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Report Qualifications/Assumptions and Limiting Condtions

Information furnished by others, upon which allpartions of this report are based, is believed
to be reliable, but has not been independentlyfiedriunless otherwise expressly indicated.
Public information and industry and statisticaledate from sources we deem to be reliable;
however, we make no representation as to the angcoracompleteness of such information.

The findings contained in this report may contaiedictions based on current data and historical
trends. Any such predictions are subject to intierisks and uncertainties. NERA Economic
Consulting accepts no responsibility for actuatihssor future events.

The opinions expressed in this report are valig éml the purpose stated herein and as of the
date of this report. No obligation is assumecetase this report to reflect changes, events or
conditions, which occur subsequent to the datedfiefée opinions expressed in this report are
those of the authors and do not necessarily représe views of NERA Economic Consulting,
other NERA consultants, or NERA's clients.

All decisions in connection with the implementatimmuse of advice or recommendations
contained in this report are the sole respongyilitthe client. This report does not represent
investment advice nor does it provide an opiniggarding the fairness of any transaction to any
and all parties.
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EXECUTIVE SUMMARY

This report demonstrates analysis methods to aseg®tential costs and impacts on the U.S.
economy of a more stringent national ambient aaligustandard (NAAQS) for ozone, and
provides our estimates of the potential costs aod@mic impacts if the U.S. Environmental
Protection Agency (EPA) were to set an ozone stahoie60 parts per billion (ppb). Our
analysis is based on using the best availablenmdtion on the emission reductions needed to
attain a 60 ppb standard and the costs of thosetieds; because that information is limited, we
refer to our results as potential costs and econampacts. Employing our integrated energy-
economic model (NERA), we estimate that the potential emissionsrobrbsts would reduce
U.S. Gross Domestic Product (GDP) by $270 billien year on average over the period from
2017 through 2040 and by more than $3 trillion dhat period in present value teringhe
potential labor market impacts represent an avesageal loss of 2.9 million job-equivalerts.

A tighter ozone standard may also result in basriemew energy production activity in areas
that become in nonattainment. We therefore alsgider a sensitivity case that includes
constraints on new natural gas production in tH& Ueading to even greater estimated impacts
in terms of energy costs for consumers and logssesanomic output. In this sensitivity case,

we estimate a GDP reduction of $360 billion on agerand more than $4 trillion over the

period from 2017 through 2040 in present value $giand a projected average annual loss of 4.3
million job-equivalents.

These large potential impacts and the limited im@ation now available to estimate them provide
compelling arguments that EPA needs to provide maoneplete data and analysis as part of its
forthcoming proposal to revise the ozone NAAQSthsd there can be better understanding of
the economic impacts of the range of alternativane2ZNAAQS levels. In particular, EPA needs
to make a concerted effort to specify the fulla&fetontrols needed to achieve attainment of
various ozone standards. A concerted effort isile@decause currently EPA’s “known”
controls represent only one-third of the estimaigstiictions needed to achieve a 60 ppb
standard, with the remaining two-thirds consistgnspecified (“unknown”) controls. EPA
also needs to develop specific estimates of casttop forall of the needed controls, including
a reliable means of extrapolating costs where ioéstmation is not available. Finally, EPA
needs to perform economy-wide modeling that acesofantboth the emissions reduction costs

L All dollar values in this report are in 2013 deflainless otherwise noted. The present valuectsflmpacts from
2017 through 2040, as of 2014 discounted at a B#aiscount rate; this discount rate falls in t&é ® 7% range
recommended in EPAGuidelines for Preparing Economic Analyg@810a, p. 6-19), and it is consistent with the
discount rate used in the,fERA model.

2“Job-equivalents” is defined as total labor incorhange divided by the average annual income fpefTjois
measure does not represent a projection of nundbeverkers that may need to change jobs and/or be
unemployed, as some or all of the loss could beaspacross workers who remain employed, therebgétmg
many more that 2.9 million workers, but with lesgepacts per worker.
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that the various states would face and the potdrdigiers to economic development due to
other regulatory consequences of being designatedchanattainment area.

Study Objectives

Our study had two principal objectives:

1.

Assess the costs and economic impacts of a 60 ppiestandard using the best available
information from EPA and other sources; and

Develop recommendations for additional and updatfedmation and analyses EPA should
provide in its regulatory impact analysis (RIA)aproposed rule, so that such assessments
can be more fully evidence-based.

The first objective was predicated on the largeptal significance to the U.S. economy of a
more stringent ozone standard as indicated by EBWis prior partial estimate (excluding costs
in California) that the annualized costs would B8 $illion per year in 2006 dollars

(%102 billion in 2013 dollars) to achieve a 60 gvdndard using one of EPA’s calculation
methodologies (EPA 2010b, p. S2-£9)nlike regulations that target specific sectarspzone
standard would directly affect virtually every smobf the economy, because ozone precursors
(oxides of nitrogen, or NQ and many types of volatile organic compound$/©Cs) are

emitted by a wide range of stationary, mobile, areh sources. Moreover, a tightened standard
might result in other effects, notably potentiahstraints on domestic natural gas and crude oil
development activity if nonattainment regions iditoe permitting barriers or require emissions
offsets to develop new wells and processing faedlit

The second objective of this study relates to ERigess of updating its analysis as it prepares
its RIA. Our analysis reveals major gaps in infation on compliance technologies and their
costs and in other important information. Our agslk thus puts us in a position to recommend
information that EPA should develop and make abéslan order to provide comprehensive and
reliable assessments of the economic impacts ajra stringent ozone standard.

Background on the Ozone NAAQS and I ts | mplementation

Under the Clean Air Act, EPA is instructed to sekeprimary NAAQS that protects the nation’s
public health with an “adequate margin of safe§&¢tion 109(b)(1)). In March 2008, EPA
lowered the primary 8-hour 0zone NAAQS from 80 paer billion (ppb) to 75 ppb.EPA is

% Additional discussion of EPA’s previous total cestimates and differences from our cost estinggesars in
Appendix C. The total estimated annualized co$t9f billion is based on EPA’s hybrid cost approaith the
middle slope parameter.

* Due to rounding conventions, areas could comptf tie ozone standard of 80 ppb with ozone levelsigh as
84 ppb. The ozone primary standard is based upparnnual fourth-highest daily maximum 8-hour comicion,
averaged over three years. There is also a segosidadard that presently is the same as the pyistandard.
We have not assigned any costs for a potentiajlytér secondary standard, should it be more stirtgpan the
primary standard in some locations.

NERA Economic Consulting S-2



again reviewing the ozone NAAQS, including devehgpvarious assessment materials and
obtaining advice from the Clean Air Scientific Adary Committee (CASAC). The new
NAAQS rule is expected to be proposed near theoétiuis year and promulgated in late 2015.
EPA has stated its intention to consider tighterthegstandard to as low as 60 ppb in its most
recent draft policy assessment for the ozone NAAZ)E, CASAC has endorsed EPA
considering a NAAQS in the 60 to 70 ppb range. €udy evaluates a new ozone standard of
60 ppb, one alternative standard that is likelpgancluded when EPA issues its proposed rule.
It is intended to illustrate the types of data andlysis that EPA should undertake and present
for each alternative standard that is includedsmproposed rule.

After a NAAQS has been promulgated, states mustwedata from their ambient monitoring
networks and identify areas that are not attaitinegnew NAAQS (called “nonattainment
areas”). States must then develop state implerentalans (SIPs) that identify what sources of
emissions will be reduced, and when, to achiearattent on the regulatory schedule. For
ozone, attainment will require reductions in bot@\and many types of VOCs. In most of the
U.S., NQ reductions are presently more effective for redg@zone formation than VOC
reductions. Estimates of the cost of reducing simns, such as EPA presented in its previous
ozone NAAQS rulemakings, thus focus mostly on adatof NO. In the absence of any new
information to the contrary, our cost analysislsdased mostly on NCemissions reduction
needs — including what they will cost, and whataescwill pay for them.

Finally, being in nonattainment of a NAAQS triggensre regulatory burdens than just reducing
emissions to achieve attainment. A number of r@guy programs are also imposed on
nonattainment areas. Significant among theseegarement that any economic entity that
wishes to obtain a permit to establish a new figdihiat will emit the pollutant(s) of concern in a
nonattainment area must first find an offsettinduetion of those same emissions from another
facility that is exiting the area, or has voluntareduced its own emissions below its permitted
level. Markets for these “offsets” often develbpt offsets can be exceedingly costly or
difficult to find if there are few existing emitifacilities in the area to create a supply. A
tightened ozone standard has the potential to caus&tainment areas to expand into relatively
rural areas, where there are few or no existingufaanturing facilities to generate a supply of
offsets. If nonattainment expands into rural ateasare active in U.S. oil and gas extraction, a
shortage of offsets may translate into a signifiderrier to obtaining permits for the new wells
and pipelines needed to expand (or even maintainflemestic oil and gas production levels.
Our analysis also considers the potential implacetiof this often-ignored aspect of
nonattainment status.

NERA Economic Consulting S-3



Costs of Emissions Controlsto Achieve Attainment
Methodology for Estimating Compliance Costs

Although EPA'’s review of the NAAQS for ozone is wndvay, EPA has not released any new
ozone compliance cost estimates since its 2008-204alyses. EPA has issued some updated
information on projected baseline emissions, ardetis updated monitored ozone concentration
data that helps indicate the areas and stateslikelgtto be designated in nonattainment with a
60 ppb standard. The updated information allowwwevelop estimates of emissions
reductions that might be required for these st@te®me into attainment. The cost information
available from EPA, however, currently is very lied, and we explain ways that EPA needs to
improve it. The data development and analysis si&®at we highlight in this report will be the
same whether EPA chooses to propose a standafdpiftg as we analyze here, or some other
level.

Our compliance cost estimates are based upon hesyaiof four major sources of information:
(i) the most recent EPA information on projected®aseline VOC and NCemissions (EPA
2014a) supplemented by baseline emission projexfmmelectric generating units (EGUSs) from
NewERA,; (ii) our assessments (based upon earlier EiRdyaes) of emission reductions that
would be required for all regions of the Unitedt&sato come into attainment; (iii) cost and
emission reduction information that EPA has devetbfor what it refers to as “known”
controls; and (iv) our estimates of the emissiauotions and potential costs per ton of what
EPA refers to as the “unknown” controls necessamchieve attainment in each affected state.
The report and appendices provide details on otinadelogy. Although this report describes
results for the United States as a whole and disagged to 11 regiorishe inputs and the
results are built up using detailed state-speatfid sector-specific cost information. The costs
and impacts of a more stringent ozone standardrdstibstantially among states.

EPA’s 2008-2010 ozone analyses identified manyiBp@tOx emissions controls that could be
adopted by existing NOemissions sources in and around projected nonateait areas. As
noted, those “known” control options did not pravisufficient emissions reductions to attain a
60 ppb standard in most of the projected nonattamirareas. Indeed, the bulk of the estimated
compliance costs for a 60 ppb standard in EPAGrmzone analyses were based on
extrapolations from “known” control costs to thestoof unspecified (“unknown”) controls on

®“EPA’s 2008-2010 ozone analyses” refers to infdiomain EPA’s 2008 regulatory impact analysis (Rfaj the
ozone NAAQS, including information on baseline fieteonditions and ozone standards of 80 (effegti8d) and
75 ppb (EPA 2008); EPA’s 2010 supplemental regweitopact analysis, including information on an neo
standard of 60 ppb (EPA 2010b); and data filesaghk2t No. EPA-HQ-OAR-2007-0225.

® EPA’s 2008-2010 ozone analyses refer to variopegyf controls. We refer to the “known” coststasse EPA
refers to as “known” and “supplemental.” The “uniamd controls are not specified by EPA.

"“U.S.” results are, formally, only for the lowe8 4tates, and exclude Alaska and Hawaii, as walNashington
DC. We refer to the lower 48 states as “U.S.” héisg.
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the many other, mostly dispersed, sources of MQhe U.S. These extrapolations relied on
information on the cost per ton of “known” contrelgather than potential costs for “unknown”
controls—and on largely arbitrary assumptions allo&itmaximum cost per ton that any area
would incur. Extrapolations of any sort are fratngith a high degree of uncertainty. Such
uncertainty is a particular concern when the resgltompliance cost estimates are very large,
as is the case for a tightened NAAQS.

In this study, we demonstrate an evidence-baseag@ip for estimating costs of the “unknown”
controls that provides one template for developei@mble estimates of total compliance costs.
To do so, we first assume that the “known” coninelasures identified by EPA in its 2008-2010
ozone analyses have not yet been adopted, anavithgsll be part of the attainment effort to
meet a tightened ozone NAAQS. We then identifytyipes of sources and activities that
account for the remaining emissions of jj@nd the extent to which they also will need to be
reduced in order to attain a 60 ppb NAAQS. Bydisecharacterizing what sources those
“unknown” controls must come from, one can developore informed (albeit still uncertain)
procedure for estimating the total costs of att&nin

As Figure S-1 illustrates, national N@missions have already been reduced substanftralfy,
about 25.2 million tons in 1990 to 12.9 million soim 2013 (EPA 2014b). EPA presently is
projecting that U.S. NQemissions will be further reduced to 9.7 milliems$ by 2018
(supplemented with EGU baseline emission projestioom N.,ERA) due to existing rules and
regulations, some of which have not yet been finfiglemented and will carry with them
additional compliance costs on top of any compkacasts estimated in this study (EPA
2014a)® Economic activity (as measured by real GDP) ih®i8 projected to be more than
double the level in 1990 (CEA 2014, Table B-3 aMB>2013, Table 2), suggesting that U.S.
NOy sources will have been controlled by roughly 8020618, even before the additional
controls needed to attain a tighter ozone NAAQS.

8 These are national totals, but the reductionstaigwn to 9.7 million tons will have to occur parily in states
with nonattainment areas. As we will explain latee estimate that 40 states will have at leastesom
nonattainment for a new ozone NAAQS of 60 ppb. Amthese 40 states, projected 2018N@issions are 8.9
million tons, and N@ emissions need to be reduced to 5.0 million tongftainment.
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Figure S-1: U.S. NQ Emissions to Attain 60 ppb NAAQS Compared to Histdcal NOy
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Notes: Blue solid line: estimated historical emissionsiebdotted line: projected further declines throQgi 8;
Red line: emissions to attain 60 ppb on attainrsehéedule.
The slight increase in U.S. N@missions from 2001 to 2002 primarily reflectsmies in EPA’s
emission modeling methodology for onroad and nathismaurces (switching from MOBILESG to the

National Mobile Inventory Model and MOVES)
Source: NERA calculations as explained in text

Based upon the 2008-2010 EPA review, total U.Sx Mfissions would have to be reduced to
about 5.8 million tons to meet a 60 ppb standarlighout the nation. This reduction appears
as the red line above in Figure S-1, which alsavshour projection of the timing of those
reductions, based on our estimates of the likehgsty classifications of the different states.
Despite the extensive controls already expectéwe occurred through 2018, we estimate that
another 3.9 million tons (in aggregate) would neele eliminated across the 40 states that our
analysis indicates would not attain a 60 ppb stahdader the 2018 baseline emissions, in order
for those states to come into attainment. Thegjisvalent to another 45% reduction from those
states’ 2018 NQ emissions, and it implies about 90% total redurcfrom all sizes and types of
NOx-emitting sources from the relatively uncontrolidissions rates in 1990 (after adjusting

for growth).

The EPA 2008-2010 analyses also imply that the B&Awn” control measures would reduce
about 1.3 million tons of NQacross those 40 non-attaining states. The rentathb million
tons (two-thirds of the total necessary emissialucéion) would need to come from the
“unknown” controls that EPA was unable to identifyits 2008-2010 analyses. The waterfall
chart of Figure S-2 summarizes the relative mageswf the three types of emissions
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reductions our analysis projects the 40 non-attgistates would rely on to get from their recent
(2011) NG emissions to the estimated levels needed fomatimt with a 60 ppb standard. In
our analysis, we treat the first reduction blookhich is reductions due to changes in activity
and other non-ozone regulations presently beingemented — as costless (although we include
the costs of controls that have not been implent@nté/hile regulations now being
implemented clearly have a cost, we do not attelltibse costs to a tightened ozone NAAQS.
For EPA’s list of known controls, we use EPA’s eartost estimates. For the block of controls
that EPA called “unknown,” we use additional datd analysis to develop our own cost
estimate.

Answers to three key questions about these “unkhaamtrols will determine the overall costs
(and, indeed the feasibility) of a 60 ppb ozonaddad.

« What categories of emission sources would be patgnavailable to achieve these
additional 2.6 million tons of “unknown” N©reductions?

* What types of control strategies would likely bedior these “unknown” NQemission
reductions?

*« What would be the costs of these “unknown” conftols

Figure S-2: NO Emissions and Categories of NOQReductions to Attain 60 ppb NAAQS (for 40
Non-Attaining States Only)

15.0
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9.0

6.0 H

NOy Emissions (Millions of Tons)

3.0
0.0
2011 2018 Known Unknown 2018
Emissions Baseline Controls Controls Compliance
Emissions

Note: Emissions and reductions include only states raguemission reductions for compliance with a new
ozone NAAQS of 60 ppb in this analysis.
Source: NERA calculations as explained in text
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To address the first two of the above questiondoak at EPA’s estimates of the categories of
2018 baseline emissions disaggregated down tovibedtegories that EPA identifies in its
emissions inventories, and we allocate the rednstitom EPA’s list of known controls to these
categories. This information gives insights on what typesohtrol strategies might be
available to obtain further “unknown” reductions.

Figure S-3 shows the 2018 baseline emissions iessthat will need to reduce N@missions to
meet a 60 ppb standard and the portion that waelleliminated by EPA’s “known” controls for
the five emission categories. (The total 2018 l@semission for these states across all five
categories is 8.9 million tons.) This informatidrogvs that most of the emissions that remain
after EPA’s “known” controls are from electricitgigerating units (EGUs) and the three types of
non-point sources, while large industrial and maaturing point sources are substantially
controlled.

Detailed information on the list of known contr¢itescribed in the main report) indicates that
the “known” controls seem to exhaust the optiomgdtrofitting existing equipment with
technology controls (e.g., installation of low-N©ombustion devices and Nelestroying post-
combustion devices). This explains why most ofihewn controls’ effects are concentrated on
the industrial and manufacturing emitters that cosepthe “point source” categot{. This
evidence suggests that the bulk of the 2.6 millars of “unknown” NQ reductions will have

to come various forms of capital stock replacematiter than further technology retrofits.

While these replacements will likely include retirents of large coal-fired electricity generators,
it also will likely become necessary to scrap agplace a wide array of very small sources, such
as personal vehicles, individual pieces of consmnequipment, and agricultural and
landscaping equipment.

° The categories include two types of “point souscesich are large non-moving emitting equipmenttsas
industrial boilers and electricity generating ufE€&Us). The other three categories are “non-pspuorces,”
which means they are many small, diffuse sour€fsthese “area sources” are non-moving equipmexitate too
individually small to be regulated as point souraes Examples include commercial and residemtéér and
space heaters as well as compressors along oilatncal gas pipelines. “Mobile sources” are snthffuse and
can be moved from place to place. Onroad mobilecss include cars and all sizes of trucks. Noathroabile
sources include agricultural and construction eapaipt as well as transportation such as locomotaigsianes,
and boats.

Y EpA’s “known” controls for electric generation ttEGU) sources (which are mostly from additiorettafits of
selective catalytic reduction, SCR) have veryditffect on EGU 2018 emissions. This is becausestlall of the
EGU point sources have already been retrofittett WiDy controls in states projected to have nonattainment
Retirements rather than further retrofitting wil hecessary to further reduce EGU emissions iretbites and
EPA did not consider retirements of equipment ksawvn control.
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Figure S-3: EPA Known NOy Reductions from 2008-2010 Analysis and Remainingniissions by
General Categories of Emissions Sources in the 4@MAttaining States
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Source: NERA calculations as explained in text

To show how EPA can develop a more informed esérofthe costs of these remaining
necessary types of N@eductions, we considered the costs of reducingsoms from two of
the most significant categories of remaining,\Nédnissions.

Retirement of coal-fired power plant#.coal units are retired in states with large
remaining NQ reductions needs, and their generation is replageaticost-effective
combination of natural gas and non-emitting gemanatve estimate that an additional
emissions reduction of about 1 million tons coutddbtained. Our analyses indicate that
these tons of reduction will cost an average of@agdmately $31,000/ton, but with costs
ranging up to about $180,000/ton among the statés.replace the “known” power plant
controls (retrofits) used in EPA’s 2008-2010 anetywith these potential retirement
controls in our analysis.

Scrapping of cars and light-duty truck&€ars and trucks will be much lower-emitting in
2018 than the fleet of vehicles on the road totlay,n aggregate they account for a
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further potential reduction of 1 million tons, assng every 2018 vehicle were to be
scrapped in 2018 and replaced by either an elaathle (powered by natural gas
generation) or a Tier 3 vehicle.Using a model framework developed by an MIT
researcher to evaluate an existing vehicle scrggmiogram (Knittel 2009), we estimate
the marginal cost per ton of reducing light-dutiieée NOx emissions by 10% through
the early replacement of the highest-emitting eac trucks would be in the range of
$100,000/ton, a figure that escalates to about $800ton to achieve about a 50%
reduction. Scrapping newer, lower-emitting carsildaost more and generate fewer
reductions per vehicle, so the incremental costqerises as increasing percentages of
the vehicle fleet are scrapped.

Replacing coal-fired EGUs would reduce pN@missions by about 1 million tons. Replacatig
2018 cars and light-duty vehicles would providetheo 1 million tons of reduction. But other
types of equipment certainly would become costetiffe to replace before one would go so far
as to scrap all cars and light duty vehicles. \8&ime that the marginal cost-per-ton for these
other sources rise similarly to those we estimé&te@arly turnover of different vintages of cars
and light-duty trucks, as one indication of thegmbial costs that states would incur to control
the other non-point sources.

Figure S-4 shows the resulting mix of reductiorsuased in our estimates of the compliance
costs needed to achieve a 60 ppb ozone standaeldark green shows EPA’s “known”

controls and the light green shows NERA'’s evidebased assumptions regarding where
“unknown” controls will likely come from. The renmang sum (shown in the blue bars) is now
5.0 million tons—the aggregate limit to achievaminent for the states projected to be in
nonattainment under baseline 2018 emissions leWERA’s estimates assume deep cuts in the
EGU sector, where emissions are concentratedewaburces and costs per ton are thus lower
than for the many smaller sources among the nomtggource categories (i.e., area, onroad
mobile and nonroad mobiléj NERA'’s assumptions on “unknown” controls outsidéhe EGU
sector involve much smaller incremental percentadections than from EGUSs; but because
these will require programs such as scrapping \ehend other small sources, they are expected
to come at a substantially higher cost per ton tharEGU controls—even though we assume
that the scrapping programs only target the oldeghest-emitting of each type of Nemitting
equipment.

M The reduction is less than 1 million if one coes&only vehicles in areas that contribute to rtairanent.

12 As discussed below, EPA (2014d, pp. ES-6 and ESsfitnates that its recently proposed power s&@rrule
would reduce annual NCemissions by approximately 300,000 to 400,000 {depending on regulatory option,
state or regional compliance approach, and measumeyaar). Our modeling of potential changes tal-fioed
power plants for compliance with a new ozone NAAGIS0 ppb would lead to a significantly larger NO
reduction (as shown in Appendix C). Thus, the psmal power sector GQule would not change our conclusion
that a new 60 ppb ozone NAAQS would have signifi¢gampacts on the power sector (and other sectotiseof
economy).

NERA Economic Consulting S-10



Figure S-4: NERA Analysis’s Allocation of Additional Reductions Necessary to Attain a 60 ppb
NAAQS to Categories of Emissions Sources in the Mbn-Attaining States
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Source: NERA calculations as explained in text

On June 2, 2014, EPA released a proposed ruletodio, emissions from the power

sector. Implementation of such a rule will almossttainly result in some amount of NO
reduction (primarily because of a reduction in eir@d generation needed to reduce state CO
emissions rates). EPA (2014d, pp. ES-6 and EStifhates that the proposed power sectog CO
rule would reduce annual N@missions by approximately 300,000 to 400,000 (depending
on regulatory option, state or regional compliaapproach, and measurement year). Some of
those NQ reductions may overlap with NQeductions in our ozone cost analysis, and to the
extent that this would occur, some of the costesties will be shared with the cost of the
proposed Céxrule for the power sector. We have consideredissise and find that even if all
of those overlapping costs were to be removed fsamanalysis, the costs and economic
impacts presented in this report would not changeny meaningful degree becausexNO
reductions from the power sector are estimatecktarbong the lowest cost-per-ton of the,NO
reductions in our ozone attainment scenario. ¢h faven if all of the approximately 100 GW
reduction in electric sector coal capacity (disedsim subsequent sections of this report) were
treated as costless in our ozone analysis, ounatdd GDP impact would only be reduced by
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about 8%, or about one-twelfth of the value weneste. Moreover, our review of EPA’s RIA
for the power plant C@ule indicates that the overlap of power sectot@smuch less than
100%, as the proposed power sectop 2 would lead to N@reductions in some areas that
would not require reductions for compliance witheav 60 ppb ozone standard. Thus,
uncertainty on how to attribute shared costs betwiie two regulations does not affect the
major conclusions of this report regarding the €astd economic impacts of a tightened ozone
NAAQS.

Estimates of Potential Compliance Costs

We estimate that the potential costs of achievif@ apb ozone standard would have a present
value of $2.2 trillion as of 2014 (based upon castsrred from 2017 through 2040), as reported
in Figure S-5. As a rough point of comparison, EPanualized cost estimate implies a present
value of about $0.9 trillion® The primary difference in our methodologies is ¢éx&rapolation
method used to estimate the cost of “unknown” adstihat were not identified in EPA’s 2008-
2010 analyses; we attempted to understand the kinctentrols that would be required after
“known” controls and based our method on the eggdhaosts of one such control (vehicle
scrappage), whereas EPA relied on an arbitraryneide from “known” control costs. As
discussed in the report, our cost estimate isstifject to substantial uncertainty. We also note
that our evidence-based approach could be extend&tier types of equipment that, in
aggregate, make substantial contributions to nontgource NQ emissions. Given the
importance of these additional controls to the cliempe cost estimate, we conclude that it
would be important for EPA to develop informatiogfdre it releases its proposal to revise the
ozone NAAQS.

Figure S-5: Potential U.S. Compliance Spending Ctssfor 60 ppb Ozone Standard

Present Value (Billions) Cumulative

Coal
Retirements

Compliance Costs  $1,190 $1,050 $2,240 101 GW

Notes: Present value is from 2017 through 20&@0dinted at a 5% real discount rate.
Cumulative coal retirements are incremental telas. These retirements are primarily due to iaesl
emission control measures but may also includeeatielectric sector impacts of the ozone standards
Source: NERA calculations as explained in text

Capital O&M Total

'3 The annualized cost of $90 billion in 2020 for E®Aybrid cost calculation with the middle slopagraeter has
been converted to a present value over 20 yeang asieal annual discount rate of 5%, convertech 2006
dollars to 2013 dollars, and calculated as of 204dte that there are many differences in the ERANERA
calculations so this figure is only designed tovie a rough comparison.
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Allocating the estimated capital costs to spendingears prior to each state’s projected
compliance deadline, and allocating O&M costs targafter the respective compliance
deadlines, Figure S-6 shows the pattern of anraraptiance spending across all states (except
for the endogenously-determined costs of coalidhitg.)

Figure S-6: Potential Annual U.S. Compliance Speridg Costs for 60 ppb Ozone Standard
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Notes: Figure does not include compliance costs assat@introl measures in the electric power sector
(scrappage of coal-fired power plants), which acelefed in N,ERA.
Source: NERA calculations as explained in text

As was the case for EPA’s 2008-2010 analysesge laortion of our estimated compliance
costs are for control actions that EPA has yetlémiify. As we have shown, there are ways to
identify what types of controls would be needed endevelop evidence-based estimates of
those types of controls. We emphasize that EPAldhoore fully identify the likely control
measures and their costs so that the costs andrmecommpacts of the rule can be estimated with
more confidence. Our analysis also identifiedrteed for updated information on the identify of
potential non-attainment areas and the emissianctexhs required to achieve compliance—
additional information gaps that EPA needs taiffilbrder to allow for a more reliable
approximation of compliance costs than it produce2008-2010.

Market and Macroeconomic | mpacts

The prior section explains how one can develomaaeed estimate of the resource costs of
attaining a tightened ozone NAAQS and how thoséscr® imposed on various sectors
(including households). Developing a full pictafehow those costs ultimately would affect
various businesses and households requires andetommpact analysis” that takes into

account the complicated interactions in the econgkgording to NERA’s model, changes in
costs for the various sectors directly affectedigytightened ozone standard can lead to changes
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in sector prices, which affect all consumers, whetiouseholds or other businesses. These
regulatory costs—and the price changes they carceid-can lead to changes in the ways that
sectors produce their outputs, which affects denfismd existing suppliers as well as from other
potential suppliers. The net effects of the coamade costs thus are potential changes in outputs
and prices, with resulting effects on businessegedisas on households as workers and
consumers. These impacts on businesses and hodsehaol differ dramatically by geography.

To assess these economic impacts of a regulakiergdtimated compliance costs can be input
into a model that includes linkages of how the alyeregulated sector(s) interact with other
parts of the economy. In addition to incorporatimgher costs on sectors that reduce emissions,
the model scenario should also reflect other tyge®nstraints on choices or actions that the
policy may impose. For example, if the regulatie@ans that businesses cannot expand their
production in certain locations, this constraint effect the nature and location of a policy’s
economic impacts.

In the case of a regulation expected to have \&geloverall costs and to affect the costs of
many sectors, full-economymacroeconomic model is needed to properly asbessverall
impacts of compliance costs and other regulatongtraints. The tightened ozone NAAQS is
such a situation. This study thus uses a detai@ctoeconomic model to evaluate the economic
impacts of a 60 ppb ozone standard.

Methodology for Analyzing Economic I mpacts

We use NERA's N,ERA macroeconomic model to develop estimates optiential
macroeconomic impacts on the U.S. economy of dimates of compliance costs for attaining
a 60 ppb ozone standard. The capital costs averettfrom 2017 until 2036 (the last projected
compliance date, for extreme areas), while O&M sasé incurred for all years after
compliance. Our economic impact analysis inclutdeseffects of costs incurred through 2040.

NewERA is an economy-wide integrated energy and ecanomdel that includes a bottom-up,
unit-specific representation of the electric sechasrwell as a representation of all other sectors
of the economy and households. It assesses, megmated basis, the effects of major policies
on individual sectors as well as the overall ecopoihhas substantial detail for all of the
energy sources used by the economy, with sepagaters for coal production, crude oll
extraction, electricity generation, refined petwsteproducts, and natural gas production. The
model performs its analysis with regional det#ik discussed above, this particular analysis
uses state-specific cost inputs, anglBlRA has been run to assess state-specific economic
impacts. Appendix A provides a detailed descriptbthe N,ERA model.

The analysis requires a baseline forecast thagégipconomic outcomes in the absence of the
incremental spending to attain the tighter ozoneAQ&. For this study, NERA'’s baseline
conditions were calibrated to reflect projectioesyeloped by Federal government agencies,
notably the Energy Information Administration (EIA3 defined in it&\nnual Energy Outlook
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2014(AEO 2012 Reference case. This baseline includes thetsfté@nvironmental
regulations that have already been promulgatedefisaw other factors that lead to changes over
time in the U.S. economy and the various sectors.

