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EXECUTIVE SUMMARY

Executive Summary

Purpose of this Study

This independent study provides an analysis of the public health impasesRégional Benhouse Gas
Initiative (RGGI) over its first six yefassts of | mp
regionalregulatory program designed to redgeceenhouse gas (GH®nissiondrom large electric

power plants, and buildsdm a long and successful tradition in the Northeast states ofrsirkgt

based program® costeffectively reduce air pollution. Since RGGI started in 2009, the program has

raised rarly $3 billionto support the RGGtates hvestments in energy effency, renewable

generation, and other public benefit prograersd these states ane wackto achieve reductions @HG

emissions of 45 geent below 2005 levels by 2020.

Because fAcr i t'eareiceproducad atongmithl GH@ ¢massidnsfrom fossil power

plants, RGGI is also expected to drive reductions in these air pollutants and their adverse effects on
human health. The objective of this independtidlyis to provide aetrospectiveanalsis oftheimpacts
of an existing GHG reduction progr@nRGGId on air quality and public health.

Using publicly available, pegeviewed air quality and public health models and historical data

characterizing RGGI 6s act utwdttwpoempfiaoce pedauc(evedngr i ng t
2009 to 2014), we addressed the following questions in this analysis:

91 Did RGGlresult in measurable changesimissions otriteria air pollutants and air quality?
1 If so, how did changes in air qualitgsulting fom RGGlaffect public health and to what degree?

1 Whatwere thespatial and temporal patterttschanges in air quality analiblic healthdue to RGGI
implementatiof?

T Willhealth benefits from RGGIG&6s first 2wo compliar

Key Results and Findings

The RGGI program improved air quality throughout the Northeast statesand created major

benefits to public healthand productivity, including avoiding hundreds of premature deaths and

tens of thousands of lost work daysR G G limdpact on electricity markets resulted in significant

reductions in key air pollutants with adverse effects on human health. Over the first six years of the
program, RGGI avoided hundreds of cases of premature deaths, heart attacks, hospitalizations, and
emergency room (ER) visits; tens of thousands of lost work days, and hundreds of thousands of cases of
restricted activity days due to poor air qualifable1l summarzes cumulative avoided health and

A~

productivity effects associated with RGGIO&s first

' A.Criteria air pollutantso r eihtheUnited States: earbsri monorides t ¢ o mmo
(CO), lead, groundevel ozongO3), nitrogen oxide (NOXx), particulate mattefPM), and sulfur dioxid€SG,).
TheClean Air Act requires EPA to shliational Ambient Air Quality Standards (NAAQSyhich are maximum
allowable concentrations for these pollutants that are protective of public health.

Abt Associates Analysis of Public Health Impacts of RGGI, 2009 to 2014 Upg. 1
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EXECUTIVE SUMMARY

Table 1. Summary of Cumulative RGGI Health Benefits, 2009 to 2014

91 3007 830 premature adult deaths

9 35i 390 non-fatal heart attacks

91 4201 510 cases of acute bronchitis

Avoided Health | T 8,200i 9,900 asthma exacerbations
Effects 9 13,0001 16,000 respiratory symptoms

9 1801 220 hospital admissions

9 2001 230 asthma ER visits

91 39,0001 47,000 lost work days

91 240,0001 280,000 days of minor restricted activity

Value of

Avoided Health $3.0 billion $5.7 billion $8.3 billion
Effects

Source: Abt Associates analysis (2017).

Notes: The total value of avoided health effects is the sum of health benefits in states participating in RGGI and in
neighboring northeastern states, based on a 3 percent rate of discount. Values are in 2015 dollars.

The economic value oR G G | hizalth and productivity benefits is estimated at a cumulative $3

billion ($3.0 billion low-end, $8.3billion high -end). Avoided cases of premature deaths due to reduced

levels of fine particulate matterBMa ccount f or the majority of RGGI
However, other important benefits -ofdifeihcltuéemoregi on?o
than 39,000 avoided lost work days and at least 240,000 avoided days with restricted activities (e.g.,
exercising outdoors) due to poor air quality.

Estimated benefitsto health are positive in every state in théNortheastregion (including RGGI and

certain neighboring states), and in almostevery year of thestudy period. States with the highest

tot al moneti zed heal t heats maudef DetagareoMamyland, R&v@érseys f i r st
New York, and Pennsylvania. Sizeable benefits also occur in Massachusetts, Connecticut, and New
Hampshire. Benefits in Rhode Island, Vermont, and Maine are smaller in magnitude compared to those in
states witHarger populations, but are relatively consistent over the study period. Overall, health benefits
estimated for the first compliance period are higher than for the second period.

The largest annual mprovements in air quality and health benefitsfrom RGGI are in 2009 and

2013 The largest singlgear benefits in health due to RGGI occur in 2009 (shoviigarel). This
result is consi st en tfectwontwholefRl€ ovér markiets: &) ctartgesénrpowerd e f
prices to absorb Callowance costs, which results in shifting electricity dispatch from higbdéower
carbon sources, and 2) investments in energy efficiency that reduce electricity demarfdefdsassied
generation, and emissiorihere is also some evidence that power plant owners, anticipating the
requirements of the program, may have taken early action to redy@n@€3ions immediately before

and after the start of the program in 2008eBy efficiency investmentaere comparatively higim this

year as well. The combination of hgtprices and energy efficiency investmernitgether with early

action, likely account fothe largest singkgear emission reductions and health benefits adtaesix

year period. Similarly, higher benefits in 2013 most likely correspond to higher relative investments in

Abt Associates Analysis of Public Health Impacts of RGGI, 2009 to 2014 Upg. 2



EXECUTIVE SUMMARY

energy efficiency and renewal#aergyin that year, and also reflect energy savings accruing from
efficiency investments made in prior years

Figure 1. Annual Health Benefits due to RGGI, 2009 to 2014
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Source: Abt Associates analysis (2017).

Note: Value of annual health benefits is the sum of health benefits to RGGI states and neighboring northeastern
states, based on a 3 percent rate of discount.

Multiple states in the mid-Atlantic and New England regions experienaoa significant health benefits

from RGGI -induced changedo air quality which originate in the RGGI states.Due to regional

transport of air pollutant®@ur modeling shows that states with densely populated areas located directly
downwind of key coafired power plants experienced substantial health benefits, regardless of whether

they participate in RGGI. As shown kigure2, Pennsylvanig@xperienced the most significant benefits
overall from RGGI due to reductions in emissions
large coal plants. ThBistrict of Coumbia,Virginia and West Virginia also experienced modest health

benefits from emissions reductions occurring in RGGI states. Similarly, emissions reductions due to

RGGI from coal plants in western New York, Massachusetts, and New Hampshire createcnedilth b

not only in those states, but alsdRhode Islandyermont and Maine.

Abt Associates Analysis of Public Health Impacts of RGGI, 2009 to 2014 Upg. 3



EXECUTIVE SUMMARY

Figure 2. Cumulative Health Effects of RGGI, 2009 to 2014

A Lo RSN
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County (2015 $)
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mm > $50,000,000

Source: Abt Associates analysis (2017).

A small number of legacy coal plants, particularlyin the mid-Atlantic RGGI states, account for the

maj ority of RGGICoafired goedr plamts Heeerthe fiighdstsemission rates gf SO

which is the primary contributor to ambient PMevels and risks to health. So, reductions in SO

emissims by coal plants account for the majority of health benefits. Of the RGGI states, Maryland has the

most significant footprint of older ceéifed power plants and the largest inventory of 8@issions.

RGGFinduced changes in generation and emissiomfra ve of Maryl andds coal pl
roughly 62 percent of S@eductions in 2009, arsb percentof cumulative Sr educt i ons fr om R
first two compliance periods (2009 to 2014).

If coal plants in RGGI states retireas plannedin the near future, reductions of air pollutants and

annual health benefits resulting from the RGGI programwill likely level off. However, additional

health benefits will occur as energy demand from other sectadstransportation and buildingsd

shifts onto a cleanegrid in RGGI and neighboringstates.As noted above, RG@hduced changes at

a relatively small number of coal pl ants drive a
pollutants and health benefits. However, a number of oldefficedlpowerplants in RGGI states driving

many of the health benefits presented in this analysis are scheduled to retire within the next five years

(e.g., Chalk Point in Maryland, Brayton Point in Massachusetts). As such, the fleet of power plants in

RGGI states wilbn average be cleaner in the near future than the current fleet, so that future RGGI

induced reductions in generation are likely to result in less average annual health benefits going forward.
However, states will be able to move energy use from otharsestich as transportation and heating, to
this cleaner grid. This process, known as fnelectr
significant health benefits. For example, transitioning the-lilghy vehicle fleet to about 65 perceetro

emission vehicles (ZEVs) by 2050 in eight northeastern states could result in emission reductions that
generate nearly $12 billion in health benefits (American Lung Association of California 2016).

Abt Associates Analysis of Public Health Impacts of RGGI, 2009 to 2014 Upg. 4



EXECUTIVE SUMMARY

RGGI-funded investments in energy efficiency stratagally targetedto address daily air quality

goals during high-electricity demand periodscan generate additional health benefitsThe scope of
thisanalysis addressemhly annualchanges iraverage Plylsconcentrations. However, air quality in a

given location can bkighly variable over the course of a yeand asingle shorterm exposure to high

PM, sconcentrations can lead to more severe health outcomes than multiple exposures tgdow PM
concentrdabns.To the extent thaRGGIs t a t e sinwvestments in erergy efficiency progracas
effectively targepeak loadn days with high electricity demand, RGGI can further reduce the number of
low air quality daysand thereby generate additional heakimefits in the future

Esti mates of RGGI 6s healt h lkelynwmrsératse, gnd @se domote d i n
include the value of other cebenefits associated with reductions in air pollution, such as improved

ecosystem serviceglealthbeef i t s resulting from energy savings
efficiency investments that persist beyond 2014 and from reductions in ozone were beyond the scope of
this study, but could be significant. In addition, additional benefits to terrestri@caratic ecosystems

resulting from reductions in sulfur and nitrogen deposition are not included in this analysis.

Approach

The analytic approach used in this study for esti
public healthconsisted ofttree sequential steps described below:

1. Estimate annual changes in electric generation and emissions of air pollutants at power plants
as aresult of RGGI implementation from 2009 to 2014.

