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Executive Summary

In 1999, the U.S. Environmental Protection Agend$EPA) promulgated the
Regional Haze Rule establishing a target year 6820 reach natural background
visibility conditions in national parks and wildess areas. A significant portion of
degraded visibility in these scenic lands (call€tass | areas”) results from light
scattering or absorption by fine particulate matl, s — particles having a diameter of
2.5 micrometers or less). In addition to visiliiitnpacts, PMs poses a significant risk
to human health. Inhaled BNIcan penetrate deep into the lungs, and cause berwh
serious health problems, including increased rigiremature death for people with
cardiovascular disease.

Fine particulate matter comes either directly fremission sources, or is
chemically formed in the air from precursor emigsio Currently in the Mid-
Atlantic/Northeast Visibility Union (MANE-VU) regin, the pollutant particles making
the largest contribution to poor visibility conditis are composed of sulfates. The
remaining portion of human-caused visibility degrah is largely attributable to
nitrates, organic carbon, and light absorbing carbo

There has been much progress in reducing sulfdiigtipa that is responsible for
a large portion of poor visibility and total BMimass across the region. Natural
background visibility conditions, however, cannetdrhieved without also reducing
levels of the non-sulfate contributors to visilyilimpairment, particularly carbon and
nitrate particles. These non-sulfate aerosolsatemcause localized RPM“hot spots”
occurring at levels of public health concern. Epéma include wood combustion
(organic carbon) and diesel engine exhaust (bladian or “soot,”).

In the MANE-VU region, visibility has been improgrover the years at federally
protected parks and wilderness areas. Improvamgs are also occurring in MANE-VU
urban areas where monitored annuakbBRass concentrations are showing significant
declines. These can be attributed to measuréste@dtunder the federal Clean Air Act
and through regional coordination efforts amonghh@-Atlantic and Northeast states.

In evaluating future opportunities for continuinggress that go beyond sulfate
pollution, this report identifies the current lasgjgource sectors of non-sulfate M
pollution in the MANE-VU region. Of the largestcters, mobile sources (on- and off-
highway) stand out as principal emitters of polhisacontributing to non-sulfate aerosols.

A survey of recent scientific studies provides &ddal insight into non-sulfate
control strategies. Of particular note from theesce literature is the role of human-
related (anthropogenic) emissions in the formatibmatural” (biogenic) secondary
organic aerosols. Studies indicate the humane@labllution sources of nitrogen oxides
and primary carbonaceous matter help foster foonaif secondary organic aerosols in
the atmosphere. The organic constituents of taesesols can come mainly or entirely
from natural sources, such as vegetation. It wbeldnistaken, however, to conclude
that these aerosols are uncontrollable for purposaddressing visibility and P)\
problems. Research indicates anthropogenic emissian promote the production of
these organic aerosols in the atmosphere.

Vii



With mobile sources being an important contributoformation of many of the
non-sulfate aerosols, new measures to reduce naxhilee emissions will have an
important role in improving visibility and reduciriV, s concentrations within MANE-
VU. Chief among these would be to lower the sutfomtent of gasoline used with the
existing motor vehicle fleet. This would signifitly reduce emissions of aerosol-
forming nitrogen oxides and volatile organic compas! by reducing sulfur poisoning
effects in the catalytic converters of gasolineigiels, thus improving their pollution-
reducing efficiency. Early retirements of or rédittong pollution controls on older diesel
vehicles and equipment (e.g., marine vessels, laghmcks, locomotives, construction
equipment) helps address diesel exhaust polluMANE-VU is also looking at a range
of control options for nitrogen oxides and volabikganic compounds for a number of
source types, such as non-emergency stationaryajersg petroleum storage tanks, and
consumer products.

Wood combustion is another important particulaiers® sector that can have
localized impacts in confined valleys as well asdaler regional impacts during the
winter when wood combustion for space heating itsdtighest level. National emission
standards for wood stoves have not been updated $888, while many other
increasingly popular wood burning appliances, sagkvood pellet heaters and
indoor/outdoor wood furnaces, are not currentlyjettito mandatory national pollution
performance standards.

In addition to traditional control measures, thare other options available with
multiple benefits that can also reduce aerosougiol. There are efforts underway
within MANE-VU to quantify and incorporate energffieiency pollution reductions into
air quality planning, and to evaluate the benafitexpanded combined heat and power
(CHP) applications.

In summary, the multiple constituents and complexaspheric chemistry of the
non-sulfate aerosols point towards multi-pollutsinategies to achieve future public
health and visibility goals for the MANE-VU regiorhis dovetails with the trend in
planning efforts across a broad spectrum of dmatie, and energy issues. Future
visibility and PM s NAAQS planning has the opportunity to take froregé efforts, and
contribute to them as well.

viii
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1. INTRODUCTION

1.1. National Visibility Goal

In the 1977 Amendments to the Clean Air Act, Cosgrereated a national
visibility goal for national parks, wilderness aseand international parks (“Class |
areas”) aimed at achieving natural visibility cdratis at scenic vistas in these federally-
protected lands. The Amendments required the En8ironmental Protection Agency
(USEPA) to issue rules that would put the countrnyagath for making “reasonable
progress” towards the national gdaln 1999, more than 20 years after the 1977
Amendments, the USEPA issued the Regional Haz€e’ Ritle a target year of 2064 to
achieve the natural visibility goal establishedpngress in 1977.

Within the region covered by the Mid-Atlantic/Noetst Visibility Union
(MANE-VU),? the federal Class | areas encompassed by Congraishal visibility
goal are;

* Brigantine Wilderness Area, NJ

* Lye Brook Wilderness Area, VT

» Great Gulf Wilderness Area, NH

» Presidential Range-Dry River Wilderness Area, NH

* Acadia National Park, ME

» Moosehorn Wilderness Area, ME

* Roosevelt-Campobello International Park, ME/NB

A significant portion of reduced visibility belowatural conditions in these areas

results from light scattering or absorption by fpeticulate matter (P4 — particles
having a diameter of 2.5 micrometers or less)., Pl emitted either directly by
pollution sources, or chemically formed in thefemm precursor pollutants. Currently in
the MANE-VU region, the pollutant particles makitinge largest contribution to poor

visibility are composed of sulfates. The remainpagtion of human-caused visibility
degradation is largely attributable to nitrategjamic carbon, and light absorbing carion.

1.2. National Health and Welfare Standards for Particulate M atter

In addition to visibility impacts, Pl poses a significant risk to human health
due to its ability to penetrate deep into the luagd pass into the bloodstream. In the
lungs, PM s can aggravate asthma symptoms, promote developrhehtonic

1 USEPA (U.S. Environmental Protection Agency). @P%act Sheet: Final Regional Haze Regulations
for Protection of Visibility in National Parks and Wilderness Areas, April 22, 1999.

264 Fed. Reg. 35714 (July 1, 1999).

% The MANE-VU region covers Connecticut, Delawaréstict of Columbia, Maine, Maryland,
Massachusetts, New Hampshire, New Jersey, New YRaknsylvania, Rhode Island, and Vermont.

* IMPROVE (Interagency Monitoring for Protected VasEEnvironments) Report V. (201 Spatial and
Seasonal Patterns and Temporal Variability of Haze and its Constituents in the United States. Prepared by
Hand, J.Let al. ISSN 0737-5352-87 (June). Available at
http://vista.cira.colostate.edu/improve/publicaiifReports/2011/2011.htm
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respiratory disease, and reduce overall lung fanctin the bloodstream, PMcan lead
to heartbeat irregularities, heart attacks, ant g@remature death in people with
cardiovascular disease.

PM_ s levels have dropped in the Northeast overall dueductions in direct
PM, s emissions as well as emissions reductions of psecyollutants within the
Northeast and in upwind regions. Air quality plamexpect that if current progress
continues, all areas of the Northeast should niee2006 PM s national ambient air
quality standards by 2015 (15 pg/annual, 35 pg/fdaily). In December 2012, the
USEPA further lowered the annual P¥health standard to 12 pgfiim light of research
indicating health impacts occurred at PMoncentrations below the 2006 annual
standard. The USEPA projected that all areas outside ofés@ounties in California
would meet the more stringent annual RMealth standard by 2020 as a result of federal
air quality rules already in place.

1.3. Beyond Sulfate

Even with continued progress in reducing sulfatelein MANE-VU Class |
areas, natural background visibility conditionsruatrbe achieved without also reducing
levels of the non-sulfate contributors to visilyilimpairment, particularly organic carbon
and nitrate particles.In addition, while progress is also occurringte regional level
towards meeting the national Bihealth standards, localized RMhot spots” occur at
levels of public health concern due to numerousswfate emission sources, such as
wood combustioh(organic carbon) and diesel engine exha{isack carbon or “soot,” a
component of light absorbing carbon). These tygesurces are often located within
more populated areas, thus leading to increaselitmxposure to their health damaging
emissions.

