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Executive Summary

Thisreport summarizes annual progreggough 205 under the Acid Rain Program (ARR})Ithe Cross
State Air Pollution RUlECSAPRThisreportingyear marks thesecond year of the CSAPR
implementation andwenty-first year ofthe ARP.

Qubstantial reductions in power sector emissionsolfur dioxide { h) andnitrogen oxidegNCy), along
with improvements in air quality and the environmeniemonstrate thesuccess of these programs
Transparency and data availabiliye acornerstone otthis successThisreport highlights datahat EPA
systematicallycollects on emissions, complian@ad environmental effects
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2016 ARP and CSAPR at a Glance

1

Annual{ hi SYA&aaizyay
CSAPRL1.2 million tons (87 percent below 2005)
ARP- 1.5 million tons (91 percent below 1990)

lyydzrtf bh™ SYA&darzya
CSAPRO0.8 million tons (69 percent below 2005)
ARP- 1.2 million tons (81 percent below 1990)

I {1'tw 21 2yS &SI #2000 tohs (53 fercanibeldn22g0s)Y
Compliance100 percent compliance for power plants in the ARP and CgrdgRms.

Ambient particulate sulfate concentrationsthe eastern United States has shown substantial
improvement,decreagng 71 to 75 percent between 1983991 and 20142016.

Ozone NAAQS attaiment: Based on 2012016 data, all 92 areas in the East originally designated
as nonattainment for the 1997 ozone NAAQS are now meeting the standard.

tai ®/b b! ! v { Bdsdd or 2012016 détia, B4 of the 39 areas in the East originally
designateday 2 Y I GG FAYYSyid F2NJ G§KS modpt tai ®m bl v{ | NB
have incomplete data).

Wet sulfate deposition:All areas of the eastern United States have shown significant improvement
with an overall 66 percent reduction in wet sulfate defimn from 198¢1991 to 20142016.

Levels of acid neutralizing capacity (ANTHus indicator of recovery improved (i.e., increased)
significantlyfrom 1990 levelsit lake and stream monitoring sites in the Adirondack region, New
England and the Catskifiountains.
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Chapter 1: Program Basics

The Acid Rain Program (ARP) and the €3tete Air Pollution Rule (CSAPR) are cap and trade programs
designed to reduce emissions of sulfur dioxidei {3@d nitrogen oxides (Ndfrom covered power
plants.The Acid Rain Program was the first nationwidp and trade program, with a goal of reducing

the emissions that cause acid rain under Title 1V of the Clean Air Act. The undisputed success of the
program in achieving significant emission reductions in a cost effective manner led to the deployment of
the marketbased cap and trade tool to additional environmental problems, namely interstate air
pollution transport, or pollution from upwind emission sources that impact air quality in downwind
areas. Interstate transport makes it difficult for downwind $&& to meet healthbased air quality
standards for Pisand azone. EPA first deployed the NBudget Trading Program (NBP) to help
northeastern states addredbe interstate transport of N@emissionsadversely impacting ozone air

guality in northeasterrstates Next, the NBP was effectively replaced by the ozone seasgpid@am
under theClean Air Interstate Rulavhich required further summertime N@missionreductions from

the power sector, and als@quired annual reductions of N@s well as SQQ0 address PMs transport.

The CSAPR replaced CAIR beginning in 2015 to continue reducing@@raul NQ emissions, as well

as seasonal N@missions, to fadtate attainment of the ozone and fine particle NAAQS.

Highlights

Acid Rain Program (ARP) : 1995- present

1 The ARP began in 198Bdcovers fossil fudiired power plants across the contiguous United States
The ARRs designed to reduce $0 y R dmissions, the primary precursors of acid raimder
Title 1V of the Clean Air Act

T ¢KS ! wt cbased'SIONJOS$ L) IpsodRamisdd-aR &nual cap on the total amount of SO
that may be emitted by electricity generating units (EGUs). The final aBal S Y A cagvwiag vy &
set at 8.95 million tons in 2010, a level of about graf of the emissions from the power sector in
1980.

T bh™ NBRdAzOGA2Yy A dzy RSNJ (i K S-based apprbakiihat-afpkes 6 &hifset i K NP2 dz
of coalfired EGUs.

NO Budget Trading Program (NBP) : 2003- 2008

1 The NBP was a cap and trade program that operated from 2003 to 2008, requiriggmi¥&Sion
reductions from affected power plants and industrial units in 21 eastern jurisdictions (20 states plus
Washington D.C.) durirge ozone seaso(May 1¢ September 30, the warm summer months when
ozone formation is highestThe NBP was designed as a mechanism that states could use to address
regional interstate transport for the 1979 ozone air quality standard (known as a Nafiorizént
Air Quality Standard, or NAAQS).

T LY wnnd GKS /!Lw bh™ 2172yS aSlhaz2y LINRPINFY NBLIX I
emission reductions from the power sector.
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Clean Air Interstate Rule (CAIR) :2009- 2014

1 CAIR implementation began in 2008r(the annual and ozone season f@ograms) and 2010 (for
the SQ program) and ended on December 31, 2014. CAIR required 28 eastern jurisdictions (27
states plus Washington, D.C.) to reduce power sectoraB@or NG emissions to address regional
interstate transport for the 1997 fine particle pollution (RPBland ozone NAAQS.

' CAIR included three separate cap and trade programs to achieve the required reductions: the CAIR
SOGNI RAY3I LINBANIYSX (GKS /! Lw bh bzgnédelasontiadiig RAy 3 L
program.

1 Two 2008 court decisions kept the requirements of CAIR in place temporarily but directed EPA to
issue a new rule to replace it.

Cross-State Air Pollution Rule (CSAPR) : 2015- present

1 The CSAPR was developed in response t@@08 court decisions on CAIR and replaced CAIR
starting on January 1, 2015.

1 The CSAPR addresses regional interstate transport of fine particle and ozone pollution for the 1997
ozone and Pis NAAQS and the 2006 BMNAAQS. In 2015, the CSAPR requiredsd od 28
eastern states to reduce $@missions, annual N@missions and/or ozone season dDnissions.
Specifically,ie CSAPR requires reductions in annual emissionsiégf §GR b h~ FNRBY L2 6 SNJ
Ho SIFAGSNY adl GdSa I y RdurMiptiedzdie’seasoa froth 25 ehstern st8es.A a4 & A 2

1 The CSAPR includes four separate cap and trade programs to achieve these reductions: the CSAPR
SOQDNR dzLd m FyR DNRdzLJ H OGN} RAY3I LINPBINIYaz GKS / {!t
bh™ 21 2y &ding frogead.y NJ

1 The total CSAPR budget for each of the four trading programs equals the sum of the individual state
budgets for those states affected by each program2017, some original CSAPR budgets tighten,
particularly in the S©@Group 1 programAl, the CSAPR Update replaces the original CSAPR Ozone

Season N¢program for most stateslThe total CSAPR budget for each program is set at the
following level in 2017:

0 SQGroup 1¢ 1,372,631tons

0 SQ Group 2¢ 892,050 tons

o Annual NQ¢ 1,206,957%0ons

0 Ozone Season N@ 316,464 tons

Cross-State Air Pollution Rule Update (CSAPR Update): 2017- present

1 The CSAPR Update was developed to address regional interstate transport for the 2008 ozone
NAAQS and to respond to the July 2015 court remand of cer@PR& ozone season requirements.

9 Starting in May 2017, the CSAPR Update began further reducing ozone sea@misivns from
power plants in 22 states in the eastern U.S.

Chapter 1: Program Basics Page9 of 85
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1 The CSAPR Update achieves these reductions through an ozone seasap ld@ tradgrogram.
The total CSAPR Update budget equals the sum of the individual state budgets for those states
included in the program. The CSAPR Update budget is sebd63tons in 2017

Analysis and Background Information

Acid Rain Program

Title 1V of the 1990 Clean Air Act (CAA) Amendments established the ARP to address acid deposition
nationwide by reducingnnualSO | Y R b h~ SYA & & A #irgddpowerNhRAG. IF @ritrasitd  F dzS €
traditional command and control regulatory methotiet establish specific emissions limitations, the

ARP Sgprogram introduced a novel allowance trading system that harnessed the economic incentives

of the market to reduce pollution. This markeased cap and trade program was implemented in two
phasesPhase | began in 1995 and affected the most pollutingooaling units in 21 eastern and

midwestern states. Phase Il began in 2000 and expanded the program to include other units fired by

coal, oil, and gas. Under Phase Il, EPA also tightened the @@uahissions cap, with a permanent

Fyydz- € OFLI aSid 4 yddhp YAttA2y ff2gFyO08a adFNIAY
oriented approach and ensures program integrity through measurement and reporting. However, it

R2S8a y2i O Lhobdbes it ilivehaa dlléwanteitmding system. Instead, the ARP NO

program provisions apply boilespecific NQemission limitgor rates;in pounds per million British

thermal units (Ib/mmBtu) on certain coéifed boilers.There is a degree of flexiityl, however.Units

under common control can comply through the use of emission rate averaging plans, subject to
requirements ensuring that the total mass emissions from the units in an averaging plan do not exceed

the total mass emissions the units wouldve emitted at their individual emission rate limits.

NO Budget Trading Program

The NBPwasamarkétl 8 SR OF LJ ' yR (NI RS LINPAINIY ONBIFGSR G2 N
plants and other large combustion sources during the summer ozone season to adeyemal air

pollution transport that contributes to the formation of ozone in the eastern United States. The

program, Which operated during the ozone season from 2003 to 2008, was a central component of the

b h {G1FGS LYLX SYSy uigafe@iy1998f td hélp siafeichievethd 1979 bzbne LINR Y

bt ! v{o® lff HM S2dzZNAARAOGAZ2Yya o6wn &l (&pkedthd dza 2 A KA
LJI-NJJ)\O)\LJI (S Ay GKS b.t® Ly wHnandz /! LwUa bh™ 212yS
a2 ZyuAde I OKAS@Ay3 21 2yS aSlLaz2zy bh™ SYAaarzy N

Clean Air Interstate Rule

CAIR required 28 eastern jurisdictions (27 states plus Washington, D.C.) to make reductieraith SO
NO«emissions that cross state lines and admnite to unhealthy levels of fine particulate matter and

ozone pollution in downwind areas. CAIR required 25 eastern jurisdictions (24 states plus Washington,

D.C.) to limit annual power sector emissionsof S’ R bh~ (2 | RRNBaapoR&EIA2Yy Il f |
air pollution that contributes to the formation of fine particulates. It also required 26 jurisdictions (25
aidlridSa LXdza 21 aKAYy3ld2yT 5/ o0 (G2 fAYAG LIR26SN asSoi
interstate transport of air pollution thiacontributes to the formation of ozone during the ozone season.

IDS2NBALI Qa h ixlugyst addS24,842 6ns bflemissions to the total for states covered by
CSAPR Update.
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CAIR used three separate marketsed cap and trade programs to achieve emission reductions and to
help states meet the 1997 ozone and fine particle NAAQS.

EPA issued CAIR on May 12, 2005thadCAIR federal implementation plans (FIPs) on April 26, 2006. In

2008, the U.S. Court of Appeals for the DC Circuit remanded CAIR to the Agency, leaving existing CAIR
programs in place while directing EPA to replace them as rapidly as possible withraleeonsistent

GAGK GKS /Sty 1TANI!OG® ¢KS /! Lw bh™ 21T2yS &aSrazy
CAIR Siprogram began in 2010.

The CSAPR replaced CAIR starting on January 1, 2015.

Cross-State Air Pollution Rule

EPA issued the CSARRuly 2011, requiring 28 states in the eastern half of the United States to
significantly improve air quality by reducing power plant emissions that cross state lines and contribute
to fine particle and summertime ozone pollutiondownwindstates. The SAPR requires 23 states to
reduceannualSQ and NQ emissions to help downwind areas attain the 2006 and/or 1997 anpkk
NAAQSThe CSAPR also requiressgdies to reduce ozone season gnissions to help downwind

areas attain the 1997 ozone NAAQ8e CSAPR divides the states required to reduger@i@sions into

two groups (Group 1 and Group 2). Both groups must reduce theier8®sions in Phase I. All Group 1
states, as well as some Group 2 states, must make additional reductionsémSionsn Phase Il in

order to eliminate their significant contribution to air quality problems in downwind areas.

The CSAPR was scheduled to replace CAIR starting on January 1, 2012. However, the timing of the
CSAPR's implementation was affected bg.[Tircuit actions that stayed and then vacated the CSAPR
0STF2NBE AYLIE SYSY(dlFrdA2yd hy ! LINAf HPZ HamnI GKS ! of
FYR 2y hOG26SNI HOX HamnXY (GKS 5&/ @& / AND&RI 3INI yiSR
compliance deadlines by three years. Accordingly, CSAPR Phase | implementation began January 1, 2015
and Phase Il began January 1, 2017.

Cross-State Air Pollution Rule Update

On September 7, 2016, EPA finalized an update to the CSAPR o0zone season pyagsuing the

CSAPR Update. This rule addresses the summertime ozone pollution in the eastern U.S. that crosses
state lines and will help downwind states and communities meet and maintain the 2008 ozone NAAQS.
In May 2017, the CSAPR Update began &rteducing ozone season Némissions from power plants

in 22 states in the eastern U.S.

Next Steps to Address Interstate Air Pollution Transport

The CSAPR Update will result in meaningful, 4ean reductions in ozone pollution that crosses state
lines.However, the CSAPR Updatay2 y f & LJ NIGAIFff& NBaz2f dS O20SNBR ai
obligations for the 2008 ozone NAAQSY RSNJ 0 KS /£ Sy ''ANJ ! O0liQa a322R Yy
110(a)(2)(D)()(D), upwind states that contribute sigatfity to nonattainment or interfere with

maintenance of the NAAQS in downwind areas must implement emission reductions through a state
implementation plan (SIP), or in the absence of an approved SIP, a federal implementation plan (FIP).

The CSAPR Updatewever, may not be sufficient to fulfill this requirement. States and EPA will need

to determine whether additional actions are needed to fully address regional ozone transport for this
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NAAQS. In October 2017, EPA issued a memo with supplemental infarima¢inded to help states
determine whether they have additional interstate transport obligations for the 2008 ozone NAAQS. For
states that have not addressed this through their SIPs, EPA has committed to making this determination
regarding remaining 2008bligations by December, 2018.