TheRGGI program created changes to annual electrggtyerationthe mix of power planté&and

fuels) dispatched to meet electric demaamtjassociated changes in emission profiles through its two

direct effects on the electricity market: 1yv@ers of large fossifuel power plants purchase GO

all owances tewmissioecap andrtiRE buiddthe s of these purchases into wholesale

power pricesin this way purchases o£0, allowancesesult in shifts in power productidrom

higher to lowercarbongeneratiorsources and 2) Partigating RGGlIs at es 6 i nvest ment s
proceeddrom allowance auctionsto energy efficiency measures and renewable generation result in
reductions in overall electricity demand and increase the capacity foot@graecarbon electricity

respectively

We used results from electricity dispatch modeling to determine annual changes in generation (in
megawatthours (MWh), at the plant level) due to the RGGI program and also for a counterfactual
scenario representing the world without RGGI. Using EPA histaditia on actual power platgvel
emissions (and emissions rates), we then used the incremental differencelievelamttput due to
RGGI, calculated associated changes in &@ NOx emissions, and aggregated these emission
changes at the county levé@hese results became the inputs to the air quality modeling conducted in
the second step of this analysis.

2. Estimate annual changes in air quality at the county level associated with changes in sulfur
dioxide (SO,) and NO, emissions from power plants, by year.

To estimate the air quality impacts of RG&ing annual countlevel emission changes calculated
under the first analytic stepre used EPA €0-Benefits Risk Assessmer@QOBRA) model. COBRA
is a free, screeninlgvel tool thatassists government agencies and others in assessingnifas of
clean energy and climate mitigation policsestimatinghe effects othanges irair pollutant

Abt Associates Analysis of Public Health Impacts of RGGI, 2009 to 2014 Upg. 5



EXECUTIVE SUMMARY

emissiors on ambient air concentrationsfafe particulate matter (PM). Using theestimated
incremental change in counligvel emissions of NOand SQ due to RGGI that we calculated under
Step 1, we performed a COBRA modeling run for each individual year from 2009 to 2014. Outputs
from the COBRA modeling step consist of annual chaimgasbient PMslevelsin each county in
RGGI and adjacent neRGGI states, and become the inputs to the modeling of associated health
impacts under Step 3.

3. Assess public health impacts associated with changes in air quality due to RGGI
implementation from 2009 to 2014.

To quantify and valué¢he public healthmpacts associated wiRGGIb s f i r sweused X year s,
E P ABesaMAP. TheBenMAP modelusesdata describingopulation background levels diealth

outcomes in populationand economigalues for halth effects from literatureo estimate the

number and economic value of health impacts resulting from changes in air qMelitged the

countylevel changes iambient PM;slevels generated by COBRA as inputs to BenMBenMAP

then calculated annuagalth benefits fronk G G I réasiveeffect on ambient P4 for 2009 to 2014.

In addition, we conducted sensitivity analysis to address uncertainties surrounding data, assumptions, and
key modeling relationships. Specifically, we applied a sensitivityfarf 50 percent to discount

estimates of health benefits for states not participatitlgeiRGGI program to account for a gap in

information about changes in air emissions that may have occurred in these states as a result of RGGI. In
addition, output$rom the BenMAP model also reflect uncertainties in the assumed relationship between
reductions in exposures of human populations to key air pollutants and health outcomes, especially
premature mortality. Finally, we did not quantify other benefits oatdid scope of this analysis, such as
health benefits associated with reductions in ozone and R@Gted energy savings occurring after

2014, or improved ecosystem health. As such, the benefits presented here can be considered a
conservative representati of the cebenefits of the RGGI program to human health and ecosystems.

Abt Associates Analysis of Public Health Impacts of RGGI, 2009 to 2014 Upg. 6



OVERVIEW OF ANALYSIS

Overview of Anal ysi s

The northeastern U.S. states have a long track record of implementing-bas&dtenvironmental
programs to improve aand water qualityThe first of these prografsthe Acid Rain Prografd was
established under Title IV of the 1990 Clean Air Act Amendm¢@isA) and requiregpower plants to
reduce emissions of sulfur dioxide (§@nd nitrogen oxides (N the primarycontributors to acid rain
formation The Acid Rain Prograralso established a trading systdrat enabledegulated firms to
exchange allowances or perntilsmeetemissions goalat the lowest possible total co¥he Acid Rain
Program wasraenvironmentiasuccess storny80, emissions from electric power plants declifgdmore
thanonethirdd from 15.9 million to 10.2 million tords between 1990 and 2004.58.EPA, 201&),
despite a 25 percent increase in electricity generation frordficedipower plantser the same period
(Schmaénseeand Stavin 0 1 3) . The pr og malionGonsofcSa,@missibns fnomahe | y 9
power sector was achieved by 2007, and declinghderto 5 million tons by 2010.

Another important hallmark of the Acid Rain Progrevas that itsenvironmental goals weeehieved
with low costs of implementatiorelative tonet benefitsElectric utilitiesregulated under this program
achieved thgoals foremissions reductions at a significantly lower cost than was projectedaatttied
of the programCosts projected before implementatafrthe Acid Rain Program were ov@2.7 to $6.2
billion (U.S.EPA, 201b). However retrospective studies found that actual annual costs rdraged
$0.5 billion to $2 billionandtotal annual bnefitsrangedirom $59 billion to $116 billion (Schmalensee
and Stavins2013).

The Northeastegiob s second exper i enc ebasedtrading to addréesseaitent i ng ma
pollution from large power plants wasetNQ Budget Programyhich wasinitiated by 12 states iorder

to attain compliance with National Ambient Air Quality Standards (NAAQS) for aZbBimeNO, Budget
Programincorporatek e y sfolness | earnedo by regul ators in state
from implementing thécid Rain Program and similar environmental trading progrémgarticular, this

program was the first time that a group of statesked together to establish their own mgliate

programiin lieu ofthe U.S. Environmental Protection Agen&P@) promulating regulations to address
summertime ozone exceedances in the region (Pew Center,>2008her key feature of the NO
BudgetProgramwast hat t he st at es ,dheetekcbrenpqitmathd eaohdstate r ul e
needed to adopt to ensuwrwell-functioningprogram'

The Regional Greenhouse Gas Initiative (RGGI) built from and further leverageodrtheastrns t at e s 6
handson experiencavith implementing multistate marketb as ed pr ogr a ms. RGGI is t
regionalmarketbased egulatory program designed to reduce greenhouse gas (GHG) emissions from the
electric sector. Beginning in 2003pvernorPataki of New York invited environmental and public utility

2 40 CFR Parts 72 through 78.

The first example of a local regulator establishing aamagbtrade program for meeting air quality goals was the
RECLAIM program established by South Coast Air Quality Management District to reduce emissions of
criteria air pollutants in the Los Angelesihty basin.

* The fimodel rul eo wahatinduder aepresdntativgs fram atl stasek in theoQzane
Transport Commission arePA
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staff from10 northeastrnstatedto begin working together on the scap®l design of a regional system

to reduce carbon dioxide (GCemissiondrom power plants T he pr o égncluesdiew and c o p e

existing fossilfuel electric generating units (EGUs) with capacity of 25 megawatts (MW) or hiore.

late 2008,thdORGGI st ates held the first all owance aucti.
start date. As of this writing, the RGGI program bhasightyear track record (i.e., January 2009

December 2016) arttie following achievements

1 Raised early $3 billi;n in auctionproceeds foparticipatingstate investments in energy efficiency
(EE), renewableenergy (RE)and other public benefit programs;

91 Is on track forreducingGHG emissions 45 percent below 2005 levels by 2020;

1 Generated netsingsin consumer8 e | e and enérgpilld through substantial investments in
demandside efficiency;

1 Performed oveBO quarterly allowance auctions in a wélihctioning marketplace.

For these reasons, RGGI has been held up as a blueprint fopatgeamsand cetainly helped to

informtheEP AG6s proposal f or t hdeveCGHEprogramdontkeereledtit an, a n a
power sector. However, the direct results of the RGGI program are only a part of tBeitstorfluence

in the northeasterdnited Stategxtends beyondreductions inGHG emissions.

1.1 Objectives of Analysis

Whilet he RGGI st atesd obj primarilyfoeused dnoeducit@hl@ enfissiomggy r am we r
increasing the role of renewable energy, and reducing imports of fossil fuels, RGGhdaddean

energy programs also have other, less direct effects on the economy, the environment, and public health.

A broader evalwuation of the full suite of RGGI &6s
more complete picture of the pragmdé s ef fecti veness.

Analysis Group conducted the first set of studies that analyzed other impacts of RGGI beyond its primary

goal of reducing GHG emissions from large power plants. Id 26d 2015, aftetR G G| 6 gshretyear s t
compliance periodsendein al ysi s Group performed retrospective
electricity markets, costs to power producers, impacts on electricity bills of consumers and businesses,

and impacts on economic output of the RGGI states. Both of these stedieastratdthat RGGI

implementation creategbsitive and substantiakhefits to the regional economy over the six years since

its inception. This positive economic story resulted in part because the RGGI states opted to invest nearly

all of the proceeds received from RGGI allowance auctions back into the economy. Thet&®ex3did

At the outset of the program, Connecticut, Delaware, Massachusetts, Maryland, Maine, New Hamgshire, N
Jersey, New York, Rhode Island, and Vermont all participated in RGGI. New Jerdég [Bf5GI program in
2011; ninestatescurrently participatén the RGGI program.

Owners of new and existing power plarggulated under RGGhust acquire a tradelgballowance for each
short ton of CQemitted.Owners ofEGUs retire their allowances at the end of a tiyemrficontrol period
(alsofhcompl i ance periodo

New Jersey left the RGGI program in late 204rdd the emissions cap and goals were readjusted accordingly.
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this through expansion of energy efficiency programs, new renewable power projects, assistance to low
income consumers of energy bills, and other programs designed to reduce GHG emissions.

Because Analysis Groupo6s svrarerospestive they BsBigtoricale c on o mi ¢
realworld data oractualprogram performance and market outcomes to generate insights into net

economic benefits of the program. Retrospective studies like thepeosaaeespecially useful input®

R GG 6uar threegpar program review process, during whichicymakers in th&kRGGI states

consider adjustments fime-tunet he pr ogramdés effectiveness and net

The relationship betwegrograms that improve air quality and public healtivedl-establishedin

numerous studies of the costs and benefits of CAA, EPA estimated that improved air quality results in
public health benefits that exceed the costs of achieving air quality targets by a 30:1 ratio (U.S. EPA
2011c).Most of theeconomicvalue of CAAbenefits (about 85 percent) are attributabliedalth

benefits; specificallyreductions in prematum@eathsassociated with reductions ambient particulate
matter (U.S. EPA 20XL). In 2020 alone, EPA estimates that @&A will prevent ove 230,000 early
deaths.

