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September 24, 2009
9:00 a.m.

Agenda Item #

09-8-3:  Public Meeting to Consider a Report on Staff's Recommended Area Designations for
: the 2008 Federal Lead Standard

Staff will present its recommended area designations for the 2008 federal lead standard of
0.15 ug/m3. The Air Resources Board (ARB or Board) must submit these recommendations
to the United States Environmental Protection Agency by October 15, 2009.

09-8-6: Public Meeting to Consider Appointment of Replacement Member to AB 32 ETAAC

Staff will ask the Board to approve the appointment of a new member to the Economic and
Technology Advancement Advisory Committee. A member, representing the California
Chamber of Commerce, has resigned from the Committee and staff will recommend filling
this seat, effective immediately, by appointing Mr. Marc Burgat, of the California Chamber of
Commerce.

09-8-2:  Public Meeting to Present to the Board a Draft Report on Planned Air Pollution
Research, FY 2009-2010

Staff will present a draft report, “Planned Air Pollution Research for Fiscal Year 2009-2010,”
to the Board and recommend its approval. The draft report provides a portfolio of research
concepts to guide ARB’s extramural research program. This research portfolio supports key
policy and regulatory drivers: Health Effects and Exposure, Climate Change, and State
Implementation Plan Support. If the Board approves the Plan, staff will bring the proposed
concepts to future Board meetings for approval as fully designed research proposals.

09-8-9:  Public Meeting to Update the Board on ARB’s Plan to Hold a Workshop on its
Enforcement Program ~

The Executive Officer will report back to the Board on staff's plan to conduct outreach and
hold a workshop on ARB’s enforcement program. The workshop is scheduled to be held on
October 12, 2009, from 1:00 pm to 5:00 pm, in the Byron Sher Auditorium of the Cal/EPA
Headquarters Building.
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09-8-4:

09-8-7:

09-8-8:

Public Hearing to Consider Adoption of Proposed Amendments to the California
Consumer Products Regulations

Staff will present proposed amendments to the existing Consumer Products Regulation that
would establish volatile organic compound limits for three product categories. Minor
modifications are also proposed to clarify requirements and/or enhance enforceability.

Public Hearing to Consider Proposed Amendments to New Passenger Motor Vehicle
Greenhouse Gas Emission Standards

Staff will present proposed amendments to California’s regulations to control greenhouse
gas emissions from new light-duty vehicles. The amendments would allow manufacturers
to demonstrate compliance based on a combined sales of California-certified vehicles in
California and all other states that have adopted California’s greenhouse gas regulations.
The proposed amendments would also allow manufacturers to demonstrate compliance
with the California greenhouse gas requirements by submitting test data from the federal
Corporate Average Fuel Economy program.

Public Meeting to Consider Adoption of the Climate Action Reserve Updated Forest
Project Protocol for Greenhouse Gas Accounting

Staff will recommend adoption of the updated Climate Action Reserve Forest Project
Protocol (version 3.0) for greenhouse gas accounting for emission reduction projects. The
Protocol is the result of almost two years of work with considerable stakeholder involvement
to update the previously-adopted forest protocols in order to encourage greater participation
in forest projects.

September 25, 2009
8:30 a.m.’

Agenda Item #

09-6-5:

CONTINUED FROM THE JUNE 25, 2009 BOARD MEETING: Public Hearing to Consider
Adoption of a Proposed AB 32 Cost of Implementation Fee Regulation and Proposed
Amendment to the Existing Regulation for the Mandatory Reporting of Greenhouse
Gas Emissions . :

The Board will conduct a continuation of a public hearing to consider adopting a regulation
to assess fees on sources of greenhouse gas emissions and an amendment to the
Regulation for the Mandatory Reporting of Greenhouse Gas Emissions. The revenue from
these fees would be used for the purpose of carrying out the California Global Warming
Solutions Act of 2006 (AB 32, Stats. 2006; Ch. 488; Health and Safety Code sectlons
38500 et seq.).
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09-8-5:

Public Meeting to Consider Staff Recommendations to Provide Further Locomotive
and Railyard Emissions Reductions

Staff will present specific recommendations to provide further locomotive and railyard
emissions and risks reductions beyond those expected from existing United States
Environmental Protection Agency and ARB regulations and agreements.

CLOSED SESSION - LITIGATION

The Board will hold a closed session, as authorized by Government Code section 11126(e),
to confer with, and receive advice from, its legal counsel regarding the following pending
litigation:

Central Valley Chrysler-Jeep, Inc. et al. v. Goldstene, U.S. Court of Appeals, Nlnth Clrcwt
No. 08-17378 on appeal from U.S. District Court (E.D. Cal. - Fresno)

Fresno Dodge, Inc. et al. v. California Air Resources Board et al., Superior Court of California
(Fresno County), Case No 04CE CG03498.

General Motors Corp. et al. v. California Air Resources Board et al., Superior Court of
California (Fresno County), Case No. 05CE CG02787.

Green Mountain Chrysler-Plymouth- Dodge-Jeep, et al. v. Crombie, 508 F. Supp.2d 295
U.S. District Court Vermont (2007), appeal to U.S. Court of Appeals, Second Circuit,
Nos. 07-4342-cv(L) and 07-4360-cv(CON).

California Business Properties Association, et al. v. California Air Resources Board, et al.,
Superior Court of California (Sacramento), Case No. 34-2009-80000232.

Pacific Merchant Shipping Association v. Goldstene, U.S. District Court, EDCA, Case No.
2:09-CV-01151-MCE-EFB.

American Trucking Association, et al. v. U.S. Environmental Protection Agency, et al., U.S.
Court of Appeals, District of Columbia Circuit, Case No. 09-1090.

Yamaha Motor Corporation, USA v. James Goldstene, et él., Superior Court of California (San
Diego County), Case No. 37-2009-00094919-CU-MC-CTL.
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OPPORTUNITY FOR MEMBERS OF THE BOARD TO COMMENT ON MATTERS OF INTEREST

Board members may identify matters they would like to have noticed for consideration at future meetings
“and comment on topics of interest; no formal action on these topics will be taken without further notice.

OPEN SESSION TO PROVIDE AN OPPORTUNITY FOR MEMBERS OF THE PUBLIC TO ADDRESS
THE BOARD ON SUBJECT MATTERS WITHIN THE JURISDICTION OF THE BOARD '

Although no formal Board action may be taken, the Board is allowing an opportunity to interested
members of the public to address the Board on items of interest that are within the Board’s jur/sdlct/on
but do not specifically appear on the agenda. Each person will be allowed a maximum of three minutes
to ensure that everyone has a chance to speak.

THE AGENDA ITEMS LISTED ABOVE MAY BE CONSIDERED IN A DIFFERENT ORDER AT THE
BOARD MEETING. BOARD ITEMS NOTED ABOVE WHICH ARE NOT COMPLETED ON
SEPTEMBER 24, WILL BE HEARD ON SEPTEMBER 25 BEGINNING AT 8:30 A.M.

TO SUBMIT WRITTEN COMMENTS ON AN AGENDA ITEM IN ADVANCE OF THE MEETING GO TO:
http://lwww.arb. cg_govlllsg__l_)lcommlbcllst php

IF YOU HAVE ANY QUESTIONS, PLEASE CONTACT THE CLERK OF THE BOARD:
OFFICE: (916) 322-5594
1001 | Street, Floor 23, Sacramento, California 95814
ARB Homepage: www.arb.ca.gov

To request special accommodation or language needs, please contact the following:

If you require a special accommodation or need this document in an alternate format or language,
please contact the Clerk of the Board at (916) 322-5594 or by facsimile at (916) 322-3928 as soon as
possible, but no later than 10 business days before the scheduled board hearing. TTY/T DD/Speech to
Speech users may dial 711 for the California Relay Service.

SMOKING IS NOT PERMITTED AT MEETINGS OF THE CALIFORNIA AIR RESOURCES BOARD
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CALIFORNIA AIR RESOURCES BOARD

NOTICE OF PUBLIC MEETING TO CONSIDER A REPORT ON STAFF’S
RECCOMMENDED AREA DESIGNATIONS FOR THE 2008 FEDERAL LEAD
STANDARD oL

The Air Resources Board (ARB or Board} will present recommended area desi%naﬁons
for the revised federal lead standard of 0.15 micrograms per cubic meter {pg/m”). ARE
will submit these recommendations to the United States Environmental Protection
Agency (U.S. EPA) by Qctober 15, 2009. '

DATE:  September 24, 2009

TIME: - 9:00am.

PLACE: South Coast Air Quality Management District
Auditorium '
21865 Copley Drive
Diamond Bar, California 81765

This item wili be considered &t a fwo-day meeting of the Board, which will commence at
9:00 a.m., September 24, and may continue at 8:30 a.m., Sepiember 25, 2009, This ‘

item is expected to be considered on September 24, 2009. Please consult the agenda

for the meeting; which will- be-available-atieast 10 days before-September 24,2000, 10
datermine the day on which this item will be considered. L

If you require special accommodations or language needs, please contact the Clerk of

- the Board at ($16) 322-5594 or by facsimile at (916) 322-3928 as soon as possible, but
no later than 10 business days before the scheduled Board hearing. TTY/TDD Speech
io Speech users may dial 711 for the California Relay Service. '

BACKGROUND

The federal Clean Air-Act requires U.S. EPA to set health-based National Ambient Air
Quality Standards. On October 15, 2008, U.S. EPA lowered the lead standard from
1.5 pg/m® 1o 0.15 pg/m®. Compliance with the new standard is based on a rolling
three-month averags concentration measured-as lead in total suspended particulate, or
TSP. Under the Clean Air Act, ARB is required to submit recommendations for area
desighations and appropriate boundaries to U.8. EPA by October 15, 2009. The
purpose of this report is fo summarize the staff's area designation recommendations,
pased on curentiy available monitoring data. Staff will also discuss the implementation
of new lead monitoring requirements. '

U.S. EPA has one year to review the recommendations, promulgating final area
designations by Oclober 15, 2010. State implementation plans are due 18 months after
(J.5. EPA makes the fina! designations. An area must attain the standard within five
years of the nonattainment designation.