Additionally, EPA promulgated a new, tighter ozone standard in 2015. Good neighbor SIPs for the 2015
ozone NAAQS are due in October 2018. EPA issued a Notice of Data Availability in December 2016,
soliciting comments opreliminary interstate ozone transport modeling for the 2015 ozone NAAQS. |

March 2018, EPA released a memo providing updated projected air quality modeling results for ozone,
including projected ozone concentrations in 2023 at potential nonattainment amdtenance sites for

the 2015 ozone NAAQS and projected upwind state contribution deltés memo also noted that the

G322R YSAIAKO2NE LINRPGA&AZY F2NJ GKS wHnmp 21 2yS bllvy
step transport framework that has elxed through previous state and federal regulatory actions,

including the CSAPR and CSAPR Update.

More Information

1 Acid Rain Program (ARR)ps://www.epa.gov/airmarkets/acierain-program
1 CrossState Air Pollution Rule (CSARR)s://www.epa.gov/csapr

1 CrossState Air Pollution Update Rule (CSAPR Updited://www.epa.gov/airmarkets/finakcross
state-air-pollution-rule-update

1 Clean Air Interstate Rule (CAIR)
https://archive.epa.gov/airmarkets/programs/cair/web/html/index.htl

1 NOBudget Trading Program (NBP) /,\BIP Calittps://www.epa.gov/airmarkets/noxbudget
trading-program

1 National Ambienfir Quality Standards (NAAQ®ps://www.epa.gov/criteriaair-pollutants
[ SENY Y2NB |o2dzi 9t ! Qatpd/vButepa.gbviaNdakdishpo@ains t NB I NI Y 2
1 Learn more about emissions triagy https://www.epa.gov/emissiontradingresources

=
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Figures

History of ARP, NBP, CAIR, and CSAPR

1

1990 - Clean Air Act T
Amendments .
establish Title IV ARP 2003 - NBP begins

(additional states added
in 2004 and 2007)

Clean Air Interstate Rule (CAIR)

2009 - CAIR NO, ozone season and
NO, annual programs begin,
replacing NBF in most states

2010 - Full implementation of the ARP
v

F

2010 - CAIR 50, program begins

T

2015- CSAPR50,,
NO, annual, and

NO, ozone programs
begin, replacing CAIR

2017 - CSAPR Update begins

Figure 1. History of ARP, NBP, CAIR, and CSAPR
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Map of Cross-State Air Pollution Rule Implementation for 2016

[H CSAPR States controlled for both fine particles (SO, and annual NO,) and ozone (ozone season NO,) - 20 states
[l CSAPR States controlled for fine particles only (SO, and annual NOy) - 3 states
[ CSAPR States controlled for ozone only (ozone season NOy) - 5 states
The ARP covers sources in the lower 43 siates.
Source: EPA, 2018

Figure 2. Map of Cross -State Air Pollution Rule States
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Chapter 2: Affected Units

TheAcid Rain Program (ARP) andthe Gfossl 1S ! ANJ t 2t f dziA2y widandQa o/ { !t
YAGNRISY 2EARS& o0bh” 0 SYAa&a iclafge B&tRay(yénkratiyig ubisl2 3 NI Y &
(EGUSs) tht burn fossil fuels tgenerateelectricityfor sale.This section covers units affected in 2016.

Highlights

Acid Rain Program (ARP)

1 In 2016, the ARP $@quirements applied to 3,446 fossil fuiled combustion units at 1,216 ’
facilities across the country; 710 units at 314 facilities were sufljeet G KS ! wt bh~  LINE I N

Cross-State Air Pollution Rule (CSAPR)

1 In 2016, there were 2,708 affected EGUs at 846 facilities in the CSAPR@am. Of those, 2,160
(80 percent) were also covered by the ARP.

A ¥ 4 A x

T LY HnmcET UGKSNB 6SNB HZtny FF¥FFSOUSR 9D} & G ync 7
3,106 affectedEGUs at 929 facilities in t@8SAPR h~ 21 2y S & SOf thdde/ 2,16IN@R0IA NI Y &
percent) and 2,474 (80 percent), respectively, were also coveyedtie ARP.

Analysis and Background Information

In general, the ARP and the CSAPR I$Qxannual, and N©ozone season trading programs apply to
large EGUs boilers, turbines, and combined cycle ukithat burn fossil fuel, serve generators with
nameplatecapacity greater than 25 megawatts, and tipabduce electricity for sale. The&&Us

include a range of unit types, including units that operated yreand to provide baseload power to the
electric grid, as well as units that provided power only on pirkand days. The ARP Nfogram
applies to ARRffected units that are olderhistoricallycoaHired boilers.

More Information

1 Acid Rain Program (ARR)ps://www.epa.gov/airmarkets/acierain-program
1 CrossState Air Pollution Rule (CSARR)s://www.epa.gov/csapr

Chapter2: Affected Units Pagel5 of 85
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Affected Units in CSAPR and ARP, 2016
4k
3,445
- =
3k
2708

=
=]
s
5 Zk
o
E
S
=

1k

710
ok ]
ARP NO,. Program ARP S0: Program CSAPR S0z and NO, Annual Programs CSAPR NO.. Ozone Season Program
I CoalEGUs [ GasEGUs [l Ol EGUs Other Fuel EGUs [l Unclassified EGUs

Notes:
=L fuel type in their menitoring plan not repart emissions.

wood, petroleum coke, tire-derived fuel, stc.

- "Other” fuel refers to units that bumn waste,
Source: EPA, 2018

Figure 1. Affected Units in CSAPR and ARP, 2016
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Affected Units in CSAPR and ARP, 2016

Coal 655 749 612
Gas 53 2,537 1,790
il ] 123 261
Other 2 28 37
Unclassified 0 9 8
Total Units Ti0 3,446 2,708
wnits have not submitted a fuel type in their monitoring plan and eport em

el refers to units that bum waste, wood, petroleum coke, tire-derived

Figure 2. Affected Units in CSAPR and ARP, 2016
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Chapter 3: Emission Reductions

The Acid Rain Program (ARP) and C&tate Air Pollution Rule (CSAPR) programs significantly reduced

sulfur dioxide (SOUV X | yy dzl £y A NERI Ry 23/BA R$E a®b/h bh™ SYAraairzy
Most of the emission reductiorsnce 2005 occurred in response to the Clean Air Interstate Rule (CAIR),

which was replaced by CSAPR in 2015. This section covers changes in emissions at units affected by the
CSAPR and ARP in 2016.

Sulfur Dioxide (SO 2)

Highlights

Overall Results

1 Under theARP, CAIR, and now CSAPR, power plants have significantly loweeetssS@ns while
electricity demand (measured as heat input) remained relatively stable, indicating that the emission
reductions were not driven by decreased electric generation.

1 These enission reductions are a result of an overall increase in the environmental efficiency at
affected sources as power generators installed controls, switched to lower emitting fuels, or
otherwise reduced their S@missions while meeting relatively steadg@ticity demand.

2. 5w$OPUUDPOOW3UI OEU
1 ARPUnits in the ARP emitted 1.5 million tons ofi 802016, well below the ARP's statutory annual

cap of 8.95 million tons. ARP sources reduced emissions by 14.3 million tons (91 percent) from 1990
levels and 15.&nillion tons (91 percent) from 1980 levels.

1 CSAPR and ARIR:2016, the second year of operation of the CSARRI®Gram, sources in both
the CSAPR $@nnual program and the ARP together reduced &@issions by 14.2 million tons (91
percent) from 1990dvels (before implementation of the ARP), 9.7 million tons (87 percent) from
2000 levels (ARP Phase 1), and 8.8 million tons (85 percent) from 2005 levels (before
implementation of CAIR and CSAPR). All ARP and CSAPR sources together emitted a total of 1.5
million tons of SOin 2016.

1 CSAPRAnnual SO©emissions from sources in the CSARIRprogram alone fell from 8.8 million
tons in 2005 to 1.2 million tons in 2016, a 87 percent reduction. In 20liGr8Gsions were about
2.3 million tons below the regial CSAPR emission budgets (1.8 million in Group 1 and 0.5 million in
Group 2) the CSAPR $@nnual program's 2016 regional budget &&51,802and 917,78%ons for
Group 1 and Group 2, respectively.

2 . & w2by-Btaté Emissions
1 CSAPR and ARProm 19900 2016, annual S@&missions from sources in the ARP and the CSAPR
SQ program dropped in 45 states plus Washington, D.C. by a total of approximately 14.2 million

tons. In contrast, annual $@®missions increased in three states (Idaho, Nebraska, andove) oy
a combined total of 550 tons from 1990 to 2016.

Chapter3: Emission ReductionsSulfur Dioxide (S¢€) Pagel8of 85
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1 CSAPRAll 23 states (16 states in Group 1 and 7 states in Group 2) had emissions below their CSAPR
allowance budgets, collectively by about 2.3 million tons.

2. 5w$ OPUUDPOOWLIEUI U
1 The average S{misson rate for units in the ARP or CSAPR@a@yram fell to 0.13 Ib/mmBtu. This

indicates @ 81 percent reduction from 2005 rates, with the majority of reductions coming from
coakired units.

1 Although heat input has decreased slightly over the past 11 yeaissions have decreased
dramatically since 2005, indicating an improvement in emission rate at the sources. This is due in
large part to greater use of control technology on efi@d units and increased generation at
natural gadired units that emitvery little SQemissions.

Analysis and Background Information

SO is a highly reactive gas that is generated primarily from the burning of fossil fuels at power plants. In
addition to contributing to the formation of fine particle pollution (P8 SO emissions are linked with
a number ofadverse effects to human healdndecosystems

The states with the highest emitting sources in 1990 have generally seen the gredtestiS&n
reductions under the ARP, and this trend continued under CAIR and CSAPR. Most of these states are
located in the Ohio River Valley and are upwind of the areas the ARP and CSAPR were designed to
protect. Reductions undehese programiave providedmportant environmental and health benefits
over a large region.

More Information

T £+AaAd 9t! Qa t26SNItflyd 9odateaniisdighs anddnirél datadoh G S T2 1
sources in CSAPR and the ARPs://lwww3.epa.gov/airmarkets/progress/datatrends/index.html

Air Markets Program Data (AMPR)ps://ampd.epa.gov/ampd/

Acid Rain Program (ARRps://www.epa.gov/airmarkets/acierain-program

CrossState Air Pollution Rule (CSARR)s://www.epa.gov/csapr

Learn more about sulfur dioxide (8@ttps://www.epa.gov/so2pollution

Learn more about particulate matter (PMitps://www.epa.gov/pmpollution

= =4 =4 =4 =
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SO: Emissions from CSAPR and ARP Sources, 1980-2016
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1980 1990 1995 2000 2005 2010 2015 2016

I ArRP [ ARP and CSAPR [l CSAPR not ARP ARP not CSAPR

as millions of tons.
+ Foe CSAR the ARF the 2015 annusl SO: emissions ware spched retrosctvely for each pra-CSARR year following the year in which the unit bagan cpersting

« Thare are 3 small number of souroes in CSAPR but net in ARF Emissions from these sources comprise about 1 parcent of total emissions and ane not easdy visiie on the full chan

Source: EPA, 2018

Figure 1. SO > Emissions from CSAPR and ARP Sources, 1980i 2016
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State-by-State SO: Emissions from CSAPR and ARP Sources, 1990-2016 SO: Emissions (thousand tons)

600

S00
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1990

| CSAPR states controlled for fine particles
© 1990 SO: emissions (tons)

1990 2000 2005 2016

Notes.
= S0n values are shown 23 tons,

Figure 2. State -by-State SO, Emission s
from CSAPR and ARP Sources, 19907 2016

2000 2005 2016

M Alabama

Source: EPA, 2018
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Comparison of SO: Emissions and Heat Input for CSAPR and ARP Sources, 2000-2016
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= The data shown here reflect totals for those facliies required to comply with each program in each respective year. This means that CSAPR-only S0. program facilites are not included in the SO- data prior to 2015,
« Fuel type represents pramary fuel type: units might combust more than one fuel
« Uniless otherwise noted, EFA data are current 35 of January 2017, and mary differ from pastor future repons as a resull of resubmissions by sources and ongoing data quality assurance activitbes,
Source: EPA, 2018

Figure 3. Comparison of SO , Emissions and Heat Input for CSAPR and ARP Sources,
200071 2016
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CSAPR and ARP SO: Emissions Trends, 2016

$0; Emissions (thousand tons) $0:Rate (Ib/mmBtu) Heat Input (billion mmBtu)
Primary Fuel 2000 2005 2010 2016 2000 2005 2010 2016 2000 2005 2010 2016
Coal 10,708 9,835 5,051 1,466 1.04 0.95 0.53 0.22 20.67 20.77 19.04 13.30
Gas 108 91 18 £ 0.06 0.03 0.01 0.00 3.88 549 .06 10.07
Qil 384 292 28 3 0.73 0.70 0.19 0.03 105 0.84 0.30 0.16
Other 1 4 22 12 0.20 0.27 0.57 017 0.01 0.03 0.08 0.14
Total 11,201 10,222 5,120 1,490 0.88 0.75 0.39 0.11 25.61 27.13 26.48 23.67

Notes:
= The data shown here reflect totals for those facilities required to comply with each program in each respective year. This means that CSAPR-only SO: program faciities are not mcluded in the SO: emissions data pnor to 2015.
= Fuel type represents primary fuel type; units might combust mare than one fuel.
« Totals may not reflect the sum of individual rows due 1o rounding,
= The emission rate reflects the emissions (pounds) per unit of heat input (mmBtu) for each fuel category. The total SC: emission rate in each column of the table is not cumulstive and does not equal the arithmetic mean of the four fuek
specific rates. The total for sach year indicales the average rate across all units in the program because each faciity influences the annual emission rate in propartion 1o its heat input, and heat input is unevenly distibuted across the fuel
categories.
= Unless otherwise noted, ERA data are current as of January 2018, and may differ from past or future reports as a result of resubmissions by sources and ongoing data quality assurance activities.
Source: EPA, 2018

Figure 4. CSAPR and ARP SO ; Emissions Trends , 2016
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Annual Nitrogen Oxides

Highlights

Overall Results

1

lyydzZ t bh™ SYA&daaizya KI @S RS Budgef BalingPragramt G A OF f £ &
(NBP), CAIR, and CSAPR programs, with the majority of reductions coming frfined amiits.
These reductions have occurred while electricity demand (measured asnipedt remained

relatively stable, indicating that the emission reductions were not driven by decreased electric
generation.

