o National power sector SO2 emissions estimates under ACE are 5.9% higher in
2030 than under the CPP (EPA 2018b Tables ES-7 and ES-8).
o National power sector NOX emissions estimates under ACE are 1.0% lower in
2030 compared to the no-policy case (EPA 2018b Tables ES-7 and ES-8).

o National power sector NOx emissions estimates under ACE are 5.0% higher in
2030 compared to the CPP (EPA 2018b Tables ES-7 and ES-8).

Figure 1. National Power Sector CO2 Emissions
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2. Change in State Emissions based on ACE RIA for the 4.5 percent HRI at $50/kW ACE
case in 2030
•

According to EPA’s data, 18 states plus Washington, DC are projected to have higher
CO2 emissions of up to 8.7% compared to the no-policy case in 2030 (EPA 2018c). See
Figure 2.

•

22 states and DC are projected to have higher CO2 emissions under this ACE case
compared to the CPP in 2030. See Figure 3.

•

19 states are projected to have higher SO2 emissions compared to the no-policy case,
ranging from 0.1 to 2.4 thousand short tons per year, primarily in the Southeast and midAtlantic (EPA 2018c). See Figure 4.

•

21 states are projected to have higher SO2 emissions compared to CPP, ranging from 0.1
to ~25 thousand short tons per year (EPA 2018c). See Figure 5.

•

20 states and DC are projected to have higher NOx emissions compared to the no-policy
case, ranging from 0.1 to ~1 thousand short tons per year, primarily in the Southeast and
mid-Atlantic (EPA 2018c). See Figure 6.

•

23 states and DC are projected to have higher NOx emissions in 2030 compared to CPP,
ranging from 0.2 to 21 thousand short tons per year (EPA 2018c). See Figure 7.

Figure 2. CO2 Emissions: ACE Case (4.5% HRI $50/kW) Compared to No Policy in 2030

Based on EPA 2018c, Keyes et al. (in review). Note: zero values shown in yellow on the map
have low positive values. Zero values in green equal zero or have low negative values. have low negative values.
6

Figure 3. CO2 Emissions: ACE Case (4.5% HRI $50/kW) Compared to Clean Power Plan in 2030

Based on EPA 2018c. Note: zero values shown in yellow on the map have low positive values. Zero
values in green equal zero or have low negative values.
Figure 4. SO2 Emissions: ACE Case (4.5% HRI $50/kW) Compared to No Policy in 2030

Based on EPA 2018c, Keyes et al. (in review). Note: zero values shown in yellow on the map
have low positive values. Zero values in green equal zero or have low negative values.
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Figure 5. SO2 emissions: ACE Case (4.5% HRI $50/kW) Compared to Clean Power Plan in 2030

Based on EPA 2018c. Note: zero values shown in yellow on the map have low positive values. Zero values in
green equal zero or have low negative values.
Figure 6. NOX Emissions: ACE Case (4.5% HRI $50/kW) Compared to No Policy in 2030

Based on EPA 2018c, Keyes et al. (in review). Note: zero values shown in yellow on the map
have low positive values. Zero values in green equal zero or have low negative values.
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Figure 7. NOx Emissions: ACE Case (4.5% HRI $50/kW) Compared to Clean Power Plan in 2030

Based on EPA 2018c. Note: zero values shown in yellow on the map have low positive values. Zero
values in green equal zero or have low negative values.

3. Change in Plant-level Emissions based on ACE RIA
Under the EPA’s interpretation of section 111(d) of the Clean Air Act as constraining regulations
to measures that can be taken at a source (power plant), total CO2 emissions are projected to
increase at several the affected plants as described below. This increase offsets the benefits of
improvements in emissions intensity and causes the total emissions reduction to be small
compared to the emissions intensity improvements. The difference across scenarios modeled in
the Regulatory Impact Analysis (EPA 2018c) is small. To illustrate the findings, as above, we
focus on the 4.5% Heat Rate Improvement at $50/kW case:
•

28% of coal plants show increased estimated CO2 emissions in 2030 under ACE
compared to the no-policy case (EPA 2018c).