Although states are required fo make area designation recommendations by October
2009, U.S. EPA recognizes that the current iead sampling network is not adequate in
most areas, including Californla. As a result, U.S. EPA may take an additional two
years to designate areas with insufficient data. During this time, new lead samplers will
be deployed fo coliect the data needed to wt:hantrfyr designations for many areas with no
or limited monrtnnng data,

- PROPOSED ACTION

All areas uf California were in compliance of the previous ambient lead standard of

1.5 pg/m®. Because concentrations have hesn well below that stancard for more than a
decade, the sampling network was reduced and the number of sampling sites currently
operating is very limited, .

Based on ARB staff's technical analysis and current ambient lead data for 2006 through
2008, ARB staff recommendations for iead designations are:

. 'The L os Angeles County portion of the South Coast Air Basin as nnnattainmant;:
*» . Imperial County as attamment

» Alf other areas of Ca%rforma as unclassﬁ ed because thay do nnt have suffi -::;ant
data.

AVAILABILITY OF DOCUMENTS

ARB staff will prepare a written staff reéport prior to the meeting. Copies of the

staff report may be obtained from the Board's Public Information Office, 1001 | Street,
First Floor, Environmental Services Center, Sacramento, California 85814,

(916) 322-2880. This notice and the staff report are also aocessxble on ARB's website
at: www.arb.ca.govidesig/desig.him.,

SUBMITTAL OF COMMENTS

Interested members of the public may present comments orally or in writing at the
meeting and may also be submitted by postal mail or electronic submittal before the
meeting. To be considered by the Board, written comments not physically submitted at
_ the meeting must be recsived no later than 12;00 noon, SBptember 23, 2009, and
addressed to the following:

Postal mail: Clerk of the Board, Air Resources Board
' 1001 | Street, Sacramenito, California 95814

Electronic submittal: httg:ﬂwww‘arb.ca.ggvflisgub:‘cﬁmm!hclist.mg




Please note that under the Califomia Public Records Act (Government Code

secticn 6250 et seq.), your written and oral comments, attachments, and associated
contact information {e.q., your address, phone, email, etc.} become part of the public
record and can be released {o the pubiic upon request. Additienalty, this information
may become available via Google, Yahoo, and any other search engines.

The Board requests, but does nof require, that 20 copies of any wnitten statement be
submitted and that written and e-mail statsmenis be filed prior to the meeting so that
ARB siaff and Board members have time to fully consider each comment. Further
inguiries regarding this matier should be directed to Ms. Gayle Sweigert, Manager of the
Air Quality Analysis Section, at {916) 322-6623, or Marcella Nystrom, Staff Air Pollution
Specialist, at {316) 323-8643. | |

Executive Officer

The snergy challenge facing Cafifornia Is raal, Every Calfomian neads fo take immediste action (o elce enamy conSUmpEGR.
For a Nzt of simple ways you can reduce feimand and cut vour srengy cosfs see our websfle ol www.amh ca gov
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BACKGROUND

The purpose of this report is o summarize the staff's area designation
recommaendations for the revised federal lead standard. This report also
discusses the new federal lead monitoring reguiremants.

On October 15, 2008, U.S. EPA revised the federal ambient air quailty standand
for lead, lowering it from 1.5 micrograms per cubic meter (ug/m %10 0.15 pg/m®
for both the primary and the secondary standard. U.S. EPA determined that
numerous health studies are now available that demonsirate health effects at
much lower levels of lead than previously thought, Li.S EPA subsequently
published the final rule in the Federal Register on November 12, 2008
{bttp:fiwww.epa. govifedrgsir/EPA-AIR/2008/MNovember/Day-12/a25654 pdf).
This is the first time that the federal jead standard has been revised since it was
first issued in 1978.

In addition to revising the level of the standard, .S. EPA changed the averaging
time from a quarterly average to a rolling three-month average. The level of the
standard is “not to be exceeded” and is evaluated over a three-year pericd. Lead
levels are measured as lead in fotal suspended particulate, or TSP. The revised
lead standard also includes new monitoring requirements.

Under the Clean Air Act, all states are required io develop recommendations for
. area designations and appropriate boundaries. These initial recommendations
for lead must be submitted to U.S. EPA by Cctober 15, 2008, U.S, EPA has cne
year to review the recommendations, promulgating final area designations by
Qctober 15, 2010, State implementation plans are due 18 months after

.S, EPA makes the final designations. An area must attain the lead standard
within five years of the nonattainmeant designation.

Although states are required to make area designation recommendations,

U.S. EPA recognizes that the current iead sampling network is not adequaie in
all areas, including California. As a result, U.S. EPA may take an additicnal
two years to designate areas with insufficient data. During this time, new lead
samplers will be deployad to collect the data needed to resolve unclassifiable
designations.

LEAD AIR QUALITY TRENDS

When U.S. EPA adopted the lead standard in 1978, it was estimated that over
90 percent of ambient lead concentrations were attributable to the use of lead in
gasoling. The U.S. EPA required a moniioring network be established to include
at least two permanent monitors in all urban areas with a population of 500,000
or more. By requiring monitors in urban areas, the regulation was designed to
provide information on the major source of lead {gasoline fuel), as well as to
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provide information on population exposure to ambient iead concentrations.
California’s lead monitoring program predated federal requirements by many
years. Califomis began monitoring in the tate 1960s, and continued to expand
the monitoring network in the 1970s and into the sarly 1980s,

The phase-out of lead in gasoline began during the 1970s, and subsequent ARB
regulations virtually eliminated lead from the gasoline sold in Galifonia {except
for vary limited use in general aviation applications). Figure 1 shows the
dramatic drop in lead concentrations since 1975 in Califonia’s urban areas.
Although lead from gasoline no longer poses an air quality problem, jead
emissions from remaining industrial scurces (not reflected in Figure 1) can still
pose “hot spot” problems in a few tocations.

FIGURE 1
Maximum 30-Day Average Lead Concentrations in California
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As lead concentrations dropped dramatically and all areas of Califomia attained
the previous standard, most lead monitors were shut down by the eary 1980s
and resources deployed 1o other pollutants. As a result, thers is insufficient
monitoring data fo determine designations, and most areas of the State wifl be
unclassifiable for the revised standard. This will change over the next several
years, as a new sampiing network is phased-in.



RECOMMENDED AREA DESIGNATIONS

ARB staff evaluated the availabie ambient lead data to determine appropriate
area designations throughout the State. The analysis was conducted for each
-monitoring site in the State for which data are available. Determining an area’s
designation is based on comparing measured lead concentrations, averaged for
each three-inonth period, to the level of the standard. If the concentration
(known as the design value or the highest rolling three-month average) is higher
than 0.15 ug/m’, it violates the federal standard and the area is nonattainment.
The recommendations in this report reflect design vafues based on 20086 through
2008 ambient lead data.

Under the revised federal lead standard, there are three options for area
designations:

« An area is nonattainment if the design value is greater than the standard;

» An area is attainment if the design value is equal to or less than the
standard, and the data meet U.S. EPA completeness requirements;

» An area is unclassifiable if thers are no monitoring data or if the menitoring
data indicate attainment but do not meet EPA’s completeness
reguirements,

U.5. EPA's final lead rule states that the presumptive boundary for a lead
nonattainment area is the perimeter of the county associated with the sampler(s)
violating the standard. The nonattainment area must include the area violating
the standard, as well as the area with emissions sources contributing to the
violations. In some cases, the nenattainment area may be larger or smaller than
a county if analyses of sources and conditions show a different area is justified.

Based on ARB staff's technical analysis and ambient lead data for 2006 thraugh
2008, ARB staff recommandations for lead designations are:

» The Los Angeles County portion of the South Coast Air Basin as
nonattairment;

» Imperial County as attainment;

*» All other areas of California as unclassifiable because they do not have
sufficient data. .

These recommendations are shown in Figure 2 and Table 1 and discussed in
greater detail in the following pages.

11
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FIGURE 2

Recommended
Area Designations for the
2008 Federal Lead Standard
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TABLE 1

Recommended California Area Designations for the
Federal Lead Standard Based on 2006-2008 Air Quality Data

Design:. | ET
R T . B i :
i : wueq L A LY
aiment. South Coast-Los Angeles County 2.48 Air Basin portion of Los Angeles County
| Imperial County 0.03 | tmperial County |
1 Great Basin Valleys Air Basin nodata | Alpine, Inyo, and Mono counties |
§ Lake County Air Basin nodata | Lake County
; . . Air Basin portions of Placer and
Lake Tahoe Air Basin no data El Dorado counties
! , . . Alr Basin portions of Kem, Los Angeles,
¥ Mojave Desert Air Basin nedata | oy erside, and San Bemardine counties
_ Amador, Calaveras, Mariposa, Nevada,
, . . . . Sierra, Tuolumne, and Plumas counties
Mountain Counties Air Basin R0 datd and Air Basin portions of £l Dorado and
Placer counfies
2 North Central Coast Alr Basin no data gﬁ"gﬁf San Benito, and Santa Cruz
De! Norte, Humboldt, Mendocino, and
North Coast Air Basin nodata | Trinity counties and Air Basin portion of
Soncma County _
Mortheast Platsau Air Basin no data | Lassen, Modoc, and Siskivou caunties

Butte, Colusa, Glenn, Sacramento,
Shasta, Sutter, Tehama, and Yuba
counties and Air Basin portions of
. Placer, Solano, and Yclo countles
Salton Sea Air Basin (Remainder} | no data -| Air Basin poriion of Riverside County
-1 San Diego Air Basin no data | San Diego County
y ' Alameda, Contra Costa, Marin, Napa,
San Francisco, San Mateo, and Santa
Clara counties and Air Basin portions of
Sclano and Sonoma counties
_ Fresno, Kings, Madera, Marced,
. . . San Joaquin, Stanistaus, and Tulare

San Joaquin Valley Air Basin no data counties and Air Basin portion of Kern
. County
~| South Ceniral Coast Air Basin no data San Luis Ob'EFG' Santa Barbara, and

- Ventura counties

+ South Coast Air Basin incomplete | Orange County and Air Basin portions of
| (Remainder} data Riverside and San Bernardino counties

= Sacramento Valtey Air Basin no data

San Francisco Bay Area Air Basin | no data

"The design value is the highest rolling three-month average lead concentration for any site in the
area based on data collected during 2006 through 2008, The area is nonattainment if the design
valus [s greater than 0.15 pgrm®,
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Nonattainment Area

South Coast - Los Angeles County

The South Coast Air Quality Management District {District) has collected lead
data at several sites in Los Angeles County for a number of years., Several of
these sampling sites are located near lead-related facilities and were established
as part of the District's Rule 1420 (Emissions Standard for Lead) that was
adopted in September 1992. The purpose of Rule 1420 is o reduce lead
emissions from non-vehicular sources. It applies {o all facilities that use or
process materials containing lead, including primary or secondary lead smeliers,
foundries, lead-acid battery manufacturers or recyclers, as well ag facilities that
produce lead-oxide, brass, and bronze. The samplers are located at or beyond
the property line of the facility and comply with U.S, EPA siting and operating _
criteria. Lead samples are generally collected on a 1-in-6 day schedule, akhough
samples are collectad more frequently at sites with the highest concentrations.