These emission reductions are a result of an overaleas® in the environmental efficiency at

affected sources as power generators installed controls, ran their controlsrgaad, switched to

f 2SN SYAUGGAY3I FdzSt az eiNdioBsiwKiIE NdethgirdlathlBeAdizOS R G KSA |
electricity demand.

Other programs & dzZOK | & NB3IA2y Il f | yR & lt@Socontibute§ YA a & A2y
AAIAYATFTAOLyGte G2 GKS Fyydadft bh™ Syriaaiazy NBRdAzOG )

Annual NO Emissions Trends

T

ARP! yAlGa Ay G(GKS !'wt bh  LIRFINHY SYAEBKRsyMOH VY Minu,
reduced emissions by 6.9 million tons from the projected level in 2000 without the ARP, and over
GKNBES GAYSa GKS ¢AdGfS L+ bh ™ SYAaaizy NBRdOGAZ2Y
CSAPR and ARIR:2016, thesecondyear of operation of the CSABRh~ | Yy dzt £ LINB INI Y
020K GKS /{!tw bh™ lyydzazft LINRBINIY FYyR GKS ! wt (:
5.2 million tons (81 percent reduction) from 1990 levels, 3.9 million tons (77 percent reduction)

from 2000, and 2.5 million ton®7 percent reduction) from 2005 levels.

CSAPRO YA &d&aA2ya FNBY /{!tw bh™ FyydzZf LINRINIY &2 dzNJ
This is about 1.8 million tons (69 percent) lower than in 2005 and 470,000 tons (37 percent) below
G§KS / {! t w pilodram's ROY6fetziorfal budget ©f269,837tons.

Annual NO State-by-State Emissions

1

CSAPRandARP CNRY wmdoddhn (G2 HnmcE FyydzZt bh SYAaarzya
dropped in 47 states plus Washington, D.C. by a total of approximately %idhrtoins. In contrast,
annual emissions increased in one state (Idaho) by 200 tons from 1990 to 2016.

CSAPRIwentytwo states had emissions below their CSAPR 2016 allowance budgeisj\ailey
about 470,000 tonsA single state (Missouri) exceedisi 2016 budget by about 7,800 tons.

Annual NO Emission Rates

1

1

LYy wnmcX GKS /{!tw I YyR hratewab@®@8 NmEASBu, ¢qfkset t bh S\
reduction from 2005.

Although heat input has decreased slightly over the past 11 years, emissiandd@aeased
dramatically since 2005, indicating an improvement irk Bi@ission rates. This is due in large part to
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greater use of control technology on cdakd units and increased heat input at natural ¢med
units that emit less Nemissions than@akfired units.

Analysis and Background Information

Nitrogen oxidesare made up of a group of highly reactive gases that are emitted from power plants and
motor vehicles, as well as other sourcesh™ SYA &daAizya O2y(iNAodi&vel (2 GKS 1
ozone and fine particle pollution, which cause a varatgdverse health effects

More Information

T £+AaAld 9t! Qa t26SNItflyd otwdateanisdighs anddnirél datadoh 0 S T2 1
sources in CSAPRdathe ARPttps://www3.epa.gov/airmarkets/progress/datatrends/index.html

Air Markets Program Data (AMPIjps://ampd.epa.gov/ampd/

Acid Rain Program (ARRjps://www.epa.gov/airmarkets/acierain-program

CrossState Air Pollution Rule (CSARR)s://www.epa.gov/csap

[ SINY Y2NB | 02dzii hyps:WNR.E.govidEalRSE o6bh” 0

Learn more about particulate matter (PMitps://www.epa.gov/pmpollution

=A =4 =4 =4 =9
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Figures

Annual NOx Emissions from CSAPR and ARP Sources, 1990-2016

(X

Annual NOx Emissions (milian tons)
-

1990 2000 2005 2010 2M5 2016

I ARP [ ARPand CSAPR [l ARP, not CSAPR CSAPR, not ARP

Notes:
= NO. values are shown as millions of tons.
+ For CSAPR units not in the ARP, the 2015 annual NO, emissions were applied retroactively for each pre-CSAPR year following the year in which the unit began cperating
« There are 3 small number of sources in CSAFR but not in ARF. Emissions from these sources comprise about 1 percent of total emissions and ane not easdy visiie on the full chart
Source: EPA, 2018

Figure 1. Annual NO x Emissions from CSAPR and ARP Sources, 1990 12016
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State-by-State Annual NOx Emissions from CSAPR and ARP Sources, NOx Emissions (thousand tons)
1990-2016 356

150
100
50

0
1990 2000 2016

W Alabama

CSAPR states controlled for fine particles
© 1990 NO, emissions (tons)

1990 2000 2005 2016

Source: EPA, 2018

Figure 2. State -by-State Annual NO x Emissions from CSAPR and ARP Sources, 1990 -
2016
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Comparison of Annual NOx Emissions and Heat Input for CSAPR and ARP Sources, 2000-2016

NO, Emissions
[
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
M coaL cas oL OTHER
Heat Input
30
g
E 20 ——
=
=l
2
£ 10 ———
3
I
o )
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201 2012 2013 2014 2015 2016
N COAL W GAS WO OTHER
MNotes.
- The data shown here for the annual programs refiect totals for those faciities required to comply with each propram in esch respective year. This means that CSAPR NO, annual program facilities are not included in the annual NO, emissions data
prior to 2015,

= Fuel type represents primary fuel type; units might combust more than one fuel
* Unigss otherwise noted, EFA data are curment as of January 2017, and may differ from past or fulure reports a5 3 result of resubmMSSons by SOUrces and ongeing data quality JSSurance ctvites

Source: EPA, 2018

Figure 3. Comparison of Annual NO x Emissions and Heat Input for CSAPR and ARP
Sources , 20001 2016
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CSAPR and ARP Annual NOx Emissions Trends, 2016
NO;x Emissions (thousand tons) NOx Rate (lb/mmBtu) Heat Input (billion mmBtu)

Primary Fuel 2000 2005 2010 2016 2000 2005 2010 2016 2000 2005 2010 2016

Coal 4,587 3,356 1,896 1,029 0.44 032 0.20 0.16 20.67 20.77 19.04 13.30

Gas 355 167 143 155 0.18 0.06 0.04 0.03 3.88 5.50 T7.06 10.08

il 162 104 19 9 0.31 0.25 0.13 0.10 1.05 0.84 0.30 0.16

Other 2 6 5 7 0.24 0.42 0.13 0.10 0.01 0.03 0.08 0.14

Total 5,104 2,622 2,062 1272 0.40 0.27 0.16 0.10 25.61 27.14 26.48 12.68

Motas:
- The data shown here reflect totals for those facilities required to comply with each program in each respective year. This means that CSAPR-only annual NO, program facilities are not included in the NO, emissions data prior to 2015.
« Fuel type represents primary fuel type; units might combust more than one fuel.
= Totals may not reflect the sum of individual rows due to rounding.
= The emission rate reflects the emissions (pounds) per unit of heat input (mmBtu) for each fuel category. The total annual NO. emission rate in each column of the table is not cumulative and does not equal the arithmetic mean of the four
fuekspecific rates. The total for each year indicates the average rate across 3l units in the program because each faciity influences the annual emission rate in proportion to its heat input, and heat input is uneventy distributed across the
fusl categories.
» Uniess otherwise noted, EFA data are curment as of January 2018, and may differ from past or future reports a3 a result of resubmissions by sources and ongoing data quality assurance activities,
Source: EPA, 2018

Figure 4. CSAPR and ARP Annual NO x Emissions Trends, 2016
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Ozone SeasonNitrogen Oxides

Highlights

Overall Results

T hi2y$ a8ra2y bh™ S8YA&d&ar2yd KIF PSS RSOt AYSR RNI Y G7

programs.

1 These reductions have occurred while electricity demand (measured agiped) remained
relatively stable, indicating that the emission reductions were not driven by decreased electric
generation.

1 These emission reductions are a result of an overaleas® in the environmental efficiency at
affected sources as power generators installed controls, §witched to lower emitting fuels, or
20KSNBAAS NBRdAzOSR einikstiasMhilg iektindrelati steady glectiidity
demand.

 Otherprograms suchk & NBIA2y Il f |yR &0l (S takocon@ibatedh a A2y O2Yy

AAAYATAOlIyGte G2 GKS 212yS &Sl &2y bh™ SYA&a&arz2y
Ozone SeasonNO Emissions Trends
T 'yAida Ay GKS /{!'tw bh ™ 212ySinacds, a2y LINRBINIY SYA
0 areduction of 1.8 million tons (81 percent) from 1990,

o0 1.4 million tons lower (77 percent reduction) than in 2000 (before implementation of
the NBP),

0 480,000 tons lower (53 percent reduction) than in 2005 (before implementation of
CAIR), and

o 30,000 tons lower (7 percent reduction) than in 2015.

T LY HnanmcX /{!'tw bh  2T2yS aSlFazy LNRBINIY SYA&AAZ2Y

budget of 628,392 tons.

Ozone SeasonNO State-by-State Emissions
T .8G6SSYy wunnp | YR Hn issians fdrh @3ABR sauckesdedl iyf evernstate S Y

LI NGAOALI GAYy3 Ay GKS /{!tw bh™ ™ 2712yS aSIaz2y LNER
1 Twentythree states had emissions below their CSAPR 2016 allowance budgets, collectively by about

210,000 tons. Two states (Louisiana and Missouri) excettd@d2016 budgets by about 3,900 tons
combined

Ozone SeasonNO Emission Rates

T LY HnanmcE GKS | @SNI3IS bh 0292nymBtu rBSAPR yzor® Yehsbra A 2 Y
program states an@.10 Ib/mmBtu nationally. Thisrepresentsa 50 percenteduction from 2005
emission rates, with the majority of reductions coming from doad units.
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1 Although heat input has decreased slightly over the past 11 years, emissions have decreased
dramatically since 2005, indicating an improvement irkBi@Qissionrate. This is due in large part to
greater use of control technology on cdakd units and increased heat input at natural gmed
units, which emit less N@missions than codired units.

Analysis and Background Information

Nitrogen oxidesire madeup of a grouf highly reactive gases that are emitted from power plants and
motor vehicles, as well as other sourcesh™ SYA daizya O2y(iNAOddvE (2 G(KS 1
ozone and fine particle pollution, which cause a varietgdferse human health effects

The CSAPR h 0zone season program was established to reduce interstate transport during the ozone
season (May &, September 30), the warm summer months when ozone formation is highest, and to
help easternJ.S. counties attain the 1997 ozone standard.

Ly 3ISYySNrfz GKS adlridSa ¢AlGK GKS KAIKSad SyYAaddiay3
4SSy GKS 3INBIGS&aGd NBRAOGAZYy&a dzy RSN GKS /{!'tw bh’
the Ohio Rier Valley and are upwind of the areas CSAPR was designed to protect. Reductions by

sources in these states have resulted in importamtironmental and human health benefits over a

large region

More Information

 VisitE! Qa t26SNItfl yd 9YAaatodgte etnNSoysRuad cantkolidsta fdr2 NJ G K S
sources in CSAPR and the ARPs://www3.epa.gov/airmarkets/progress/datatrends/ireck.html

Air Markets Program Data (AMPIjps://ampd.epa.gov/ampd/

CrossState Air Pollution Rule (CSARR)s://www.epa.gov/csapr

Learn more about nitrogel E A R S &ttps:/bviviv.a@pa.gov/no2pollution

Learn more about ozonettps://www.epa.gov/ozonepollution

=A =4 =4 =2
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Figures

Ozone Season NO, Emissions from CSAPR Sources, 2005-2016

=
~
w

CSAPR Ozone Season NO, Budget

o
Ba
w

Ozone Season NO, Emissions (million tons)
s
w

2005 2010 2015 2016

I CSAPR

Nases:
= NO, values are shown as millions of tons.
+ For CSAPR units not in the ARP. the 2015 ozone season NO, emissions were applied retoactively for eath pre-CSAPR year following the year in which the unit began operating.
« There are 2 small number of Sources in CSAPR but not in ARP. Emissions from these Sources comprise about 1 percent of 1otal &MisSions 3nd ane Not easdy visiie on the full char
Source: EPA, 2018

Figure 1. Ozone Season NO x Emissions from CSAPR Sources, 2005i 2016
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State-by-State Ozone Season NOx Emissions from CSAPR Sources, NOx Emissions (thousand tons)
2000-2016 -
a0
80
40
20

2000 2005 2016

M Alabama

CSAPR states controlled for ozone
@ 2000 NO, emissions (tons)

2000 2005 2016
Notes.
« Tha 2000 and 2005 szone season values reflect data that wene reported under other programs. For faciities that were not covered by another program and did not report 2000 or 2005 emissions, their reported emissions for 2015 were substizuted
Source: EPA, 2018

Figure 2. State -by-State Ozone Season NO x Emissions
from CSAPR Sources, 200 07 2016
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Comparison of Ozone Season NOx Emissions and Heat Input for CSAPR Sources, 2000-2016

NO, Emissions

2000 2001 2002 2003 2004 2005 2006 2007 2005 2009 2010 2m 2012 2013 2014 2015 2016
WcoaL MGAs WoL OTHER
Heat Input

M
_/’_//\N

2013

2000 2001 2002 2003 2004 2005 2008 2007 2008 2008 2010 20m 2012 2014 2015 2016

N COAL N GAS W OlL OTHER

= The data shown here for the ozone season program reflect totals for those facilites required to comply with each program in each respective year. This means that CSAPR NO. ozone season only program facilities are not included in the ozone
seasen NO. emissions data prior to 2015.

« Fuel type regresents prmary fusl type: units might combust more than one fuel

« Unigss othenwise noted, EPA data are current as of January 2017, and may differ from past or future reports 25 a result of resubmissions by sources and ongoing data quality assurance Jctivites.

Figure 3. Comparison of Ozone Season NO

Source: EPA, 2018

x Emissions and Heat Input for CSAPR
Sources, 2000712016
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0Ozone Emissions (thousand tons) Ozone Rate (lb/mmBtu) Heat Input (billion mmBtu)
Primary Fuel 2000 2005 2010 2016 2000 2005 2010 2016 2000 2005 2010 2016
Coal 1,926 1,117 821 460 0.43 0.25 0.19 0.15 8.96 9.06 8.45 £.31
Gas 195 95 78 83 0.19 0.06 0.04 0.03 2.10 296 3.60 4.99
0il 9 53 13 5 0.31 0.25 0.13 0.11 0.51 043 0.20 0.10
Other 1 2 2 4 021 0.39 0.11 0.10 0.01 0.01 0.04 0.08
Total 2,201 1,267 915 552 0.28 0.20 0.15 0.10 11.58 12.45 12.29 11.47

Notes:

= The data shown here reflect totals for those facilities required to comply with each program in each respective vear. This means that CSAPR NO. ozone season only program facilities are not included in the ozone season NO. emissions

data prior to 2015

- Fusl type represents primary fuel type; units might combust more than one fuel.