Examples of measures that can affect organic gihd dibsorbing carbon P
levels include reducing emissions from resideratral commercial wood combustion,
reducing diesel exhaust emissions from mobile sattbsary sources, and addressing
volatile organic compound (VOC) emissions from sesrsuch as gasoline storage tanks.
Measures that can affect nitrate PNhclude further reducing oxides of nitrogen (NOXx)
from electric power plants and light-duty vehiclg3o-benefit opportunities also exist.
For example, measures to reduce ground-level ozam@lso lead to decreases in2ZM

® USEPA (U.S. Environmental Protection Agency). (@00ntegrated Science Assessment for Particulate
Matter, EPA/600/R-08/139F, December 2009.

®USEPA (U.S. Environmental Protection Agency). (20P2rticulate Matter (PM) Regulatory Actions,
http://www.epa.gov/pm/actions.html

"NESCAUM. (2012) Contribution of Non-Sulfate Aerosols to MANE-VU Regional Haze, Technical
Memorandum to MANE-VU, January 2012. Availabléhtip://www.nescaum.org/documents/nonso4-
haze-manevu-final-20120131.pdf/

8¢ eg., Allen, G.A., P.J. Miller, L.J. Rector, M. Brauemd J.G. Su. (2011). “Characterization of Valley
Winter Woodsmoke Concentrations in Northern NY dgitighly Time-Resolved Measurementéérosol
and Air Quality Research, 11, 519-530, doi:10.4209/aaqr.2011.03.0031.

® See, e.g., NESCAUM. (2012)Air Quality, Electricity, and Back-up Stationary Diesel Enginesin the
Northeast, NESCAUM, Boston, MA, August 2012. Available at
http://www.nescaum.org/documents/nescaum-aq-etégtstat-diesel-engines-in-

northeast 20120801.pdf/
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because of the roles ozone and its precursor N@a imgpromoting the formation of
organic carbon and nitrate BM

The next section of this report provides a staptate of progress achieved to
date towards the national visibility goal and PMealth standards, and an overview of
the largest emission sectors in the MANE-VU regiontributing to PMs pollution.

This is followed by a review of recent scientifiadies to help provide additional context
for non-sulfate control strategies. Finally, a suany of several non-sulfate control
strategies is presented. Identifying other optiamsl quantifying the extent of all
potential reductions and their impacts on visipiind public health in the MANE-VU
region will be an important part of future workdeveloping “beyond sulfate” strategies
to achieve air quality goals.
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2. OVERVIEW OF VISIBILITY AND PM,5s MASSIN
MANE-VU REGION

2.1. Visbility Trends

Long-term monitoring data collected by the InterageMonitoring of Protected
Visual Environments (IMPROVE) network indicate angeal improving trend in
visibility at MANE-VU Class | areas over the pasbtdecades. Decreasing trends were
seen in sulfate, nitrate, and total carbon conaéntrs across all MANE-VU sites when
analyzing IMPROVE data over periods as long as tyvgears (1989-2008f. This
suggests that local and regional multipollutant snees in the eastern United States are
leading to downward trends across most componénisibility-impairing aerosols at
the MANE-VU Class | sites.

As an example of visibility improvements since gremulgation of the Regional
Haze Rule in 1999, Figure 2-1 shows visibility tier{in units of inverse megameters —
Mm™) at Acadia National Park, ME on the 20 percent flef side) and worst (right
side) visibility days. The trends, which are gatigrsimilar at all MANE-VU Class |
areas, show a continuing large contribution tobiisy impairment from sulfate, while its
decrease over time has led to visibility improvetsem both the best and worst days.
With decreasing sulfate levels, other pollutant porrents are becoming relatively
greater contributors to visibility impairment, nbhkanitrate and carbon (light absorbing
and organic) aerosols. Note that the Rayleighssadsalt components are largely a part
of natural background visibility (i.e., not a tar@é pollution control strategies).

Figure2-1. Contributionsto Regional Haze for Acadia National Park, ME
on 20% Best and Worst Visibility Days

| 30

20% best days 20% worst days

| 20

======

% IMPROVE (Interagency Monitoring for Protected Va$Environments) Report V. (2018patial and
Seasonal Patterns and Temporal Variability of Haze and its Constituents in the United States. Prepared by
Hand, J.Let al. ISSN 0737-5352-87 (June). Available at
http://vista.cira.colostate.edu/improve/publicaiiReports/2011/2011.htm
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Similar decreasing long-term trends were also searmulti-year (1988-2005)
study of modeled sulfate and nitrate deposition gamad with observations in the
northeastern United States. These trends arbuatihile to a number of sulfur dioxide
and NOXx reduction programs during the study petimcduding the Clean Air Act Acid
Rain Program, the Ozone Transport Commission (ON@) Budget Program, the NOx
SIP Call, and mobile source meastires.

2.2. PM,sMassand NAAQS Trends

As with the visibility trends in MANE-VU'’s Classdreas, PMs mass as reflected
in air quality trends in MANE-VU urban areas hasoabeen declining since 2000.
Figure 2-2 shows the declining trends in annuahpry NAAQS PM s design values (3-
year annual averages) for several metropolitarsarethe MANE-VU region: Baltimore,
MD; Boston, MA; New York City metro area, NY/NJ; iRtdelphia, PA; Pittsburgh, PA;
and Washington, D&

Figure2-2. Annual PM 5 Design Value Trendsin MANE-VU Cities, 2000-2011
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1 Civerolo, K., C. Hogrefe, E. Zalewsky, W. Hao, Sstla, B. Lynn, C. Rosenzweig, and P.L. Kinney.
(2010). “Evaluation of an 18-year CMAQ simulati®@easonal variations and long-term temporal changes
in sulfate and nitrate Atmos. Environ., 44, 3745-3752, doi: 10.1016/j.atmosenv.2010.06.056.

12 Design values from USEPA, Air Trends, Design Val|uthttp://www.epa.gov/airtrends/values.html
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2.3. Component Contributionsto Light Extinction and Total PM ;¢
Massin MANE-VU Region

2.3.1. Light extinction in MANE-VU Class| areas

Figure 2-3 shows monthly and annual contributionBM, s components to light
extinction in two areas within the MANE-VU regioh.The “East Coast” region of the
figure’s map includes the Brigantine, NJ Classelaand the “Northeast” region includes
all the other MANE-VU Class | areas. The two regichow similar monthly and annual
contributions from the different PA components.

As seen previously in the visibility trends of Fig2-1, the largest contributor to
visibility impairment is sulfate, followed by thexbon components and nitrates. The
nitrate contribution is relatively greater in th@der months, reflecting the greater
chemical bond stability of ammonium nitrate at lowamperatures.

Figure 2-3. Rural IMPROVE sites 2005-2008 regional monthly mean PM s light
extinction coefficient (bex) fractionsfor MANE-VU region
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Note: Figure 2-3 is adapted from Figure 5.1.1BMPROVE Report V (2011)® The colored bars show
regional monthly mean (2005-2008) PMight extinction coefficient (&) fractions for the two shaded
regions of the map, based on IMPROVE rural monifsh®wn as dots). The letters on the x-axis
correspond to the month and “A” corresponds to tefhmean. Ammonium sulfate (AS) is in yellow,

13 IMPROVE (Interagency Monitoring for Protected Va$Environments) Report V. (2018patial and
Seasonal Patterns and Temporal Variability of Haze and its Constituents in the United States. Prepared by
Hand, J.Let al. ISSN 0737-5352-87 (June). Available at
http://vista.cira.colostate.edu/improve/publicaiifReports/2011/2011.htm
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ammonium nitrate (AN) in red, particulate organiattar (POM) in green, light absorbing carbon (LAC)
black, soil in brown, and sea salt in blue.

2.3.2. Fine particle mass fractionsin MANE-VU urban areas

The species contributions to total PMmass are shown in Figure 2-4, based on
monitoring data from the Chemical Speciation Netw@SN). As with visibility
contributions, sulfate is the largest contributotdtal PM s mass in urban areas of the
MANE-VU region. Sulfate’s relative mass contritmrtj however, is less than its
contribution to light extinction in rural areasMRANE-VU. For mass contributions, the
nitrate (particularly in winter) and carbon comppotsecontribute a relatively larger share
to the monthly mean mass concentrations compartgeiolight extinction contributions.