Potential | mpacts on the U.S. Economy and U.S. Households

The potential costs we estimated for a 60 ppb ostaredard are projected to have substantial
impacts on the U.S. economy and U.S. householigird-S-7 shows the potential
macroeconomic effects as measured by gross donpestiact (GDP) and U.S. household
consumption. The 60 ppb ozone standard is prajdoteeduce GDP from the baseline levels by
about $3.4 trillion on a present value basis (a®0df4) and by $270 billion per year on a
levelized average basis (spread evenly over yadnetaining the same present value) over the
period from 2017 through 2040. Average annual Bbakl consumption would be reduced by
about $1,570 per household per year.

Figure S-7: Potential Impacts of 60 ppb Ozone Statard on U.S. Gross Domestic Product and
Household Consumption

Annualized Present Value
GDP Loss (Billions of 2013$) $270/year $3,390
Consumption Loss per Household (2013$) $1,570/year N/A

Notes: Present value is from 2017 through 204 adinted at a 5% real discount rate. Consumpton p
household is an annualized (or levelized) valueutated using a 5% real discount rate.
Source: NERA calculations as explained in text

Figure S-8 focuses on several dimensions of pregeichpacts on income from labor (“worker
income”) as a result of the 60 ppb ozone standate: projected impacts of the emissions
reduction costs on labor income are substantialatike to baseline levels, real wages decline
by about 1.2% on average over the period and limicome declines by about 1.9% on average,
resulting in job-equivalent losses that averagaiaB® million job-equivalents. (Job-
equivalents are defined as the change in labonmeadivided by the annual baseline income for
the average job (see Figure S-8)). A loss of obegguivalent does not necessarily mean one
fewer employed person—it may be manifested as @uow@tion of fewer people working and
less income per worker. However, this measurevallos to express employment-related
impacts in terms of an equivalent number of empgsy@arning the average prevailing wage.
These are theeteffects on labor and include the positive bendiitmcreased labor demand in
sectors providing pollution control equipment aadhinologies.

* The N.,ERA model, like many other similar economic modélses not develop projections of unemployment
rates or layoffs associated with reductions in tdhoome. Modeling such largely transitional pheema requires
a different type of modeling methodology; our metblmgy considers only the long-run, equilibrium iaep
levels.
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Figure S-8: Potential Impacts of 60 ppb Ozone Statard on Labor

Avg.
Baseline Annual Job-Equivalents (millions) 156
60 ppb Case:
Real Wage Rate (% Change from Baseline) -1.2%
Change in Labor Income (% Change from Baseline) -1.9%
Job-Equivalents (Change from Baseline, millions) -2.9

Notes: Average (Avg.) is the simple average ovdr72040. “Job-equivalents” is defined as total faboome
change divided by the average annual income pertlis measure does not represent a projection of
numbers of workers that may need to change job®abd unemployed, as some or all of the loss could
be spread across workers who remain employed

Source: NERA calculations as explained in text

Potential Effectson U.S. Energy Prices

Emissions reduction costs of a 60 ppb ozone stdralao would have substantial potential
impacts on U.S. energy sectors, largely becausmte stringent ozone standard is projected to
lead to the premature retirement of additional dwatl power plants. Figure S-9 shows average
energy price projections under the baseline an@®gpb ozone standard. The average
delivered residential electricity price is projette increase by an average of 3.3% over the
period from 2017 through 2040. Henry Hub natues grices would increase by an average of
9.9% in the same time period, while delivered resitl natural gas prices would increase by an
average of 7.3%. Part of the increase in deliveadral gas prices reflects the increase in
pipeline costs due to control costs for reductionsSOx emissions in the pipeline system that
would be recovered through tariff rates.

Figure S-9: Potential Impacts of a 60 ppb Ozone &hdard on Energy Prices

Avg. Avg. 60 %
Baseline ppb Case Change Change
Henry Hub Natural Gas $/MMBtu  $6.02 $6.65 $0.63  9.9%

Natural Gas Delivered (Residential) $/MMBtu ~ $13.77 $14.79 $1.02 7.3%
Natural Gas Delivered (Industrial) $/MMBtu  $8.43 $9.49 $1.06 12%

Gasoline $/gallon  $3.56 $3.57 $0.01 0.4%
Electricity (Residential) ¢/kWh 14.5¢ 14.9¢ 0.5¢ 3.3%
Electricity (Industrial) ¢/kWh 9.4¢ 9.9¢ 0.5¢ 5.5%

Notes: Average is the simple average over 2017-2040
Source: NERA calculations as explained in text
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Potential Effectson U.S. Sectors and Regions

All sectors of the economy would be affected byapb ozone standard, both directly through
increased emissions control costs and indirectiyutph impacts on affected entities’ customers
and/or suppliers. There are noticeable differeaoesss sectors, however. Figure S-10 and
Figure S-11 show the estimated changes in outpub&énon-energy and energy sectors of the
economy, respectively, due to the emissions reduicibsts of a 60 ppb ozone standard.

Figure S-10: Potential Impacts of 60 ppb Ozone Staard on Output of Non-Energy Sectors
(Percentage Changes from Baseline)

Agriculture  Commercial/ Manufacturing Commercial Commercial
Services Transportation Trucking
Average -2.2% -0.9% -0.6% -1.9% -1.1%
(2017-2040)

Notes: Values are the simple average of percemtfagege over 2017-2040.
Source: NERA calculations as explained in text

Figure S-11: Potential Impacts of a 60 ppb Ozonet&dard on Output of Energy Sectors
(Percentage Changes from Baseline)

Coal Natural Gas Refining Crude Oil Electricity
Average -52% 9.2% -1.8% -0.1% -3.1%
(2017-2040)

Notes: Values are the simple average of percermagege over 2017-2040.
Source: NERA calculations as explained in text

Figure S-12 shows the average annual change iuogion per household for individual
NewERA regions. A region’s attainment costs andetst@ral output mix determine to a large
extent whether a region fares better or worse thatJ.S. average, but all regions would
experience lower household consumption.
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Figure S-12: Potential Impacts of a 60 ppb Ozonet&dard on Annual Consumption per
Household by Region

Region

Arizona and Mountain States -$690
California -$2,910
Florida -$450
Mid-America -$850
Mid-Atlantic -$2,520
Mississippi Valley -$1,550
New York/New England -$2,490
Pacific Northwest -$730
Southeast -$1,060
Texas, Oklahoma, Louisiana -$1,070
Upper Midwest -$1,770
U.S. -$1,570

Note: Values are the levelized average over 2@40B2annualized using a 5% real discount rate.
Maps of NwERA regions are provided in the report body and éxajix A.
Source: NERA calculations as explained in text

Sengitivity Case with Limits on Natural Gas Production

The above results assume that the U.S. energyrsewtald be able to increase production with
no permitting delays or constraints (other thanhigier production cost associated with
emissions controls) in order to meet increasedrabfias demand associated with ozone
NAAQS attainment actions. This assumption allowrsaf large projected increase in U.S.
natural gas production. However, natural gas pceduin areas that become nonattainment
under a tighter ozone standard might face new remuénts — such as the need to obtain air
permits as well as emissions reduction creditsg&as”) for NG, and/or VOCs — in order to
develop new wells. Whether such permitting requenats will be applied to new oil and gas
extraction nationally is a policy question thains state of flux at present; but some areasef th
country already have these requirements and tmengrassures for the EPA to make it a uniform
requirement. Moreover, expansion of natural gapuwill require additional gas processing
facilities, which are already subject to the oftiseft requirement if located in nonattainment
areas. Obtaining offsets may be difficult and/stty, particularly in relatively rural areas that
are likely to face nonattainment issues that umaw have been mainly faced by urban areas.
Such rural areas will have few industrial emissisosrces to create offset supply, so that a
potential requirement of new sources in nonattairtraeeas to purchase offsets may become a
substantial hindrance to growth. If such barrtersew well development do emerge, the
projected economic impacts of a 60 ppb ozone NAAQSd be substantially increased.
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To explore the ways that a constraint on new walletbpment could change the economic
impacts of a 60 ppb ozone standard, we developedusal gas production sensitivity case. For
this case we used the same emissions reductiomgogs as in the 60 ppb case, but we also
assumed that total U.S. natural gas production avoat increase beyond its 2020 level as
modeled in the 60 ppb scenatfoWe project that lower 48 U.S. natural gas proidactvould

be 28.9 quadrillion Btus (“quads”) in 2020 undeCappb ozone standard without any natural
gas constraints, so we limited lower 48 U.S. nafgaa production to 28.9 quads after 2020 in
the sensitivity case. Note that limits on natgas$ production may also affect crude oll
production, but we have not attempted to evaluasepossibility.

Figure S-13 shows the potential effects of a 60 qgaime standard in the natural gas production
sensitivity case (which includes the effects ofue®tl natural gas availability as well as the
estimated compliance costs) on the U.S. economyeasured by GDP and U.S. household
consumption. The 60 ppb ozone standard with assumatiral gas production limits is

projected to reduce GDP from the baseline levelalimut $360 billion per year on a levelized
average basis and by $4.5 trillion on a presentevbhsis (as of 2014) over the period from 2017
through 2040, which is about 30% higher than fer@b ppb case without natural gas production
limitations. Average household consumption wowddéduced by about $2,040 per household
per year on average over the period.

Figure S-13: Potential Impacts of a 60 ppb Ozonet&dard on U.S. Gross Domestic Product and
Household Consumption (Sensitivity Case)

Annualized Present Value

GDP Loss (Billions of 2013%) $360/year $4,480

Consumption Loss per Household (2013$) $2,040/year N/A

Notes: Present value is from 2017 through 204;adinted at a 5% real discount rate
Source: NERA calculations as explained in text

15 This scenario constrained natural gas productidsetat or below 2020 levels throughout the modekzbn, but
this policy does not mean that no new wells coddiblled. If new wells were prohibited after 2020S. natural
gas production would actually start to declinera2@20, rather than hold steady as this case assume
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Figure S-14 shows potential labor impacts as dtresthe 60 ppb ozone standard with natural
gas production constraints. In this sensitivitgesdabor income would decrease (relative to
baseline future levels) by an average of 2.7% tdweperiod from 2017 through 2040, and in
job-equivalents this would imply an average anmosd of about 4.3 million job-equivalents.

Figure S-14: Potential Impacts of a 60 ppb Ozonet&dard on Labor (Sensitivity Case)

Avg.
Baseline Job-Equivalents (millions) 155.7
Sensitivity Case:
Real Wage Rate (% Change from Baseline) -2.0%
Change in Labor Income (% Change from Baseline) -2.7%
Job-Equivalents (Change from Baseline, millions) -4.3

Notes: Average is the simple average over 201 0B20dob-equivalents” is defined as total laborome change
divided by the average annual income per job. Vaige does not represent a projection of numbkers o
workers that may need to change jobs and/or be ploged, as some or all of it could be spread across
workers who remain employed.

Source: NERA calculations as explained in text

Figure S-15 shows potential energy prices undeb#seline and the 60 ppb o0zone standard with
natural gas production constraints. In this sesisitcase, the average delivered residential
electricity price is projected to increase by aarage of 15% over the period from 2017 through
2040. Henry Hub natural gas prices would incrépsan average of 66% in the same time
period, while delivered residential natural gasgsiwould increase by an average of 32%.

Figure S-15: Potential Impacts of a 60 ppb Ozonet&dard on Energy Prices (Sensitivity Case)

Avg. Avg. %
Baseline Sensitivity Change Change
Henry Hub Natural Gas $/MMBtu  $6.02 $9.97 $3.95 66%

Natural Gas Delivered (Residential) $/MMBtu  $13.77 $18.16 $4.39 32%
Natural Gas Delivered (Industrial) $/MMBtu  $8.43 $12.79 $4.36 52%

Gasoline $/gallon  $3.56 $3.60 $0.04 1.3%
Electricity (Residential) ¢/kWh 14.5¢ 16.6¢ 2.1¢ 15%
Electricity (Industrial) ¢/kWh 9.4¢ 11.6¢ 2.2¢ 23%

Notes: Average is the simple average over 2017-2040
Source: NERA calculations as explained in text
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Figure S-16 and Figure S-17 show the estimatedgesaim output for the various sectors of the
economy due to a 60 ppb ozone standard under tisdigiy case with natural gas production
constraints. This case leads to substantial rezhgctn natural gas output relative to the
baseline.

Figure S-16: Potential Impacts of a 60 ppb Ozonet&dard on Output of Non-Energy Sectors
(Percentage Changes from Baseline) (Sensitivity Gas

Commercial/ Commercial Commercial
Agriculture Services Manufacturing  Transportation  Trucking
Average 2.7% 1.2% -1.3% -2.4% -1.5%

(2017-2040)

Notes: Values are the simple average of percermagege over 2017-2040.
Source: NERA calculations as explained in text

Figure S-17: Potential Impacts of a 60 ppb Ozonet&dard on Output of Energy Sectors
(Percentage Changes from Baseline) (Sensitivity Gas

Coal Natural Gas Refining Crude Oil Electricity

Average

- 0, _ 0, _ 0 0 i 0
(2017-2040) 52% 11% 2.3% 0.2% 9.7%

Notes: Values are the simple average of percermagege over 2017-2040.
Source: NERA calculations as explained in text

Recommendations for Forthcoming Ozone Regulatory I mpact Analysis

The large potential costs and economic impactsrtegpan this study—along with the substantial
uncertainties involved in their estimation—suggest major recommendations for EPA as it
prepares the RIA for its forthcoming ozone proposal

1. EPA should develop analyses of the overall cosisemonomy-wide impacts of more
stringent ozone standards; and

2. EPA should provide updated information on critipatameters, including the potential
permitting barriers on oil and gas production imatbainment areas as well as updated
and expanded estimates of the emission reductimhsasts required to achieve
alternative ozone standards.

We have developed estimates of the potential inspafch 60 ppb ozone standard on the U.S.

economy and on U.S. households using the besaiaiinformation on emissions and controls,
including the impacts of a sensitivity case in wihwe assume that U.S. natural gas production
would be constrained after 2020 as a result ob#tone standard. It will be important for EPA to
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provide these types of assessments based upatiitetes of compliance costs and resulting
impacts on the economy of alternative ozone stalsddmere are sound reasons to expect a
revised ozone standard to be very costly to agtaththese costs would likely have major
adverse macroeconomic impacts.

It is important that the attainment cost and mampoemic impact estimates be based upon
reliable information. Our analyses uncovered nameigaps that EPA should fill as it develops
its RIA. Perhaps the most important gaps aredaatity of control options and their costs to
achieve the emissions reductions needed for atemhmlthough it is important to develop
updated information on the specific emission redaatequirements as well. The bulk of
compliance costs to meet a 60 ppb standard in EP@08-2010 analyses are based upon
“unknown” controlsj.e., controls that are not attributed to particulantcol technologies or
even to particular sectors. We have developethasts of these “unknown” costs based upon
an assessment of the available information, pdatilbuthe sources of the emissions remaining
by 2018 that would need to be reduced to attaighaer ozone NAAQS, as well as on costs of
potential retirement of coal units and potentialugtions from mobile sources and where they
might fit in a marginal cost curve. But it would bmportant for EPA to update and expand its
compliance cost information to provide a more coghpnsive assessment of emission control
options and compliance costs. Moreover, our seitgianalysis including natural gas
production constraints suggests the importanchisfisgsue and thus the need for EPA to
evaluate the potential impacts of a tighter ozdaaedard on domestic natural gas and crude oil
production.
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l. INTRODUCTION

This report provides estimates of the potentialaotp on the U.S. economy of a more stringent
national ambient air quality standard (NAAQS) faooe and recommends updated and
expanded information the U.S. Environmental PradecAgency (EPA) should provide when it
issues a proposal. The analysis is based upandkeup-to-date information on projected
ozone precursor emissions as well as the besaiaiinformation on control costs. We use our
integrated energy-economic model, ARA, to estimate the potential macroeconomic effett
complying with a more stringent standard. Thet@diinformation now available to assess these
compliance costs and economic impacts providesrgeting argument that if EPA proposes a
stricter standard, it needs to develop more coraglata and analysis as part of its forthcoming
proposal. We refer to our estimates as potenbistiscand economic impacts to reflect the
substantial uncertainties in the underlying emissexluction and cost information.

A. Background
1. Policy Background

The U.S. Environmental Protection Agency (EPA) fesponsibility under Sections 108 and 109
of the Clean Air Act to establish, to review andawise (as appropriate) a primary NAAQS that
protects the nation’s public health with an “adeggquaargin of safety.” This assessment is made
by the EPA Administrator based upon a review ofores EPA assessments as well as review of
advice from the Clean Air Scientific Advisory Conttee (CASAC). Once a national standard

is revised, states have the responsibility to dgv8ltate Implementation Plans (SIPs),
documents that describe how the states will enbiateregions within their jurisdiction will

attain and maintain the standard. States typicaltygiven attainment deadlines that vary
depending upon the severity of nonattainment. BR&set NAAQS for six principal pollutants.

The Clean Air Act instructs EPA to review the NAA@®ery five years. The EPA in March
2008 set an ozone standard of 75 parts per bilppb), lowering the standard from 0.08 parts
per million (effectively 84 parts per billion (ppdue to rounding conventions). In 2010, EPA
reconsidered the ozone standard and evaluated fmtential standards, including 60 ppb. EPA
currently is reviewing the ozone NAAQS, includingvéloping various assessment materials
and obtaining advice from the CASAC. EPA has stéteintention to consider tightening the
standard to as low as 60 ppb in its most recerit podicy assessmenOur study thus evaluates
a new ozone standard of 60 ppb, one value thatsklesty to be included when EPA issues a
proposed rule.

Although EPA's review of the NAAQS for ozone is @ndvay, EPA has not released any new
ozone compliance cost estimates since its 2008-20alyse<® The Agency has issued some

16 “EPA’s 2008-2010 ozone analyses” refers to infdiarain EPA’s 2008 regulatory impact analysis (Rf8) the
ozone NAAQS, including information on baseline fiegteonditions and ozone standards of 84 and 75ppA
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updated information on projected baseline emissibowever. In addition, there is updated
information on monitored ozone concentrations ihadicates the air quality regions and states
most likely to be designated in nonattainment &0 ppb standard. The updated information
allows us to develop estimates of the emissiongatezhs that would be required for these states
to come into attainment, which we use to develdjneses of the costs of such a tightened
NAAQS for ozone. The information EPA has curremtigde available is limited and, indeed,
this analysis is provided in part to illustrate #pproach and types of data that EPA should
develop to provide a sound understanding of the@wmic impacts of a new ozone NAAQS
when it releases its proposal. The approach atadd#evelopment that are needed will be the
same whether EPA chooses to propose a standafipgflg as we analyze here, or some other
level.

2. Ozone Concentrations
a. EPA Recent Historical Information

EPA uses a network of air quality monitors to measwncentrations of ozone and other air
pollution across the country. Figure 1 shows ozeaglings for 2013 (measured as the fourth-
highest level over an eight-hour period) in the ¢8ainties with ozone monitors that year; note
that about three quarters of all U.S. countiesndithave ozone monitors. Although some areas
of the country were below (or at) 60 ppb, most singith 0zone monitors were above that level.
Many states had areas with 2013 ozone concentsagibove the 2008 standard of 75 ppb, and
six states (California, Colorado, Connecticut, Ndkayalexas, and Utah) had areas above the
1997 standard of 80 ppb (effectively 84 ppb dustmding conventions). As discussed above,
states develop SIPs to bring nonattainment aréasompliance.

b. EPA Projections from 2008 Ozone NAAQS Review

Figure 2 shows EPA’s projections from the 2008 ezNAAQS review of baseline ozone
concentrations in 2020 in the 661 counties thatdmmhe monitors when EPA performed this
analysis. As shown in the figure, almost all Satere projected to have an area with ozone
concentration above 60 ppb under baseline congiiim2020. EPA has not issued new ozone
projections since its 2008-2010 ozone analyses

2008); EPA’s 2010 supplemental regulatory impaetigsis, including information on an ozone standar80 ppb
(EPA 2010b); and data files in Docket No. EPA-HQ®2007-0225.
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Figure 1: EPA 2013 Ozone Concentration Data

60 ppb and lower 61— 75 ppb 76 — 84 ppb 85 ppb and higher No monitor
Source: NERA map using ozone concentration data #£&A (2014c)

Figure 2: EPA Projections of 2020 Baseline Ozoneo@centrations from 2008 NAAQS Analysis

60 ppb and lower 61— 75 ppb 76 — 84 ppb 85 ppb and higher No monitor
Source: NERA map using ozone concentration daPiA (2008, pp. 3a-31 to 3a-45)
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3. Energy Developments

Recent energy developments in the United States ingvortant implications for ozone
concentrations and air policy. Technological adesnn oil and gas extraction (including
improved horizontal drilling techniques) have sfgraintly expanded the available resource base
in recent years. Between 2005 and 2013, U.Sroduyxtion increased 43% and U.S. natural gas
production increased 34% (EIA 2014). Extractiod gmansportation of crude oil and natural gas
produce emissions that contribute to ozone conatois. A tighter ozone standard could
introduce air permit and emissions offset requinetsi¢hat might constrain new crude oil and
natural gas activity in nonattainment areas. Taviole an indication of the potential impacts, we
performed a sensitivity case with constraints amir@h gas production. Dramatic changes have
occurred recently in domestic energy resourcesyangrovide this sensitivity analysis in part to
indicate the types of data that EPA should develben it releases its proposal in order to
provide a sound understanding of the economic itspafca more stringent ozone NAAQS.

B. Objectives of This Report
This report has two principal objectives:

1. Assess the costs and economic impacts of a 60 ppiecstandard using the best
available information from EPA and other sourcesl a

2. Develop recommendations for additional and updatfsimation and analyses EPA
should provide in its regulatory impact analysi$ARof a proposed rule, so that such
assessments can be more fully evidence-based.

The first objective is predicated on the large po& significance to the U.S. economy of a more
stringent ozone standard. Unlike regulations téwajet specific sectors, an ozone standard
would directly affect virtually every sector of tkeonomy since ozone precursors (oxides of
nitrogen, or NQ, and many types of volatile organic compoundd/©Cs) are emitted by a

wide range of stationary, mobile, and area sourdésreover, the analyses undertaken by EPA
as part of its 2008-2010 ozone review make it dlear the overall costs would be very large.
Indeed, as noted, the standard might result inr @fects, notably potential constraints on
domestic natural gas and crude oil developmentrfattainment regions introduce permitting
barriers or require emissions offsets to develop wells and processing facilities. Our
estimates show the potential costs and macroecanamiacts of a more stringent ozone
standard, impacts that are even greater undersitisép case that assumes nonattainment limits
new natural gas wells.

The second objective relates to EPA’s process détiipg its analysis as it prepares its RIA. Our
analysis reveals major gaps in data on compliasdenblogies and their costs and in other
information. Our research puts us in a positioretmmmend information that EPA should
develop and make available in order to provide aemgnsive and reliable assessments of a
more stringent ozone standard. EPA needs to peraypdiated data and analyses so that it can
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provide an adequate understanding of the econanpadts of a tighter ozone NAAQS.
Recognizing the large uncertainties and gaps akatly available information from EPA, we
refer to our results as potential costs and maor@nic impacts.

C. Report Organization

The remainder of the report is organized as follo®sction Il provides information on the
methodology used in our study. Section Il pres¢hé empirical results of the study. Section
IV summarizes our conclusions.
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I. METHODOLOGY AND COMPLIANCE COSTS

This chapter provides an overview of the methodplkbat we use to evaluate the effects of a 60
ppb ozone standard on the U.S. economy. Theskdion includes an overview ot ERA, the
model we use to develop estimates of the macroeai@gnmpacts, as well as information on the
compliance cost inputs we develop. The secondoseekplains our methodology for

computing compliance costs. The last section de=sthe sensitivity case, which considers a
potential impact of the ozone standard on natwalgyoduction.

A. N ERA Model
1. Overview of the N.,ERA Model

The N.wERA model is an economy-wide integrated energyenmhomic model that includes a
bottom-up, unit-specific representation of the WeBctricity sector, as well as a top-down
representation of all other sectors of the econand/households. It assesses, on an integrated
basis, the effects of major policies on individsettors as well as the overall economy. It has
substantial detail for all of the energy sourcesdusy the economy, with separate sectors for
coal, crude oil extraction, electricity generatiogfined petroleum products, and natural gas
production. The model performs its analysis wébional and state detail, accounting for over
30 electricity market regions and 11 macroeconaemions in the lower 48 states for other
economic activities (see Figure 3). ThgBRA model is a long-term model that includes the
assumption that households and firms develop ophirdecisions over the modeling period.
Appendix A provides a detailed description of thg BRA model.

We developed state-specific inputs fag,BRA and performed multiple modeling iterations to
generate state-specific economic impacts. As tagiated model, NERA incorporates supply
and demand connections among sectors of the econtingyable to account for both the
adverse effects of higher business costs and “wluetive” capital required by environmental
regulations as well as the near-term gains to compdahat manufacture pollution control
equipment and other means of compliance with enuikental regulations. For example, when
sectors must incur capital costs for pollution colntneasures, these capital costs represent
increased demand for manufacturing sectors goasmbuld produce the pollution controls.

2. Baseline Conditions

The baseline scenario is constructed from a vesidine N.wERA model that is calibrated to the
most recenAnnual Energy OutlookAEO 2014)Reference case forecast. That is, the model’s
parameters and key inputs such as natural gasyspppés are first set so that if we impose the
same policies as are in AEO 2014,,8RA will produce very similar projected fuel pricasd
consumption.
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Figure 3: N.,ERA Macroeconomic Model Regions

Source: NwERA model definitions

The N.wERA andAEO 2014baseline forecasts incorporate current environaleagulations,
including the following major programs:

Regional Greenhouse Gas Initiative (RGEI);

California AB 32 greenhouse gas emission program;

SO, and NG emission programs for the electricity sector;

Mercury emission limits under the EPA Mercury and Poxics Standards (MATS);
and

Recent air emission standards for new passengerodrlight duty trucks.

Neither N.wERA nor the modeling behind tiEO 2014forecasts constrains air emissions for
compliance with current NAAQS. In particular, amission projections from the models under
baseline conditions do not achieve complianceliarabs of the country with the current ozone
standard of 75 ppb. The models do not incorpatatie-specific controls that might be put in

" AEO 2014did not include recent updates to make the RG@typmore stringent over time. For consistency
purposes, N,ERA also did not include these updates.
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place to comply with this standard (the controks @rrrently under development as states
continue to prepare and implement their SIPs foppt). In addition, the baseline excludes
EPA'’s recently proposed rule to limit carbon diaxi@CQ) emissions from the power sector
because it is not part of current law. As discddsgow, taking into account EPA’s recent £O
rule would not change the major conclusions ofsiudy.

On June 2, 2014, EPA released a proposed rulentbdiO, emissions from the power

sector. Implementation of such a rule will almosttainly result in some amount of NO
reduction (primarily because of a reduction in eir@d generation needed to reduce state CO
emissions rates). EPA (2014d, pp. ES-6 and EStifjates that the proposed power sectog CO
rule would reduce annual N@missions by approximately 300,000 to 400,000 {depending
on regulatory option, state or regional compliaapproach, and measurement year). Some of
those NQ reductions may overlap with NQeductions in our ozone cost analysis, and to the
extent that this would occur, some of the costesties will be shared with the cost of the
proposed C@rule for the power sector. We have consideregliisiue and find that even if all
of those overlapping costs were to be removed fsamanalysis, the costs and economic
impacts presented in this report would not changeny meaningful degree becausexNO
reductions from the power sector are estimatecttarbong the lowest cost-per-ton of the NO
reductions in our ozone attainment scenario. ¢h faven if all of the approximately 100 GW
reduction in electric sector coal capacity (disedss subsequent sections of this report) were
treated as costless in our ozone analysis, ounatgd GDP impact would only be reduced by
about 8%, or about one-twelfth of the value weneate. Moreover, our review of EPA’s RIA
for the power plant COrule indicates that the overlap of power sect@t<os much less than
100%, as the proposed power sectop @@ would lead to N@Qreductions in some areas that
would not require reductions for compliance witheav 60 ppb ozone standard. Thus,
uncertainty on how to attribute shared costs betvwie two regulations does not affect the
major conclusions of this report regarding the €astd economic impacts of a tightened ozone
NAAQS.

3. Modeling Years

For this analysis, we evaluate the economic impboa of a 60 ppb 0zone standard, with
compliance in individual states staggered to réfllee degree of nonattainment (as discussed
below). We model results for three-year periodgito@ng with 2017. Thus, we present results
for 2017, 2020, 2023, 2026, 2029, 2032, 2035, &882 Each model year represents an average
of three years, the stated year and the next ta@syéor example, 2017 represents the average
of 2017 through 2019. These annual results aré tasealculate present values for 2017 through
2040, as of 2014.
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B. Compliance Cost Inputs to N,ERA

This section summarizes the steps we take to dewtite- and sector-specific compliance cost
estimates for an ozone standard of 60 ppb. Thaadetogy consists of the following three
major steps:

1. Estimate the NQreductions needed to achieve 60 ppb in each state;
2. Estimate the costs of achieving the requirediM&luctions in each state; and
3. Allocate compliance costs to years angBRA sectors.

The steps are based upon the most up-to-date iafmmmavailable from EPA, including
information from the 2008 RIA as well as addition@terials that EPA has released since then.
We focus on N emissions and emission reductions in our anabsisuse EPA indicates that
NOxy is the critical precursor for ozone formation inshareas of the country, particularly for a
tighter new standard of 60 ppb (EPA 2010, pp. $2«8 S2-14); our compliance cost estimates,
however, do include EPA’s estimates of the costeaiicing volatile organic compounds
(VOCs), the other major ozone precursor. We diesaach of these major steps in the
subsections below. Appendices B, C, and D prodeatails on the methodology and data and
present state-specific information.

1. Step 1: Determine Necessary NOReductions by State

The first step is to develop estimates of thexNl€uctions each state would need in order to
meet a 60 ppb ozone standard. We developed tBgs®tes using two sources of data: (1)
recent EPA projections of future baseline Né&nissions for 2018; and (2) estimates from EPA’s
2008 RIA of the level of N@emissions consistent with meeting a 60 ppb stahdar

The EPA in December 2013 released detailed estinuditerojected 2018 Noemissions using

its most recent projection platform, which is baspdn historical emissions data from 2011
(2014a). Inits 2008 RIA, EPA had developed estamaf projected 2020 NCemissions as

well as estimates of the reductions that woulddogiired to achieve a 60 ppb standard (among
other standards) in 2020; the difference betweegewo values represents a set of estimates of
the state-by-state emissions that would be comsistith national compliance with a 60 ppb
standard (“compliance emissions”). The reducteguirements modeled in EPA’s 2008-2010
ozone review (which we use to determine state-leosipliance emissions) extended beyond the
limited number of counties with ozone monitors shawFigure 1 and Figure 2 since EPA
assumed that non-monitored areas near nonattatoungties would also be required to reduce
their NOx emissions to achieve attainment. Note, howeteat,the number of nonattainment
counties may be greater than EPA’s existing moimigosites, and thus the required emission
reductions, compliance costs and economic impaaisbe greater than based upon the current
EPA monitoring information.
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For each state, we calculated the,\gnission reductions that would be required byrsaaiing
the compliance emissions from the projected 20k8lbege emissions. Figure 4 shows national
estimates of baseline emissions, compliance emissand required reductions. Based on
information in the 2008-2010 EPA ozone review, UIN®x emissions would have to be reduced
to about 5.8 million tons to meet a 60 ppb standaD20. National NQ emissions have been
decreasing in recent years, from about 25.2 miliaars in 1990, to 16.8 million tons in 2008,
and to 12.9 million tons in 2013 (EPA 2014b). Epr&sently is projecting that NGemissions
will be reduced to 9.7 million tons by 2018 (suppented with EGU baseline emission
projections from N,ERA) due to existing rules and regulations (EPA40)1some of which
have not yet been fully implemented and will casith them additional compliance costs on top
of the compliance costs estimated in this studgséhemissions estimates mean that in 2018
another 3.9 million tons of NOwill need to be reduced to get to the 60 ppb stechdationally
(this reduction is equivalent to about 40% of biaseNOy emissions for 2018).