•

Five additional model coal plants are projected to be in operation under ACE in 2030 that
would have been idled or retired under the no-policy case (EPA 2018c). See Table 1.

9

•

The heat rate and emissions intensity of coal plants improve by 4.5% under this central
ACE case, but estimated generation at model coal plants increases by 4% compared to
the no-policy case (EPA 2018c). See Table 1.

•

National CO2 emissions estimates at coal plants decrease by 0.6% in 2030 compared to
the no-policy case (EPA 2018c). See Table 1.

•

36 states have coal-fired generation under the no-policy case, and 30 of these states are
home to coal plants that show increased emissions in 2030 under ACE compared to the
no-policy case (EPA 2018c).

Table 1. Comparison of model coal plants between ACE 4.5% HRI $50/kW Case and No-Policy
Case, 2030.
No-Policy
Case

ACE Central
Case

Change
(level)

Change
(percent)

Number of Model Coal Plants in
Operation

333

338

5

1.5%

Total Generation (GWh)

937,757

975,633

37,877

4.0%

Total Emissions (Thousand short tons)
Emissions Intensity (kg/kWh)
Heat Rate (Btu/kWh)

1,027,456
0.99
10,395

1,020,897
0.95
9,930

-6,559
-0.04
-465

-0.6%
-4.5%
-4.5%

Keyes et al. (in review).

B. Analysis of Drivers of Emission Increases by Decomposition Analysis
We conducted a decomposition analysis to quantify the drivers of emissions changes. We
analyzed emissions outcomes in 2030 for the 4.5 percent HRI at $50/kW scenario compared to
the CPP and no-policy cases. Our decomposition shows the extent to which the rebound effect is
projected to offset emissions reductions under the ACE. While the emissions intensity of coal
plants declines by 4.5 percent, the number of coal plants in operation and total coal-powered
electricity generation increase. The decomposition results for national and state emissions are
described below.
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1. Decomposition of National Emissions
We used decomposition analysis to break down the three primary factors driving the change in
national emissions in 2030. While national power sector CO2 emissions decrease overall by 14.3
million short tons in 2030 under the ACE compared to the no-policy case, our decomposition
analysis shows that greater utilization of coal simultaneously drives up emissions by 32.4 million
short tons as the result of heat rate improvements, eroding about two thirds of the emissions
reductions attributable to changes in emissions intensity. See Figure 8. Note that the rebound
effect is greater on a fleet basis, due to substitution to more efficient units, than researchers have
estimated for an individual facility (e.g. Linn et al. 2014).