Figure 2-4. Urban CSN sites 2005-2008 r egional monthly mean PM 5 reconstructed

mass fractionsfor MANE-VU region
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Note: Figure 2-4 is adapted from Figure 4.1.1BMPROVE Report V (2011)* The colored bars show
regional monthly mean (2005-2008) reconstructed £hss fractions for the shaded regions of the map,
based on Chemical Speciation Network (CSN) urbanitors (shown as dots). The letters on the x-axis
correspond to the month and “A” corresponds to teffhmean. Ammonium sulfate (AS) is in yellow,
ammonium nitrate (AN) in red, particulate organiattar (POM) in green, light absorbing carbon (LAC)
black, soil in brown, and sea salt in blue.

4 IMPROVE (Interagency Monitoring for Protected Va$Environments) Report V. (2018patial and
Seasonal Patterns and Temporal Variability of Haze and its Constituents in the United States. Prepared by
Hand, J.Let al. ISSN 0737-5352-87 (June). Available at
http://vista.cira.colostate.edu/improve/publicaiifReports/2011/2011.htm
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2.4. Overview of MANE-VU Emissions

As seen in the light extinction and fine mass dbatrons described in
Section 2.3, the largest contributors to visibilitypairment and Pl mass after sulfates
in the MANE-VU region arise from NOx, VOCs, andmpsary PM s emissions.
Emissions of NOx contribute to nitrates, and also keelp promote the formation of
secondary organic aerosols through atmosphericishgmEmissions of VOCs can also
lead to formation of secondary organic aerosolsmaty PM s contributes to light
absorbing carbon (e.g., diesel soot) or organiosads (e.g., wood smoke).

The following figures show the source sector cdawtions within the MANE-VU
region for emissions of NOx, VOCs, and primary 2Nbr the year 2007° The figures
provide a general overview of the types of emissiource sectors for the different air
pollutants, and their relative contributions to toal emissions. This in turn suggests
where to target non-sulfate pollution control sigies in order to have the biggest
relative impacts on visibility impairment and Rymass in the MANE-VU region.

Figure 2-5. 2007 NOx Emission Source Contributions
in MANE-VU Region

MISCELLANEOUS,
5%

FUEL COMB.
INDUSTRIAL, 4%

FUEL COMB. ELEC.
GEN., 15% HIGHWAY
VEHICLES, 50%

NONROAD MOBILE,
19%

NOx

In the 2007 MANE-VU inventory, total NOx emissiofes the MANE-VU region
were about 2.3 million tons. As seen in Figure Bighway vehicles are the largest
source of NOx emissions in the MANE-VU region, mlled by nonroad vehicles and
fossil fuel combustion for electricity generation.

15 Mid-Atlantic Regional Air Management Associatiq2012).2007 Regional Emissions Inventory
Version 3, available ahttp://marama.org/technical-center/emissions-inegi2007-emissions-and-
projections/version-3-2007-emissions-invent@agcessed November 28, 2012).
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Figure 2-6. 2007 VOC Emission Sour ce Contributionsin MANE-VU Region,

Including Biogenic VOCs
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Figure 2-7. 2007 VOC Emission Sour ce Contributionsin MANE-VU Region,

Excluding Biogenic VOCs
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In the 2007 inventory, total VOC emissions, inchglbiogenic, in the MANE-
VU region amounted to over 5.5 million tons. Fatat VOC emissions, biogenic
emissions (e.g., from vegetation) are the largastce of VOCs in the MANE-VU
region, comprising about two-thirds of the total @ @ventory (Figure 2-6). Excluding
biogenic VOCs, the anthropogenic portion of the2BANE-VU VOC inventory is
about 1.9 million tons. The largest source of bargenic VOC emissions in the region
is from highway vehicles, followed by solvent usel amonroad mobile sources (Figure
2-7). As discussed later in the literature revaection 3, while secondary carbon
aerosols may have a large biogenic VOC source coeripthis significant fraction of
PM, s mass is not entirely “natural,” and may be cotaitde through strategies aimed at
other air pollutants that promote secondary orgaarosol formation.

Figure 2-8. 2007 Primary PM s Emission Source Contributions
in MANE-VU Region
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In 2007, primary PMs emissions totaled about 485,000 tons in the MANE-V
region. The largest source sector of primary,BPM from fuel combustion other than for
electricity generation (Figure 2-8), a categoryt gracompasses commercial, institutional,
and residential combustion sources (e.g., wood cstidn for space heating). Road dust
is the second largest source of RMollowed by other industrial processes and fossil
fuel combustion for electricity generation. Thélective sectors covering nonroad
mobile sources and highway vehicles (e.g., moloiece diesel engines) are about equal
to estimated road dust emissions, the second tacgegory.

An analysis of IMPROVE data indicates that concaidns of primary PMs
(e.g., light absorbing carbon) have been decreasitite eastern United States due to
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introduction of cleaner engines, residential woadhing technologies, and prescribed
burning practice&®

2.5. Contributions Based on Sour ce Receptor M ethods

Previous work by MANE-VU summarized the resultsexdfeptor model results
for rural and urban sites in and outside the MANE-Mgion to identify common source
categories that had discernible impacts on, PiMass concentrations and visibility
impairment’ Receptor-based models use ambient measuremerstdate or more
receptor locations and work “backward” to idensfyurces contributing to historical
ambient pollutant concentrations at the receptoations.

The summarized results of the receptor modelindistuare consistent with the
aerosol component contributions and emissions tavgmformation presented in the
preceding subsections. The studies collectivedypiified sulfate aerosols from coal
burning as the largest mass-contributing and \isthkmpairing source category at most
sites. Nitrate aerosols were small to moderatéritanors to average fine mass, with
significant local source contributions in urbanaa.e Mobile sources and secondary
organic aerosols were moderate to large contrisutbaverage fine mass, with gasoline
and diesel vehicles important in urban areas, @&gkhic organics likely more important
contributors in rural areas. Wood smoke was alsmahoderate contributor to fine
mass, with higher contributions typically foundrural areas compared to urban, and
higher winter peaks in northern areas from residewtood combustion.

' Chen, L.-W.A., J.C. Chow, J.G. Watson, and B./i8utel. (2012). “Consistency of long-term
elemental carbon trends from thermal and opticalsueements in the IMPROVE networlatmos. Meas.
Tech., 5, 2329-2338, doi: 10.5194/amt-5-2329-2012.

" MANE-VU. (2006).Contributions to Regional Haze in the Northeast and Mid-Atlantic United Sates.
Prepared by NESCAUM, Boston, MA (Augusige Appendix B. Available at
http://www.nescaum.org/documents/contributionsdgional-haze-in-the-northeast-and-mid-atlantic--
united-states/
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3. INFLUENCE OF ANTHROPOGENIC EMISSIONS ON
BIOGENIC ORGANIC AEROSOLS

During the 65 years in which the USEPA and regig@hning organizations aim
to reach the national visibility goal, opportungtieill arise during state planning
processes to revise the basic control approadrhis enables new scientific results to
continue to exert a positive influence as statggement new regulatory control
programs for multiple pollutants, and as ambiemcemtrations of these pollutants
change relative to each other over time. As thelionships between species change,
changes in atmospheric chemistry may dictate rdwsatrol approaches.

A currently evolving area is the interplay of amghogenic emissions and
biogenic secondary organic aerosol (SOA) formatitiant matter contributes more than
two thirds of global VOC emissions to the atmospherherefore SOA is predominantly
derived from biogenic VOCs. This is supported &giocarbon dating of ambient
organic aerosol, which shows that SOA consists gmilgnof non-fossil, modern carbon,
particularly in summer. This same SOA, howevertalates strongly with indicators of
anthropogenic pollution, such as CO and alkyl tes&

Modeling and experimental studies indicate thahimogenic NOx and primary
carbonaceous emissions can affect formation ofanmgSOAs through various
mechanism&® A literature review by Hoylet al. (2011) concluded the published data
supported the existence of an enhancement effeahiiiyopogenic emissions upon the
formation of biogenic SOAS: These collective studies challenge the implicit
assumption that, because its components are ngtanaitted, biogenic SOAs are not
controllable through conventional air quality maeisugnt.

In modeling the anthropogenic influence on bioge&S@A, Carltoret al. (2010)
estimated that more than 50 percent of biogenic $CiAe eastern U.S. could be
controlled™® Modeled biogenic SOA was most sensitive to cdlaiote primary
carbonaceous particulate matter and NOx. RedwgtioNOx decreased oxidant levels
and, consequently, the formation of semivolatilecsgs from VOC oxidation.

8 Watson, J. (2002). “Visibility: Science and Regian,” J. Air & Waste Manage. Assoc., 52, 628-713.

9 Carlton, A.G., R.W. Pinder, P.V. Bhave, and G.Aukot. (2010). “To What Extent Can Biogenic SOA
be Controlled?’Environ. Sci. Technol., 44, 3376-3390, doi: 10.1021/ES903506B.