Based on iead data cotlected during 2008 {when sampling began at the District's

Exide Rebrig Pacific site), the maxlmum rolling three-month average for

Los Angeles County is 2.49 pg/m®. This value reflects the January through

March 2008 three-month period and excesds the 0.15 pgim® federal lead

standard. Because lead concentrations at the Rule 1420 samplers are

associated with specific facilities, and Jead concentrations drop off fairly rapidiy

. with distanee from the source, ARB staff recommends the nonattainment area be
limited 1o the portion of Los Angeles County that is located in the South Coast Air

Basin. :

Atfalnment Area
Imperial County

imperial County is located in the Salton Sea Air Bagin. Lead sampling data are
available for the Calexico-Ethel Street site which is located near the border
between the United States and Mexico. Although ambient lead concentrations in
the Calexico area may be impacted by lead emissions from cross-border mobile
sources, at the time this report was written, it does not appear there are any
sigrificant non-vehicular sources located in the County. The Calexico lead data
are complete for November 2005 through December 2008, and they show a
design value of 0.03 pg/m® for the May through July 2007 three-month period.
Bacause the data are complete for the three-year period and the design value is
lower than the revised standard, ARB staif recommends Imperial County be
desighated as attzinment for the federal lead standard.




Unclassifiable Areas

in addition to Imperial County and the Los Angeles County portion of the South
Coast Air Basin, Table 2 includes a list of all remaining areas in California. ARB
recommends these remaining areas be designated as unciassifiable for the
revised federal lead standard. While nearly all these areas have no ambient lead
data, some sampling data are available for sites in Riverside and San Bemardiro
counties in the South Coast Air Basin. Although the rolling three-month averages
for these sites are lower than the federal standard, the data are not complete for
the three-year period. As new samplers are deployed over the next two years,
ARB will begin to build the datsbase necessary for resolving these unclassifiable
designations.

MONITORING REQUIREMENTS

As described earlier, the phase-cut of lead in gasoline (except for limited aviation
applications) and long-term attainment of the Jederal lead standard kas been one
of California’s most dramatic success stories. Consequently, over time, the
number of lead moniiors has been significantly reduced in California and
throughaut the nation,

With the success of removing lead from gasoling, remaining lead emissions

. come from sources such as batlery recycling, lead smelters, cement and glass
manufacturing, metal mining and the use of non-teaded fuel in certain generat

aviation applications (but not in commercial passenger aircraft). Additionally,

lead is a persistent poliutant that can end up in soil and dust, and re-enter the air,

often many years after it was originally emitted.

To address this issue, U.S. EPA is requiring samplers near industrial sources
emitting at least one ton per year of lead, and these samplers must be deployed
by January 1, 2010 (Notfe: Although the current regulation specifies a one ton
per year thrashold, U.S. EPA is considering reducing the threshold to a lower
level). ARB staff evaluated all of the availabie emission inventory databases,
and worked with air districts to identify the industrial sources that would be
subject to this monitoring requirement. At the time of the release of this Staff
Report, the only region in Cafifornia with sources subject to this requirement is
the Los Angeles County portion of the South Coast Air Basin,

In conjunction with monitoring near industrial sources, the U.S. EPA is also
Yequiring monitoring to track population exposure fo ambient lead concentrations.
Population-oriented samplers will be required by January 1, 2011, in each Core
Based Statistical Area (CBSA) with a population of at least 500,000. CBSAs are
defined by the U.S. Office of Management and Budget {OMB} for use by federal
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agencies and are intended to provide nationally consistent definitions, A CBSA
typically includes at least one urban area, as well as adjacent communities tied to
each other through economic, employment, and commuting patterns.

There are 11 CBSAs in California that meet this population threshold, as showi
in Table 2. Figure 3 shows which counties within these CBSAs currently have
lead samplers and which additional counties might require sampling. ARB and
the local districts, using U.S. EPA’s menitoring criteria, will complete a more
thorough evatuation o determine the best places to site these samplers befare
the 2011 deployment deadline. When data from these new samplers become
avaitable, they will be used to resolve some of the recommended unctassifiable

designations,

TABLE 2
~ Core Based Statlstical Areas In Californla
with a Population of 500,000 or More

16

Los Angeles-Long Beach-Santa Ana Los Angeles and Orange Sam
Riverside-San Bernardine-Ontaric Riverside and San Bamarding 4081
San Dlego-Carishad-San Marcos San Diego ' 2975
San Francksco-Oakland-Fremont g‘l:nm%ug;g?:;‘gz m:[;;: 2.484

Sacramento-Arden Arcade-Rosevile El Dorado, zfdn?agacramenm. 2.081.
San Jose-Sunnyvale-Santa Clara San Benite and Santa Clara 1.804

Frasno Fresno 0.899
Comard-Thousand Oaks-Yentura Ventura 0.758

' Bakersfield Kemn County . 079
“Stockten San Joaquin County 0.671

Modesio Stankslaus County 0.511

* July 1, 2007 data provided by U.S. EPA,
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FIGURE 3

California Counties in
Core Based Statistical Areas
that Must Sampie for Lead

County in CBSA* that
must sample for lead

Courity with existing
sampler in CBSA that
must sample for lead
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SUMMARY

This report summarizes ARB staff's recommendations regarding area
designations for the revised federal lead standard. It also discusses new lead
monitoring requirements. ARB staff recommends the U.5. EPA designate the
Los Angeles County portion of the South Coast Air Basin as nonattainment and
dasignate Imperial County as attainment for the 0.15 ug/m® federal lead
standard. Staff recornmends that all other parts of the State be designated as
unclassifiable because data are either incomplete or not available. These
unclassifiable designations will be resoived over the coming years, as the lead
sampling network is expanded.

-10-
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CALIFORNIA AIR RESOURCES BOARD

NOTICE OF PUBLIC MEETING TO CONSIDER THE APPROVAL OF A DRAFT
REPORT: PLANNED AIR POLLUTION RESEARCH, FISCAL YEAR 2009-2010

The Air Resources Board (ARB or Board} will conduct a public meeting at the time and
place noted below to consider a draft report, titled “Planned Air Pollufion Reseaich,
Fiscal Year 2009-2010."

DATE: September 24, 2009

TIME: . 800 am.

PLACE:  South Coast Air Quality Management District
Auditorium
- 21865 East Copiey Drive

Diamond Bar, California 81765

This itern will be corsidered at a two-day meeting of the Board, which will commence at
5:00 a.m., September 24, 2009, and may continue at 8:30 a.m., on Septernber 25, 2009.
This item may not be considered until September 25, 2009. Please consult the agenda for
the meeting, which will be availabie at least 10 days before September 24, 2009, to
determine the day on which this itém will be considered.

If you require special accommodations of 1anguagé needs, please contact the Clerk of
the Board at (916) 322-5594 or by facsimile at (916) 322-3928 as soon as possible, but

no later than 10 business days befare the scheduled Board hearing. TTY/TOD{Speech
to Speech users may dial 711 for the California Relay Service.

California Health and Safety Code (HSC) sections 39700 and 39703 establish ARB's
research program. it directs the Board to coordinate and administer alt air pollution
research that is funded, to any extent, with Stafe funds. To facilitate this process, HSC
Section 39705 directs the Board to appoint a Research Screening Committee {(RSC) to
give advice and recommendations on all air poliution research projecis proposed for

- funding. :

The draft report is comprised of research ideas for the current fiscal year. The ideas
were submitted by the general public, business and académic communities, and-ARB
staff, More than 300 research ideas were submitted and provided to the RSC for
review and comment. The RSC met on August 20, 2009, approved the final list of
projects. -

Consistent with long-established policy, the Board meets annuaily with the RSC 1o
 review and discuss ongoing projects and research proposed for the next fiscal year. At
the September 24, 2009 meeting, ARB staff will present its draft report, Planned Air
Foliution Research, Fiscal Year 2009-2010, to the Board for approval. The report
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describes projected funding allccations and praposed research projects, some -

~ recommended for funding and others recommended if funding becomes available.
Copies of the repott may be obtained from ARB's Public Information Office, 1601 |

Street, First Floor, Enviranmental Services Center, Sacramento, Califomia, 85814,

(916) 322-2090, September 14, 2009. The report may also be abtained from ARB's

website at httg:L-'wm.arb.ca,gcufreseamhfggr.-‘ggr.htm.

Interested members of the public may also present comments orally or in writing at the
. meeting and may be submitted by postal mail or by electronic submittal before the
meefing. To be considered by the Board, written comments submissions not physically

submitted at the meeting must be received no later than 12:00 noon. September 23, 2009,

and addressed to the following:

Postal mail: Cierk of the Board, Air Reéaqrces Board
1001 | Street, Sacramento, California 25814

Electronic submittal: hgg:.-‘m.arb.ca.gowlisgubfcnmm.-'bclist,gng

Please note that under the California Public Records Act {(Government Code

section 8250 et seq.), your written and oral comments, attachments, and associated

contact information (e.g., your address, phone, email, etc.) become part of the public
record and can be released to the public upon request. Additionally, this information
may become available via Google, Yahoo, and any other search engines.

' The Board requests, but does not require 20 copies of any written submission. Also,
ARB requests that written and e-mail statements be filed at least 10 days prior to the
meeting so that ARB staff and Board members have time to fully consider each
comment. Further inquiries segarding this matter should be directed to Susan Fischer,
Air Resources Engineer, (816) 324-0627, Air Resource Board, 1001 | Street,
Sacramento, California, 95814. ' .