Figure 4: National 2018 Baseline NQ Emissions, 60 ppb Compliance NQEmissions, and 60 ppl
NOyx Required Emission Reductions

NOx Emissions and Reductions (million tons)

0 2 4 6 8 10
i i i |
2018 Baseline Projection 97
(Based on 2011 Data) :
60 ppb Compliance 5.8 3.9

[ [ | i
i OEmissions O Reductionsi

Note  NOy emissions include only anthropogenic sources exclude fires and biogenic sources).
Source: NERA calculations based on EPA (2014a)atiner inputs as explained in Appendix B

These values are stated on a national basis, éaitctinal emissions control requirements will be
concentrated around projected nonattainment akéagover, the emissions reductions needed
in any particular nonattainment area will vary degiag on the severity of its exceedance of the
NAAQS level. Figure 5 summarizes state Nénission reductions for 60 ppb compliance
(expressed as a percentage reduction from EPA R&4€éline emission projections). Our
analysis projects that 40 states would have at tg@snonattainment area in 2018 under a 60
ppb ozone NAAQS and thus will have to reducexNEnissions. We also find that 12 of these
40 states will need to reduce their fN@missions by between 50% and 80% from their ajread
reduced levels projected in 2018 to attain thedstesh Appendix B presents detailed state
information on projected 2018 emissions, compliagmméssions, and emission reductions
required to achieve a 60 ppb ozone standard.

NERA Economic Consulting 10



Figure 5: Necessary N@Q Emission Reductions for 60 ppb (Percentage Reduoti from Baseline
2018 NQ( Emission Projections)

0% 1% - 25% 26% - 50% 51% - 75% 76% - 100%

Note  Map shows necessary percentage reductions belb@ 28seline NQ emission projections.
States with 0% reductions would comply with a neasree standard of 60 ppb in 2018 based on this
analysis.

Source: NERA calculations as explained in text Apgdendix B

2. Step 2: Determine NQx Compliance Costs by State

The next major step in our analysis is to devekiprates of the compliance costs that would be
incurred in each state in order to obtain the megNG; emission reductions. We developed
compliance cost estimates using the most receatalatlable from EPA, supplemented by
estimates for controls not considered by EPA, addments about the nature of the marginal
cost curvei(e., the relationship between the marginal costs dficeng NG, emissions and the
extent of NQ reductions). As discussed below, we considergdgbrtant to develop an
evidence-based assessment of the costs EPA desaslfanknown” in their 2008-2010 analysis
and for which they developed a largely arbitrarythod of estimation, in part to provide a
template for the type of detailed cost analysis ER8uld do as part of its forthcoming RIA.
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a. EPA Costs for “Known” and “Unknown” Controls

In its 2008-2010 ozone analyses, EPA presentee-spegcific information on “known” controls.
These “known” controls represent specific contrelasures that regions and states could use to
reduce their N@ emissions. EPA identified controls from five gdes of emission sources:

(1) Electric generating units (EGUS);

(2) Non-EGU point sources, such as industrial boileespent kilns, and petroleum
refineries;

(3) Area sources, such as dry cleaners, commercialibgg, and residential
buildings;

(4) Onroad mobile, such as passenger cars, light-dutks, and heavy-duty trucks;
and

(5) Nonroad mobile, such as locomotives, aircraft, maviessels, construction
equipment, and agricultural equipment.

The RIAs and their supporting documentation inclagtmates of emission reductions and
annualized costs by facility or state for “knowrgntrols in these sectors.

After applying all “known” controls to the five agories of emission sources, EPA found that
certain areas would not meet some of the alteraataone standards, including 60 ppb. In these
cases, EPA assumed that the areas would achiegatidards through installation of

“unknown” controls. To estimate the potential tamasts of alternative ozone standards, EPA
developed a marginal cost curve( curve showing relationship between the incremanta
“marginal” cost of controls and NCemissions reduced) starting with the “known” colgrin

order from the lowest to the highest cost per tmtuced. The curve used a “slope” parameter
based on “known” control costs and an arbitraryiagdion on the maximum cost per ton in
order to extend the curve beyond “known” controlgnclude the costs of “unknown” controls.
EPA’s methodology and cost estimates are discussédpendix C.

We used EPA’s estimates of “known” controls asdtagting points for the estimated marginal
cost curves we developed for each state. For thietUStates as a whole, the “known” controls
are projected to reduce N@missions by about 1.3 million tons per year,lmua one-third of
the reductions required to achieve the 60 ppb ostaredard.

The following table summarizes the EPA “known” aoih.

NERA Economic Consulting 12



Figure 6: National Summary of EPA “Known” NO x Controls (tons of reduction)

Point (Non-EGU)
Selective catalytic reduction (SCR) without low-N@uwner (LNB)
Low-emission combustion (for internal combustiogie@s)
Selective catalytic reduction (SCR) and low-NOxraur(LNB)
Non-selective catalytic reduction (NSCR)
Selective non-catalytic reduction (SNCR)
OXY-firing (for glass manufacturers)

Low-NOx burner (LNB) without selective catalyticdction (SCR)

Biosolid injection (for cement kilns)
Other

Area
Low-NOx water and space heaters (for commercidibgs)
Low-NOx burner (LNB)
Switch to low-sulfur fuel (for residential buildiayy

Onroad Mobile
Retrofit heavy-duty diesel with selective catalyécuction (SCR)
Continuous inspection and maintenance
Eliminate long-duration idling
Commuting programs
Low Reid Vapor Pressure
Unspecified

Nonroad Mobile
Retrofit heavy-duty diesel with selective catalygauction (SCR)

No Details (Some Omissions in EPA Data for CA andX)

Total

825,400
466,800
82,000
80,800
70,300
61,400
33,800
20,700
8,200
1,300

27,800
14,000
12,800

1,000

256,100
137,700
27,800
10,500

4,400
1,000
74,800

45,000
45,000

130,100

1,284,400

Note  Totals may not equal sum of rows due to indepenaemding.
Source: NERA calculations as explained in text
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These controls have a range of marginal costs 230000 per ton (2006 dollars), the

maximum assumed by EPA in its 2008-2010 analydtA(E008, p. 5-3). For some states, these
known controls were sufficient to achieve the ;N&nission reductions required to achieve a 60
ppb standard—and, indeed, as shown in Figure Sealeight states (excluding Alaska, Hawaii,
and the District of Columbia) did not require amyission reduction®® But the bulk of states

are projected to require emission reductions beybadknown controls, and in some states the
additional emission reductions are very substan&dA’s estimates of the costs of “unknown”
controls provided in the 2008-2010 RIAs were bagaoh estimates of “known” control costs
and an arbitrary maximum cost per ton, rather tiraestimates of the additional controls that
would be required.

b. NERA Cost Estimates for “Unknown” Controls

We developed estimates of the potential costs wkriown” controls by developing answers to
the following three questions

» What categories of emission sources would be patgnavailable to achieve these
additional 2.6 million tons of “unknown” N©reductions?

* What types of control strategies would likely bedi$or these “unknown” NQemission
reductions?

 What would be the costs of these “unknown” conftols

To address the first two of the above questionsgis@ggregated EPA’s estimates of 2018
baseline emissions down to the five categoriesERa identifies in its emissions inventories,
and we allocated the reductions from EPA'’s liskmdwn controls to these categortésThis
information gives insights on what types of conswhtegies might be available to obtain further
“unknown” reductions.

'8 The states without compliance costs would stillshadverse economic impacts on net (despite cotiveeti
advantages relative to states with compliance fbstsause of higher energy costs and reduced deetsewhere
in the country for their goods and services.

19 The categories include two types of “point soufcesich are large non-moving emitting equipmenttsas
industrial boilers and electricity generating ufE€&Us). The other three categories are “non-psporces,”
which means they are many small, diffuse sour€fsthese “area sources” are non-moving equipmexitate too
individually small to be regulated as point souraes Examples include commercial and residemtéér and
space heaters as well as compressors along oilatndal gas pipelines. “Mobile sources” are sntiffuse and
can be moved from place to place. Onroad mobilecss include cars and all sizes of trucks. Noathroabile
sources include agricultural and construction eapaipt as well as transportation such as locomotaigsianes,
and boats.

NERA Economic Consulting 14



Figure 7 shows the 2018 baseline emissions inssthé will need to reduce N@missions to
meet a 60 ppb standard and the emission redudionso EPA’s “known” controls for the five
emission categories. (The total 2018 baselinesaridor these states across all five categories
is 8.9 million tons). This information shows thabsh of the emissions that remain after EPA’s
“known” controls are from electricity generatingitsn(EGUs) and non-point sources, while
large industrial and manufacturing point sourcessabstantially controlled.

Figure 7: EPA Known NOy Reductions from 2008-2010 Analysis and Remainingniissions by
General Categories of Emissions Sources in the 4@MNAttaining States
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Source: NERA calculations as explained in text

The list of known controls described in the pregigection suggests that the “known” controls
largely exhaust the options for retrofitting existiequipment with technology controls (e.g.,
installation of low-NQ combustion devices and Né@lestroying post-combustion devices).
This explains why most of the known controls’ etéeare concentrated on the industrial and
manufacturing emitters that comprise the “pointrseticategory® This evidence suggests that

22 EPA's “known” controls for electric generation ttEGU) sources (which are mostly from additiorettafits of
selective catalytic reduction, SCR) have veryditffect on EGU 2018 emissions. This is becausestlall of the
EGU point sources have already been retrofittett WiDy controls in states projected to have nonattainment
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the bulk of the 2.6 million tons of “unknown” NQeductions will have to come various forms
of capital stock replacement rather than furthehtelogy retrofits. While these replacements
will likely include retirements of large coal-firedectricity generators, it also will likely become
necessary to scrap and replace a wide array ofsreayl sources, such as personal vehicles,
individual pieces of construction equipment, andcadfural and landscaping equipment.

To indicate how EPA could develop more informed ewidlence-based estimates of the costs of
these remaining necessary types ofxN@ductions, we developed information on the cokts
reducing emissions from two of the most significeattegories of remaining NGemissions.

* Retirement of coal-fired power plantff.coal units are retired in states with large
remaining NQ reductions needs, and their generation is replbgetcost-effective
combination of natural gas and non-emitting gemanatve estimate that an additional
emissions reduction of about 1 million tons couddabtained. Our analyses indicate that
these tons of reduction will cost an average of@aamately $31,000/ton, but with costs
ranging up to about $180,000/ton among the statés replace the “known” power plant
controls (retrofits) used in EPA’s 2008-2010 anedywith these potential retirement
controls in our analysis.

» Scrapping of cars and light-duty truck€ars and trucks will be much lower-emitting in
2018 than the fleet of vehicles on the road toBday,n aggregate they account for a
further potential reduction of 1 million tons, assog every 2018 vehicle were to be
scrapped in 2018 and replaced by either an elaathle (powered by natural gas
generation) or a Tier 3 vehicté.Using a model framework developed by an MIT
researcher (Knittel 2009), we estimate the marginat per ton of reducing light-duty
vehicle NG emissions by 10% through the early replacemettieohighest-emitting
cars and trucks would be in the range of $100,0804 figure that escalates to about
$500,000/ton to achieve about a 50% reductfoBcrapping newer, lower-emitting cars

Retirements rather than further retrofitting wil hecessary to further reduce EGU emissions iretbietes and
EPA did not consider retirements of equipment ksawvn control.

L The reduction is less than 1 million if one comsilonly vehicles in areas that contribute to rtairanent.

22 \We estimated this cost per ton removed for scrapiie marginal car that would achieve a 50% reducif
2018 emissions from such vehicles following a mdttogy used in Knittel (2009) that is describedi@tail in
Appendix C. Considering the subset of vehiclgages making up 50% of light-duty vehicle emissiom2020
(the first attainment year in our analysis), thevest vintage in the subset — or the marginal vehithat would be
scrapped in a program achieving 50% reduction -ldvbave an average N(@mission rate of 0.19 g/mile. Using
an emission rate of 0.03 g/mile for replacementaleb, along with an assumed average annual tdiseince of
12,000 miles, the annual N@mission reduction of these marginal vehicles wdnd about 0.0022 tons per year
for that vintage vehicle. We assumed the valudalf vintage vehicle is $4,200, which, when annealiaver its
remaining useful vehicle life of about 4 years &@a discount rate, implies an annualized lost ehp#lue of
about $1,200 per year. Thus, the annualized cogbpenould be $1,200 / 0.0022 tons, or about $3QD per ton.
Sources and other information on these assumptiodsalculations appear in Appendix C.
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would cost more and generate fewer reductions @eicle, so the incremental cost per
ton rises as increasing percentages of the velegeare scrapped.

Replacing coal-fired EGUs would reduce fl@missions by about 1 million tons. Replacailg
2018 cars and light-duty vehicles would providetaeo 1 million tons of reduction. But other
types of equipment certainly would become costetiffe to replace before one would go so far
as to scrap all cars and light duty vehicles. \8&ime that the marginal cost-per-ton for these
other sources rises similarly to the cost-per-tenestimated for early turnover of different
vintages of cars and light-duty trucks, as onedatilbn of the potential costs that states would
incur. Figure 8 shows the resulting mix of reduts assumed in our estimates of the
compliance costs needed to achieve a 60 ppb ozangasd

Figure 8: NERA Analysis’s Allocation of Additional Reductions Necessary to Attain a 60 ppb
NAAQS to Categories of Emissions Sources in the Mbn-Attaining States
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Source: NERA calculations as explained in text

The dark green portions of the bars in Figure 8&hBPA’s “known” controls and the light
green shows NERA'’s evidence-based assumptionsdiegarvhere “unknown” controls will
likely come from. The remaining sum (shown in ktheée bars) is now 5.0 million tons—the
aggregate limit to achieve attainment for the statejected to be in nonattainment under
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baseline 2018 emissions levels. NERA's estimatearae deep cuts in the EGU sector, where
emissions are concentrated in a few sources ansg peston are thus lower than for the many
smaller sources among the non-point source catgy(re., area, onroad mobile and nonroad
mobile) NERA'’s assumptions on “unknown” controldde of the EGU sector involve much
smaller incremental percentage reductions than £@Ws; but because these will require
programs such as scrapping vehicles and other smaites, they are expected to come at a
substantially higher cost per ton than the EGU rmds#t—even though we assume that the
scrapping programs only target the oldest, higkastting of each type of NQemitting
equipment.

We developed estimates of EGU control costs usiagesults from NERA. In particular,
using NwERA, we modeled reduced generation from existiraj-iced power plants and
replacement with natural gas power plants (or arathergy source if optimal) as a potential
NOx emission reduction measure in each state whem@\khnon-EGU controls would be
insufficient for 60 ppb complianc@. The potential costs and N®@eductions from this measure
thus are calculated within the,MERA model**

The next task related to our analysis of “unknownsts was to use the information on the
potential costs of phasing out IN@mitting mobile source emissions, in particulartiom costs

of scrapping older, high-emission rate passengsrarad light duty trucks and replacing them
with new low-emission vehicles. Such vehicle scragprograms were developed in California
in the 1990’s and applied most recently in 2009 (@llowance Rebate System) as part of the
federal stimulus program. The cost per ton to sotder vehicles varies with the age of the
vehicles, since scrapping is both more expensidegenerates fewer emission reductions for
newer, lower emission vehicles. We used a framewexeloped by an MIT researcher who had
evaluated the cost-effectiveness of vehicle scrgg@padevelop our empirical estimates. As
noted above and explained in more detail in Appediwe used that framework to estimate
that the marginal cost of scrapping sufficient pager cars and light duty trucks to reduce 50%
of their expected NQemissions would have a marginal cost of roughl§$800 per ton. This
same information indicates that the marginal cesttpn increases as the percent reduction in
NOx emissions increases, providing motivation and@we for an increasing marginal cost
curve.

% For convenience, in the report we sometimes tefétis option as “scrappage,” although the speecifisumption
is that generation is not allowed (or is limited).

24 As noted above, EPA (2014d, pp. ES-6 and ES-ithatts that the proposed power sectop @@ would reduce
annual NQ emissions by approximately 300,000 to 400,000 {depending on regulatory option, state or
regional compliance approach, and measurement.y€anm modeling of potential changes to coal-fipedver
plants for compliance with a new ozone NAAQS ofp® would lead to a significantly larger N@sduction (as
shown in Appendix C). Thus, the proposed powetos€2O, rule would not change our conclusion that a new
60 ppb 0zone NAAQS would have significant impagctdtee power sector (and other sectors of the ecghom
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We used the information on vehicle scrapping tcettgy estimates of each state’s marginal cost
curve for “unknown” controls. In particular, asosim below, we assumed that the option of
scrapping 50% of the vehicle fleet emissions wdaddindertaken at the part of each state’s
marginal cost curve corresponding to a 75% redndtiom the baseline NOemission level.

This anchor point, in combination with cost-per-toformation for “known” controls,

determines our estimate of the slope of the “unkiicsegment of each state’s marginal cost
curve. We estimated total annualized costs fokfiamvn” controls for each state using this
slope and the necessary remaining tons of H@ission reductions after implementation of
“known” controls.

Although the costs of “unknown” costs are highlyertain and other data and assumptions
could be used to derive state-by-state margindlaoses, our calculations represent an effort to
use evidence-based information—in particular, quagp of existing coal-fired power plants and
scrappage of existing vehicles of different vinsgeéo derive the marginal cost curve for the
“unknown” controls. We emphasize that EPA needdeteelop more specific information on
control measures and their costs in order to rethee@normous uncertainty in potential control
costs due to the importance of “unknown” costs. é&qpx C provides additional explanation

and state-specific information based on these lzlons.

c. NERA Marginal Cost Curve

Figure 9 illustrates our methodology for constnugta state N marginal cost curve including
EPA “known” controls and an evidence-based appréa@stimating costs of “unknown”
controls. EPA “known” controls are shown in thevér left part of the curve. These controls
generally are on point sources and are in a rapge about $20,000 per ton. The second
segment of the curve reflects the costs of redgeaération from coal-fired power plants as
estimated in N,ERA. State-level average costs of these generatintrols range up to about
$180,000 per ton; for purposes of developing thtesspecific marginal cost curves, we only use
generation controls in this segment of the costeifrtheir costs are no greater than about
$30,000 per ton; for more costly coal-fired generatontrols, we incorporate the controls into
the third segment of the curve.

The third segment of the curve reflects costs @olittonal “unknown” controls (beyond those
related to retirement of coal-fired units). Thedewce for this part of the curve is based upon
the costs of scrapping existing motor vehiclesd&sussed in Appendix C, we estimate that the
marginal cost of scrapping 50 percent of Nénissions from light-duty motor vehicles is
approximately $500,000 per ton. We also determthatithe likely feasible emission reductions
beyond the “known” controls would come from varigwn-point sources (including on-road
sources such as cars and trucks, non-road sourckss trains, and area sources such as home
and commercial heaters).

The slope for “unknown” controls in the illustragivnarginal cost curve is based on two anchor
points: the marginal cost per ton of reduced ¢oatt generation (for the lower left point on the
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curve) and the marginal cost per ton of vehiclagpage at the 50 percent level as discussed
above (for the upper right point on the curve)or(Ease of exposition, we refer to reductions in
coal-fired generation as coal scrappage in thediuAs shown in the illustration, the segment
for “unknown” controls required in a particular tetas the solid line representing the additional
controls that would be necessary (beyond EPA “kricxamtrols and coal scrappage) for 60 ppb
compliance. The dashed part of the curve illusgaidditional “unknown” emission reductions
for this state assumed to be “available,” but resded to achieve compliance. The estimated
cost in each state is equal to the area undeotltesegment of the curve, including “known”
and “unknown” controls.

Figure 9: lllustration of a State NOx Marginal Cost Curve Showing “Known” and “Unknown”
Controls
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The curve in Figure 9 provides a general illustraf our methodology for developing a
marginal cost curve. As noted above, we use staeHsc information on emissions and controls
to develop our cost estimates. States differ sulistly in their estimated marginal cost curve
for several reasons. For one thing, in some stathsced coal-fired generation and replacement
would cost more than $30,000 per ton, and in tltases we used the final EPA “known”

control as the lower left end of the “unknown” caricost curve to estimate the slope. In
addition, the share of controls represented by fiemkn” controls required to achieve a 60 ppb
ozone standard differs greatly among the statggeAdix C provides state-specific information
related to the costs of reducing coal-fired gemaneind our estimates of “unknown” control
costs.
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A very large portion of our estimated costs of ctiamne at the national level is based on
extrapolation beyond the list of the “known” contoptions that EPA prepared in its 2008-2010
analyses; as shown in Appendix C, the cost of “omkai controls to achieve a 60 ppb ozone
standard is about 60 times the cost of “known” oaat(excluding reduced generation from
existing coal-fired power plants). That such @éaportion of the estimated compliance costs
would be from controls that EPA has yet to identiighlights the dangers of implementing a
policy for which most of the control options are&known. As noted above, in its on-going
NAAQS review, EPA should develop more completeiimfation about additional controls to
allow for a more reliable estimation of compliammests than it produced in 2008-2010.

3. Step 3: Allocate Costs to N,ERA Sectors and Years

The third and final step in the development of¢bmpliance cost inputs toehERA consisted
of translating the annualized compliance costs @stamates of additional compliance costs in
individual sectors and individual years.

a. Allocation to Ng ERA Sectors

NewERA models the economy using 10 sector aggregafsaesAppendix A). Using EPA
information from the 2008-2010 ozone review, inahgdNorth American Industry Classification
System (NAICS) codes for emission reductions frampsources, we matched the costs for
“known” control measures toMNERA sectors. The specific allocation of costsdctars is

based on state-level N@ontrol information and baseline emissions ang tharies by state.
Appendix D provides detailed allocation assumptifamseach state.

For “unknown” control measures, we divided cost®agifour of the five EPA categories of
emission sources (excluding the EGU category) basdtie potential of each category for
further emission reductions beyond the “known” colst® Once associated with specific
emission source categories, we matched costs fdnawn” controls to M,ERA sectors using
the same logic and state-level calculations thaewapplied to the “known” control costs.
Appendix D shows the cost information for “unknowagsts.

b. Allocation to NewERA Modeling Years

The timing of costs in each state depends on whestate would be required to be in
compliance with the 60 ppb standard as well as vdiiéerent types of costs would be incurred.
For states requiring NGemission reductions for 60 ppb compliance, we &4 information
on recent ozone monitor readings and the most t&d@A NO; emission projections to develop

% We divided “unknown” control costs using the stieteel shares of emissions remaining in the non-g®lut,
area, onroad mobile, and nonroad mobile sourcegoets after applying the “known” controls. We as®d that
no additional EGU reductions are available afterrdduced generation from coal-fired power plastsye did
not allocate any “unknown” control costs to the E@itdissions source category.
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estimates of the compliance deadlines. The dezslleflect estimated designations for each
state as “Marginal,” “Moderate,” “Serious,” “Sevérer “Extreme” nonattainment areas, using
the system specified in the Clean Air Act and usg@&PA for previous ozone standards. As
noted above, some states would comply with 60 puieubaseline conditions and would not
incur any costs in our modeling. Note too that@ligh EPA designates nonattainment areas as
parts of states, we use a single designation amglcance deadline for each state. Figure 10
summarizes the state designations and compliaramffides. The deadlines reflect the
assumption that EPA would finalize the new ozoa@dard in 2015 and would finalize state
designations in 2017.

Figure 10: Classifications and Attainment Years fo60 ppb

Attainment

Classification Year States
Compliant N/A 8
Marginal 2020 5
Moderate 2023 32
Serious 2026 2
Severe-15 2032 0
Severe-17 2034 0
Extreme 2037 1

Notes “N/A” denotes that attainment year is not appliedior compliant states.
State counts do not include Alaska, Hawaii, orDierict of Columbia
Source: NERA calculations as explained in text

Based on these state designations and compliackines, we developed estimates of the costs
that would be incurred each year. We assumedtiehalf of annualized costs represent capital
costs that would be incurred before the compliatezdline and the other half represents
operating costs that would be incurred each yean the compliance deadline onward. Figure
11 shows the resulting estimates of total potestahpliance costs by year to achieve an ozone
NAAQS of 60 ppb. The present value of the costawshin this figure is $2.2 trillion (in 2013
dollars, calculated as of 2014, excluding coststeel to coal-unit retirements (which are
modeled endogenously inMERA). Appendix D provides details on the costraates. We ran
the N.wERA model with these costs assigned to specifiestaectors, and years to estimate the
economic impacts of a potential 60 ppb ozone NAAQS.
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Figure 11: Potential U.S. Compliance Costs for 60pb by Year (Billion 20133$)
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Notes National summary figure reflects sum of state-#memodeling inputs.
Annual values are the average for that year anébtlmving two yearsé€.g, 2017 value is the average
for the 2017-2019 period).

Compliance cost inputs in the figure do not ineldkle cost of reduced coal-fired generation.
Source: NERA calculations as explained in text

C. Natural Gas Production Sensitivity Case

The methodology outlined above assumes that therat8ral gas extraction sector would be
able to increase production without any constramtseet increased natural gas demand
associated with ozone NAAQS attainment actionsis aksumption results in a large projected
increase in U.S. natural gas production. Howewatunal gas producers in areas that become
nonattainment under a tighter ozone standard niiégiet new requirements — such as the need to
obtain air permits as well as emissions reductredits (“offsets”) for NQ and/or VOCs — in
order to develop new wells. Whether such perngtteguirements will be applied to new oil

and gas extraction nationally is a policy questhmat is in a state of flux at present; but some
areas of the country already have these requirenaemt there are pressures for the EPA to make
it a uniform requirement. Moreover, expansion afunal gas output will require additional gas
processing facilities, which are already subjed¢htoffsetting requirement if located in
nonattainment areas. Obtaining offsets may bécdlffand/or costly, particularly in more rural
areas where there are few industrial emissionsesup create offset supply. If such barriers to
continued new well development do emerge, the ptejeeconomic impacts of a 60 ppb ozone
NAAQS could be substantially increased.

To consider the implications of possible constsaon energy production, we evaluated a natural
gas production sensitivity case. This case wanded to provide an indication of the potential
impacts if the 60 ppb standard effectively prevdrgdditional natural gas production in
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nonattainment areas. For this case we used the adainment cost inputs as in the 60 ppb case,
but we also assumed that total U.S. natural gadugtemn would not increase beyond its 2020
level (from the 60 ppb scenarit). The motivation for this sensitivity case is tresgibility that

the majority of the natural gas producing regiorisfimd themselves as part of a nonattainment
area for 60 ppb and may face new air permit angsions offset requirements in order to site
new wells. Crude oil and natural gas activity baen linked to increases in ozone
concentrations in several areas of the courtny, (Lyman and Shorthill 2013, Wyoming

Outdoor Councikt al 2013, Travers 2013, and Colorado Department bfi€tiealth and the
Environment 2014). Jacus (2011) summarizes lsgakis and cases related to crude oil/natural
gas activity and air quality.

Thus for the sensitivity case, we assumed thatralagias production could not exceed the 2020
levels of production in the 60 ppb case. This chsEs not reflect the specific constraints that
might result in individual states. Note that tle@stivity case implicitly assumes some new
natural gas wells are developed after 2020. Indéedw wells were prohibited entirely,
production levels would likely decline becauselsf tlecline over time in production from
existing wells. Note also that this case exclugesstraints on crude oil production, which also
could be affected. Our sensitivity analysis hights the need for EPA to evaluate potential
impacts on domestic energy production in its fasthing ozone RIA.

% Note that limits on natural gas production mayaffect crude oil production, but we did not ewéithis.
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[ll.  STUDY RESULTS

This chapter summarizes the results of our analystee impacts of a 60 ppb ozone standard.
The results are grouped into three major categailgpotential impacts on the overall U.S.
economy and U.S. households; (2) potential impactthe U.S. energy sectors; and (3) potential
impacts on individual sectors and regions. As ahotee refer to our estimates as potential
impacts because of the major uncertainties involmdte underlying estimates of compliance
costs. The final section summarizes the major iaicgies in our results.

A. Potential Impacts on the U.S. Economy and U.S. Hoebkolds

The potential effects of a 60 ppb ozone standarthetJ.S. economy and U.S. households are
substantial. This section presents estimated itagd@ 60 ppb standard on GDP, household
consumption, the labor force, and total welfare.

1. Gross Domestic Product and Its Components

GDP is an economic measure of the entire econdrhg. components of GDP are consumption,
investment, government spending, and net exp&itsce the level of Federal government
expenditures is assumed to remain constant, thegekan GDP are driven by changes in
consumption, investment, and net exports. Fig@rshbws the estimated changes in GDP and
its components due to the 60 ppb ozone standalX? d&clines from the baseline levels by an
average of 1.2% per year during the period. Botilsumption and investment decline as well.

Figure 12: Potential Impacts of 60 ppb Ozone Staratd on U.S. Gross Domestic Product

PV 2017 2020 2023 2026 2029 2032 2035 2038

GDP
Baseline (Trillions) $281 | $18.3 $19.7 $21.2 $22.7 $244 $26.1 $27.8 $28.9
60 ppb Case $278 | $18.1 $195 $209 $22.4 $24.1 $257 $27.4 $28.6
(Trillions)

% Change from 1.2% | -0.8% -1.2% -1.4% -1.3% -1.3% -1.3% -1.2% -1.2%
Baseline

Consumption

% Change from
Baseline

| nvestment

% Change from
Baseline

Net Exports

-1.1% | -1.0% -1.1% -1.2% -1.2% -12% -12% -1.2% -1.1%

-15% | 05% -1.7% -24% -19% -15% -1.6% -1.7% -1.8%

% Change from 5500 | 0506 0.0% -02% 03% 06% 04% 0.0% -0.3%
Baseline

Notes: Present value is from 2017 through 204;adinted at 5% real discount rate. Governmentdipeis
also a component of GDP, but is unchanged fronb#seline.
Source: NERA calculations as explained in text

NERA Economic Consulting 25



2. Consumption per Household

One common economic metric of policy costs is th&nge in consumption per household
(sometimes described as change in costs per hddseltas important to note that, as with the
other measures, the estimated change in consunyg#iamousehold is a comprehensive figure
that includes a large number of influences. Thetrimincorporates the financial gains due to
increased demand for pollution control equipmenalso takes into account the many ways in
which consumers and producers can change theivimeha limit financial losses from

increases in prices due to the ozone standardt igithis impact measure includes cost-
minimizing adjustments to consumers’ “market bas&égoods and services purchased and to
their lifestyle/behavioral patterns. Similarlyetloss in consumption per household incorporates
all the adjustments to inputs and production preegshat businesses make to minimize the
effects of compliance expenditures on the cosheif fproducts or services. These adjustments
can lead to non-financial losses and thus the aghangonsumption per household is not a
complete measure of consumer losses. The fulttsfia the 60 ppb ozone standard include the
gualitative effects of all such changes in persahaices and activities as well as the financial
costs we report here.