Because air pollutants with adverse effects on human health are ofteodeced with C@when

electric power is generated from fodsiel power plants, RGGI and similar GHG programs for the power
sector are expected to drive soneductions in levels of these air pollutants. Numerous studies have
explored the impact dtiture policies and programs aimed at reducing GHG emissions on air pollution
and public healthTo date, howevefew studies have investigatpdblic health impets of existingGHG
reduction programs such as RGGI.

To better understand the impacts of RG@Ipublic healthAbt Associates conducted an independent
study of thep r 0 g r a ménemissibnk &nd dir qualiguring the first two compliance periaii009
to 2014. The objective of our study is to apply credible, widetepted tools, methods, guablicly
available data to answer the following questions:

T Did the first six vyear dnmedsurdllechangesemisgiopsofritaiant at i or
air pollutants and air quality?

i If so, how did changes in air qualtgsultingfromRGGIl 6 s i mpl ement ati on affec
to what degree?

1 What spatial and temporal pattearg evident irtchangesn air quality and health outcomessulting
from RGGP

T Willhealth benefits from RGGI&s first two compliar

1.2 Scope of Analysis

Retrospective analysisMany policy analyses aprospectivethat is, they project incneental impacts

that are anticipated to occur in the future as a result of policy, relative to a baseline or counterfactual case
representing the world without the policy. However, our analysetiespectivei.e., it looks backward

at incremental outcoes and impacts that occurred from 2009 to 2014 as a result of RGGI. Our analysis
benefits from having actual historical data for many variables used in the analysis. Specifically, we used
EPA datasets to describe actual annua} &l SQ emissions, annugleneration levels, and emission

rates at the individual plant level for all power plants located in the RGGI states. In addition, we rely upon
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results from electricity market dispatch modeling runs conducted by Analysis {BraQfil and 2015;
these modeéhg runs also incorporated actual historical data for fuel prices, absisissions allowances
power plant retirements and additions, and other electricity market factors (e.g., transmission
constraintsy.

Scope Below we provide additional detail on the scope of this analysis and how the analytic scope may
influence results.

TimeframeT he ti meframe addressed by this analysis en
compliance periods, i.e., 2009 to 2011, and2 to 2014, respectively. This is a somewhat limited picture
of the incremental impacts of RGGI in one respect: proceeds invested by the states into energy efficiency
programs during the 2009 to 2014 timeframe will continue to generate energy sd&ng614, because
the incremental energy savings from higfficiency devices funded through these programs typically
persist for 10 to 15 years after installation. Our omission of these additional energy savings in this
analysis was due to data and maatglimitations? As such, our estimates likelynderestimateeduced
emissions associated with avoided electricity generation due to RGGI, and thus underestimate health
benefits.

Air quality modeihg: To estimate changes in air quality associated with R@@lementation, we
us e HEBiRénafits Risk Assessmemtodel (COBRA)U.S. EPA, 2015¢) COBRA Includesa
reducedform air quality model that estimattee effect okemission changesn formation of fine
particulate mattefreferred to a®M,s)." COBRA does not estimate changes inreganother air
pollutant with advershkealth effects. Thus, this analysis does not estimate benefits associated with ozone
reductions, although they are expected to occur. Changes in levels of ambient partictéatdonatver,
are typically the largest factor driving human health bentfiserefore, we expect COBRA to capture a
|l arge share of RGGIO&6s impacts on health in the re

Geographic scopéefhe geographic scepof this analysis includes changes in electricity market
outcomes and associated emissions changes occurring in states participating in the RGGI program.
Becausechanges in emissions that take place within RGGI states will affect air quality and palilic he
in Adownwi ndod st at e stateswighin thé regioaffeceegby the progrenshmtdt t s f or
currently participating in RGGI.

Other benefit categorieThere are additional benefits associated with reducing emissions,@n@dO
other airpollutants that are outside of the scope of this study. First, this study does not cover the potential
health benefits of mitigating climate change, such as feweiréked¢d illnesses or cases of vediorne
disease.

The scope of this study also exahsdreductions in regional haze, largely caused bysPMIutants
scattering the sunlight, which impairs visibility and also contributes to harmful respiratory impacts. EPA

Descriptions of these dispatch model s amalydedr esul t s frc
R G G Irdgipnal economic impactan be found iMnalysis Group 2011, 2015.

Additional detail on tools and methods used for air quality modeling is provided in S2ction

Fineparticulate matter is less than 2.5 micrometers in diameter.

Anenberg et al. (2010) estimated that in North America annual mortalities due to anthropogesécd®M
approximatelthree to foutimes greater than annual mortalities due to anthropogenic ozone.

10
11
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requires reductions in haze through the Regional Haze Rule to improve visibiktyerally protected
national parks and wilderness areas (U.S. EPA, 1999).

Benefits to ecosystems and natural resources represent a final category of benefits not captured in this
analysis. RGGtlelated reductionim thedeposition of sulfur and nitrogerompounds in the environment,
which have adverse effects on terrestrial and aquatic ecosystems, would improve the health of these
ecosystems (Miller2011). These environmental impacts can also affect human livelihoods and public
health.

This remainder fothis report is organized as follows:

il

Section2: This section provides additional context for changes in air quality and public health as co
benefits of climate ntigation and clean energy policies.

Section3: This section describes the analytic approach, data, and methods used to estimate changes
in emissions, air qualitygnd public health associated with RGGI implementation from 2009 to 2014.

Section4: This section provides results of the analgsiddiscussion of key findings, poy
implications, and uncertainties.

Appendices:The appendices includalditional background and technical detail describing the air
guality and public health modeling tools used in this analysitailed statdevel resultsare
available in Appendix Bwhich isavailable for downloads a separate document
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CoBenefits of Climate Mitigatio

In addition to reducing GHG emissions, climate mitigation and clean energy programs B@6lasan
create an array of other public benéfitsften referred to aco-benefit®d in the energy system, the
environment, and the econortfyThese cebenefits can figure importantly in the analysis of total benefits
and overall policy effectiveness. Fotaenple, he Intergovernmental Panel on Climate Change (IPCC)
finds thatthe neaiterm public health ctenefits from climate mitigation may offset a significant portion
of total mitigation cost§lPCC, 2013).

Table2 lists key categories of eoenefits resulting from climate and clean energy policies, wdrieh
described below:

1 Energy system cebenefitsresult from investmenthatimprove the overall pésrmance and
efficiency of electricity grid operation&nergy system ebenefits includeeduction in electricity
losses over transmission lines (typically up to 10 percent), and alleviating load at times of peak
demand. In addition, a more efficient gystfeaturing a higher level of distributed generation
resources (in contrast to large centraliped/erplantsconnected by longistance transmission lines
canincreasehe resilience of the grid to severe stosmsle also enhancinggliability.

i Economc co-benefitsassociated with a more efficient and decentralized electricity grid include:
direct savings on energy bills by consumers and businesses; reductions in high costs of serving peak
load; and reducing imports of fossil fuels and thereby retgimare capital in the region. Regional
employment and economic development can bedieéittly from the growth of clean energy
industries. In 201&he 9 RGGl states plus New Jersegnked in the top 20 states in tdeited States
for total capital inveshents in energy efficiency, renewables, clean technology ventures, and policies
supporting energy efficiency and clean tealogy (CleanEdge 2016). In Massachusdtis example
clean energy employment grew more than eight times faster than the owesall gate across all
Massachusetts industries from 2011 to 2Magsachusetts Clean Energy Center, 2013

1 Public health co-benefitsresult from improvements to environmental endpdiragsheds and
watershed$ aspollutant loading$o air and water are reduced via lower energy demand and shifting
of energy generation to cleaner sourégsissions of fine partidate matterwhich carbe emitted
directly from sources or formed secondarily through atmosphkemical processgsan case
premature death, heart attacks, and strokes, as well as harmful effects on the respiratory system,
including asthma attack¥his category of cdvenefit is the primary focus of this report; however, as
noted below, reductions in emissiongwércury Hg) and ozondorming NQ, can also result from
policies targeting GHGs and are also beneficial to human health.

1 Environmental co-benefitsof climate and clean energy prograamsefrom reducing total energy
demand and shiftingeneratiorto cleaner, morefcient sources of generation. Key environmental
benefitsfrom clean energinclude reductions in emissions of air pollutants and their precursors (e.g.,

2 These positive outcombdenarfeée tcfdt dr craafser it dgrydramr &s afldo

objectiveof reducing carbon emissioasd increasing efficiency and renewable eneilgile this list of ce
benefitsassociated witlelimate nitigation and clean energy programs is fairly comprehensive, mategth
information can be found in the following sourcesS. EPA 2011a) and Regulatory Assistance Project (2014).
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particulate matterfM), NO,, SO, ozone, air toxics, and Higwvhich results in reduced formation and
deposition of these pollutants

Ozoneis formed by emissions of nitrogen oxidescting in the presence of sunlight with volatile organic
compounds in the air. Ozonebos fredquéneyoftasthma attacksu man he
shortness of leath, aggravatdung disease, damagelungs through longerm exposureadditional
hospitalizationsand emergency room (ERisits, and premature deatt@oatfired power plants and

other stationary sources (e.g., incinerators) can also release matouhe air. Airborne mercury

emissions then settle into terrestrial and aquatic ecosystencaiathe converted tmethylmercury, a

harmful neurotoxin. Mnylmercurye nt er s i nt o t he f o oldo-acchnaulata gn) wher e i
fish through theidiet As a result, the most common source of human exposure to methylmercury occurs
through fish consumption.

Table 2. Benefits of Climate Mitigation and Clean Energy Policies

Energy System Economic Public Health Environmental
Reduced electricity  |Energy savings from Reductions in CO,
load and peak energy efficiency emissions and
demand investments impacts of climate

Improved air quality SIEULE
from co-reductions

in emissions of Reductions of
criteriaairpollutantsy (gliigele[Ia Wi
mercury, and other air
toxics in air and
watersheds

Direct

; Increase in distributed :
benefits Increased economic

generation activity for energy
efficiency and
Reductions in imports [renewable energy
of fossil fuels sectors

Fuel diversification Fewer incidences of  |Improved fcerrestrial
respiratory and and aquatic
cardiovascular ecosystem health

— Isr::crjﬁtsed energy Job creation in clean [diseases and
?.C y energy and energy  [Premature deaths Improved visibility
DS . efficiency sectors from improved air
Ir?s?lrig\rgicei g:g quality Potent_ial reductions in
L water intake by power
reliability Improved water quality|plants

Sources: IPCC (2014); U.S. EPA (2011a); Union of Concerned Scientists (2013).