. CALIFORNIA AIR RESOURCES BOARD

% QM@

James N. Goldstena
Executive Officer o

Date: septesber 14, 20609

The anergy challenge facing California is real. Every Cafifornian naeds io take immediate action to reduce
enargy consumption, For a fist of simple ways you can reduce demand and cut your energy costs, see
our wehsfte af www.arb.ca.gov
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The statements and conclusions in this paper are not necessarily those of
the California Air Resources Board. The mention of commercial products,

their source, or their use in connection with material reported is not to be

construed as either actual or implied endorsement of such products. Te
obtain this document in an alternative format, please contact the Alr
Resources Board Disability Coordinator at {816) 323-49186 or 7-1-1 for the
California Relay Service. This report is available for viewing or
downloading from the  Air Resources Board's Internet siie at
http:/fwww.ath ca.goviresearchiapriapr.him, :
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SUMMARY

. This report presents the Air Resources Board's planned air pollution research for the
fiscal year 2009-2010. Twenty-one projects that support the ARB's programs are.
recommended for funding. An additional fifteen projects are offered for consideration,
should additicnal resources become available. This research portiolio is organized by
key policy and regulatory drivers: Health Effects and Exposure, State Implementation

“Plan Support, and Climate Change. Issues related to agriculture and environmental
justice are integrated into several of these primary categories.

This annual plan proposes research in the areas listed above, with a significant effort to
further inform health impacts of air poliution, develop technologies and behavioral
change strategies to reduce emissions of greenhouse gases, improve emission
inventories, characterize and assess the behavior of pollutants in the atmosphere, and
reduce emissions of conventional air poliutants and their precursors, The fotal budget
for projects recommended for funding is approximately $5,310,500.

Vi
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INTRODUCTION

The Air Resources Board (ARB) sponsors & comprehensive program of research -
addressing the causes, effects, and possible solutions to air poliution problems in
California. This research program also provides support for establishing ambient air
quality standards. The Board's research program was established by the Legislature in
1971 (Health and Safety Code Sections 39700 et seq.) to develop a better
understanding of air pollution in California, including air pollution's effects on health and
the environment, atmospheric chemistry and transport of pollutants, and inventory and
control of emissions. Several legislative mandates have expanded and further defined
the scope of the program in recent years. For example, ARB's growing research interest
in climate change issues is refiected by Assembly Bill 2991 (Nufez, 2008), which
expanded membership of ARB’s Research Screening Committee to include twao experts
on climate change. :

The ARB's mission to protect Califonia's public health, welfare, and acclogical
resources is supported by a Strategic Plan for Research covering the years 2001-2010.
‘Based on current and anticipated regulatory priorities, the Strategic Plan provides
direction for the ARB’s research program. The Plan can “be dﬂwnluaded from:

http/fwww.arb.ca goviresearch/apr/apr.htm,

This research plan is organized according to key policy and regulafory drivers that it
supports: Health Effects and Exposure, State implementation Plan {81P) Suppor, and
Climate Change, with issues related to agricuiture and environmental justice integrated
into several of these primary categories. Each key policy driver is accompanied by an
overview that indicates links between the research area and ARB’s mission, engeoing
research efforts in the area, research and knowledge gaps that need to be addressed,
and recommended research concepts. These contextual overviews are followed by the
twenty-one projects recommanded for funding and the f ﬂaen projects recommended if
additional funds become available. -

ARP's research porifolic comprises intense, coilaborative studies, some of which are
long-term and build on unique data sets, others that address specific implementation or
knowledge gaps as single madules. ARB funds niche projects that provide crucial input
to California's air quality regulatory programs and may be unlikely to receive support
from other funding agencies. In many cases, ARB technical staff play an active role in
the research that extends far beyond contract management.

The proposed research projects are not intended to be exhaustive or exclusive.
Unanticipated opportunities, unique or innovative study approaches, or urgency may -
lead to consideration of other projects. _ .

Objective of the Research Program. The goal of the research program is to provide
timely scientific and technical information that will aflow the Board and local districts to
make socund policy decisions and effectively implement air pollution control programs in
California. Specifically, this-plan supports ARB's missions to protect public health hased

il
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on the sound scientific understanding of health effects and exposures; develop and
implerment strategies to reduce greenhouse gas emissions in accord with the near-term
{2020) goals of the California Global Warming Solutions Act (AB 32) as well as longer-
term (2050) goals; develop effective strategies to safeguard health and welfare against
adverse impacts of ambient air pollution; and develep technclogies that address
mulliple pricrities related to environmental quality, from energy conservation and
emissions reduction to waste management,

Pracess for Deve!up:‘ng this Research Plan. The Board sends out a public solicitation
inviting and encouraging the public to contribute ideas for project consideration.
Members of the public, the academic community, and ARB staff submit research ideas.
To aid in the evaluation, the Board's Execuiive Officer established interagency
committees, led by ARB staff, to review research ideas. These interagency review
teams comprised, in addition to ARB staff, experts from state agencies with related
. research priorities and responsibilities .as well as experis from other state, air district,
federal, and non-profit institutions with scientific research or regulatory authority in areas
of policy relevance to ARB. In responsa to this year's solicitation, approximately 300
research ideas were submitted. Proposed projects were examined for relevance to
regulatory questions facing the Board, scientific and technical merit, and opportunities to
leverage State rescources through co-funding. Proposals were modified as necessary.
Reviewers then prioritized candidate projects in order of urgency and importance. The
Board’s scientific external review committee, the Research Screening Commitlee
{R3C), which was established by Health and Safety Code Section 38705, reviewed .
these candidate projects. A list of projects recommended for funding, as well as projects -
tc consider pending availability of resources, was compiled based on discussions
between interagency review commitiees, fesdback from ARB's divisions, and comments
from the RSC as well as an agricultural stakehelder outreach working group. This list of
recommended projects was submitted to the Executive Research Review Committes,
whose members are the Executive Officer, his three deputies, and the Chief of the
Research Division. The Executive Research Review Committee reviewed all of the
proposed projects and modified the draft list of projects recommended for funding based
on ARB's most pressing policy and regulatory needs. The RSC reviewed the selected
projects and recommended the Plan to the Beard.

Implementation of the Plan. The next step for projects approved in the plan will be
their development into full research projects. The submission and selection of an idea
does not guarantee a resulting contract for the submitter. Rather, the ARB is required to
consider public California universities for expertise to execute these projects. If the
universities do not possess the expertise, then a public solicitation is issued or & sole
source contract is awarded. A list serve distributes updates on research activities. To

subscribe fo the list serve, visit http./fwww.arb,ca.govilistserviresearch hitm.

Research Budget. The twenty-oha recommended projects total approximately $5.3
million. An additional fifteen projects totaling approximately $4.1 million are
~ recommended if resources become available, Allocations for the twenty-one projects

wili
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recommended for funding are organized according to key policy or regulatory drivers as

follows:

RESEARCH CATEGORY BUDGET

| Health Effects and Exposure $1,630,000
State Implementation Plan (SIP) Support $2,388,500
Climate Change $1,292,000
TOTAL $5,310,500

Project Co-sponsorships. The Research Division is continually looking for co-funding
opportunities and other ways to leverage the State's research dollars. This efiont allows
the ARB to be part of projects and studies that may otherwise lie beyond the state's
fiscal reach. ARB has successfully worked with other research organizations and has
participated in multmillion-dollar ¢collaborations. '

Summaries of Past Research. Projecis mmplated since the beginning of 1889 are
summarized in the Research Division's publication, Air Pollutonr Research, at

www.arb.ca.qoviresearch/apr/past/pasthtm. Research Division’s final reports are

available at the same web site.
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OVERVIEWS OF RESEARCH AREAS

Health Effects and Exposure

Policy Drivers:

» The Children's Environmental Health Protection Act (SB 25, Escutia, 1888)

« Defining and Reviewing Ambient Air Quality Standards (Title 17 of the California
Health & Safety Code, Section 39608)

+ [Diesel Risk Reduction Plan

« Exposure Assessment of Toxic Air Contaminants {California Health & Safety Code,
Section 39660.5) '

- » Regulation of Ozone Emissions from Indoor Air Cleanlng Devices (California Health

& Safte:tyr Code, Sectluns 41985 ef seq.}

Ongoing Efforts: The U.S. Environmental Protection Agency (U.S. EPA), as well as the
National Institutes of Healih {NiH) and the Health Effects Institute {HEI) are involved in
extensive research efforts that inform health effects and air quality standards,
Specifically, the U.S. EPA, as part of its Science to Achieve Results (STAR) program,
will be funding naticnal Clean Air Research Centers to support research on the health
effects of exposure to particulate matter, ozone, and other air pollutants, both singly and
in muitipoliutant atmospheres Priority research areas include: explaining regional and
temporal differences in air poliution risk; determining the origins and transformations of
multipollutant atmospheres and their constituents; defining exposure/concentration-
response relationships; assessing susceptibility; understanding PM seffects in a
multipollutant context; and developing greater understanding of PM and ozene health
efigcts.

LS. EPA’s Ciean Air Research Program also probes muitipollutant exposures and has
develuped a research strategy to address multipoliutant issues mcludmg

+ Laboratory studies to evaluate cnntmlled source emissions and health effects

.+ Laboratory studies of artificial mixiures that test hypothetical interactions that
may be driving more generalized atmospheric exposure mixtures.

+ Real-world studies in cities where emission, exposure, and health data can be
collected or integrated on multipollutant exposures that may impact human
health.

Areas of scientific investigation include: understanding the relationships between
sources of air pollutanis and atmospheric transformation to air pollutani products; |
understanding the health risks posed by mixtures of air poliutants; advancing
atmospheric and ' exposure modeling of multipollutants; develeping methods and
controls for scurces or air pollutants that impact health relevant emissions or products;
and determining a hierarchy of sources and related emissicn components regarding
relative health risks. As part of this effort, initial emphasis is directed to near-road
exposures since mobile sources emit a complex mix of gases, vapors, and particles.

Ongoing research projects funded by HEI emphasize mixtures of air pollution with a -
focus on particulate matter and gaseous pollutants, diesel exhaust, and air toxics. HEI

1
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funds theoretical, in vitro, animal, controlled human exposure, and epidemiologic
studies. For example HEI is supporting, among other topics, research on the toxicity of
particles from new diesel engines and research on accountability (effectiveness nf
ragulation for the rmpmvemrant of air guality).