Figure 13 shows the potential change in consump@rhousehold over time. These results
indicate that average potential household consumptould be reduced by about $1,190 in
2017 and by about $1,830 in 2038, with an averageal (present valued) reduction over the
period from 2017 through 2040 of $1,570 per houkkho

Figure 13: Potential Impacts of 60 ppb Ozone Staratd on U.S. Annual Change in Consumption
per Household’

Avg. 2017 2020 2023 2026 2029 2032 2035 2038

Change in
Average
Consumption
per Household

-$1,570| -$1,190 -$1,430 -$1,590 -$1,640 -$1,760 -$1,830 -$1,850 -$1,830

Note:  Average is the levelized average over 200482annualized using a 5% real discount rate.
Source: NERA calculations as explained in text

2"pV is a levelized value over the 2017 through 20@@ period.
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3. Labor Market

Figure 14 focuses on several dimensions of prajeiot@acts on income from labor (“worker
income”) as a result of the 60 ppb ozone standa@h® ozone standard on balance would lower
potential wage rates by an average of 1.2% ovepe¢hied from 2017 through 2040. Wage rates
decline because companies have higher costs amd lalaor productivity due to compliance
costs. Lower real wage rates reduce workers’ ireaven if they continue to work the same
number of hours. However, a lower real wage rke decreases people’s desire to work. With
fewer hours worked, total labor income declinealgreater percentage than does the wage rate
(an average of 1.9% over the period). These &@ad¢hequilibrium effects on labor in the
aggregate, and include the positive benefits aeimsed labor demand in sectors providing
pollution control equipment and technologies.

Figure 14: Potential Impacts of 60 ppb Ozone Staratd on Labor

Avg. 2017 2020 2023 2026 2029 2032 2035 2038

Baseline Job-
Equivalents 155.7 | 145.2 1484 150.3 153.5 157.2 160.6 163.7 167.0
(millions)
60 ppb Case

Real Wage Rate
(% Change from  -1.2% | -0.8% -2.0% -1.3% -12% -13% -12% -1.2% -1.1%
Baseline)

Change in Labor

Income (% 1.9% | -0.7% 22% -2.0% -2.0% -2.1% -21% -2.1% -1.9%
Change from

Baseline)

Job-Equivalents

(Change from 29 | 09 32 30 30 -33 -34 -33 -32

Baseline, millions)

Notes: Average is the simple average over 201 D20%tal job-equivalents equals total labor incarhange
divided by the average annual income per job. @h&s not represent a projection of numbers of armsrk
that may need to change jobs and/or be unempl@geshbme or all of it could be spread across workers
who remain employed.

Source: NERA calculations as explained in text

The total reduction in potential labor income iseg@ over many workers, most of whom may
continue to work, but the dollar magnitude of teduction in labor income can be placed in
context by estimating the equivalent number of agerjobs that such labor payments would
fund under baseline wage rates. To state the fattéabor income changes in terms of such
“job-equivalents,” we divide the change in laborome by the annual baseline income for the
average job (see Figure 14). A loss of one jobvadent does not necessarily mean one fewer
employed person—it may be manifested as a combimafi fewer people working and less
income per worker. However, this measure allowsexpress employment-related impacts in
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terms of an equivalent number of employees earhiegverage prevailing wad®.Note that

the N.wERA model, like many other similar economic moddlsgs not develop projections of
unemployment rates or layoffs associated with radas in labor income; modeling such largely
transitional phenomena requires a different typmoéleling methodology; our methodology
considers only the long-run, equilibrium impactdis/

The projected impacts of a 60 ppb ozone standambtemtial labor income are substantial.
Potential labor income declines by about 0.7% #88®throughout the period, resulting in
potential annual job-equivalent losses that avesadgeit 2.9 million job-equivalents.

4. Economic Welfare

Economic welfare is a concept used by economistsrétates to the overall utility that
individuals experience from the economy. IgBERA, welfare is measured by the sum of the
values of household consumption and leisure. Ttenpial effects of the 60 ppb ozone standard
lead to a potential average U.S. welfare loss theeentire modeling horizon of 0.90%,
expressed as percentage changes relative to tekneasver the time period of our study.

B. Potential Impacts on U.S. Energy System

The transformations required to meet a 60 ppb ostarelard could have substantial impacts on
the U.S. energy system. These potential impactade effects on fossil fuel markets and
electricity prices.

1. Fossil Fuel Markets

We estimated controls to achieve a 60 ppb ozomelatd include elimination of generation from
coal-fired power plants in certain nonattainmeated. These changes would lead to higher
costs for consuming other fossil fuels and redywmeduction and consumption of coal in the
long term. Figure 15 shows the potential impacts@al and natural gas production due to the
60 ppb ozone standard. The significant potengalides in steam coal consumption reflect the
reduced generation from coal-fired generators. ef@l natural gas consumption increases
substantially due to fuel switching from coal taural gas in the electricity sector.

% Such a “job-equivalent” estimate is comparablddtermining the minimum number of workers that wololse
their entire income (their “job”) if the full brurdf the regulation were concentrated on the smallesber of
workers.

2 Natural gas production decreases slightly in 2@2®ore the retirement of coal units and the r@sylincrease in
natural gas generation) due to reduced overall@oanactivity.
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Figure 15: Potential Impacts of a 60 ppb Ozone Stalard on Fossil Fuel Production

2017 2020 2023 2026 2029 2032 2035 2038

Steam Coal (Quadrillion Btu)

Baseline 170 170 180 186 189 191 194 194
60 ppb Case 154 148 8.2 6.0 6.0 6.0 6.0 6.0

Change -1.6 -2.2 98 -127 -129 -13.2 -134 -134
Natural Gas (Quadrillion Btu)

Baseline 26,7 294 313 327 336 346 357 36.7
60 ppb Case 268 289 346 374 381 390 402 412
Change 0.17 -0.6 3.2 4.7 4.4 4.4 4.5 4.5

Source: NERA calculations as explained in text

Figure 16 shows the potential impacts on the pra¢dsssil fuels. The average Henry Hub
natural gas prices would increase by an averagéradst 10% over the period from 2017
through 2040. Delivered natural gas prices tadezsial and industrial customers potentially
would increase on average by 7% and 12%, respggtoweer the same time period. Note that
part of the increase in delivered natural gas priedlects the increase in pipeline transportation
costs due to control costs for reductions iny\NgBnissions in the pipeline system that would be
recovered through tariff rates.

2. Electricity Sector

Figure 17 shows the residential and industrialaes¢livered electricity prices in the baseline
and under the potential impacts of the 60 ppb ozteredard. In the baseline, both residential
and industrial electricity prices are projectednicrease primarily due to increasing fuel prices
over time. The 60 ppb ozone standard is projetciéelad to a potential increase in average
delivered residential electricity price of 3.3% otiee period from 2017 through 2040. Average
delivered industrial electricity prices are proggtto increase potentially by 5.5% over the same
period.

Figure 18 shows projected potential physical impact the electricity sector in terms of coal
electricity unit capacity and overall electricitgrdand. Projected reductions in coal-fired power
plant generation to reduce M@missions in certain nonattainment states wowd te cost
increases from the need to use more expensiveesoaf@lectricity. This would result in
reductions in potential electricity demand showihi@ table below. The average reduction is
3.1% over the period from 2017 through 2040.
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Figure 16: Potential Impacts of a 60 ppb Ozone Stalard on Fossil Fuel Commodity Prices
($/MMBtu for Natural Gas, $/gallon for Gasoline)

Avg.

2017 2020

2023

2026

2029

2032

2035 2038

Baseline Prices ($MMBtu for natural gas and $/gallon for gasoline)

Henry Hub Natural
Gas $6.02

Natural Gas

Delivered $13.77
(Residential)

Natural Gas

Delivered $8.43
(Industrial)

Gasoline $3.56

$4.42 $4.87 $5.25 $5.70 $6.18 $6.68 $7.29 $7.76

$12.25 $12.56 $12.96 $13.46 $14.00 $14.51 $14.99 $15.43

$6.80 $7.15 $7.58 $8.11 $8.67 $9.21 $9.73 $10.19

$3.19 $3.25 $3.40 $3.50 $3.59 $3.70 $3.86 $4.00

60 ppb Case ($/MMBtu for nat

ural gas and $/gallon for gasoline)

Henry Hub Natural
Gas $6.65

$4.47 $4.73 $6.02 $6.73 $7.05 $7.50 $8.12 $8.57

Natural Gas

Delivered $14.79| $12.63 $12.74 $14.15 $14.96 $15.36 $15.82 $16.19 $16.45
(Residential)

Natural Gas

Delivered $9.49 | $7.22 $7.39 $8.82 $9.66 $10.08 $10.55 $10.96 $11.24
(Industrial)

Gasoline $3.57 | $3.20 $3.25 $3.41 $3.52 $3.61 $3.72 $3.87 $4.01
60 ppb Case (% I ncrease from Baseline)

(H;Zgry HubNatural g 900 | 1106 279 15% 18% 14% 12% 11%  10%
Natural Gas

Delivered 73% | 3.1% 14% 9.1% 11% 98% 9.0% 8.0% 6.6%
(Residential)

Natural Gas

Delivered 12% | 6.2% 3.3% 16% 19% 16% 15% 13% 10%
(Industrial)

Gasoline 04% | 0.3% 0.0% 05% 05% 05% 05% 03% 0.2%

Note:  Average is the simple average over 2017-2040
Source: NERA calculations as explained in text
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Figure 17: Potential Impacts of a 60 ppb Ozone Stalard on Delivered Electricity Prices (¢/kWh)

Avg. | 2017 2020 2023 2026 2029 2032 2035 2038
Baseline Prices (¢/kWh)
Residential 145¢ | 12.9¢ 13.3¢ 14.0¢ 14.4¢ 14.8¢ 15.3¢ 15.6¢ 15.4¢
Industrial 94¢ | 7.8¢ 81¢ 89¢ 93¢ 98¢ 10.3¢ 10.7¢ 10.5¢
60 ppb Case (¢/kWh)
Residential 149¢ | 13.2¢ 13.7¢ 14.6¢ 15.1¢ 15.4¢ 15.8¢ 15.9¢ 15.8¢
Industrial 99¢ | 81¢ 86¢ 95¢ 10.1¢ 10.4¢ 10.8¢ 11.0¢ 10.9¢
60 ppb Case (% I ncrease from Baseline)
Residential 33% | 23% 32% 44% 53% 41% 3.0% 18% 2.4%
Industrial 55% | 42% 6.0% 75% 8.6% 6.7% 46% 29% 3.9%
Note:  Average is the simple average over 2017-2040
Source: NERA calculations as explained in text
Figure 18: Potential Impacts of a 60 ppb Ozone Stalard on Electricity Sector

2017 2020 2023 2026 2029 2032 2035 2038

Baseline
Coal-Fired Capacity (GW) 262 259 257 257 257 257 257 257
Electricity Demand (TWh) 4,150 4,250 4,370 4,480 4,580 4,650 4,750 4,850
60 ppb Case
Coal-Fired Capacity (GW) 229 221 166 160 160 158 158 156
Electricity Demand (TWh) 4,080 4,140 4,210 4,290 4,400 4,500 4,620 4,710
60 ppb Case (Change from Baseline)
Coal-Fired Capacity (GW) -34 -38 -92 -97 -97 -99 -99 -101
Electricity Demand (%) -1.7%  -2.7% -3.7% -42% -3.9% -3.2% -2.6% -3.0%

Note:

Average is the simple average over 2017-2040

Source: NERA calculations as explained in text
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C. Potential Impacts on U.S. Sectors and Regions

Although all sectors of the U.S. economy would ffected by a 60 ppb ozone standard, both
directly through increased emissions control castsindirectly through the overall impact on
the economy, there are noticeable differences a@@dors.

1. Potential Sectoral Impacts

Figure 19 shows the estimated potential changsedtoral output for 10 sectors. The reduction
in coal output and increase in natural gas outpautaagely results of the scrappage of coal-fired
power plants in some nonattainment areas and shitirey shift toward natural gas generation.
While agriculture and commercial transportationénthe largest percentage reductions in output
among the non-energy sectors, the largest abs@dtetions over the period from 2017 through
2040 are in the commercial/services and manufaxgusectors since these are much larger
sectors.

Figure 19: Potential Impacts of a 60 ppb Ozone Stalard on Sectoral Output (Percentage Change
from Baseline)

Avg. | 2017 2020 2023 2026 2029 2032 2035 2038
Non-Energy Sectors
Agriculture 22% | -0.1% -2.7% -2.6% -2.3% -2.6% -2.7% -2.6% -2.3%
Commercial/Services -0.9% | -0.4% -1.1% -1.0% -09% -1.0% -1.1% -1.0% -1.0%
Manufacturing -06% | 1.7% -0.9% -09% -0.7% -0.9% -1.2% -1.2% -1.1%
Commercial 1.9% | -0.8% -2.2% -1.9% -2.0% -2.1% -2.1% -1.9% -1.8%
Transportation
Commercial Trucking -1.1% | -0.1% -1.4% -12% -1.1% -1.2% -1.3% -1.2% -1.2%
Energy Sectors
Coal -52% | -8.3% -12% -55% -67% -67% -68% -68% -69%
Natural Gas 9.2% | 0.6% -2.0% 10% 14% 13% 13% 12% 12%
Refining -1.8% | -0.5% -1.5% -1.9% -2.0% -2.3% -24% -2.1% -2.0%
Crude Oil -0.1% | 0.4% 0.0% 0.1% 0.0% -0.1% -0.3% -0.3% -0.3%
Electricity 31% | -1.7% -2.6% -3.6% -4.2% -3.9% -3.2% -2.6% -2.9%

Note:  Average is the simple average over 2017-2040
Source: NERA calculations as explained in text
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2. Potential Regional Impacts

The potential impacts of a 60 ppb ozone standaryllwaregion. Regions fare better or worse
than the U.S. average primarily due to each regiattainment costs and sectoral output mix.

Figure 20 shows the estimated potential changgsoiss regional product for the eleven regions
in the N.wERA model. California, the Mid-Atlantic and Uppdidwest regions have the largest
percentage impacts, though all regions experieageseduction in gross regional product. As
noted above, total U.S. gross domestic productedesess by about 1.2% per year from baseline
during the model period.

Figure 20: Potential Impacts of a 60 ppb Ozone Stalard on Gross Regional Product (Percentage
Change Relative to Baseline)

Region PV 2017 2020 2023 2026 2029 2032 2035 2038

é{;‘égaa”d Mountain = 5 gos | 0796 -0.9% -1.0% -0.8% -0.9% -0.7% -0.7% 69%.

California 22% | -13% -15% -1.7% -2.4% -3.0% -3.2% -2.9% 79
Florida 0.4% | 07% -05% -05% -02% 01% -0.1% -0.3% 9.0
Mid-America 0.6% | 03% -04% -05% -0.9% -08% -0.8% -0.8% 90.8
Mid-Atlantic 1.6% | -17% -21%  24% -15% -1.3% -1.3%  -1.0% OY%4.
Mississippi Valley 1.3% | -11%  -1.4% -1.6% -1.3% -1.3% -1.3% -1.1% O%.
gﬁg;&”‘/“ew 1.4% | -15% -1.6% -1.9% -1.3% -1.3% -1.2% -1.2% 194.
Pacific Northwest 0.6% | -06% -05% -06% -05% -09% -05% -05% 39.
Southeast 0.9% | -07% -1.1% -09% -1.0% -1.1% -1.0% -1.0% 996.
Ig;‘;?ér%k'ahoma’ 03% | 00% -06% -06% -01% 00% -0.1% -06% -0.5%
Upper Midwest 1.6% | 04% -13% -1.9% -32% -2.2% -2.0% -1.8% 9.9
us. 1.2% | -0.8% -1.2% -1.4% -1.3% -13% -13% -1.2% -D%

Note: Present value is from 2017 through 204@adisted at 5% real discount rate.
Source: NERA calculations as explained in text

Figure 21 shows projected potential changes inageconsumption per household by region
over the period from 2017 through 2040. The regigatterns are similar to gross regional
product, and all regions experience a decreaseerage consumption per household.

Figure 22 shows potential changes in job-equivalbgtregion (relative to baseline) due to the
60 ppb ozone standard. All regions experienceceedse in job-equivalents, though potential
impacts vary considerably by region.
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Figure 21: Potential Impacts of a 60 ppb Ozone Stalard on Regional Consumption per
Household — Change in Consumption per Household Ralve to Baseline ($/HH)

Region PV 2017 2020 2023 2026 2029 2032 2035 2038
Arizona and -$690 | -$550  -$610  -$680  -$740  -$780  -$800  -$800 8e$7

Mountain States

California -$2,910| -$1,710 -$2,130 -$2,600 -$3,170 -$3,710 088 -$4,160 -$4,100
Florida -$450 | -$340  -$410  -$450  -$510  -$530  -$520  -$510 86%4
Mid-America -$850 | -$620  -$670  -$770  -$890  -$990 -$1,080 -$1,1461,160

Mid-Atlantic -$2,520| -$2,110 -$2,410 -$2,670 -$2,510 -$2,660 , 742 -$2,820 -$2,840
\'\;';‘T‘Ise'js'pp' -$1,550| -$1,230 -$1,450 -$1,610 -$1,590 -$1,690 ,7%1 -$1,780 -$1,790
E‘ﬁ;‘;an%rk”\'ew $2,490| -$1,870 -$2,380 -$2,610 -$2,550 -$2,680 882 -$2,890 -$2,950
Pacific -$730 | -$590  -$650  -$680  -$760  -$820  -$880  -$900 9688
Northwest

Southeast -$1,060| -$880 -$1,020 -$1,070 -$1,080 -$1,150 §1,1-$1,200 -$1,180
Texas,

Oklahoma, -$1,070| -$770  -$1,010 -$1,190 -$1,240 -$1,240 §1,1-$1,120 -$1,080
Louisiana

Upper Midwest  -$1,770| -$1,440 -$1,720 -$1,850 -$1,800 -$1,860 ,9%1 -$1,980 -$2,000
u.s. -$1,570| -$1,190 -$1,430 -$1,500 -$1,640 -$1,760 ,8%1 -$1,850 -$1,830

Note:  Present value is from 2017 through 204@adiated at 5% real discount rate.
Source: NERA calculations as explained in text

Figure 22: Potential Impacts of a 60 ppb Ozone Stalard on Regional Job-Equivalents - Change
in Job-Equivalents Relative to Baseline (thousands)

Region Avg. | 2017 2020 2023 2026 2029 2032 2035 2038
mz%q;sns‘iates 8 | -12 -96 96 -88  -96 -100 -101  -98
California 608 | -123 -319 -408 -529 -762 -899 -926 -895
Florida 53 | 11 -47 63 57 -61 -66 58  -57
Mid-America 69 | 8 62 72 68 -81 -90 96  -87
Mid-Atlantic 364 | -175 -541 387 -381 -367 372 351  -337

Mississippi Valley -289 -94 -350 -329 -314 -319 -319 -302 -286

New York/New 333 | -160 -468 -366 -346 -347 -333 -330 -312

England

Pacific Northwest -54 -12 -49 -56 -49 -59 -68 -70 -65
Southeast 303 | -101 378 -328 -302 -326 -343 -332 -311
Iga‘;?ér?ak'ahoma' 313 | -83 319 358 -385 -391 -344 -310 -314
Upper Midwest 453 | -136 581 -539 -485 -486 -487 -467  -445
U.S. 2,920| -900 -3,210 -3,000 -3,000 -3,290 -3,420 -3,340 -3,210

Note:  Average is the simple average over 2017-2040
Source: NERA calculations as explained in text
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Figure 23 shows potential changes in economic welig region (relative to baseline) due to the
60 ppb ozone standard. All regions are projeaesiiffer negative economic outcomes, but
some regions fare better or worse than the U.Sagealepending on the quantity and cost of
NOy reduction required for compliance, along with the&tural resource base (regions with
natural gas have some benefits associated witkased production that offsets some of their
compliance costs, while coal producing regions heagative consequences from reduced coal
production on top of their compliance costs).

Figure 23: Potential Impacts of a 60 ppb Ozone Stalard on Regional Welfare (Percentage
Change Relative to Baseline)

Region PV

Arizona and Mountain States -0.44%
California -1.41%
Florida -0.34%
Mid-America -0.46%
Mid-Atlantic -1.28%
Mississippi Valley -0.86%
New York/New England -1.11%
Pacific Northwest -0.47%
Southeast -0.70%
Texas, Oklahoma, Louisiana -0.64%
Upper Midwest -1.12%
U.S. -0.90%

Note:  Present value is from 2017 through 204@adisted at 5% real discount rate
Source: NERA calculations as explained in text

D. Sensitivity Case with Limits on Natural Gas Producion

For the sensitivity case we used the same attainoosth inputs as in the 60 ppb case, but we
also assumed that total U.S. natural gas produetauid not increase beyond its 2020 level
(from the 60 ppb scenario). Figure 24 shows nagas production under baseline conditions,
with a 60 ppb ozone standard but no restrictioneainral gas production (“60 ppb”), and with
natural gas production limited to 2020 productionhe 60 ppb case. Natural gas production is
28.9 quads in 2020 in the 60 ppb case (withoutreatyral gas constraints), so we limited natural
gas production to 28.9 quads after 2020 in theitb@hscase.
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Figure 24: Potential Impacts of a 60 ppb Ozone Stalard on Natural Gas Production (Quadrillion
Btu)

2017 2020 2023 2026 2029 2032 2035 2038

Baseline 26.7 294 313 327 336 346 357 36.7
60 ppb 26.8 289 346 374 381 39.0 402 412
Production Sensitivity 26.8 289 289 289 289 289 289 289
Source: NERA calculations as explained in text

1. Potential Impacts on the U.S. Economy and U.S. Hoekolds

Figure 25 shows the estimated potential chang&HR and its components due to the 60 ppb
ozone standard with assumed limits on natural gagugtion. GDP declines from the baseline
levels by approximately 1.6% per year during thegak a potential reduction roughly 30%
higher than in the 60 ppb case without limits otured gas production. Both consumption and
investment decline as well.

Figure 25: Potential Impacts of a 60 ppb Ozone Stalard on U.S. Gross Domestic Product and
Components (Sensitivity Case)

PV | 2017 2020 2023 2026 2029 2032 2035 2038
GDP

Baseline (Trillions) $281 | $18.3 $19.7 $21.2 $22.7 $24.4 $26.1 $27.8 $28.9
Sensitivity

(Trillions) $277 | $18.1 $195 $20.8 $22.3 $23.9 $25.6 $27.3 $28.4
% Change from 1.6% | 0.9% -1.3% -1.6% -1.8% -1.9% -1.9% -1.9% -1.8%
Baseline

Consumption

% Change from 15% | -1.1% -1.4% -15% -1.6% -1.7% -1.7% -1.6% -1.6%
Baseline

| nvestment

% Change from 25%| 0.0% -21% -3.1% -2.7% -2.8% -3.1% -3.4% -3.5%
Baseline

Net Exports

% Change from 1.0% | 26% -07% -1.3% -1.2% -0.3% 0.2% 0.0% -0.6%
Baseline

Note: Present value is from 2017 through 204@adiated at 5% real discount rate. Government spgnsl
also a component of GDP, but is unchanged fronbéseline.
Source: NERA calculations as explained in text
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Figure 26 shows the potential change in consummgerhousehold over time in the sensitivity
case. These results indicate that average howsebosumption would be reduced by about
$1,370in 2017 and by about $2,580 in 2038, witlarage annual (present valued) reduction
over the period from 2017 through 2040 of $2,040hmeisehold.

Figure 26: Potential Impacts of a 60 ppb Ozone Stalard on U.S. Consumption per Household
(Sensitivity Case)

Avg. 2017 2020 2023 2026 2029 2032 2035 2038

Change in

Average g5 040| -$1,370 -$1,710 -$2,000 -$2,210 -$2,430 SER -$2,500 -$2,580
Consumption

per Household

Note:  Annualized average is from 2017 through 2@4€counted at 5% real discount rate.
Source: NERA calculations as explained in text

Figure 27 shows projected impacts on income frdmng‘worker income”) as a result of the 60
ppb ozone standard with assumed limits on nat@sipgoduction. The ozone standard
sensitivity on balance would lower wage rates byesrage of 2.0% over the period from 2017
through 2040. Wage rates decline because complaaneshigher costs and lower labor
productivity due to compliance costs. Lower realye rates reduce workers’ incomes even if
they continue to work the same number of hourswéd@r, a lower real wage rate also
decreases people’s desire to work. With fewer siswarked, total labor income declines by a
greater percentage than does the wage rate (aagavef 2.7% over the period). These are the
net equilibrium effects on labor in the aggregate] include the potential positive benefits of
increased labor demand in sectors providing politutiontrol equipment and technologies.

In the sensitivity case, the projected potentiglacts of a 60 ppb ozone on labor income are
substantial, particularly in the later years. Laimeome declines by about 0.7% to 3.3%
throughout the period, resulting in job-equivallrsses that average about 4.3 million job-
equivalents (compared to 2.9 million average anjoleequivalent losses in the basic 60 ppb
case).

The effects of the 60 ppb ozone standard with aeduimits on natural gas production lead to
an average potential U.S. welfare loss over thieeemtodeling horizon of 1.12%, expressed as a
percentage change relative to the baseline, oeetirtte period of our study.
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Figure 27: Potential Impacts of a 60 ppb Ozone Stalard on Labor (Sensitivity Case)

Avg. 2017 2020 2023 2026 2029 2032 2035 2038

Baseline Job-
Equivalents 155.7 | 145.2 1484 150.3 1535 157.2 160.6 163.7 167.0

(millions)

Sensgitivity Case

Real Wage
Rate (%
Change from
Baseline)
Change in
Labor Income
(% Change
from Baseline)

Job-

Equivalents
(Change from  -4.3 -1.1 -34 4.1 -4.8 5.1 -5.3 -5.4 -5.2

Baseline,
millions)

-2.0% | -0.9% -2.1% -19% -22% -23% -23% -22% -2.1%

27% | -0.7% -23% -27% -3.1% -3.3% -3.3% -3.3% -3.1%

Note:  Average is the simple average over 2017-204f1al job-equivalents equals total labor incazhange
divided by the average annual income per job. @bis not represent a projection of numbers of werke
that may need to change jobs and/or be unempl@gesbme or all of it could be spread across workers
who remain employed.

Source: NERA calculations as explained in text

2. Potential Impacts on U.S. Energy System

Figure 28 shows the potential impacts on coal atdral gas production due to the 60 ppb
ozone standard with assumed limits on natural gagugtion. The significant declines in coal
production reflect the reductions in coal-fired gation. Natural gas production is restricted by
assumption in the sensitivity case.

Figure 28: Potential Impacts of a 60 ppb Ozone Stalard on Fossil Fuel Production (Sensitivity
Case)

2017 2020 2023 2026 2029 2032 2035 2038

Steam Coal (Quadrillion Btu)

Baseline 170 170 180 186 189 191 194 194
Sensitivity Case 15.3 14.0 8.3 59 6.0 6.0 6.0 6.0

Change -1.7 -3.0 9.7 -127 -129 -13.1 -134 -134
Natural Gas (Quadrillion Btu)

Baseline 26,7 294 313 327 336 346 357 36.7
Sensitivity Case 268 289 289 289 289 289 289 289
Change 0.2 -0.5 2.4 -3.8 -4.6 -5.7 -6.8 -7.8

Source: NERA calculations as explained in text
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Figure 29 shows the potential impacts on the praddsssil fuels. Due to assumed limits on the
production of natural gas in the sensitivity casenry Hub natural gas prices would increase by
an average of 66% over the period from 2017 thr@@0 (compared to about 10% in the 60
ppb case, shown in Figure 16). Delivered natuaslyices to residential and industrial
customers potentially would increase on averagé28y and 52%, respectively, over the same
time period. Note that part of the increase inveeéd natural gas prices reflects the increase in
pipeline transportation costs due to control cmtseductions in NQ emissions in the pipeline
system that would be recovered through tariff rates

Figure 29: Potential Impacts of a 60 ppb Ozone Stalard on Fossil Fuel Commodity Prices
(Sensitivity Case)

Avg. | 2017 2020 2023 2026 2029 2032 2035 2038

Baseline Prices ($MMBtu for natural gas and $/gallon for gasoline)

gzgryH“b Natwral o5 0> | 442 $487 $525 $570 $6.18 $6.68 $7.29 $7.76

Natural Gas
Delivered $13.77| $12.25 $12.56 $12.96 $13.46 $14.00 $14.51 $14.99 $15.43
(Residential)
Natural Gas
Delivered $8.43 | $6.80 $7.15 $7.58 $8.11 $8.67 $9.21 $9.73 $10.19
(Industrial)

Gasoline $3.56 | $3.19 $3.25 $3.40 $3.50 $3.59 $3.70 $3.86 $4.00

Sensitivity Case (¥MMBtu for natural gas and $/gallon for gasoline)

(H;ZQW Hub Natural  ¢9 97 | $4.45 $4.36 $9.10 $12.09 $12.30 $12.72 $13.25 $13.78

Natural Gas
Delivered $18.16| $12.62 $12.38 $17.03 $20.09 $20.50 $20.99 $21.24 $21.54
(Residential)
Natural Gas
Delivered $12.79| $7.21 $7.03 $11.73 $14.83 $15.24 $15.75 $16.03 $16.34
(Industrial)

Gasoline $3.60 | $3.21 $3.26 $3.45 $3.56 $3.65 $3.76 $3.91 $4.05

Sensitivity Case (% I ncrease from Baseline)

Henry Hub Natural
Gas

Natural Gas
Delivered 32% | 3.0% -1.4% 31% 49% 46% 45% 42% 40%
(Residential)
Natural Gas
Delivered 52% | 6.0% -1.6% 55% 83% 76% 71% 65% 60%
(Industrial)

Gasoline 13% | 0.7% 03% 14% 18% 1.7% 1.7% 14% 1.2%

66% | 0.8% -10% 73% 112% 99% 90% 82% 78%

Note:  Average is the simple average over 2017-2040
Source: NERA calculations as explained in text
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Figure 30 shows the residential and industrialaes¢livered electricity prices in the baseline
and under the potential impacts of the 60 ppb ozteredard with assumed limits on natural gas
production. In the baseline, both residential extldistrial electricity prices are projected to
increase primarily due to increasing fuel pricesraume. The 60 ppb ozone standard with limits
on natural gas production is projected to lead potantial increase in average delivered
residential electricity price of 15% over the perfoom 2017 through 2040. Average delivered
industrial electricity prices are projected to e&mse by 23% over the same period.

Figure 30: Potential Impacts of a 60 ppb Ozone Stalard on Delivered Electricity Prices (¢/kWh)

Avg. | 2017 2020 2023 2026 2029 2032 2035 2038
Baseline Prices (¢/kWh)
Residential 145¢ | 12.9¢ 13.3¢ 14.0¢ 14.4¢ 14.8¢ 15.3¢ 15.6¢ 15.4¢
Industrial 94¢ | 7.8¢ 81¢ 89¢ 93¢ 98¢ 10.3¢ 10.7¢ 10.5¢
Sensitivity Case (¢/kWh)
Residential 16.6¢ | 13.3¢ 13.9¢ 16.1¢ 17.4¢ 17.6¢ 18.0¢ 18.5¢ 18.4¢
Industrial 11.6¢| 82¢ 8.7¢ 11.1¢ 12.4¢ 12.7¢ 13.1¢ 13.6¢ 13.5¢
Sensitivity Case (% I ncrease from Baseline)
Residential 15% | 3.0% 4.7% 15% 21% 19% 18% 18% 19%
Industrial 23% | 52% 80% 25% 33% 29% 27% 27% 29%

Note:  Average is the simple average over 2017-2040
Source: NERA calculations as explained in text

Figure 31 shows projected potential physical impact the electricity sector in terms of coal
electricity unit retirements and overall electriyatemand in the sensitivity case. Projected
potential retirements of coal-fired power plantséduce NQ emissions in certain

nonattainment states would lead to cost increases the need to use more expensive sources of
electricity. This would result in substantial patial reductions in electricity demand. The
average potential reduction is 9.8% over the pefrmch 2017 through 2040.