2.1 Regional Economic Impacts of RGGI

The RGGI program had a net positive impact on the regional ecooiotimy Northeast over the initial six
years of program implementation. This outcome reflects key policy decisions made regarding the sale of
nearly $2 billion of CQallowances to owers of foss#fuel power plants. Thdecision byRGGl states to
auction nearly alemissionallowancesrather thardistributingallowances directly to regulated entities

for free, is aunique andiefiningfeature othe RGGI program™ As a result of this key design feature, the
stateswvere able to usproceedsollectedfrom allowance auctionguring the 2009 to 2014 peridol

13 Emission allowances were allocated freely to regulatiities under both the Acid Rain anlOy Budget

Programs.
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public benefit purpose€ach state determined how to deploy its share of RGGI proceeds based on its
own legigative and public policy prioritie§. During the first two compliance periods of RG@&tiates
participatingin the programnvested a substantial portion of auction proceeds into energy efficiency
programs, renewable energy generation, and other GHG i@upecbgrams. By investing proceeds into
programghatthemselvegenerate additionakductiondn GHG emissions and energy dematin

RGGI stategssentialljleveragedevenues fronproceedd¢o amplifythe magnitude of GHG emissions
reductionsachievedpeyond those that would have been achieved sty placing a cost on the right

to emit CQ.

Analysi em@riocumgédd review of the RGGI statesd strat
auctions into efficiency and clean energy programs shovetdhbse programs generated economic

benefits to consumers and business, and an increase in output and employineergtgion Using six

years ofactualdatagathered r o m R G G| &@amplifaricepesidds, Analgsis Group conducted

consecutive analysém 2011 and 2015, respectively) thattrackedh d i vi du al invBsBrertsob t at e s ¢
proceed®n an annual basiandthenestimated direct and indirect impacts of the progoarthe regioml

economy. In its calculationgnalysis Group accounted for teffects of the RGGI program on power

system dispatchet energyosts to consumers, revenues to electric generators, and overall state

economic performance (Analysis Gro@011 2015).

Both the2011 and 2015 Analysis Group studies arrived at similar kmans:R GG 1 sirvestments 6

of auction proceedstioenergy efficiency, renewable energy, climate mitigation activities, and direct
rebategesulted inpositive impactsonthe e gi on 6 s e -adiled@mdieroploymefinalgsis

Group found that ithe period 20082011,economicvalue-addedn the RGGI statewotaled $1.6 billion,
and found similarly that economic value added in the periodi2M2 was $1.3 billionThese benefits
were found to be due parttothes t at es & ¢ o mb i enerdy efficencarsdtieareemdrgsn i n
both complianceriods (Analysis Group, 201, 2015).Additional economic valuadded translate an
average of $31 per capita in the region for the 20PD14complianceperiad alone (Analysis Group,
2015). In addion, employment in the RGGI states increased by more62000 jobyears in the period
2009 2011, and 14,000 jepearsfrom 2012to 2014.Table3 summarizes theekey findings from

Anal ysis Groupds studies.

Table 3. Summary of RGGI Economic Benefits, 2009 to 2014

First Compliance Period | Second Compliance Period
Type of Economic Impact (2009-2011)* (2012-2014)°
Total value-added to RGGI states $1.6 billion $1.3 billion
Net job creation® 16,000 job-years 14,200 job-years

Source: Analysis Group (2011, 2015).
1. Reported in 2011 dollars, on a net present value basis using a discount rate of 3 percent.

14 The 2005Vlemorandum of Understandiramd the 2008 revised Model Rule designate a minimum of 25 percent

of each stateds all owance proceeds to go itepstams iconsurt
are vastly exceeding tliequiredminimums for public benefit or energy purpos@dowancesareapportioned

through state allowance budgets, whichlargely based on historical power plant emissions in each state and

an agreedipon formulaT he al | ot ment of all owances then deter mi ne:
from the allowance auction
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2. Reported in 2015 dollars, on a net present value basis using a discount rate of 3 percent and reflects adjustments
for inflation.

3. A job-year is defined as providing full-time job for one year.

Analysis Group studies confirnthatinvestments in energy efficienagted as an importaatonomic
multiplier. Adopting energy efficiency measures reducegdted demand foelectricitygenerationand

reduces wholesale electricity prices through impacts on system dispattdumers who reduce their
electricity use by becoming more efficieatve on monthlyenergybills. On a macroeconomic scale,

reduced demand through energy efficiency and expansion of renewables lowers the total amount paid to
fossiHuel generators located outside of the RGGI region. Overall, highddilpesatt costs passeah to
electricityconsumes to cover the costs of G@llowance purchases the shorterm are offset bgnergy

bill savings resulting frolRGGI proceeds investments within the region (Analysis Group, 2015).

In the next section,wer ovi de additi onal context for this eval
public health.

2.2 Impacts of Climate and Clean Energy Programs on Air Quality and Public
Health

Policies and progranthatreduce GHG emissions from electric poyg&ants andther fossifuel
stationary sources (e.g., industrial boileraih also achieve important public health benefits. Fasslil
power plants emitot onlyCO, but alsoother air pollutantsvith proven adverse effects bmman health,
includingfine particubate matter (PMs), NO,, SO, Hg, and air toxics.

Power plant missions of NQ, SQ,, and other pollutants impact air quality at the local level to varying
degrees, depending characteristics of theource™spatial distribution of emissions, alutal

meteorological conditions that dictate the formation of pollutants with adverse health.éffectsurning

of fossil fuels releases $SQvhich contributes to the formation of acid rain and,P&¥hd can cause

impact human respiratory and cardiovascularesgst NQ emissions also form PMand grounedevel

ozone, thereby exacerbating negative impacts of this air pollutant. Fine particulate matter composed of
airborne solid particles and liquid droplets carries a mixture of soot, smoke, toxic metals, grudlraan
harmful chemical pollutants; inhaling the fine particulate matter can lead to severe health effects. By
entering the lungs and even the bloodstrehasd air pollutantsan cause or aggravagspiratory
conditionsand cardiovascular diseases aadlead to premature death

Below we describe results of recent prospective analyses of the impacts of natidnagionalevel
climate mitigation and clean energy policiesainquality andoublic health.

Findings from Recent Studies

A number ofrecentstudies have demonstrated the link betwegaities aimed at reducing GHG
emissiors, associatedhanges itevels of air pollutantsandresulting impacts on humdrealth.
Generally, these studies rely upon a msiigéip analytic approach that is gamto the process employed

5 For example, the height of the emissions stack affects dispersion and formation of air pollutants, particularly

through wind patterns that coibute to interstate transport of air pollutants. While tall stacks may be designed
to limit negative air quality impacts on the local community, the ovpadliition does not diminish, it is only
transported downwind.
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in thisanalysis (described in Secti@n The first step is to estimate the impact of a proposed policy on
emissions of criteria apollutants. Then,iaquality modelsare applied to estimate how changes in
emissionf air pollutants resulting from the poliegodify levels ofair pollution in specific geographic
locations. Finally, a public health model is used to estimate changabliohealthoutcomes associated
with air quality changet® specific geographic locatiossd populationsand the associated economic
value of healthmpacts.

Based orananalysis othreenationatlevel climate mitigation policies (fahe electric sctor,
transportation sector, aatheconomywide trading systenrespectively)a 2014study byconcluded that
the health benefitassociated witheduced PMsand ozone&ould offset some or all of the netgrmcosts
of these policie§Thompson et aR014). Estimated public health benefits offset costs of mitigation by a
range of 26 to 1,000 percentith the economywide trading system offering the greatest flexibility and
the largest potential ndésenefits to health. mission reductions occurring thrgh a clean energy standard
generatec median of nearly $40 billion in net benefits, accounting for nearly 120 percent of costs.

A 2015 study compared three natictatel climate policieso determine which policy achieved the
largest public health ebenefits based omstimated changés PM, s and ozone[jriscoll et al, 2015)

The authors found that limiting carbon emissions from power plants, while providing flexible compliance

mechanisms and emphasizianergy efficiency investmentgsulted in greater health-benefits thamma
carbon tax ofequiring heatate improvementat coatfired plants.The energy efficiency investment

scenario resulted in an estimated 3,500 premature deaths avoided nationally (with a range of 780 to 6,100)

through changes in PMand ozone. The study found that air quality improvements are maximized by
shifting electric generation from coal plants to lovearbon emitting sources and investing in demand
sideefficiencymeasures.

A more recent study of a merhtely stringent, highly flexibleationalpolicy scenario modeled after the
final Clean Power Pl an ( E®&GHG semigsions matosathgstimatesithat f
public health benefitaill exceed implementation costs by $12 billion ypear in 2020 (Buonocore et al.
2016). The value of health benefits in RGGI states ranged from $1i@,8000 million per countysee
Figure3). Under this scenarithe study estimates a total of $880 million in public health benefits in the
New England states. Among New Jersey, Delaware, MarytamtVirginia (a norRGGI staté’), the

study estimates a total of $3 billion in public health benefits. For New York,almmetudy estimates a
total of $1.6 billion in health benefits

% Throughout this report, we useeth t er -RGBhont o refer to states in the

participating in the RGGI program.
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Figure 3. Total Annual Health Benefits in 2020 by County for Moderately Stringent, Highly
Flexible Carbon Standards
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Source: Buonocore et al. (2016).

Notably, the authors modeled investments in energy efficiency measures beginning in 2013 and
increasing until 2025. Associated benefits from energy efficiency accrue years after initial investments are
made; therefore, a comparison of costs in 2020 tofileie2020 does not take into account total

benefits expected when the modeled regulation reaches its full effect inT2@38uthors concludat

not only are health benefits realized in the riean, theyare also expected &xtend pas2020

(Buonccore et al2016).

Despite the diversity and complexity of climate and energy scenarios modeled in these studies, they point
to a consistent conclusion: there is potential for public health benefits to meet or exceed costs of
mitigating GHG emissionBy asignificant degreeAs Thompson et al. (2014) and Buonocore et al.

(2016) both observestimates of overall net benefits are more sensitive to estimates of mitigation costs
than to public health and other benefits.
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3. Analytic Approach

We used a threstep analytic process to estimghteimpacts on air quality anpublic healthresulting

from implementation of the RGGI program from 2009 to 2014. As shiowigure4, each of these steps
relies upon a specific modeling tool (or tools) and datasets to estimate the incremental impacts of RGGI
on the following variables: generation (megawatthours(MWh)) by power plants, air pollution

emissions, air quality, and public health.