ARB has funded and conductad cngclng community exposure projects for a wide range
of toxic air contfaminants{TAC), as well as PM, CO, NO, and other pollutants in
California, in various parts of the State, including southem coastal cities near ports.
Previously ARB has funded several largé personal and neighborhood sxposure studies,
as well as a study of exposures o diesel exhaust inside vehicles as they are driven on
the roadway. U.S. EPA and HE! have pravious or ongoing traffic and diese! exposure
research projects and a pilot fevel port worker exposure project.

ARB has aiso funded and conducted ongoing indoor air quality and persenal exposure
projects far a wide range of toxic air contaminants, as well as PM, CO, NO, and other
pollutants in California. Staff bave previously conducted in-house research to measure
azone from portable air cleansrs that emit ozone. U.S. EPA and the South Coast Air
Quality Management District {SCAQMD} have a few ongoing indoor air quality research
projects, including a pilot level project funded by SCAQMD to study the effectivenass of
indoor air cleaning devices in remnwng outdoor-generated particles and VDCs in a
smal! sample of classrooms.

Researcthnuwladga Gaps: To support its mission to protect public health, the ARB
must address a number of knowledge gaps regarding the harmful effects of air
pollutants.

+ While many epidemiclogic studies report statistical associations between air
pollutant exposure and a range of adverse health effecis, research to date has not
fully described biological mechanisms that could explain these associations.

« Differential ftoxicity of PM from various sources neads to be resolved. This
information could lead to control measures targeted at sources that have the
greatest impact on health. Of particular concem is the relative toxicity of ulirafine
PM, which has been proposed to be highly toxic, but little published information is
available to support this hypothesis.

+ Air guality measurements at ambient monitoring stafions routingly show cansistent
associations with importan{ health endpoints. However, actual human exposures
sometimes differ substantially in temporal and spatial distribution from those
observed at monitoring stations. More focused monitoning and exposure assessment
efforts - are needed to betler understand the impacts of diesel exbaust at the
community level and those associated with port activities, so that contral measures
can be beiter targeted to reduce exposure.

« Exposure 1o diesel exhaust is estimated {0 be the Iargest contributor to Catifornians’
cancer risk from ambient air pollution, as well as a notable contributor to the risk for
the worsening of asthma and other harmful health effects. As regulations and
policies are implemented to meet Board-approved diesel exhaust risk reduction
goais for 2010 and 2020, near-source and personal exposure information is needed
to determina time trends of actual heaith risks.

+ For some pollutants, individuals' activities naar key sources contribute {0 indeor and
personal exposures that differ substantially from, and are often eievated relative to,

2
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air quality measuremenis at ambient monioring stations. More focused monitoring
and exposure assessment efforts are needed to better understand individuals’
exposures and impacts to TACs and criterfa poliutants.

+ Few meaasuraments have been made of ozone emissions from In-duct air cleaning
devicas (air cleaners installed inside ventilation system ductwork), but some such
devices appear to emit substantial amounts of ozons.

» There is growing interest in the use of air cleaning devices to help reduce asthma
symptoms, but the data availabie to date do not documnent their effectiveness.

« Exposures to and health impacts of secondary pollutants frem reactions of ozone
with indoor air warrant investigation.

» Climate change regulations will affect fuel compositions, vehicle emissions, fand use
patterns, and other technological and behavioral faciors with health implications.
Tools need to ba developed to delineate the benefits as well as potential adverse
effects of climate change regulations on human health,

¢ Health effects of mixtures of pollutants require research to determine whether—and
if $0, how—some poilutants in ambient air interact with or modify the effects of
particulate matter or other pollutants. .

« Studies are needed to identify, guantify, and lllummate mechanisms of biclogical and
genetic factors contributing to sensitivity to air poilution.

s As. technologies evolve, an emerging concern is the impact of nanoparticles in
producis and materials on personal and indoor exposures, including exposure both
to nanoparficles and to their toxic components (e.g., metals).

» In-vehicle exposures to VOC and semi-volatile organic chemical concentrations, as
well as occupants’ exposures from passenger ¢abin materials and producis, need to
be characterized because Californians spend a significant amount of time in
vehicles, which constitute potentially high-exposure settings.

Recommended for Funding -

Health Effects of Central Valley PM

PM2.5 has been associated wiih adverse human health outcomes; however, the
specific biological mechanisms involved in causing these outcomes are poorly
understood. The objective of this project is to elucidate the mechanisms linking
inhalation of PM to pulmenary and cardiovascular responses using mice as an animal
-model. The results will facititate assessment of PM-mediated health impacts, strengthen
the scientific basis for the PM standards, and help provide evidence for the adequacy of
the PM standards to protect the public. This project's cost-effectiveness is enhanced by
its use of substantial resources available through the US EPA-funded PM Center at UC-
Davis. {p. 6}

Proposed funding fevel: $450,000

Genetic' Control of PM-Induced Inflammation and Oxidative Stress in Subjects
with Coronary Artery Disease This study will add new, useful infomation on how
particles may induce or otherwise cause inflammation that may impact the progression
of cardiovascular disease. It will examine the genetic compeonent of air pollutant-related
adverse health effects. The study will evaluate genetic expression in relation to the PM
source, size and composition. In addition to addressing the biological mechanisms
leading to adverse health outcomes in human populations, the results from this
research may also heip the Board evaluate the nesd to regulate PM on a particle basis

3
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for the protection of public health. The proposed research is leveraged through data
afready collected in the parent research project funded by NIH. {p B)
Proposed funding fevel: $275,000

Using a Mobile Monitoring Piatform to Invesfigate Spatial, Diurnal and Seasonal
Pollution Gradients Near Freeways and Alr Quality improvements from New
Regulations in the Port Area

Individual exposures to air poliutants depend strongly on place as well as fime spent in
microenvironments, and are not accurately resolved by regionally-averaged air pollution
levels. This study will improve our understanding of how pollutants, particularly ultrafine:
particles, vary with location and time of day near freeways and arterial roads. This
understanding is essential for improving health effects studies that depend on exposure
assessment. Resuits of this research will aiso enable more accurate evaluation of the

- rate of improvement in air quality near the poris. (p. 11)

Froposed funding fevel: $280,000

_ﬂn-Rnad Measurement of Emissions from Heavy:Duty DIESEl Trucks: Impacts of
Fleet Turnover and ARB's Truck and Bus Rule

As California proceeds with implementation of new emission controls on heavy-duty
trucks, especially the truck and hus rule, over the next few years, major changes in
. fleet-average emissions, emission distributions, and relationships among various
pollutant emissions are expecied. This study will provide on-road confirmation of the
emissicn impacts of the truck & bus rule, and will provide complementary information to
a multi-year on-road assessment sponsored by the Naticnal Renewable Energy
Laboratory that started in 2008 in southern California. {p. 14)

Proposed funding level: $3{?{} 000

In-duct Air Gleanmg Dewces Uzone Emlssions and Test Methodology

The objective of this project is to develop a robust and easy to use test method to
measure ozone from “in-duct” air cleaning devices, and to measure emissions of ozone
and ozone reaction by-products from a sampie of in-duct air cleaners. ARB's currgnt air
cleaner regulation exempts in-duct air cleaners because there is little data on their
emissions and there is no accepted test methodology for them, yet some of these
devices intentionally emit ozone, and others have been shown to emit potentially
harmful levels of ozone. This project would provide critically needed emissions
information to determine whether regulation should be pursued; and a test method that
could be adopted if regulation is wamranted. (p. 16}

Proposed funding level: $325,000

Recommended if Additional Funding Available

Community Exposures to Traffic-Generated Pollutants

This research will refine what is known regarding concentrations -of traffic-related air
pollutants in community air and exposure levels experienced by pecple at elevated risk
of advarse health impacts. Results will aid identification of sources as well as factors
that mitigate exposures. This information will facilitate improved risk assessments and
design of pollution control programs that are most likely to reduce these rlsks {p. 18}
Proposed funding level: $800,000




35

Mitigation of Air Pollution Exposures from Land Use and Transportation
Measures to Reduce Gresnhouse Gases

~ This effort wili provide a preliminary assessment of tand use and building design
measures that can mitigate poiential increased exposures to air pollution associated
with altemative land use and fransporiation approaches undertaken fo reduce
greenhouse gases. It will also provide study designs sufficient to develop accurate cost
estimates for the research that is needed. Ultimately, research resulting from this and
follow-on projects will provide a definitive sssessment of mitigation effectiveness of the
measures and a solid scientific basis for the selection of statewide exposure reduchcn
measures. (p. 20} :

Proposed funding level: $300,600

Port Workers’ Exposure to Air Pollution

This project will characterize the exposure of port workers fo selected air pollutants,
including pariculate matter. Analysis will also evaluate changes in human exposures
with the implemeantation of the San Pedro Bay Ports Clean Air Action Plan. This study
- would provide exposure and micrognvironmentat concentration data at the parts and in
the community and would enhance ARB’s goods mnvement pmgram {p. 23}

Proposed funding level: $150,000

Evaluation of Secondary Pollutant Emissions from Portable “Air Cleaners”
Investigators propose to examine the creation of secondary reaction products (8.9,
aldehydes, VOCs) indcors, which are produced by the operation of portable air cleaners
that use new technologies. Since the adoption of ARB’s air cleaner regulation, new
alternate technologiss have been developed, which may have unintended effects, There
is concern that health risks from secondary indoor pollutants may exceed that of czone
associated with some portable *air cleaners”™ and could harm the health of those who
use these air cleaners regularly. (p. 25}

Propoesed funding fevel: $400,000

Comparative Effectiveness of Different Air Cleaning Technologies for Asthma
Triggers in Homes and Offices

The objective of this concept is to measure the effectiveness pof different types of
portable air cleaning devices and ventilation system fiters in removing parlicles and
ozone from indoor air in a sampie of homes and offices over a twelve-month period, and
to provide a cost-benefit analysis which will provide guidance to asthma sufferers. This
project would measure real-world effectiveness in typical Califomia buildings and
assess the effectiveness of the devices at removing both indoor-generated and outdoor-
génerated PM and ozone. Interest in, and the need for, filtration is increasing, especially
for those with asthma and ofher respiratory disease. This project will provide information
responsive to the public's interest, and subsequent outreach could supplement ARE S
program in indoor air quality. (p. 28]

Proposed funding level: $200,000
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Concepts Recommended for Funding

TITLE: Health Effects of Central Valley PM

PROBLEM: Numerous epiderniological studies demonstrate & correlation between
ambient particulate matter {PM) cancentrations and morbidity and mortality with lags
of 1 to 3 days, yet the mechanistic and causal links between heaith effecis and PM
concentrations remain’ unclear. We previously found asscciations between health
effects in mice exposed to concentrated ambient particles (CAPs) in Fresno, but there
ara no investigations into the time course for development of and recovery from.
particle-induced health effects.” We propose fo investigate the time course of
putmonary and systemic biclogical responses in mice exposed to Fresno PM using
lag times after exposure that could help explain epidemiclogical results.

