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EXECUTIVE SUMMARY

ES.1lIntroduction

In this actionthe U.S. Environmental Protection Agency (EPA) is finalizing three
separate andistinct rulemakings. First, the EPA is repealing the Clean Power Plan (CPP)
because the Agency has determined that the
the Clean Air Act (CAA). Second, the EPA is finalizing the Affordable Clean Energy rule
(ACE), consisting of Emission Guidelines for Greenhouse Gas (GHG) Emissions from Existing
Electric Utility Generating Units (EGUs) under CAA section 111(d), that will inform states on
the development, submittal, and implementation of state plans toigstadiformance standards
for GHG emissions from certain fossil fuifed EGUs. In ACE, the Agency is finalizing its
determination that heat rate improvement (HRI) is the best system of emission reduction (BSER)
for reducing GH® specifically carbon dioxide (CB emissions from existingoakfired
EGUs. Third, the EPA is finalizing new regulations for the EPA and state implementation of

ACE and any future emission guidelines issued under CAA section 111(d).

This final action is an economically significant regulatory action that was selnitt
the Office for Management and Budget (OMB) for interagency review. Any changes made in
response to interagency review have been documented in the docket. This regulatory impact
analysis (RIA) presents an assessment of the regulatory compliancarmbbenefits associated
with this action and is consistent with Executive Orders 12866, 13563, and 13771.

ES.2Analysis

In this RIA, the Agency providdsoth an analysis of the repeal of the CPPafull
benefitcost analysis of an illustrative policyes@riorepresenting ACEwhich models HRI at
coakfired EGUs.

For the analysis of the repealtbe CPP (described i@hapter 2)the EPA examines a
number of lines of evidence including: several updateegrated Planning ModelRM)
scenarioghat conger different assumptions regarding implementation of the CPP (including
that states are more likely to participate in interstate trading than previously considered and that
because of the supreme court stay, even if the rule were to be implemented ib&o

ES1
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implemented on a significantly delayed tiiname), consideration of the changlesEPA (and

others includinghe U.S EnergylnformationAdministratior) have seen in CQeductions

across similar scenarios run over time, changing circumstantes power sector (including

fuel prices, technology changes and the age of different portions of the generating fleet) as well
as commitments many power companies have made to significantly redueeni3Sions.

Based on this examinatiotie EPA concludeshat even if the CPP were implementidvould

not achieve emission reductions beyond those that would be achieviedsimessasusual

projection

For the ACE analysis, thlustrative policy scenario represents potential outcomes of
state determirtaons of standards of performance, and compliance with those standards by
affected coafired EGUs.ACE is being analyzed as a separate action that occurs only after
repeal of the CPRhereforethe EPA is performing its analysis of ACE against a baseline
without CPP (however as noted abaveEPA does not believe that there would be any

significant differences between a scenario with or without CPP).

The analysis in this RIA relies on EPAG6s P
This accounts forltanges in the power sector in recent years and projects our best understanding

of important technological and economic trends into the future.

The EPA has identified the BSER to be HRI. In the final Emission GuidelihegPA is
providing states with a list of candidate HRI technologies that must be evaluated when
establishing standards of performance. The cost, suitability, and potential improvement for any
of these HRI technologies depends on a range ofspeitific fatcors such as the size, age, fuel
use, and the operating and maintenance history of the unit. As such, the HRI potential can vary
significantly from unit to unitThe EPA does not have sufficient information to assess HRI
potential on a uniby-unit basisCAA 111(d) also provides states with the responsibility to
establish standards of performance and provides considerable flexibility in applying those
emission standards. States may take sespeeific factors into consideratiérincluding the
remaining geful life of the affected souréewhen applying the standards of performance.
Generallythe EPA cannot sufficiently distinguish likely or representative standards of

performance across individual affected units or groups of units and their compliategiss.
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Therefore, any analysis of the ACE rule must be illustrative. NonethtlegS?A believes that

such illustrative analysis can provide important insights.

In this RIA, we evaluated an illustrative policy scenario representing the ACE rule that
assumes HRI potential and costs will differ based on unit generating capacity and efficiency (i.e.,
heat rate). To establish categories of units and their assumed HRI potential for the illustrative
policy scenario, we developed a methodology that is exgalaimChapter 1. Affected sources
were divided into twelve groups based on three size categories and four efficiency categories. A
representative cost and performance assumption for HRI from the candidate technologies was
identified for each grouping. Thggroupspecific cost and performance assumptions were then
applied to each unit in the group in the illustrative analysis. We then modeled the application of
these assumptions in the power sector which provides a basis for the costs, emissions, and
benefitsanalyses that illustrate the potential impacts of the final ACE rule.

We evaluated the potential impacts of the illustrative policy scenario using the present
value (PV) of costs, benefits, and net benefits, calculated for the year@@B28&om the
perspective of 2016, using both a three percent and seven percesft@erbd discount rate. In
addition, the Agency presents the assessment of costs, benefits, and net benefits for specific

snapshot years, consistent with historic practice. These snagsistare 2025, 2030, and 2035.

The Agency believes that these specific years are each representative of several
surrounding years, which enables the analysis of costs and benefits over the timeframe of 2025
2037. The year 2025 is an approximation for wtienstandards of performance under the final
rule might be implemented, and the Agency estimates that monitoring, reporting, and
recordkeeping (MR&R) costs may begin in 2023. Therefore, MR&R costs analysis is presented
beginning in the year 2023, and fbnefitcost analysis is presented beginning in the year 2025.
The analytical timeframe concludes in 2037, as this is the last year that may be represented with

the analysis conducted for the specific year of 2035.

While the results are described and presd in more detail later in this executive

summary and throughout the RIA, we present the-faghl results of the analysis here.
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Table ES1 provides the PV and equivalent annualized value (EAV) of costs, domestic
climate benefits, ancillary health-t@nefits, and net benefits of the illustrative policy scenario
over the timeframe of 2023037. The EAV represents a flow of constant annual values that, had
they occurred in each year from 2023 to 2037, would yield an equivalent present value. The
EAV representshe value ofa typical cost or benefit for each year of the analysis, in contrast to

the yearspecific estimates presented for the snapshot years of 2025, 2030, and 2035.

Table ES1 Present Value and Equivalent Annualked Value of Compliance Costs,
Domestic Climate Benefits, Ancillary Health CeBenefits, and Net Benefits,

lllustrative Policy Scenario, 3 and 7 Percent Discount Rates, 202837
(millions of 2016%)

Domestic Ancillary
Costs Climate Health Net Benefits
Benefits Co-Benefits
3% | 7% | 3% | 7% 3% 7% 3% 7%

Present
Value 1,600; 970 | 640 62 | 4,000 to 9,800 2,000 to 5,000 3,000 to 8,800 1,100 to 4,100
Equivalent
Annualized 140 { 110 | 53 | 6.9 330 to 820 220 to 550 250 to 730 120 to 450
Value

Notes: All estimates are rounded to two significant figures, so figures may not sum due to independarg.rou
Climate benefits reflect the value of domestic impacts frorms €fiissions changes.

Table ES2 provides the PV and EAV of costs, benefits, and net benefits associated with
the targeted pollutant, GQOover the timeframe of 2023037. This method of comparing costs to
domestic climate benefits is consistent with how results were presented in the RIA for the ACE

proposal. In this table, negative net benefits are indicatedparntheses
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Table ES2 Present Value and Equivalent Annualized Value of Compliance Costs,
Domestic Climate Benefits, and Net Benefits Associated with Targeted
Pollutant (CO2), lllustrative Policy Scenario, 3 and 7 Percent Discount Rates,
20232037 (milions of 20163%)

. Net Benefits
Domestic

Costs Climate Benefits associated with the
Targeted Pollutant (COz)
3% 7% 3% 7% 3% 7%
Present Value 1,600 970 640 62 (980) (910)
Equivalent
Annualized Value 140 110 53 6.9 (82) (100)

Notes: Negative ndienefits indicate forgone net benefits. All estimates are rounded to two significant figures, so
figures may not sum due to independent rounding. Climate benefits reflect the value of domestic impacts from CO
emissions changes. This table does not inchglienates of ancillary health-tmnefits from changes in electricity

sector S@and NG& emissions.

ES.3Compliance Costs

The power industryés fAcompliance costso ar
electric power generation costs between the baseline and the illustrative policy scenario,
including the cost of monitoring, reporting, and recordkeeping (MR&R)niple terms, these
costs are an estimate of theditionalpower industry expenditures required to comply with the
final action, as represented by the illustrative policy scenario, minus the power generation costs
in the baselineTable ES3 presents thermualized compliance costs of the illustrative policy
scenarid. The EPA uses the projection of private compliance costs as an estimate of the total
social cost, which is the appropriate metric for formal economic welfare analysis, of this final

action.

Table ES3 Compliance Costs of lllustrative Policy Scenario in 2025, 2030, and 2035
(millions of 20163$)

Year Cost
2025 290
2030 280
2035 25

Notes: Compliance costs equal the projected change in total power sector gecesdsinglus the costs of
monitoring, reporting, and recordkeepidl estimates are rounded to two significant figures.

1 This RIA does not identify who ultimately bears the compliance costs, such as owners of generating assets through
changes in their profits or electricity consumers through changes in their bills, although the potential impacts on
consumers and producerg alescribed in Chapter 5.
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ES.4Emissions Changes

Emissions are projected to be lower under the illustrative policy scenario than under the
baseline, as shown ifable ES4 andTable ES5S. Table ES4 shows projected aggregate £0

emissions relative to the baseline.

Table ES4 Projected CO; Emission Impacts of lllustrative Policy Scenario, Relative to
Baseline in 2025, 2030, and 2035

CO2 Emissions CO:2 Emissions Change| CO2 Emissions Change
(MM Short Tons) (MM Short Tons) Percent Change
2025 2030 2035 2025 2030 2035 | 2025 2030 2035
Baseline 1,774 1,743 1,719 - - - - - -
lllustrative Policy Scenariq 1,762 1,732 1,709 (12) (112) (9.3) | (0.7%) (0.7%) (0.5%)

Tale ES5 shows projected aggregate emissions relative to the baseline for sulfur
dioxide (SQ) and nitrogen oxides (N, and mercury (Hg) from the electricity sector.
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Table ES5 Projected SQ, NOx, and Hg Electricity SectorEmissions of lllustrative
Policy Scenario in 2025, 2030, and 2035

Baseline Il!ustrative ' Emissions Percent Chgnge
Policy Scenario Change from Baseline
SOz (thousand tons)
2025 912.6 908.5 4.1 (0.4%)
2030 885.6 879.9 (5.7 (0.6%)
2035 817.0 810.6 (6.4 (0.8%)
NOx (thousand tons)
2025 844.4 837.1 (7.3 (0.9%)
2030 810.1 803.0 (7.1 (0.9%)
2035 752.8 746.8 (6.0 (0.8%)
PM2s(thousand tons)
2025 108.7 108.1 (0.6 (0.6%)
2030 110.1 109.7 (0.9 (0.4%)
2035 113.0 112.3 (0.7 (0.6%)
Hg (tons)
2025 4.7 4.7 (0.03 (0.7%)
2030 4.5 4.4 (0.03 (0.7%)
2035 4.0 4.0 (0.03 (0.6%)

Source: Integrated Planning Model, 2018.

Notes: SQ, and NG reductions are used for estimating the health benefits from reduced particulate matter and
ozone exposures. The S&nhd NG emissions are direct outputs from the IPM simulations as reported in Chapter 3;
however, the PMs emissions were derived basedIBiM-predicted heat rate and other factors as described in
Chapter 8.