Figure 31: Potential Impacts of a 60 ppb Ozone Stalard on Electricity Sector (Sensitivity Case)

2017 2020 2023 2026 2029 2032 2035 2038

Basdline

Coal-Fired Capacity (GW) 262 259 257 257 257 257 257 257

Electricity Demand (TWh) 4,150 4,250 4,370 4,480 4,580 4,650 4,750 4,850
Sensitivity Case

Coal-Fired Capacity (GW) 226 218 153 132 129 125 120 114

Electricity Demand (TWh) 4,060 4,080 3,940 3,900 4,010 4,090 4,170 4,230
Sensitivity Case (Change from Baseline)

Coal-Fired Capacity (GW) -37 41 -104 -125 -128 -132 -137 -143
Electricity Demand (%) 21% -39% -99% -13% -12% -12% -12% -13%

Source: NERA calculations as explained in text

()In the sensitivity case, due to the high natwas prices it becomes cost-effective to build neal-fired
generators with carbon capture and sequestratiotingt in 2032. These new builds are not refleatettie
numbers, which are only reflective of the curremalefired fleet of generators.
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3. Potential Impacts on U.S. Sectors

Figure 32 shows the estimated potential changsedtoral output for the ten sectors in the
sensitivity case. The potential reduction in amatput is largely the result of the scrappage of
coal-fired power plants in some nonattainment aréasdike in the 60 ppb case without natural
gas production limitations, the retirement of chiaded generators does not lead to a large scale
increase in natural gas output, because that oigpintited due to assumed constraints on new
wells development (due to potential permit andeiffequirements in nonattainment areas).
While agriculture and commercial transportationénthe largest potential percentage reductions
in non-energy output, the largest absolute redostaver the period from 2017 through 2040 are
in the commercial/services and manufacturing sectdhe constraint placed on natural gas
production in the sensitivity case would cause @altil potential harm to employment,
household consumption, and GDP.

Figure 32: Potential Impacts of a 60 ppb Ozone Stalard on Sectoral Output (Percentage Changes
from Baseline) (Sensitivity Case)

Avg. | 2017 2020 2023 2026 2029 2032 2035 2038

Non-Energy Sectors

Agriculture 27% | 0.4% -2.2% -2.4% -3.0% -3.5% -3.7% -3.6% -3.3%
ggm{ggc'a'/ 1.2% | -0.4% -1.1% -1.1% -1.3% -1.4% -15% -1.4% -1.4%
Manufacturing 1.3% | 2.0% -0.6% -1.3% -1.7% -2.0% -2.3% -2.4% -2.2%
Commercial 2.4% | -09% -2.4% -2.2% -2.6% -2.8% -2.8% -2.7% -2.5%
Transportation

?g@&?ﬁ;c'a' 15% | -01% -1.5% -15% -1.7% -1.9% -20% -2.0% -1.9%
Energy Sectors

Coal 520 | -10% -18% -55% -66% -66%  -67% -67% -68%
Natural Gas 11% | 0.6% -1.8% -7.6% -11% -13%  -16% -18% -20%
Refining 23% | -0.6% -1.6% -2.2% -25% -2.9% -32% -2.8% -2.5%
Crude Oil 02% | 0.7% 0.3% 05% 05% 01% -0.1% -0.2% -0.1%
Electricity 9.7% | -21% -3.9% -10% -13% -12.4% -11.9% -12% -13%

Note:  Average is the simple average over 2017-2040
Source: NERA calculations as explained in text
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E. Major Uncertainties

We have referred to our results as potential arstiseconomic impacts as an indication of the
major uncertainties involved in developing therasties. Indeed, as discussed in the next
chapter, one of the two major conclusions of tliegtrelates to the need for EPA to develop
additional information to reduce these uncertaméie part of its upcoming RIA.

The major uncertainties and data limitations casumamarized in various categories as follows.

» Baseline future ozone concentrationsuture ozone concentrations depend upon the
nature and location of precursor emissions (as agetin future meteorological
conditions). Projections for precursor emissiomsiaherently uncertain, since they
depend on the uncertain future condition of thealVeconomy as well as on the future
circumstances for specific emitting sectors.

» ldentification of nonattainment regiong he regions in nonattainment of a particular
ozone standard depend upon future ozone concemsads well on the presence of
monitoring sites to provide the basis for a nomaiathent determination. The number of
monitoring sites may increase in the future, wité tesult that more nonattainment
regions may be designated than estimated basedr@ntmonitor locations.

» Emission reductions required to achieve compliafite emission reductions needed to
achieve compliance depend upon future projecteélinasemissions as well as the levels
of emissions that are consistent with national danpe. Both of these building blocks
are uncertain, leading to uncertainties in the amhauad location of necessary emission
reductions.

» Emission controls to obtain the necessary emisgdnctions We have emphasized the
limited information on emission controls that igreutly available, with EPA’s “known”
controls representing only one-third of the redutdi estimated to be needed to achieve
compliance with a 60 ppb standard. We use theaaiinformation to develop
estimates of the types of sources that could b&@ted in order to provide indications
of the sources and types of controls that wouldinede adopted. But these assessments
are highly uncertain.

» Costs and effectiveness of emission contrdle have developed an evidence-based
approach to determining the likely costs of theKiumwn” controls. But these estimates
are highly uncertain.

» Translation of emission control costs into annuadts by sectolWe have allocated our
estimates of control costs to different types dtsdgcapital and O&M) and to different
sectors. These allocations also are uncertaine sinemix of capital and O&M may be
different than we assume as might be the sectoosevbosts would increase.
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Although we note that our results are uncertairtiese and other reasons, we also point out that
we have used the most complete set of availabtenrdtion and have developed an evidence-
based approach to fill in for unavailable informati Indeed, we believe that EPA might use the
general approach we have developed to updatetimsatss, although we emphasize that EPA
should develop a more complete set of data thatdweguire less extrapolation.

There are of course additional uncertainties inedlin modeling the effects of the potential

costs related to a 60 ppb ozone standard on thigyesector and the overall economy. The
NewERA model is a detailed and comprehensive macraenanmodel, but there are of course
uncertainties involved in the modeling and the masiinputs. The model makes assumptions, for
example, about various exogenous factors (e.gglttml price of oil) and about the
responsiveness of different productive activiteeptice changes, all of which could affect the
modeling results. Sensitivity analyses are theeeéor important element of a full assessment
process.
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V. CONCLUSIONS

The conclusions of our study relate to potentigdaets of a 60 ppb ozone standard as well as our
recommendations for the forthcoming EPA RIA.

A. Potential Impacts of a 60 ppb Ozone Standard

This study has developed estimates of the potantadcts on the U.S. economy, based upon the
currently-available information, if the Federal aoedNAAQS were to be set at 60 ppb. The
potential impacts would be substantial.

= U.S. GDP potentially would be reduced by about $2ifllbn per year, or about 1.2% per
year over the period from 2017 through 2040.

= The stricter ozone standard would result in a g@kaverage annual loss in consumption
per household of about $1,570 over the period 2066ugh 2040.

= Labor income reductions would be equivalent to &pimal annual reduction of about 2.9
million job-equivalents over the period 2017 thrb@&p40.

= The large changes in N@missions required to achieve compliance would: magjor
potential effects on the U.S. energy sector, inolgigotential retirements of coal-fired units
and potential increases in natural gas and eldgtpdces.

= All sectors of the economy would be negatively etiéel, with some sectors potentially
harmed much more than others.

= All regions of the United States would be negatiadfected, with some regions potentially
economically disadvantaged much more than others.

= A sensitivity case assuming limits on natural gaslpction shows that such production
constraints could have significant potential imations for U.S. energy markets.

= |f, as modeled in the sensitivity case, strictesrazregulations restricted natural gas
production, the potential economic impacts of tieter ozone standard would be more
severe.

These estimated impacts are subject to substamitartainties due in part to modeling
uncertainties but primarily due to major data letiins. As noted below, we recommend that
EPA provide updated emissions, control technolazgt/end other information in order to
reduce these uncertainties when it develops its RIA
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B. Recommendations for Forthcoming EPA Regulatory Impat Analysis

The large potential costs and macroeconomic imgaatw in this study suggest two major
recommendations for EPA’s forthcoming RIA on it©oe proposal:

1. EPA should develop analyses of the overall costisesonomy-wide impacts if it puts
forward stricter ozone standards; and

2. EPA should provide updated information on critigpatameters, including the potential
barriers to crude oil and natural gas productiondnattainment areas as well as updated
and expanded estimates of the emission reductimhs@sts required to achieve
alternative ozone standards.

We have developed estimates of the potential inspafcd 60 ppb ozone standard on the U.S.
economy and on U.S. households given the availafdemation on emissions and controls,
including the impacts of a sensitivity case in wwhee assume U.S. natural gas production is
constrained after 2020 as a result of the ozomwlatd. It will be important for EPA to provide
these types of assessments based upon its estiohg@etential compliance costs and resulting
impacts on the economy of more stringent ozonalstals. It seems clear than a more stringent
ozone standard is likely to be very costly and thase compliance costs would have adverse
macroeconomic impacts.

It is important that attainment expenditures andnm@conomic impact assessments be based
upon reliable information. Our analyses uncovenecherous gaps that EPA should fill as it
develops its RIA in order to reduce the large utaeties in compliance costs and resulting
economic impacts. Perhaps the most important gagthe emission reduction compliance
options to achieve the extent of emissions redaostpredicted to be needed for attainment, and
their costs. The bulk of compliance costs to nae@d ppb standard in EPA’s 2008-2010
analyses are based upon “unknown contralg’, controls that are not attributed to particular
control technologies or even to particular sectol¥e develop estimates of these “unknown”
costs based upon the best available informatiorvandus assumptions, but it would be
important for EPA to update its compliance cospinfation to provide a more comprehensive
assessment of emission control options and congadiaasts. Moreover, our sensitivity analysis
assuming natural gas production constraints shba/giportance of this issue for energy
markets and the need for EPA to evaluate potemiadcts of a tighter ozone standard on
domestic energy production, including natural gas @ude oil production.
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APPENDIX A. THE NgwERA MODEL
A. Introduction

NERA developed the NERA model to forecast the impact of policy, regotgt and economic
factors on the energy sectors and the economy.nWWhauating policies that have significant
impacts on the entire economy, this model spetifinacaptures the effects as they ripple
through all sectors of the economy and the assatfaedback effects. TheslERA model
combines a macroeconomic model with all sectoth@economy with a detailed electric sector
model that represents electricity production. Tambination allows for a complete
understanding of the economic impacts of diffepaolicies on all sectors of the economy.

The macroeconomic model incorporates all productextors except electricity and final
demand of the economy. Policy consequences arenitted throughout the economy as
sectors respond until the economy reaches equitibriThe production and consumption
functions employed in the model enable gradualtgubien of inputs in response to relative
price changes, thus avoiding all-or-nothing sohsio

The main benefit of the integrated framework ig tha electric sector can be modeled in great
detail yet through integration the model captuhesinteractions and feedbacks between all
sectors of the economy. Electric technologiestmawell represented according to engineering
specifications. The integrated modeling approdsb jprovides consistent price responses since
all sectors of the economy are modeled. In additimder this framework we are able to model
electricity demand response.

The electric sector model is a detailed model efdalectric and coal sectors. Each of the more
than 17,000 electric generating units in the Uni¢ates is represented in the model. The model
minimizes costs while meeting all specified consatsa such as demand, peak demand,
emissions limits, and transmission limits. The elatktermines investments to undertake and
unit dispatch. Because theWERA model is an integrated model of the entire @&nomy,
electricity demand can respond to changes in paoéssupplies. ThedNERA model represents
the domestic and international crude oil and refipetroleum markets.

The NewERA model outputs include demand and supply afj@tids and services, prices of all
commodities, and terms of trade effects (includihgnges in imports and exports). The model
outputs also include gross regional product, comiom, investment, and changes in “job
equivalents” based on labor wage income, as disdusslow in the section on macroeconomic
modeling.

B. Overview

NERA’s NewERA modeling system is an integrated energy and@oa model that includes a
bottom-up representation of the electricity sedtariuding all of the unit-level details that are
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required to accurately evaluate changes in théreleector. N,ERA integrates the electricity
sector model with a macroeconomic model that inesuall other sectors of the economy (except
for the electricity production) using a top-dowmpresentation. The model produces integrated
forecasts for future years; the modeling for thiglg was for the period from 2014 through 2038
with modeling inputs and results for every thirduye this period. The model produces a
standard set of reports that includes the followirigrmation.

* Unit-level investments in the electric sectaretrofits in response to environmental
policies, new builds (full range of new generatiechnologies represented), retirements
based on economics.

* Prices— wholesale electricity prices for each of 34 Uegjions, capacity prices for each
U.S. region, delivered electricity prices by sedtmreach of 11 macroeconomic regions
in NewERA, Henry Hub natural gas prices and deliveredna&igas prices to the electric
sector for each U.S. region, minemouth coal prioe24 different types of coal,
delivered coal prices by coal unit, refined oil guot prices (gasoline and diesel fuel),
renewable energy credit (REC) prices for each stgm®nal renewable portfolio standard
(RPS), and emissions prices for all regional arttbnal programs with tradable credits.

* Macroeconomic results gross domestic product (and gross regional mtofdu each
macroeconomic region), welfare, changes in disdesabome, and changes in labor
income and real wage rates (used to estimate tahdtet changes in terms of an
equivalent number of jobs).
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Figure A-1 provides a simplified representatiorha key elements of thes.hERA modeling
system.

Figure A-1: N.,ERA Modeling System Representation

The N..ERA Model
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C. Electric Sector Model

The electric sector model that is part of thg B BRA modeling system is a bottom-up model of
the electric and coal sectors. Consistent withnilheroeconomic model, the electric sector
model is fully dynamic and includes perfect forésiunder the assumption that future
conditions are known). Thus, all decisions wittiia model are based on minimizing the present
value of costs over the entire time horizon ofrtiwel while meeting all specified constraints,
including demand, peak demand, emissions limagsimission limits, RPS regulations, fuel
availability and costs, and new build limits. Tinedel set-up is intended to mimic (as much as
is possible within a model) the approach that elesector investors use to make decisions. In

determining the least-cost method of satisfyinghadse constraints, the model endogenously
decides:

= What investments to undertaked, addition of retrofits, build new capacity, repowmit,
add fuel switching capacity, or retire units);
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= How to operate each modeled umitg, when and how much to operate units, which fuels t
burn) and what is the optimal generation mix; and

= How demand will respond. The model thus assessesdde-offs between the amount of
demand-side management (DSM) to undertake ancvet df electricity usage.

Each unit in the model has certain actions theant undertake. For example, all units can retire,
and many can undergo retrofits. Any publicly-anmmd actions, such as planned retirements,
planned retrofits (for existing units), or new @nitnder construction can be specified. Coal units
have more potential actions than other types dsunifhese include retrofits to reduce emissions
of SO, NOx, mercury, and CO® The costs, timing, and necessity of retrofits rhayspecified

as scenario inputs or left for the model to endogsty select. Coal units can also switch the
type of coal that they burn (with practical uniespic limitations). Finally, coal units may redir

if none of the above actions will allow them to mmprofitable, after accounting for their
revenues from generation and capacity services.

Most of the coal units’ actions would be in respotsenvironmental limits that can be added to
the model. These include emission caps (fos, By, Hg, and CQ) that can be applied at the
national, regional, state or unit level. We casoapecify allowance prices for emissions,
emission rates (especially for toxics such as Hdjeat rate levels that must be met. For this
analysis, we have assumed that retirements ofiexispal-fired generators in some states are
part of the compliance actions of those statesiese targeted NOreductions.

Just as with investment decisions, the operatiaaoh unit in a given year depends on the
policies in placed.g, unit-level standards), electricity demand, andrapng costs, especially
energy prices. The model accounts for all theselitions in deciding when and how much to
operate each unit. The model also considers sysielmoperational issues such as
environmental regulations, limits on the shareexigration from intermittent resources,
transmission limits, and operational reserve margiuirements in addition to annual reserve
margin constraints.

To meet increasing electricity demand and reseraggim requirements over time, the electric
sector must build new generating capacity. Fudmgronmental regulations and forecasted
energy prices influence which technologies to baitd where. For example, if a national RPS
policy is to take effect, some share of new gemggatapacity will need to come from renewable
power. On the other hand, if there is a policaddress emissions, it might elicit a response to
retrofit existing fossil-fired units with pollutiocontrol technology or enhance existing coal-fired
units to burn different types of coals, biomassyatural gas. Policies calling for improved heat
rates may lead to capital expenditure spent orwepng existing units. All of these policies

%0 As discussed in the report body,ARA does not incorporate EPA'’s recently proposedersector CQrule.
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will also likely affect retirement decisions. The,ERA electric sector model endogenously
captures all of these different types of decisions.

The model contains 34 U.S. electricity regions (axdCanadian electricity regions).
Figure A-2 shows the U.S. electricity regions.

Figure A-2: N,ERA Electric Sector Model — U.S. Regions

"'—-
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The electric sector model is fully flexible in theodel horizon and the years for which it solves.
When used in an integrated manner with the macraeu@ model, and to analyze long-term
effects, the model has the same time steps ag im#troeconomic model (2014 through 2038,
modeling every third year).

D. Macroeconomic Model
1. Overview

The N.,ERA macroeconomic model is a forward-looking dynanomputable general
equilibrium (CGE) model of the United States. Thedel simulates all economic interactions in
the U.S. economy, including those among industoysiholds, and the government. Additional
background information on CGE models can be foarBlurfisher (2011).
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The N.wERA CGE framework uses the standard theoreticafoe@onomic structure to capture
the flow of goods and factors of production wittiie economy. A simplified version of these
interdependent macroeconomic flows is shown inf@g\+3. The model implicitly assumes
“general equilibrium,” which implies that all secsan the economy are in balance and all
economic flows are endogenously accounted for withe model. In this model, households
supply factors of production, including labor arapital, to firms. Firms provide households
with payments for the factors of production in ratuFirm output is produced from a
combination of productive factors and intermediafuts of goods and services supplied by
other firms. Individual firm final output can bertsumed within the United States or exported.
The model also accounts for imports into the Uniéates. In addition to consuming goods and
services, households can accumulate savings, \néghprovide to firms for investments in new
capital. Government receives taxes from both hooige and firms, contributes to the
production of goods and services, and also purshgmeds and services. Although the model
assumes equilibrium, a region in the model candefitits or surpluses in current accounts and
capital accounts. In aggregate, all markets cleagning that the sum of regional commodities
and factors of production must equal their demaandd,the income of each household must
equal its factor endowments plus any net transéarsived.

The model uses the standard CGE framework developddrow and Debreu (1954). Behavior
of households is represented by a nested Conslastidity of Substitution (CES) utility

function. The model assumes that households semlaximize their overall welfare, or utility,
across time periods. Households have utility fiomst that reflect trade-offs between leisure
(which reduces the amount of time available foneay income) and an aggregate consumption
of goods and services. Households maximize thiditywover all time periods subject to an
intertemporal budget constraint based on theirnme@rom supplying labor, capital, and natural
resource to firms. In each time period, househaidme is used to consume goods and services
or to fund investment. Within consumption, houddbaubstitute between energy (including
electricity, coal, natural gas, and petroleum)speal transportation, and goods and services
based on the relative price of these inputs. Figu#eillustrates the utility function of the
households.
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Figure A-3: Interdependent Economic Flows in N,ERA’s Macroeconomic Model
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Figure A-4: Household Consumption Structure in N, ERA’s Macroeconomic Model
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On the production side, Figure A-5 shows the prtidacstructure of the commercial
transportation and the trucking sector. Producsioacture for the rest of the industries is shown
in Figure A-6. The model assumes all industriegimee profits subject to technological
constraints. The inputs to production are enengyiding the same four types noted above for
household consumption), capital, and labor. Prodo@lso uses inputs from intermediate
products i.e., materials) provided by other firms. Theg,MRA model allows producers to
change the technology and the energy source thetousanufacture goods. If, for example,
petroleum prices rise, an industry can shift thh@aper energy source. It can also choose to use
more capital or labor in place of petroleum, insieg energy efficiency and maximizing profits
with respect to industry constraints.

Figure A-5: Commercial Transportation and Trucking Sector Production Structure in N,,yERA's
Macroeconomic Model
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Figure A-6: Production Structure for Other Sectorsin N.,ERA’s Macroeconomic Model
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All goods and services, except crude oil, are ¢édtals Armington goods, which assume the
domestic and foreign goods are differentiated &od aire imperfect substitutes (Armington
1969). The level of imports depends upon the ieiasof substitution between the imported and
domestic goods. The Armington elasticity amongantgd goods is assumed to be twice as
large as the elasticity between the domestic apaitad goods, characterizing the greater
substitutability among imported goods.

Business investment decisions are informed by éupadicies and outlook. The forward-looking
characteristic of the model enables businesses@mlmers to determine the optimal savings
and investment levels while anticipating futureigies with perfect foresight.

The benchmark year economic interactions are baisede IMPLAN 2008 database, which
includes regional detail on economic interactiom®ag 440 different economic sectors. The
macroeconomic and energy forecasts that are ugaojexct the benchmark year going forward
are calibrated to EIA’&\nnual Energy OutlookAEO) 2014 Reference case.
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2. Interactions between Compliance Costs, Capital Invement, and Household
Expenditures

Regulations cause producers in the affected ingssiv make capital expenditures that they
would not make otherwise. In addition, regulatichange consumption patterns for households.
To model the macroeconomic impacts of regulatibhgERA accounts for interactions between
compliance costs, capital investments, and houdehqienditures based on the following three
effects.

1. Compliance costs for producers in the regulatedugides Producers in the regulated
industries have to make capital expenditures toptpmith the regulation. These
expenditures increase the costs of producing gandservices in the regulated
industries. The higher costs lead to higher prioeshe goods and services, which in
turn lead to lower demand in the regulated indestriThus, this effect reduces economic
activity.

2. Scarcity effect due to non-optimal capital allocati In Ney, ERA’s modeling framework,
the capital expenditures for regulatory compliaaceassumed to be unproductive. The
capital expenditures in the regulated industriekarlass capital available to produce
goods and services throughout the economy. Irr @tbeds, the unproductive capital
expenditures in the regulated industries “crowd puvductive capital investment in the
broader economy. This scarcity effect increasesfiportunity cost of capital in the
economy, which implies higher costs of capital.isTih turn lowers investment in
productive capital and slows economic growth.

3. Household purchases of unproductive durable goBe@gulations also cause households
to change their consumption patterns, particul@arkgrms of durable goods. For
example, households may need to purchase new abil@esydawn mowers, or
equipment for compliance with the regulation. Tehadditional expenditures on
unproductive durable goods are non-optimal fromstl@dpoint of households, but they
represent increased demand for the manufacturictgrseThus, these additional
household purchases increase economic activity.

The net macroeconomic impacts of regulations catedlby N ERA reflect the combination of
these three effects.
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3. Regional Aggregation

The N.,ERA macroeconomic model includes 11 regions byilfram economic data for the 50
U.S. states and the District of Columbia. Thewagiare shown in Figure A-7.

Figure A-7: No,ERA Macroeconomic Model Regions

4, Sectoral Aggregation

The N.,ERA model includes a standard set of 10 econonuitoee five energy (coal, natural gas,
crude oil, electricity, and refined petroleum prot) and five non-energy sectors (services,
manufacturing, agriculture, commercial transpootaeéxcluding trucking, and trucking). These
sectors are aggregated up from the 440 IMPLAN sgctdbhe model has the flexibility to
represent sectors at different levels of aggregatnen warranted, to better meet the needs of
specific analyses.

5. Natural Gas and Crude Oil Markets

As with most commodity markets, there are uncetigsrabout how the U.S. natural gas market
will evolve, and the M,ERA modeling system is designed explicitly to addréhe key factors
affecting future natural gas supply and prices.acount for natural gas supply uncertainty and
the subsequent effect it could have on internatioraakets, the NJERA modeling system has
the ability to represent supply curves for convamai natural gas and shale gas for each region
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of the model. By including each type of naturad,gais possible to incorporate expert
judgments and sensitivity analyses on a varietyngiertainties, such as the extent of shale gas
reserves, the cost of shale gas production, antirgbacts of environmental regulations.

The N.,ERA model represents the domestic and internatiomale oil and refined petroleum
markets. The international markets are represédntdldt supply curves with exogenously
specified prices. Because crude oil is treateal lm@mogeneous good, the international price for
crude oil sets the U.S. price for crude oil.

For this study, we calibrated natural gas and caidgroduction at the state level based on
information fromAEO 2014 While AEO 2014does not provide state-level information, they did
provide us with basin-specific production forecdbtt we translated into state-level production
based on historical state-level production, othéniply-available forecasts by state, and our
own expertise.

6. Macroeconomic Outputs

As with other CGE models, the;fERA macroeconomic model outputs include demand and
supply of all goods and services, prices of all cwdities, and terms of trade effects (including
changes in imports and exports). The model outgstsinclude gross regional product,
consumption, investment, cost of living or burdenconsumers, and changes in “job
equivalents” based on changes in labor wage incoftlenodel outputs are calculated by time,
sector, and region.

Impacts on workers are often considered an impbdatput of policy evaluations. Impacts on
workers are complicated to estimate and to expdacause they can include several different
impacts, including involuntary unemployment, reduts in wage rates for those who continue
to work, and voluntary reductions in hours worke do lower wage rates. No model addresses
all of these potential impacts. TheRA model is a long-run equilibrium model basedmupo
full employment, and thus its results relate toltrger-term effects on labor income and
voluntary reductions in hours worked rather tharolantary unemployment impacts. It
addresses long-run employment impacts, all of whrehbased on estimates of changes in labor
income, also called the “wage bill” or “paymentddbor.” Labor income impacts consist of two
effects: (1) changes in real wage per hour worked; (2) changes in labor market participation
(hours worked) in response to changed real wags.rafhe labor income change can also be
expressed on a per-household basis, which repseseatof the key components of disposal
income per household. (The other key componentisspbsable income are returns on
investments or “payments to capital,” and inconeerfrownership of natural resources). The
labor income change can also be stated in terqobegquivalents, by dividing the labor income
change by the annual income from the average 4oloss of one job-equivalent does not
necessarily mean one less employed person—it mayanéested as a combination of fewer
people working and less income per person who ikiwg. However, this measure allows us to
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express employment-related impacts in terms ofgaivalent number of employees earning the
average prevailing wage.

For modeling the economic impacts of changes imggnerices, we assume that 50% of the
wealth impacts would accrue to local residentsaicheenergy production region (state), and the
remaining 50% of wealth impacts would accrue tagyneompany shareholders based on
national population percentages. We are not awaaieyrecent studies of the geographic
distribution of potential energy sector gains, ®wsed an even division between state and
national impacts given that some energy compamegastate and some gains to national
companies would accrue to local residents. A lametion of energy production (particularly
for natural gas shale developments that have beevaitable through horizontal drilling
techniques and hydraulic fracturing, or “frackings)on private land and generates payments to
local residents (payments, severance taxes, raaggbteases, etc.). The remaining wealth
impacts from changes in energy prices would aeareholders in large publicly-traded energy
companies, who are spread throughout the country.

E. Integrated N, ERA Model

The N.,ERA modeling framework fully integrates the macmeemic model and the electric
sector model so that the final solution is a cdesisequilibrium for both models and thus for the
entire U.S. economy.

To analyze any policy scenario, the system firbtesofor a consistent baseline solution; it then
iterates between the two models to find the equilib solution for the scenario of interest. For
the baseline, the electric sector model is solustl dinder initial economic assumptions and
forecasts for electricity demand and energy priclse equilibrium solution provides the
baseline electricity prices, demand, and supplyelgyon as well as the consumption of inputs—
capital, labor, energy, and materials—by the elestctor. These solution values are passed to
the macroeconomic model.

Using these outputs from the electric sector mdtelmacroeconomic model solves the baseline
while constraining the electric sector to replicdie solution from the electric sector model and
imposing the same energy price forecasts as trseskto solve the electric sector baseline. In
addition to the energy price forecasts, the maaoeaic model’'s non-electric energy sectors

are calibrated to the desired exogenous forecd&tgAEO 2014forecast) for energy
consumption, energy production, and macroecononoiwvttp. The macroeconomic model

solves for equilibrium prices and quantities inmalirkets subject to meeting these exogenous
forecasts.

After solving the baseline, the integrateg 8BRA modeling system solves for the scenario. First
the electric sector model reads in the scenarimitieh. The electric sector model then solves
for the equilibrium level of electricity demandgetricity supply, and inputs used by the electric
sector (.e., capital, labor, energy, emission permits). Tleeteic sector model passes these
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equilibrium solution quantities to the macroeconomiodel, which solves for the equilibrium
prices and quantities in all markets. The macroeodc model then passes to the electric sector
model the following (solved for equilibrium prices)

» Electricity prices by region;
» Prices of non-coal fuels used by the electric sgetg, natural gas and oil); and

» Prices of any permits that are tradable betweenameelectric and electric sectoesd,
carbon permits under a nationwide greenhouse gaarmdtrade program).

The electric sector model then solves for the niewtec sector equilibrium, taking the prices
from the macroeconomic model as exogenous inpihe. models iterate—prices being sent
from the macroeconomic model to the electric setodel and quantities being sent from the
electric sector model to the macroeconomic modelti-inre prices and quantities in the two
models differ by less than a fraction of a percent.

This decomposition algorithm allows the /8RA model to retain the information in the detailed
electricity model, while at the same time accoupnfor interactions with the rest of the economy.
The detailed information on the electricity seaonbles the model to represent regulatory
policies that are imposed on the electricity sertderms of their impacts at a unit level.
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APPENDIX B. ESTIMATES OF STATE-SPECIFIC NO x EMISSIONS
REDUCTIONS REQUIRED TO ACHIEVE 60 PPB OZONE STANDAR D

This appendix provides state-specific estimatab®NG, reductions required to achieve
compliance with a 60 ppb ozone standard. The astisrare based upon EPA projected 2018
baseline emissions and estimates of the emissiefsléhat would achieve the 60 ppb standard.
The baseline NQemissions are based on EPA’s most recent projectar the furthest year in
the future (2018), supplemented by,SRA results for EGU emissions. The estimatediNO
emissions consistent with a 60 ppb ozone standartdased upon EPA’s 2008-2010 ozone
analyses®

A. Baseline NG Emission Projections
1. State-Level Baseline Emissions Projections

The following table shows the baseline Némission projections by state used in our anaf{sis
As shown in the table, baseline N®mission projections for point (non-EGU), areanGpoint),
onroad mobile, and nonroad mobile sources refle&’& most recent projections for 2018,
which are based on historical emissions data falZE&PA 2014a). Baseline N@mission
projections for EGUs reflectNERA baseline outputs for 2026. As discussed inefoix A,
NewERA incorporates a detailed database of all powaetg in the United States, including their
emission rates and operational characteristice HPA information for 2018 includes EGU
emission projections, and its projections are gahesimilar to those from NERA; we use
NewERA EGU emission projections for our analysis tantan internal consistency with our
economic impact modeling usingMERA. The EGU baseline NCemission projections from
NewERA reflect outputs for 2026 because compliancellitess for a new ozone standard of

60 ppb would presumably be around that year fortistages, as discussed in Appendix D. Note
that we use EPA’s projections for the furthest yaahe future (2018) as estimates for emissions
in the compliance year; we expect EPA to develagtatgd emissions information when it
releases its ozone proposal.