'PREVIOUS WORK: Researchers at UC Davis have exposed animals to ambieni PM
in urban Fresno and the surrounding rural areas in both summer and winter, Results
to date show significant changes in chemokine and cytokine levels, increased total
inflammatory celt number, increased number and proportion of neutrophils, and
evidence for systemic platelet activation in animals exposed to concentrated ambient
particles. Measurements assessing adverse effects by us and others have typically
been performed either immediately after exposure ends, or on the next day, although
the optimal time for post-exposure measurements is unknown. It is possibie that
important indications of advarse changes are being missed due to lack of knowledge
about the time ocourses of different endpoints {i.e., puimonary, cardiovascular,
inflammatory, platelet activation). Data from ozone-exposed human subjects indicates
that different biomarkers of inflammation are elevated in the lungs at different times
post-exposure. This reflects the tima course of the inflammatory cascade mechanism,
as well as the injury-repair cycle. There is no similar information in the literature for
any category of endpoint for PM exposure.

OBJECTIVES: The propased work will assess the toxicity of urban and background
PM from the San Joaquin Valley on pulmonary and cardiovascular systems in a
mouse model chserved at different times post-exposure. . Results will facilitate
improved assessment and source attribution of PM-mediated health impacts and may
iluminate mechanisms by which PM affects pulmonary and cardiovascular sysiems in
humans.

BESCRIPTION: In the research proposed here, we will expand our research program
by investigating the different pulmonary and cardiovascular indicators that are elicited
at different times post- exposure. These experiments are motivated by epldemiologic
studies that have shown health effects lagging by 1, 2 or 3 days post-exposure. it is
likely that some health effects are elicited promptly while others take some time to be
observed. Both pulmonary and cardiovascular endpoints will be assessed, and the
composition of the PM will be analyzed chemically for source apportionment.

We propose to:
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1. Expcse mice to conoentrated ambient particles in Fresno durmg wmter and
summer.

2. Employ a staggered set of post-exposure times to explore the temporal nature
of different responses to concentrated ambient particles.

3. Assess markers of cardiovascular heath effects induced by this PM.

4. Assess markers of pulmonary health effects induced by this PM.

5. Source apperiicn the PM to correlate health effects with sources.

Animals will be exposed to CAPs at the East Shaw Avenue Monitoring Site in Fresno,
California where we have performed exposurgs previously and observed heakh
effects using the University of . Southemn California (USC) Versatiie Aerosol
Concentrator Exposure System (VACES) at the same time of year and for the same
- length of exposure proposed here. UC Davis is also developing an improved version
of VACES under contract with ARB that can also be deployed for these studies. We
will use HiVol samplers to coliect coarse PM and PM2.5 for in vitre and in° vivo
laboratory exposures. Assuming that funding is established before the end of 2008,
we will perform the exposures in the summer of 2010 and winter of 2011, June of
2010 is optirmum for exposures because the CalNex and CARES field campaigns wilt
be taking place so a greater range of ambient measurements will be available for cur
study. Due to the limited funding, chemical analysis and source apportionment will
only be performed on PM2.5. If SAHERC funding Is renewed, U.S. EPA funds will be
used for chemical analysis and source apporticnment of size-resolved PM sarnples as
with previous SAHERC field studies. :

There will be two experiments; one during summer 2010 and the other during winter
2011. In both experiments, mice will be exposed to CAPs for 10 days, € hours per
day. There will be a group of 8 mice exposed to filtered air, and four groups of 8 mice
that will be exposed simultaneously to CAPs. Two filtered air exposed animals and
one group of B CAPs exposed mice will be sacrificed at each of the following post-
exposure time points: 1, 2, 4 and 6 days post-exposure. All 40 animals will be
acclimated to the Fresno site one week prior to exposure. At 16, 14, 12 and 11 days
pre-necropsy, sach group will begin exposure o the 10-day, 8-hr/day regimen. After
the 16 day exposure protocol, the animals will be sacrificed and analyzed for a wide
range of pulmonary and cardiovascular endpeints, as noted below.

BENEFITS: PM is the most serious air pollution problem in California. Air guality
standards for PM are based on epidemiological studies that can not demonstrate
causality, and current understanding of the biological basis for epidemiological
associations is incomplete. This study is designed to clarify biclogical mechanisms
and lags linking inhalation of PM to pulmonary and cardiovascular responses, which
will strengthen the scientific basis for the PM standards, and enable ARB to be more
corfident that the standards adequately protect the public. :

COST: $450,000

COFUNDING OPORTUNITIES: Pending renewsl of the San Joaquin Valley Health
Effects Research Center (SAHERC) fundlng, an $8M co-funding effort will be
proposed {¢ the U.S. EPA.
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TITLE: Genetic Control of PM-dnduced Inflammation and Oxidatlve Stress in
Subjects with Coronary Artery Disease

PROBLEM: Findings in cohort and time series studies suggest that environmental -
exposure to pariculate matter {PM) air poliution is associated with increases in
cardiovascular hospitalization and mortality (7). Pathophysiological mechanisms
underlying epidemiclagical findings as well as information regarding PM sources and
chemical components rasponsible for these associations are beginning to emerge.
" There is evidence to support the hypothesis that ultrafine particles (UFP) and their
organic componenis are capabls of inducing the greatest amount of oxidative stress
and inflammation per unit of PM mass {(2-4), However, accurate exposure assessment
methods (5) have generally been lacking in epidemiologic studtes to date. Furthermore,
there is little data on whather increased exposure to air poliution is assoclated. with
changes in mRNA expression reflecting biological processes linked to oxidative stress
and inflammation. Most relevant gene expression data has come from in vifro studies or

animal models. it is unclear whether these findings can be extrapolated to humans. The
proposed study will address gaps in understanding mechannsms of PM induced
cardiovascular health effects in human populations.

PREVIOUS WORK: Associations of r.:irculating biomarkers of inflammation as well as .
antioxidant enzymes with outdoor PM among people with coronary artery disease
{CAD) have been demonstrated, in particular associations involving markers of primary
combustion aerosols and quasi-UFP particles <0.25 pm (3,4). Howeaver, there is limited
understanding of complex biclogical pathways by which PM exposure might trigger such
systemic responses (6).- An epidemiciogic approach is to evaluate whether increased
expasure to air pollution is associated with changes in mRNA expression reflecting key
biological processes. in vitro data has shown that air pollutants can induce gene
expression representing antioxidant response, inflammation, coagulation, endothelial
function, and apoptosis in endothelial cells, epithelial cells, monocytes, and
macrophages, There is some data showing gene expression changes in animals such
as hyparcholestarolemic mice exposed to urban UFP (7-8), but human data are limited
to one small study of 15 welders (9) and another small cross-sactional study of 47
children in the Czech Republuc (10). There are no data an whether gene expression in
relevant ‘biological pathways s associated with urban PM exposure in humans at
lncrsasad cardiac risk from advanced age or CAD.

OBJECTIVE: To assess whether key genes of inflammalory and oxidative siress '
responses arc differentially expressed in peripheral biood of subjects with CAD in

refation to air pollutant exposures measured at indoor and outdoor home sfies. We

hypothesize that the expression tevel of genas involved in hiological pathways relevant

to cardiovascular acute responses and disease progression will be aitered following

higher PM axposures. We will svaluate within-subject differences in repeated gene

expression in relation to particle size, PM composition and sources of exposure that

have a major contribution to personal and indoor PM concentrations. -

DESCRIPTION: This research to determine the expression levels of candidate gene
transeripts in subjects from an ongoing funded pane! study, and investigators will merge
this data with available intensive exposura and health outcome assessments nearing




39

completion for an NIH, NIEHS-funded panel study (grant no. ES-012243; with
supplemental funding through ARB contract no. 03-329 and US EPA grant no.
RD&3241301}. Principal investigators collected repeated measures to evaluate acute
cardiovascular health effects of exposure to PM, with a focus on ultrafine particles.
Enrolled subjects with complete. home exposure and health ouicome data include 60
alderly nonsmokers living in retirement communities in areas of the Los Angeles air
basin with high air pollution levels. Each subject has been followed over a 7-month
pericd with up to 12 blood dravs for whole biood total RNA at the same time blood
samples were taken and already analyzed for biomarkers of inflammation and oxidative
stress. The parent study scope of work did not include gene expression research.
Subjects were foliowed weekly on site by ressarch technicians. Diaries were used (o
monitor medication use, time-activity patterns, and exposure conditions. Extensive
baseline and prospective cardiovascular clinical data are available.

BENEFITS: This project will contribute substantial new data to improve understanding
of the air poliutant characteristics and sources that affect gene expression among
elderly Californians at greatest risk of cardiovascular morbidity and moriality. Because
subjects living in the LA Basin’s most pollutant areas were followed at home for 12
weeks, results will provide clues to mechanisms not otherwise discoverable using
experimental approaches. The greatest strength of this proposal is the use of a
. potentially powerful new tool in population studies o measure biological response to
environmental stressors in -what will be the largest study of its kind to date. Resulis of
this study wiil establish a foundation for additional clinical research involving repeated
measurements fo vield information about exposure time-dependent gene expression.