ES.5Climate and Health Co-Benefits

We estimated climateelated impacts from changes in £€&hd the air qualityelated
impacts from changes in S@nd NG&. We refer to climate benefiss At ar geted pol | u
benefitso because t hese axWerdfenteairgollutiendheaalthb e ne f i
benefits abematitbarppedaose t hey butaenbtthe f r om
goal of this policy. To estimate the climate benefits associated with changes eami¥Sions,
we apply a measure of the domestic social cost of carbo€(BE The SCCOz is a metric that
estimates the monetary value of impacts assegtiaith marginal changes in G@&missions in
each year. The SCO, estimates used in this RIA account for the direct impacts of climate
change that are anticipated to occur withinlimited StatesAs discussed in Chapters 4.3 and 7,

the estimatedomestic climate benefits presented for this rule are based on evolving
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methodologies and depend in important respects on assumptions that are uncertain and subject to

further revision with improvements in the science and modeling of climate change impacts

We performed gridded photochemical air quality modeling to support the air quality
benefits assessment of the ACE rule and quantified the health benefits attributable to changes in
fine particles 2.5 microns and smaller (Pdland groundevel ozone. Tis modeling accounted
for the current suite of local, state and federal policies expected to redugaRiVPM s
precursor emissions in future yeaisable ES6 reports the combined domestic climate benefits
and ancillary healtlso-benefits attributalel to changes in S@nd NG emissions, discounted at
threepercent angeverpercent and presented in 2016 dollars, in the years 2025, 2030 and 2035.
This table reports the air pollution effects calculated using fdd-linear concentration
response funtons that quantify risk associated with the full range ot P&kposures
experienced by the population (U.S. EPA, 2009; U.S. EPA, 2011; NRC, 2063jly all the
PM: s-related benefits reported for each year occur in locations where the annual mean PM

concentrations are projected to be below the annuakBtdndard of 12 pg/f

In general, we are more confident in the size of the risks we estimate from simulated
PMz sconcentrations that coincide with the bulk of the observed PM concentratities in t
epidemiological studies that are used to estimate the benefits. Likewise, we are less confident in
the risk we estimate from simulated P&¢oncentrations that fall below the bulk of the observed
data in these studiégurthermore, when setting theIZZOPM NAAQS, the Administrator
acknowl edged greater uncertainty in -relgegdci fyin
health risks at PM concentrations below the NAAQS. As noted in the preamble to the 2012 PM

2 Policies expected to impact EGU sector emissions are accounted for out to 2025, 2030, and 2035 future years, but
policies expected to impact other emissions source sectors are only accounted for out to 2023.

3 This approach is consistent with employing atim@shold assumption for estimating PMelated health effects.

The preamble to the 2012 PM NAAQS noted that #@A[a]l]s bot|
discernible threshold, health effeahay occur over the full range of concentrations observed in the epidemiological
studies. o (78 FR 314 dipearInéthrestold aparoagh t@2caldulating, vallimgiasd | o g

reporting the avoided number of Rdattributable deaths is cossgnt with recent RIAs (U.S. EPA 2009b, 2010c,

2010d, 20114, 2011b, 2011c, 2012, 2013, 2014, 2015a, 2016).

“The Feder al Regi ster Notice for the 2012 PM NAAQS indi
level information, the Administrataecognizes that, in general, the confidence in the magnitude and significance of

an association identified in a study is strongest at and around theelomgnean concentration for the air quality

distribution, as this represents the part of the disiobuh which the data in any given study are generally most

concentrated. She also recognizes that the degree of confidence decreases as one moves towards the lower part of
the distribution. o
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NAAQS final rule, in the context of saltng and alternative NAAQShei EPA concl udes

it is not appropriate to place as much confidence in the magnitude and significance of the
associations over the lower percentiles of the distribution in each study as at and around the long
te'mmeanccentration. o (78 FR 3154, 15 January 20

To give readers insight to the uncertainty in the estimategkirtality benefits
occurring at lower ambient levels, we also report the PM benefits excluding benefits below
certain PM s concentration cupoints and concentratieresponse parameters. The percentage of
estimated PMs-related premature deaths occurring below the lowest measured levels (LML) of
the two longterm epidemiological studies we use to estimate risk varies between 5 percent
(Krewski etal. 2009) and 69 percent (Lepeule et al. 2012). The percentage of estimated
premature deaths occurring above the LML and below the NAAQS ranges between 94 percent
(Krewski et al. 2009) and 31 percent (Lepeule et al. 2012). Lesstiegpercentf the
estimated premature deaths occur above the annual meagNPMQS of 12 ug/ni. Estimates
of ancillary cebenefits excluding those below the LML and the NAAQS are provided in Chapter

4 and, along with climate benefits, are compared to costs iné&ap
Table ES6 reporsthe benefits to society for the illustrative policy scenario.

Table ES6 Monetized Benefits of Illustrative Policy Scenario in 2025, 2030, and 2035
(millions of 20163$)

Discounted at 3% Discounted at7%
[():c:inr:]?jgc Ancillary Health Total [():?iTnZiEC Ancillary Health Total
; Co-Benefits Benefits . Co-Benefits Benefits
Benefits Benefits
2025 81 390 to 970 470 to 1,000 13 360 to 900 370 to 920
2030 81 490 to 1,200 570 to 1,300 14 460 to1,100 470 to 1,100
2035 72 550 to 1,400 620 to 1,400 13 510 to 1,300 520 to 1,300

Notes: All estimates are rounded to two significant figures, so figures may not sum due to independent rounding.
Climate benefits reflect the value of domestic imp&os CO, emissions changes. The ancillary healttbeaefits
reflect the sum of the PMand ozone benefits from changes in electricity sector2$10 and NG emissions and
reflect the range based on adult mortality functions (e.g., from Kreatisii(2009) with Smithet al. (2009) to

Lepeuleet al.(2012) with Jerrett et a{2009))

ES.6Net Benefits

In the decisiormaking process it is useful to consider the change in benefits due to the
targeted pollutant relative to the costs. Therefore, in Chapter 6 we present a comparison of the

ES9



benefits from the targeted pollutdn€O; i with the compliance cost Excluded from this
comparison are theo-benefits from changes in RMand ozone concentrations from changes in

SO and NG, emissions that are projected to accompany changesze@Gsions.

Table ES7 presents the PV and EAV of the estimated ¢dmrefits, and net benefits
associated with the targeted pollutant,>Cfor the timeframe of 2023037, relative to the
baseline. INTable ES7, and all net benefit tables, negative net benefits are indicated with

parenthess.

Table ES7 Present Value and Equivalent Annualized Value of Compliance Costs,
Climate Benefits, and Net Benefits Associated with Targeted Pollutant (CQ
lllustrative Policy Scenario, 3 and 7 Percent Discount Rates, 202837
(millions of 2016%)

Net Benefits

Costs CIimDa?(rangSet:nCefits associated with the
Targeted Pollutant (COy)
3% 7% 3% 7% 3% 7%
Present Value 1,600 970 640 62 (980) (910)
Equivalent
Annualized Value 140 110 53 6.9 (82) (100)

Notes: Negative net benefits indicate forgmee benefits. All estimates are rounded to two significant figures, so
figures may not sum due to independent rounding. Climate benefits reflect the value of domestic impacts from CO
emissions changes. This table does not include estimates of ancilittty debenefits from changes in electricity

sector PM;s, SG and NG emissions.

Table ES8 presents the costs, benefits, and net benefits associated with the targeted

pollutant forthe specificsnapshoyears.

5 While the benefits are limited to the targeted pollutantctis as discussed above is the change in generation cost
for the entire power sector plus MR&R costs. The cost reported in TabldE®t limited solely to those costs

that occur at the sources regulated by this final action.

6 When considering whetherregulatory action is a potential welfare improvement (i.e., potential Pareto
improvement) it is necessary to consider all impacts of the action.
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Table ES8 Compliance Costs, Climate Benefits, and Net Benefits Associated with
Targeted Pollutant (COz) in 2025, 2030, and 2035, lllustrative Policy
Scenario, 3 and 7 Percent Discount Rates (millions of 2016%)
Net Benefits

Costs CIimDa?;ngitrllcefits associatedwith the
Targeted Pollutant (COy)
3% 7% 3% 7% 3% 7%
2025 290 290 81 13 (210) (280)
2030 280 280 81 14 (200) (260)
2035 25 25 72 13 47 (11)

Notes: Negative net benefits indicate forgone net benefits. All estimates are roundeditmifieant figures, so

figures may not sum due to independent rounding. Climate benefits reflect the value of domestic impacts from CO
emissions changes. This table does not include estimates of ancillary headthedibs from changes in electricity

sector PMes, SG and NG emissions.

Table ES9 andTable ES10 provide the estimated costs, benefits, and net benefits,
inclusive of the ancillary healtto benefitsTable ES9 presents the PV and EAV estimates, and

Table ES10 presents the estimates tbe specific years of 2025, 2030, and 2035.

Table ES9 Present Value and Equivalent Annualized Value of Compliance Costs, Total
Benefits, and Net Benefits, 2022037, lllustrative Policy Scenario, 3 and 7
Percent Discount Rats (millions of 2016%)

Costs Benefits Net Benefits
3% | 7% 3% 7% 3% 7%
\F;;eljgm 1,600 970 | 4,600 to 10,000, 2,100 to 5,000 | 3,000 to 8,800 1,100 to 4,100
Equivalent 140 | 110 390 to 870 230 to 550 250 to 730 120 to 450
Annualized Value

Notes: Allestimates are rounded to two significant figures, so figures may not sum due to independent rounding.
Total benefits include both climate benefits and ancillary healteoefits. Climate benefits reflect the value of
domestic impacts from C@missions banges. The ancillary health-benefits reflect the sum of the Byand

ozone benefits from changes in electricity sectop RO and NG emissions and reflect the range based on adult
PM; s and ozone mortality functions (i.e., from Krewskial.(2009) with Smithet al. (2009) to Lepeulet al.

(2012) with Jerrett et a{2009)).
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Table ES10 Compliance Costs, Total Benefits, and Net Benefits in 2025, 2030, and 2035,
lllustrative Policy Scenario, 3 and 7 PercenbDiscount Rates (millions of

20169%)
Costs Benefits Net Benefits
3% 7% 3% 7% 3% 7%
2025 290 290 470 to 1,000 370 to 920 180 to 760 84 to 630
2030 280 280 570 to 1,300 470 to 1,100 300 to 1,000 200 to 860
2035 25 25 620 to 1,400 520 to 1,300 600to 1,400 500 to 1,200

Notes: All estimates are rounded to two significant figures, so figures may not sum due to independent rounding.
Total benefits include both climate benefits and ancillary healbeoefits. Climate benefits reflect the value of
domestic impacts from G@missions changes. The ancillary healttbeaefits reflect the sum of the Byand

ozone benefits from changes in electricity sectop RO and NG emissions and reflect the range based on adult
PM; s and ozone mortality fustions (i.e, from Krewskiet al.(2009) with Smithet al. (2009) to Lepeulet al.

(2012) with Jerrett et a{2009)).

The EPA typically reports the cost of a rule as the net change in production expenditures
by affected sources as they find the least costly way of complying with the rule (including costs
to states to implement the rule). Changes in compliance costs mafyariseet changes in
capital, labor, intermediate inputs, and resources, including fuel, expenses. If prices in related
markets do not change, the sum of these expenditures approximate social cost of the rule to the
extent prices of goods reflect their sdapportunity cost. The net change in these expenditures
are borne by consumers and producers as a result of the rule. An alternative presentation of
benefits and costs is to report the change in expenditures on fuels as a benefit, andoslt as
regadless of the sign of the change in expenditures on fuels. This accounting approach is
consistent with OMB accounting which is to account for changes in fuel expenditures as a

benefit.

Table ES11 shows benefits, costs and net benefits where the chaegpenditures on
fuels in the illustrativgolicy scenario is reported as a benefit, and net@st. The nebenefits
of the illustrativepolicy scenario do not change with this alternative presentation. The change in
the fuel expenditures incluaseral netreductions in expenditures on c@adsulting from
reduced coal use at the affected souarebsprojected increases and decreases in delivered coal
prices)as well as the némcreass anddecreasgin the expenditures on other fuels in the
electricty sector (e.g., natural gas and uranium) as the sector responds in equilibrium. The costs

are the net changes in expenditures on capital, and fixed and variable O&M, some of which are
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positive and some negative changes depending on the year, as welk&sdd&ts.See Table 3

7 for a detailed breakdown of production costs, including fuel costs.

Table ES11 Alternative Net Benefits PresentationPresentValue and Equivalent
Annualized Value of Compliance Costs, Total Benefits, and Net Benefits,
20232037, lllustrative Policy Scenario, 3 and 7 Percent Discount Rates,
(millions of 2016%)

Costs Benefits Net Benefits
3% | 7% 3% 7% 3% 7%
\'j;eljeem 4,700 | 2,700| 7,700 to 13,000 3,800 t0 6,700 | 3,000 to 8,800 | 1,100 to 4,100
Equivalent

400 | 290 650 to 1,100 410to 740 250to 730 120 to 450

Annualized Value

Notes: All estimates are rounded to two significant figures, so figures may not sumiclepndent rounding.

This tableshows benefits, costs and net benefits where the change in expenditures on fuels in the illustrative policy
scenario is reported as a benefit, and net@sst. Total benefits include climate benefigmcillary health co

benefits and change in expenditures on fu€@fmate benefits reflect the value of domestic impacts from CO
emissions changes. The ancillary healttbeaefits reflect the sum of the Bband ozone benefits from changes in
electricity sector PMs, S& and NG emissions and reflect the range based on aduitsRND ozone mortality

functions (i.e., from Krewsket al. (2009) with Smithet al.(2009) to Lepeulet al.(2012) with Jerrett et a{2009)).