2 5ee eg., Zaveri, R.A.et al. (2010). “Nighttime chemical evolution of aerosabarace gases in a power
plant plume: Implications for secondary organicaté and organosulfate aerosol formation ;Xlical
chemistry, and BDs heterogeneous hydrolysisl’ Geophys. Res., 115, D12304, doi:
10.1029/2009JD013250; Carlton, A.G., R.W. Pindev, Bhave, and G.A. Pouliot. (2010). “To What
Extent Can Biogenic SOA be Controlled®iviron. Sci. Technol., 44, 3376-3390, doi:
10.1021/ES903506B; Hogrefe, C., S.S. IsukapalliTahg, P.G. Georgopoulos, S. He, E.E. Zalewsky, W.
Hao, J.-Y. Ku, T. Key, and G. Sistla. (2011). “Inspaf Biogenic Emission Uncertainties on the Sineda
Response of Ozone and Fine Particulate Matter thrApogenic Emission Reductiong.”Air & Waste
Manage. Assoc., 61, 92-108, doi: 10.3155/1047-3289.61.1.92; Perr&ud al. (2011). “Nonequilibrium
atmospheric secondary organic aerosol formationgaoath.” PNAS, 109, 2836-2841, doi:
10.1073/pnas.1119909109.

“ Hoyle, C.R., M. Boy, N.M. Donahue, J.L. Fry, M.a8lus, A.G. Hallar, K.H. Hartz, M.D. Petters, T.
Pet&ja, T. Rosenoern, and A.P. Sullivan. (2011)eé¥iew of the anthropogenic influence on biogenic
secondary organic aerosoAtmos. Chem. Phys., 11, 321-343, doi: 10.5194/ACP-11-321-2011.
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Reductions in primary carbonaceous particulateanatid the largest effect by limiting
the organic material available for condensable gelaiile species.

Tsimpidiet al. (2008) estimated the impact of anthropogenic V@Q [dOx
emissions on particulate matter and its componarttse eastern U.S. using a three-
dimensional chemical transport modelThe study simulated air quality management
resulting in 50 percent reductions in NOx and 5@@et reductions of anthropogenic
VOC emissions. It was found that the reductioNOx emissions affects the oxidant
levels and consequently affects both the anthrapogend biogenic SOA formation.
VOC reductions were found to decrease SOA formatidhe summer, but increase
concentrations of other components of fine pardtaimatter.

Hand et al. (2011) noted similar annual fluctuagiomthe impacts of
anthropogenic emissions on SOA, stressing the itapoe of seasonality in determining
the sources of SOA formatién This study combined monitoring data from the
IMPROVE network and the USEPA'’s urban/suburban @8twork. Urban and rural
particulate concentrations were highest duringsdrae season in some regions of the
U.S., including the East, and during opposite seasoother regions, in particular the
Southwest. This was attributed to biomass smoKledaygenic emissions in summer
months, particularly in rural areas in the Westimry sources and regional transport
were main contributors in the East.

% Tsimpidi, A.P., V.A. Karydis, and S.N. Pandis. (8). “Response of Fine Particulate Matter to Erissi
Changes of Oxides of Nitrogen and Anthropogenicatitd Organic Compounds in the Eastern United
States.”J. Air & Waste Manage. Assoc., 58, 1463-1473, doi: 10.3155/1047-3289.58.11.1463.

% Hand, J.L., B.A. Schichtel, M. Pitchford, W.C. Maland N.H. Frank. (2012). “Seasonal composition of
remote and urban fine particulate matter in thetééhBtates.J. Geophys. Res., 117, D05209, doi:
10.1029/2011JD017122.
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Figure 3-1. Hourly Organic Carbon (OC) Aerosol and Ozone, Summer 2001,
Northeast Philadelphia
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Monitoring data collected within the MANE-VU regi@bso suggest a correlation
between oxidant levels (e.g., ozone) and SOA faonatFigure 3-1 shows a two-week
time-series plot of hourly ozone and organic car{f@) aerosol concentrations from a
monitoring site nine miles northeast of downtowrldtelphia?* Figure 3-1 shows OC
aerosol closely tracking ozone concentrationsyutiolg the rapid drop in late afternoons.
The removal of ozone by deposition and titratiothi& early evening is well understood,
but OC does not have these rapid removal mechanisims implies that a large portion
of the observed mid-day OC peak is fresh (locddany SOA, and the rapid afternoon
drop in OC is due to a phase change of the fresh I&@k to gas phase organics, not
removal of organic carbon from the atmosphereotiher words, ozone and related
oxidants push gas-phase VOC into the aerosol [l$38); when these oxidants are
removed, the equilibration shifts from SOA baclgas phase VOC. This tracking of OC
with ozone would be strongest with fresh SOA; pbbamically aged (rural) SOA is
more stable and would not be expected to showpttiern.

24 NESCAUM. (2010) Semi-continuous Aerosol Carbon Data from the MANE-VU RAIN Program:
Assessment of Data Quality and Data Analysis Approaches, prepared for MANE-VU (February).
Available athttp://www.nescaum.org/documents/manevu-sunsecangport-feb2010-final.pdf/
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4. NON-SULFATE STRATEGIES

Section 2 reviewed the relative contributions ofi+solfate particulate matter
concentrations in the MANE-VU region and the entiessource sectors contributing to
their presence in the atmosphere. Section 3 gawwerview of the scientific literature
on the interplay of NOx and carbonaceous partieutatter in contributing to secondary
organic aerosols. This information provides thetegt for considering potential future
strategies to address the non-sulfate portion diqoéate matter affecting visibility and
public health in the MANE-VU region.

In general, the non-sulfate particulate constitsi¢riving the greatest impact in
the MANE-VU region after sulfates are nitrates aadbonaceous particulates (organic
and light absorbing carbon). The literature revgaggests that reductions of NOx to
reduce the nitrate component will also help redheecarbonaceous portion. This is
especially salient in the context of secondary pigaerosols that appear to have a major
biogenic carbon component, but whose formationssered by atmospheric chemistry
involving NOXx.

The following subsections give overviews of nonfat@ control options for NOx
and VOC emission sources contributing to non-selferticulate matter in the region.
While the options are generally separated intorsé@dNOx and carbon aerosol control
strategies, it should be recognized that many measeducing one type of pollutant can
also reduce other pollutants as well (althoughoity@osite can also occur). Non-
traditional “control” options such as energy eficcy and combined heat and power can
also reduce multiple pollutants through reducedgneonsumption.

4.1. NOx reduction strategies

4.1.1. Mobile sources

NOx emissions contribute to PMloadings through formation of nitrate aerosols
and in promoting the formation of SOA. The largestirce of NOx emissions within the
MANE-VU region is highway vehicles, which compriseer 40 percent of the total 2008
regional NOx inventorysee Figure 2-5). Under the federal Clean Air Act, MANE-

VU states have two options for controlling passengdicle NOx emissions. These are
either the federal highway vehicle emission stasl@gromulgated by the USEPA, or
opting into the California low emission vehicle YEprogram, which historically has
been more stringent than the federal standards.

California low emission vehicle program

All states in the MANE-VU region with the exceptiohNew Hampshire have
adopted the California LEV program in lieu of tleeléral vehicle standards. Since the
inception of its first low emission vehicle progrdthEV 17), California has over time
revisited the program twice and increased theggngy of its requirements in
recognition of the need to continue progress towandeting public health air quality

% Miller, P. and M. Solomon. (2009). “A Brief Histpof Technology-Forcing Motor Vehicle
Regulations.’EM, pp. 4-8 (June 2009).
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standards. When California revises its LEV progrtra states that have opted into it
must also revise their own state rules to maintaimsistency with California standards.
The most recent revision to California’s prograniis/ 111, which the state adopted in
early 2012. As part of California’s waiver requesthe USEPA, the state projects that
LEV Il will achieve an approximate 75 percent retdan in combined NOx and non-
methane organic gas (NMOG) fleet average emisgions new light duty vehicles by
2025 compared to 2016.

Federal Tier 3 program

The USEPA has indicated a need to revise fedesslgmmer vehicle standards in
order to help areas of the country meet increagisigingent ambient air quality
standard$! This revision, called “Tier 3,” would also lowgasoline sulfur content in
addition to the change in new vehicle emissiondaes. While most MANE-VU states
have adopted the California LEV program, the immatation of a new federal Tier 3
program can lead to additional NOx reductions wittand outside of the MANE-VU
region from the existing motor vehicle fleet. Sulimpairs (“poisons”) the catalyst
performance of motor vehicle tailpipe controlsJ@oering sulfur content in gasoline
lowers NOx emissions from the existing vehicle fflleg improving catalyst performance.