COST: $275,000

COFUNDING/COLLABORATION OPPORTUNITIES: This project wil leverage
substantial resources in the form of data collected in the parent research project funded
by NIH, NIEHS. It Collaboration with an ARB-funded, additional major exposure
assessment effort for the NIEHS project will enable pringipal investigators io evaluate
effects from a broad range of particulate air pollutant sources and compenents. Ongoing
EPA-funded research (Southern California Particle Center) is assessing oxidative stress
biomarkers in the same subjects. Collaboration will make it possible to explore links
between gene expression, protein expression, and oxidative stress.

REFERENCES:

1. Pope CA 3rd, Dockery DW. Heaith effects of flne particulate air poliution: lines that connact. J
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48,

3. Delfino RJ, Staimer N, Tjea T, Polidori A, Arhami M, Gillen D, Kieinman MT, Vaziri N, Zaldivar
F, Longhurst J, Sioutas C. Circulating biomarkers of inflammation, antioxidant activity, and
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TITLE: Using a Mobile Monitoring Platform to Investigate Spatial, Diurnal and
Seasonal Pollution Gradients Near Freeways and the Alr Quality Improvements
from New Regulations in the Port Area

PROBLEM: An understanding of the variability and exient of the steep pollution
gradients in close proximity to combustion sources is emerging, but significant gaps
remain, particularly concerning the diumal variability and pollutant levels during calm
conditions at night and in the early moming. Broad areas of highly slevated pollutant
levels in the early moming likely play a disproportionate role in individual exposures to
air poliution [1]. For the population of many urban areas, the most important, locally-
variable scurce of poilution exposures are motor vehicles on freeways and major
arteriale. in éarlier mobile platform (MP) siudies we have shown this is particularly true
for the port area of Los Angeles and Long Beach which have exceptionally high
densities of mobile sources of poliution sources, especially heavy duly diessl trucks
{HDDT). Since HDDT's are a target of regutations o protect human heaith by reducing
diesel emissions it is critical to monitor the effectiveness of these regulations.

PREVIOUS WORK: The ARB-developed mobile platform (MP) continues to
demonstrate the great versatility and power of using an instrumented elactric vehicle to
rapidly collect pollutant concentration data, with excellent spatial and temporal
resolution, over a wide range of microenvironments [1-8]. Using the MP in 2008 in West
Los Angeles, researchers showed that in the hours immediately preceding sunrise,
average ultrafine particle concentrations exceed daytime downwind vaives by factors of
2 to 4 in the first 1000 meters downwind of the freeway, even though traffic flows are
lower during the pre-sunrise period than daytime [1]. Further, concentrations of ultrafine
particles and other traffic-related pollutants during stable conditions did not retum o the
background level until about 2500 meters downwind, thus affecting many times more
people than during daytime, when pollutant levels return to background within about 300
m [9, 1G] It is suspected these extended high concentration gradients occur in all
seasons, and can be generalized fo other major roadways, but this needs to be
- confirmed with additional measurements,

Also of concern are the communities downwind of high denstiies of diesel truck and rail
emissions in the port areas of Los Angeles, the target of manhy new and existing
regulations aimed at reducing such emissicns, Data are availabie from 2006 and 2007
characterizing araas around the 710 freeway as well as in Wilmington, Carson, and San
Pedro, These data can be used to create a baseline for a long-term trend analysis of the
effeciiveness of the new regulations in reducing exposures to residents near the ports. -

OBJECTIVE: Objectives are threefold: 1. Generalize the wide impact area of freeways
under stable atmospheric conditions, particularly during the night and early moming,
and betier characterize the impact area phenomenon and its relationship with the time
of day. 2. Investigate the diurnal variation of freeway and arterial road impacts due to
heavy truck traffic in the port area, and 3. Provide on-going monitoring to track
improvements in the air quality in the port area as new regulations aimed at reducing
emissions come into force,

"
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DESCRIPTION: This project seeks to continue to exploit the ability of the mobile
platform {MP} to efficiently produce spatially- and temporaily-resolved measurements.
- The MP is a self-pollution free electric RAV4 vehicle instrumented with fast instruments
to monitor ultrafine particle number and size distribution, PM 2.5, black carbon and
particle-bound PAH mass, CO, CO; and NOy, wind speed, direction, temperature and
relative humidity and records of traffic activity on video. To make a detailed assessment
of pollutant buffers surrcunding freeways, investigators will develop a sampling ptan. that
will seek to moniter a range of atmospheric stability conditions, to characterize air
pollution gradients under the range of diurnally variable mixed layer conditions typically
found in California. Atmospheric stability data wili be obtained from the network of
“vertical profilers managed by the South Coast Air Quality Management District,
supplemented in the fowest few hundred meters above ground level with additional
instrumentation if possible. :

BENEFITS: Individual exposures to air poliutants depend strongty on place as well as
times spent in micreenvironments rather than on regional averaged air poliution levels.
This study seeks to greatly improve our understanding of how pollutants, particularly
ultrafine particles, vary with location and time of day, near freeways and arterial roads.
These results are essential for more accurate exposure assessment. Results will also
enable improved evaluation of the rate of improvement in air quality near the ports.

COST: $280,000
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TITLE: On-Road Measurement of Emissions from Heavy-Duty Diesel Trucks:
impacts of Fleet Tumover and ARB’s Truck & Bus Rule

PROBLEM: New on-road heavy-duty (HD) diesel exhaust PM emission standards are
. effective for 2007 and newer model engines nation-wide. Furthermore, ARB recently
adopted the Truck & Bus rule in December 2008; this rule will accelerate the
depioyment of control equipment such as diese! particle filters on older engines that are
. already in use. Some engines will be retired instead of undergoing retrofits. In either
case, ARB's truck and bus rule will greatly accelerate penetration of the 2007 heavy-
duty engine PM emission standards fo the in-use truck fleet, completing a clean-up
- effort by ~2014 that would otherwise take another decade or longer to achieve. On-road
. emissions data will help to document and support the emission and air quality benefits
of ARB’s emission control program in this area.

PREVIOUS WORK: HD digsel truck exhaust PM emissions have been measured on-
road at the Caldecott tunnel during summers 1897 and 2006 {Kirchstetter et at., Atmos.
Environ. 1999; Ban-Woeiss et al., Atmos. Environ. 2008; Ban-Weiss et al., Environ. Sci.
Technol. 2009). The most recent study in 2006 for the first time provided data on
particulate emission factors from over 200 individual diesel trucks (previous siudies
reported only fleet-average emissions data). The 2006 measurements described
variability and inter-relationships affecting particuiate matter emissions (specifically BC
= black carbon, and PN = particle number) from individual heavy-duty trucks. There was
minimal overiap between high BC and high PN emitters: when BC emissions were high,
new PN formation via nucleation was inhibited due to condensation onto existing BC
particle surfaces. Changes in emission factor distributions are expected as fleet
average emissions decrease over time: distributions are likely fo become more skewed.

OBJECTIVE, Measure amission factor trends and distributions for heaw—duty diesel
trucks driving through the Caldecott tunnel in 2010 and 2012,

DESCRIPTION: Pollutant concentrations will be measured in 2 mixed traffic bore of the
Caldecott tunnel, in a ventilation duct above the traffic. Large diesel trucks with vertical
exhaust pipes inject their axhaust emissions near the top of the tunnel where air
" sampling equipment inlets will be located. Measurements wili be made for uphill traffic
on a 4% grade (the uphill grade poses a significant load on truck engines). Previous
work indicates that during midday hours on weekdays, diesel trucks pass by at a rate of
about 1 per minute, and that pollutant concentrations (BC, PN, NOy, and CGO;) increase
well above tunnel background lavels. Specific poflutants to be measured at t Hz:

* CO3 (LICOR-820 already purchased & available) .

* BC (Magee Scientific aethalometer — already purchased & auallab!e}

* PN {water and butanol CPCs - already purchased & availabla)

* Dustrak PM mass (TS| - available through LBNL}

* size distribution (FMPS to be borrowed from ARB - electrometer-based

particle counting}

* Total NOx (ECC Physics CLD 64, on order for delivery in summer 2009}

Investigators will measure at least 500 individual heavy-duty truck exhaust plumas in
two separate field campaigns to take place in summer 2010 and 2012. Investigators will
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calculate emission factors for all of the above pollutanis via carbon balance methods
(i.e., nomalize pollutant of inferest to total carben — mainly COz — concentration inside
the tunnet). investigators will analyze emission trends over time by comparing fleet-
average emission factors and dlstnbutluns measured at the same site with similar
driving mnﬂltlons :

BENEFITS: As California proceeds with implementation of new emission controls on
heavy-duty trucks, especially the truck & bus rule, over the next few years, major
changes in flest-average emissions, emission distributions, and relationships among .
various polluant emissions are expected, This study will provide on-road confirmation of
the emission impacts of the fruck & bus rule, and will provide complemantary
information to a multi-year on-road assessment sponsored by NREL that started in 2008
in southern California, and will continue for the next 4 years, The NREL study refies on
remote sensing to measure HD vehicle emissions.

Information on the distribution of emission factors across a large on-road sample of
heavy-duty frucks will complement chassis dynamometer testing programs that support
the state’s emission inventory and planning needs. Specifically, the emission factor -
distributions to be developed here will provide data on the prevaience and emission
levels of high-emitting vehicles. Although their numbers can be relatively small, these
high-emitting vehicles are very important in terrms of the overall emissions budget from
HD trucks. However, these high-emitting vehicles are difficult to account for in
dynamometer-based test programs that are limited in terms of sample size due to
budget constraints.

COST: $300,000
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TITLE: In-duct Alr Cleaning Devices: Ozone Emissions and Test Methodofogy

PROBLEM: In 2007, the ARB adopted a regulation that limits ozons emissions from
indoor air cleaning devices. Air cleaners physically integrated within a central ventilation
system, called “in-duct” air cleaners, were exempted from the requirements of ARB's
regulation because no suitable test method was available for measuring ozone -
emissions from such devices, and few data were available on their ozone emissions o
support regulation. However, there are a number of in-duct intentional ozong generators
as well as in-duct electrostatic, ionizer, and uttraviolet air cleaners known to emit ozone
that are marketed in California. There is reason to believe that some of these may
generate significant amounts of ozone and/or ozone reaction byproducls such as
formaldehyde. The presence of ozone in.the indoor environment has known, serious
. health consequences, in addition to detrimental effects on building and huusehuld
materials.