3L«“EPA’s 2008-2010 ozone analyses” refers to infdiarain EPA’s 2008 regulatory impact analysis foe bzone
NAAQS, including information on baseline future ditrons and ozone standards of 84 and 75 ppb (EFO8)2
EPA's 2010 supplemental regulatory impact analysiduding information on an ozone standard of 60 (EPA
2010); and data files in Docket No. EPA-HQ-OAR-2a1P25.

32 Our analysis does not include Alaska or Hawaigause EPA did not model air quality in these stitéts 2008-
2010 ozone analyses. Our analysis also exclugeBiitrict of Columbia.
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Table B-1. Baseline NQ Emission Projections by State and Source Catego(000s of tons)

EPA N ERA NERA Baseline
Point Area Onroad Nonroad EGU Total

U.S. Total 1,784 1,680 2,645 2,071 1,924 9,705
Alabam: 6C 25 61 33 83 262
Arizons 1€ 7 53 37 3€ 152
Arkansa 33 17 38 3C 2C 13¢
California 74 6€ 24¢ 16( 8 55z
Coloradc 52 45 41 3C 3€ 20z
ConnectictL 5 13 1t 1t 1 48
Delaware 2 2 6 8 <1 2C
Florida 52 25 134 10¢ 41 35¢
Georgic 51 2C 11C 47 17 24t
Idahc 11 7 2t 1€ <1 58
Ilinois 68 58 73 94 53 347
Indiane 65 27 67 47 114 31¢
lowa 3C 1€ 2¢ 54 47 174
Kansa: 5C 6¢ 27 54 1€ 217
Kentucky 32 4€ 4¢ 33 84 24~
Louisiang 12C 97 4€ 12z 21 407
Maine 13 11 1C 9 <1 44
Marylanc 1€ 13 42 24 1t 11C
Massachusel 14 22 28 27 6 97
Michigar 58 6E 84 48 6E 321
Minnesot: 32 34 53 53 28 19t
Mississipp 3¢ 11 33 23 2C 12¢
Missour 31 1€ 12¢ 5€ 4C 26¢
Montang 7 1¢ 12 3C 27 9C
Nebrask 13 9 1¢ 7¢ 34 15:
Nevad: 9 4 2€ 1t 9 63
New Hampshir 2 5 9 5 2 22
New Jerse 12 24 31 34 5 10€
New Mexicc 24 51 31 25 14 14¢
New York 41 75 92 6¢ 14 291
North Carolin: 38 25 101 4C 3¢ 24z
North Dakot: 1C 17 9 34 57 127
Ohic 58 4C 134 64 9€ 392
Oklahom: 79 97 44 32 6C 312
Oregor 15 14 33 28 1 92
Pennsylvani 62 10t 10C 52 52 371
Rhode Islan 1 6 4 3 <1 15
South Carolin 26 12 4€ 2k 14 12¢
South Dakot 3 7 9 1¢ 1 3¢
Tennesse 39 3C 65 3E 2¢ 19¢
Texas 214 263 213 14¢ 121 95¢
Utar 2C 31 33 13 57 154
Vermon <1 4 5 3 0 12
Virginia 38 31 68 47 22 207
Washingtol 24 1C 8t 61 7 187
West Virginie 25 53 17 1t 6€ 17€
Wisconsir 31 23 52 37 1€ 162
Wyoming 65 4 12 33 41 15t
Note  EPA emission projections are for 2018, angERA EGU emission projections represent 2026.

Source: NERA calculations as explained in text
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2. Oil and Gas Production Projections

EPA’s recent 2018 N©Qemission projections for oil and gas activity besed on oil and gas
production projections from the Energy Informatsaministration’sAnnual Energy Outlook
(AEO) 2013(EPA 2014b, p. 104). As discussed in Appendixva,calibrated future oil and gas
production in N,ERA to AEO 2014 AEO 2014has a 22% higher national crude oil production
projection and an 11% higher national natural gaslyction projection for 2019 thakEO 2013
(EPA 2014b, p. 104). Our use of EPA emission mtayaes for oil and gas activity based on the
AEO 2013hus somewhat understates baseline future emssaiwhthus necessary emission
reductions for 60 ppb.

B. NOyx Compliance Emissions

1. State-Level Compliance Emissions

We used state-specific information from EPA’s 2@08-0 ozone analyses of baseline (existing
standard) N@ emission projections (baseline emissions) ang N&duction requirements to
estimate NQ emission levels in each state consistent with diamge with 60 ppb (compliance
emissions). The necessary fl@mission reductions for 60 ppb in each statelealifference
between baseline emissions and compliance emissions

The EPA baseline emissions projections represe2ld 28d are based on historical data from
2002. Through a series of modeling exercises, Eft#nated NQ emission reductions by sub-
state area that would be needed for compliance sewieral alternative national ozone standards,
including 60 ppb. We gathered EPA information lo@se reductions and aggregated baseline
emissions and reduction requirements to the statd.IEPA methodology was based upon
noncompliance areas using its then-existing ozoowitoring information. EPA did assume that
counties adjacent to nonattainment counties woeédlrio reduce emissions to achieve
compliance. But EPA did not consider the possipbiit noncompliance for counties without
monitors; this omission tends to reduce the extépbtential noncompliance, which would also
reduce the potential costs and economic impaatsmpliance with a national 60 ppb standard.

The EPA information from the 2008-2010 ozone aredyadicated that some areas of California
and Texas would not comply with the 1997 ozonedsteshof 0.80 ppm (84 ppb based on
averaging convention) under baseline conditionse ififormation also indicated that areas of
several states would require reductions to achi®évepb, which became the new ozone standard
in the 2008-2010 NAAQS review.

To estimate compliance emissions in each statpdst, current, and potential future ozone
standards (84 ppb, 75 ppb, and 60 ppb), we subttaaty reductions required to meet each
standard in EPA’s analysis from 2020 baseline @onss This calculation and the resulting
compliance emissions by state are shown in Talf?e BYhen a state did not require any
emission reductions in EPA’s analysis to meet tagestandardd.g, Georgia to comply with a
75 ppb standard), we were not able to estimate stahpliance emissions for that standard; in
such cases, compliance emissions could be gréwatenot equal to 2020 baseline emissions.
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Table B-2. EPA Information from 2008-2010 Ozone Anigses: Baseline NQ Emissions and

Necessary NQ Emission Reductions for 84, 75, and 60 ppb (100@ms of NO)

2020 Reductions from 84pphl Reductions 75pph| Reductions 60ppb
B i 2020 Baseline t« Compliance| from 84ppb Compliance| from 75ppb Compliance
aseiing 84ppb Emissiong to 75ppb Emissiong to 60ppb Emissions

U.S. Total 10,724 816 N/A 582 N/A 3,367 N/A
Alabamg 22¢ - - - - 3€ 18¢
Arizona 15¢ - - - - 5C 10¢
Arkansa 14E - - - - 34 111
California 727 57¢ 151 4E 10€ 4¢ 5€
Coloradt 18t - - - - 62 122
Connectict 51 - - 14 37 2C 1€
Delawart 3€ - - 6 3C 17 13
Florida 392 - - - - 62 32¢
Georgit 281 - - - - 107 174
Idahc 7C - - - - 17 58
llinois 412 - - 101 31C 157 154
Indiane 31¢€ - - 6¢ 247 12z 12¢
lowa 20z - - - - 7 197
Kansa 24( - - - - 34 20t
Kentucky 21¢ - - - - 8C 13¢
Louisiang 517 - - - - 367 151
Maine 47 - - - - 1€ 31
Marylanc 11¢ - - 31 8¢ 4€ 4C
Massachuset 11E - - - - 5C 6€
Michigar 37¢ - - - - 221 15¢
Minnesot: 294 - - - - - -
Mississipp 18t - - - - 5€ 127
Missour 282 - - - - 10¢ 17¢
Montang 87 - - - - - -
Nebrask 151 - - - - 4 14¢€
Nevad: 8C - - - - 1¢ 6C
New Hampshir 34 - - - - 2 31
New Jerse 13€ - - 31 10¢ 57 5C
New Mexicc 17¢ - - - - 6¢ 11C
New York 302 - - 58 25C 13¢ 114
North Carolin: 21¢ - - - - 111 107
North Dakot: 10C - - - - - -
Ohic 391 - - - - 23¢ 152
Oklahom: 30C - - - - 5t 24E
Oregot 12¢ - - - 12 117
Pennsylvani 34¢ - - 72 27¢ 151 12t
Rhode Islan 13 - - - - 2 11
South Carolin 15C - - - - 83 6€
South Dakot 3€ - - - - 1 3€
Tennesse 23t - - - - 73 161
Texas 1,145 23¢ 907 10¢ 79¢ 311 48¢
Utal 12¢€ - - - - 34 a1
Vermon 12 - - - - - -
Virginia 25(C - - - - 11C 14C
Washingtol 20¢ - - - - 4¢ 16C
West Virginie 147 - - - - 54 9z
Wisconsir 21% - - 51 161 52 10¢
Wyoming 13¢ - - - - 17 11€

Note:

conditions according to EPA information in the 2a08L0 ozone analyses.
“N/A” denotes that U.S. total N@emissions for compliance with 84, 75, or 60 ppbrast applicable
because not all states have estimated complianissiemlevels for each ozone standard.
Source: EPA 2008-2010 ozone analyses and NERAIlatilmos as explained in text
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2. Texas and California Compliance Emissions

According to EPA’s 2008-2010 ozone analyses, the Aingeles-South Coast and San Joaquin
Valley areas in California and the Houston are@daras would have baseline ozone levels above
the 1997 standard of 84 ppb in the future yearyaed by EPA (2020). EPA’s 2008-2010 ozone
analysis data includes information on baselineruamissions and necessary future emission
reductions in these areas for compliance with 83 pp well as necessary future emission
reductions to comply with new ozone standardsuitialg 75 and 60 ppb. In the 2008-2010
ozone analyses, EPA assumed that the Californésavehich are the only ozone non-attainment
areas in the country classified as Extreme, woalela longer timeline for compliance with new
ozone standards, and EPA excluded the compliarats tmr the California areas from the main
compliance cost analysis in its 2008-2010 analyses.

The following figure summarizes our understandihgBA data for California and Texas from
the 2008-2010 analyses on baseline future emissiothi:miecessary emission reductions for
compliance with 84, 75, and 60 ppb. The figurespngs our attempt at assembling information
for these two states, information that is not asicin the EPA docket files as the information for
other states (with baseline future ozone levelsvwwé4 ppb).

Figure B-1. Estimating Compliance Emissions in Cdlornia and Texas

California Texas
2020 Baseline - | |
84 ppb Compliance | [N | | ]
75 ppb Compliance | Jlij | [ |
60 ppb Compliance | i [ T
0 200,000 400,000 600,000 800,000 0 500,000 1,000,000
NO, Emissions (tons) NO, Emissions (tons)
OEmissions  B"Unknown" Reductions @ "Known" Reductions @ Adjustment

Note. EPA modeled the Los Angel&suth Coast and San Joaquin Valley regions in 288@pposed to 202
the analysis year for other states). EPA incluti2@ 000 tons of NQemission reductions to account for
inventory changes between 2020 and 2030 attribaitaldecent locomotive-marine regulations (EPA
2008, p. 7b-2); we treat these reductions as dibasajustment.

Nearly all of the “known” reductions specificallgrf60 ppb compliance occur outside of the
extrapolation areas with severe non-attainmentlprob (.e., in areas projected to comply with 75 ppb
but not with 60 ppb).

Source: NERA calculations as explained in text
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C. Required NOyx Emission Reductions

Our analysis assumes that the compliance emiskouifferent standards implied by EPA’s
2008-2010 ozone analyses would remain constantghicut the future. Using our updated
baseline emissions described above, we estimatassary NQ emission reductions for
different ozone standards as the difference betwpdated baseline emission projections and
compliance emissions for the different standarfisese required emission reduction estimates
for standards of 80 ppm (84 ppb based on averagingention), 75 ppb, and 60 ppb in each
state are summarized in Table B-3.

In several cases, EPA projected in its 2008-20heanalyses that a state would be compliant
with a 75 ppb or 60 ppb standard, but the statedated baseline emission projection for 2018
used in our analysis (based on 2011 data) is hifjaerthe 2020 baseline emission projection
used in EPA’s 2008-2010 analysis (based on 2002).daVe were unable to infer compliance
emissions levels for these states and standanssBERA’s analysis (since EPA did not require
any reductions from baseline emissions), so weerest recent historical NCemissions and
ozone concentrations to judge whether these staesstill likely to be in compliance even with
the higher baseline emissions in the updated grojeased in our analysis. In each of these
cases except the current standard of 75 ppb inr&@ado we judged that states estimated to be in
attainment in EPA’s 2008-2010 analyses would Bé&lin attainment even with higher baseline
NOyx emissions. Colorado had at least one ozone maitteeding 75 ppb in all recent years,
so we assumed it would need to return to its ptegebaseline emissions level in EPA’s 2008-
2010 ozone analyses in order to be in attainmer&Sqpb.
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Table B-3. 2018 Baseline Emission Projections andeRuction Requirements for Ozone Standards
(1000s tons of NQ)

Updated Baseline Compliance Emissions Reductions Required
Emission Projections (from Updated Baseline Emissions)
84ppb  75ppb  60ppb 84ppb 75ppb 60ppb
U.S. Total 9,705 N/A N/A N/A 454 904 3,866
Alabamé 262 - - 18¢ - - 75
Arizong 152 - - 10¢ - - 43
Arkansa 13¢ - - 111 - - 27
California 552 151 10¢ 5€ 402 44¢ 497
Coloradc 202 - - 12z - 1€ 81
Connectict 4¢ - 37 1€ - 11 31
Delawart 2C - 3C 1z - - 7
Floride 35¢ - - 32¢ - - 3C
Georgic 24~ - - 17¢ - - 7C
Idahc 5€ - - 58 - - 5
Ilinois 347 - 31C 154 - 37 19¢
Indiane 31¢ - 247 12¢ - 7z 19:¢
lowa 17¢ - - 197 - - -
Kansa 217 - - 20t - - 11
Kentucky 24~ - - 13¢ - - 10€
Louisiane 407 - - 151 - - 25¢€
Maine 44 - - 31 - - 1z
Marylanc 11C - 8¢ 4C - 21 7C
Massachusel 97 - - 6€ - - 31
Michigar 321 - - 15¢ - - 162
Minnesot: 19t - - - - - -
Mississipp 12¢ - - 127 - - -
Missour 26¢ - - 17¢ - - 91
Montang 9C - - - - - -
Nebrask 15z - - 14¢ - - 7
Nevad: 63 - - 6C - - 2
New Hampshir 22 - - 31 - - -
New Jerse 10€ - 10¢ 5C - - 5€
New Mexicc 14¢ - - 11C - - 37
New York 291 - 25(C 114 - 41 177
North Carolini 243 - - 107 - - 13¢
North Dakot: 127 - - - - - -
Ohic 39z - - 152 - - 24(C
Oklahom: 312 - - 24 - - 67
Oregot 92 - - 117 - - -
Pennsylvani 371 - 27¢ 12¢ - 94 24¢
Rhode Islan 1= - - 11 - - 4
South Carolin 12z - - 6€ - - 57
South Dakot 3¢ - - 3€ - - 3
Tennesse 19¢ - - 161 - - 37
Texa: 95¢ 907 79¢ 48¢ 51 16( 471
Utal 154 - - 91 - - 63
Vermon 12 - - - - - -
Virginia 207 - - 14C - - 67
Washingtol 187 - - 16( - - 27
West Virginie 17¢ - - 9z - - 84
Wisconsit 162 - 161 10¢ - <1 58
\Wyoming 15 - - 11€ - - 3¢
Source: NERA calculations as explained in text
Note: “-"denotes that all areas of the state would compth the ozone standard under future baseline
conditions according to EPA information in the 2€8I8L.0 ozone analyses and updated emission
projections.

“N/A” denotes that U.S. total N@emissions for compliance with 84, 75, or 60 ppbrast applicable
because not all states have estimated complianissiemlevels for each ozone standard.
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APPENDIX C. ESTIMATES OF STATE-SPECIFIC COMPLIANCE
COSTS TO ACHIEVE A 60 PPB OZONE STANDARD

This appendix provides state-specific informationestimated compliance costs for an ozone
standard of 60 ppb. As discussed in the reporybed used EPA information on “known”
control measures from its 2008-2010 ozone analyBes states where the “known” control
measures would be insufficient to achieve therfaltessary N@emission reductions for

60 ppb, we supplemented the EPA information witinmesgtes related to coal power plant
scrappage and other potential additional contr@suees as well as with other assumptions to
generate a marginal cost curve, i.e., a relatignsbiween marginal cost per ton and the number
of tons reduced.

As shown in Appendix B, some states require enmsgductions to comply with existing ozone
standards of 84 ppb and 75 ppb. We estimate theefaompliance costs and economic impacts
of all ozone NAAQS requirements, including costs attablg to these existing ozone standards.

All cost values in these appendices are shown I3 2llars. Compliance costs were developed
in 2006 dollars using information from EPA’s 20081D analyses, converted tQ/8RA model
inputs in 2010 dollars using the U.S. Bureau ofriecoic Analysis GDP Implicit Price Deflator,
and further adjusted to 2013 dollars usingA® 2013GDP Chain-type Price IndeX.

A. State-Specific Information on “Known” Control Measures
1. EPA Information on “Known” NO x Controls

In its 2008-2010 ozone analyses, EPA presenteel-spacific information on “known” NQ
controls from five categories of emission sour&&sUs, non-EGU point sources, area sources,
onroad mobile, and nonroad mobile. We developeohaprehensive database of the EPA’s
information on “known” controls from its 2008-20b@one analyses. We removed controls with
negative annualized costs or negativexN€@ductions (which are inconsistent with typical
emission control analysis) and controls with anizeal costs per ton of emission reductions
greater than $100,000 (which were also excludeBR¥%). We also substituted EGU controls
developed using MERA for the EGU controls developed in EPA’s anaysliscussed later in
this appendix). We then calculated the total ahnee costs for “known” control measures in
each state, accounting for the possibility of s@tates not requiring all (or even any) of the
“known” control measures from the 2008-2010 ozamayses based on our calculations of
compliance emissions in Appendix B.

Table C-1 provides a national summary of EPA “kndWN@yx controls that would be needed for
compliance with a new ozone standard of 60 ppleratmoval of controls with negative

% The AEO 2013price index is available starting in 2010.
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reductions, controls with negative costs, and E@htrols). The table shows the specific types
of technologies and measures for each emissiocsaategory. EPA describes each of these
technologies and measures in its 2008 RIA (EPA 200&pter 3 and Appendix 3a). The table
also shows the “known” control emission reductiassa percentage of 2018 baselinexNO
emissions for each emission source category (baséde values above in Table B-1).
“Known” controls reduce nearly half of baseline N@missions from point sources, but the
percentages are much lower for area, onroad mabitbnonroad mobile sources.

Table C-1. National Summary of EPA “Known” NOyx Controls (tons of reduction)

Point (Non-EGU)
Selective catalytic reduction (SCR) without low-NGwrner (LNB)
Low-emission combustion (for internal combustiogieas)
Selective catalytic reduction (SCR) and low-NOxriaur(LNB)
Non-selective catalytic reduction (NSCR)
Selective non-catalytic reduction (SNCR)
OXY-firing (for glass manufacturers)

Low-NOx burner (LNB) without selective catalyticduction (SCR)

Biosolid injection (for cement kilns)
Other

Area
Low-NOx water and space heaters (for commerciddibgs)
Low-NOx burner (LNB)
Switch to low-sulfur fuel (for residential buildiay

Onroad Mobile
Retrofit heavy-duty diesel with selective catalyiduction (SCR)
Continuous inspection and maintenance
Eliminate long-duration idling
Commuting programs
Low Reid Vapor Pressure
Unspecified

Nonroad Mobile
Retrofit heavy-duty diesel with selective catalyiduction (SCR)

No Details (Some Omissions in EPA Data for CA andX)

Total

825,400
466,800
82,000
80,800
70,300
61,400
33,800
20,700
8,200
1,300

27,800
14,000
12,800

1,000

256,100
137,700
27,800
10,500
4,400
1,000
74,800

45,000
45,000

130,100

1,284,400

Note  Totals may not equal sum of rows due to indepenaemding.
Source: NERA calculations as explained in text
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2. State-Specific “Known” NOx Controls

State-specific information on reductions and anedlcosts for “known” controls applied
toward a potential standard of 60 ppb are showiairie C-2. Note that detailed EPA control
information was more difficult to assemble for @ainia and Texas, which require controls for
compliance with 84 ppb in our analysis (as desdrddaove in Appendix B). When detailed
source category and cost information for “knownhtrols were unavailable in these states, we
assumed that “known” controls had zero costs.

3. State-Specific “Known” VOC Controls

In its 2008-2010 ozone analyses, EPA includes dost&nown” control measures to reduce
emissions of volatile organic compounds (VOCSs)tipalarly from area (non-point) sources but
with some additional reductions from other sourggories. The NQemission reduction
requirements that EPA calculated in the 2008-204dhe analyses for 60 ppb reflect
implementation of VOC controls as well.

We focus on N emissions and emission reductions in our anabsisuse EPA indicates that
NOxy is the critical precursor for ozone formation inshareas of the country, particularly for a
tighter new standard of 60 ppb (EPA 2010, pp. $2«8S2-14). We apply the VOC costs in our
modeling, however, because the information on recgdNG emission reductions in the
previous EPA analysis assumes implementation o¥/tD€ controls i.e., necessary N©O

emission reductions in each state for 60 ppb canpé would be different without the VOC
controls). Table C-3 shows the estimates of deatelVOC control costs. The VOC control
costs are small compared with N@ontrol costs (about $800 million in total natibaanualized
Costs).

NERA Economic Consulting C-3



Table C-2. “Known” NO x Controls by Emission Source Category

Reductions (tons NOXx) Annualized Costs (million 2018

Point Area Onroad Nonroad Total Point  Area Onroad Nonroad Total
U.S. Total 825,400 27,800 256,100 45,000 1,284,400 $3,722%76  $850 $225 $4,873
Alabam: 31,30( 90(C - - 32,20( $87 $2 - - $8¢
Arizong 7,00( 30C  11,30¢ 1,40( 20,00( $1: <$1 $31 $7 $52
Arkansa 8,40( 20C 1,60( - 10,30( $2: <$1 $e - $31
Californig 21,70( 70C  55,90( 10,30( 161,700 * $131 $1 $15¢ $5¢ $342
Coloradc 18,80( 50C  11,20( 90C 31,40( $72 <$1 $3C $E $107
Connectict 2,50( 30(C 2,10( 40C 5,40( $7 <$1 $E $2 $1¢4
Delawart 2,10( 10C 70C 20C 3,10( $7 <$1 $2 $1 $1C
Floride 15,60( 40( - - 16,00( $4¢ <$1 - - $4€
Georgic 16,50( 1,50C 18,40( 1,70( 38,00( $4¢ $< $7C $€ $12¢
Idahc 2,40( 10C 70C - 3,20( $4 <$1 $2 - $€
Illinois 15,60( 20C 8,90( 3,90( 28,50( $12( <$1 $3¢ $2( $17t
Indiane 22,60( 70C 7,50( 2,30( 33,00( $9: $1 $3z $11 $13¢
lowa - - - - - - - - - -
Kansa 11,20( - - - 11,20( $e - - - $€
Kentucky 14,40( 40C 7,50( 90C 23,20( $71 <$1 $27 $ $10:
Louisian: 126,301 80( 3,30( 80C 131,20( $69: $1 $1z $4 $711
Maine 9,40( <10C 1,30( 20C 10,90( $31 <$1 $E $1 $37
Marylanc 8,30( 80( 3,20( 1,00( 13,30( $37 $2 $€ $E $52
Massachuset 4,40( 1,00( 8,50( 80C 14,70( $1¢ $2 $2: $ $4:
Michigar 33,80( 2,20( 8,60( 2,20( 46,80( $17¢ $4 $3¢€ $11 $22¢
Minnesot: - - - - - - - - - -
Mississipp - - - - - - - - - -
Missour 17,90( 90C  11,30¢ 1,40( 31,50( $6E $2 $3¢ $7 $11:
Montang - - - - - - - - - -
Nebrask 3,70( 30C - - 4,10( $7 <$1 - - $€
Nevad: 40C 20C 30C - 90(C <$1 <$1 - - <$1
New Hampshir - - - - - - - - - -
New Jerse 4,60( 1,20( 4,90( 1,10( 11,80( $24 $2 $1: $€ $4E
New Mexicc 26,00( 10C 50C - 26,60( $8E <$1 $2 - $87
New York 18,70( 2,60( 7,50( 2,70( 31,50( $7C $2t $2¢ $1: $13¢
North Carolin: 17,10( 300 12,20( 1,30( 30,80( $5¢4 <$1 $4= $€ $10¢
North Dakot: - - - - - - - - - -
Ohic 33,90( 1,80C 15,20( 2,70( 53,60( $17¢ $< $5: $1¢ $24¢
Oklahom: 21,90( 30C - - 22,20( $112 <$1 - - $11:
Oregot - - - - - - - - - -
Pennsylvani 45,00( 1,70C  10,90( 1,60( 59,30( $222 $< $3¢ $€ $27:
Rhode Islan 80( <10(C 50C <10( 1,50( $2 <$1 <$1 <$1 <
South Carolin 17,30( 80( 6,60( 50C 25,30( $6¢4 $2 $2¢ $< $97
South Dakot 70C <10( - - 70C $= <$1 - - $E
Tennesse 25,50( 60C 2,20( - 28,40( $74 $1 $¢ - $8¢4
Texa: 167,80 2,80C 13,70( 3,50( 244,80 * $88¢ $€ $41 $17 $952
Utal 6,10( 30C 5,90( 40C 12,70( $1¢e <$1 $1¢ $2 $3¢
Vermon - - - - - - - - - -
Virginia 16,30( 2,20( 9,60( 1,70( 29,80( $4z $€ $4C $€ $9¢
Washingtol 2,00( <10( - - 2,10( $24 <$1 - - $24
West Virginic 20,20( 30C 90C - 21,40( $82 <$1 $4 - $8¢
Wisconsit 3,50( <10(C 3,20( 80C 7,50( $1: <$1 $1z $4 $2¢
Wyoming 3,60( <10(C 20C - 3,80( $1E <$1 <$1 - $1€

Source: NERA calculations as explained in text
Note  *California and Texas reduction totals include 8lem" controls for which we were not able to gather

detailed EPA information on emission source catggod cost. We assumed that these controls were
zero-cost.
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Table C-3. EPA VOC Controls by Emission Source Catgory

Reductions (tons VOC)

Annualized Costs (million 201%8)

Point Area Onroad Nonroad Total Point  Area Onroad Nonroad Total
U.S. Total 4,600 187,300 95,100 11,100 298,140 $7 $588 $173 $39  $807
Alabam: - - - - - - - - - -
Arizong <10( 5,80( 6,40( 70C 13,00( <$1 $1¢ $1¢€ $< $3:
Arkansa - - 40C - 40 - - $1 - $1
Californig 30C 27,50( <10(¢ <10 27,90( <$1 $5¢ - - $5¢E
Coloradc 20C 4,70( 8,20( 40C 13,40( <$1 $2( $11 $1 $3z
Connectict 20C  13,50( 1,80( 10C 15,70( <$1 $5¢€ <$1 <$1 $5¢
Delawart - - 50C <10 60( - - <$1 <$1 <$1
Floride - - - - - - - - - -
Georgic - - 6,80( 60C 7,40( - - $14 $2 $1¢€
Idahc - - - - - - - - - -
Illinois - - 2,10( 50C 2,50( - - $2 - $2
Indiane <10( 2,70( 2,30( 30C 5,40( <$1 $€ $€ - $1¢4
lowa - - - - - - - - - -
Kansa - - - - - - - - - -
Kentucky - - 2,90( 30C 3,20( - - $€ $1 $7
Louisian: - 3,90( 1,20( 40C 5,60( - $17 $E $2 $24
Maine - - 40C 20C 50(C - - <$1 <$1 $1
Marylanc 10C  18,40( 2,90( 30C 21,70( <$1 $6¢ $2 <$1 $7cC
Massachusetl 20C 3,40( 6,70( 20C 10,50( <$1 $€ $2 <$1 $1:
Michigar 60(C 5,10( 3,10( 1,40( 10,10( <$1 $12 $11 $7 $31
Minnesot: - - - - - - - - - -
Mississipp - - - - - - - - - -
Missour 80( 1,40( 4,60( 40C 7,20( $1 $3 $7 $2 $1z
Montang - - - - - - - - - -
Nebrask - - - - - - - - - -
Nevad: - - - - - - - - - -
New Hampshir - - - - - - - - - -
New Jerse 10C  29,30( 3,60( 40C 33,40( <$1 $117 $2 $1 $121
New Mexicc - - 20C - 20C - - <$1 - <$1
New York 50C 15,00( 6,20( 1,00¢ 22,60( <$1 $2¢ $¢ $ $3¢
North Carolini - - 4.50( 50C 5,00( - - $12 $2 $1:
North Dakot: - - - - - - - - - -
Ohic 20C  16,70( 8,30( 1,00( 26,30( <$1 $6¢ $2C $4 $9:
Oklahom: - - - - - - - - - -
Oregot - - - - - - - - - -
Pennsylvani 40C  23,00( 5,60( 70C 29,80( <$1 $7¢ $1: $< $9¢
Rhode Islan - - 70C <10C 70C - - <$1 <$1 <$1
South Carolin - - 2,30( 30C 2,60( - - $€ $1 $1C
South Dakot - - - - - - - - - -
Tennesse - - 70C - 70C - - $2 - $2
Texa: 40( 8,80( 1,90( 50C 11,60( <$1 $21 - - $21
Utal <10(C 1,00( 4,30( 20C 5,60( <$1 $2 $4 <$1 $7
Vermon - - - - - - - - - -
Virginia <10C 1,60( 5,70( 50C 7,90( <$1 $4 $11 $2 $17
Washingtol - - - - - - - - - -
West Virginie - - 40( - 40 - - $2 - $2
Wisconsit 40( 5,30( 30C 10C 6,10( <$1 $11 <$1 - $1z
Wyoming - - <10( - <10( - - <$1 - <$1
Source: NERA calculations as explained in text
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B. State-Specific Information on EGU Controls
1. Development of EGU Controls in NwERA

We used the electricity module of thg ERA model to estimate the net changes inkNO
emissions and electricity system costs for pote&zlJ controls for 60 ppb compliance. In
particular, in N,ERA, we did not allow coal units to operate (andté¥i®x) in states requiring
emission reductions from “unknown” controls, anddexeloped state-specific estimates of the
net NGO reduction from EGU source categories, net castd,costs per ton of NOemoved.

a. Assumptions

We use the NERA model to estimate the potential N@ductions from scrapping coal-fired
generation and the estimated cost per ton assdaiatie this action. As part of the model runs
we assume that there would not be anyN@issions from any coal-fired generation in the
relevant states. We performed separate analyseacb of the 44 U.S. states that have existing
coal-fired generation. We compared these resuléstiaseline run without coal-specific NO
restrictions.