= Totals may not reflect the sum of individual rows dus to rounding,

- The emission rate reflects the emissions (pounds) per unit of heat input (mmBiu) for each fuel category. The total NO, ozone season emission rate in each column of the table is not cumulative and does not equal the arithmetic mean of
the four fusl-spacific rates. The tatal for each year indicates the average rate across all units in the program because each facility influences the annual emission rate in proportion to its heat input, and heat input is unevenly distributed

across the fuel categories
= Uniess otherwise noted, EPA data are curment as of Jan vary 2018, and may differ from past or future reports as a result of esubmissions by scurces and ongong Cata QUalty assurance activites.

Figure 4. CSAPR Ozone Season NO x Emissions Trends , 2016

Source: EPA, 2018
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Chapter 4: Emission Controls and Monitoring

Allowance tradingprovisionsin cap and trade programedlow sourceso choosethe most costeffective
strategy to reduce emissionslany sources opted to install control technologeemeet the Acid Rain
Program (ARP) and CreState Air Pollution Rule (CSAPR) emission reduction targets. Aangkof
controls is available to help reduce emissiddewever sources choose to compligey are held to very
high standards of accountability for emissionscérate and consistent emissions monitoring data is
criticalto ensure progranmesults. Most sources are required to usentinuous emission monitoring
systems (CEMS).

Highlights
ARP and CSAPR2 . t w/ UOT UE Guod"MordiingO O U
1 Units with advancedlue gas desulfurizatioFGD) controls @lso known ascrubbers) accounted for

68 percent of coafired units and & percent of coafired generationmeasured in megawatt hours,
or MWh,in 2016.

1 In 201630 percent of CSAPR units (including 100 percent offireal units) monitored SO
emissions usin@EMSNinetynine percent ofSQ emissions were measured by CEMS.

CSAPR NO Annual Program Controls and Monitoring
1 Seventytwo percent d fossil fuelfired generation (as measured in megawatt hours, or MWa3

produced by unitsvith advanced pollution controls (either selective catalytic reduction [SCR] or
selective norcatalytic reduction [SNCR]).

1 In 2016, the 33 coatfired units with adanced adebn controls (either SCRs or SNCRs) generated 72
percent of coafired generation. At oiland natural gadired units, SCRand SNCReontrolled units
produced 72 percent of generation.

1 In 2016, 72 percent of CSAPR units (including 100 perceong#ired units) monitored N©
emissions using CEMSinetynine percent of NQemissions were measured by CEMS.

CSAPR NO Ozone Season Program Controls and Monitoring

1 Seventy percentfoall the fossil fuefired generation (as measured in megawiatturs, or MWh)vas
produced byunits with advanced pollution controls (either SCRs or SNCRS).

1 In 2016, units with advanced aduh controls (either SCR or SNCR) accounte@&percent of coal
fired generation. At oiland natural gadired units, SCRand SNCRcontrolled units produced 69
percent of generation.

1 In 2016, 73 percent of CSAPR units (including 100 percent direshiinits) monitored ozone
season N@emissions using CEMSinety-eight percent of ozone season N@missions were
measured byCEMS.

Chapter4: Emission Controls and Monitoring Page36 of 85
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Analysis and Background Information

Continuous Emission Monitoring Systems (CEMS)

Accurate and consistent emissions monitoring is the foundation of a successful cap and trade program.
EPA has developed detailed procedures codified in federal reguga#0 CFR Part 75) to ensure that
sources monitor and report emissions with a high degree of precision, reliability, accessibility, and
timeliness. Sources are required to use CEMS or other approved methods to record and report pollutant
emissions dataSources conduct stringent quality assurance tests of their monitoring systems to ensure
the accuracy of emissions data and to provide assurance to market participants that a ton of emissions
measured at one facility is equivalent to a ton measured atfareifit facility. EPA conducts

comprehensive electronic and field data audits to validate the reported data.

While some units with low levels of 5&hd NQ emissions are allowed to use other approved
monitoring methods, the vast majority of $&nd NQ emissionsare measured by CEMS.

SO:2 Emission Controls

Sources in the ARP and CSAPR&Qram have a number of $@mission control options available.
These include switching to low sulfur coal, employing various types of FGDs, or utilizing fluidized bed
limestone units. FGDsalso known as scrubbeg¢son coalfired generators are the principal means of
controlling S@emissions and tend to be present on the highest generatingfueal units.

NO x Emission Controls

Sources in the ARP and CSAPRax@ual anl ozone season progranhave a variety of options by
which to reduce N@emissions, including advancedstcombustioncontrols such as SCR or SNH,
combustion controlssuch as low Ngburners

More Information

T +AaAiAd 9t! Qa t26SNItfl yi 9-dateanisBighs anddnfrtl datadoh G S F2 1
sources in CSAPR and the ARBs://www3.epa.gov/airmarkets/progress/datatreds/index.html

91 Air Markets Program Data (AMPRjps://ampd.epa.gov/ampd/

Learn more about emissions monitoringps://www.epa.gov/airmarkets/enissionsmonitoring

1 Plain English guide to 40 CRF Pattfas://www.epa.gov/airmarkets/plairenglishguidepart-75-
rule

1 Continuous emission monitoring systems (CEMI®}k://www.epa.gov/emc/emecontinuous
emissioAamonitoring-systems

=
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Figures

S0: Emissions Controls in the ARP and CSAPR SO: Program in 2016

Generation (million MWh) by SO: Emission Control Generation by Number of Units with and without SO:
Type Emission Controls
1500
1000
500
0

COAL oL GAS OTHER
M FGD I other M FGD I Other
I Uncontrolled Unknown I uncontrolled Unknown

Notes:
= Due to rounding, percentages shown may not add up to 100%.
= "FGO" refers to Flue-gas desulfurization: "Other” fuel refers to units that burn waste, wood, petroleurn coke, tre-derived fuel, etc.; “Unknown™ is counted as uncontrolied
« Emissions data coliected and reported using CEMS,
« EPA data in this figure are current 35 of Apeill 2018, and may differ from past or future reports 35 3 result of resubmissions by sources and ongoing data quality assurance activities
= There is 3 small amount of generation from units with “Other” controds or “Unknown” controls. The data for these units is not easity visible on the full chart. To more cleary see the generation data for these units, especially for Oil and
Other fuel types. use the interactive features of the figure: click on the boxes in the legend to tum off the blue and green categones of control types (labeled "FGD" and “Uncontrolied”) and tum on the orange and yellow categories of
control types (Labeled "Other” and “Unknown”),
Source: EPA, 2018

Figure 1. SO > Emission Controls in the ARP and CSAPR SO; Program in 2016
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CSAPR SO: Program Monitoring Methodology in 2016
Monitoring Methodology by Number of Units in 2016 Monitoring Methodology by SO: Emissions in 2016
I Coal Units wiCEMS I Coal Units wio CEMS I Coal Units wiCEMS I Coal Units wio CEMS
I Gas Units wiCEMS Gas Units wio CEMS W Gas Units wiCEMS Gas Units wio CEMS
[ Oil Units wiCEMS I Oil Units wio CEMS [ Oil Units wiCEMS I Oil Units wio CEMS
Il Other Units wiCEMS I Other Units wio CEMS I Other Units wiCEMS M Other Units wio CEMS

Naotes:
« Percent totals may not add up to 100 percent due to rounding.
= "Other fusl units™ include units that combusted primadly wood, waste, of other nonfossil fuel

Source: EPA, 2018

Figure 2. CSAPR SO , Progra m Monitoring Methodology in 2016
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NOx Emissions Controls in CSAPR NOx Annual Program in 2016

Generation (million MWh) by NOx Control Type Generation by Number of Units with and without NOx
Controls

600
500

]
300
200
100

—

0
COAL oL GAS OTHER
Il Combustion Only I sSCR Il Combustion Only I sCR
[ SNCR Uncontrolied [ snNCR Uncontrolled
I Other M Other
Notes:

- Due to rounding, percentages shown may not add up to 100%.
- “SCR" refers to selective catalytic reduction; “SNCR" fuel refers to selective non-catalytic reduction; "Combustion Only” refers to low NO. burners, combustion modification/fuel rebuming, or overfire air; and “Other” fuel refers to units
that burn waste, wood, petroleum coke, tire-derived fusl, etc
- Emissions data colected and reported using CEMS,
- EFA data in this figure are curent as of Apeil 2018, and may differ from past or future reports as a result of resubmissions by sources and ongoing data quality assurance activities,
- There is a small amount of generation from wnits with “Other” controls and from “Uncontrolled™ units. The data for these units is not easily visible on the full chart. To more clearly se= the generation data for these units, especially for Ol
and Other fuel types, use the interactive features of the figure: click on the boxes in the legend to turn of f the blue, dark orange, and green categonies of control types (labeled “Combustion Only.” "SCR,” and "SNCR7) and turn on the
yelow and light orange categones of control types (labeled “Uncontrolied™ "Cther’)

Source: EPA, 2018

Figure 3. NOx Emissions Controlsin CSAPR NOx Annual Program in 2016
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CSAPR NOx Annual Program Monitoring Methodology in 2016
Monitoring Methodology by Number of Units in 2016 Monitoring Methodology by NOx Emissions in 2016

M Coal Units wiCEMS M Coal Units wio CEMS M Coal Units wiCEMS I Coal Units wio CEMS
[ Gas Units wiCEMS Gas Units wio CEMS [ Gas Units wiCEMS Gas Units wio CEMS
I Oil Units wICEMS I Oil Units wio CEMS I Oil Units wiICEMS Il Oil Units wio CEMS
Il Other Units wiCEMS I Other Units wio CEMS I Other Units wiCEMS I Other Units wio CEMS

Notas:
= Percent totals may not add up to 100 percent due to rounding
= "Oaher fuel units” nclude units that combusted prmarily wood, waste, or other nonfossil fuel,
Source: EPA, 2018

Figure 4. CSAPR NO x Annual Progra m Monitoring Methodology in 2016
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NOyx Emissions Controls in CSAPR NOyx Ozone Season Program in 2016

Generation (million MWh) by NOx Emission Control Generation by Number of Units with and without NOx
Type Emission Controls
600
- ]
m I
. 1 —
COAL oL GAS OTHER
Il Combustion Only M scr I combustion Only I sCR
I SNCR Uncontrolled I SHCR Uncontrolled
[ Other I other
Notes:

« Due to rounding, percentages shown may not add up to 100%.

= "SCR" refers to selective catalytic reduction; “SMCR” fuel refers to selective non-catalytic reduction; "Combustion Only” refars to kow MO. bumers. combustion modification/fuel rebuming. or overfire air: and “Other” fuel refers to wnits
that burn waste, wood, petroleum coke, tire-derived fuel ete.

= Emigsions dats colected and reported using CEMS,

= EPA data in this figure are curent as of Apel 2018, and may differ from past or future reports as a result of resubmissions by sources and ongoing data quality assurance activities.

- There is a small amount of generation from units with “Othes” controls and from “Uncontroled” units. The data for these units is not easily visible on the full chart. To more clsarly see the generation data for these units, especially for Ol
and Other fusl types, use the nteractive features of the figure: click on the boxes in the legend to tum off the blue, dark orange, and green categories of control types (labsled “Combustion Only,” "SCR.” and "SNCR') and turn on the
yelicw and light orange categones of control types (labeied “Uncontrolied” "Other’)
Source: EPA, 2018

Figure 5. NO x Emissions Controls in  CSAPR NOx Ozone Season Program in 2016
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CSAPR NOyx Ozone Season Program Monitoring Methodology in 2016
Monitoring Methodology by Number of Units in 2016 Monitoring Methodology by Ozone Emissions in 2016
I Coal Units wiCEMS I Coal Units wio CEMS I Coal Units wiCEMS I Coal Units wio CEMS
I Gas Units wiCEMS Gas Units wio CEMS I Gas Units wiCEMS Gas Units wio CEMS
[ Oil Units wiCEMS I Oil Units wio CEMS I il Units wiCEMS I Qil Units wio CEMS
I Other Units wiCEMS I Other Units wio CEMS I Other Units wiCEMS I Other Units wio CEMS

Notes:
= Percent totals may not add up to 100 percent due to rounding.
« "Other fusl units” inchude units that combusted primariy wood, waste, or other nanfossd fuel
Source: EPA, 2018

Figure 6. CSAPR NO x Ozone Season Program Monitori ng Methodology in 2016
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Chapter 5: Program Compliance

This analysis shows how the Acid R&iogram (ARP) and CreState Air Pollution Rule (CSAPR)
allowances are used for compliance under the trading programs in 2016.

Highlights
ARP SO:2 Programs
1 The reported 2016 S@missions by ARP sources totaled 1,469,779 tons.

1 Almost 42 million S&allowarces were available for compliance (9 million vintage 2016rexadly
33 million banked from prior years).

1 EPA deductedipt under 1.5 million allowances for ARP compliance. After reconciliation, over 40.2
million ARP Sfallowances were banked and carrifmward to the 2017 ARP compliance year.

1 All ARP SGacilities were in compliance in 20{6olding sufficientallowances to cover their SO
emission

CSAPR SO:2 Group 1 Program
1 The reported 2016 S@missions by CSAPR Group 1 sources totaled 78®Aa48
1 Over 3.7 million SEGroup 1 allowances were available for compliance

1 EPA deductedigtover785,000million allowances for CSAPR.&Poup 1 compliance. After
reconciliation, over 2.9 million CSAPR G&@up 1 allowances were banked and carriedviand to
the 2017 compliance year.

1 All CSAPR $QGroup 1 facilities were in compliance in 2Qh6lding sufficientallowances to cover
their SQ emission}

CSAPR SO2 Group 2 Program
1 The reported 2016 S@missions by CSAPR Group 2 sources totaled 371Ag&3 t
1 Over 1.3 million SGGroup 2 allowances were available for compliance

1 EPA deducteglistover 371,000 allowances for CSAPR&O@up 2 compliance. After reconciliation,
over 961,000 CSAPR&0Poup 2 allowances were banked and carried forward to 72
compliance year.