ES.7Economic and Employment Impacts

This finalaction has energy market implicatioBsavironmental regulation may affect
groups of workers differently, as changes in abatement and other compliance activities cause
labor and other resources to shift. An employment impact analysis describes the ristaracte
of groups of workers potentially affected by a regulation, as well as labor market conditions in
affected occupations, industries, and geographic areas. Market and employment impacts of this
final action are discussed in Chapter 5 of this RIA.

ES.8Limitations and Uncertainty

Throughout this RIA we consider a number of sources of uncertainty, both quantitatively
and qualitatively. We also summarize other potential sources of benefits and costs that may
result from this final action that have not beiantified or monetized. We did not account for
certain benefits and costs including certain omitted benefits and costs from changesSQCO
NOx and direct PMs, emissions from the electricity sector, from changes in other pollutants
within and outside the electricity sector, and effects outside of the electricity market. These
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limitations, including where possible how they directly may affect estimated bearaditsosts,

are summarized below and discussed in more detail throughout the RIA.

There are important impacts thhe EPA could not monetize. Due to current data and
modeling limitations, our estimates of the benefit impacts from reducing@3sions dmot
include important impacts like ocean acidification or potential tipping points in natural or
managed ecosystems. Ancillary benefits from changing direct exposure,tNSQ as well as

ecosystem changes and visibility impairment, from changes in ploiséants are also omitted.

Changes in the health and ecosystems from changes in mercury from the electricity sector
are not monetized, although increases in mercury emissions are reported in Chapter 3. Potential
changes in other air and water emissifvam the electricity sector, including hazardous air
pollutants (e.g., hydrochloric acid) and their associated effects on heath, ecosystems, and
visibility are not quantified. Potential changes in emissions from producing fuels, such as

methane from coalnd gas production, are also unaccounted for.

The compliance costs reported in this RIA are not social costs, although in this analysis
we use compliance costs as a proxy for social costs. Changes in costs and benefits due to changes
in economic welfare aduppliers to the electricity market, including workers in the electricity
market and in related markets, and bectricity consumers from those suppliers (net of
transfers), such as industrial consumers of fossil fuels, are not accounted for. Fugheostsr

due to interactions with prexisting market distortions outside the electricity sector are omitted.

Key uncertainties that affect the estimates of benefits and costs of this final regulation
include those that affect costs and emissions froreld@ricity sector. There is uncertainty in
the availability and cost of the candidate HRI technologies at affectediremBEGUS on a unit
by-unit basis, and the illustratiy@licy scenario makes assumptions about the availability and
cost of HRI acros and within groups of units with similar generating capacity and heat rates.
Furthermore, in the illustratiyeolicy scenario HRI are imposed on units to represent the effect
of potential standards of performance, but the required standards of perfoar&anoé
represented in the electricity model directly. Affected sources may have certain flexibilities in
how they comply with the standards of performance that differ from the technologies used to

determine the sourcesd dassbilitgia modcaptuedinthee r f or man
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illustrative policy scenario. In addition, there is uncertainty in future economic conditions that

could affect fuel supplies, technology costs, and electricity demand in the electricity sector.

The estimated health bdiis from changes in Pkt and ozone concentrations are subject
to uncertainties related to: (1) the projected future Pdhd ozone concentrations; and, (2) the
relationship between air quality changes and health outcomes. For the first uncertairitys whic
discussed in more detail in Chapter 8, we are more confident in the estimated change in annual
mean PM s concentrations than we are in the estimated absolute BMels. Consequently, we
are more confident in the estimated total benefits thamisitsaty estimates of benefits over
specific concentration ranges as described in Chapter 4. We address the second uncertainty in
part by quantifying benefits using a range of adult mortality concentraggponse relationships
(e.g., from Krewski et a[2009) with Smith et al. (2009) to Lepeule et al. (2012) with Jerrett et
al. (2009)). The Plis concentratiorresponse models assume that all fine particles, regardless of
their chemical composition, are equally potent in causing premature mortalitysbebau
scientific evidence is not yet sufficient to allow differentiation of effect estimates by particle
type’ Furthermore, as discussed above, there is greater uncertainty in the effects of exposure at
low PMzslevels.

This RIA does not evaluate whether or not there will be any changes in PM attainment
status. However, there are few areas whose attainment status may be &ffeetegtent to
which the monetized health-t@nefits and costs reported in this RIA areresgmated or
underestimated partially depends on a variety of federal and state decisions with respect to
NAAQS implementation and compliance, including Prevention of Significant Deterioration
(PSD) requiremes.

" More information on potential uncertainties and assumptionsfesBM nef i t s i s avail able in
Report to Congress on the Benefits and Costs of Federal Regulations and Agency Compliance with the Unfunded
Mandates Reform Act, pg. 1318.
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CHAPTER 1: INTRODUCTION AND BACKGROUND

1.1 Introduction

In this actionthe U.S. Environmental Protection Agency (EPA) is finalizing three
separate andistinct rulemakings. First, the EPA is repealing the Clean Power Plan (CPP)
because the Agency has determined that the CP
the Clean Air Act (CAA). Second, the EPA is finalizing the Affordable Clean Energy rule
(ACE), consisting of Emission Guidelines for Greenhouse Gas (GHG) Emissions from Existing
Electric Utility Generating Units (EGUs) under CAA section 111(d), that will inform states on
the development, submittal, and implementation of state plans toigstadiformance standards
for GHG emissions from certain fossil fuifed EGUs. In ACE, the Agency is finalizing its
determination that heat rate improvement (HRI) is the best system of emission reduction (BSER)
for reducing GH® specifically carbon dioxie (CQ)d emissions from existing coéired
EGUs. Third, the EPA is finalizing new regulations for the EPA and state implementation of

ACE and any future emission guidelines issued under CAA section 111(d).

In this RIA, the Agency providdsoth an analysisf the repeal of the CPP aadull
benefitcost analysis of an illustrative policy scenaepresenting ACEwhich models HRI at
coaklfired EGUs.

This chapter contains background information on this rule, an overview of the regulatory
impact analysis aulucted and scenario analyzed, as well as an outline of the chapters in this
report. TheEPAG analysis in Chapter 2 satisfies any need for regulatory impact analysis that

may be required by statute or executive order for the repeal of the CPP.

1.2 Legal and Economic Basis for this Rulemaking
1.2.1 Statutory Requirement

Clean Air Act section 111, which Congress enacted as part of the 1970 Clean Air Act
Amendments, establishes mechanisms for controlling emissions of air pollutants from stationary
sources. This provisn requiregshe EPA to promulgate a list of categories of stationary sources
that the Administrator, in his or her judgmen

1-1



pollution which may reasonably be anticipated to endanger public health ar welfhedPA

has listed more than 60 stationary source categories under this pré@sioethe EPA lists a

source categoryheEPA must, under CAA section 111(b) (1)
performancedo for emi ssi ogesintbefsoure categprigBhdsart ant s
standards are known as new source performance standards (NSPS), and they are national

requirements that apply directly to the sources subject to them.

Whenthe EPA establishes NSPS for sources in a source category QAdesection
111(b),theEPA is also required, under CAA section 111(d)(1), to prescribe regulations for states
to submit plans regulating existing sources in that source category for any air pollutant that, in
general, is not regulated under the CAA mrci09 requirements for the NAAQS or regulated
under the CAA section 112 requirements for hazardous air pollutants (HAP). CAA section
111(d)o6s mechanism for regulating existing so
provides for new sourcdsecause CAA section 111(d) contemplates states submitting plans that
establish fistandards of performanceo for the

implement and enforce those standards.

AStandards of per f or maectioreldl(ay(t) as stdngldrdsfore d und
emi ssions that reflect the emission |imitatio
reduction, 0 considering costs and other facto
adequately de monmslil(dyl) grahts state€ thefautsosty, in applying a
standard of performance, to take into account

Under CAA section 111(d), a state must submit its plahe&PA for approval, anthe
EPAmustappgve the state pl?fastatefdoes riot sibmit afplag tthié s f act o
EPA does not appr theEPA raustestablisheadlan fqp thad staf@nce ah e n
state receiveheEPAOGs approval of its plan, the provis
enforceable against the entity responsible for noncompliance, in the same manner as the

provisions of an approved State Implementation Plan (SIP) under the Act.

1 CAA §111(b)(1)(A).

2 See 40 CFR 60 subparts TIDOOO.
3 CAA §111(b)1)(B), 111(a)(1).

4 CAA section 111(d)(2)(A).

5 CAA section 111(d)(2)(A).
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1.2.2 Market Failure

Many regulations are promulgated to correct market failures, which otherwise lead to a
suboptimal allocation of resources within the free market. Air quality and pollution control
regul ations address fdinegative ext ethafall i ti eso

opportunity cost of production borne by society as public goods such as air quality are unpriced.

While recognizing that optimal social level of pollution may not be zero, GHG emissions
impose costs on society, such as negative health and eveifpacts, that are not reflected in the
market price of the goods produced through the polluting process. For this regulatory action the
good produced is electricity. If a fossil fufeled electricity producer pollutes the atmosphere
when it generatesettricity, this cost will be borne not by the polluting firm but by society as a
whole, thus the producer is imposing a negative externality, or a social cost of emissions. The
equilibrium market price of electricity may fail to incorporate the full oppoty cost to society
of generating electricity. Consequently, absent a regulation on emissions, the EGUs will not
internalize the social cost of emissions and social costs will be higher as a resutgtitsison
will work towards addressing this matKailure by causing affected EGUs to begin to

internalize the negative externality associated with @@issions.

1.3 Background
1.3.1 Emission Guidelines

This analysis is intended to be an illustrative representation and analysis of the final
ACE rule® The find rule presents a framework for states to develop state plans that will establish
standards of performance for existing affected sources of GHG emissions. The final rule does not
itself specify any standar d of systeenrofemissmance, b
r edu ¢ BSERpi®. technology for HRI. The HRI that were determined to be the BSER in
this case is a list of six technologies that collectively have been deemed candidate technologies.
States are responsible for applying the BS&Rftected EGUs to determine standards of
performance that consider each of the candidate technologies (as they are collectively the

BSER). States may also take into account the remaining useful life and othersgmaifie

8 For more details on legal authority and justification of this action, see rule preamble.
"The best system of emission reductioar MBSERDY inf EGAMms t
111(a); see preamble for further discussion.



factors in the determinatiofo t he st andards of performance. |t

how to account for these unit specific considerations.

1.3.2 Regulated Pollutant

The purpose of this CAA section 111(d) rule is to addresseftdssions from fossil
fuel-fired power plantsn the U.S. because they are the largest domestic stationary source of
emissions of carbon dioxide (GOCGQ; is the most prevalent of the greenhouse gases (GHG),
which are air pollutants th#étte EPA has determined endangers public health and welfare

through their contribution to climate change.

1.3.3 Definition of Affected Sources for the Affordable Clean Energy Rule

As described in the preamble forthisactileEPA i s finali zing that
facilityo subj ect f{firedetedtic wilityisteagn generdtingamtthats any c
not an integrated gasification combined cycle (IGCC) unit (i.e., utility boilers, but not IGCC
units) that was in operation or had commenced construction as of August 31, 2018, and that
meets the following criterial' o be a designated facility, a cdmed electric utility steam
generating unit must serve a generator capable of selling greater than 25 MW to a utility power
distribution system and have a base load rating greater than 260 GJ/h (250 MMBtu/h) heat inpu

of coal fuel (either alone or in combination with any other fuel).

1.4 Overview of Regulatory Impact Analysis

In accordance with Executive Order 12866, Executive Order 13563, OMB Circdlar A
andtheE P A Gusdelines for Preparing Economic Analysttee EPA prepared this RIA for this
Asignificant regulatory action. o This action
because it may have an annual effect on the economy of $100 million or more or adversely affect
in a material way the economy, a seabthe economy, productivity, competition, jobs, the

environment, public health or safety, or state, local, or tribal governments or comnfunities.

8The analysis in this final RI' A constitutes the economi
judgment, the assessment i s as ext e mesounes, aedothgpdutest i cab |
and authorities.
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In this RIA, the Agency providdsoth an analysis of the repeal of the CPPafudll
benefit cost analysisf an illustrativepolicy scenario representing the fir®CE rule which
modeb HRI at coalfired EGUSs.