For each state, the coal-specific Nf@striction was imposed in 2026 and future yedve
selected 2026 for all states for purposes of ctersty, even though some states would make
reductions prior to 2026, and others would not nrakieictions until after 2026. We do not
believe that changing the year would significamtiange the estimated costs per ton removed.
For each state with a coal-specific N@striction, we took the difference between t@G26

U.S. electric sector NPemissions from the state-specific model run aedstame emissions
from the baseline run without coal-specific Nestrictions. This provided us with the net NO
emission reductions (accounting for the reductiori$Ox from coal units in the state of interest,
increases in N@emissions from natural gas-fired generation fromdtate of interest and
surrounding states, and increases inkN@issions from coal-fired generation from surraogd
states). This approach may understate or ovelstatdG; emission reductions because we
have effectively assumed that the state of intevestid be the only state to impose the;NO
restrictions on its coal-fired fleet. N@mission reductions would be understated if tise lo
generation from in-state coal generators couldoeateplaced by coal-fired generation from
surrounding states. NCGemission reductions would be overstated if themahgas-fired
generation in surrounding states were not availebtgEnerate more because it was already
generating to replace lost coal-fired generatiomfwithin its own state as might happen if that
state were to also impose a coal-specifickNi€striction.

To calculate the increased costs resulting fronttdad-specific NQ restriction, we took the
difference between total U.S. electric sector costhe state-specific run and the baseline run
without coal-specific NQ restrictions in 2026. All capital costs were aalized for purposes of
this cost comparison. These costs are mostly eddromAEO 2013andAEO 2014 including
capital and operating costs of new natural gasHgenerators and other types of generators
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(AEO 2013, natural gas prices\EO 2014, and electricity demand®EO 2014. The increases

in costs therefore reflect the following: changes$uel costs resulting from operating higher cost
generating units (either natural gas-fired, coaef] or other dispatchable resources), changes in
O&M costs from the change in dispatch, and annedl@osts associated with building new
generating resources (if necessary). The costiafg understated for some of the same
reasons that emission reductions might be ovetsthté also because if many states were to
impose coal NQ limits, then electric sector demand for natura gauld likely increase,

thereby increasing natural gas prices (as showaimain results). For this analysis of

potential EGU controls, natural gas prices weremgsl to be unchanged.

b. Cost per Ton of NO« Reduced by State

Table C-4 shows the cost per ton of N@moved by state based upon the assumption thkt co
fired generation from existing EGU sources woultlaxxur in 2026 and beyond for the relevant
states.

Oregon only has one existing coal plant, Boardrmaad,that plant is scheduled to retire prior to
2026, thus there are not any changes irx Bfdissions or costs. South Dakota and Georgia
show increases in NCemissions, which happens because lowey BRitting coal-fired
generation in those states is replaced by impdmeatricity, which have higher NOemissions
per unit of power. Finally, Connecticut shows alirdecrease in costs in 2026 along with a
decrease in NPemissions. While costs decline in 2026, costeeme over the entire model
horizon, so this is just an intertemporal impact.

2. Combination of EGU Controls with EPA “Known” Contro Is

For states where coal power plant scrappage afacepent would cost less than $30,000 per
ton, we included this measure with the EPA “knowahtrols in the marginal cost curve. For
states where it would cost more than $30,000 perte included this measure in the segment of
the marginal cost curve reflecting “unknown” cotdras explained below.

C. State-Specific Information on “Unknown” Controls
1. Necessary NQ Emission Reductions from Additional Controls

We estimated the necessary fNémission reductions from additional controls facle state by
calculating the gap between each state’s necegsgalyNOy emission reductions for 60 ppb and
reductions that would be achieved from “known” cols and NwERA EGU controls costing

less than $30,000 per ton. These additional ctantepresent either EGU controls costing more
than $30,000 per ton or “unknown” controls for whige do not have any detailed information.
Table C-5 shows the calculation of reductions fiditional controls for each state.
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Table C-4. Summary of N,ERA EGU Control Modeling in 2026

Note

Average Cost per Ton Removed (2013%)

Alabama
Arkansas
Arizona
California
Colorado
Connecticut
Delaware
Florida
Georgia

lowa

llinois

Indiana
Kansas
Kentucky
Louisiana
Massachusetts
Maryland
Michigan
Minnesota
Missouri
Mississippi
Montana
North Carolina
North Dakota
Nebraska
New Hampshire
New Jersey
New Mexico
Nevada

New York
Ohio
Oklahoma
Oregon
Pennsylvania
South Carolina
South Dakota
Tennessee
Texas

Utah

Virginia
Washington
Wisconsin
West Virginia
Wyoming

$18,241
$10,491
$18,411
$3,970
$25,024
$0
$184,330
$57,770
N/A
$24,593
$68,039
$29,061
$84,506
$25,470
$17,671
$31,329
$15,024
$31,528
$37,828
$46,412
$19,888
$19,104
$28,351
$14,114
$28,692
$20,177
$78,909
$47,929
$2,757
$10,482
$30,612
$9,741
N/A
$43,014
$5,933
N/A
$47,808
$63,272
$8,536
$7,393
$4,307
$70,241
$119,580
$26,87-

Source: NERA calculations as explained in text

NERA Economic Consulting

“N/A” denotes that the state would not achieveM@ reductions from coal power plant scrappage.
States are omitted if they do not have any coalgoglants.
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Table C-5. Additional Reductions Required After EPA“Known” and N ,ERA EGU Controls
Costing Less than $30,000 per Ton (tons of N®

Coal Power Plant

Updated Baseline Reductions for " " Additional
g EPA "Known Scrappage .
Emission 60ppb (from . . Reductions
Projections Updated Baseline Reductions Reductions Needed
(<$30,000/ton)
U.S. Total 9,704,600 3,866,100 1,284,400 698,200 1,883,5
Alabam:é 262,30 74,70( 32,20( 42 50( -
Arizons 152,301 43,20( 20,00( 23,10( -
Arkansa 138,30 27,30( 10,30 17,00( -
California 553,40 497,30 161,70( - 335,50
Coloradt 203,30 81,00( 31,40( 32,70( 16,90(
ConnecticL 48,50( 30,90( 5,40( 60C 24,90(
Delawart 19,70( 6,80( 3,10( - 3,70(
Florida 358,00 29,70( 16,00( - 13,70(
Georgic 244,60 70,40( 38,00( 14,40( 18,00(
Idahc 57,70( 4,60( 3,20( - 1,40(
llinois 347,501 193,70 28,50( - 165,20
Indiane 319,10 193,30 33,00( 106,20 54,10(
lowa 173,900 - - - -
Kansa 216,50 11,20( 11,20( - -
Kentucky 245,000 106,201 23,20( 82,00( 1,00(
Louisiant 406,901 256,40 131,20 11,20( 113,90
Maine 43,60( 12,70( 10,90( - 1,80(
Marylanc 110,000 69,80( 13,30( 11,00( 45,50(
Massachusel 96,90( 30,90( 14,70( 3,90( 12,40(
Michigar 320,501 162,801 46,80( 55,70( 60,30(
Minnesot: 194,90 - - - -
Mississipp 126.40( - - - -
Missour 268,50 90,60 31,50( - 59,20
Montane 90,40( - - - -
Nebrask 153,201 6,80( 4,10 2,70( -
Nevad: 62,50( 2,30( 90(C 1,400 -
New Hampshir 22,20( - - - y
New Jerse 106,30 56,00 11,80( - 44,20
New Mexicc 146,100 36,60 26,60( - 9,90(
New York 291,400 177,400 31,50( 5,90( 140,000
North Carolin: 243,40 136,10 30.80( 36,90( 68,50(
North Dakot: 127,20 - - - -
Ohic 392,301 240,000 53,60( 86,60( 99,80
Oklahom: 311,900 67,10( 22,20( 44,90( -
Oregor 91,60( - - - -
Pennsylvani 370,80 245,60 59,30( - 186,201
Rhode Islan 14,90( 3,60( 1,50( - 2,10(
South Carolin 123,30 57,10( 25,30( 9,80( 22,00(
South Dakot 39,20( 3,40( 70C - 2,70(
Tennesse 198,70( 37,30( 28,40( - 8,90(
Texa: 958,601 471,001 244 80! - 226,201
Utal 153,901 62,80 12,70( 50,10( -
Vermon 12,30( - - - -
Virginia 206,700 67,10( 29,80( 19,20( 18,20(
Washingtol 187,000 27,30( 2,10( 5,40( 19,80(
West Virginic 176,201 83,90( 21,40( - 62,50(
Wisconsit 161,60( 52,60 7,50 - 45,00(
Wyoming 155,101 38.60! 3.80( 34.80( -
Source: NERA calculations as explained in text
NERA Economic Consulting C-9



2. Estimating the Cost of Additional Controls
a. Overview of the NERA Marginal Cost Curve

As mentioned in the report body, we performed dedaanalyses of residual emissions from
each source category in each state assuming imptatien of all the EPA “known” controls to
develop the bases for updated estimates of potewtilitional control options and their costs.
We developed illustrative extensions of each staterginal cost curve for “unknown” controls
(as needed) using as an anchor point a particotanpal additional control at an estimated cost
per ton and an estimated placement along the huakaxis reflecting cumulative NGemission
reductions up to that point. In particular, ouclaor point for the segment of each state’s
marginal cost curve for “unknown” controls reflestgappage of older high-emission-rate
passenger cars and light duty trucks and replacewignnew low-emission-rate vehicles.

To estimate the cost per ton of this anchor pewetadapted the methodology used in Knittel
(2009) to estimate the cost-effectiveness of thesGmer Assistance to Recycle and Save Act
(CARS or “Cash for Clunkers”). The Knittel (200@pdel compares the average rebate paid for
scrapping an existing vehicle and purchasing aom@svthrough the CARS program (the cost)
with an estimate of emission reductions achievethbyehicle trade-in. We use a similar
framework with different assumptions to estimate ¢bst per ton of reducing N@missions
through a vehicle scrappage program in an illusdttureyear of 2020 (the first attainment
year in our analysis). We assumed the target higehicles scrapped in the future program
would be 13 years with an expected remaining udigéubf about 45,000 miles based on the
survival probabilities and average VMT by vehiclatage shown in Knittel (2009), Table*2.

We assumed the rebate (the cost per vehicle) waitbout $4,200 in 2009 dollars, the same as
the average rebate paid through the CARS prodfawiie annualized the rebate over a
remaining useful vehicle life of about 4 years &0adiscount raté®

Newer vehicles are required to meet more strinidyt emission standards, so N@®missions

are reduced as older vehicles are scrapped arategplvith new vehicles. The emission rate for
scrapped vehicles was estimated as the averag®ypéidission rate standards for new cars and
light trucks in 2007, the relevant emission ratsdards for vehicles that will be 13 years old in

34 Survival probabilities are from the NHTSA 2006 Wz Survivability and Travel Mileage Schedule. \i& the
average of car and light truck expected VMT remmainiwveighted by the 2020 car and light truck stpakected
in AEO 2014and conditional on survival to age 13 as in Kni£09).

% The average rebate assumed in Knittel (2009),808% and the average age of vehicles scrappedghrihe
CARS program was 14 years (NHTSA, 2009 p. 21). ad&ume a program aiming to scrap vehicles averagssg
than 13 years of age would require a somewhat higherage rebate; for programs targeting olderolesj we
select a rebate by multiplying thd&=O 2014projected new light duty vehicle price for 2020thg target vehicle’s
share of remaining lifetime VMT, scaled by a cadifion factor to return a rebate of $4,200 for egpan targeting
13-year-old vehicles (as observed in the CARS fanagr

3 Annualization years were based on vehicle milesairing (described above) and an assumed averaiz@do
miles per year from Knittel (2009).
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20203 The resulting emission rate for scrapped vehisis 0.19 g/mile. Finally, we assumed
new replacement vehicles would have an emissi@nafad.03 g/mile to meet EPA Tier 3
emission rate standards and calculated annual@&@ssion reductions per vehicle of 0.0022
tons. Comparing the annualized rebate cost taineal emission reductions gave a cost per ton
of about $540,000.

Using VMT by age information shown in Knittel (200&nd the 1999 age distribution of the car
and light truck stock from MOVES2010 documentat{B®A 2010a), we estimate that scrapping
light-duty vehicles 13 years old and older woulidn@hate about 50% of light-duty vehicle
emissions. As explained above, the marginal costi@Epping enough of the fleet to achieve a
50% NGO emissions reduction from passenger cars anddigiyttrucks would be approximately
$500,000 per ton, and we assume that this optiardiMze undertaken at the part of each state’s
marginal cost curve corresponding to a 75% redndtiom the baseline NPemission level.

This calculation is based on estimates foryNfnissions rates by age of passenger cars and light
duty trucks, survival rates and VMT for vehiclestimated rebates that would need to be paid to
vehicles owners to scrap their vehicles, and theanmeing useful life of a vehicle when it would

be scrapped.

This anchor point, in combination with cost-per-toformation for “known” controls (including
coal scrappage if less than $30,000/ton in the)stdetermines the slope of the “unknown”
segment of each state’s marginal cost curve. Wieate total annualized costs for “unknown”
controls for each state using this slope and tleessary remaining tons of N@mission
reductions after implementation of “known” contr@iscluding coal scrappage if less than
$30,000/ton in the state). Section Il of the reflrstrates the nature of the marginal cost curve
we presume, showing the anchor points and the segrhéhe curve representing costs for
“‘unknown” control measures.

The increasing marginal cost curve can be motivhtedonsidering the steps involved in
expanding a program to scrap existing passengseracar light duty trucks. Using the same
methodology described above, we estimate that @leettrappage program targeting older
vehicles than our example above could achieve ar&di4ction in light-duty vehicle emissions
at a marginal cost of about $120,000 per ton.olmrast, newer vehicles have a longer useful
life and would thus require a larger rebate to imisgze their owners to scrap and replace them
with lower-emitting vehicles. Scrapping newer védscalso reduces emissions less than
scrapping older, higher-emitting vehicles, so thergmal cost of reducing vehicle emissions
would thus increase as a program moves from sargppder vehicles to scrapping a larger
share of the vehicle fleet (including newer velsgle

37 We estimate vehicle NCemission rates for each vehicle vintage by lineterpolating between historical
federal NQ emission standards for new vehicles.
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b. Implications for Other Source Categories

We believe that other source categories haverarisiarginal cost curve similar to that of
passenger cars and light duty trucks. We haveatgs of the emissions that remain in these
source categories after accounting for “known” colstand can infer an approximate minimum
cost for these reductions (otherwise these redusticould have been included in “known”
controls). Further, the remaining N@missions from many of these other source categori
reflect different vintages of equipment presumatityh improving NG, emissions rates over
time as efficiencies of the equipment have improwvedch like that of passenger cars and light
duty trucks. Thus, we think it is reasonable thatcost of reductions in these sectors would
conform to a marginal cost curve similar to theridor passenger cars and light duty trucks.

3. Reductions and Costs from Additional Controls by Site

Table C-6 shows emission reductions from additi@oaltrols beyond “known” controls and
EGU controls costing more than $30,000 per tone ddsts of “unknown” controls were
estimated at the state level using the cost cuethodology discussed above. The final
compliance costs for all EGU controls were deteadiandogenously in the.NERA model and
cannot be isolated from other electricity sectopaets of the ozone standards.

We allocated total estimated costs for “unknownvitcols (shown in Table C-6) to the four
emission source categories other than EGU: (1)tp@harea; (3) onroad mobile; and (4)
nonroad mobile. This allocation was based on the-devel emissions remaining in each source
category after applying the EPA “known” controlsor example, if 30% of a state’s non-EGU
emissions after implementing “known” controls warehe nonroad emission source category,
we placed 30% of that state’s “unknown” controlteaa the nonroad source category. Table C7
shows the share of “unknown” control costs alloddteeach emission source category by state.

D. Total State-Specific Annualized Compliance Costs

Table C-8 summarizes our total non-EGU annualizedpiance cost estimates by state,
separated between “known” and “unknown” control sugas. Note that annualized costs for
“known” control measures include costs for VOC colstin addition to costs for NQOcontrols.
Final compliance costs for all EGU controls weréedained endogenously in the /ERA
model and are not included in Table C-8.
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Table C-6. Costs of Additional Controls by State

Reductions from Additional Controls

Costs of Additional Controls

(tons NO,) (million 2013$)
Coal Power Coal Power
Plant Scrappage "Unknown" Total | Plant Scrappage "Unknown"
(>$30,000/ton) (>$30,000/ton)
U.S. Total 295,20 1,588,301 1,883,50! Modeled $342,15¢
Alabam: - - - - -
Arizona - - - - -
Arkansa - - - - -
California - 335,50 335,501 - $128,75.
Coloradt - 16,90( 16,90( - $1,30¢
ConnecticL - 24,90( 24,90( - $6,11:
Delawart - 3,70( 3,70( - $39¢
Florida - 13,70( 13,70( - $46¢
Georgit - 18,00( 18,00( - $1,06"
Idahc - 1,40( 1,40( - $2:
llinois 48,20( 117,00( 165,201 - $18,97.
Indiane - 54,10( 54,10( - $9,47*
lowa - - - - -
Kansa - - - - -
Kentucky - 1,00( 1,00( - $2¢
Louisian: - 113,90( 113,90( - $24,52
Maine - 1,80( 1,80( - $81
Marylanc - 45,50( 45,50( - $10,71
Massachusel - 12,40( 12,40( - $1,15:
Michigar - 60,30( 60,30( - $9,01:
Minnesot: - - - - -
Mississipp - - - - -
Missour 38,60( 20,60( 59,20( - $1,13:
Montanz - - - - -
Nebrask - - - - -
Nevad: - - - - -
New Hampshir - - - - -
New Jerse 2,60( 41,60( 44.20( - $7.87¢
New Mexicc 9,90( - 9,90( - -
New York - 140,00( 140,001 - $32,811
North Carolin: - 68,50( 68,50( - $12,98:
North Dakot: - - - - -
Ohic - 99,80( 99,80( - $20,48!
Oklahom: - - - - -
Oregor - - - - -
Pennsylvani 43,80( 142,50( 186,201 - $28,79:
Rhode Islan - 2,10( 2,10( - $17(
South Carolin - 22,00( 22,00( - $2,77¢
South Dakot - 2,70( 2,70( - $107
Tennesse 4,80( 4,10( 8,90( - $11¢
Texas 72,00( 154,20( 226,20 - $17,071
Utal - - - - -
Vermon - - - - -
Virginia - 18,20( 18,20( - $1,30:
Washingtol - 19,80( 19,80( - $1,18¢
West Virginie 62,50( - 62,50( - -
Wisconsir 12,80( 32,30( 45,00( - $3,26:
Wyoming - - - - -
Note: Coal power plant scrappage compliance costs deerdimed in the N,ERA model.

Source: NERA calculations as explained in text
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Table C-7. Cost Allocation for “Unknown” Controls to Non-EGU Source Categories

Non-EGU pnknown Share of Non-EGU Emissions Remaining
Control Annualized Costs After "Known® Controls
(million 2013$)
Point Area Onroad Nonroad

U.S. Tota $342,15! 14% 24% 34% 29%
Alabamg - - - - -
Arizona - - - - -
Arkansa: - - - - -
Californis $128,75. 11% 14% 42% 33%
Coloradc $1,30¢ 24% 33% 22% 21%
ConnectictL $6,11: 6% 29% 31% 34%
Delawart $39¢ 0% 15% 36% 49%
Florida $46¢ 12% 8% 45% 35%
Georgic $1,06¢ 18% 10% 48% 24%
Idahc $2¢ 16% 12% 44% 29%
llinois $18,97: 20% 22% 24% 34%
Indiane $9,47" 25% 15% 34% 26%
lowa - - - - -
Kansa - - - - -
Kentucky $2¢ 13% 33% 30% 24%
Louisian¢ $24,52 0% 37% 16% 47%
Maine $81 12% 34% 26% 28%
Marylanc $10,71 10% 15% 47% 28%
Massachuset $1,15: 13% 28% 25% 34%
Michigar $9,01: 12% 30% 36% 22%
Minnesot: - - - - -
Mississipp - - - - -
Missour $1,13: 6% 9% 57% 28%
Montan: - - - - -
Nebrask - - - - -
Nevad: - - - - -
New Hampshir - - - - -
New Jerse $7.87¢ 9% 25% 29% 37%
New Mexicc - - - - -
New York $32,81! 9% 30% 34% 27%
North Carolin: $12,98: 12% 15% 51% 23%
North Dakot: - - - - -
Ohic $20,48! 10% 16% 49% 25%
Oklahom: - - - - -
Oregor - - - - -
Pennsylvani $28,79: 7% 40% 34% 19%
Rhode Islan $17C 4% 43% 28% 26%
South Carolin $2,77¢ 11% 13% 47% 29%
South Dakot $107 7% 20% 24% 49%
Tennesse $11¢ 10% 21% 45% 25%
Texas $17,071 7% 40% 31% 22%
Utal - - - - -
Vermon - - - - -
Virginia $1,30: 14% 19% 38% 29%
Washingtol $1,18¢ 12% 5% 48% 34%
West Virginie - - - - -
Wisconsir $3,26: 20% 17% 36% 27%
Wyoming - - - - -

Note: “-” indicates that there were no non-EGU “natwn” control costs in the state, and thereforaeed to
estimate emissions remaining in each source catedtar “known” controls.
Source: NERA calculations as explained in text
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Table C-8. Annualized Compliance Costs of a 60 ppbtandard by Control Type and State (million
20139%)

"Known" Control "Unknown" Control Total Non-EGU
Costs Costs Control Costs

U.S. Total $5,703 $342,159 $347,862
Alabamé $8¢ - $8¢
Arizonz $8¢E - $8t
Arkansa $32 - $32
California $397 $128,75 $129,14
Coloradt $13¢ $1,30¢ $1,44¢
Connectict $7: $6,11: $6,18:¢
Delawart $1C $39¢ $40¢
Florida $4¢€ $46¢ $51:
Georgi $14: $1,06* $1,20°
Idahc $¢ $2: $3z2
llinois $17¢ $18,97: $19,15:
Indianz $152 $9,47" $9,62¢
lowa - - -
Kansa: $€ - $€
Kentucky $111 $2¢ $13¢
Louisiane $73¢ $24,52° $25,26:
Maine $3¢ $81 $12(
Marylanc $122 $10,71( $10,83:
Massachusel $5¢€ $1,15: $1,20¢
Michigar $25¢ $9,01: $9,26¢
Minnesot: - - -
Mississipp - - -
Missour $12¢ $1,13: $1,25¢
Montans - - -
Nebrask %€ - %€
Nevad: $2z - $2:
New Hampshir - - -
New Jerse $16¢€ $7,87¢ $8,04:
New Mexicc $8¢ - $8¢
New York $17: $32,81t $32,98!
North Carolin: $11¢ $12,98: $13,10:
North Dakot: - - -
Ohic $34: $20,48! $20,82°
Oklahom: $11: - $11:
Oregor - - -
Pennsylvani $36¢ $28,79: $29,16!
Rhode Islan $4 $17C $17¢
South Carolin $10¢ $2,77¢ $2,88¢
South Dakot $E $107 $112
Tennesse $8¢ $11¢ $20:
Texas $97: $17,07( $18,04.
Utat $4z - $4z
Vermon - - -
Virginia $118 $1,30: $1,41°
Washingtol $24 $1,18¢ $1,20¢
West Virginie $8¢ - $8¢
Wisconsil $41 $3,26¢ $3,30
Wyoming $1€ - $1€

Note: “-" indicates that there were no non-EGU “unknownhtrol costs in the state, and therefore no need to
estimate emissions remaining in each source catedtar “known” controls.
Source: NERA calculations as explained in text
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E. EPA Compliance Cost Estimates

This section discusses issues related to EPA'matts of total annualized costs for 60 ppb in its
2010 supplemental ozone analysis. In this sectienpresent the estimates, note important
details regarding their calculations and scope,samdmarize key differences from the cost
estimates that we developed for this analysisth&dinal section of this section, we also discuss
implications of these issues for the forthcomingAEZone analysis.

1. EPA Total Cost Estimates

EPA provided information on the necessary emisgeolnictions and costs for 60 ppb compliance
in its 2010 supplemental ozone analysis (EPA 201@HA performed its analysis for a single
future year: 2020. Its calculations of necessamssion reductions and costs for 60 ppb reflect
its projections of baseline emissions and baselinguality in that future year.

EPA used two approaches to estimate the costsnshawn” controls in its 2008-2010 ozone
analyses, and it developed estimates using vapargneters for each of the two approaches. In
the “fixed” approach, EPA assumed that all “unkndwontrols would have a constant cost per
ton, and it developed estimates using $10,000,0805.and $20,000 per ton as parameters. In
the “hybrid” approach, EPA assumed that “unknoworitcols would begin at $15,000 per ton in
each area and would gradually increase in margistl based on possible slope parameters.
EPA developed estimates for the “hybrid” approasimg 0.12, 0.24, and 0.48 as the slope
parameters (EPA 2008, pp. 5-10 to 5-22; EPA 20@pbS2-17 to 82-183)8.

Table C-9 reproduces the total annualized coghestis for 60 ppb from EPA (2010b). As
shown in the table, EPA estimated that “known” colstfor 60 ppb compliance in 2020 would
have a total annualized cost of $4.5 billion (i&@lollars). The cost estimates for “unknown”
controls reflect the two approaches with their nedoarameters.g., the “fixed” approach
assuming $15,000 per ton and the “hybrid” apprasguming 0.24 as the slope parameter).
Thus, the total cost for 60 ppb in the EPA 2010ysiswas about $52 billion for the “fixed”
approach with this assumed cost per ton and at8fub®ion for the “hybrid” approach with
this assumed slope parameter.

3 NERA'’s approach for estimating the costs of “unkn® controls is similar to EPA’s “hybrid” approadh using
an upward-sloped marginal cost curve, as desciib&gpendix C.
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Table C-9. EPA Total Annualized Cost Estimates fo60 ppb from 2010 RIA (billion 2006$)

“Known” Controls $4.5
“Unknown” Controls | “Fixed”: $47  “Hybrid”: $85
Total “Fixed”: $52  “Hybrid™: $90

Note:  Costs reflect compliance actions for 2020.
“Fixed” approach for costs of “unknown” controkflects assumption of $15,000 per ton.
“Hybrid” approach for costs of “unknown” contraisflects assumption of 0.24 slope parameter.
Source: EPA (2010b), Table S2.9 (p. S2-19)

The following points should be noted regardingERA cost estimates from the 2010 analysis.

= Annualized costs for 20268s noted above, EPA only evaluated a single &uyaar (2020)
for its previous ozone analysis. EPA did not adslitaggered implementation of
compliance deadlines for nonattainment areas ianysis. Its cost estimates reflect
annualized costs that combine capital expenditfo@sverted from lump sums to annualized
values) and operating expenditures (incurred ocarsrual basis). It did not calculate a
present value based on its annualized cost essmate

» Ranges of cost estimatés noted above, EPA used various approaches amusgar
parameters to estimate the costs of “unknown” adéfor 60 ppb compliance. Its main
table of results (reproduced above) uses the mpli@meters for the two approaches.
Results using other parameters are shown in DéaleB99 (EPA 2010c). This file shows
that for the “fixed” approach, “unknown” controlowld cost $32 billion (in 2006 dollars)
using $10,000 per ton and $63 billion using $20,000ton. It also shows that for the
“hybrid” approach, “unknown” controls would costébillion using 0.12 as the slope
parameter and $123 billion using 0.48 as the sp@pameter.

= Exclusion of Southern and Central Californi&PA did not include ozone compliance costs
for Southern and Central California in its mainteestimates, because these areas would
have extra time (beyond 2020) to improve theigaality (EPA 2008, pp. 4-3, 5-10, and 7b-
1 to 7b-14; EPA 2010b, p. S2-19).

= Error in “Hybrid” Approach Calculations.The spreadsheet that EPA used to calculate the
costs for “unknown” controls with the “hybrid” apgach contains an error. Information for
Cleveland, Mississippi was erroneously applied l@v€land, Ohio, leading to incorrect cost
estimates for both areas. As a result of thisrecmst estimates for 60 ppb based on the
“hybrid” approach were too high by about $8 billin 2006 dollars) using the low slope
parameter of 0.12, by about $15 billion using thddie slope parameter of 0.24, and by
about $30 billion using the high slope parametdd.d48. While EPA was made aware of
these errors, it was instructed to terminate tfemezeconsideration in September 2011
(OMB 2011), and as a result corrected cost estsnagre never issued.
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2. Differences from NERA Cost Estimates

The EPA total cost estimates that are summarizedeadiffer from cost estimates in this study
because NERA has undertaken an improved, morereedeased approach for developing
reasoned estimates of the costs for the two-thufdise controls that EPA treated as “unknown”
in its prior analysis. EPA made estimates of th& per ton for those two-thirds of the overall
controls without any reference to or assessmetiteofictual types of controls that would

logically have to be undertaken to eliminate thadditional tons. Our assessment, having used

available information to estimate the range of €@&r ton that would be associated with those
remaining types of emissions sources, indicatasHRA'’s earlier extrapolation assumptions
were probably too low. There are a number of oteasons why NERA'’s cost estimates differ
from those in the earlier EPA RIA:

Annualized vs. annual costs and present valdsgiscussed earlier in this appendix, NERA
used annualized cost information for “known” coigrisom the EPA 2008-2010 ozone
analysis and supplemented it with modeling of doall generation unit scrappage and other
potential additional controls to estimate the ca$t&inknown” controls, which we also
calculated on an annualized basis. As discussAgpendix D, the costs for each state were
divided between capital and operating expenditareswere entered into various years in
NewERA based on potential state designations and ¢anga deadlines. The report body
also shows the estimated costs as a present vahues, the NERA cost information

accounts for staggered implementation of the oateredard across states and includes a
present value, in contrast to the EPA analysis.

2020 vs. staggered implementatiés discussed above, EPA used baseline emissiwhs a
air quality projections for 2020 to estimate neaeg&mission reductions and associated
costs for 60 ppb compliance in that year. NERAporated staggered implementation of
the ozone standard into the modeling by specifpioigntial designations and compliance
deadlines for each state and developing cost ety year based on those designations.

Exclusion vs. inclusion of Southern and CentralifGatia. In contrast to the EPA analysis,
NERA included all parts of the country (with availa information) in the cost estimates and
economic impact modeling. As with other areas, MERecified a potential ozone
nonattainment designation and compliance deadtin€&lifornia for each relevant level (84,
75, and 60 ppb). Our analyses related to Calioane described in Appendices B, C, and D.

All sectors vs. separate modeling of electricitgtsecosts The EPA cost estimates reflect
emission reductions in all sectors, including tleteicity sector. In contrast, NERA used

the electricity sector module of the /JERA modeling system to analyze emission reductions
in that sector, and compliance costs for the at@trsector are not included in NERA's cost
estimates.

2006 vs. 2013 dollar€EPA presented its cost estimates in the 2008-p@bfe analyses in
2006 dollars. NERA presents costs in 2013 dollars.
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For these reasons, the EPA and NERA cost estimatest be compared on an “apples-to-
apples” basis.

3. Implications for Forthcoming EPA Analysis

This discussion of EPA’s total cost estimates fits12010 analysis and differences with
NERA'’s analyses has several implications for EFAithcoming ozone analysis.

= Staggered implementatioAnalysis for a single future year has limitedfuseess when
different areas of the country would have differemtnpliance timelines (and may also still
need to comply with previously promulgated standasdch as the 1997 ozone standard of
84 ppb and the 2008 ozone standard of 75 ppb). €@Ald incorporate staggered
implementation into its forthcoming ozone analysisa more realistic treatment of timing
issues. In addition, expanding the analysis beyofshapshot” yeare(g, 2020) would
allow EPA to include Southern and Central Califarim its compliance cost estimates.