1 All CSAPR $QGroup 2 facilities were in compliance in 2Qh6lding sufficientallowances to cover
their SQ emission}

CSAPR NO x Annual Program
1 The reported 2016 annual N®@missions by CSAPR sources totaled 801,872 tons.

1 Just overl.6 million NQAnnual allowances were available for compliance.

Chapter5: Program Compliance Paged4 of 85
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1 EPA deducteduptover801,000 allowances for CSAPR«W@hual compliance. After reconciliation,
over802000 CSAPR N@nnual allowances were banked and carried forward to the 2017
compliane year.

1 All CSAPR N@nnualfacilities were in compliance with the CSAPR Nthualprogram(holding
sufficientallowances to cover their N@mission$.

CSAPR NO x Ozone Season Program
1 The reported 2016 ozone season Ndissions by CSAPR sources totdiz?,361tons.

1 Just over 777,000 N@zone season allowances were available for compliance.

1 EPA deductegustover 422,000 allowances for CSAPR SitdneSeason compliance. After
reconciliation, almost 354,000 CSAPR«NgbneSason allowances were bankeéthese banked
allowances were converted to CSAPRbifone season group 1 and group 2 allowances under the
CSAPR Update Rule. Banked allowances held in Georgia facility accounts were converted at 1 for 1
to CSAPR N®@zone season group 1 allowances. Allesthanked allowances were converted at a
ratio of 3.278 to 1 to vintage 2017 CSAPR di0ne season group 2 allowances. The conversion
resulted in 100,134 year 2017 CSAPR ®&#One season group 2 allowances, and 18,513 CSARR NO
0zone season group 1 allonees.

1 Two facilities were out of compliance with the CSAPR®0OneSason program and had 17 total
tons of excess emissions.

Analysis and Background Information

The year 2016 was the second year of compliance for the CSARPRr&@ 1 and Group 2), anauNG

and ozone season N@rograms.Each program has its own distinct set of allowances, which cannot be
used for compliance with the other programs (e.g., CSARG®Op 1 allowances cannot be used to
comply with the CSAPR S&oup 2 Program).

ThecomJt A yOS adzyYl NB SY AHghligh#y avydifedshgbtl® fantdersins Bf Ay a
SYAaaAirzya dzaSR F2NJ NBO2yOAft Al GA2Y Llz2N1}RaSa akKz2gy
because of variation in rounding conventions, changes due tdremsions by sources, and compliance

issues at certain units. Therefore, the allowance totals deducted for actual emissions in those figures

differ slightlyfrom the number of emissions shown elsewhere in this report.

More Information

Learn more about allsance market$ttps://www.epa.gov/airmarkets/allowancenarkets
Air Markets Business Centettps://www.epa.gov/airmarkets/businessenter

Air Markets Program Data (AMPIjps://ampd.epa.gov/ampd/

Learn more about emissions trading httpsuliw.epa.gov/emissiontrading-resources

=A =4 = =2

Chapter5: Program Compliance Page45 of 85


https://www.epa.gov/airmarkets/allowance-markets
https://www.epa.gov/airmarkets/business-center
https://ampd.epa.gov/ampd/
http://www.epa.gov/emissions-trading-resources

2016Program Progresg CrossState Air Pollution Rule and Acid Rain Program

https://lwww3.epa.gov/airmarkets/progress/reports/program_compliance.html

Figures

Acid Rain Program SO, Program Allowance Reconciliation Summary, 2016

.
g
s
3
%
S

Held by Affected Facility Accounts. 26,526,882
Held by Other Accounts (General 15,196,925
and Non-Affected Facility Accounts)
Allowances Deducted for Acid Rain Compliance® 1,477,512
Penalty Allowance Deductions [}
Held by Affected Facility Accounts 25,049,370
Held by Other Accounts (General 15,196,925
and Non-Affected Facility Accounts)
* Allowances deducted for ARP Compliance Includes 649 allowances deducted from opt-ins for reduced utilization.
ARP SO, Program Compliance Results
Reported Emissions (tons) 1,469,779
Compliance issues, rounding, and report resubmission adjustments (tons) 7,084
Emissions not covered by allowances (tons) 0
Total allowances deducted for emissions 1,476,863

Motes:

(ED ST4
o )

)
Y agenct

%%

24, pon

- Compliance emissions data may vary from other report sections as a result of variation in rounding canventions, changes due fo resubmissions by sources, or allowance compliance issues at certain units.

- Reconcilistion and compliance data are current as of July 2017 and sub: deduction adj and p lties are not reflected.

Figure 1. ARP SO , Program Allowance Reconciliation Summary,

Source: EPA, 2018

2016
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Cross-State Air Pollution Rule SO, Group 1 Program Allowance Reconciliation Summary, 2016

Held by Affected Facility Accounts 3,286,939

Held by Other Accounts (General, 423,021
State Holding and Non-
Facility Accounts)

Allowances Deducted for Cross-State Air Pollution Rule 785,247
50, Group 1 Program

Penalty Allowance Deductions a

Held by Affected Facility Accounts 2,501,692

Held by Other Accounts (General, 423,021
State Holding and Non-Affected
Facility Accounts)

CSAPR 50, Group 1 Program Compliance Results

Reported Emissions (tons) 785,248
Compliance issues, rounding, and report resubmission adjustments (tons) -1
Emissions not covered by allowances (tons) L]
Total allowances deducted for emissions 785,247

Motes:
+ Compliance emissions data may vary from other report sections as a result of variation in rounding conventions, changes due to resubmissions by sources, or allowance compliance issues at certain units.
+ Reconciliation and compliance data are current as of July 2017 and subseqguent allowance deduction adjustments and penalties are not reflected.

Source: EPA, 2018

Figure 2. CSAPR SO , Group 1 Program Allowa nce Reconciliation Summary, 2016
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Cross-State Air Pollution Rule SO, Group 2 Program Allowance Reconciliation Summary, 2016

Held by Affected Facility Accounts 1,174,231

Held by Other Accounts (General, 158,558
State Holding and Non-Affected
Facility Accounts)

Allowances Deducted for Cross-5tate Air Pollution Rule 371,565
50, Group 2 Program

Penalty Allowance Deductions L]

Held by Affected Facility Accounts 802,666

Held by Other Accounts (General, 158,558
State Holding and Non-Affected
Facility Accounts)

CSAPR SO, Group 2 Program Compliance Results

Reported Emissiens (tons) 371,723
Compliance issues, rounding, and report resubmission adjustments (tons) -158
Emissions not covered by allowances (tens) 1]
Total allowances deducted for emissions 371,565
Notes:
- Compliance emissions data may vary from other report sections as a result of variation in rounding conventions, changes due to issians by sources, or compli issues at cartain units.

= Reconciliation and compliance data are current as of July 2017 and subseguent allowance deduction adjustments and penalties are not reflected.

Source: EPA, 2018

Figure 3. CSAPR SO , Group 2 Program Allowa nce Reconcilia tion Summary, 2016
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Cross-State Air Pollution Rule NO, Annual Program Allowance Reconciliation Summary, 2016

Held by Affected Facility Accounts 1,404,344

Held by Other Accounts (General, 199,218
State Holding and Non-,
Facility Accounts)

Allowances Deducted for Cross-5tate Air Pollution Rule 800,945
MO, Annual Program

Penalty Allowance Deductions ]

Held by Affected Facility Accounts 603,399

Held by Other Accounts (General, 199,218
State Holding and Non-Affected
Facility Accounts)

CSAPR NOy Annual Program Compliance Results

Reported Emissions (tons) 801,872
Compliance issues, rounding, and report resubmission adjustments (tons) -927
Emissions not covered by allowances (tons) o
Total allowances deducted for emissions 800,945

Naotes:
= Compliance emissions data may vary from other report sections as a result of variation in rounding conventions, changes due to resubmissions by sources, or allowance compliance issues at certain units.
- Reconcilistion and compliance data are current as of July 2017 and subsequent allowance deduction adjustmenis and penalties are not reflected.

Source: EPA, 2018

Figure 4. CSAPR NOx Annual Program Allowance Reconciliation Summary, 2016
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Cross-State Air Pollution Rule NOy Ozone Season Program Allowance Reconciliation Summary, 2016

Held by Affected Facility Accounts 713,087

Held by Other Accounts (General, 63,892
State Holding and Non-Affected
Facility Accounts)

Allowances Deducted for Cross-5tate Air Pollution Rule 422,573
MO, Ozone Season Program

Penalty Allowance Deductions 34

Held by Affected Facility Accounts 290,480
Held by Other Accounts (General, 63,892
State Holding and Non-Affected

Facility Accounts)

CSAPR NOy Ozone Season Program Compliance Results

Reported Emissiens (tons) 422,361
Compliance issues, rounding, and report resubmission adjustments (tons) 195
Emissions not covered by allowances (tons) 17
Total allowances deducted for emissions 422,573

Notes:
= Compliance emissions data may vary from other report sections as a result of variation in rounding conventions, changes due fo resubmissions by sources, or allowance compliance issues at certain units.
* Recongiliation and compliance data are current as of July 2017 and subsequent allowance deduction adjustments and penalties are not reflected.

Source: EPA, 2018

Figure 5. CSAPR NOx Ozone Season Program Allowance Reconciliation Summary , 2016
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Chapter 6: Market Activity

Cap and trade programs allgvarticipantsto independently determineheir best compliance strategy
Participantghat reduce their emissions below the number of allowances they hold may trade
allowances, sell them, or bank them for use in futyears.

Highlights

Transaction Types and Volumes

1 In 2016 more thanl,000,000 allowances were traded across all four of the CSAPR trading programs.
Just under onghird of the transactions within the CSAPR programs were betwiéstimct
organizations.

1 In2016, over 2 million ARP allowances were traded, the majority (82 percent) between related
organizations.

2016 Allowance Prices 2

1 ARP Sgxallowance prices averaged less than $1 per ton in 2016.
1 CSAPR $Group 1 allowance prices started 2016 at $2.75 parand ended 2016 at $5.25 per ton.
1 CSAPR SGroup 2 allowance prices started 2016 at $5 per ton and ended 2016 at $5.25 per ton.
1 CSAPR N@nnual program allowances starte@15 at $80 per ton and ended 2016 at $6 per ton.

1 CSAPR N@zone season prograallowances started 2016 at $182.5 per ton and ended 2016 at
$142.5 per tort.

2 Allowance prices as reported by SNL Finance, 2017.

2These prices reflect CSAPR ozone seasqal@ances. In October 2016, EPA published an update to the CSAPR ozone
season allowance trading programs. On Octobét, 2017, CSAPR most ozone seasogpdll@vances were converted to
CSAPR Update ozone seasorx Aldwances.

Chapter6: Market Activity Pages1 of 85
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Analysis and Background Information

Transaction Types and Volumes

Allowance transfer activity includes two types of transfers: EPA transfers to accounts and private
transactions. EPA transfers to accounts include the initial allocation of allowances by states or EPA, as
well as transfers into accounts related to setides. This category does not include transfers due to
allowance retirements. Private transactionslirae all transfers initiated by authorized account
representatives for any compliance or general account purposes.

To better understand the trends in market performance and transfer history, EPA classifies private
transfers of allowance transactions intwa categories:

1 Transfers between separate andrelated parties (distinct organizationsyhich may include
companies with contractual relationshifsuch as power purchase agreementsut excludes
parentsubsidiary types of relationships.

1 Transfers withi a company or between related entities (e.g., holding company transfers between a
facility compliance account and any account held by a company with an ownership interest in the
facility).

While all transactions are important to proper market operatioRAHollows trends in transactions

between distinct economic entities with particular interedtese transactions represent an actual

exchange of assets between unaffiliated participants, which reflect companies making the most of the
costminimizing flexibility of emission trading programs by finding the cheapest emission reduwibns
only among heir own generating assets, batross theentire marketplaceof power generators

Allowance Markets

The2016emissions were below emission budgets for the AR#ih Program (ARP) and forfalir Cross

State Air Pollution Rule (CSAPR) programs. As kb, I@SAPR allowance prices were well below the
marginal cost for reductions projected at the time of the final rule, and are subject, in part, to downward
pressure from theavailable banks of allowances

More Inform ation

Learn more aboutllbowancemarketshttps://www.epa.gov/airmarkets/allowancenarkets
Air Markets Business Centeitps://www.epa.gov/airmarkets/businessenter

Air Markets Program Daf@MPDhttps://ampd.epa.gov/ampd/

Learn more about emissions tradihgps:// www.epa.goyemissionstrading-resources

= =8 =4 =
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Figures

2016 Allowance Transfers under CSAPR and ARP

Share of Program's Allowances Transferred
Transactions Conducted Allowances Transferred

Related (%) Distinct (%)
ARP 50: 380 2,797,308 82% 18%
CSAPRSO: Group 1 433 387,886 66% 349
CSAPR S0: Group 2 208 189,845 83% 17%
CSAPR NO: Annual 893 321,699 T4% 26%
CSAPR NOx Ozone Season 1,003 177,488 65% 35%

Notes

» The breakout between distinct and related organizations s not an exact value as refationships are often diffi
ikety higher,

cull to categorize in a simple bifurcated manner. EF&'s analysis is conservative and the “Distinct Crganizations™ percentage is
+ Percentages may not add up 1o 100% due 1o rounding.

Source: EFA, 2018

Figure 1. 201 6 Allowance Transfers under CSAPR and ARP
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Allowance Spot Price (Prompt Vintage), January — December 2016
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Motes:

» Prompt vintage is the vintage for the “current” compliance year.
» CSAPR NO, Seasonal Group 2 allowance prices reflect the CSAPR Update Rule, which was published in October 2018 and created two geographically distinct frading groups, the other being CSAPR NO,
Seasonal Group 1

Source: SNL Financial, 2018

Figure 2. Allowance Spot Price  (Prompt Vintage) , January i December 201 6
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Chapter 7: Air Quality

TheAcid Rain Program (AR&)d CrossState Air Pollution Rule (CSARR)e designed to reduce sulfur
dioxide (S@ and nitrogen oxides (NPemissions from power plants. These pollutants contribute to the
formation of groundlevel ozoneand particulate matterwhich cause a range of serious health effects

and degrade visibility in many American cities and scenic areas, including NationallRarleamatic
emission reductions achieved under these programs have improved air quality and delivered significant
human health and ecological benefits across timitédl States.