Figure 8. Decomposition of CO2 Emissions Change under ACE Central Case (4.5% HRI
$50/kW) compared to No-Policy Case
National Emissions, 2030
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2. Decomposition of State Emissions
For the 18 states plus Washington, DC with increases in estimated CO2 emissions, our
decomposition analysis reveals that emissions intensity improvements reduce emissions by 14.3
million tons, but these reductions are more than offset by generation mix shifts that
simultaneously increase emissions by 21.4 million tons. See Figure 9. This rebound effect is
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caused mostly by shifts toward increased coal generation. Of the eighteen states plus
Washington, DC that are projected to experience total increases in CO2 emissions, fourteen states
show a projected increased in emissions from coal-fired power plants in their state. In the other
four states (California, Georgia, Massachusetts, and Oregon) plus Washington, DC, the projected
emissions increases are mainly due to increased emissions from natural gas. Increases in statelevel natural gas emissions could occur for several reasons that are specific to state and regional
electricity markets. This pattern exposes another unintended consequence of the ACE that could
hamper emissions reductions in some states.
Maryland has the greatest projected percent increase in CO2 emissions under the ACE compared
to the no-policy case in 2030 (8.7 percent) and it provides an informative illustration of the
emissions rebound effect. Maryland has two model coal plants in operation under the ACE,
neither of which are projected to be in operation in the no-policy case. Thus, the shift in the
generation mix towards coal drives up emissions by 0.8 million tons, causing an overall increase
in emissions in Maryland under ACE in 2030.
Figure 9. Decomposition of CO2 Emissions Change under ACE Central Case (4.5% HRI
$50/kW) compared to No-Policy Case
States with Emissions Increases, 2030
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Keyes et al. (in review).
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C. Evaluating Emissions Uncertainties and the Potential to Underestimate the Rebound Effect
1. Potential under-estimate of CPP emissions reductions based on selected illustrative case
and exclusion of energy efficiency
In the ACE RIA, the difference in emissions between the no-policy case and the CPP is much
smaller than the estimates in the 2015 CPP RIA (Figure 10). The ACE RIA projects that a massbased version of the CPP would reduce CO2 emissions by 4% compared to the no-policy case,
and the 2015 CPP RIA projects that a mass-based CPP would reduce CO2 emissions compared to
the no-policy case by 19% (EPA 2018b, Table ES-5; EPA 2015, Table ES-3). One reason for
this disparity is the different set of assumptions used in the CPP cases in the 2018 ACE RIA and
the 2015 CPP RIA, which makes the 2018 ACE RIA’s CPP case less stringent (higher
emissions) than the 2015 CPP RIA. For example, the ACE RIA’s CPP case assumes intra-state
trading that covers existing sources only and assumes no incremental energy efficiency
investment (EPA 2018b Section 3.5), whereas the CPP RIA’s CPP case allows for interstate
trading among all sources and investment in energy efficiency (EPA 2015 Section ES.3). The
selection of different assumptions in the 2018 ACE RIA appears to underestimate the emissions
benefits of the CPP and therefore underestimate the potential air quality and health disbenefits
that may result from replacing the CPP with ACE.
Figure 10. National Power Sector CO2 Emissions under CPP and ACE RIA Modeling Cases

Based on EPA 2015 and EPA 2018b.
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2. Potential over-estimate of emissions reductions in the ACE RIA no-policy case
Another reason for the large differences in estimated emissions between the 2018 ACE RIA and
the 2015 CPP RIA is the difference in reference case assumptions against which the policy case
is compared. The ACE RIA no-policy case (or, reference case) includes less fossil fuel
generation than previous no-policy reference cases, leading to lower emissions in the same future
year than the 2015 CPP RIA (see Figure 10). The estimate of the rebound effect using the cases
in the ACE RIA may be a conservative estimate since the EPA’s model holds total demand
constant and makes other assumptions about gas prices and the cost of installing renewables that
may prove to be overly optimistic. For example, a slight increase in total electricity generation
drives emissions up by an additional 0.6 million tons, under EPA’s no-policy reference case
assumptions.
We compared the results from EPA’s modeling to results from Driscoll et al. 2015, an
independent study that models the spatially explicit effects of a source-based heat rate
improvement standard similar to ACE. The Driscoll et al. analysis used results from IPM output
to compare a source-based scenario to a no-policy scenario and a systems-based scenario similar
to the CPP. The results suggest that, compared to a no-policy case, the emissions reductions from
a source-based standard like ACE are similar in the two analyses (see Table 2). However, the
projected emissions reductions for a systems-based standard like the CPP compared to a nopolicy reference case are much larger in the Driscoll et al. analysis (985 million short tons) than
in the ACE RIA (74 million short tons) (Table 2).
Table 2: Comparison of Emissions Under Different Policy and No-Policy Cases, 2030

EPA ACE RIA (2018)

Driscoll et al. (2015)