For the analysis of the repeal of CPP (described in ChaptéeBPA examines a
number of lines of evidence includintj several updated IPM modelisgenarioghat consider
different assumptions regarding implementation of the CPP (including that states are more likely
to participate in interstate trading than previouwsiplyzed,and that th&SupremeCourt stay
leads to alelayed implementation of CPR) consideration of the changdse EPA (and others
including EIA) have seen in G@missionsacross similamodeledscenariognd projections
over time,3) changing circumstances in the power sector (including fuel pteawology
changes and the age of different portions of the generating f@ety)commitments many
power companies have made to significantly reduceédssions. Based on this examination,
theEPA concludes that even if the CPP were implementedutdwot achieve emission

reductions beyond those that would be achiavigldout theCPPin place

For the ACE analysis, th#ustrative policy scenario represents potential outcomes of
state determinations of standards of performance, and compliandboegiéhstandards by
affected coafired EGUs.Because ACE is being analyzed as a separate action that occurs only
after repeal of the CPEhe EPA is performing its analysis of ACE against a baseline without
CPP (however as noted abotieg EPA does not bdieve that there would be any significant

differences between a scenario with or without CPP).

The illustrative policy scenario represents potential outcomes of state determinations of
standards of performance, and compliance with those standards bgdfealfired EGUs.
This RIA has an updated representation of the expected future economic conditions affecting the
electricity sector in the baseline from the proposed ACE rule. This RIA also reports the impact of
climate benefits from changes in €&nhdthe impact on ancillary health benefits attributable to

changes in S@and NG emissions.

Additionally, this RIA includes information about potential impacts of the final rule on
electricity markets, employment, and markets outside the electricity sElceoRIA also

presents discussion of the uncertainties and limitations of the analysis.
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1.4.1 Baseline

The analysis reliesaheEPAS6s Power Sector Modeling Pl
Planning Model (IPM}.This accounts for changes in the power sector in recent years and
projects our best understanding of important technological and economic trends into the future.
The U.S. electric power sector has become less carbon intensive over the past sevesatyears,
this trend is projected to continue in the future, as documented in Chapters 2 and 3 of this RIA.
These changes and trends are reflected in the modeling used for this aAalgsiscribed
earlier,the EPA is performing its analysis of ACE againstaséline withouthe CPPbecause

ACE is being analyzed as a separate action that occurs only after repeal of the CPP

Because air quality modeling was used to determine health benefits from changes in
particulate matter and ozone concentrations thatoneyr because of this rule, the baseline
includes emissions from all sources. Consequently, in addition to rules and economic conditions
included in the IPM Reference Case, the baseline for this analysis included emissions from, and
rules for, noAEGU poirt sources, omoad vehicles, nenoad mobile equipment and marine
vessels? Additional information on what is included in the air quality modeling inventory is
detailed in Chapter 4 and Chapter 8.

This analysis reflects the best data availablbedPA a the time it was conducted. As
with any modeling of future projections, many of the inputs are uncertain. In this context, notable
uncertainties include the cost of fuels, the cost to operate existing power plants, the cost to
construct and operate newvper plants, infrastructure, demand, and policies affecting the
electric power sector. The modeling conducted for this RIA is based on estimates of these
variables, which were derived from the data currently availaliteetePA. However, future
realizatiors of these characteristics may deviate from expectations. The results of counterfactual
simulations presented in this RIA are not a prediction of what will happen, but rather projections

of a plausible scenario describing how this final regulatory acteyaffect electricity sector

® For documentation, see https://www.epa.gov/airmarkets/ai#anarketspowersectormodeling

10 Using the air quality modeling techniques in this RIA, the impacts of thes&@thrules are determined as of

2023, so any implementation or effects expected to occur after 2023 are not accounted for in this RIA. However, the
effect of NnoREGU emissions on changes in pollution concentrations due to changes in emissions in the electricity
sector between the baseliaed the illustrative policy scenario is likely small.
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outcomes in the absence of unexpected shocks. The results of this RIA should be viewed in that

context.

1.4.2 BSER and lllustrative Policy Scenario

The illustrative policy scenario models HRIs applied at affectedfoedl EGUs in he
contiguous U.S. beginning in 20ZBhe EPA has identified the BSER to be HRI. In the final
Emission Guidelineghe EPA provides states with a list of candidate HRI technologies that must
be evaluated when establishing standards of performance. Theuwtadiility, and potential
improvement for any of these HRI technologies is dependent on a range-spegiftc factors
such as the size, age, fuel use, and the operating and maintenance history of the unit. As such, the
HRI potential can vary signifantly from unit to unitThe EPA does not have sufficient
information to assess HRI potential on a dniunit basis. CAA 111(d) also provides states with
the responsibility to establish standards of performance and provides considerable flexibility in
the establishment of those emission standards. States may take many factors into con$ideration
including among other factors, the remaining useful life of the affected siowleen applying
the standards of performan¢éd&.herefore, any analysis of the dirrule is illustrative. However,
the EPA believes that such illustrative analyses can provide important insights at the national
level and can inform the public on a range of potential outcomes. Additional information

describing the analytical basis ftetillustrativepolicy scenario is provide in Sectidné.

1.4.3 Years of Analysis

We evaluate the potential regulatory impacts of the illustrative policy scenario using the
present value (PV) of costs, benefits, and net benefits, calculated for the yeaP2D2dm
the perspective of 2016, using both a three percent and seven pereefipendd discount rate.
In addition, the Agency presents the assessment of costs, benefits, and net benefits for specific
snapshot years, consistent with historic practitéhis RIA, the regulatory impacts are
evaluated for the specific years of 2025, 2030, and 2035.

The Agency believes that these specific years are each representative of several

surrounding years, which enables the analysis of costs and benefits dumefreame of 2025

11 See Section Il of the preamble for a discussion of factors that states may consider in establishing a standard of
performance in response to this emission guideline.
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2037. The year 2025 is an approximation for when the standards of performance under the final
rule might be implemented, and the Agency estimates that monitoring, reporting, and
recordkeeping (MR&R) costs may begin in 2023. Therefore&MRosts analysis is presented
beginning in the year 2023, and full benefit cost analysis is presented beginning in the year 2025.
The analytical timeframe concludes in 2037, as this is the last year that may be represented with

the analysis conducted ftire specific year of 2035.

1.5 BSER Technologies

The list of candidate technologies that constitute the BSER are summarized below and

are described in greater detail in Section Il of the preamble.

1.5.1 Neural Network/Intelligent Sootblower

1.5.1.1 Neural Networks

Computemodels, known as neural networks, can be used to simulate the performance of
the power plant at various operating loads. Typically, the neural network system ties into the
pl antés distributed control syst econttbloThe dat a i
system uses plant specific modeling and contr
minimize the emissions. This model predictive control can be particularly effective at improving
the plants performance and minimizing emissions duperiods of rapid load changes. The
neural network can be used to optimize combustion conditions, steam temperatures, and air

pollution control equipment.

1.5.1.2 Intelligent Sootblowers

During operations at a cefited power plant, particulate matt@M) (ashor soot) builds
up on heat transfer surfaces. This buiftldegrades the performance of the heat transfer
equipment and negatively affects the efficiency of the plant. Power plant operators use steam
i njection fAsoot bl ower sdceshyemavihgahe ash bulige Thissat t r a
often done on a routine basis or as needed based on monitored operating characteristics.
Intelligent sootblowers (ISB) are automated systems that use process measurements to monitor
the heat transfer performancedasirategically allocate steam to specific areas to remove ash
buildup.



The cost to implement an ISB system is relatively inexpensive if the necessary hardware
is already installed. The ISB software/control system is often incorporated into the neural
network software package mentioned above. As such, the HRIs obtained via installation of

neural network and ISB systems are not necessarily cumulative.

1.5.2 Boiler Feed Pumps

A boiler feed pump (or boiler feedwater pump) is a device used to pump feedwater into a
baller. The water may be either freshly supplied or returning condensate produced from
condensing steam produced by the boiler. The boiler feed pumps consume a large fraction of the
auxiliary power used internally within a power plant. Boiler feed pumpsezgrire power in
excess of 10 MW on a 56@W power plant. Therefore, the maintenance on these pumps should
be rigorous to ensure both reliability and kigfficiency operation. Boiler feed pumps wear over
time and subsequently operate below the originsilgteefficiency. The most pragmatic remedy

is to rebuild a boiler feed pump in an overhaul or upgrade.

1.5.3 Air Heater and Duct Leakage Control

The air preheater is a device that recovers heat from the flue gas for useheaineg
the incoming combustioair, and potentially for other uses such as coal drying. Properly
operating air préneaters play a significant role in the overall efficiency of a-ticed EGU. The
air preheater may be regenerative (rotary) or recuperative (tubular or plate). A rifiggaity
associated with the use of regenerative aihmaters is air kieakage from the combustion air
side to the flue gas side. Air-laakage affects boiler efficiency due to lost heat recovery and
affects the axillary load since anyleakage reagires additional fan capacity. The amount of air
leaking past the seals tends to increase as the unit ages. Improvements to seals on regenerative

air preheaters have enabled the reduction of aleakage.

1.5.4 Variable Frequency Drives (VFDs)

1.5.4.1 VFD on hducedDraft (ID) Fans
The increased pressure required to maintain proper flue gas flow through downstream air
pollutant control equipment may require additional fan power, which can be achieved by an ID
fan upgrade/replacement or an added booster fan. Genetd#ly power plant facilities were

designed and built with centrifugal fans.
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The most precise and energfficient method of flue gas flow control is use of VFD. The
VFD controls fan speed electrically by using a static controllable rectifier (thyristoontrol
frequency and voltage and, thereby, the fan speed. The VFD enables very precise and accurate
speed control with an almost instantaneous response to control signals. The VFD controller
enables highly efficient fan performance at almost all peagest of flow turndown. Due to
current electricity market conditions, many units no longer operate atdsabeapacity and,
therefore, VFDs, also known as varialeeed drives on fans can greatly enhance plant
performance at ofpeak loads.

1.5.4.2 VFD on BoilerFeed Pumps

VFDs can also be used on boiler feed water pumps as mentioned previously. Generally, if
a unit with an older steam turbine is rated below 350 MW, the use of-ghdten boiler
feedwater pumps as the main drivers may be considered practioarrefficiency standpoint.
If a unit cycles frequently then operation of the pumps with VFDs will offer the best results on
heat rate reductions, followed by fluid couplings. The use of VFDs for boiler feed pumps is
becoming more common in the industry farger units. And with the advancementsow
pressure steam turbines, a medorven feed pump can improve the thermal performance of a
system up to the 660IW range, as compared to the performance associated with the use of
turbine drive pumps. Smatland older units will generally not upgrade to a VFD boiler feed
pump drive due to high capital costs.

1.5.5 Blade Path Upgrade (Steam Turbine)

Upgrades or overhauls of steam turbines offer the greatest opportunity for HRI on many
units. Significant increases performance can be gained from turbine upgrades when plants
experience problems such as steam leakages or blade erosion. The typical turbine upgrade
depends on the history of the turbine itself and its overall performance. The upgrade can entail
myriad mprovements, all of which affect the performance and associated dustsvailability
of advanced design tools, such as computational fluid dynamics (CFD), coupled with improved
materials of construction and machining and fabrication capabilities lgvéczntly enhanced
the efficiency of modern turbines. These improvements in new turbines can also be utilized to

improve the efficiency of older steam turbines whose efficiency has degraded over time.
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1.5.6 Redesign/Replace Economizer

In steam power plants, @somizers are heat exchange devices used to capture waste heat
from boiler flue gas which is then used to heat the boiler feedwater. This use of waste heat
reduces the need to use extracted energy from the system and, therefore, improves the overall
efficiency or heat rate of the unit. As with most other heat transfer devices, the performance of
the economizer will degrade with time and use, and power plant representatives contend that
economizer replacements are often delayed or avoided due to concerrisighering NSR. In
some cases, economizer replacement projects have been undertaken concurrently with retrofit
installation of selective catalytic reduction (SCR) systems because the entrance temperature for

the SCR unit must be controlled to a spedaidicge.

1.5.7 Additional Documentation

Government agencies and laboratories, industry research organizations, engineering
firms, equipment suppliers, and environmental organizations have conducted studies examining
the potential for improving heat rate in theSUEGU fleet or a subset of the fleet. Section Il of
the preamble provides a list of some reports, case studies, and analysestiRthese

technologies that are BSER, as well as those that are not BSER, in the U.S.

1.6 Development of lllustrative Policy Sceneo
1.6.1 Introduction

The illustrative policy scenarjavhich represents the ACE ruls,based on a bottcuomp
analyses of fleetvide HRI potential by identifying HRI technologies that may be available to
certain categories of cefited EGUs? In the analyseshe EPA considered how the available
HRI measures that are included in the BSER list of candidate technologies may apply to these

categories. Thiapproach defined a set of 12 bins for coal steam units that were then linked to

12 This methodology is similar tthe bottorup approach used by the Energy Information Administration (EIA,
2015) to identify the possible HRI available at different categories officedlunits. However, the suite of HRI
technologies, and their associated costs and performance, répdeisethe EIA study differ from those used here.
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potential HRIs based on taublogies presented in the Sargent & Lundy (S&L) repartd
discussed above as BSER for the final ACE tule.