To evaluate the impact of emission reductions on air quality, scientists and policymakers use data
collected from longerm national air quality monitoring networks. These networks provide information
on a variety of indicators useful for thing and understanding trends in regional air quality over time
and in different areas.

Sulfur Dioxide and Nitrogen Oxides Trends

Highlights
National SO 2 Air Quality
f .FASR 2y 9t ! Qihe natibridl aveide BFE@nnURImMean ambient concentians

decreased from 12.0 parts per billion (ppb) to 1.1 ppb (91 percent) between 1980 afd 201

1 The two largest singlgear reductions (over 20 percent) occurred in the first year of the ARP,
between 1994 and 1995, and more recently between 2008 and 3080prior to the start of the
CAIR Sprogram.

Regional Changes in Air Quality

1 Average ambient S@oncentrations declined in the eastern United States following
implementation of the ARP and other emission reduction programs. Regional average
concentrdions declined87 percentfrom the 198%;1991 tothe 2014¢2016 observation periods

1 Ambient particulate sulfate concentrations have decreased since the ARP was implemented, with
average concentrationdecreasing byl to 75percent in observedegions from 19881991 to
2014¢2016.

1 Average annual ambient total nitrate concentratiatesclined51 percentfrom 19891991 to 204¢
2016 in the eastern United States, with the largest reductions in the-Aidntic and Northeast.

Analysis and Background Information

Sulfur Dioxide

Sulfur oxides are a group of highly reactive gases that can travel long distances in the upper atmosphere
and predominatly existassulfur dioxide $Q). The primary source of S@missions is fossil fuel

combustion at power p@ints. Smaller sources of S€nissions include industrial processesch as

extracting metal from oregas well aghe burning of high sulfucontaining fuels by locomotives, large

ships, and nomoad equipment. S@emissionontribute to the formation ofine particle pollution

Chapter 7: Air Quality, Sulfer Dioxide and Nitrogen Oxides Trends Pageb5 of 85
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(PM.s) andare linked with a number of adverse effects on the respiratory systémaddition,
particulate sulfatedegrades visibility and, becaussulfate compoundsre typically acidichey canharm
ecosystems when deposited.

Nitrogen Oxides

Nitrogen oxidesirea group of highly reactive gases including nitric oxide (NO) and nitrogen dioxide
(NQ). In addition to contributing to the formation of grourevel ozone and Pp4, NGcemissions are
linked with a number of adverse effts on the respiratory system®NOalso reacsin the atmosphere
to form nitric acid (HN€) and particulate ammonium nitrate (MNQGs;). HNQand NHNG;, reported as
total nitrate, can also lead to adverse health effects and, wigposited cause damage teensitive
ecosystems

Although the ARBnd CSAPBrograms havesignificantly reducedOx emissionsgrimarily frompower
plants)and improvel air quality, emissions from other sources (such as motor vehicles and agriculture)
contribute tototal nitrate concentrations in many areas. Ambient nitrate levels can also be affected by
emissions transported via air currents over wide regions.

More Information

1 Clea Air Status and Trends Network (CASTKRE@S://www.epa.gov/castnet

1 Air Quality System (AQB}ps://www.epa.gov/aqgs

1 National Ambient Air Quality Standar@AAQShttps://www.epa.gov/criteriaair-pollutants

1 Learn more abousulfur dioxide $Q) https://www.epa.gov/so2pollution

1 Learn more abounitrogen oxidesNQ) https://www.epa.gov/no2pollution

T [ SFNY Y2NB Fo2dzi 9t ! Qattpd/vBw.epa.govkaNdakdtshhllo@ams t NB I NI Y 2
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Figures

National SO: Air Quality Trend, 1980-2016

w
=

S$0: Annual Mean Ambient Concentration (ppb)

o

1980 1885 1950 1995 2000 2005 2010 2015

Average Concentration -~ 90% of sites have concentrations -~ 10% of sites have concentrations
below this line below this line

Notes:
+ Data based on state. local, and EPA monitoring sites which are located primarily in urban areas

Figure 1. National SO , Air Quality Trend, 19801 2016
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Regional Changes in Air Quality
Measurement Region e et R aait, Percent Change Number of Sites ?taﬁsﬁtal
1989-1991 2014-2016 Significance
Mid-Atlantic 63 1.6 =75 12 A
Ambient particulate Midwest 5.8 1.7 -7l 9 e
sulfate concentration
(ng/m?) Northeast 34 0.9 -74 4
Southeast 55 1.5 -73 8 i
Mid-Atlantic 13.0 2.0 -85 12 i
Ambient sulfur dioxide Midwest 1o Ls o ?
concentration (ug/m’) Northeast 52 0.7 -87 4
Southeast 51 0.6 -88 8 A
Mid-Atlantic 33 1.5 -55 12 b
Ambient total nitrate Midwest 48 24 8 :
concentration (ug/m’) Northeast 17 01 -59 4
Southeast 2.2 11 -50 8 i

Notes:

= Averages are the arithmetic mean of all sites in a region that were present and met the completeness criteria in both averaging periods. Thus, average concentrations for 1585 10 1551 may differ from past reports.

= Statistical significance was determined at the 35 percent confidence level (p <0.05) using Stedent’s t-test. Changes that are not statisticaly significant may be unduly influenced by measurements at onfy a few locations or large

wariability in measurements.

Figure 2. Regional Changes in Air Quality

Source: EPA, 2018

Chapter 7: Air Quality, Sulfer Dioxide and Nitrogen Oxides Trends

Page58 of 85



WTEP 5Tq
N "

2016Program Progresg CrossState Air Pollution Rule and Acid Rain Program 53’ 'g
https://lwww3.epa.gov/airmarkets/progress/reports/air_quality.html % M f
O
%’\41 Pno“”é
Ozone
Highlights

Changes in 1-Hour Ozone during Ozone Season

1 Therewas a overall regional reduction in ozone levels between 2@0M2and 20142016 with a
25 percent reduction in the highest (99ercentile) ozone&oncentrations in CSAPR states.

1 Results demonstrate how N@mission reduction policies have affectedhdur ozone
concentrations in the eastern United Statethe region that the pbcies were designed to target.

Trends in Rural 8-Hour Ozone

1 From2014 to 2016rural ozone concentrations averaged 66 ppb in C3ARES, a decrease of 24
ppb (26 percentfrom the 1990 to 2002 period.

1 The Autoregressive Integrated Moving Average (ARIMA) model shows how the reductions in rural
0zone concentrationsompare withthe implementation of the NBP in 2003 (twear 14 ppb
reduction from 2002) and the start of the CAIRRoneSeason program in 2009 (twyear 7 ppb
reduction from 2007).

9 Four of the five lowest observed ozone concentrations were betw8B8 and 2016. Ozone season
NO«emissions fell steadily under CAIR andtowied to drop after implementation of CSAPR in
2015. In addition, implementation of the mercury and air toxics standards (MATS), which began in
2015, achieves ebenefit reductions of N©emissions.

Changes in 8-Hour Ozone Concentrations

1 The averageeduction in ozone concentratior{aot adjusted for weathérin the CSAPRO«Ozone
Season progam region from 200€2002 to 20142016 was about 10 ppb (18 percent).

1 The average reduction in the meteorologicallgjusted ozone concentrations ihe CSAPRO«
OzoneSeason program region from 209R002 to 204¢2016 wasabout 11 ppb 20 percent).

Changes in Ozone Nonattainment Areas

1 Ninety-two of the 113 areas originally designated as nonattainment for the 19893u8 ozone
National Ambient Air Quality StandafidAAQ¥$(0.08 ppm) are in the eastern United States and are
home to about 122 million peopleThese nonattainment areas were designated in 2004 using air
quality data from 2001 to 2003.

o0 Based on data frorR014 to 2016all 92 of the eastern ozone nonathment areas now
show concentrations belothe level of the 1997 standard.

1 Twentytwo of the 46 areas originally designated as nonattainment for the 20088 ozone
NAAQS (0.075 ppm) are in the eastern United States and are home to about 80 milliée peop
These nonattainment areas were designated in 2012 using air quality data2fd08 to 2010 or
2009 to 2011.

0 Based on data frora0142016 77 percent (17 areas) of thleastern ozone
nonattainment areas now show concentrations below the level of the Zi@8dard.
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While five areas continue to show concentrations above the Zi@8dard, three of
those areas made progress toward meeting the standard in the 2014 period. Given
that power sector emissions are an important component of theBi@ission irventory
and thatthe majority ofprograms that reduce power sectozone season NO
emissiors reductions in the power sector that occurred afd03 are attributable to
the NBP, CAIR, and CSAPR, it is reasonable to conclude that ozone seg=orssian
have significantly contributed to these improvements in ozone air quality.

Analysis and Background Information

Ozone pollutiorg, also known as smogforms when NQand volatile organic compounds (VOCSs) react

in the presence of sunlight. Major sources of4@d VOC emissions include electric power plants,

motor vehicles, solvents, and industrial facilities. Meteorology plays a significant role in ozone formation
andhot, sunny days are most favorable for ozone production. For ozone, EPA and states typically
regulate NQemissiongluring the summewhen sunlight intensit and temperatures are highest.

Ozone Standards

In 1979, EPA established NAAQS fbodr ozone an.12 parts per million (pppor 124 garts per

billion). In 1997, a more stringent-Bour ozone standard d¥.08 ppm 84 pph was finalized, revising the

1979 standardCSAPRas designed to help downwind states in the eastern United States achieve the
19970zone NAAQS. SR 2y SEGSyargdsS aOASyGATAO SOARSyOS
welfare, EPA strengthened thel®ur ozone standard t6.075 ppm 75 ppb in 2008 andfurther

strengthened the &hour NAAQS for grourlével ozone td.070 ppm(70 ppbh in 2015.EPA revoked the
1-hour ozone standarth 2005and also recently revoked the 199#8ur ozonestandard in 2015

Regional Trends in Ozone

EPA investigated trends in daily maxim8-hour ozone concentrationsieasured at ruraClean Air

Status and Trends NetworE ASTNBMmonitoring sites withithe CSAPRO«0zone season program
region and in adjacent states. Rural ozone measurements are useful in assessing the impacts on air
guality resulting from regional N@mission reductions becaeghey are typically less affected by local
sources of N@emissionge.g., industrial and mobile) than urban measurements. Reductions in rural
0zone concentrations are largely attributed to reductions in regional @ssions and transported
ozone.

TheAutoregressive Integrated Moving Average (ARIMA) model is an advanced statistical analysis tool
used tovisualizeghe trend in regional ozone concentratiofdlowingimplementation of various

programs geared toward reducing ozone seasor &flissionsTo show the shift in the highest daily
ozone levels, EPA modeldtttaverage of the 99th percentile of the daily maximwimd8ir ozone
concentrations measured at CASTNET ¢#eslescribed aboye

Meteorologically tAdjusted Daily Maximum 8 -Hour Ozone Concentra tions

Meteorologicallgadjusted ozone trends provide additional insight on the influenc€ ®APRICx Ozone
Season program emission reductions on regional air qualiISTNET retrievedity maximum &our
ozone concentration data from EPA and daily meteorology data from the National Weather $arvice
79 urban areas an@7 rural CASTNET monitoring sites locatethen\CSAPROx OzoneSeason program
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region. EPA usdbesedata in a stasitical model to account for the influence of weather on seasonal
average ozone concentrations at each monitoring 3ite.

Changes in Ozone Nonattainment Areas

The majority of ozone season Némission reductions in the power sector after 2003 are attréle to
the NBRCAIRand CSARRs power sector emissions are an important component of thedd@ssion
inventory, it is reasonable to conclude thtae reduction inozone season N@missions from these
programs have significagtcontributed toimprovements in ozone air qualitgnd attainment of the
1997 ozone healtlipased air quality standardh fact, all areas originally designated as nonattainment
for the 1997 ozone NAAQS are now meeting the standard.

Emission reductions under these power sectasgrams also have helped many areas in the eastern
United States reach attainment for the 2008 ozone NAAQS. However, sergaslconnhue to be out

of compliance with th&2008 ozone NAAQ&ndadditional ozone seasdNOx emission reductions are
needed toattain that standard as well as the strengthened ozone standard that was finalized in 2015.

In order to help downwind statemnd communities meet and maintaihe 2008 ozone standard, EPA
finalized the CSAPR Update in September 20Hitess thdransport of ozone pollution that crosses
state lines in the eastern United Statésmplementation began iMay 2017to further reduce ozone
seasom\N(Ox emissions from power plants in 2Patesin the eastern US

More Information

1 Clean Air Status and Trendstwork (CASTNERitps://www.epa.gov/castnet

1 Air Quality System (AQB}ps://www.epa.gov/ags

1 National Ambient Air Quality Standar@AAQShttps://www.epa.gov/criteriaair-pollutants

1 Learn more about ozonettps://www.epa.gov/ozonepollution

1 Learn more abounitrogen oxidesNQ) https://www.epa.gov/no2pollution

1 Learn more about Nonattainment Areb#ps://www.epa.gov/greenbook

T [ SINY Y2NB Fo2dzi 9t ! Qattps:/imBi.epa.gbviaiNdakdishdodBains t NP I NJ Y 2

References
1. U.S. Censu$2010.
2. 40 CFR Part 81. Designation of Areas for Air Quality Planning Purposes.

3. Cox, WM. & Chu, S.H1996). Assessment of irtannual ozone variation in urban areas from a
climatological perspectivedtmospheric Environmef30 (16): 26152625.

4, Camalier, L., Cox, W.M: Dolwick, P. 2007. The effects of meteorology on ozone in urban areas
and their use in assessing ozone tlermMtmospheric Environmem1(33): 7127¢7137.

Chapter 7: Air Qualitg, Ozone Page61 of 85


https://www.epa.gov/castnet
https://www.epa.gov/aqs
https://www.epa.gov/criteria-air-pollutants
https://www.epa.gov/ozone-pollution
https://www.epa.gov/no2-pollution
https://www.epa.gov/green-book
https://www.epa.gov/airmarkets/programs

ED ST,
S

2016Program Progresg CrossState Air Pollution Rule and Acid Rain Program ;’-” 7%
https://lwww3.epa.gov/airmarkets/progress/reports/air_quality.html %M f
8
%)4 L PRO“?’G‘
Figures

Percent Change in the Highest Values (99th percentile) of 1-hour Ozone Concentrations during the Ozone Season,
2000-2002 versus 2014-2016
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Motes:
- Data are from State and Local Air Monitoring Stations (SLAMS) AQS and CASTNET monitoring sites with two or more years of data within each three-year monitoring period.
+ The 8%th percentile represents the highest 1% of hourly czone measurements at a given monitor.