CO2 emissions under two no-policy
reference cases, million short tons

1,811

2,451

CO2 emissions under two sourcebased heat rate standards, million
short tons

1,797

2,386

CO2 emissions under two systemsbased standards, million short tons

1,737

1,466
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The variation in emissions changes appear to be due to differences in baseline economic
conditions between the two sets of model runs—Driscoll et al. (2015) uses power sector
modeling based on the electricity industry as it was configured in 2014, and the industry has
since undergone substantial changes including retirement of many fossil units. Coal generation
declined from 40 percent of total power generation in 2013 to 31 percent of total generation in
2017, and overall fossil fuels supplied 62 percent of total generation in 2017 compared to 67
percent in 2013 (EIA 2018). Emissions under the no-policy reference case are therefore expected
to be lower for the new modeling results. The analyses also employ different assumptions about
policy design and implementation. For example, the source-based standard used in Driscoll et al.
(2015) includes co-firing up to 15 percent with natural gas or biomass as a compliance option,
while the ACE does not consider co-firing as a candidate technology for BSER.
To test the potential for different no-policy case assumptions to influence the emissions results
and the associated estimate of disbenefits of replacing the CPP with ACE, we commissioned a
new IPM model run with alternative reference case assumptions. Specifically, the assumptions
are modified to reflect the Annual Energy Outlook (AEO) 2018 high demand, National
Renewable Energy Laboratory (NREL) 2018 Annual Technology Baseline (ATB) high
renewable energy costs, and AEO high oil and gas resource gas prices.
The results from the newly commissioned alternative no-policy case show that reference case
emissions in the year 2030 could be substantially higher than the emissions in the ACE RIA
(Table 3). The alternative reference case results in future conditions that could move the U.S.
toward a coal and renewable energy future. These differences are reflected in the projected
emissions outcomes. The prior results from the 2015 CPP RIA, Driscoll et al. 2015, and this
newly commissioned alternative reference case suggest that no-policy reference case emissions
could be higher than projected by the 2018 ACE RIA and that replacing the CPP with ACE
could lead to an even larger emissions rebound than estimated in the current ACE RIA. A
sensitivity analysis that evaluates impact of varied assumptions on foregone emissions, air
quality, and health benefits should be explicitly considered in any future analysis and decisions
related to the repeal of the CPP and potential replacement with ACE.
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Table 3: No-Policy Case Emissions Under ACE and an Alternative in 2030
Power Sector Emissions in
2030

ACE RIA No-Policy Case

Alternative No-Policy Case

Carbon dioxide (MST)

1811

2007

Sulfur dioxide (TST)

950

1498

Nitrogen oxides (TST)

833

1067

(high demand, high EE cost,
high gas price)

III. Insights from Prior Analyses of Alternative Power Plant Carbon Standards
A. Emissions Changes Under Alternative Standards
The estimates of the magnitude and spatial distribution of the benefits or harms from replacing
the CPP with ACE vary substantially and depend on the assumptions made in the analysis and
the design of the power plant carbon standards based on different interpretations of the BSER.
Driscoll et al. (2015) evaluated three potential power plant carbon standards including carbon
standards similar to the CPP as well as standards that reflects a narrow “source-based” or “inside
the fence line” approach similar to ACE. The results show major differences in total national
annual emissions of CO2 and criteria pollutants SO2 and NOx. In the research paper, the CPP-like
option is referred to as “Scenario 2” and allows flexible compliance mechanisms such as
switching to natural gas, switching to renewable energy, heat rate improvements at existing
power plants, demand side energy efficiency, and emissions trading. The ACE-like option is
referred to as “Scenario 1” and allows heat rate improvements but also co-firing with biomass or
natural gas.
The analysis of the CPP-like option (Scenario 2) results in an estimated 35% reduction in total
national CO2 emissions from 2005 levels and a 23.6% reduction from a no-policy case in the
year of full implementation (model year 2020 in this analysis). Scenario 2 also results in an
estimated 27% reduction in SO2 and mercury emissions, and a 22% reduction in NOx emissions
in 2020 compared to the no-policy case. These emissions reductions would result in air quality
improvements in all lower 48 states and bring substantial health benefits.
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Under the ACE-like approach (Scenario 1), total national CO2 emissions from the power sector
are estimated to be only 2.2% lower than the no-policy case in 2020. A closer examination of the
spatial patterns of estimated changes in CO2 emissions reveals that, under Scenario 1, CO2
emissions are projected to increase in two power sector regions with this policy design.
Scenario 1 also resulted in an estimated 3% decrease in total national NOx emissions and a 3%
increase in total national SO2 emissions in 2020 compared to the no-policy case. This increase in
SO2 emissions in 2020 results in a projected modest decline in air quality in some regions.
We examined power generation estimates for Scenario 1 and found that the projected increase in
regional CO2 emissions and national SO2 emissions are due to emissions rebound compared to
business as usual. The potential for emissions rebound under ACE has since been confirmed in
our analysis of the ACE RIA on national and state-level emissions as outlined above. The
difference between the results in Driscoll et al. 2015 and the ACE RIA as well as the difference
in emissions under two newly commissioned up-to-date alternative reference cases suggests that
the rebound in emissions and associated air quality and health effects may be substantially
underestimated in the ACE RIA.
B. Change in Air Quality Under Alternative Standards
Consistent with the changes in emissions, the results from Driscoll et al. (2015) show that a
carbon standard similar to the CPP (Scenario 2) is estimated to improve air quality compared to
the reference case in all regions of the coterminous U.S. (Figure 11; Driscoll et al. 2015). As a
result of the estimated air quality improvements in fine particulate matter and ground-level ozone
under Scenario 2, 41 million people in 41 large U.S. cities could experience cleaner air under a
power plant carbon standard like the CPP (based on Driscoll et al. 2015). The resulting
improvements in air quality are shown in Figure 12 for 41 cities with populations greater than
330,000.
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Figure 11: Estimated Changes in Fine Particulate Matter and Ozone for Scenario 2, 2020
a