1.6.2 Grouping EGUs by Performance

The fleet of coafired EGU with greater than 25 MW of capacitgefined in the units in
the NEEDS_v6 databas¢September 2018 revision) that are not retiring by 20@4As rank
ordered by heat rate from most efficiei.( lowest heat rate) to least efficiene( highest heat
rate):* The NEEDS database contains the generation unit records used to consttocidel”
plants that represent existing and planned/committed urtite BEPA modeling applications of
IPM. The fleet was then divided into four groups using a methodology described below and
referred to as Group 1 through Group 4. Group 1 represenisdht efficient units in the fleet.
Those units are assumed to have little to no potential for fudRéapplying the BSER
technologies. Group 4 represents the least efficient units in the fleet and those units are assumed
to have the most opportunitgrfHRI applying these technologies. Groups 2 and 3 represent the

remaining units and are assumed to have intermediate opportuniti#RIfor

Specifically, we defined the groups using a capacity weighted heat rate distribution for
the fleet. Group 1 was deéd as units with a heat rate one capacity weighted standard deviation
below the capacity weighted mean heat rate and Group 4 was defined as units with a heat rate
one capacity weighted standard deviation above the capacity weighted mean heat rat& Groups
and 3 were defined as units within one capacity weighted standard deviation below and above

the capacity weighted mean heat rate, respectively. The capacity weighted mean hgat rate,

across thd\l coalsteam units in the fleet is defined as

BACoRilred Power Plant Heat Rat e RO%A7qA009avaldble @the gent &
rulemaking docket at ERMQ-OAR-2017035521171.

¥ For more information, se&3 FR 44746; Table and Table 2.

15 National Electric Energy Data System, NEEDS_v6, available in the rulemaking docket #t@PRR-2017
035521141; available otine at https://www.epa.gov/airmarkets/naticeédctricenergydatasystemneedsve.
16 The heat rates for the meldplants in EPA Platform v6 are based on values from Annual Energy Outlook
2017 informed by fuel use and net generation data reported on For®2BIA-or further explanation see IPM
documentation: https://www.epa.gov/airmarkets/clammarketspowersector-modeling
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hi is the heat rate for unit and C is the capacity (in megawatts, MW). The weighted

standard deviatior§, , is defined as

ac(n-RY
SN: i=1 .
(N-1)3
Nl

Q:z

G

1

Based on these definitions and the approach for defining the groups, the heat rate cutoffs
for the four group are presented belowTrable1-1 and the distribution of capacity across heat
rates and groups is presentedrigure1-1.

Table 1-1 Heat Rate Ranges Defining Groups

Heat Rate Range [Btu/kWh]

Group 1 (Most Efficient) O 9,773
Group 2 9,7741 10,396
Group 3 10,3971 11,019
Group 4 (Least Efficient) 011,020

1-13



30000 1

§ . Group 1
= . Group 2
-§ . Group 3
8 . Group 4

20000 -
10000 A | ‘I
0 — - -—IIII
QQ

IIII.I-_____
$ o ®

N
Q N \)
,\'\ ,\{]/ '\n_)

Heat Rate [Btu/kWh]
Figure 1-1  Distribution of Heat Rates and Unit Groups

S
$

S S

S S

The units were further divided in eagloup according to amount of generating capacity
consistent with ranges presented in the proposal for the ACE fiille.breakdown of unifs the
number of EGUs and the total capacity (MWMh each of the 12 bins is shownTiablel-2. The

breakdown of uits i the percent of total units and the percent of total capaestyrovided in
Tablel-3.

Table 1-2 Number of CoalFired EGUs >=25MW and Total Capacity (MW) in Each
Heat Rate Group Bin

<200 MW 200- 500MW > 500 MW

Group 1 4 EGUs (130 MW) 6 EGUs (2,226 MW) 31 EGUs (23,225 MW)
Group 2 12 EGUs (1,827 MW) 45 EGUs (16,161 MW) 113 EGUs (82,203 MW)
Group 3 61 EGUs (8,232 MW) 86 EGUs (29,430 MW) 48 EGUs (29,259 MW)
Group 4 101 EGUs (8,877 MW) 48 EGUs(15,372 MW) 11 EGUs (7,549 MW)

Note: Source data is from National Electric Energy Data System, NEEDS_v6

17 For more information, se&3 FR 44746; Table 1 and Table 2.
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Table 1-3

Percent of Total CoalFired EGUs >25MW and Percent of CoalFired Total
Capacity (MW) in Each Heat Rate Group Bin

<200 MW 200- 500 MW > 500 MW
Group 1 1%/<1% 1%/1% 6% /10 %
Group 2 2%/1% 8% /7% 20% /37 %
Group 3 11%/4% 15%/13 % 9% /13 %
Group 4 18% /4% 9% /7% 2%/3%

1.6.3 Heat Rate and Cost for each Bin

While many potential HRI measures have been identified, some of those identified

technologies have limited applicability and many provide only negligiilé® The EPA stated

in the ACE proposal that evaluation of the entire list of potential HRI optiomduding those

with limited applicability and with negligible benefitsmay be overly burdensome to the states.

Therefor e, the EPA identif

equipment upgrades and best operating and mainiea e
ng

technol ogieso constituti

i ed
practices
t he BSER.

and

proposed a

t hat f orm

Those te

provide meaningful HRI opportunity, to be broadly applicable, and to be implementable at

reasonable cost and arargefinalized as BSER in this rule.

Based on the S&L report, the potential rangeldRI for these technologies are presented

in Table1-4 and the ranges of costs (updated to $2016) for those improvements are presented in

Table1-5. These areantiedsi «

H&t hAol ogi es o i

dent i fi

ACE rule and are the six technologies that are identified as BSER in the final ACE rule. The first

four HRI options listed in each table are assumed to be broadly available. The last two HRI

optorsi iBl ade Path Upgrade

(Steam Tur bilare) 0

and

technologies that, based on program experience and industry comments, are assumedeo be

likely to trigger additional secondary costs including costs associated with &8ftmg. With

these and other additional costs, the remaining useful life of the facilities may be reduced such

that we assume that these two technologies are less likely to be impleriéigas.consistent

with assumptions provided in cost and impeatalyses supporting the ACE rule proposal.

18 For more information, seBable 3 in 82 FR 61515.

1-15



Table 1-4 S&L Heat Rate Improvements (Percentage) by EGU Size
<200 MW 200- 500 MW >500 MW

Min Max Min Max Min Max

Neural Network/Intelligent Sootblowers 0.5 1.4 0.3 1.0 0.3 0.9
Boiler Feed Pumps 0.2 0.5 0.2 0.5 0.2 0.5
Air Heater & Duct Leakage Control 0.1 0.4 0.1 0.4 0.1 0.4
Variable Frequency Drives 0.2 0.9 0.2 1.0 0.2 1.0
Subtotal 1.0 3.2 0.8 2.9 0.8 2.8
Blade Path Upgrade (Steam Turbine) 0.9 2.7 1.0 2.9 1.0 2.9
Redesign/Replace Economizer 0.5 0.9 0.5 1.0 0.5 1.0
Total 2.4 6.8 2.3 6.8 2.3 6.7

Table 1-5 S&L Heat Rate Improvement Costs [2016$/kW] by EGU Size
<200 MW 200- 500 MW > 500 MW

Min Max Min Max Min Max

Neural Network/Intelligent Sootblowers 4.7 4.7 2.5 2.5 1.4 1.4
Boiler Feed Pumps 1.4 2.0 1.1 1.3 0.9 1.0
Air Heater & Duct Leakage Control 3.6 4.7 2.51 2.7 2.1 2.4
Variable Frequency Drives 9.1 11.9 7.2 9.4 6.6 7.9
Subtotal 18.8 23.3 13.3 15.9 11.0 12.7
Blade Path Upgrade (Steam Turbine) 11.2 66.9 8.9 44.6 6.2 31.0
Redesign/Replace Economizer 13.1 18.7 10.5 12.7 10.0 11.2
Total 43.1 108.9 32.7 732 27.2 54.9

The EGUs in Group 1 are the most efficient units in the fleet and for the purposes of
modelling the illustrativgpolicy scenario were assumed to have no opportunities to implement
any of the candidate technologies to improve their performasecetieseunits are assumed to
be very well maintained and to have already implemented available HRI technologies). The
EGUs in Groups 2 and 3 are the mahge units and were assumed to implement the first four
HRIs inTable1-4. The units in Group 2 were assumedthieve the minimurHRI in the range
while the units in Group 3 were assumed to make the same improvements but to achieve the
midpoint of the range in available HRI (in percent). The EGUs in Group 4 are the least efficient
units. Those EGUs were assunteanake the same fottRIs as the units in Groups 2 and 3 but
were assumed to achieve the maximum improvement within the range. None of the Groups were

assumed to adopt the last two HRIs as it was assumed (based on industry comments) that they
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are less likly to be installed to the extent they could trigger NSR permitting affecting remaining

useful lifel® as noted above.

Note that these assumptions regarding implementation and cost of HRI at particular
EGUs are illustrative and are only intended as a mefgmoviding a reasonable estimate of the
possible costs, benefits and impacts for the final ACE rule. The assumptions are not intended to
imply applicability of any specific improvement measure at any specific type of EGU. The EPA
has limited informatioron the specific HRI options that may or may not be implemented at any
specific EGU. In developing their implementing plans, the states will evaluate the applicability
of each of the HRI options provided Tiable1-4 to each EGU within their borders and
determine a unispecific emission standard based on implementation of those technologies
which represent the BSER.

Once the EGUs were ranked and grouped according to the heat rate, each of the four
resulting groups was further divided into three bins basexize in megawatts (MW)resulting
in 12 total bins. Given these assumptionsHR¢ potential by group and size are presented in

Table1-6. These assumddRI potentials serve as inputs for the IPM modelling.

Table 1-6 Group Specific Heat Rate Improvements (Percentage)

<200 MW 200- 500 MW > 500 MW
Group 1 0.0 0.0 0.0
Group 2 1.0 0.8 0.8
Group 3 2.1 19 1.8
Group 4 3.2 2.9 2.8

Independent of the group it was assumed that the HRI costs are defined by the maximum
value within the given size range. Several commenters noted that the improved performance
obtained from investment iHRI measures will degrade over time and that the E@&ill have
to reinvest to maintain the level of performance. The lifetime of tH&3e was assumed to be
approximately 8 years.€., it was assumed that the units would need to reinvest in additional

HRI at least once during the 2029537 timeframe in Wich costs are considered in this RIA).

°The EPA is not finalizing proposed changes to the New Source Review program in the final ACE rulemaking. If
the EPA decides tfinalize changes to the NSR program, it will be done in a subsequent rulemaking action and
these modelling assumptions will be revisited at that time.
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TheEPA conservatively assumed that all HRI technologies are implemented at the higher end of
the ranges presentedTiable1-5. The EPA also assumed that the costs are doubled as a way of
representingeinvestmenover time to account for performance degradation. The total costs
associated with thERIs (initial investment and a ofigne reinvestment) are given Trable1-7.

These assumadRlI costs serve as inputs for the IPM modelling. That is, each unit within a

group is assumed to incur the same percentage HRI and associated cost per kW as reported in

Tables 16 and 17 as all other units in that group.

Table 1-7 Group Specific Heat Rate Improvement Costs [$2016/kW]

<200 MW 200- 500 MW > 500 MW
Group 1 0.0 0.0 0.0
Group 2 47.0 32.0 25.0
Group 3 47.0 32.0 25.0
Group 4 47.0 32.0 25.0

In the illustrativepolicy scenario the average capasitgighted HRI is 1.5 percent with
an average cost of $29/kW (for those units assumed to implementiléRIGroups 2 4). The
most comparable illustrative policy scenario presented in the ACE proposal assumed a fleetwide
HRI of 2 percent at a cost of $50/k¥That illustrative policy scenario also assumed lower HRI

opportunity without changes to the NSR program.