= |dentification of additional controls and cost es#tion for any “unknown” controlsin
EPA’s 2010 analysis of 60 ppb, “known” controls ia@sfed less than one-half of the
necessary total emission reductions in many aretiee @wountry, and the total costs for
“unknown” controls were much larger than the tatadts for “known” controls, using either
the “fixed” or “hybrid” approach for “unknown” cordl cost estimation and using any of the
parameters. Moreover, EPA’s cost estimates fokfiown” controls vary widely, from
about $32 billion (in 2006 dollars) using the “fkeapproach and low parameter of $10,000
per ton to about $123 billion using the “hybrid"paipach and high slope parameter of 0.48
(or about $93 billion after correcting the calcidaterror). To reduce the reliance on
“unknown” controls for this regulation and redube uncertainty regarding its costs, EPA
should dedicate more resources to identifying &mlthd potential control measures and
developing more precise estimates of the cost yramaining “unknown” controls.
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APPENDIX D. ESTIMATES OF STATE-SPECIFIC COMPLIANCE COST
INPUTS TO NewERA TO ACHIEVE A 60 PPB OZONE STANDARD

A. Allocation of Costs to N, ERA Sectors

As described in Appendix C, we developed statetleompliance costs by control type
(“known,” coal scrappage, and “unknown”) and by &sion source category (point, area,
onroad, nonroad, and EGE).In order to model the economic impacts of thesepliance
costs, we then divided costs in each emission saategory among economic sectors used in
the N.wERA model. This section describes those sectocations.

In general, the same methodology was used to &idkaown” and “unknown” control costs to
NewERA sectors. Table D-1 and Table D-2 show respelgtithe resulting national-level shares
of “known” and “unknown” control costs by sourceegory and N,ERA sectof’® The national
sector composition of each source category isriffiein the two tables; this primarily reflects
state-level differences in the source categori¢smmtnown” control costs and state-specific
sector allocations.

Table D-3 shows the resulting state-level annudlaest inputs by NERA sector based on both
“known” and “unknown” controls. These costs refldee many different types of controls that
could be required for the various emission souvadsn each N, ERA sector to achieve a new
ozone NAAQS of 60 ppb. For example:

» Services. Businesses in the services sector ceutdduired to install lower-emitting
equipment for space heating, air conditioning aatewheaters. Service sector
businesses also operate substantial numbers sptretation vehicles, and the older
portions of those fleets face the need for eang®uage, which accounts for a fair share
of the total costs. Similarly, but a smaller pzfrthe total cost, service sector businesses
use landscaping equipment that would also need tefdlaced with lower-emitting
versions.

» Commercial transportation except trucking. Thitegary includes locomotives,
airplanes, river and ocean-going vessels in pad,af-road commercial equipment
(bulldozers, dump trucks, etc.). A small fractmfrthe cost in this category comes from
retrofitting NOx reduction equipment onto existing engines. Thgelapart of the costs
comes from assumed replacement of current equipwiémtower-emitting versions,

39 EPA’s 2008-2010 analyses provide the emissioncsoeategory of each “known” control. As discusied
Appendix C, we divided “unknown” control costs argaource categories using state-level emissionaireng
after applying any “known” controls in each stat@oal scrappage is in the EGU emission source ogteg

0 Sector allocations were developed at the statd bwd therefore vary by state.
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including electrification of locomotives and auaity ship engines (for use while at
dock).

Household transportation. This sector primariljes personal on-road vehicles (both
cars and light duty trucks and vans). Among th&tn” controls modeled by EPA are
a number of behavioral or operational changes, as@nhanced inspection and
maintenance requirements and carpooling progradeyond those relatively modest
“known” costs come a substantial share of “unknowaritrol costs based primarily on
early scrappage of the oldest personal vehiclesuseholds would also face costs for
early scrappage of their non-road mobile equipmsenh as lawnmowers, snowmobiles,
and ATVs.

Manufacturing. As shown in Table D-1, a large fi@t of the total costs for “known”
controls represent measures for manufacturing seotgces, such as retrofitting boilers,
steam generators, and other large stationarytiasilvith SCR, low-NQ burners, and
other emission-reduction equipment. In additiastenputs for this sector also reflect
“‘unknown” controls that are likely a mix of retrtfion some of the smallest
manufacturing sector point sources and retiremeingeme of the oldest combustion
equipment rather than retrofitting it (the lattecarring to the extent that it has a lower
cost-per-ton than the incremental retrofit on atreély small source).

Trucking. Costs to the trucking sector includeatts of SCR onto heavy-duty trucks
and operational changes such as anti-idling progr@md electrification of truck stops.
Nevertheless, a substantial share of the totatéestssumed to also involve early
scrappage of the oldest, highest-emitting of thetfbf commercial trucks.

Other. This category includes all other typesaftmls, each of which has a smaller
total cost than any of the above categories. Apoiant cost element in this column is
retrofitting compressors along natural gas angipilines with SCR (or possibly
electrification at compressor locations where iyyrha more cost-effective), which we
have estimated will cost pipeline companies ab@at%billion (annualized). Controls
for this sector also include replacing householitspheaters, water heaters, and air
conditions with lower-emitting (or non-emitting) nggons, replacing agricultural
equipment with lower-emitting (or non-emitting) sems,etc

Costs to reduce electricity generation emissionfohbying coal-fired generating units to stop
operating are also an important cost componentiiranalysis. These costs do not appear in
Table D-3 because they were endogenously estinbgtéd ERA, given a modeling constraint
to eliminate generation from certain coal-firedtanin certain states.¢., where those controls
were a cost-effective part of a state’s necess@y ftdnnage reductions.) They account for
approximately 8% of the total regulatory impact@nP.
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Table D-1. Cost Allocation for “Known” Controls to Source Categories and NERA Sectors:
National Summary

EPA Source Share of "Known" N.ERA Sector Share of EPA Source
Categotry Control Costs © Category Costs
EGU - Modeled
Point (Non-EGU)  65% Manufacturing 48%
Refined Products 29%
Services 17%
Natural Gas 3%
Crude Oil 3%
Other <1%
Area 12% Services 75%
Household Durable Goods 25%
Onroad Mobile 18% Household Transportation 38%
Trucking 31%
Services 31%
Nonroad Mobile 5% Commercial Trans (exc Trucking) 43%
Manufacturing 25%
Agriculture 13%
Household Durable Goods 10%
Services 9%

Note  State cost allocations reflect state-specificrimiation and differ from national summary.
Source: NERA calculations as explained in text
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Table D-2. Cost Allocation for “Unknown” Controls to Source Categories and NERA Sectors:

National Summary

EPA Source Share of "Unknown" N..ERA Sector Share of EPA Source
Category Control Costs © Category Costs
EGU - Modeled
Point (Non-EGU) 10% Services 56%
Manufacturing 38%
Crude Ol 2%
Refined Products 2%
Natural Gas 1%
Coal 1%
Other <1%
Area 22% Services 53%
Natural Gas Pipelines 26%
Household Durable Goods 18%
Oil Pipelines 3%
Onroad Mobile 37% Household Transportation 38%
Trucking 31%
Services 31%
Nonroad Mobile 30% Commercial Trans (exc Trucking) 48%

Manufacturing 24%
Agriculture 12%
Services 8%
Household Durable Goods 8%

Note

Source: NERA calculations as explained in text
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Table D-3. Annualized Cost Inputs by State and NERA Sector for “Known” and “Unknown”
Controls (millions of 2013$)

Commercial
Trans (exc Household

Services Trucking) Transportation Manufacturing  Trucking Other Total
U.S. Tota $109,99. $49,34. $48,27! $39,91° $39,77¢ $60,55! $347,86.
Alabam: $2¢ - - $52 - $8 $8¢
Arizona $3€ $5 $1¢ $7 $1t $5 $8¢
Arkansa: $12 - $3 $14 $2 <$1 $32
Californis $43,25! $19,40: $18,17; $16,16! $17,81! $14,33! $129,14
Coloradt $33¢ $11¢ $141 $14( $91 $627 $1,44¢
ConnecticL $2,33¢ $94( $1,13° $64¢ $37: $751 $6,18¢
Delaware $94 $12¢ $67 $3: $3¢ $5C $40¢
Florida $14¢ $61 $9¢ $10¢ $5¢ $52 $51¢
Georgie $35:2 $10¢ $25¢ $24¢ $17:2 $73 $1,20°
Idahc $1C 3 $€ $€ $4 $3 $32
Ilinois $7,07¢ $2,81( $1,68: $2,36° $1,45¢ $3,75: $19,15:
Indiane $2,40: $91(C $1,22. $2,41¢ $1,03° $1,63¢ $9,62¢
lowa - - - - - - -
Kansa $7 - - <$1 - <$1 $8
Kentucky $3E $€ $14 $3¢€ $14 $3: $13¢
Louisian: $4,16¢ $9,92: $1,38t¢ $79¢ $1,32 $7,67: $25,26:
Maine $3€ $11 $1C $4C $e $1t $12(
Marylanc $3,84: $1,13¢ $2,09: $1,29¢ $1,47¢ $98¢ $10,83:
Massachuset $52¢ $181 $141 $12¢ $8¢ $14¢ $1,20¢
Michigar $2,66: $55( $1,48: $1,06¢ $927 $2,58t¢ $9,26¢
Minnesot: - - - - - - -
Mississipp - - - - - - -
Missour $43¢ $16( $12¢ $127 $28¢ $12¢ $1,25¢
Montane - - - - - - -
Nebrask $4 - - $4 - <$1 $8
Nevad: $1: <$1 $3 <$1 < $3 $2z
New Hampshir - - - - - - -
New Jerse $3,29¢ $1,23¢ $1,08: $907 $611 $90¢ $8,04:
New Mexicc $37 - <$1 $1: $1 $3€ $8¢
New York $14,43! $3,39: $4,02¢ $3,00( $3,65: $4,48: $32,98¢
North Carolin: $3,77. $77¢ $3,71¢ $2,15¢ $1,49: $1,19: $13,10:
North Dakot: - - - - - - -
Ohic $6,61¢ $2,27¢ $4,05: $2,59¢ $3,01: $2,26¢ $20,82°
Oklahom: $17 <$1 - $3¢ - $57 $11:
Oregor - - - - - - -
Pennsylvani $7,79: $2,37¢ $4,37: $2,48° $2,77¢ $9,35: $29,16(
Rhode Islan $7¢ $1= $2¢ $1¢€ $1z $2¢ $17¢
South Carolin $92( $34( $45¢€ $46¢ $44( $25¢ $2,88¢
South Dakot $2¢ $1C $1C $11 $7 $4E $112
Tennesse $72 $12 $21 $5¢€ $2C $2C $20:
Texas $3,35( $1,74: $1,57° $1,40: $1,84¢ $8,12° $18,04:
Utal $14 $1 $8 $€ $€ $8 $4z
Vermon - - - - - - -
Virginia $377 $20¢ $21: $231 $167 $221 $1,41°
Washingtol $28¢ $25¢ $24¢ $131 $16: $127 $1,20¢
West Virginie $6¢ - $2 $12 $2 $2 $8¢E
Wisconsir $1,01¢ $24¢ $417 $69:2 $381 $552 $3,30¢
Wyoming $4 - <$1 <$1 <$1 $11 $1€

Note  Table includes annualized costs of “known” andKiumwn” controls except for compliance costs
associated with control measures in the electriegosector (scrappage of coal-fired power plants),
which are modeled in )lERA. Estimates are based on annualized costs @fwhkhcontrols provided in
EPA’s 2008-2010 analyses and NERA state margirgtl@arves (developed in annualized dollars per
ton). See Figure D-3 and surrounding text for addél assumptions regarding annualization of
compliance costs.

Source: NERA calculations as explained in text
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The following sections describe the developmerstafe-level sector shares for costs in each
emission source category.

1. Point (Non-EGU)

Point (non-EGU) control costs were allocated tgENRA sectors using three-digit North
American Industry Classification System (NAICS) esdFor “known” controls we used costs
reported by the EPA in their 2008-2010 ozone dotile=t for each control. We estimated the
NAICS composition of “unknown” point control cosising EPA’s 2018 projected state-level
emissions remaining in each NAICS industry afteal@pg any “known” point controls.

In most cases, the NAICS codes corresponded togéesN. ERA sector. Several codes,
however, were divided among multiple /ERA sectors to better reflect the composition of
economic activity in the NERA macroeconomic model. This mapping of NAICSedto
NewERA sectors is summarized in Table D-4. A few “lmd controls did not include industry
codes in the EPA dafd;we placed costs for these controls in the sendeesor.

Controls in NAICS industry 211, Oil and Gas Extrat were divided between the MERA
natural gas and crude oil sectors using state-Ehagles of 2014 crude oil and natural gas
production; for example, if a state produced natgas but no crude oil in 2014, all of that
state’s Oil and Gas Extraction control costs wélaeated to the natural gas sector ig,BRA.

All other relationships between NAICS industry ce@md NWERA sectors were constant across
states.

1. Non-Point (Area)

Costs for EPA “known” area source controls werd fgitween the services sector (75%) and
household durable goods (25%) in every state, asrslabove in Table D-1. These splits
roughly reflect the shares of “known” commerciallistrial area source controls and residential
water and space heater controls shown in EPA’s 088 pp. 3a-4 to 3a-11).

Costs for “unknown” area controls were first divideetween crude oil and natural gas pipeline
controls and other area controls. In each stageshare of EPA projected baseline area source
emissions attributable to oil and gas pipelines uwsesl to approximate the share of state area
source costs attributable to pipeline controlgpefne control costs were then split between the
natural gas (90%) and crude oil sectors (10%), whitect delivered natural gas and oil prices
in the NwERA model. The remaining non-pipeline “unknownéarcontrol costs were split
between the services sector (75%) and househobdbugoods (25%).

“I These represented less than 1% of annualized frostsknown” point source controls.
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Table D-4. NAICS Codes Corresponding to NERA Sectors

NewERA Sector NewERA Codd NAICS (1997) NAICS Descriptin Share of NAICS
Agriculture AGR 11 (111-115) Agriculture, Forestrysifing and Hunting
Natural Gas GAS 211 Oiland Gas Extraction Varies byest
Crude Oil CRU 211 Oil and Gas Extraction Varies byestat
Coal CoL 212 Mining (except Oil and Gas) 30%
Refined Products OIL 324 Petroleum and Coal Produdts M
Energy-Intensive Sectors EIS 322 Paper Mfg

325 Chemical Mfg

327 Nonmetallic Mineral Product Mfg 80%

331 Primary Metal Mfg
Motor Vehicles M_V 336 Transportation Equipment Mfg 50%
Other Manufacturing MAN 212 Mining (except Oil and (as 70%

213 Support Activities for Mining

23 (233-235) Construction

327 Nonmetallic Mineral Product Mfg 20%

336 Transportation Equipment Mfg 50%

Other 31-33 Other Manufacturing
Trucking TRK 484-485 Truck, Transit, and Ground Pagseifrans
Other Commercial Trans TRN 481-483 Air, Rail, and Watexnsportation
Other Commerce & Services SRV 22 (221) Utilities

486 Pipeline Transportation

Other >33

Source: NERA calculations as explained in text

2. Onroad

Onroad control costs for both “known” and “unknowa@hntrols were allocated to.HERA

sectors using projected baseline onroad;d@issions in each state. The share of baseline
onroad emissions attributable to passenger cariginetuty trucks was used to approximate
the share of state onroad control costs affectmgséhold transportation inchERA. The
remaining onroad control costs in each state wetidetl evenly between the trucking sector and
the services sector.

3. Nonroad

Nonroad control costs for both “known” and “unkndvaontrols were similarly allocated to
sectors using projected baseline nonroad M@issions in each state. The share of baseline
nonroad emissions attributable to marine and r@drgources was used to approximate the share
of state nonroad control costs in the non-truckiagimercial transportation sector. Remaining
nonroad control costs were split betweelRA sectors using industry shares of baseline
projected emissions related to off-road equipmin@se industries corresponded to non-trucking
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commercial transportation, agriculture, serviceanuiacturing, and durable goods consumption
in the N.wERA model.

4, Electricity Generating Units (EGUS)

EGU controls applied in EPA’s 2008-2010 ozone asedy(based on IPM modeling) were not
included in our compliance cost modeling. Insteeddiscussed in Appendix C, we estimated
the NG emission reductions and approximate electricitt@ecosts associated with coal power
plant scrappage in each state within thgE\RA model. Whenever these coal scrappage
controls are adopted by states to comply with ai®) standard, the final sector-specific costs
were determined endogenously ig,SRA.

B. Allocation of Costs to N, ERA Modeling Years

As discussed in the report body, the version gHRA used in this analysis models every third
year between 2014 and 2038. This section desdtieetsming of compliance costs ag/ERA
inputs based on estimated deadlines for ozone NAAGIment as well as the division of
annualized costs into capital costs (incurred lmeémmpliance deadlines) and operating and
maintenance (O&M) costs (incurred from the compl@deadlines onward).

1. Classifications and Attainment Timing

The ozone NAAQS have a staggered implementatiaeain non-attainment of a standard are
given classifications ranging from Marginal to Eextre based on recent ozone monitoring data.
Each classification is associated with an attairtngear such that areas with more severe
classifications (higher ozone design values) arergadditional time to come into attainment.

As discussed in Appendix B, several states woule mnattainment areas for the 1997 ozone
standard of 84 ppb and the 2008 (current) stanafar® ppb under future baseline conditions.
We used existing EPA information to set the conmaedeadlines for these two standards for
our modeling. For 60 ppb compliance deadlinesdexgeloped illustrative estimates of potential
ozone design values for relevant states (thosernegueductions for 60 ppb according to the
analysis in Appendix B) for 2016, the likely mostent data that will be available to EPA when
it would be making its nonattainment designatiarssO ppb in 2017, as discussed below.

a. 1997 Standard of 84 ppb

Classifications and attainment years for the 19%8he standard of 84 ppb are still relevant for
California and Texas; areas in these states wejeqgted to be in nonattainment of 84 ppb in
2020 based on EPA’s 2008-2010 analyses (and arehsse states have been above 84 ppb in
ozone readings from recent years, as discusseekiioS | of the report body). EPA assumed
that California would have more time than othetesdo come into attainment with a new
standard and estimated California reduction requergs and costs in 2030 (EPA 2008, p. 4-3).
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We assumed 84 ppb attainment in 2030 for Califoanich 2019 for Texas based on the
attainment year for the Houston area (EPA 2013a).

b. 2008 Standard of 75 ppb

We developed state-level classifications for theent ozone standard of 75 ppb using EPA
county-level classifications in EPA (2012 and 2013We use the most extreme classification of
any county in a state to determine the classificeind attainment year for the entire state.
Attainment years for the different classificatiare summarized in Table D-5.

Table D-5. Classifications and Attainment Years fothe Current 75 ppb Standard

Attainment

Classification Year States

Compliant N/A 22 AL, FL, ID, IA, KS, ME, MI, MN, MT, NE, NV, NH,
NM, ND, OK, OR, RI, SD, UT, VT, WA, WV

Marginal 2016 23 AZ, AR, CO, CT, DE, GA, IL, IN, KY, LA, MA, MS
MO, NJ, NY, NC, OH, PA, SC, TN, VA, WI, WY

Moderatt 201¢ 2 MD, TX

Seriou 202z 0]

Severe-1 202¢ Q

Severe-17 2030 0

Extreme 2033 1 CA

Note: Attainment years represent the first year aftefate comes into attainment. For example, EPA’s
attainment date for Marginal areas is DecembefB15 (EPA 2012) and the NERA attainment year for
Marginal states is 2016.

Source: EPA (2012) and NERA calculations as exphiin text

c. Potential Standard of 60 ppb

For states requiring emission reductions for atteint with a 60 ppb standard based on our
analysis of baseline and compliance emissions,eveldped potential classifications using
EPA’s methodology for previous NAAQS and recenbiniation on ozone concentrations and
NOyx emissiong?

Our classifications are based on projected 2018®zesign values as a percentage of the 60
ppb standard. Final classifications for a potémstiandard of 60 ppb would probably be
determined by EPA in 2017. We assume that thessifications would be based upon three-

2 Recent 0zone monitoring data suggests that webmayderstating the geographic scope of nonattainomeler
a potential 60 ppb standard. Several states pgeaj¢éo comply with a 60 ppb standard in our emissianalysis
would be classified as nonattainment using receohe monitoring data and our classification methagip
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year averages of4highest 8-hour ozone concentration monitor reaglisg the relevant years
of ozone concentrations would be 2014 through 2016.

We estimated these future ozone concentration gegsr@nd percentage exceedances) by
projecting county-level ozone readings in eachestaVe estimated background ozone by state
ranging from 40 (in the eastern U.S.) to 55 (ingbathwestern U.S*. We then calculated

NOx emissions in future years by assuming a fixed ¢nowate from 2011 historical emissions to
EPA’s 2018 projected emissions, and we found fohestate the percentage change inrkNO
emissions from 2013 to the average for the 201@utin 2016 period. Finally, we applied this
percentage change in the N@missions to 2013 ozone monitor readings aftémgebut our
estimate of the background ozone in the sthf€hese resulting adjusted ozone readings for
2014 through 2016 were the primary basis for ownezclassification of states.

EPA used percentage exceedance of the ozone dand#gtermine classifications for the 1997
and 2008 ozone standards (EPA 2012). We appleedame percentage exceedance cutoffs to
classify states requiring emission reductions foppb. The high end of the ozone range for a
classification of Marginal is 15% above 60 ppb, Mte is 33.33% above, Serious is 50%
above, Severe-15 is 58.33% above, Severe-17 i83%3above, and Extreme is everything
higher. In the resulting classifications, 34 staee Marginal or Moderate, and Texas and
Michigan are classified as Serious. California Wasnped up” to Extreme so that its
classification for 60 ppb would not be lower theésdlassification for 75 ppb. Classifications for
60 ppb are shown in Table D-6.

We based the attainment year for each 60 ppb fitaggn on expectations about rule timing
and EPA’s 2012 announcement regarding attainmeamdi for the current 75 ppb standard. The
potential attainment years for 60 ppb classifiagaiased in our analysis are summarized in
Figure D-2.

We used the state classifications and attainmearsyfer each standard as the basis for the
assumed staggered implementation schedule inrhlgsas.

*3 These estimates are based on EPA (2014), FigureZA-28.

*4 For example, if the 2013 ozone reading was 70 figbbackground was estimated to be 50 ppb, anchéuege in
NOy emissions between 2011 and 2018 was -20%, theappléed the -20% change to an ozone reading ofQ0 (
less 50), which would be -4, and then added thek bathe original ozone reading of 70 to arrivamatestimated
2014 through 2016 ozone reading of 66 ppb.
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Table D-6. Classifications and Attainment Years fora Potential Standard of 60 ppb

Attainment

Classification Year States

Complian N/A 8 IA, MN, MS, MT, NH, ND, OR, V1

Marginal 2020 5 FL, NE, SC, SD, W,

Moderate 2023 32 AL, AZ AR, CO,CT, DE, GA, ID, IINJKS, KY,
LA, ME, MD, MA, MO, NV, NJ, NM, NY, NC, OH,
OK, PA, RI, TN, UT, VA, WV, WI, WY

Serious 2026 2 M|, TX

Severe-15 2032 0

Severe-17 2034 0

Extreme 2037 1 CA

Note: WA was classified as in attainment using our éfecsdion methodology but required controls based o

our emissions analysis, so it was “bumped up” kaaginal classification for cost timing purposes.
CA was “bumped up” to an Extreme classificationdese it was Extreme for 75 ppb.
Source: NERA calculations as explained in text.

Figure D-2. Attainment Years for 60 ppb Classificaibns

2037 — Attainment year for
“Extreme” arca classifications

2034 — Attainment year for

“Serious - 17 area classifications
+ Model Year

2032 — Attainment year for
v Compliance Milestone “Serious - 157 area classifications

2026 — Attainment year for
“Serious” area classifications

2023 — Attainment year for
“Moderate” area classifications

2020 — Attainment year for
“Marginal” area classifications

2017 — Arca designation year
End of 2015 — Final Rule

End of 2014 — Draft Rule

[Yvy v v v = vy v v |

I I I I I I

v

2014 2017 2020 2023 2026 2029 2032 2035 2038

Source: NERA calculations as explained in text
Note: The attainment years displayed in the figure regméethe first year after a state comes into attait.
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2. Nature of Expenditures
a. Capital and O&M

The compliance cost estimates based on our stagecNi@rol marginal cost curves are
annualized costs. We assumed 50% of annualizegl@moe costs are capital and 50% are
operating and maintenance (O&M). The actual splitdiffer with the type of control; but
controls generally require an up-front investmerthsas equipment retrofit/replacement and
annual expenses to operate equipment or staff goirogn program. We estimated the present
value (.e., lump sum) of the capital portion of annualizedhgtiance costs using 7% discount
rate and 20-year capitalization period. The distoate reflects EPA practice (EPA 2008, pp. 5-
5 and 5-6), and the capitalization period reflges of the range of equipment life for air
emission controls used in EPA analyses (Pechan)200 capitalization period is an uncertain
parameter in this analysis, and we would encouEdRg to provide detail on capitalization
periods in its forthcoming ozone RIA.

b. Incremental Costs

Compliance costs were separated into incremensgi$ ¢o achieve different ozone standards (84
ppb from baseline, 75 ppb incremental to 84 ppd,&hppb incremental to 75 ppb). Costs
attributable to each standard were then distribatent time according to state classifications and
attainment years for the standards as describeavbel

c. VOC Costs

As discussed in Appendix C, EPA’s 2008-2010 ozarayases included the use of some VOC
controls. These “known” VOC controls represens lggn 1% of total compliance costs and we
assume (following EPA) that NQs the limiting factor in ozone formation (EPA Z0p. S2-3);
however the ozone impact of N@eductions in EPA’s analysis was incremental eséhVOC
controls, so we include them in our total compl@nosts when reasonable for consistency. |If
we estimate that a state incurs any,\fontrol costs to comply with the existing standaird5
ppb, we include any EPA-modeled VOC control costdliat state using the same timing
assumptions as other compliance costs attributalilee 75 ppb standard. If we estimate that a
state is already compliant with a 75 ppb standatddxjuires reductions and costs to attain a 60
ppb standard, we apply VOC control costs in thatesaccording the timing assumptions for the
60 ppb standard. Timing assumptions for the diffeczone standards are described below.

3. Cost Timing

a. Distribution of Capital Costs

The present value of capital costs for each stadestandard was distributed in an increasing
fashion over the years leading up to attainmeneuttte assumption that capital costs would be
incurred before the compliance deadline for eaatestWe assumed capital costs would be
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incurred up to nine years prior to attainm&ntCosts attributable to the potential standardof 6
ppb were incurred no earlier than 2017 (allowimgetifor EPA to develop state designations).

We divided capital costs so that they would be &sfadres of the total present value in early
years and large shares of the total present valtleiyears immediately prior to attainment of a
standard. Specifically, we counted the numbereairy over which capital would be distributed
for a certain state and standard; for example talagosts for Moderate states to comply with a
60 ppb standard (incremental to 75 ppb) were tisted over six years from 2017 through 2022
(the year prior to attainment). We then calculdatelsum of the numbers up to the compliance
yeare.g,1+2+3+4+5+6=21), and assigned shairessts to each year based on its
number relative to the sum (1/21 = 5% for 201712210% for 2018etc).

Figure D-3 provides an example of our capital cistribution methodology using an area
classified as Moderate for 60 ppb with $1 billidraanualized capital costs beginning in the
attainment year (2023). In this example, we calieuthe present value of the 20-year stream of
annualized capital costs one year before attainfetitis case 2022) using a 7% discount rate.
This present value ($10.6 billion) is shown in seeond graph. Finally, we spread the present
value over the years leading up to attainmentptalhg the method discussed above.

*In one case, the 84 ppb standard in Californiaspread capital costs over more than nine yeaesefikire period
from 2014 to the assumed attainment year of 2030).
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Figure D-3. lllustration of Capital Cost Distributi on Methodology
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Note. Example based on a state classified as Modera& fppb, implying an attainment year of 2023 aad n
capital costs incurred prior to 2017.
Source: lllustrative example
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Note that capital costs for different standards mnagrlap depending on specific state
classifications and attainment years. For exan@édifornia was designated as Extreme under
the 84 ppb standard with an attainment year of 2@8@0also designate California as Extreme
under a 75 ppb standard with an attainment yeda088 and Extreme under a 60 ppb standard
with an attainment year of 2037. California wiitur capital costs for 84 ppb from 2014
through 2030, it will incur capital costs for 75kpfsom 2024 through 2032 (the nine years prior
to attainment), and it will incur capital costs & ppb from 2028 through 2036 (again, the nine
years prior to attainment).

The distributions of nationwideapital costs for each incremental ozone standard a
summarized in Figure D-4 through Figure D-6.

Figure D-4. Capital Costs by Year to Attain 84 ppb
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Note: All costs to attain 84 ppb in our analysis ar€alifornia. Texas also requires reductionstt@ain 84 ppk
but due to difficulty assembling detailed EPA infation on “known” controls in Texas we
conservatively assume zero costs for Texas tnatappb (as noted in Appendix C).
Source: NERA calculations as explained in text.
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Figure D-5. Nationwide Capital Costs by Year to Atain 75 ppb (Incremental to 84 ppb)
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Source: NERA calculations as explained in text.

Figure D-6. Nationwide Capital Costs by Year to Atain 60 ppb (Incremental to 75 ppb)
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Source: NERA calculations as explained in text

b. Distribution of O&M Costs

We assume that the O&M portion of total annualizechpliance costs under each standard are
incurred in every year from the relevant stateimtt@nt year to the end of the model period.
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The distributions of nationwide O&M costs for easbhremental ozone standard are summarized
in Figure D-7 through Figure D-9.

Figure D-7. O&M Costs by Year to Attain 84 ppb
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reductions to attain 84 ppb, but due to difficidgsembling detailed EPA
information on “known” controls in Texas we consaively assume zero
costs for Texas to attain 84 ppb (as noted in Agpe@).

Source: NERA calculations as explained in text.

Figure D-8. Nationwide O&M Costs by Year to Attain 75 ppb (Incremental to 84 ppb)
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Figure D-9. Nationwide O&M Costs by Year to Attain60 ppb (Incremental to 75 ppb)
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Source: NERA calculations as explained in text.

c. Total Costs by Year

The distributions ohationwidetotal costs (capital and O&M) for each incrementabne
standard are summarized in Figure D-10 throughrEi@13.

d. Total Costs by N.,ERA Model Year

The N.wERA model used for this analysis operates in tlyesa-increments beginning in 2014;
model year 2014 represents 2014 through2016, nyedel2017 represents 2017 through2019,
and so on. For each model year, we took averdggasoial compliance cost estimates for the
corresponding three-year increment to creatgeERA input costs. Figure D-14 provides a
national summary of those state-levelJERA input costs.
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Figure D-10. Total Costs by Year to Attain 84 ppb
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Note: All costs to attain 84 ppb in our analysis im California. Texas also requires
reductions to attain 84 ppb, but due to difficidssembling detailed EPA
information on “known” controls in Texas we consaively assume zero
costs for Texas to attain 84 ppb (as noted in Agpe@).

Source: NERA calculations as explained in text.

Figure D-11. Nationwide Total Costs by Year to Attan 75 ppb (Incremental to 84 ppb)
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Source: NERA calculations as explained in text.
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Figure D-12. Nationwide Total Costs by Year to Attan 60 ppb (Incremental to 75 ppb)
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Figure D-13. Nationwide Total Costs by Year and Stadard
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Figure D-14. Nationwide Total Costs by N,ERA Model Year and Standard
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