b

Estimated differences from 2013 AEO reference case in annual average concentrations of peak
summertime O3 (Fig. 11a) and annual average concentrations of PM2.5 (Fig. 11b) in 2020 for a power
plant carbon standard similar to the Clean Power Plan. From Driscoll et al. 2015.
18

Figure 12: Estimated Air Quality Improvements in Cities for Scenario 2 in 2020
a

b

Changes in average annual PM2.5 (Fig. 12a) and peak summertime O3 concentrations (Fig. 12b) that are estimated
to occur with the implementation of power plant standards like the Clean Power Plan for 41 cities with populations
greater than 330,000. Larger gains are indicated by darker shades of green. The size of the circle indicates the
population of that city. Based on Driscoll et al. 2015.
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Conversely, the estimated emissions changes associated with the narrow “at the source”-only
approach like ACE (Scenario 1) is projected to generate a modest deterioration in air quality
compared to the reference case in many regions of the coterminous U.S. (Figure 13; Driscoll et
al. 2015).
Figure 13: Estimated Changes in Fine Particulate Matter and Ozone for Scenario 1 in 2020
a

b

Estimated differences in annual average concentrations of peak summertime O3 (Fig. 13a) and annual
average concentrations of PM2.5 (Fig. 13b) in 2020 for a power plant carbon standard compared to a
reference case. From Driscoll et al. 2015.
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C. Change in Health Effects Under Alternative Standards
In addition to changes in emissions and air quality, an analysis of the BSER should include an
evaluation of health effects including those used in Driscoll et al. (2015). The results from
Driscoll et al. (2015) show that estimated emissions reductions and air quality improvements
associated with a power plant carbon standard similar to the CPP result in an estimated reduction
of 3,500 premature deaths, 1,000 hospitalizations, and 220 heart attacks (central estimates). The
results show that air quality and public health benefits are expected to occur within some areas of
every U.S. state under carbon standards like the CPP (Figure 14).
By contrast, under the Scenario 1 alternative that employs a narrow heat rate improvement
approach, negative health impacts can occur compared to the reference case with a total of 11
increased premature deaths compared to the reference case in 2020 (Figure 15). As some states
see air quality improvements while others see worsened air quality, the health impacts are greater
in a subset of states, with 123 increased premature deaths among the states with air quality
decrements.
Figure 14: Change in Premature Deaths Avoided for Systems-based Carbon Standards similar
to the Clean Power Plan (Scenario 2), 2020
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Figure 15: Change in Premature Deaths Avoided for Source-based Carbon Standards similar to
ACE (Scenario 1), 2020