1.6.4 How HRI are Represented in the Illustrative Policy Scenario

As discussed above, the final rule requires statdevelop standards of performance
based on the BSER, whithe EPA has determined to be HRI at existing EGUs. Conceptually,
the illustrative policy scenario presumes required standards of performance that are established
by the states and assume an appréachow each affected source complies with its standard of
performance (and associated cost of that approach per kW of installed capacity). However, the
standards of performance are not represented in the model directly and, as discussed above, are

uncertin because the applicability of these HRI technologies across the fleet and the standards

20The 2 percent HRI improvement and $50/kW was applied uniformly to eacfiireshEGU >=25 MW capacity.
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of performance the states will require are unceftdmpractice, affected sources may have

certain flexibilities in how they comply with the standards of perforweahat differ from the
technol ogies used to determine the sourcesod s
captured in the modeling for this RIA. For ease of modeling, in the illustrative policy scenario,
sources may adopt the assumed HREl or may retire in the model, based on prevailing

economics. However, it is possible that States may use opportunities afforded to them in the final
rule when setting standards of performatiag will vary based on sourapecific factors, and

the illustrative policy scenario does not capture this possibility. A discussion of establishing

standards of performance by states can be found in section Ill.F.1. of the preamble.

The illustrative policy scenario reflects technology improvements applied toggobup
coakfired units based upon unit size and efficiency. Again, it is important to note that current
data limitations hinder our ability to apply more customized HRI and cost functions to specific
units. Due to these limitations, as described alog&PA used the best available information,

research, and analysis to arrive at the assumptions used in the illustrative policy scenario.

1.7 Organization of the Regulatory Impact Analysis

This report presenthbeEP A6 s anal ysi s of t meéothprot ent i al ¢
economic effects of the final action to fulfill the requirements of an RIA. This RIA includes the

following chapters:

Chapter 2)mpacts of the Repeaf the CPP

Chapter 3, Costs, Emissions, Economic, and Energy Impacts

Chapter 4, Estimated Forge€limate Benefits and Forgone Human HealthBeoefits
Chapter 5, Economic and Employment Impacts

Chapter 6, Comparison of Benefits and Costs

Chapter 7, Appendik Uncertainty Associated with Estimating the Social Cost of Carbon

= =2 =2 =2 =2 A2 -

Chapter 8, Appendik Air Quality Modeling

2! Note that, in the modeling, the total cost of the HRI is reflected as a capital cost. However, for some HRI
technologies, a small share of the total cost may be variable, and thus might have a small effect on dispatch
decisions.
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CHAPTER 2: IMPACTS OF THE REPEAL OF THE CPP

2.1 Introduction

As the EPA explained in the preamble, the repeal of the Clean Powe(E#d&)and the
promulgation of a new set of 111(d) guidelines are two separate actions. Consistent with that
position,the EPA is providing a separate analysis of both actions in this RIA. The bulk of the
RIA focuses onmanalysis ofthe ACE rule against a bdise that does not include the CPP.

This isbecaus¢he ACEaction only occurs afteherepeal of the CPP.

ThischaptempresentE P A6 s a n a CBPeepeal.lt explainshdmeafter reviewing
the commentghe EPA ultimately concluded thathile deegulatory in nature and important to
address thewemreach of the CPRully considering a number of factothie most likely result of
implementation of the CPP woulte no change in emissions and therefore no sastngsor
changes in healttlisbenefitsrelative to a world without the CPFhis conclusior{i.e., that
repeal of the CPP has no effect against a baseline that includes thiei€Bppropriate for
sever al reasons, consistent wit hiA sOhvbBwlsd ghue dtame
bestassessment of the way the wor |tlistaeE®IAdsI| ook
consideration of the weight of the evidence, taking into account the totality of the available
information, as presented below, that leads to the finding and conclusion that there is likely to be
no difference between a world where the CPP is implgatdand onewhere it is natAs further
explained in this sectigthe EPA comes to this conclusion not through the use of a single
analyticalscenaricor modeling alongbut rather througtheweight of evidence that includes:
several IPMscenarioghatexplore a range of changes to assumptions about implementation of
the CPRconsideration of thengoingevolutionand changef the electricsector and recent

commitmentdy many utilities that include lonsterm CQ reductions across the EGU fleet

Setthg asi de the Agencyo6s position that the
under section 111(d), the rule would have little or no impact regardless of the outcome of the
petitions for judicial review of the CRPPhe EPA has conducteskveral IPM modeg scenarios

of CPP thatlemonstrate there is likely to be little or no difference between a future scenario with

1 OMB circular A4, at15.



the CPP and one without To establish thigshe EPA conducted updated modeling tbree
CPP implementation scenarios, and also congidiiee most ugio-date information about the
electricsectorthat isnot yet incorporated inttheE P A0 s m dtke ERAIfirst gnodeled the
CPP undepne ofits previous implementation assumptiénise., withmassbasedcompliance
beginning in 2022 and naterstate tradingorimarily for consistency purposeghis modeling
shows the CPP i@on-bindingd in more than half of thetates even under these conservative
assumptionsThat is, the CPP does not require additionab €@ission reductions beyond the
baseline (for ranystates) anthusdoes nofibindo affected sources to an emission reduction

requirementn the sense of driving further emissitgducing actions

However, these implementation assumptions for the CRéhger reflect reasonable
expectations regarding how the CPP hypothetically would be implemégexplained below,
theEPA does not believe implementation of CPP ditel goals would benplemented
without interstate trading. Further, due to the gialistay of the CPP in February of 2016, it is
not reasonable to assume CPP implementation would begin in 2022. For these tiea&&7s,
has conducted new analysis of the CPP using revised assumptions, with implementation
beginning in 2025 and statesgaging in interstate tradirfg.

EPA examined two additional CPP scenarios: one with national trading and one with
regional trading (and both with delayed implementation of CRMR)le the national trading
scenario is theoretically possiblbased on dis@sions that states were having prior to the stay
of CPP, EPA believes that some level of regional trading would have been the most likely
outcome of CPP implementatiofss is further explained below, there are a number of reasons to
believe that these molitey scenarios are overstating future emissions and that given the small
differences seen between these modeling scenarios and the no CPP case, the CPP would

ultimately be extremely unlikely to result in emission reductions beyond a business as usual case.

The conclusions that can be drawn from this modeling are supported by the ftmst up

date information regarding this sector, including very recent changes not yet incorporated into

2 Thepreamble of th&€PP final rule discugsmulti-state plans and mulsitate coordination that would facilitate

interstate trading under the CPP (80 Fed Reg 64833

3 EPA views the development of a national GHG allowance trading market aikddgsdue to a number of
considerations, such as the regionalized nature of organized electricity markets as well as efforts that were going on
at the state level when the rule was stayed.



theEPAGs modeling. There have becomsincthegPA f i cant
finalized the CPP in August of 2015 that lead EPA to different conclusions about the

potential impacts of the CPPhese include fundamental shifts in fuel supply, continued

advances and cost declines for key power generating teghes| market operation and policy
evolution, and endise demand influenceBhese changes can be observed using recent historical
data trends, current utility operations and planning, and utility announcements and power sector

projections.

These trends oealso be seen in the evolutiontbEeEP A0s model i ng of the
under its prior assumptionshe EPA has modeled the CRBsuming a madsased
implementation with no interstate tradifagir times,beginning withthe final CPP in August of
2015.Key results of these modeling exercises are summarized in the table lve&agh of the
cases summarized belothe EPA madea conservative assumptiby assunmg no interstate
trading.However, each iterative modeling effort reflected updated informatideymputs
such as the cost of new generation technologies, firmly committed coal retirements, state and
federal policies, and projected demand (amongst othWis)e these scenarios represent a less
likely current scenario (both because they assumatacstate trading and because they make no
account for the current stay of the Clean Power Plan), they do provide useful information to
document progress that has been made at the state level since the CPP was finalized. In
particular, EPA believes allowee prices provide a useful measuring stick to assess both the
degree of stringency and magnitude of impact of the CPP requirements.



Table 2-1 Select IPM Results for CPP

IPM Modeling Projections of CPP

(Using a Mass-basedapproach where State-by-State Goals must be met)

Scenariothat includesCPP, Final CPPRIA T%ann%':iA,\'?ggA ProposedACE Final ACE
for the year 2030 (v5.15) P (v6.17) (IPM 2018)
(v5.16)

AverageMarginal Cost,all
States($/ton CO2) $11 $a $2 $2
Highest Marginal Cost
($/ton CO?) $26 $17 $11 $13
# of Stateswith $0/ton 7 18 30 27
Total Power SectorCOz

1,814 1,839 1,737 1,681
(million short tons)
% below 2005 32.4% 31.4% 35.3% 37.3%

As can be seen from the results in Tablk if the CPP were to be implemented even with
the conservative assumption of no interstate cooperation and ignoring any delay in
implementation due to the Supreme Court stay, the impacts of the CPP would be significantly
less tharthe EPA projected in iteriginal CPP analysidn August of 2015the EPA projected
that only 7 of the 47 states with CPP obligations were already on track to meet those obligations
(15%).Now the EPA is projecting that at least 27 states (57%) are on track to meet or exceed
their targetsThese reductions are attributable to trends that result in emission reductions
regardless of the CPBven for states that are not currently projected as on track to meet their
goals, those targets have become significantly easier to dttmarginal cost for achieving a
state goal in the state with the highest marginal cost has fallen from $26/ton to $MBsten.
detail on the state by state results can be foufidlnbe2-4, which shows that in August of 2015,

EPA projected that 7 states would have allowance prices of $20 or more. In the modeling using

4Marginal costs are reported in 2016$ per short ton aft@@ughout this chapter.
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the 2018 IPM, EPA projects that none do (notably, for two of those states Arizona and Utah,
EPA is now projecting an allowaa price of zero).The table also shows that 29 states had an
allowance price of $10 or more. In the IPM 2018 modeling, there are only two. One of those
states, Colorado, is home to utilities that have made significantéidction commitments that
are notfully reflected in the IPM modelind:urther, as presented below, under reasonable
revised assumptions of delayed implementation and interstate trading, the CPBirsdivom
entirely (in the sense of naequiing any additional C@emission reductioniseyond the

baseling.

Given these findings, as well as ongoing market trends and numerous recent utility CO
reduction announcementbe EPA believesepeal of the CPP under current and reasonably
projected market conditions and regulatory implementasiomt anticipated to have a
meaningful effect on emissions of €@r other pollutants or regulatory compliance coAtsa
result, this analysis demonstrating no significant difference in a scenario with CPP
implementation and one without satisfies aagulatory impact analysis that may be required by

statute or executive order for repeal of the CPP.

Section 2.2 provides information pertaining to the changes that have occurred in the
electric sector that have led to these projected chaBgeton 2.3xplores the impact of
alternative trading assumptions and Section 2.4 summarizes key changes that may not be fully
incorporated intdtheEP A6 s ¢ ur r &action 2doedaeines segeral states projected to
have emissiomeduction shortfalls itheEPAO s model ing (i .e., higher Db
their CPP goals) and provides additional #eatld context for interpreting these modeling
outputs.Section 2.6 summarizes why these considerations togethah&aBA to conclude
that even if theCPPwere upheld, emissions projections would not be noticeably different from
a case where the CPP is not implemented. As a result, the cost and benefit impacts of CPP repeal
are de minimisFinally, Section 2.7 presents additional summary information fromriifid

used to support this analysis.



2.2 Market Trends for the Electric Sector Relevant to Consideration of the Impact of the
Repeal of the CPP

A critical element of ongoing assessment and evaluation of the power sector are the
current trends underway, wheretne sector is experiencing a greater degree of change in
generation mix than it has historicalli¢hile many of these trends are incorporated th&
EPAOs updated modeling analysis and nresult
regulatory consierations for power plants at the federal level, there is significant evidence that
these trends are occuring at a faster rate than most electric sector modeling has been projecting
(see, for instance, the discussion of the evolution of the levelizedfaglsctricity by generation
type below).The anticipation of a lower emissions future in the baseline is due teseate
market trends that are mufticeted in naturélhese include fundamental shifts in fuel supply,
continued advances and cdstlines for key power generating technologies, market operation
and policy evolution, and eagse demand influenceBhese changes can be observed using
recent historical data trends, current utility operations and planning, and utility announcements

andpower sector projections for the future that go through 2030, and beyond.