This analysis was highly sequendialesults from each analytic step were inputs to the next modeling tool
in this process. At each stage of the analysis, wiewed draft results at a highly disaggregated level and
performed quality control before using results as an input to the next analytic step. In many cases, draft
results were benchmarked to results from similar analyses and studies as anotioérectoss

Figure 4. Overview of Analytic Steps and Tools

Secondary
PM2.5

- e Step 2: Estimate changes
g G in air quality resulting
from changes in
emissions due to RGGI
®
Tools/Methods:
EPA Co-Benefits Risk ® 0
Assessment (COBRA)
screening model n l'
Step 1: Estimate changes Step 3: Assess public
in 8O, and NO, emissions health impacts
attributable fo RGGI associated
implementation with changes in air
(2009-2014) quality due to RGGI
Tools/Methods: Tools/Methods:
Electricity dispatch EPA Benefits Mapping
modeling and EPA and Analysis Program
emissions data for EGUs (BenMAP)

Source: Abt Associates analysis (2017).

Step 1: Estimate annual changes in electric generation and emissions of air pollutants at power
plants as a result of RGGI implementation from 2009 to 2014.

To determine annual changes in emissions of air pollutants from electric power plants associated with
RGGI implementation, we first estimated changes in electricity generation in participating RGGI states.
For this step, we relied upeasults from electricity dispatch modeling performed by Analysis Group in

support of their studies of RGGIO&s regional econo
cal cul ate increment al di fferenceGGIlim sw=dercadrriia,i tanc
counterfactual ANo RGGI O scenario. Specifically,
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incremental change in annual generation levels (in MWh) for power plants located in the RGGI states
(including plants not reguladeunder RGGI)!

We then used actual, annual pletel emissions and pollution control data frefAto calculate

changes ilNO, andSQ, emissions associated with changes in generation at the power plant level due to
RGGI® Changes in pladevel NO, andSO, emissions were aggregated at the county level for each year
from 2009 to 2014, and then became the key inputs to the air quality modeling conducted in Step 2.

Step 2: Estimate annual changes in air quality at the county level associated with changes in SO,
and NO, emissions from power plants, by year.

For this step in the analysis, we usked COBRA model, developed ByPA toconduct screeninpvel
analyses ofhe effect ofthanges in emissions on air qualllye ran COBRA using inputs of annual
changes 50, andNO, emissions aggregated for each county in all RGGI participating states derived
under Step 1 of the analysis.

COBRAOGs ai r sionulatdschemigal reectibres in the atmosphtrattransform NQ and SQ
into components of particulate mattém thenortheastrnUnited States, thessomponentgonstitute the
majaity of PM, s resultant from power plagmissions and make up more than half of all amifé&fiys
(NARSTO, 2004. As noted earlier, as a simijpdid air quality model, COBRA does not model formation
of ozone, although this is a major pollutant in the Northeast.

COBRAOG s o ghanges irmsinuaamigientPM, s at the county level, which atke inputs to public
healthmodeling conducted und&tep 3

Step 3: Assess public health impacts associated with changes in air quality due to RGGI
implementation from 2009 to 2014.

We used the Benefits Mapping and AnalyRisgram (BenMAP) to translate coudéyel changes in

annual ambierPM, s from Ste 2 into countylevel changes in the frequency of various adverse health
events among a population, referred to as incideB=8MAP uses inputs of air quality changes,
population, and baseline health incides@e., the background frequency of a heattpact in a
population)to estimate the public health changes resulting from changes in air ggatit)AP then
estimates the economic value of health incidences avoided based on a synthesis of multiple economic
valuation studies.

3.1 Estimating Changes in Emissions due to RGGI

Esti mating changes in emissions due to RGGI requi
electricity market from that of thmanyotherfactors affecting the complex electric power system.
Variations in weatheand economic gwth caninfluence electricity demandnd bef ore RGGI 6s

" The scope of resulfsom the dispatch modeling runsed in this analysigflected changes igeneratiorby

power plants located in RGGI statesi did not include changes in other states and provinces adjacent to or
with interconnection to RGGResults from dispatch modeling were also available for Pennsylvania but were
not validated for plant additions, retirements, and other changes thatsacduring the timeframe of this
analysis.

18 While power plants also emit other pollutants that affect air quality and health (soeli@sy andir toxics),

these pollutantseffects on air quality are not captured in the air quality modeling tgaleabin this analysis.
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inceptionin January2009, major transformations the marketfor natural gas, which is a key fuel used in
electricity production, were underwajdvancements ishale gas extractianethods signiiantly
increased the suppbf domestic natural gasd resulted in substantial decreases in natural gas prices
beginningin 2008° Also in this timeframe, effects of the 2009 recession dampeseend for

electricity.

In 2010,RGGI Inc. commissioned study? to examine theole offactors that contributed to a p&rcent
decreasén CO, emissiongrom the electric power sector across RGGI states, from 2005 to 2009 (RGGI
Inc., 2010Y** As shown inFigure5, the study found that fuslitching from oil and coal to lowarost

natural gas accounted for neaplyethird of thedeclinein CO, emissions from 2005 to 2008n

additional25 percent oémissions reductions were due to weather, whereas the economic recession was
responsible for a small fractioatfout4 percent) okmissiorreductions. Changes in available generation
capacity (i.e., reduced coal capadityd increased nuclear, wirehd lydropowercapacity) together
accounted for nearly 21 percent of the reduction in emissions.

Finally, energy efficiency and custorrgitedrenewablegeneratioraccounted for approximately

12 percent of emissions reductions over this timeframe. Wihdestidy was not aanalysis of the effect
of the RGGI programnit showedthat fuelswitching to natural gas and weather variativesemore
significantfactors in the rapid declinef CO, emissions over the 2005 2009timeframethaneconomic
conditionsor changes irthe mix of availablegeneratiorcapacity.

19

TheHenry Hub prie for natural gas fell by nearly 70 percent between 2008 and (Z0A52016).

2 This study was conducted for RGGI Inc. in 2010 by the New York State Energy Research and Development

Authority.

2L Note that the timeframe of the RGGI Inc. study preceded RGGI program implementation and was focused on

changes in emissionkatpre-dated RGGI.
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Figure 5. Factors Influencing CO, Emission Reductions in RGGI States, 2005-2009

Reducing
Electric Load
(48%)
Reduced Available . Energy Efficiency
Coal Capacity and Customer-
Sited
Generation
Changes In Increased
Generation and Nuclear Other Load

Fuel-Switching to
Natural Gas due
to Relative Fuel

Prices (31%)

Capacity Mix Impacts
(21%) _B " Increased
Increased Wind_/ Hydropower
Generation Generation

Source: RGGI Inc. (2010).

Note: Connecticut, Delaware, Maryland, Massachusetts, Maine, New Hampshire, New Jersey, New York, Rhode
Island, and Vermont are included in this analysis.

A morerecent studyocusedspecificallyo n R Gr@é i reducing regional C@missions during the
first complianceperiod(2009 t02011) (Murray and Maniloff2015. Using econometrimodeling, the
studyisolatel the incremental effect of RGGI on emissions from that of other factors, incliadveg
natural gas prices, tti#909economic recessioandother environmentand energyprogramsjncluding

s t amimisui requirements for renewable energy generation (knovireaswale Portfolio
Standards)Accounting for these factors, the study fouhdt CO, emissiors would have been 24 percent
higher inthe regiorover the first compliancperiodif the RGGI programid not exist (Murrayand
Maniloff 2015)%

22 The study compared changes in&issions from the electric sector from 198108 to the 2002012 period

and found that without low natural gas prices, the RGGI program, the recession, or state renewakl®goals
emissions would have been 52 percent higher across the region. Theosemesfactual scenario applied
nationally found totaCGO, emissions would have only been 11 percent higher from 02@12. As such, the
study concluded that nearly half of the act0&l emissions reductions in RGGI states during this time period
canbe attributed to RGGI program implementati®he Murray and Maniloff study did not distinguish

bet ween t he i mpaalcltowafncRG®IréisceCOd rom t he effects
efficiency and renewable energy on emissions, butrtbeitt ot h ar e key aspects of
generation and emissions.
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For this analysis, we relied upon results from di
conducted by Analysis Group. These modeling estBnatd RGGI1 6 s i ncr ement al effec
electricity demandhe mix ofgeneratiorsourcesand dispatclirom power plantin theRGGI states

independent ofhanges imther variables over the 20092014 timeframeThesemodelingruns provide
anestimateoRGGl 6 s i ncremental effect onm RtGGeEenarimadat ri ci t
fiNo R G G kaunterfactuascenarioModeling of the RGGI scenario depicted the fvomarydirect

effects of the program on the wholesale power market, as describad be

1 Costs of CQ allowance purchasesOwners oflarge fossifuel power plantgpurchasecO,
all owances to meet RGGlI 6s cap on emissions, and
price at which they are willing to supply power to the wholesalkeatz3 In this way, the cost d€O,
allowances affects prices for power in many hours, which in turn can alter marginal generation (i.e.,
the last generator dispatched to meet hourly demand) from higHewercarbon generation
sources.

1 Investments ofRGGI proceeds into energy efficiency (EE) and additional renewable generation

(RE): St ates6 investments of RGGI proceeds into ene
overall electricity demand and changes in the shape of annual electeigimd profiles24 Although
much smaller than statesO6 investments in energy

customersited renewables increase the capacity for lmmzerecarbon electricity. Demanside

efficiency investments and an increase in renewable itgpagether shift demand for fosdihsed

electricity downward, resulting in changes to the mix of generation sources dispatched and associated
emissions.

The No RGGI scenario is a counterfactual case of power market outcomes absent these two effects of

RGGI. In this counterfactual scenario, all other variables affecting power markets except for RGGI (i.e.,

fuel prices, transmission constraimt&), and SQ allowance prices, state renewable energy requirements,

plant retirements and additions) were haldstant to the RGGI scenario. The difference between these

two scenarios (i.e., RGGIl and No RGGI) represen&GGl1 6 s i ncr ement al effect on
specifically, changes in hourly generation by power plants located in RGGI states

Becausehis andysisis retrospective, we had access to achustorical data depicting annual generation
and emissions at individual power plants under RG{8lvever, our retrospective approach also
preseneéd somenalytical challengeis cases where results for thedeled R5GI scenario diffefrom

% New England andhanymid-Atlantic states haveompetitive marketfor electric powerwhich means that

prices bid into the market kpower plant ownershould be close to the margircosts oproducingthe last unit
needed to meet hourly electricity demand.