If gasoline fuel sulfur content was lowered to Htp per million (ppm), it would
reduce NOx emissions by approximately 25 percemhfmuch of the existing national
fleet of gasoline-powered vehicl® The estimated per state and aggregate regional
reduction benefits for gasoline-powered onroadalekiin the eastern U.S. are presented
in Table 4-1% Based on the preliminary regional mobile soursentory for 2017, as
calculated by NESCAUM with the USEPA’'s MOVES modell0 ppm average gasoline
sulfur requirement would reduce NOx emissions edMANE-VU region by almost
50,000 tons per year, or 136 tons per day.

As shown in Table 4-1, a 10 ppm low sulfur gasotineponent in the Tier 3
program would reduce NOx emissions by more tha@@&Dtons per year in eight
Midwest states and almost 67,000 tons per yead solitheastern states that abut the
MANE-VU region. These reductions will benefit guality in the MANE-VU region
by: (1) lowering the “ozone reservoir” that foringhe eastern U.S., (2) reducing the
amount of low-level NOx emissions and pollutantevaa from NOXx (e.g., nitrates) that
are transported into the MANE-VU region, (3) recgcoxidant levels that promote SOA

% California Air Resources Board. (2012)ean Air Act § 209(b) Waiver Support Document Submitted by
the California Air Resources Board, submitted to USEPA, May 2012 (EPA Docket ID: ER®-OAR-
2012-0562-0004).

%" Federal Register. (2011)nified Agenda 2060-AQ86: Control of Air Pollution From Motor Vehicles:
Tier 3 Motor Vehicle Emission and Fuel Standards, Unified Agenda current as of Fall 2011, availadie
https://www.federalregister.gov/regulations/2060-88xontrol-of-air-pollution-from-motor-vehicles-tie
3-motor-vehicle-emission-and-fuel-standafdscessed September 12, 2012).

%8 Based on Ball, D., D. Clark, and D. Moser. (201 Bffects of Fuel Sulfur on FTP NOx Emissions froma
PZEV 4 Cylinder Application, SAE Technical Paper 2011-01-0300, doi: 10.42717201-0300.

29 NESCAUM. (2011)Assessment of Clean Gasoline in the Northeast and Mid-Atlantic States,
NESCAUM, Boston, MA (November). Available http://www.nescaum.org/documents/nescaum-tier-3-
low-s-gasoline-20111121.pdf/
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formation, and (4) ensuring that vehicles registeneother states but operating in the
MANE-VU states emit less NOx.

Light-duty vehicles in the three regions are prestico emit over 1,100,000 tons
of NOx in 2017 absent a 10 ppm low sulfur gasofitemdard. A 10 ppm average sulfur
gasoline requirement could reduce NOx emission filtssector by nearly 180,000 tons
per year, or almost 500 tons per day in the ea&teBn

Table4-1. Onroad Gasoline Vehicle Emissions and Estimated Reductions

2017 Gasoline Est. NOx Reductions from 10 ppm S

State/DC/Region O'r;rg:c:t;a;;e (tpy) (tpd)
Connecticut 20,700 -3,100 -8
Delaware 5,400 -800 -2
District of Columbia 2,000 -300 -1
Maine 10,000 -1,500 -4
Maryland 32,600 -5,000 -14
Massachusetts 35,100 -5,300 -15
New Hampshire 8,400 -1,300 -4
New Jersey 44,300 -6,700 -18
New York 88,600 -13,500 -37
Pennsylvania 70,500 -10,700 -29
Rhode Island 5,600 -900 -2
Vermont 5,000 -800 -2
MANE-VU Total 328,200 -49,900 -136
Midwest States Total* 402,300 -61,000 -167
Southeast States Total* 439,100 -66,600 -183
3 Region Total 1,169,600 -177,500 -486

4.1.2. MANE-VU stationary source NOx control options
The MANE-VU states have recently considered attlgag potential measures to
further reduce NOx from stationary sources in #ggan. These would reduce emissions
from:
» Stationary Generators;

* Natural Gas-Fired Industrial, Commercial, and $ibnal Boilers, Steam
Generators, Process Heaters, and Water Heaters;

» High Electric Demand Day Combustion Turbines (HEDDC
* Oil and Gas Boilers Serving EGUSs.

The potential NOx control approaches are descrilvath Ozone Transport
Commission (OTC) draft technical support docum@&®) summary presented at an

3001, IN, 1A, MI, MN, MO, OH, WI.
SLAL, FL, GA, KY, MS, NC, SC, TN, VA, WV.
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OTC meeting in March 2011, and much of the follogvdource summaries are extracted
from the draft TSD?

Stationary generators

Peaking and baseload non-emergency generatorligiregion have the
potential to emit about 48 tons of NOx for everyhof operation (based upon the
assumption of no controls on the engine and amgeeemission factor of 32 Ib/MWh
NOx). If these peaking and baseload engines warealed, their emissions could be
reduced by approximately 90 percent, which wousdiiten a regional reduction of about
43 tons of NOx for every hour of operation.

Natural gas-fired industrial, commercial, and institutional boilers,
steam gener ators, process heaters, and water heaters

This would address NOx emissions from industriammercial, and institutional
(ICI) boilers, steam generators, process heatetswater heaters by using ultra low NOx
burners (ULNBS) to control emissions. The estimatehievable NOx reductions in the
region are about 53 tons per day with full impletaéon of control measures.

High electric demand day combustion turbines (HEDDCT)

For the purpose of this rule, a high electric dednday combustion turbine
(HEDDCT) is defined as a 5 to 15 MW or larger (degiag on distribution of generating
units in individual states) natural gas- or diat#l fuel oil-fired combustion turbine that
generates and delivers electricity to power thd fpr commercial sale, that began
operating prior to May 1, 2007 and was operatesltlean or equal to 50 percent of the
time during the ozone seasons of 2007 through 200@. focus of this rule is on NOx
emissions emitted by HEDDCTs typically for onlyeafhours a year, but often on the
hottest summer days when air quality is poorest.séch, this measure may have little
impact on particulate nitrate during cooler periadgen electricity demand is less.
During the ozone season, it is estimated implentientaf this model rule could reduce
MANE-VU regional NOx emissions by 2,500 tons.

Oil and gas boilers serving EGUs

This model rule seeks to regulate oil-fired and-fya&sl boilers that provide steam
to an electric generating unit with a nameplateacdp of 25 MW or greater, and
includes a unit serving a cogeneration facilitheTproposed model rule assumes use of
low NOx burners and/or a selective non-catalytduion system on existing oil- and
gas-fired boilers. These control devices are usdélwin industry throughout the United
States and are reasonably available given theénskte use. Estimated annual NOx
reductions in the MANE-VU region are about 3,500sto

32 0zone Transport Commission. (201TSD NOx Section, Draft for Public Comment, presented at the
Ozone Transport Commission (OTC) Stationary Arear&/Modeling/Mobile Source Committee
Meeting, Linthicum, MD, March 16, 2011, available a
http://www.otcair.org/upload/Documents/Meeting%2atals/TSD%20NOx%20Section%20Public%20
Draft%20for%20Comment.pdf
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4.2. Carbon aerosol reduction strategies

Concentrations of carbon aerosols can be influebgembntrol of precursor
emissions contributing to secondary organic aespgwlcontrol of primary carbon
particulate matter directly emitted by a sourcela#le organic compounds (VOCs), also
referred to as hydrocarbons, react in the atmospioiorm secondary organic aerosols
via condensation and oxidation processes.

The control of VOCs from pollution sources has Itxegn an active area in state
and regional regulatory planning, primarily in $tgies to reduce ground level ozone
(smog) as well as air toxics (e.g., benzene). Etesinclude national and state-adopted
California motor vehicle tailpipe emission standar@hd programs to reduce gasoline
evaporation during refueling and from a motor vidiscfuel system (e.g., Stage | and |l
controls at gasoline stations; onboard refuelind)\aapor recovery (ORVR) on cars).
Additional efforts within the MANE-VU region havedked at regional coordination and
working with the USEPA to reduce VOC emissions frasphalt paving, asphalt
production plants, cement kilns, glass furnacedystrial, commercial, and institutional
boilers, small engines (< 50 horsepower), shiptéghg, and other sources. These
examples of past efforts are not all inclusive, additional information on measures
taken or considered in the MANE-VU region is avialéaon the Ozone Transport
Commission website/ww.otcair.org In addition, as discussed above, NOx control
strategies can also influence the formation of sdaoy organic aerosols.

Among primary carbon emission sources, uncontraliedel exhaust can be a
significant source of black carbon, a componenigbit absorbing carbon. Monitoring
data show that light absorbing carbon has the ggseatban excess over rural for PV
components in the eastern United States. Lighirabsy carbon also has the sharpest
spatial gradients between urban and rural aredating the local influence of urban
emissions sources, such as diesel vehi¢ldased on these spatial gradients, it can be
inferred that non-sulfate strategies aimed at nedpiclack carbon in diesel exhaust will
have the greatest impacts within urban areas whdrskc exposure is also greatest.
Diesel exhaust also contains VOCs that can leagd¢ondary organic aerosols having
impacts across a larger regional scale.