Source: EPA, 2018

Figure 1. Percent Change in the Highest Values (99 ™ percentile) of 1 -hour Ozone
Concentrations during the Ozone Season, 2000 12002 versus 2014-2016
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Shifts in 8-Hour Seasonal Rural Ozone Concentrations in the CSAPR NOx Ozone Season Region, 1990-2016
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Motes:
» Ozone concenfration data are an average of the 88" percentile of the 8-hour daily maximum ozone concentrations measured at rural CASTNET sites that meet completeness criteria and are located in and
adjacent to the CSAPR NO, ozone season program region.

Source: EPA, 2018

Figure 2. Shifts in 8 -hour Seasonal Rural Ozone Concentrationsin ~ CSAPR NOx Ozone
Season Region, 1990 i 2016
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Seasonal Average of 8-Hour Ozone Concentrations in CSAPR States, Unadjusted and Adjusted for Weather
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daily maximurn czone concentration data from EFA's AQS and daily meteorology data from the Mational Weather Service were retrieved for 79 urban areas and 37 rural CASTMET monitoring sites located in the CSAPR NO. atone
region.

tos to be included in this trends analysis, it had to provide complete and valid data for 75 percent of the days in the May to September peniod, for each of the years from 2000 to 2015. In urban areas with more than one
manitoring site, the highest cbserved czone conoentration in the area was used for each day.

Source: EPA, 2018

Figure 3. Seasonal Average of 8 -Hour Ozone Concentrations
in CSAPR States, Unadjusted and Adjusted for Weather
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Changes in 1997 Ozone NAAQS Nonattainment Areas in the CSAPR Region, 2001-2003 (Original Designations)
versus 2014-2016

_ Meats 1997 8-hr Ozone NAAQS (91 areas)
[ ] Incompiete Data for 2014-2016 (1 area)
[ cseer states (Controlied for Ozone)

Source: EPA, 2018

Figure 4. Changes in 1997 Ozone NAAQS Nonattainment Areas in CSAPR Region,
20017 2003 (Original Designations) versus 201 4-2016
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Changes in 2008 Ozone NAAQS Nonattainment Areas, 2008-2010 (Original Designations) versus 2014-2016
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Source: EPA, 2018

Figure 5. Changes in 2008 Ozone NAAQS Nonattainment Areas,
2008i 2010 (Original Designations) versus 201 4-2016
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Particulate Matter

Highlights

PM Seasonal Trends

1 The Air Quality System (AQS) includesrage PMs concentration data foR49sites located in the
CSAPR S@nd annuaNOx program region. Trend lines in Bytoncentrations show decreasing
trends in both the warm months @il to September) and cool months (October to March)
unadjusted for the influence of weather.

1 The seasonal average PMtoncentrations have decreased by abd8tand 4 percent in the warm
and cool season months, respectively, between 2000 and 2016.

Changes in PM 25 Nonattainment

1 Thirty-six of the 39 designated nonattainment areas for the 1997 annual averageNPAMAQSare in
the eastern United States and are home to about 75 million pebpléhe nonattainment areas
were designatedn January 2008sing 2001 to 2003 data.

0 Based on data gathered from 2014 to 2016, 34 of these eastern areas originally
designated nonattainment show concentrations below the level of the 19975PM
a a1y RINFR), indicatingnibrowements in PMair quality. Two aas have
incomplete data.

1 Given thatpower sector emissions are an important component of 8@ and annuaNGx emission
inventoryand thatthe majority of power sector S@nd annual N@emission reductions occurring
after 2003 are attributablén partto the ARP, NBP, CAIR, and CSARRreasonable to conclude
that these emission reduction programs have signifitacdntributed to these improvements in
PMsair quality.

Analysis and Background Information

Particulate matter also known asoot, particle pollution or PMt is a complex mixture of extremely
small particles and liquid droplets. Particle pollution is made up of a number of components, including
acidforming nitrate and sulfate compounds, orgasimmpounds metals, and soil or dust particleSine
particles (lefined agarticulate matter with aerodynamic diameter < Zf, and abbreviated aBM. s)

can be directly emitted or can form when gases emitted from power plants, industrial sources,
automobiles, and other sources react in the air.

Particle pollutiom especially fine particlascontains microscopic solids or liquid droplets so small that
they can get deep into the lungs and cause serious health problems. Numerous scientific studies have
linked particle pollution exposure to a varietroblems, includinghe following premature death;
increased respiratory symptoms, such as irritation of the airways, coughing, or difficulty breathing;
decreased lung function; aggravated asthma; development of chronic bronchitis; irregular heartbeat;
andnonfatal heart attack$+*®
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Particulate Matter Standards

The CAA requires EPA to set NAAQS for particle pollinid®97, EPA seh¢ first standardfor fine
particles at 65 micrograms per cubic meter (ugfrmeasured as the thregear average oftte 98th
percentile for 24K 2 dzNJ S E LJ2 & dzNB3Jor annfidt expodurenmpasured asYhe thigear
annual mean. EPA revised the air quality standards for particle pollution in 2006, tighteningtibar24
fine particle standard to 35 3 R afid retainng the annual fine particle standard at 53 R. A
December 2012, EPA strengthened the annual fine particle standardodlRB. Y

CSAPRas promulgated to help downwind states in the eastbimited Stateschieve the 1997 annual
average PMs NAAQSind the 2006 24hour PM.s NAAQStherefore, analyses in this report focus on
thosestandards.

Changes in PMzsNonattainment Areas

In the eastern US, recent data indicate that no areas are violating the 1997 oPROGHNAAQSThe
majority of S@and annual N@emission reductions in the power sector that oqad after 2003 are
attributable to the ARP, NBP, CANRd CSARRSs power sector emissions are an important component
of the SQ and annuaNGx emission inventory, it is reasonable to cara¢ thattheseemission

reduction programs have significdaytontributedto these improvements in PM air quality.

More Information

1 Clean Air Status and Trends Network (CASTINEE)//www.epa.gov/castnet

1 Air Quality System (AQSBitps://www.epa.gov/aqgs

1 National Ambient Air Quality Standarldps://www.epa.gov/criteriaair-pollutants

1 Learn more abouparticulate matter (PMhttps://www.epa.gov/pmpollution

1 Learn more abousulfur dioxide $Q) https://www.epa.gov/so2pollution

1 Learn more abounitrogen oxidesNC) https://www.epa.gov/no2pollution

1 Learn more about Nonattainment Areb#ps://www.epa.gov/greenbook
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PM..s Seasonal Trends, 2000-2016
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Notes
= For a PMz: monitoring site to be in the trends analysis, it had to meet all of the following criteria: 1) each site-year quarterfy mean concentration value had to encompass at keast 11 or more samples, 2) all four quarterly mean

e (Le. mest criteria 1 and 27).

™" Season mean values for each site-year were computed as the average of the second and

vakies had to be vad for a g criterion 1), and 3) all 16 years
+ Annual "eool season mean vakues for each site-year were computed as the average 1 quarterdy mean values. Annual
thied quarterty mean values. For 3 given year, all of the seasonal mean valkues for the monitoring sites located in the CSAPR region were then averaged together 1o obtain a single year (composite) seasonal mean vake

Source: EPA, 2018

Figure 1. PM 5 Seasonal Trends , 20001 2016
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Changes in PM,.; NAAQS Nonattainment Areas in CSAPR Region, 2001-2003 (Original Designations)
versus 2014-2016

(] Meets 1587 Annual PM 2.5 NAAQS (36 areas) '
D CSAPR States (Controlled for PM) Bt

Source: EPA, 2018

Figure 2. Changes in PM ,5NAAQS Nonattainment Areas in CSAPR Region,
20017 2003 (Original Designations) versus 201 41 2016
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Chapter 8: Acid Deposition

Il OAR RSLRAAGAZ2Y S 02 V¥Y2Ayaft & (oyNRBdyR GES NGV ONBBRF SNENRRYY 3 (3 2
deposition from the atmosphere containing higher than normal amountutitir andnitrogen-

containing acidic pollutantsThe precursors of acid deposition are primarily the result of emissions of

sulfur dioxide $Q) andnitrogen oxidesNOx) from fossil fuel combustiarhowever, natural sources,

such as volcares and decaying vegetatipalso contribute a small amount.

Highlights

Wet Sulfate Deposition

1 All areas of the eastern United States have shown significant improvemithtan overall 66
percent reduction in wet sulfate deposition from 138991 to 20142016.

1 Between 19881991 aml 2014;2016,the Northeast and MigAtlanticexperienced the largest
reductions in wet sulfate depositionf 69 percent and 71 percent, respectively.

1 A decrease in both S@missions from sources in the Ohio River Valley and the formation of sulfates
that are transported long distances have resulted in reduced sulfate deposition in the Northeast
The sulfate reductions documented in the region, particularly across New Hrayt@portions of
New York, were also affected by lower8® emissions in eastern Canatla.

Wet Inorganic Nitrogen Deposition

1 Wet deposition of inorganic nitrogen decreased an average of 35 percent in thAtMiatic and
Northeast but decreased only 15ment in the Midwesfrom 19891991 to 20142016 Smaller
reductions in wet deposition of inorganic nitrogen deposition in the Midwest are attributed to a 15
percent increase in wet deposition of reduced nitrogen {flHver the same time period.

1 Reductios in nitrogen deposition recorded since the early 1990s have been less pronounced than
those for sulfur. Emissi@irom other source categories (e.g., mobile sources, agriculture, and
manufacturing) contribute to air concentratis and deposition of nitran.

Regional Trends in Total Deposition
1 The reduction in total sulfur deposition (wet plus dry) has been of similar magnitude to that of wet
deposition with an overall average reduction of 88 percent from 3891 to 20142016.

1 Decreases in dry and totmlorganic nitrogen deposition have generally been greater than that of
wet deposition, with average reductions of 62 percent and 71 percent, respectively. In contrast, wet
deposition from inorganic nitrogedecreasedy an average of 26 percent from 133991 to
2014¢2016.

Analysis and Background Information

Acid Deposition

As S@and NQgases react in the atmosphere with water, oxygen, and other chemicals, they form acidic
compounds thatire deposited to theS | NBukiaeein the formof wet and dry acidieposition.
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Longterm monitoring network data show significant improvements in the primiadicators ofacid
deposition. For example, wet sulfate deposition (sulfate that falls to the earth through rain, snow, and
other precipitation) has decreaséd much of the Ohio River Valley and Northeastern United States due

to SQ emission reductions achieved throughplementation of theAcid Rain ProgranARB, the Clean

Air Interstate Rule (CAIR) and the CiState Air Pollution Rule (CSAP&R)me of the mosdramatic

reductions have occurred in the m#gbpalachian region, including Maryland, New York, West Virginia,
Virginia, and most of Pennsylvania. Along with wet sulfate deposition, precipitation acidity, expressed as
hydrogen ion (Hor pH concentrationhas also dereased by similar percentages.

Reductions in nitrogen depositiammpared tothe early 1990s have been less pronounced than those
for sulfur. As noted earlier, emissi®ffom source categories other than ARP &fsAPRources
contribute to chages inair concentrationsand deposition of nitrogen.

Monitoring Networks

The Clean Air Status and Trends Network (CASTNET) providesrtomgonitoring of regional air

guality to determine trends in atmospherioncentrations and deposition afitrogen, sulfurandozone

in order to evaluate the effectiveness of national and regional air pollution control programs. CASTNET
now operates more than 90 regional sites throughout the contiguous United States, Alaskzarenh.

Sites are located in areas wieenrban influences are minimal.

The National Atmospheric Deposition Program/National Trends Network (NADP/NTN) is a nationwide,
longterm network tracking the chemistry of precipitatiohheNADP/NTN provides conceation and

wet deposition data on hydrogen ion (acidity as pH), sulfate, nitrate, ammonium, chloride, and base
cations.TheNADP/NTN has grown to more thaB0sites spanning the United Stat€3anadaPuerto

Rico, and the Virgin Islands.

Together, these@amplementary networks provide loAgrm data needed to estimate spatial patterns
and tempaal trends in total deposition.

More Information

1 Learn more about@d rain https://www.epa.gov/acidrain
1 Clean Air Status and Trends Network (CASTINEE)//epa.gov/castnet
1 National Atmospheric Deposition Program (NABR)://nadp.isws.illinois.edu/

References
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Three-Year Wet Sulfate Deposition
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Figure 1. Three -Year Wet Sulfate Deposition

Chapter 8: Acid Deposition Page73of 85



(ED ST4
o )

2016 Program Progresg CrossState Air Pollution Rule and Acid Rain Program
https://www3.epa.gov/airmarkets/progress/reports/acid_deposition.html

¥ agenct

HIA
AN
0,

N
Va1 ppote

Three-Year Wet Inorganic Nitrogen Deposition
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Figure 2. Three -Year Wet Inorganic Nitro gen Deposition

Chapter 8: Acid Deposition Page74 of 85



WTED STq
N )

2016 Program Progresg CrossState Air Pollution Rule and Acid Rain Program ;’-”
https://lwww3.epa.gov/airmarkets/progress/reports/acid_deposition.html % M

%
¥, A
74y prote”

"y
0,
¥ agenct

Regional Trends in Deposition

Measurement Region T e Percent Change Number of Sites Sl
1989-1991 2014-2016 Significance
Mid-Atlantic 25 02 -84 12 -
. I Midwest 24 11 -54 9 e
Dry inorganic nitrogen
depasition (kg-N/h.
n (ke-N/ha) Northeast 13 04 - 4
Southeast 17 0.7 59 3 -
Mid-Atlantic 70 09 a7 12 -
Midwest 68 11 83 9 -
Dry sulfur deposition (kg-S/ha)
Northeast 28 04 -85 -
Southeast 34 05 -84 3 ===
Mid-Atlantic 88 24 -3 12 -
; Y . a7 -
Total inorganic nitrogen Midwest a8 28 ¢ ¢
deposition (kg-N/haj
(g M/ha) Northeast LX) 18 =73 4
Southeast 6.4 19 70 8 -
Mid-Atlantic 18.0 20 -88 12 e
Midwest 15.0 2.0 87 9 -
Total sulfur deposition (kg- o
S|
ha) Northeast 95 11 a3 "
Southeast 104 14 a7 3 =
Mid-Atlantic 62 39 37 1 -
Midwest 58 5.1 -15 22 ===
Wet nitrogen deposition from e
. . N
inorganic nitrogen (kg-N/ha) Northeast 5.7 39 -2 ] -
Southeast 43 34 21 22 -
Mid-Atlantic 8.2 27 71 11 -
" i T. X F e
Wet sulfur deposition from Midwest 1 23 82 22
sulfate (kg-5/ha)
(ke-S/ha) Northeast 75 23 -89 18 -
Southeast 59 22 &3 22 ==

weraging Dariods. Thus, sversge concenyanons for 1589 30 1991 may 0r Som Dast reoors
a7 a8 0% STTSTICENY SIONICAN My DS UNOUly INTUSNCST Dy MASSUSMANTS & Oy 8 Tew IOCETIONS Of IS VaNSDuTy I

Seurce: EPA, 2018

Figure 3. Regional Trends in Deposition
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Chapter 9: Ecosystem Response

Acidic deposition resulting from sulfur dioxide ¢p@nd nitrogen oxides (NPemissions may negatively
affect the biological health of lakes, streams, fosegrasslands, and other esystems in the United

States. Trends in measured chemical indicators allow scientists to determine whether water bodies are
improving and heading towards recovery or if they are still acidifying. Assessment tools, such as critical
loads analysis, provide quantitative estimate of whether acidic deposition levels of sulfur and nitrogen
resulting from S@and NQ emission reductions may protect aquatic resources.