2 Different energy efficiency programs tend to reduce hourly electricity demand in different ways, and thus affect

the fishapeodo of customer d edddiantb reduciegrthe tothlaggregate desnand o f t h e
across the yeaFor example, energy efficiency programs that focus on replacing older, inefficient air

conditioning units with newer, more efficient models generate reductions in electricity demand almost

exclusively in summer daytime hours, when electricity demand peaks across the NortheasAregion.
conditioning energy efficiency program thus alters ¢t
only in summer daytime hour$his, in turn,disproportionately reduces generation from the most expensive,

least efficient, and most polluting generating resources during the highddtours of the year.
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actual RGGHMdata. Sucldifferences are typicabecause dispatch modsisnulate economically optimized
outcomes that do ngerfectlyalign withp o we r  p r o d wealwarlddécisins.t ual ,

Tocal i brate dispatch mevibeall idrog ovedasediumasalydismtha ct ual |,
relativeincremental effect of RG@&imulated by the dispatch modelingsingactual datdor RGGI, we
constructed a neNMo RGGI scenario by applying theercent differencdetweeremissions levels from

the modeled results for tiRGGI andNo RGGI scenarios to actual emissions levels under RG®I

difference between the RGGI emissions inventory and the No RGGI emissions estimate is the incremental
change iremissions due to RGGI. These emissions changes then becamguthto Step 2 of the
analysisdescribed below

Appendix A includes descriptions of specific calculations and datasets used in our anahgsenoéntal
emissions changes due to RGGI.

3.2  Air Quality Modeling

EPA developed the COBRA modeld¢onduct screeninpvel analyses dhe effect ofemissionshanges
onair quality. COBRA models the ambient air quality changes that result from criteria pollutant
emissions using simplified air dispersh mode] which quantifies the relationships between emissions
from each source and air quality (average annualsPiM each countyAs described earlier, the choice to
apply the COBRA air quality modeling tool for this analygisults ina somewhat merlimited picture of
actual changes in air quality than could be developed with a more detailed air quality modefitigidool.
reiterate, COBRA estimates how changes in emissions of primagy, Bi&, and NQ result in changes

in ambient levels of Pk, but COBRA does not modiehanges in ozone formation.

We used the COBRA model in order to estimate changes in air quality due to RGGI implementation. To
run the COBRA model, we input estimated annual changes im®0ONQ emissions derived under Step

1 ofthe analysis, aggregated at the county level, for all counties in RGGI participatingWmiaput

these into COBRA for each modeling year 2009 through 2014 and then performed a COBRA run for each
of these years. Outputs from each of these COBRA runshenges in annual levels of ambieM, s for

each county, and are expressed in micrograms per cubic mgter)( Annual countylevel changes in
ambientPM, s then became the inputs to Step 3, modeling of public health impacts.

The scope of owanalysisof air qualityexcludes theffect of energy savings associated with RGGI
statesd investments in energy efficiency made i
include the effect of these energy savings on air quality and heallld wvequire a projection of

emissions inventories for all sectors to support additional COBRA modeling runs for each year
subsequent to 201Because projections for future baseline emissions are currently unavailable for this
timeframe, however, thenpact of these energy savings was excluded from this anéfysis.

% For example, the Community Multiscar Quality and CAMx models are often used to cocideostbenefit

studies of major proposed regulatidnthese models are capable of very detailed atmospheric modeling to
estimate how emissions form ambient levels of 0zone and ambient fine particles at very granular geographic
levels.

% gpecifically, theonly annuakmissions projection currently available from EPA is for the year 2025.
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COBRA andunderlyingassumptions andata sources used fihis step are described in more detail in
Appendix B.

3.3  Public Health Modeling

To estimate the public health benefigsultingfrom RGGlwe u s e dBBenMRPAESioN 4.0.67"
BenMAP useslata describingopulation frequency obaseline healtbutcomesand economigaluesto
estimate the number and economic value of health impacts resulting from changes in air quality.

Abt Associates dggned and implemented the original BenMAP model for EPA, which was the first

publicly available model fovaluing thehealth impactefc hanges i n a currentyersiohoft y .

BenMAP? s being deployed around the world by governnaggeincis andothers for generating
estimates of public health improvements resulting from reductions in air pollutants.

We used theeountylevelestimatef RG Gl 6 s e f,frelative tomimsened/ambient BM
generated by COBRA under Stem2 inputs tenMAP. BenMAP usedhese estimated changes in
ambientPM, s to calculatehe health benefitseesultingfrom RGGIfor 20092014.

BenMAP andunderlyingassumptions andata sources used fthis step are described in more dédta
Appendix C.

27 COBRA also has functionality to estimate health benefits, but we selected BenMAP over COBRA for this step

of the analysis because BenMAP allows us to capture chanbasetine population, incidence, and valuation
over theentirestudytimeframe While COBRA is an appropriate tool for estimating ambient air quality, the
fact that its datasets are tied to a specific calendar year limits its representation of hovitpiafferts public
health over time.

% This version is known as BenMABommunityEdition.
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How Does BenMAP Value Health Benefits?
Effects of Air Pollution on Health

As a society we value a clean,
safe environment and a
healthy population. Without an
explicit value tied to a public
good such as clean air,' it is
challenging to evaluate the
costs, benefits, and overall
effectiveness of policies and
programs that enhance or

Thousands

Tens of
Thousands

>90% of monetized
benefits 4

A”f

ER visits,
Hospital
admissions,
Heart attacks

Docuorvlslts. oC

syoayg jo Aaaaag

protect public goods. To
estimate the value of public
goods that are not traded in
markets, economists rely upon
a range of methods. One
approach to quantifying the
value of programs that benefit

Magnitude of impacts

Respiratory symptoms,
Millions Asthma attacks

Proportion of population affected

human health is to Source: U.S. EPA (2016a).

calculate the value of avoiding the Acost
productivity. Another method is based on the value that individuals are willing to pay to
avoid illness or reduce the risk of premature death.

To estimate a value for health benefits resulting from a reduction in air pollution, BenMAP
estimates the value of total avoided health costs. BenMAP links air quality changes to public
health outcomes by applying empirical relationships derived from epidemiological studies
between air pollutants and 12 categories of human health effects (described in detail in U.S.
EPA, 2015a). The economic value of improving air quality increases with the number of
avoided premature deaths and illnesses, though the value of different avoided health effects
can vary widely. For example, the economi
adult mortality is over $9 million, compared to the monetized value of an avoided case of
respiratory symptoms ($22-$36); see Appendix C for a table of avoided health effects and
their economic values.

As the fipyramid of effectso in the accomp
health benefits from reductions in air pollutants arise from a small number of avoided
premature deaths (U.S. EPA, 2016a). The value of an avoided premature death is an
estimate of how much people are willing to pay for small reductions in the risks of premature
death (U.S. EPA, 2016b). This concept ofue
per statistical |ifebo
of environmental and public health policies. It is important to note that the VSL concept
represents the sum of many small risk reductions that are then aggregated, and does not
represent the monetary value of an individual life.
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4. Results and Discussi on

In this section of the report, we discuss resul ts
on public health. We then provid@é overview of key findinggolicy implications and uncertainties for
theseresults

4.1 Changes in Generation due to RGGI

We calculatecthanges irelectricitygeneration due to RGGI first on an absolute basis (in MWh per year),
and then expressed them as a percentage relative to generation that would have occurred in the No RGGI
scenario. These percentages are base@mergtion changes in RG@articipating states onlyable4

showsthat theRGGI program resulted in a net reduction in electricity generation in every year of the first
two compliance periods.

Table 4. Annual Change in Generation due to RGGI

2009 2010 2011 2012 2013 2014

Generation change in
RGGI States

Source: Abt Associates analysis (2017).

-5.8% -2.9% -2.0% -3.4% -7.0% -6.9%

Reductions in annual generation ranged from a low of 2.0 percent in 2011 to a high of 7.0 percent in
2013. Changes in generation as a result of RGGI were lowest overall in 2010 and 2011. The most
significant RGGlinduced changes in generation occurreddg® 2013, and 2014.

In competitive electricity markets, changes in any number of variables, including fuel prices, weather, and
plant and system operational changes, can cause variations in the level of electricity dispatched by a given
power plant (or goup of plants) from year to year. In this analysis, however, our modeling results account
for all of these factors and thereby isolate the incremental effect of RGGI on electricity markets and
dispatchThus, we interpreRGGlinduced changes in generatitm bea result of the combination of (1)

RGGI sinvestmersirbenergy efficiency and renewable energy andh@pffect of CQ allowance

priceson electricity dispatchOur analysis does not quantify tineividual contributions ofhese

elementof t he RGGI proe@lnetaffedo RGGI 6 s

I n addition to allowance prices and statesd6 inves
anotheffactor that mayave influenced the markegsponse to RGGI. This effect describes the response
bypower plants owners to RGGI states® announcement

plant owner believes an announcement to be credible, the prospect of future carbon prices can spur them
to invest in lowercarbon generation options befdhe policy startd® A 2015 study found that the

2 Note thatthis analysis reflects modeling results only thosestateshatparticipated in RGGI at some point

during thefirst two compliance periods. NewJery par ti ci pated in RGGI ®&6s first c
to 2011, butdidngp ar t i ci pate in RGGI 6s secondWenwdeled i ance peri
generation changes in New Jersey for 2009 to 2011, and assumed no generation changes fra?@2012 to

%0 Alternatively, if firm or plant ownerslo not view a policy announcement as creditiley might wait until a

program takes effect to adtlurray and Maniloff(2015)notedliterature which finds that thennouncement
effectwas significanfor policies addressing other air pollutants.
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announcement of the RGGI program likely had a statistically significant effect pan@i€sions before

and shortly afteR G G 1 6 sdatefite.alatet2008 and early 20@}his suggests that owners of power

plants in RGGI states did find statesdé policy ann
reduce C@emissions (Murray and Maniloff 2015lhe anticipation of pending G@missions limits

may have affected | a nt demwamefor €@allowancesind generatiobidsin 2009,thefirst yearof

the program.

Note that theseesults do noteflect changes in generation that may have occurred at power plants located

in states or Canadian provinces (e.g., Quebec) adjacent (and with interconne®iB@!tstates, but not
participating in RGGIIt is possible thathanges in the marginal costs of electricity dispatch associated

with passthrough of the cost of CQllowance purchases by plant owners in RGGI states resulted in

increases in electricity sipatch in noRGGI states and provinces outside RGGI to some degree.