Residential, commercial, and industrial wood contibnsare also sources of
carbon aerosols, and can be emitted as a complerfrprimary particulate carbon and
precursors of secondary organic aerosols. In areds, wood combustion can be the
major source of carbonaceous particulate matteiNelw York State, for example, wood
combustion in rural upstate counties is respondgdlever 90 percent of the total

33 IMPROVE (Interagency Monitoring for Protected VaEnvironments) Report V. (2018patial and
Seasonal Patterns and Temporal Variability of Haze and its Constituents in the United States. Prepared by
Hand, J.Let al. ISSN 0737-5352-87 (June). Available at
http://vista.cira.colostate.edu/improve/publicatifiteports/2011/2011.htm

3 Gentner, D.Ret al. (2012). “Elucidating secondary organic aerosairfrdiesel and gasoline vehicles
through detailed characterization of organic carbissions,’PNAS Early Edition, available at
WWW.pnas.org/cgi/doi/10.1073/pnas.1212272{&&essed October 25, 1012).
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carbonaceous particulate matteWood smoke emissions can build up to high levels
within the more restricted valley topographies foum parts of the MANE-VU region,
where population densities can be relatively Hfgtddressing high levels of wood
smoke particulate matter within these areas isrgoitant public health concern for a
number of states.

4.2.1. MANE-VU VOC control options

The MANE-VU region has recently considered at Iéagt measures for
potential state adoption to reduce VOCs. Thesempivould reduce emissions from:

» Stationary Above-Ground Storage Tanks;

» Consumer Products;

* Motor Vehicle and Mobile Equipment Non-assemblyd_{Doating Operations;
» Architectural, Industrial, and Maintenance Coatings

The proposed VOC model rules are described in an®Zransport Commission
(OTC) draft technical support document (TSD) sumnmeesented at an OTC meeting in
March 2011*" The following sections summarizing the proposexieh rules are brief
extracts taken from the draft TSD. Also include@idescription of potential future
national tailpipe emission standards for light-duiicles coupled with low sulfur
gasoline that can further reduce VOCs and othdufamits in the MANE-VU region.

Stationary above-ground storage tanks

The MANE-VU states working through the OTC develdpemodel rule for
public comment in 2011 to address VOCs, such asligas stored in large above-ground
stationary storage tanks. These facilities are@jty located at refineries, terminals, and
pipeline breakout stations. The available contiebsures are grouped into five
categories: deck fittings and seals, domes, raufiteys, degassing and cleaning, and
inspection and maintenance.

There is some overlap between the model rule athetd standards for storage
tanks (e.g., New Source Performance Standardsicydarly with regard to deck fittings,
seals, and tank inspection requirements, but ttheréé standards do not generally address
roof landings and tank cleaning nor do they regexternal floating roof tanks to be
covered with domes, as the model rule does.

% New York State Energy Research and Developmertigkity. (2008) Assessment of Carbonaceous
PM, 5 for New York and the Region. NYSERDA Report 08-01. Prepared by NESCAUM andByiddley &
Associates for NYSERDA: Albany, NY (March).

% New York State Energy Research and Developmertigkity. (2010).Spatial Modeling and Monitoring
of Residential Woodsmoke across a Non-Urban Upstate New York Region. Prepared by NESCAU Mt al.
for NYSERDA: Albany, NY (February).

37 0zone Transport Commission (OTC). (20I09D VOC Section, Draft for Public Comment. Presented
at the Ozone Transport Commission (OTC) Statiosaea Source/Modeling/Mobile Source Committee
Meeting, Linthicum, MD (March 16, 2011). Availatde
http://otcair.org/upload/Documents/Meeting%20MatksiT SD%20VOC%20Section%20Public%20Draft
%20for%20Comment.pdiccessed November 1, 2012).
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To reduce VOC emissions from stationary above-giatorage tanks, the OTC

model rule proposed the following controls:

Deck fittings, seals. Evaporative VOC losses can occur from deck fittjings
particularly slotted guidepoles, and rim seal systeControl measures include
gasketing deck fittings, installing pole sleeved #aats on slotted guidepoles,
and gap requirements for rim seals. These measarneesult in up to an 80%
reduction in standing loss emissions from extefioaking roof tanks.

Domes. Wind blowing across external floating roof taresises evaporative
VOC losses. Installing domes on external floatimgf tanks can result in about a
60% reduction of remaining VOC emissions after apgrg deck fittings.

Roof Landing Controls: When enough liquid is removed from a floating roof
tank such that the roof cannot be lowered farther, the roof rests on its legs or
suspended by cables or hangers), the contact betiedloating roof and the
VOC liquid is broken as the remaining liquid is i@rad. This is referred to as a
“roof landing.” The vapor space between the flogiioof and the liquid surface
enables VOC vapors to accumulate and escape fretatk as it sits idle or
when refilled. Control options include requirirapter height settings that
minimize the vapor space, installation of vapookery/control for use when the
roof is landed, or modifying the tank to reduce ldreded height to one foot or
less. The control measures can reduce VOC logs88% to 100%, depending
on the measure and how the tank is operated.

Cleaning and Degassing: Stationary storage tanks must be cleaned pegbyi
Before a tank is cleaned, it must be degassed (whithe removal of gases, such
as gasoline vapor) so personnel can safely entdeam the tank and remove
accumulated sludge. The sludge removed from tiiledan contain residual

VOC liquid that may evaporate when exposed to thrsphere. Measures to
reduce VOC evaporation include control of emissidmsng degassing and
controlling exhaust from sludge receiving vessslgl as vacuum trucks). New
Jersey has a proposed rule that would require 95%al of emissions during
degassing, until the concentration level in a tigrik 000 parts per million (ppm)
as methane, and control of exhaust from the rewgivessel (e.g., vacuum truck).

I nspection and Maintenance: An inspection and maintenance program seeks to
reduce VOC emissions by assuring that tank compsrar in good condition

and operating properly. A proposed program in Nevsey for external floating
roof tanks would include a full inspection of gapths for deck fittings and
secondary seals annually and of primary seals duearyears. Internal floating
roof tanks would be inspected annually, with a iiadipection of deck fittings and
seal gaps each time the tank is emptied and def&ssdess than every 10

years).

Consumer products

The revised OTC model rule for consumer produckased on the California Air

Resources Board’s (CARB’s) 2006 Consumer ProduetgiRtory Amendments that
were adopted by CARB in 2006. The 2006 CARB ameamdmhave more restrictive
VOC limits for 13 existing consumer product categeiincluding subcategories). The
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amendments also regulate three new categoriesf@litant, sanitizer, and temporary
hair color; including subcategories) for the fiigte. The revised OTC model rule would
achieve VOC reductions through reformulation of dfffected product categories by the
manufacturers. This may involve switching to aerdiased formulation, using an
exempt solvent, increasing product solids, or fdatig with a non-VOC propellant.
Manufacturers can still comply with the proposeddeiaule through the use of an
Innovative Products Exemption (IPE) or an Altern@mntrol Plan (ACP). The revised
OTC model rule for consumer products would applgrigone who sells, supplies, offers
for sale, or manufactures consumer products forruaa OTC member jurisdiction.

M otor vehicle and mobile equipment (MVM E) non-assembly line
coating oper ations

The 2009 OTC model rule for Motor Vehicle and Melquipment Non-
assembly Line Coating Operations (2009 OTC MVME klddule) seeks to limit the
VOC content in coatings and cleaning solvents urs@dotor vehicle and mobile
equipment non-assembly line coating operationsldmpntation of the model rule
would reduce VOC emissions by limiting the VOC @mnitof coatings and cleaning
solvents and provide work practice standards fev@mting emissions from equipment
cleaning and cleaning supply storage.

The 2009 OTC MVME Model Rule applies to people velpply, sell, offer for
sale, distribute, manufacture, use or apply autoraa@patings and associated cleaning
solvents subject to the Model Rule. The model liniés the VOC content of coatings
used in non-assembly line coating operations aniddithe VOC content of cleaning
solvent to 25 grams per liter. The 2009 OTC MVMBdéd! Rule allows the use of
higher VOC content cleaning solutions for specsdsiand sets lower VOC content
limits for many of the formulations resulting fraswitching from solvent-based
formulations to water-based formulations.