Ultimately, these trends are anticipated to result in the continued decline -fifedal
generation and capacity and significant increases in naturfifgadgeneration and capagi At
the same time, renewable energy has continued to be the fastest growing form of new utility
scale electrigenerating capacity and is expected to account for a significant portion of all new
capacity into the futurén addition, electricity demanid only slowly rising. This places
additional economic pressures on older and-éésient technologies (like many existing coal
fired plants), which struggle to compete with the newer capacity coming online that generally

has lower operating cosfBhes findings have been summarized in a recent report from DOE:

1 "The biggest contributor to coal and
advantaged economics of naturalfas r ed gener ati on. O

T AAnother factor contri but istowgrawthint he r
electricity demand. 0O

5 U.S. Department of Energy. (2017). Staff Report to the Secretary on Electricity Markets and Reliability. Retrieved
from
https://www.energy.gov/sites/prod/files/2017/08/f36/Staff%20Report%200n%20Electricity%20Markets%20and%?2
OReliability_0.pdf
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1 ADi spatch of wvariable renewabl e energy
economics of baseload plants. o

The changes in the generation mix away from coal and toward-langizereemitting
generation are significantiyore pronounced thahe EPA and other analysts projected when
the EPA finalized the CPPLhese trends mean that the states would be able to meet their goals
and, ultimately, the sources to meet their emission standards, with less planning burden, at
significantly less cost, and with less impact on the sectortii@BPA previously estimated
when it finalized the CPP.

2.2.1 Recent Data Trends

2.2.1.1 Age of the Coal Fleet & Retirements

The current fleet of codlred power plants was mostly built prior to 1990ith an
average age of 39 yeabdearly all of the utilityscale power plants in the U.S. that were retired
from 2008 through 2017 were fueled by fossil fuels, and-focead power plants accounted for
the highest percentag@he average age of cefled powe plants that have retired since 2008
is 52 yearsOlder power plants tend to become uneconomic over time as they become more
costly to maintain and operate, and as newer and more efficient alternative generating
technol ogi es ar e shareioftdtal U.SAaectacityrgensratibnthas beem al 6 s
declining for over a decade, while generation from natural gas and renewables has increased
significantly. The reduction in coal demand from power plants has also resulted in declining coal
consumptionwith expected total U.S. coal consumption in 2018 of 691 million short tons (a 4%

decline from 2017 and the lowest level since 1979).

S EIA, Today in Energy (April 17, 2017available athttps://www.eia.gov/todayinenergy/detail.php?id=30812.
"EIA, Today in Energy (December 19, 2018Vailable athttps://www.eia.gov/todayinenergy/detail.php?id=37814.
8 EIA, Today in Energy (Deember 28, 2018pvailable athttps://www.eia.gov/todayinenergy/detail.php?id=37817.
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Figure 2-1  U.S. Utility-scale Electric Generating Capacity Retiremerg (20082020),

Gigawatts
Source: EIA, Today in Energy (December 19, 2018)
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Figure 2-2  Net Generation, United States, Electric Utility, Annual (thousand

megawatthours)
SourceEIA Electricity Data Browser
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Figure 2-3  U.S. Coal Consumption (195018) (million short tons)
Source: EIA®

2.2.1.2 Natural Gas Supply and Price Trends
Technological advances in the natural gas industry have led to an abundance of natural
gas supply, resulting in a highly competitive (low price) fuel supply that is increasingly being
relied upon by the power sector, particularly as new pipeline infrastructure continues to be built
across the country).S. natural gas production hit a neward in 2018, with both the highest

volume and largest annual increase in production on rétord.

9 EIA, Today in Energy@ecember 28,20)8available athttps://www.eiagovitodayinenergy/detail.php?id=37817.
0 E|A, Today in Energy (March 14, 201vailabe athttps://www.eia.gov/todayinenergy/detail.php?id=38692


https://usepa.sharepoint.com/sites/OAR_Custom/Revised_111d_EGU_Emission_Guidelines/Shared%20Documents/RTC/ACE/Chapter%207%20-%20RIA%20(Keaveny).docx?web=1
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Figure 2-4  U.S. Annual Natural Gas Production (194€2018) (billion cubic feet per day)
Source: EIAY
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Figure 2-5  Average Cost of Fossil Fuels for Electricity Generation (per Btu) for All

Sectors, Monthly (dollars per million Btu)
Source: EIA, Natural Gas Monthly Report

ILEIA, Today in Energy (March 14, 201@vailable athttps://www.eia.gov/todayinenergy/detail.php?id=38692
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2.2.1.1 Renewable Energy

The costs of renewable gaation have fallen significantly due to technological
advances, improvements in performance, and local, state, and federal incentives such as the
recent extension of federal tax creditd.ccording to Lazarda financial advisory and asset
management firprcurrent unsubsidized levelized cost of electricity for alternative energy
technologies is lower than the operating cost alone of conventional technologies like coal or
nuclear, which is expected to lead to ongoing and significant deployment of reneneigg.
Levelized cost of electricity is only one metric used to comgiereost of different generating
technologieslt contains a number of uncertainties including utilization and regional faéétors.
While this chart illustrates general trends, wpiecific build decisions will incorporate many

other variables

Selected Historical Mean LCOE Values!?

Mean LCOE
SMWh

$360 , $359
330
300
270 A
240 A
Nuclear
20%

Coal
(8%)

5148 Gas—Combined Cycle
(27%)

210 4

150

120 4 $112 o117 $117
$1 11\111 y 3 $102 Utility Scale Solar
596 o %7 - $98 7 R

(86%)

904 .

60 1 5 L4 $72 7 >4 —————ee . $60
£ §59 $50

30 + ; ; ; . ‘ ‘ $43

Year 2009 2010 2011 2012 2013 2014 2015 2016 2017

LCOE Version 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 1.0

Source: Lazerd estimates

Note: Reflects average of unsubsidized high and low LCOE range for given version of LCOE study
(1) Primarily relates to North Ameri energy | but reflects broader/global cost declines.

(2) Reflects total decrease in mean LCOE since the later of Lazard’s LCOE—Version 3.0 or the first year Lazard has tracked the relevant technology.
3 Reflects mean of fixed-tilt (high end) and single-axis tracking (low end) crystalline PV installations.

Figure 2-6  Selected Historical Mean LCOE Values
Source: Lazard, Levelized Cost of Energy 2017

As a result, the existing coal fleet contint@gxperience economic pressuréise cost
trends, along with other developments, have served as the main drivers for pronounced, ongoing

changes in the nationds genesemisdioosn mi x t hat h

2] azard, Levelized Cost of Energy 20https://www.lazard.com/perspective/levelizeastof-energy2017/
13U.S. Energy Information Administration, 201&tps://www.eia.gov/outlooks/aeo/pdf/electricity_generation.pdf
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2.2.2 Utility Climate and Clean Energy Anouncements and Commitments

The broad trends away from cdakd generation and toward lowemitting generation
are reflected in the recent actions and recently announced plans of many power plants across the
industryd spanning all types of companiesaith locations Furthermore, many utilities have
made commitments to move toward cleaner endriggoughout the country, utilities have
included commitments towards cleaner energy in public releases, planning documents, and
integrated resource plans (IRPBYr strategic business reasons, most major utilities plan to
increase their renewable energy holdings and continue reducingrigsions, regardless of
what federal regulatory requirements might exiie Edison Electric Institute (EEI) has
confrmedhese devel opments: fAWhile the CPP was ste
power sector will have complied with the final 2030 goals of thérinegerms of gross
emissions reductiodsb e f ore t he 2022 start“thsteadisiobc!| uded
unique to the largest owneperators of codiired generation; smaller utilities, public power,

cooperatives, and municipal entities are also contributing to these changes.

There are many recent examples of electric utilities who have publicly acewuaear
and longterm emission reduction commitmenittere are but a few examples of emission
reduction targets of 80%+ (relative to 2005 levels) that have recently been announced by major

utilities:

1 Xcel Energy (with power plants that operate in MN,,8@, MN, NM, ND, SD, TX, and
WI): 50% reduction in C@emissions by 2022 (and 100%) and carbee by 2050%
This includes a commitment to close all coal plants in Minnesota by®22030

1 DTE Energy (Ml): 30% reduction in Gy the early 2020§0% by 203080% by 2040
and 80%+ by 2050(these goalsvere recently acceleratéd))

¥ EEI Comments on ACE, at 4 (Oct. 31, 2018).

15 Xcel Energy Integrated Resoue Plan(s)available at
https://www.xcelenergy.com/environment/carbon_reduction.. plan
Ihttps://www.xcelenergy.com/company/media_room/news_releases/xcel_energy to_end_all_coal_use_in_the upp
er_midwest

7DTE Energy IRP (under public reviewpgvailable at
http://newsroom.dteenergy.com/index.php?s=26817&item=137217#sthash.6EU4Hz0y.mSpRIOKB.dpbs

18 http://newsroom.dteenergy.com/2609-28-DTE-Energyaccelerategarbonreductiongoata-full -decadewill -
reduceemissions30-percentby-2040#sthash.UY40RgAg.dpbs

2-12



Ameren Energy (MO): 35% by 2030, 50% by 2040, and 80% by'2050
Consumers Energy (Ml): 80% by 2040 and transition to zero codl use
MidAmerican Energy (IA): 100% RE gaal

NIPSCO (IN) 90%reduction by 2028nd phaseut all coa#?

First Energy(FE): 90%reductionby 204532

= == =2 =4 -4

American Electric PoweAEP): 60%reductionby 2030and80% by 205& (from year
2000 levels)

=

Alliant Energy:40%reductionby 2030and80% by 205& and phas®ut al coal

1 WECEnergy Group40%reductionby 2030and80% by 205&

While the EPA does noaccount forstatements from utilities regarding their future plans
in the economic modelinidpat are not technically legally enforceghliftenumber and scale of
theseannouncements is significant on a systemic |eMstse statements are also part of fong
term planning processes tlzainnotbe easily revokedsince there is considerable stakeholder
involvement, including by regulators, in the planning procgle.direstion in which these
companies have publicly stated they are moving is consistent acreestbend undergirded
by market fundamentals lending economic credibility to these commitments and confidence
there is a high likelihoothatmostwill be implemented. Thughese announcements are

sufficiently consequentiaio be considexdin identifying theappropriateeconomic baseline.

19 Ameren Missoutilntegrated Resource Plaavailable at
https://www.ameren.com/missouri/company/environrrardsustainability/integratedesourceplan

20 Consumers Energy IRRyailable athttps://www.consumersenergy.com/community/sustainability/erergy
mix/renewables/integratesourceplan

21 MidAmerica Energy, Our 100% Renewable Visibttps://www.midamericanenergy.com/enanewableenergy
vision.aspx

22NIPSCO IRP, available &itps://www.nipsco.com/docs/librariesproviderll/radesttariffs/irp/2018nipsco
irp.pdf?sfvrsn=15

23 First Energy, available &ittps://firstenergycorp.com/content/fecorp/environmental/initiatives.htmi

24 AEP, available ahttps://www.aep.com/news/releases/read/1503/AElRanEnergyStrategyWill -Achieve
SignificantFuture Carton-Dioxide-Reductions

25 Alliant Energy, available dittps://sustainability.alliantenergy.com/enediynate/

26 WEC Energy, available &ittps://www.wecenergygroup.com/csr/climagport.pdf
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2.2.3 Recent Emissions Trends & Future Projections

The aforementioned market trends and business decisions have resultguhimgde
power sector C&emissions since 2005, which are also expected to produce a notably lower
emissions future as higher emitting sources of electricity are replaced withdovitéing
sourceslin 2012, aggregate G@missions from sources coveredthg CPP were 19 percent
below 2005 levelswhenthe EPA finalized the CPP in August 2015, the Agency projected that,
by 2030, the power sector would reduce it @issions 32 percent below 2005 levels with the
CPP.By the end of 2015, several months aftee CPP was finalized, those sources already had
achieved C@emission levels 24 percent below 2005 levels, in the aggrégaga.after the CPP
was stayed, in 2016, sources were 28 percent below 2005 levetth 2017 and 2018 sources

were 30 percertielow 2005 leveld.

The evolution of these overarching power sector trends can be gbelkih A6 s Annual
Energy Outlook (AEO), which includes energy projections of the fulire.AEO includes a
CQO; projection in a baseline scenario, similatheEPAG6s basel ine projecti ol
which show how these trends have been absorbed into the AEO over time (see-Figure 2
Figure 27 also demonstrates the extent to which recent power sector modeling has consistently
tended to undeestimate the degred CO; projected in the futurdf the current trendline in this
figure continues, power sector emissions will be well below the original 2022 and 2030

aggregatenassbasedgoals n t he CPP, marked by AXsod6 in the

2TEPA, Air Markets Program Data (affected sources under GRRjable athttps://ampd.epa.gov/ampd
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Figure 2-7  Power Sector CQ Emissions (million short tons)
Source: EIA AEO, and EPA for C@data(AMPD database)

For example, the AEO estimates from 2005 and 2010 were just prior to the large
domestic expansion of gas supplidso, while renewable energy was being deployed in that
time period, it was on a much smaller scale aingcost not nearly as competitive iags today.