Modeling by Resources for the Future (RFF) in 2004 projected that under RGGI, generation and CO
emissions in NoIRGGI statesvould increase due RGGI. Specifically,RFFestimated thathat for

every 100 tons of C{reductions within the RGGI region, GGl states and provinces adjacent to the

RGGI region could emit an additional 37 tonsofCO a dy nami ¢ kofRFR200das Al eakag

RGGI Inc.(2013) examined patterns in generatiomeighboring states over the first three years of RGGI
implementation, and did not find conclusive evidence of substantial leakage to generatorR@®Glon

states™ COz emissions from nofRGGI electricity generatordid notappreciablyincrease durin@009 to

2011relative toa base period of 2006 to 2008, dathl electric generation from all ndRGGlI electric

generation sources serving load in the RGGI region incrdpsedly 1.2 percenor 3.3 million MWh,

over the same timeframa later RGGI Inc study 2016) found that generation from all generators in

nonRGGI states increased by nearly 12 perge@012 to 2014ompared to the 2006 to 2008 base

peri od. However, neither RGGI Il nc. study emsti mat e
in nonRGGI states and provinces relative to a counterfactual sceaadahus are inconclusive with

respect to the pr ogC@smmiissions fromthesejarisdiciohs. i mpact on

To account for the uncert andaniisgions from RsHilzl génerateed f ect o
located in neighboring neRGGI states and provinces, we apgh sensitivityfactorthat discounts

benefits in norfRGGI states by 50 percetat represena low-end estimateOur high-endestimate of our

range ofestimatesassumes 100 percent of benefits for4#RBGI statesvere realized

4.2 Changes in Criteria Pollutant Emissions due to RGGI

As described earlier, this analysis tracks changes in emissi@®@ ahdNO, resulting from RGGI
implementation. Annual cinges in levels of these pollutants are the primary inputs to modeling of
RGGI 6s i mpacts on air quality and public health.

Results of this analysis show that RGGI resulted in net reductions of both pollutants in each year of
RGGI 6s first todsdiguwed shpws that thelages eductionshN@, emissions due to

% Note that RGGI | rts are liased only onicamparisonswipinca gata for generation and
CO,emissions i nce RGGI 6 o similaralata beforathe@dre®n began, and do natdecl
modeling of a counterfactutlo RGGI scenarioAs suchRGGI Inc.notes thatit cannot say conclusively what
the likelymagnitude of changes in generation and, €Qissions from neighboring ndRGGI statesvould
have beelin the absence of the RGGI gram.
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RGGl alsocoincide with years with the most significant declines in genei@&t#09, 2013, and 2014.
In 2009, NQ reductions from Mafland plants accounted for about ethé&d of total reductions, with
plants in New York and New Jersey also accountingifipmificantNO, reductions. In 2013 and 2014,
reductions from plants located in Maryland and Delaware accounted for most of tHeoredinctotal
NO, emissions. DecreasesNO, emissions due to RGGI weag theirlowestlevelsin 2010, 2011, and
2012.

Figure 6. Changes in NO4 Emissions due to RGGI
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Source: Abt Associates analysis (2017).

Due to the highsulfur content of coal,reission rates of S{are significantly higher for codired power
plantsthan for natural gaglants.Thereforereductionsn generatiorby coakired plantsas a result of
RGGI dominatetotal SQ reductionsAs shown inFigure?, coal plants account for 90 percent of
reductions in S@emissions redting from RGGIl.However,NO, emission rates for coahnd naturabjas
fired generatiorare much more comparabkespecially when coal units are controlled for,NtAs such,
RGGlFinducedreductions in NQemissionsan occufrom a decline irgeneration bither coaffired or
natural gadired units As shown irFigure7, coal plants account for f&rceniof total RGGtnduced
NO, reductions from 2008 2014 while natural gas plants account 6 percentof total NQ,
reductiondue to RGGIn the saméimeframe

%2 SeeFigure18in Appendix Dfor a comparison of NQand SQ emission rates across generation technologies

and fuel types.
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Figure 7. Changes in SO, and NO, Emissions due to RGGI from 2009-2014, by Fuel Type
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Source: Abt Associates analysis (2017).

Figure8 shows that RGGI results in a decline in,®dnissions relative to the No RGBaseline in every

year of RGGI 6s f i r sRGGIhagly facthe gredtest anpacten gERissions ih s .

2009, whersG; emissiondell by more thary6,000 metric tons.His singleyear decline also accounts

for nearly halfof total reductions irSO, emission reductiongver the full 2009 to 2014 timeframe.

Moreover, the majority 080, emissionreductionsn 2009occuredin Maryland, which has the largest
capacityofcoaf i r ed power plants in all ReBYyAradiagt es. I'n r
2006S,controls were installed at fXAserestiéfthédar yl andods
controls, theSO, emissions raté@ons ofSO, per MWh)declinedby nearly an order of magnitude at some

of these plantsThis explains why absoluteO, reductions in Maryland are much smaller for all years

after 2009, even in years such as 2848 2014 wheRGGI resulted in meaningful decreases in

generation from these plants

33 Controls for S@were installed in the last two months of 2009 on the following Maryland coal plants (units):

Brandon Shores (1 unit); AES Warrior Run (1 unit); Morgantown (2 units); Dickerson (3 units); and Chalk
Point (2 units).
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Figure 8. Changes in SO, Emissions due to RGGI
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Accounting for State Power Plant Regulations: Mar yl andds Heal't
With seven large power plants and more than 4,600 MW of capacity fired by coal, at the time
of RGGI 6s start in 2009, Maryl and had the
from power plants of all states in the RGGI region. In 2006, Maryland passed the Healthy Air
Act (HAA) in 2006 to achieve Clean Air Act goals for NO,, SO,, and Hg emissions from large
power plants. Owners of Maryland coal-fired power plants installed a significant number of
controls for these pollutants shortly after HAA took effect. Most of these controls, which
included flue gas desulfurizers, baghouses, injection systems, and scrubbers, were installed
on MD coal units within four years after HAA took effect. These controls were highly
effectived between 2009 and 2010, SO, emissions fell by more than 80 percent, and NO
emissions declined by more than 60 percent from 2007 to 2009 (Maryland Department of the
Environment, 2015).

Given the importance of SO, e mi s si ons f r o m-firlkthpowel pamskdtlss ¢ o a
analysis, we sought additional input from Maryland Department of Environment staff to make
sure that our emissions inventories for 2009 and 2010 accurately reflected total emissions for
Maryl andds power pl andpeific ddéeon ecohtrsl instglatidns feomd ERA |
to ensure that our plant-specific emission factors for SO, and NO, reflected changes made in
response to the HAA. As a result, we are confident that results from this analysis reflect
incremental emissions reductions in Maryland that are attributed to RGGI rather than to
Maryl andds HAA. We also confirmed that ann
outside Maryland accounted for installations of pollution controls.

In addition to reductions from Maryland, RGKs also resuktdin SO, reductions fronindividual

legacy coal plant§locatedin Delaware, New England, and New Ypas shown ifFigure9. However,
because these coal pl ants are generall y*®tmre geog
impacts of S@emissions reductions from these individual plants on air gualgurrounding downwind

counties is more easily observable in air quality results. For the most part, the single largedeeelinty

reductions in S@emissions in 2009 occurred in or immediately adjacent to a county with a large coal

fired plant;howe\er, a few oilfired plants also played a role in changes in &@issions. In a few

counties, S@emissionsactuallyincreasedo a small degredue to an increase in generation by a local

oil- or coatfired plant. Howevereach ofthese counties still egpienced net improvements in air quality.

34 Legacy in this context refers to oldesal plants, built in the 1950s to 1970s to serve baseload power needs and
whose original capital costs are fully amortized.

® Five of Maryland6s c o a tlosqiogathein AnnesAruadelcCharlestaadPerte r e | at i v e
Georgesounties
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Figure 9. RGGI-Regulated Plants and 2009 SO, Reductions

Primary Fuel Type!
® Coal
@ Oil
® Natural Gas
© Other (e.g., biomass)

2009 Net Generation

(GWh)?
« <500

« 500-1,000
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® >5,000
Effect of RGGI on SO,
emissions
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[ 10-690
[ ] -10to10
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I -3,000t0-5,000
B <-5,000

Source: Abt Associates analysis (2017).

1. Primary fuel type identified from the Emissions and Generation Resource Integrated Database (eGRID)
(U.S. EPA 2009).

2. Net generation data from the EIA Form 923 (U.S. EIA, 2009b). Net generation includes generation from all
fuel types, not just the primary fuel type. Excludes generation from nuclear units.

4.3 Impacts on Air Quality due to RGGI

RGGI resulted inncrementaimprovements tair qualityi n every year of the progr
However, lecause air pollutants can be transported long distances from where they are first emitted, the
spatial distribution of air quality improvemenesulting from RGGHiffers fromthe locations of plants
whereemissiorreductionsoriginated.

Figurel0andFigurellillustrate the spatial distribution of counvel changes in air quality due to

RGGI for the first and second compliance periods, respecti@elyerally, thenostsignificant air quality
improvements occurred in states and counties adjacent to or downwind of Marglanp o wer pl ant s
regulated under RGG#though certain counties in New York (i.e., Chautauqua County and Tompkins

County), and New EnglandAgrrimack County, NH and Bristol County, NJAvith or downwind of large

coal plants also experienced notable air quality improvements due to RGGI. Coubkdsware
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experienced the largest absolute declinesibient PMsunderRGGI because of their location
immediatelydownwind of Maryland s ¢ o g Whiclpatcaunttfoghe largesabsolute reductions
SO, emissionsas a result of RGGI

Figure 10. RGGI Effect on Annual Average PM, s, 2009 to 2011

RGGI Effect on PM2.5 (ug/m3)
2009-2011
0to-0.005

1 -0.005t0-0.01
e -0.01t0-0.02
= -0.02t0-0.03
= <-0.03

Source: Abt Associates analysis (2017).
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Figure 11. RGGI Effect on Annual Average PM,s, 2012 to 2014

RGGI Effect on PM2.5 (ug/m?3)
2012-2014
0to-0.005

-0.005t0-0.01

-0.01t0-0.02
= -0.02t0-0.03
mm <-0.03

Source: Abt Associates analysis (2017).

Regional transpouf pollution means thathanges in emissions from plants locateBR@®GlI states also
impact air quality in nofRGGI statesOur modeling results show substantial qualitybenefitsin the
nonRGGI state®f Pennsylvania and New Jerd&gue toemission reductionsom plants located in
RGGI statesHowever, as noted earlier, this analysis did not estimate possible shitsaration and
emissions that may have occurirchonRGGI states in response RGGI, so these changes cannot be
considered net of those changes in emissions and air quality.