Architectural, industrial, and maintenance coatings

The OTC developed its 2002 Architectural and IndalsiMaintenance (AIM)
Coatings model rule based upon the 2000 CARB Suggi€3ontrol Measure (SCM). In
2007, CARB proposed an updated SCM for architectoatings, which generally
lowers VOC emissions through product reformulaton improves definitions of many
categories from the 2000 SCM. Of the 47 coatinggaties regulated in the 2000 SCM,
15 categories have been eliminated (replaced bycagegories or deemed unnecessary),
10 categories were added, and 19 have stricter MOIG. The updated SCM also
contains some revised compliance and reportingnements.

The OTC reviewed the 2007 CARB SCM and found thastof the changes
were appropriate for the OTC. The OTC model ruteyéver, adds some categories that
are specific to the OTR, and assigned differenttéino three other categories (aluminum
roof, bituminous roof, and roof coatings). The Om@Gdel rule is an update of the 2002
Model Rule that has been adopted by most statesatire OTR. It includes all the new
categories defined in the 2007 CARB SCM as wethadollowing eight specialty
coating categories specific to the OTR:




Beyond Sulfate: Maintaining Progress towards Visibility and Health Goals Page 4-9

» Calcimine Recoaters

» Conjugated Oil Varnish (new addition)

» Concrete Surface Retarders

» Conversion Varnish

* Impacted Immersion coatings

* Nuclear Coatings

* Reactive Penetrating Carbonate Stone Sealer (neitvaan)
* Thermoplastic Rubber Coatings and Mastics

4.2.2. Tier 3motor vehicle standards and low sulfur gasoline

As previously discussed in the section on NOx rédo®ptions, the USEPA
may propose a “Tier 3" program to strengthen ligaty vehicle emissions standards
similar to those of California’s LEV Il requiremen Coupled to the change in tailpipe
standards would be a lowering of gasoline sulfurteot from 30 ppm to 10 ppm.
Lowering sulfur content in gasoline immediately noyes the efficiency of catalytic
converters in the existing motor vehicle fleet bgucing sulfur poisoning of catalyst
surfaces. Nationally, the Tier 3 program with Iswfur gasoline could result in a
26 percent decrease in VOC emissions by 2030, alathgsignificant reductions in NOx
and other pollutant®

4.2.3. Diesdl exhaust

While light absorbing carbon in diesel exhaust ,(béack carbon) appears to have
relatively greater impacts in urban areas, recesgarch also indicates that diesel engine
exhaust, particularly from older diesel vehiclesyrbe a large contributor to secondary
organic aerosols as wéfl. As a result, diesel exhaust may have a largéomad
signature on particulate matter than based on &dgkorbing carbon alone.

While the USEPA has set more stringent emissioitdifor newly manufactured
engines, a number of project-specific measures haga undertaken in the MANE-VU
region to address existing diesel engines thatipte-the more stringent new engine
standards. These projects provide funding assistamna number of areas, such as
promoting early retirement of older vehicles oripguent with newer replacements that
meet the latest USEPA standards, or retrofittingtayg diesel engines with diesel
particulate filters or other controls to reduce gs1ons. Many of the projects have been
funded through environmental mitigation settlemegreements arising from government
enforcement actions or through annual appropriatiorder the federal Diesel Emissions
Reduction Act (DERA). Many, but not all, of thedfrally-funded diesel projects have

38 National Association of Clean Air Agencies (NACAAR011).Cleaner Cars, Cleaner Fuel, Cleaner
Air: The Need for and Benefits of Tier 3 Vehicle and Fuel Regulations. NACAA, Washington, DC
(October). Available at
http://www.4cleanair.org/Documents/NACAATIer3VehdkIReportFINALOct2011.pdiaccessed
November 1, 2012).

% Gentner, D.Ret al. (2012). “Elucidating secondary organic aerosairfrdiesel and gasoline vehicles
through detailed characterization of organic carbissions,’PNAS Early Edition, available at
WWW.pnas.org/cgi/doi/10.1073/pnas.1212272{&&essed October 25, 1012).
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been coordinated through two regional collaboratimeolving the MANE-VU states,
local agencies, and the USEPA. These collabosative the Mid-Atlantic Diesel
Collaborativé® and the Northeast Diesel CollaboratfveGoing forward, the scale of
diesel projects may depend in large part on coatirfederal funding appropriated under
DERA each year.

4.2 4. Residential wood combustion sources

Currently, the only federal regulation that appliesesidential wood heating
devices is the New Source Performance Standard$INfelP residential wood heaters.
Adopted in 1988, the NSPS applies only to new wami$ has not been revised since its
adoption. Efforts are underway involving a numbiestates to encourage the USEPA to
update the 1988 NSPS in light of technology advamasewell as broaden its applicability
to a number of residential wood heating devicesahanot covered by the 1988 NSBS.
The types of devices currently exempted from NSefude fireplaces, masonry heaters,
pellet stoves, outdoor/indoor wood boilers, andloat/indoor wood furnaces. stopped

Wood combustion is an important emissions sourgeiofary particulate matter
in the MANE-VU region, as well as a source of VOQ@gny of which are air toxics)
contributing to SOA formation. Wood smoke alsa isource of nitrogen oxides, which
in addition to promoting SOAs also leads to niti@eosols, particularly in wintertime
when nitrates are more thermally stable and resimlemood combustion activity is at its
highest. In Europe, emission standards for woadbzestion devices go beyond
particulate matter emissions, and require unite¢et emission limits for CO, NOx, PM,
VOCs, and combustion efficiency. Combining a npatiutant approach with a thermal
combustion efficiency standard can create sigmtica-benefits, including reduced
emissions, ensuring no trade-offs among polluténts, decreasing CO emissions to
very low levels while increasing NOx emissions)d aaduced fuel consumption. A suite
of revised NSPS for a wider range of residentiab@vburning devices is an opportunity
to incorporate advances in combustion technologm@s;ove efficiencies, and reduce a
broad range of air pollutants affecting public tieand visibility in the MANE-VU
region.

4.2.5. Industrial, commercial, and institutional wood boilers

Total overall emissions from wood combustion inustlial, commercial, and
institutional (ICI) boilers are small in comparistmresidential wood combustion. There
are efforts, however, to increase the use of IGddviired boilers, such as at schools and
hospitals. These settings, however, can exposatiserpopulations to potential
increases in particulate matter and other healthaggng pollutants. There are some
efforts underway at the federal and state levelgitiress emissions from this source
category. For example, combined heat and pow¢ersgs(CHP) (discussed below) offer
the potential of using biomass in a more efficemdl cleaner manner than burning in

“0 Mid-Atlantic Diesel Collaborativehttp://www.marama.org/diesel/

*! Northeast Diesel Collaborativiettp://www.northeastdiesel.org/

*2 etter to USEPA from Western States Air Resouf@esncil (WESTAR) and Northeast States for
Coordinated Air Use Management (NESCAUNE, New Source Performance Standard for Residential
Wood Burning Devices (August 3, 2012). Available at
http://www.nescaum.org/documents/westar_nescaunt-sps-res-wood-devices-letter-20120803.pdf/
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conventional combustion sources. Industrial, conerak and institutional settings may
be viable opportunities for expanding the use oPGhithe region.

4.3. Other strategies

4.3.1. Energy efficiency

The OTC is developing information on the poterfioalbuilding energy
efficiency improvements to reduce emissions, wigttedus report due in fall. The type of
measures considered would be to replace existingaws with higher insulating
windows and implement other energy efficiency measat the same time a building is
replacing its existing heating/ventilation/air ca@rahing (HVAC) system. Installing
energy efficiency measures concurrently allowspinehase of a smaller replacement
HVAC system at lower capital and operating cogisese types of retrofit projects have
achieved profitable energy reductions with sim@glqack periods as short as three
years. This would lead to pollution reductionstigh reduced energy consumption, and
would occur year-round (i.e., not just during tzemwe season). For example, in a May
2012 draft of its status report, the OTC estim#tas deep energy retrofits of large office
buildings in the Ozone Transport Redid(OTR) have potential to reduce NOx by
36,000 tons annualff.

4.3.2. Combined heat and power

MANE-VU has specifically identified combined heatdapower (CHP) as an
opportunity for reducing emissions contributingegional haze and ozone formation,
and has charged the MANE-VU Technical Support Caeiwith investigating the
potential benefits of its expanded use in the i\ CHP system, also called
cogeneration, is an integrated energy system #ragrgtes electrical or mechanical
power via fuel combustion (e.g., fossil fuels, basg) while also capturing and using the
waste thermal energy generated during combustiondating purposes, thus operating
at much higher efficiency levels than traditionahtbustion sources.