Together, the Driscoll et al. (2015) analysis of a range of power plant carbon standards
underscores the importance of conducting a complete and rational analysis of a CPP repeal and
potential replacement by ACE that uses a multi-pollutant approach and quantifies all potential
costs and benefits at a fine enough spatial scale to reveal potential inequities and distributional
effects of such policy changes (Driscoll et al. 2015). The research shows that a policy option that
applies a scenario for EPA’s overly narrow “at the source”-only approach is likely to result in
only very modest decreases in total national emissions of CO2, an increase in annual emissions
of the target pollutant of CO2 in some states and power regions, as well as an increase in state,
regional, and national emissions of SO2 as a result of emissions rebound. The research indicates
that the estimated increase in criteria pollutant emissions can be large enough to generate
increased concentrations of ground-level ozone and PM2.5 with concomitant adverse health
effects (Driscoll et al. 2015).
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IV. Methods for Benefit-Cost Analysis
The proposed ACE RIA must account for the full foregone benefits to air quality, human health,
and public welfare and the environment, as well as a full economic accounting of the monetized
value of the full foregone benefits that may occur as a result of the action.
A. RIA Estimates of Foregone Health Benefits
The draft RIA for ACE presents methods for accounting for foregone health benefits but does
not clearly identify which method represents the proposed main case for estimated foregone
benefits and which cases represent sensitivity cases. The final RIA should clarify the final
methods and assumptions. The final analysis should be expanded to incorporate the most current
empirical research, models, and methods as detailed below.
As scientific research on health effects of PM2.5 expands, evidence for population level effects at
concentrations below the annual NAAQS value of 12 µg/m3 continues to grow (e.g., Di et al.
2017 a, b; Wang et al. 2017). Moreover, no evidence exists for a threshold at which PM2.5 is
considered safe, and it is logically inconsistent to use concentration response functions from
studies which found effects below the NAAQS but not to apply those functions below the
NAAQS. Therefore, foregone health benefits should be estimated using health effects for the full
range of values of PM2.5 down to zero rather than assuming that health effects fall to zero below
the NAAQS or below a lowest measurable level (LML) of 5.8 µg/m3.
In addition, the analysis of foregone health benefits of the repeal should be expanded to account
for new air pollution research on (1) quantification of low-concentration effects (Di et al. 2017a)
and (2) short-term exposure effects (Di et al. 2017 b). This recent research suggests that the ACE
RIA likely under-estimates the foregone health benefits even under the “full effects” case.
1. Use of central estimate and confidence intervals
We recommend that EPA use central estimates and 95% confidence intervals for the
concentration response functions to estimate health effects rather than the current approach that
bounds the estimates with a low-end value and high-end estimate based on two different studies.
The values for the general population from the pooled risk estimate in Di et al. (2017a) provide
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the most current central estimate and 95% confidence intervals for PM2.5 mortality hazard ratio
for adults 65 and older (HR of 1.11 with a 95% confidence interval of 1.08 to 1.15) (Figure 16).
This is within the range of values used in Driscoll et al. (2015) which applied concentration
response functions based on values derived from the Roman et al. (2008) expert elicitation.
Importantly, the meta-analysis in Di et al. (2017a) shows a narrowing of the uncertainty around
the hazard ratio for PM2.5, even at low ambient concentrations, and quantifies differences in risks
among subgroups.
Figure 16: Pooled Risk Estimate of PM2.5 Across Studies using Random-effect Models

From Di et al. 2017a, Appendix with supplemental material.
2. Shape of the concentration response function for mortality
The overwhelming majority of published research papers show that the shape of the
concentration response function for mortality effects from exposure to PM2.5 is linear or log
linear, with a recent study suggesting that the shape may have a slightly steeper slope at lower
concentrations for adults 65 years of age and over. Di et al. (2017a) used a dataset for 61 million
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people who were Medicaid beneficiaries from 2000 to 2012 from across the U.S. living in cities,
suburban, and rural locations and who were subject to a wide range of air pollution exposures,
providing 460 million person-years of follow-up. The study reports that the relationship between
PM2.5, ozone, and all-cause mortality is almost linear, with no signal of threshold down to 5
μg/m3 and 30 ppb ozone. Further, they found a significant association between PM2.5 exposure
and mortality when the analysis was restricted to concentrations below 12 μg/m3, with a steeper
slope below that level (Figure 17). Finally, they report that the health benefit per-unit decrease in
the concentration of PM2.5 is larger below the current annual NAAQS than above. These results
suggest that for estimates of health benefits of ACE a higher hazard ratio should be used for
PM2.5 exposures between 12 and 5 μg/m3 of 1.136 (CI: 1.131 to 1.141) (Di et al. 2017a).
Figure 17: Concentration Response Function of the Joint Effects of Exposure to PM2.5 and
Ozone on All-cause Mortality

From Di et al. 2017a.