Al | counties in RGGI s t a,gstasdardndurting tReP2008 2014dimeframe | aver
and still met this standard when we modeled air quality without RE@A, however, does hset

NAAQS a+t i Bk ¥ Wwhiehvnee&ns that incremental benefits to health occur even aithen

guality improvementexceedEPA standards.

It is important to note that our analysis only addressed changes in annual avesggerekhtrations,

andthat PM, sconcentrations are highly variable over the course of a year. A singldesmorexposure

to high PM sconcentrations can lead to more severe human health outcomes than multiple exposures to
low PM, sconcentrations, which is why EPA sat24hour PM sstandard as well as an annual average

PM, sstandardTo the degree thirGGls t ainvesstnients in energy efficiency programs aimed

% Note that New Jersey wasparticipant ithe RGGI program in the first compliance progré2@09 to 2011)

but not in the second (2012 to 2014)

37 The CleanAir Act does not require EPA to establish air quality standards at aiskrievel or at backgund
concentrations, but rather at a level that reduces risk sufficiently to be protdfigtiveb | i ¢ heal t h fAéwit
adequate marlgS. EPAQFID.safety. 0 (
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specificallyat reducing peak loadt is possible that RGGlad an amplified impact on low air quality

days. Howeverthe scope of thianalysis did noincludleRGGI 6 s ef fects on daily ai

Table5andTable6s h o w R GG 6air qualityfag metisurediby changes in anavatage levels

of ambient PMs, in RGGI states and neRGGI states, respectivelR GG 6 s aif quaditg dver o n

time waslargely consistent withits effect on emissions over tim€hanges in air quality due to

reductions in average BPllevels were the most significant in every state in 2009, and by a fairly

significant margin over air quality impvements in other yearEhe nextlargestimpacton average

annual PMsoccurred in 20120 2014, andR GGl 6 s ef f ect 0 fswaslowestim29® annual
and 20110ver all, air quality improvements ithoselRGGI 6s f
the second compliance period.

Delaware, Maryland, Pennsylvania, and New Jersey experienced the largest changesn2@08, and
Delaware experienced the highest average reduction in anngghbiridng all RGGI and neRGGI

states over the futime period. Pennsylvania experienced the largest average improvement among non
RGGI states. Improvements in air quality were the lowest in all states in 2011.

Table 5. RGGI Effect on Annual Average PM,5 in RGGI States

RGGI Effect on Annual Average PM,sin RGGI States
(Counties weighted by population)

State 2009 2010 2011 2012 2013 2014 | Average
DE -0.12 -0.02 -0.01 -0.03 -0.05 -0.03 -0.04
MD -0.06 -0.01 0.00 -0.02 -0.03 -0.02 -0.02
RI -0.05 -0.02 -0.01 -0.02 -0.02 -0.01 -0.02
MA -0.04 -0.02 -0.01 -0.02 -0.02 -0.01 -0.02
NH -0.05 -0.02 -0.01 -0.01 -0.01 -0.01 -0.02
VT -0.04 -0.01 -0.01 -0.01 -0.02 -0.01 -0.02
ME -0.04 -0.01 -0.01 -0.01 -0.01 -0.01 -0.02
CT -0.04 -0.01 -0.01 -0.01 -0.01 -0.01 -0.02
NY -0.04 -0.01 0.00 -0.01 -0.01 -0.01 -0.01
NJ -0.08 -0.01 0.00

Source: Abt Associates analysis (2017).
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Table 6. RGGI Effect on Annual Average PM,s in Non-RGGI States (PA, DC, VA, WV)

RGGI Effect on Annual Average PM,5in non-RGGI States (Counties
weighted by population)
State 2009 2010 2011 2012 2013 2014 Average
NJ -0.01 -0.02 -0.01
PA -0.06 -0.01 0.00 -0.01 -0.02 -0.01 -0.02
VA -0.04 0.00 0.00 -0.01 -0.01 -0.01 -0.01
DC -0.03 0.00 0.00 -0.01 -0.01 -0.01 -0.01
\WAY; -0.02 0.00 0.00 0.00 -0.01 0.00 -0.01
Source: Abt Associates analysis (2017).
4.4 Impacts on Public Health due to RGGI
Our estimates showthRtGGl 6 s i mpact on air quality in the

to public health throughout the Northeast, in both RGGI andRB6G| states. Results for avoided
adverse health effects and their total estimated value across all RGGI aresented iTable7. The
number of health effecsvoidedin RGGI states include 240 to 540 adult mortalities, 27 to 26&atah

heart attacks, 145 hospitalimats (respiratory or cardiovascular), and cases of asthma ER visits, asthma

exacerbations, and minor respiratory illnes€ngerall, the main driver of the value of health benefits is
avoided premature mortality among adulvhich constitutes over 98 pent of the total health benefits
across the 2009 to 2014 study timefraiealth benefits due to RGGI also include improvements to
productivity and qualityof-life, totaling31,000 avoided lost work days and nearly 200,000 fewer days
with lower levels of ativity (e.g., walking, exercising).

To express th&alue of benefits which occawer multiple years in present value ternve apply 3 and 7
percent rates of discounttioe flow of estimated annual benefits from 2009 to 28 Resultspresented

in this sectiorare based on 3 percent rate of discount; similar results based on a 7 percent rate can be

found in the Appendices.

Table 7. Health Benefits due to RGGI in RGGI States®

Incidences avoided

Monetized health benefit due to RGGI,

Health Effect due to RGGI. 2009-2014 (Million 2015 dollars), 3%
2009-2014 discount rate
Acute Bronchitis 340 $0.20
Adult Mortality 2407 540 $2,400i $5,300
Asthma ER Visits 160 $0.09
Asthma Exacerbations 6,500 $0.45

®These rates

%9 Public health benefits in New Jersey from 2@0d.1 are included in the total public health benefits due to RGGI

in RGGI States

Abt Associates

are based on EPAOGs gui deohmic analyses ofpublich e
environmental and health policies and programs.
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Cardiovascular Disease Hospital

Admissions 80 $4.1
Infant Mortality 0.4 $4.5
Lower Respiratory Symptoms 4,300 $0.11
Minor Restricted Activity Days 190,000 $15
Non-fatal Heart Attacks 271 260 $4.41$44
Respiratory Hospital Admissions 65 $2.3
Upper Respiratory Symptoms 6,100 $0.25
Work Loss Days 31,000 $7.5
Total $2,400i $5,400

Source: Abt Associates analysis (2017).

For health impacts outside the RGGI states, our analysis included results for Pennsylvania, the District of
Columbia, Virginia, and West Virgini@able8). Although these jurisdictions are not part of the RGGI

program, theywlsoaccrue health benefits as a result of their location downwind of a RGGI state(s) where
emissions reductionsoccudre as a result of t heendbenefigsregtimateoPennsy | v
$823 million is greater than the total benefits f
million) exceed the estimates for several RGGI states. In addition, therDisc t of Col umbi aods
benefits are over $18 million.

Table 8. Health Benefits due to RGGI in Non-RGGI States (PA, DC, VA, WV)40

Incidences avoided Monetized health benefit due to RGGI,
due to RGGI, 2009-2014
Health Effect 2009-2014 (Million 2015 dollars) 3% discount rate
Acute Bronchitis 180 $0.10
Adult Mortality 1301 290 $1,300 - $2,900
Asthma ER Visits 73 $0.04
Asthma Exacerbations 3,400 $0.23
Cardiovascular Disease Hospital
Admissions 44 $2.2
Infant Mortality 0.25 $2.8
Lower Respiratory Symptoms 2,200 $0.06
Minor Restricted Activity Days 95,000 $7.7
Non-Fatal Heart Attacks 147130 $2.3i $21
Respiratory Hospital Admissions 32 $1.1
Upper Respiratory Symptoms 3,200 $0.13
Work Loss Days 16,000 $3.6
Total $1,300i $2,900

“OPublic health benefits in New Jersey from 201244 are included in the total public health benefits due to
RGGI in nonRGGI states.
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regar di ng -R&EGIGthtésswee f f ec t

a new lowend, before adding these to benefits forGtates for a cumulative estimate. The kegial
adjusted,
estimate. The range of cumulative health benefits due to RGGI are shdail@®. The total estimated
value of health benefits associated with the RGGI program range from $3.0 to $8.3 billion (2015 dollars)
in the region, with a central estineatf $5.7 billion (3 percent discount rate). The benefits estimates
represent the value of reductions to affected populations in the health risks associated,with PM

benefits for norR G G |

states

ar e not

Table 9. Cumulative Health Benefits due to RGGI*

arpdd ar e

Avoided Health Effects Value of Health Benefits due to RGGI,
due to RGGI, 2009-2014 2009-2014 (Million 2015 dollars)
Health Effect Low High Low Central High

Acute Bronchitis 420 510 $0.25 $0.27 $0.3
Adult Mortality 300 830 $3,000 $5,600 $8,200
Asthma ER Visits 200 230 $0.11 $0.12 $0.13
Asthma Exacerbations 8,200 9,900 $0.57 $0.63 $0.69
Cardiovascular Disease
Hospital Admissions 100 120 $5.2 $5.8 $6.3
Infant Mortality <1 <1 $5.9 $6.6 $7.3
Lower Respiratory Symptoms 5,400 6,500 $0.14 $0.15 $0.17
Minor Restricted Activity Days 240,000 280,000 $19 $21 $23
Non-Fatal Heart Attacks 35 390 $5.5 $33.5 $61.6
Respiratory Hospital
Admissions 82 98 $2.8 $3.1 $3.4
Upper Respiratory Symptoms 7,700 9,300 $0.31 $0.34 $0.37
Work Loss Days 39,000 47,000 $9.2 $10.1 $11
Total $3,000 $5,700 $8,300

Source: Abt Associates analysis (2017).

Note: Value of avoided health effects is the sum of health benefits to states participating in RGGI and other
northeastern states, based on a 3 percent rate of discount.

Figurel2 andFigure13 show the geographic distribution of health benefits at the county il
estimates, 3 percent discount rate)each RGGI state, the most significant benefits were realized in 2009

“I public health benefits in New Jersey from 2@@d.1 are included in the total public health benefits due to RGGI

in RGGI States. Public health benefits in New Jersmy 20122014 are included in the total public health
benefits due to RGGI in neRGGI States.

Abt Associates
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Figure 12. Annual Health Benefits of RGGI, 2009 to 2011
(Central Estimate, 3% Discount Rate)

Source: Abt Associates analysis (2017).

Figure 13. Annual Health Benefits of RGGI, 2012 to 2014
(Central Estimate, 3% Discount Rate)

Source: Abt Associates analysis (2017).
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