Groundlevel ozone is an air pollutant that can impact ecological systems like forests/alteri  LJ I y i Q&
health and leading to changes in individual tree growth (e.g., biomass loss) and to the biological

community. Analyzing the biomass loss of certain trees before and after implementatiorkof NO

emission reduction programs provides informatidvoat the effect of reduced Ngemissions and

ozone concentrations on forested areas.

Ecosystem Health

Highlights

Regional Trends in Water Quality

1 Between 1990 and 2016, significant decreasing trends in sulfate concentrations, demonstrating
improved lake ad stream health, are found at all losigrm monitoring (LTM) program lake and
stream monitoring sites in New England, the Adirondacks, and the Catskill mountains.

1 On the other hand, between 1990 and 2016, streams in the central Appalachian region have
experienced mixed results due in part to their soils and geology. Only 39 percent of monitored
streams show lower sulfate concentrations (and statistically significant trends), while 12 percent
show increased sulfate concentrations.

1 Nitrate concentrations athtrends are highly variable and many sites do not show improving trends
between 1990 and 2016, despite reductiondNiBk emissionsandinorganic nitrogen depositian

1 In 2016, évels of acid neutralizing capacity (ANC), a key indicator of aquatic ecosystem recovery,
have increased significantly from 1990 in lake and stream sites in the Adirondack Mountains, New
England, and the Catskill mountains.

Ozone Impacts on Forests

1 Between 2002002 and 2014016, the area in the eastern United States with significant forest
biomass loss (> 2 % biomass loss) decreased from 34 percent to 5.8 percent for seven tree species
combinedg black cherry, yellowoplar, sugar maple, eastern vt pine, Virginia pine, red maple,
and quaking aspen.

1 For black cherry and yellow poplar individually (the tree species most sensitive to gemahd
ozone), the total land area in the eastern United States with significant biomass loss decreased from
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15 percent to 5.1 percent for black cherry, and from 3 percent to 0 percent for yellow poplar
between 20002002 and 2014016.

1 For the period 2014016, total land area in the eastern United States with significant biomass loss
for the remaining five specgecombined (red maple, sugar maple, quaking aspen, Virginia pine, and
eastern white pine) is now zero. This is in contrast to 3.4% for the period of 2R

1 While this change in biomass loss cannot be exclusively attributed to the implementation of the
NBP, CAIR, and CSAPR, it is likely thabktide seasoemission reductions achieved under these
programs, and the corresponding decreases in ozone condentraontributed to this
environmental improvement.

Analysis and Background Information

Acidifie d Surface Water Trends

Acidified precipitation can impact lakes and streams by mobilizing toxic forms of aluminum from soils
(particularly in clay rich soils) and/or by lowering the pH of the water, harming fish and other aquatic
wildlife. In a healthy wélbuffered lake or stream, decreased acid deposition would be reflected by
decreasing trends in surface water acidity. Four chemical indicators of aquatic ecosystem response to
emission changes are presented here: trends in sulfate and nitrate anions\eattidlizing capacity

(ANC), and sum of base cations. Improvement in surface water status is generally indicated by
decreasing concentration of sulfate and nitrate anions, decreasing base cations, and increasing ANC. The
following is a description of eadhdicator:

i Sulfateis the primary anion in most acgknsitive waters and has the potential to acidify surface
waters (lower the pH) and leach base cations and toxic forms of aluminum from soils, leaving soils
depleted of buffering base cations and relgmsharmful aluminum into the surface waters.

1 Nitrate also has the potential to acidify surface waters. However, nitrogen is an important nutrient
for plant and algae growth, and most of the nitrogen inputs from depaosition are quickly taken up by
plantsand algae, leaving less in surface waters

1 Base cationsieutralize both sulfate and nitrate anions, thereby preventing surface water
acidification. Base cation availability is a function of local geology, soil type, and the vegetation
community. Surface wars with fewer base cations are mosesceptibleo acidification.

1 ANCis a key indicator of ecosystem impacts and recovery and is a measure of overall buffering
capacity of surface waters against acidification. Higher ANC values indicate the abiitytriize
strong acids that enter aquatic systems from deposition and other sources. In acidified systems with
poor base cation availability, ANC can be negative, indicating chronic acidification.

In the central Appalachian region, some watersheds haydetled, base catiospoor soils which have

also accumulated and stored sulfate over the past decades of high sulfate deposition. As a result, the
substantial decrease in acidic deposition has not yet resulted in comparably lower sulfate
concentrations in may of the monitored Appalachian streams. A combination of low base cation
availability and stored sulfate in the soils means that stream sulfate concentrations in some areas are
not changing, or may be increasing, as the stored sulfate slowly bleedstbhoutnadequate base

cation concentrations to neutralize sulfate anions.
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Surface Water Monitoring Networks

In collaboration with other federal and state agencies and universitiesheaiministeed two
monitoring programs that provide information ohe impacts of acidic deposition on otherwise pristine
lakes and streamshe Longterm Monitoring (LTM) program and the Temporally Integrated Monitoring
of Ecosystems (TIME) prografifhese programs are designed to track changes in surface water
chemistry n four regions sensitive to acid rain in the eastern United States: New England, the
Adirondack Mountains, the Northern Appalachian Plateau, and the central Appalachians (the Valley,
Ridge, and Blue Ridge geologic provinckfgr 20 years of collectiothe TIME program ended in 2015,
having provided trenédased acidification probabilities for larger lake and stream populations. Like the
LTM program, TIME trends suggest that surface waters in these regions are recovering from
acidification, though the mdsensitive surface waters remain impacted from air pollutiathdata and
trends presented here reflect the results of LTM program monitoring activities.

Forest Health

Groundf S@St 21 2yS Aa 2yS 2F Yl ye | AN hiyfofrepmodugéi & G KI
and can make the plant more susceptible to disease, insects, fungus, harsh weather, etc. These impacts
can lead to changes in the biological community, both in the diversity of species and in the health, vigor,
and growth of individuaspecies. As an example, many studies have shown that gilewstiozone

reduces the health of many commercial and ecologically important forest tree species throughout the
United States 3By looking at the distribution and abundance of seven sensitae tpecies and the

level of ozone at particular locations, it is possible to estimate reduction in growtibiomass losg

for each species. The EPA evaluated biomass loss for seven common tree species in the eastern United
States that have a higher ssitivity to ozone (black cherry, yellgyoplar, sugar maple, eastern white

pine, Virginia pine, red maple, and quaking aspen) to determine whether decreasing ozone
concentrations are reducing biomass loss in forest ecosystems.

More Information

1 Learn moreabout surface water monitoring at EP&p://www.epa.gov/airmarkets/clearrair-
martketsmonitoring-surfacewater-chemistry

1 Learn more about@drain https://www.epa.gov/acidrain/
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Long-term Monitoring Program Sites and Trends, 1990-2016

(hover over a site for more information)

® LTM lakes @ LTM streams

p < 0.05).

urn, potassium, and sodium Kns

Source: EPA, 2018

Figure 1. Long -term Monitoring Program Sites and Trends, 1990 12016
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Regional Trends in Sulfate, Nitrate, ANC, and Base Cations at Long-term Monitoring Sites, 1990-2016

Water Bodies % of Sites with Improving % of Sites with Improving % of Sites with Improving % of Sites with Improving Base
Covered Sulfate Trend Nitrate Trend ANC Trend Cations Trend
Adirondack Mountains 38 lakesin NY* 100% T6% 92% 89%
in M

New England 26lakes in ME 100% 26% 70% 64%

and VT

Catskills/ N. lachi: 9 st in NY

/ N. Appal ian streamsin 20% 0% 70% 0%

Plateau and PA™
Central Appalachians 66 streams in VA 39% 80% 18% 26%

=*Data for PA streams in N. Appalschisn Platea

u is only theough 2015

Figure 2. Regional Trends in Sulfate, Nitrate, ANC, and Base Cations
at Long -term Monitoring Sites, 1990 12016
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Estimated Black Cherry, Yellow Poplar, Sugar Maple, Eastern White Pine, Virginia Pine, Red Maple, and Quaking Aspen
Biomass Loss Due to Ozone Exposure, 2000-2002 versus 2014-2016

2000 - 2002 2014 - 2016

Biomass (% Loss)
> 1%
110 3%
I 3t06%
% [ lswon
max=23% [ >9%  Max=112%

Motes:

Biomass loss was calculated by incorporating each tree’s C-R functions with the three-month, 12-hour W126 exposure metric.
- The W126 exposure metric is 3 cumulative exposure index that is biologically based and er izes hourly ozone

taken from 2000-2016 data.

Source: EPA, 2018

Figure 3. Estimated Black Cherry, Yellow Poplar, Sugar Maple, Eastern White Pine,
Virginia Pine, Red Maple, and Quaking Aspen Biomass Los s Due to Ozone Exposure,
2000-2002 versus 201 4-2016
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Critical Loads Analysis

Highlights

Critical Loads and Exceedances

91 For theperiod from 2014 to 2016, 9 percent of all studied lakes and streams still reldeivels of
combined total sulfur and nitrogen deposition exceeding their calculated critical load. This is a 77
percent improvement over the period from 2000 to 2002 whema4cent of all studied lakes and
streams exceeded their calculated critical load.

1 Emission reductions achieved between 2000 and 2016 have contributed and will continue to
contribute to broad surface water improvements and increased aquatic ecosystencpoot@cross
the five regions along the Appalachian Mountains.

1 Based on this analysis, current sulfur and nitrogen deposition loadings in 2016 still exceed levels
required for recovery of some lakes and streams, indicating that some additional emission
reductionsare necessary for some acgensitive aquatic ecosystems along the Appalachian
Mountains to recover and be protected from acid deposition.

Analysis and Background Information

Acritical loads analysis is an assessment used to provide a quantitativeate of whether acid
RSLIaAGA2y tS@Sta NBadzZ GAy3a FNBY {hi FtyYyR bh  SYAa
resources. If acidic deposition is less than the calculated critical load, harmful ecological effects (e.g.,

reduced reproductivesuccess, stunted growth, loss of biological diversity) are not expected to occur,

and ecosystems damaged by past exposure are expected to eventually récover.

[F1S FYR &aiGNBFY gl GSNER KFE@Ay3a +y b/ @FfdelyaNBIaGs
healthy aquatic biological community; therefore, this ANC concentration is often used as a goal for

ecological protection of surface waters affected by acidic depaosition. In this analysis, the critical load
represents the amount of sulfur and nitrogéehat could be deposited annually to a lake or stream and

its watershed and still support a moderately healthy aquatic ecosystem (i.e., having an ANC greater than

pn >Slk[0® {dzNFI OS 4 SN al YLI SénsittdN@gionsatennm 1 Sa
Appalachian Mountains and some adjoining northern coastal plain regions were collected through a

number of water quality monitoring programs. Critical load exceedances were calculated using the
SteadyState Water Chemistry modét.

More Information

1 Learn more about surface water monitoring at BR#fs://www.epa.gov/airmarkets/monitoring
surfacewater-chemistry

1 National Acid Precipitation Assessment Program (NAPAP) Report to Congress
https://ny.water.usgs.gov/projects/NAPAP/
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Figures

Lake and Stream Exceedances of Estimated Critical Loads for Total Nitrogen and Sulfur Deposition,
2000-2002 versus 2014-2016

ot

+ Sies that the critical ad comp 20002002
*  SHes that exceed the critical load
©  SHes that never excesded the critical load

Motes

Surface water samples from the represented lakes and streams complied from surface monitoring programs, such as National Surface Water Survey (NSWS), Environmental Monitoring and Assessment

Program (EMAP), Wadeable Stream Assessment (WSA), Naticnal Lake Assessment (MLA), Temporally Integrated Monitoring of Ecosystems (TIME), Long Term Menitoring (LTM). and other water quality
monitoring programs.

= Steady state exceedances calculated in units of meg/m3fyr.

Source: EPA, 2018

Figure 1. Lake and Stream Exceedances of Estimated Critical Loads for Total
Nitrogen and Sulfur Deposition, 2000 i 2002 versus 2014i 2016
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Critical Load Exceedances by Region, 2000-2002 versus 2014-2016

Water Bodies in Exceedance of Critical Load

Number of Water

2000-2002 2014-2016
Bodies Modeled

Number of Sites Percent of Sites Number of Sites Percent of Sites

New England

2,195 580 26% 129 6%
(CT, MA, ME, NH, R1, VT) *
Adirondack 312 163 52% 41 13%
(NY)
Northern Mid-Atlantic
1,145 301 26% 57 5%
(NY, NJ, PA)
Southern Mid-Atlantic
1,740 968 56% 239 14%%
(KY, MD, VA, WV)
Southern Appalachian Mountains a32 208 a5 73 s
(AL, GA, SC,TN)
Total Units 6,275 2,210 7% 519 o

surizce monitoring programs
grated Monitoring of Ecosyste

{TIME), Long Term Monitoring {LTM), and other water quality monitoring programs.
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such as National Surface Water Survey (NSWS), Environmental Monitoring and Assessment Program (EMAF), Wadeatle

Source: EPA, 2018

Figure 2. Critical Load Exceedances by Region , 2000-2002 versus 201 4-2016
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