25

The weight of evidence from this body of research underscores that there are risks below the
NAAQS, that the health benefits of each increment of PM2.5 reduction below the NAAQS could
be larger than those above the NAAQS, and that there are important differences in risks and
benefits for different subgroups of the population, which should be included in the ACE RIA.
Failure to account for the foregone benefits of air pollution improvements below the NAAQS
would underestimate the potential impacts of replacing the CPP with ACE.
3. Short-term exposure effects on mortality risk
The ACE RIA should also estimate the foregone benefits associated with changes in short-term
exposure to air pollution consistent with Di et al. (2017b). Di et al (2017b) concludes that shortterm exposures to PM2.5 and ozone—even at levels well below current national standards—were
linked to higher risk of premature death among the elderly. The study found that, for each 10
µg/m3 daily increase in PM2.5 and 10 ppb daily increase in warm-season ozone, the daily
mortality rate increased by 1.05% and 0.51%, respectively. As a result, for short-term exposure,
an increase of just 1 µg/m3 in daily PM2.5 over the course of one summer in the U.S. would lead
to 550 extra deaths per year. An increase of just 1 ppb in daily ozone over the summer would
lead to 250 extra deaths per year. The study demonstrates that the mortality rate increases almost
linearly as air pollution increases and that any level of air pollution, no matter how low, is
harmful to human health.
4. Other unquantified effects
The draft ACE RIA does not represent a full accounting of all health effects of PM2.5 or ozone.
There is evidence of relationships between PM2.5 exposure and stroke (Shin et al. 2014),
Alzheimer’s disease and dementia (Chen et al. 2017a, b; Jung et al. 2015), autism (Raz et al.
2014, Talbott et al. 2015), poor birth outcomes (Darrow et al. 2010, Huynh et al. 2006, Li et al.
2016), and other health effects (Curtis et al. 2006). Excluding these outcomes in the foregone
benefits will result in an underestimate of the monetized value of foregone health benefits from
the repeal of the CPP and replacement with ACE.
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B. RIA Estimates of Forgone Public Welfare or Environmental Benefits
Consistent with past executive orders, “Costs and benefits shall be understood to include both
quantifiable measures (to the fullest extent that these can be usefully estimated) and qualitative
measures of costs and benefits that are difficult to quantify, but nevertheless essential to
consider” (Executive Order 12866). In the ACE RIA, environmental effects and social costs that
have been documented but have not been given an economic value should be fully incorporated.
Every effort should be made to estimate the forgone benefits from the proposal of replacing the
CPP with ACE for all environmental endpoints and their economic value. The current draft ACE
RIA does not adequately estimate the economic value of the foregone environmental benefits of
reduced atmospheric deposition of sulfur, nitrogen and mercury, as well as ground-level O3
concentrations.
The methods and estimates from Capps et al. (2016) and summarized below demonstrate that the
foregone benefits to the productivity of selected crops and trees associated with the CPP can be
estimated and may be large. Similarly, the RIA for the proposed change in the ozone NAAQS
includes methods for estimating the magnitude, distribution, and monetized value of increased
productivity to crops and trees associated with reduce ground-level ozone concentrations.
Failing to account for these benefits in the ACE RIA would represent a notable short-coming in
the analysis because it would under-represent the potential economic consequences in rural
areas.
The anticipated air quality improvements from a system-based standard like the CPP are
estimated to mitigate productivity losses for some tree species by up to 8.4% and for some types
of crops by as much as 15.6% compared to business as usual conditions (Capps et al. 2016).
Depending on market value fluctuations of these crops over the next few years, that could add up
to gains of tens of millions of dollars for farmers—especially in areas like the Ohio River Valley
where power plants currently contribute to ground-level ozone (Capps et al. 2016).
In addition to benefit to crops, decreased PM and ozone are expected to reduce haze and improve
visibility in widespread areas across the U.S. Visibility is degraded by emissions of SO2 and NOx
that form ammonium sulfate and ammonium nitrate aerosols in the atmosphere and absorb water
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and scatter light. Many National Parks and Class I wilderness areas possess stunning vistas that
are an important part of visitors’ experience. The importance of the visual air quality in these
lands is recognized through the 1977 Clean Air Act (CAA) which set the goal to prevent future
and remedy existing visibility impairment in most Class I Areas (CIAs). CIAs are 158 federal
lands with the highest level of air quality protection, 156 of which have visibility protection. The
U.S. has established the goal of reducing haze in CIAs to natural levels by the nominal year of
2064.
For a carbon standard similar to the CPP, it has been estimated that such a standard would
provide benefits in visibility with 40-100 days of noticeable improvements in haze reductions in
the central-eastern U.S. based on a change in deci-views on the 20% haziest days (Figure 18 a, b;
Driscoll et al. In prep). On the Colorado Plateau and Rocky Mountains, there would be an
estimated 15-66 days of noticeable improvement (Driscoll et al. In prep). The improved visibility
on the Colorado Plateau is particularly significant because this region has a unique geology,
scenic vistas and some of the clearest air in the United States, leading to a high density of CIAs
and iconic national parks. The calculation of foregone benefits under the repeal and replacement
of the CPP should quantify and monetize the effects on haze and visibility.
Figure 18a. Estimated years of progress towards the RHR goals under Scenario 2 in 2020