As such, there was an expectation of continued generation frorfiredladources for the
foreseeable fuire.Only after 2015 did the AEO begin to more concretely factaetiends into

the projections, which can be seen in the notable decline in ther@iSsions projectiolhe

most recent AEO, for 2019, shows g£énissions significantly lower than the 8Hrom four

years earlier (2015As Figure 27 demonstrates, each successive AEO projection has suggested
that CQ emissions would eithdlatten or decrease from previous iterations of the AEO, and has

been continually revised downward following the tieme of the historical data.

2.3 CPP Stay/Delayed Implementation and Trading Assumptions

The implementation timing of the CPP, and the manner in which it would be

implemented, are no longer valid due to changed circumstances since the CPP was finalized in
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2015. These changes, in conjunction with the trends discussed above, have further weakened the

effect the CPP was previously anticipated to have relative teGPfobaseline.

2.3.1 Delayed implementation of the CPP

The Supreme Court issued a stay of the CPP inugepof 2016, effectively pausing the
rule during judicial reviewThe litigation challenging the CPP has been held in abeyance since
2017, whertheEPA announced its intentions to reconsider and potentially repeal the CPP.
Given the resulting delay implementation already idate, the timing of reduction
requirements under the CPP, as it was finalized in 2015, is no longer reasonable to assume, since
states and sources have been under no obligation to plan for or to implement thearule.
hypotheti@al world where CPP comes back into effect, its deadlines for compliance would likely

require adjustment.

Under the original schedule for CPP implementation, state plans were due in September
of 2018 at the latest. The first compliance period was schetiuleehjin in 2022. Subsequent
compliance periods, corresponding with increasingly stringent state goals would have run from
20252027, and 2022029, with final CPP goals going into effect in 2030. Tyear compliance

periods would have run perpetuallyrind@030 with no further change in stringency.

The deadline for state plan submittals in 2018 has already pa$sesithe start of the
initial compliance perioavould unlikely be 2022, as originally promulgated in the CPP, since
States have been under r@igation to develop and submit state plans to implement the program
since it was stayed. As such, for purposes of this analytical exercise, an appropriate
implementation time horizon for CPP would involve adjusting the compliance deadlines,
possibly by diying them for several yeatsOver three years have passed since the stay was
issued, which is a logical starting point when considering a tolling timefideree the EPA

considers a thregear delayed implementation of CPP as a reasonable startimgyban

28 Although not determinative, a similar period of tolling was the result in the Qtags Air Pollution Rule

(CSAPR) Il itigation, where roughly three yeathesruel apsed |
and its order gr ant i n8eed@derAlosumeno#l518Y3BME lomér Cify Generdtien, st ay .
L.P.v. EPANo0. 131302 (D.C. Cir. issued Oct. 23, 2014); Interim Final Rule, 79 Fed. Reg. 71663 (Dec. 3, 2014);

Final Rule, 81 Fed. Re 13275 (March 14, 2016). And a similar approach to tolling was taken in lifting the stay of

the NG SIP Call. OrderMichigan v. EPANo. 981497 (D.C. Cir. issued June 22, 2000).
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considering a hypothetical implementation of that fukor purposesaheEPAS6s wupdat ed
modeling in this analysis, we assume that CPP compliance commences in 2025, with final goals
going into effect beginning in 2033.This serves to further dshithe effect of the CPP, since

the later it is implemented the more likely that market trends will have already resulted in
emissions that are lower than the CPP gdalsthermore, in a madssed implementation

scenario, with emissions already gengrbilow the goals for the first compliance period

(starting in 2025), there will be more allowances available to be banked for use in subsequent
compliance periods than there otherwise would have been without tolling the deadlines.

To demonstrate the effeof delaying implementation of the CPR the maps below,
Statelevel emissiongrom existing sourceare shown in two way3.he first map shows
emissions for each state from the baseline projectiena(scenario witho111(d)CO;
requiremenfor exstingeGU3 f or t he year 2030, rmadsleasedve to

goal for CPP for 2030 (prior to any consideration of implementation delay for E8t)ve

val ues indicate t hat »amissiangaibthethaseliperpmjioeard ed base
lower than the statkevel CPP goalie.,t he st ateds emissions in 2030
whil e negative values indicate that a stateods

goal.lt should be noted that these valuesririne baseline are conservative in light of additional
long-term changes in the generation mix (e.g., coal plant retirements and utility announcements)
that have been announced or included in IRPs since this modeling was performed, as discussed
in Section2.2.3 aboveln other words, the shortfalls in emission reductions apparently facing

some states are in all likelihood smaller than the numbers below suggest, and again, these figures

do not factor in any delay in CPP implementation.

22The EPA does not intend for this hypothetical scenario for implementati the CPP to reflect or imply a

binding commitment at this stage to adjust deadlines in this manner for the CPP in the unlikely event that it would
be implemented. Such a determination would require a full analysis of all the facts and circumsthecinat

such a determination would need to be made.
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<--- Above Goal At Goal Below Goal —->

Figure 2-8  State-Level CO2 Short Tons Emissions Comparison: Baseline Emissions vs.

CPP Goals for 2030
Source: EPA, Statkevel goals for CPP and baseline projections of €@m IPM.

The second map shows data in a sinmlanner, but uses baseline emissions from 2025
(instead of 2030) and compares the annual CPP goals for the interim compliance period
beginning in year 2022 his comparison is intended to show how a threar delayed
implementation of CPP would appear atale to the baseline projectiamthe initial year of the
program This comparison shows even more states with emissions in the baseline below the CPP
goals, and fewer states above the gaslwell as the potential number of allowances that are
availabk for compliance in later year€ollectively, all statetaken togetheare considerably

below the goals.
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Figure 2-9  State-Level COz2 Short Tons Emissions Comparison: Baseline Emissions in

2025 vs. CPP Gals for 2022
Source: EPA, Statdevel goals for CPP and baseline projections of €@m IPM.

2.3.2 Interstate Trading under the CPP

The CPP provided significant flexibility to States to meet their goals and allowed for
multiple compliance pathways fanplementing the ruldn particular, interstate matssed
trading was of interest to many states and soufiaefacilitate efficient and flexible
implementation of the CPP, the EPA released draft Model Trading Rules language in 2016 to
assist States dkey considered possible compliance pathwBysissions trading systems allow
for compliance with an overall emissions limit or goal by allocating or auctioning emissions
allowances (equal to the overall budget or goal) to emitting solBoesces must stender
allowances equal to their emissions for that period, thus ensuring that total emissions are no more
than the goal expressed as an emissions butlgistsystem can be implemented at the State
level, i.e., without interstate trading, which wagresented in the RIA for the final CPP (2015)
and subsequent representations of the CPP (2018 ACE Proposed RORIAPP repeal
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RIA and in this Chapt@rThe assumed implementation of trading at the déatel in the2015
final CPPRIA was determiad to be most appropriate to demonstrate that each state could meet

the goals cosgffectively, even without the assumption of broader trading.

The EPA did not analyze interstate trading scenarios at the time it promulgated the CPP,
even thouglthe EPA encouraged states to join mudtiate plans to increase compliance
flexibility. This increased compliance flexibility may lead to lower8&ductionsApplying
CircularA4 6s gui dance that the baseline used in ar
the way that the world would | ook absent the
longer being used to make a regulatory decision that could be impacted by consideration of the
CPP on individual statethe EPA believes it is appropriate to rsit this approach and assess

interstate trading scenarios under the CPP.

There is a significant history of states using interstate trading when such flexibility is
allowed (e.g., such opportunities were generally welcomed by states or implemented by them
directly in the NOx SIP Call, CAIR, CSAPR and WRARFhere was significant interest
amongst a broad and diverse set of stakeholders during the CPP rulemaking who advocated for
allowing such implementation flexibilitysuch a scenario would still be asgeaable to assume
as no interstate trading, and in fact represents a more likely CPP implementation scenario.
Stakeholders and commenterghie EPA have consistently sought compliance flexibility
through averaging or trading programs, which the CPP étkpldlowed. Many industry and
state commenters on ACE again soughttieEPA to allow broaebased trading options as a

flexible means of implementation of a section 111(d) program for the power 3ector.

TheEPA has now modeled and analyzed a new @eRagio with IPM to help shed light
on a potential interstateading compliance scenario (coupled with a thyear delay in
implementation)Another possible implementation of CPP is-gational, regional trading.o
shed light on possible quantitatigéects of these alternativebe EPA has conducted additional
modeling, as described belois noted elsewhere in this chaptée EPA has also modeled the

CPP again for purposes of the final ACE rule, with no interstate trading and without any

30 See CPP Final Rule RIA (2015), Chapter 3 for more detail.
31 See, e.gEEI Comments on ACE, at 22 (Oct. 31, 2018); UARG Comments on ACE; & {Qct. 31, 2018);
Texas CEQ Comments on ACE, at 8 (Oct. 31, 2018); Pennsylvania DEP Comments on ACE, at 8 (Oct. 31, 2018).
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consideation of delayed implementation of CPP in order to provide the public with the ability to

understand the analysis in a manner consistent with previous CPP modeling.

2.3.2.1 National Trading
TheEPA has looked at the impacts of interstate trading in two Wangsthe agency has
done new CPP modelireggsentiallyassuming natiomvide trading combined with a thrgear
implementation dela§.Second, the agenegodeled regional trading amsed information from
statelevel goals and baseline modeling to explore thgaicts of regional trading.

The natiorwide trading scenario allows for greater flexibility across sources and States
(i.e., interstate trading) and assumes delayed implementation timeframes as described previously
(i.e., compliance beginning in 2025 amal goals taking effect in 2033 this scenario,
sources must collectively comply with a naticfeatel massbased CPP emission targéhe
CPPscenariosncluded in this chaptdocus on masbasedmplementation due to the relative
ease of modeling ass (vs. rate) in the model. In addition, the-tssed and madsmsedorms
of implementation othe CPPgoals werencluded to provide flexibility andpecifically
designed to produasquivalentevels of stringencyAll of the numeric values, data, and

formulas used for establishing goals under CPP developed with a consistent framework

As the more detailed results in section 2.7 show, this scenario results in almost no impact
from the CPPA CPP scenario that allowsrfbroader trading, when implemented in IPM, shows
that the CPP has no impact because bus@egsual industry trends result in emission levels at
the national scale that are already within the collective state budgets of the CPP under this form
of implementation While there are very small changes in costs (less than $5 million nationwide
in any given year), there are no changes in @@issionsin other words, when modeled, this
scenario produces essentially the same outcomes as the baseline $cEnigrgupports the

conclusion that CPP would likely have little or no impact.

32 California and the states that comprise the Regiona@iglse Gas Initiative were excluded from the national

CPP trading scenario; the state requirements from those existing programs were kept in place, and the CPP goals for
CA and RGGI were met independently without trading (CPP goals werbindimg).

33 For more detail on these scenarios, see Addendum.
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2.3.2.2 Regional Trading

TheEPA hasalsomodeled an IPM scenario with regional (i.e.,-sational) trading

using sixsmaller hypothetical trading regioridased on discussions thaatets were having prior

to the stay of CPP, EPA believes that some level of regional trading would have been the most

likely outcome of CPP implementatiohhe regions thahe EPA examined are roughly based

upona combination ofhe North American ElectriReliability Corporation regional alignment

for the U.S.and Regional Transmission Organizations (RTO)/Independent System Operators

(ISO) regions* NERC is tasked witlensuing the reliability of the North American bulk power

system while RTO/ISO boundaes help facilitate organized wholesale electricity markets (see

Figures 210 and 211).
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Figure 2-10 NERC Interconnections
Source: North American Electric Reliability Corporation

34 https://www.nerc.com/AboutNERC/keyplayers/pages/default.agplx

https://www.ferc.gov/industries/electric/indast/rto.asp

2-22

Texas RE

Quebec
Interconnection

Eastern
Interconnection

N
Interconnection > .

WECC




Figure 2-11 RTO/ISO Regions
Source: Federal Energy Regulatory Commission

Groupings of states were then determibhaded upon the rough boundaries of electricity
markets (i.e., NERC and RTO/ISO regions) and state borders, which dbvags conform. All
states are assumed to join a regional trading grouping to take advantage of greater compliance
flexibility, even when it fully encompasses an RTO/ISO or NERC region (i.e., ERCOT and
FRCC), unless there was an existing GHG regulatiougtuire already in plagg(i.e.,

California). Furthermore, some states were grouped into trading regions that extend over

multiple RTO/ISO or NERC regions, in particular where power markets are not coterminous
with state borders (e.g., Central and Midwatates). The resulting six regions, as shown in the
map below, are used as the basis for an illustrative CPP scenario with regional trading. This

scenario also includes delayed implementation, as previously discussed.

35 States in RGGI were grouped into a single region for this same reason.
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