Well-designed CHP systems can reduce overall diutpat emissions through
several ways. The inherently higher efficiencywadviding electricity and heat from the
same combustion source reduces overall fuel consomper given energy output, hence
emissions as well. Where the generated electigiixged at the same location as the heat
load, transmission and distribution losses frondsenelectricity over power lines are
avoided. Improved reliability at the site can halid the use of emergency back-up
generators (often uncontrolled and highly pollutiigsel internal combustion engines)

*3The Ozone Transport Region includes all of the NEAMU region plus the northern Virginia counties in
the Washington, DC area.

4 Ozone Transport Commission (OTC) Energy Efficielégrkgroup. (2012)Promoting Deep Energy
Retrofits of Large Office Buildings To Reduce Nitrogen Oxide Emissions In the Ozone Transport Region.
OTC, Washington, DC, Status Report (May 8, 2012pikable at
http://www.otcair.org/upload/Documents/Meeting%20a&téals/Draft%20Commercial%20Building%20En
ergy%20Efficiency%20Status%20Report%2005-08-12(adfessed September 14, 2012).

“MANE-VU. (2012).Charge to the Technical Support Committee for Work in 2013, adopted November
15, 2012. Available dtttp://www.otcair.org/manevu/document.asp?fviewsRal®o20Actions{accessed
November 28, 2012).
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during electrical grid outages. An added bensfthe economic savings from reduced
energy costs due to higher CHP efficiency, whido gdrovides a hedge against volatile
fuel price swings.

Potential opportunities for applying CHP include:

* Industrial manufacturers — chemical, refining, ethapulp and paper, food
processing, glass manufacturing

» Institutions — colleges and universities, hospjtaigsons, military bases

» Commercial buildings — hotels and casinos, airpditgh-tech campuses, large
office buildings, nursing homes

* Municipal — district energy systems, wastewateattreent facilities, K-12 schools
» Residential — multi-family housing, planned comnti@si

Site-specific factors that include matching thetlwedput with the thermal power
load, value of reliability, and current energy sofpically determine the viability of
CHP systems for a given applicatith.

4.3.3. Ammonia

Ammonia is a key precursor in the formation of éieeosols ammonium sulfate
and ammonium nitrate. While ammonia has a relBtisieort atmospheric lifetime of
about 1 day, ammonium in particulate matter careltzlfetime of approximately 7-10
days, allowing for relatively long transport distas from source regions to downwind
receptor area¥. On a national basis, the major sources of ammiartie United States
are livestock waste, fertilizer application, and smissions'® In urban areas, motor
vehicles with 3-way catalytic converters may bégaificant portion of the local
ammonia inventory (>50 percent). Uncertaintieanmmonia emission factors, spatial
distributions, and seasonal variations can be |grgeicularly for area-wide sources such
as livestock and fertilized croplan®fs.

The potential of ammonia emission reductions taesklfine particulate matter
concentrations has received relatively little aitemncompared to emissions of sulfur
oxides and nitrogen oxides. Several published mmogistudies that include the eastern
United States in the modeling domain suggest timaania reductions would have their
greatest impacts during colder winter months.

6 U.S. Environmental Protection Agency. (2012)mbined Heat and Power Partnership: Basic
Information. Available athttp://www.epa.gov/chp/basic/index.htfalccessed October 26, 2012).

" Pinder, R.W., A.B. Gilliland, and R.L. Dennis. (). “Environmental impact of atmospheric NH
emissions under present and future conditionseretistern United State$eophys. Res. Lett., 35,
L12808, doi:10.1029/2008GL033732.

“8 Davidson, Cet al. (2001).Development of an Improved Ammonia Emissions Inventory for the United
Sates. Prepared for NESCAUM and MARAMA. Available byquest from NESCAUM.

9 Ellis, et al. 2009. “The influence of gas-particle partitioniagd surface-atmosphere exchange on
ammonia during BAQS-Met.Atmos. Chem. Phys. 11, 133-145, doi:10.5194/acp-11-133-2011; Batye,
V.P. Aneja, and P.A. Roelle. (2003). “Evaluatiordamprovement of ammonia emissions inventories.”
Atmos. Environ. 37, 3873-3883, d0i:10.1016/S1352-2310(03)00343-1.

0 Makar, P.Aet al. (2009). “Modelling the impacts of ammonia emissioeductions on North American
air quality.” Atmos. Chem. Phys. 9, 7183-7212; Pinder, R.W., A.B. Gilliland, and Rennis. (2008).
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Information on the cost-effectiveness of ammoniatiads relative to NOx and
sulfur dioxide reductions is limited, in part dweuncertainty in the ammonia emissions
inventories and the limited control cost informatior the major ammonia emission
sources. The area-wide nature of agricultural amaemissions is also not necessarily
amenable to typical air pollution control optiom&vailable information on potential
ammonia reduction options and estimated costs iogeuand the U.S. have been
collected and tabulated by Pindrl. (2007) and are reproduced in Table Z-ZThese
generally encompass manure management and fertijigeication practices in the
agriculture sector.

Table4-2. Costs of Ammonia Control Options ($ per ton)

Ammonia Control Option Cost ($/ton)
Chemical additives to swine housing floor 70
Chemical additives to cattle housing floor 200
Cover broiler manure 30-300
Replace urea fertilizer with ammonium nitrate 500
Allow crust formation on lagoon surface 700
Immediate incorporation of applied manure 800
Chemical additives to poultry housing floor 900
Adapt poultry housing 2,500
Apply manure with trailing shoe 7,500
Adapt dairy housing 10,000
Rigid cover for pig manure stores 15,000
Belt drying layer (chicken) manure 20,000

From Pindeet al., Environ. Sci. Technol., 2007.

“Environmental impact of atmospheric Nmissions under present and future conditionkareastern
United States.Geophys. Res. Lett., 35, L12808, doi:10.1029/2008GL033732; Pinder, R.W. Rdams,

and S.N. Pandis. (2007). “Ammonia Emission Contasls Cost-Effective Strategy for Reducing
Atmospheric Particulate Matter in the Eastern Uhiates.41, Environ. Sci. Technol. 380-386,
doi:10.1021/es060379a; Tsimpidi, A.P., V.A. Karydiad S.N. Pandis. (2007). “Response of Inorganic
Fine Particulate Matter to Emission Changes ofuulioxide and Ammonia: The Eastern United States a
a Case Study.537, 1489-1498, d0i:10.3155/1047-3289.57.12.1489.

*1 pinder, R.W. P.J. Adams, and S.N. Pandis. (208®monia Emission Controls as a Cost-Effective
Strategy for Reducing Atmospheric Particulate Matigehe Eastern United Stated4l, Environ. <ci.

Technol. 380-386, doi:10.1021/es060379a.
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5. SUMMARY

Efforts to reduce sulfate-forming air pollutant esions are achieving success, as
reflected by improved visibility and lower BlMconcentrations across the MANE-VU
region during the past decade. However, in ord@eneet the national visibility goal of
natural background conditions by 2064, the othenmmnents contributing to regional
haze must also be addressed. In addition, loeddlyated PM s mass levels from wood
combustion, car and truck exhaust, and other nfatstsources remain public health
concerns. Based on monitoring data from the IMPE®¥twork, nitrate and
carbonaceous PM constitute the next largest share of air pollugontributing to poor
visibility and PM, s mass in the MANE-VU region.

While NOx reduction efforts can address the nitcatetribution, the recent
scientific literature indicates reductions in NQxdgprimary carbon P emissions can
also have an important impact on reducing seconai@anic aerosol formation. This is
particularly noteworthy in the context “biogenicmndary organic aerosols whose
formation can be enhanced by controllable anthrepimgemissions. While these
aerosols can be composed of organic componenttedrby vegetation, the atmospheric
chemistry leading to their formation can be greatfluenced by the presence of
anthropogenic NOx and primary carbon Pjmissions. As a result, strategies aimed at
reducing nitrate and primary carbon aerosols cae ktize added benefit of reducing
“biogenic” secondary organic aerosols as well.

As MANE-VU considers a long-term strategy beyonliede, it has a broad range
of pollution reduction options for achieving airaditly standards and visibility goals. At
the federal level, tighter motor vehicle emissitangards coupled with lower sulfur
gasoline content can significantly reduce NOx a@C/emissions from mobile sources.
Continued federal funding support for diesel equeptrearly retirement and retrofit
measures would also contribute to continued pregrethe region. States have been
evaluating a number of source sector-specific NAk\OC controls within the region
with the goal of better public health protectionddahese can also lead to regional
visibility improvements as well.

In going beyond sulfates, the multiple constituemtd complex atmospheric
chemistry of the non-sulfate aerosols point towanddti-pollutant strategies to achieve
future public health and visibility goals for theAME-VU region. This dovetails with
the trend in planning efforts across a broad spectf air, climate, and energy issues.
Future visibility and PMs NAAQS planning has the opportunity to take froragé
efforts, and contribute to them as well.