Based on Driscoll et al. In prep.
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Figure 18b. Estimated change in deci-views on 20% haziest days under Scenario 2 in 2020

Based on Driscoll et al. In prep.

C. Estimating Costs and Monetized Benefits
Buonocore et al (2016) estimated that the economic value of carbon standards like the CPP
(Scenario 2) far outweighs the costs on an annual basis. The net benefits of the scenario in that
study, including the social cost of carbon, are estimated at $33 billion per year (Buonocore et al.
2016).
Table 4: Monetized Values of
Health Endpoints
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The study includes the benefits associated with CO2 emissions reductions using a social cost of
carbon of $43 per ton – a value that is well-supported in the scientific literature and should also
be applied to the analysis of the foregone benefits of the CPP repeal. Additionally, the economic
values of all morbidity endpoints are based on cost-of-illness, rather than a more appropriate
willingness-to-pay measure, therefore the values for morbidity outcomes appear to underestimate
their true value. To account for the true value of the health benefits, willingness-to-pay measures
for these morbidity endpoints should be applied when available.

V. Conclusions
In view of the analysis presented here, EPA’s selection of an interpretation of section 111 that
constrains the determination of BSER is an arbitrarily narrow and factually contradicted
approach to the term “at the source.” EPA’s approach is contrary to the regulatory purpose of
reducing carbon dioxide pollution. Studies show that a narrow “at the source”-only approach
such as that proposed under ACE does not represent the BSER in both form and effect.
According to EPA data in the RIA, for the 4.5 percent HRI at $50/kW ACE case in 2030, CO2
emissions are projected to be just 0.8% lower than the no-policy case in 2030. Further, according
to the ACE RIA data, this ACE case will also result in higher CO2 emissions in 18 states plus
Washington, DC; increased SO2 emission in 19 states; and increased NOx emissions in 20 states
plus Washington DC compared to a no-policy case in 2030. Similar emissions increases are
projected for the two other illustrative ACE cases.
Furthermore, as suggested by these comments, the analysis of foregone health benefits and their
monetized value should encompass both the target pollutant and other associated air pollutants
(sulfur dioxide, nitrogen oxides, mercury) and reflect the most current research on the effects of
air pollution on mortality and morbidity including the shape and absolute value of concentration
response functions, and should be expanded to account for additional environmental and public
welfare benefits as well as the full social cost of carbon in order to accurately account for the full
impact of foregone emissions reductions and associated air quality improvements.
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