The current California regulation relies on the test method described in Section 37 of
Underwriters Laboratory Standard 867 {UL. 867) to certify compliance of portable indoor
air cleaning devices with the 0.050 ppm emission concentration limit. However, while UL
uses UL 867 to test in-duct air cleaners for their elecirical safety, UL 867 does not
include a suitable test method for measuring czone emissions from in-duct devices.

PREVIOUS WORK: Measurements of ozone emissions from in-duct, intentional ozone
. generators are not generally available. However, Viner ef a/. (1992) measured air ozone
emissions for three HVAC electrostatic air cleaners. Their findings suggest that some
electrostatic air cleaners on the market generate more than 20 mg/hr of ozone, an
amount considerably greater than most ion generators (1- 5 mg/hr, Mullen et af,, 2005;
Britigan et al., 2006; Waring ef al., 2008) and Jess than most portable dedicated ozone
generators (31 - 220 mgthr, Mullen et at., 2005; Britigan ef af., 2006). There have been
changes in electrostatic air cleaner design since Viner ef af conducted their study (i.e.,
‘the use of pin ionizers rather than coronas in some models) as well as newer
information on the impact of dirty coronas, ozone reaction byproducts, and other factors
than point to increased ozone emissions. In addition to the ozone emitted from the air
cleaners, heterogenaous reactions of ozone with materials in a ducted system may -
produce unwanted aidehydes and other irritants; Research by Morrison ef al. {1588,
JAWMA)} indicates that exposure of ducted materials o ozone increased the emission
rates of aldahydes from a duct liner, duct sealing caulk, and neoprene gasket. Their
results also indicated that, contrary to some claims, air ducts in ventilation systems are
not likely fo be a major sink for ozone, but this needs to be verifi ed.

* OBJECTIVE: The abjectives of this project would be to: 1) develop a robust and easily
applied method to measure ozone emissions from central system, in-duct air cleaners;
2) apply this method to test modern in-duct air cteaner designs in the laboratory; 3) -
measure ozone and byproduct emissions from in-duct air cleaners in homes and offices
' during actual use; 4) estimate. the impact of these emissions on Californians’ exposures
to ozone and reaction byproducts; and 5) compare the ozone impacts to those from
portable intentional and unintentional ozone-generating air cleaners. This study would -
develop a test method for in-duct air cleaners that could be adopted by UL and ARB;
establish the relationship between tested ozone ievels for in-duct czone-generating air
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cleaning devices and incremental increases in ozone and byproduct concentraiions in
buildings; and help identify the potential need for regulation of in-duct devices.

DESCRIPTION: The work would entail laboratory tests, field research, and modeling of
potential ozone and reaction product concentrations within home and office
environments. First, investigators would develop -an ozone emission raie test
methedology appropriate for in-duct air cleaners. The methodology would take into
* account the large aiflows in typical HYAC systems, and variations in ozone emission
rate due to factors such as temperature, relative humidity, upstream particle
concentration, dust lcading, flow rate, and voltage fiuctuations. All of these factors are
Ikely to vary significantly and have been shown to impact ozone emissions. They also
would assess the potential for reaction of ozone on the air cleaner itself as well as on
ducts and downstream HVAC components. These reactions can artificially reduce the
measured czone emission raies, and produce a variety of compounds that are odorous,
irritating, and of serious health concern, such as formaldehyde.

Next, investigators would validate the test methadology in different test ducts at other
facilities to assess repeatability and reliability as well as ease of use. These results
would be used fo improve the test method. Then, the ozone emission rates of 6 -10
in-duct air cleaning devices commercially available in California would be determined,
using the methodoiogy developed. Next, testing would be conducied in feur hemes and
two office buildings to verify the relationship between laboratory- -measured emissions
and installed performance. Finally, using test data and modeling, investigators would -
-estimate: 1) the incremental increase in ozone concentrations in residental buildings as
a function of the measured emissicn rates from these units, 2) the anticipaied total
indoor ozone congentrations as a function of emission rates and a statistical analysis of
California building characteristics and other relevant regional information, 3) the ozone
and reaction product exposures for typical Californians in buildings with these devices,
and 4) compare the measured impacts to those from porable intentional and
unintentional ezone-generating air cleaners.

BENEFITS: This study would provide a test method and necessary data to support
inclusion of in-duct air cleaners in ARB’s air cleaner regulation, if warranted. Regulation
of all significant contributors of ozone in an indoor setting is appropriate and shouid be
further expiored. If warranted, -the resuiting regulation would reduce Californians’
axposures to ozone and the associated harmful effects of ozone and its byproducts.

COST: $325,000

17




48

Concepts Recommended if Funding Available

TITLE: Community Exposures to Traffic-Generated Pollutants '

PROBLEM: Pollutants emitted by or formed from the emissions of motor vehicles have
long been known to be harmful. Epidemiolegical studies have feund that peopla living
‘near roadways are more likely to suffer adverse health effects that include exacerbation
of existing asthma, heart problems, low birth weights, and even excess mortality.
Controlled animal, human and toxicological studies have reinforced these findings.
Components that have been found to be related to health impacts include: particle-
phase carbon, oxides of nitrogen; CO, organic vapors, PM2.5, ulirafine PM, PAHS,
quinones, reactive oxygen species, and diesel exhaust particles. However uncertainties
exist regarding which pollutant are causing these effects and what leveis are
encountered by people in the community. This [s partially because epidemiological and
biostatistical studies often use pollutant data that are quite limited, typically from reutine
air monitoring stations. These stations are intentionally sited to minimize the impacts of
iocal sources, such as traffic and monitor a short list of pollutants. An added problem is
that many of the poflutants are emitted by the same source. Thus, some reported
associations with measured poliutants may act as surrogates, or stand-ins, for the
actual harmful agent or agents.

The uncertainties regarding the specific potencies and level of exposure to the
components of traffic-related air poliutants make it difficult to assess risk with
confidence and to develop programs that efficiently control these risks. A key
uncettainty remains to be resolved: what harmful pollutants are present in near traffic
community air, including near readways, in cars, in homes, schools, and workplaces?

PREVIOUS WORK: Studiss have used differing approaches to assess the health
impacis of traffic-related pollutants. Near roadway studies have shown that ulirafine PM -
" and other primary pollutants diminish as they move from the rocadway, but may be found
at elevated levels for hundreds of meters. On-road expasure studies find that in-vehicle
~ exposure is a major contributor to UFP exposures for commuters. Statistical studies
which have used available data on health status or outcomes have feund that estimated
PM2.5, NO2, CO or ozone exposures are associated with increased rates of asthma,
low birth weights, moriality, heart problems and other outcomes. Other studies have
found that distance from roadways, or to heavy duty truck traffic is linked to health
impacts that include mortality rates and childhood respiratory illnesses. When more
refined pollutant exposure data are available for individuals in a community, health
outcomes such as reduced lung function development in children are seen 1o be
associated with NO,, PM2.5 and carbon. Cardiac function and blood markers of injury
and inflammation have been related to personal and indcor exposures to outdoor traffic
sources. Various approaches are employed to refine exposure/effects estimates for use
- in statistical studies of health outcomes. Thess include consideration of lifestyle and
" socioeconomic status determined from census data as well as limited air monitoring fo
refine local ambient air quality data. Land use has also been used to medet community
and population exposures. However, these methodologies and their reliance on the
available, limited monitoring data may misrepresent the nature and risks of pollutant
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exposures. Onse example is for NO, that has been found to be associated with a range
of health outcomes by epidemiclogical and siatistical studies. However, studies
performed in controlled human and animal exposure studies have not shown NG;
capable of causing such effects. A more probable explanation of the epidemiological
results is that NO- is a stand-in for harmful pollutants emitted by vehicles, such as NO,
UFP, or organics.

OBJECTIVE: The objective is fo determine the nature of community and individual
exposures io harmful trafiic generated-pollutants.

DESCRIPTION: The study would incorporate intensive, time and spatialty resclved air
monitoring for pollutants of concern regarding the health impacts of traffic, Based on the
findings of recent health studies these poliutants would include, as a minimum: ulirafine
PM, PM2.5 mass, carbon (black, organic, and elemental), primary and secondary
organic aerosols, CO, and, NOx. In-vehicle, near roadway, community, and indoor air
monitoring would be inciuded to both provide spatially refined concentrations and to
evaluate how the physical and chemical nature of these pollutants varies as they move
from scurce fo receptor, |

- The optimal deployment of this study would be to coordinate it with a health study {or
studies) in order fo improve the exposure data available for that study, as well as to
document the nature of the pollutant across a community and indoors. UCI has two
studies focused on.traffic-related pollutants that are anticipated to begin in the fall or
winter of 2009-2010 that would be candidates. The first would follow from successful
observations of elderly people with heaith problems. In that NIESH/ARB/SCAQMD
sponsored study performed by UCH, pollutants from cutdoor origin, especially organic
aerosols from traffic sources, were found to be associated with a range of health
cutcome measures. The second study is of asthmatic children whose respiratory health
would be evaluated for changes due to community and indoor air poliution exposures.
Extended air monitering would provide both studies with an improved ability to evaluate
how specific traffic related poflutants impact health. '

BENEFITS: This research will refine what is known regarding concentrations of traffic-
related afr pollutants in community air and exposure levels experienced by people at
elevated risk of adverse health impacts. Resulis will aid identification of sources as wall -
as factors that mitigate exposures. This information will facilitate improved risk
assessments and the desngn of pollution control programs that are most likely to reduce
these risks,

COST: $800.000
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TITLE: Mitigation of Air Poliution Exposures from Land Use and Transportation
Measures to Reduce Greenhouse Gases '

PROBLEM: As staled in SB 375 {Steinberg, 2008}, additional measures beyond
vehicle emission reductions, such as aliemative land use patterns and transportation
systems that will help reduce energy use, are nesded in order to meet the greenhouse
gas (GHG) emission reduction goals of AB 32 (Nunez, 2008). Measures such as
increased housing density, closer proximity of buildings to public fransit and roadways,
and more walkable and bikable communities have been identified as additional means
to achieve AB 32 goals. However, such broad measures can have unintended
consequences, in addition to the expected environmental and social benefits. For
example, greater proximity to busy freeways and arterial roadways can result in
increased exposure of the community to air poliutant emissions from vehicles and traffic
hoise (Zhu et al, 2002, 2006; Baldauf et al., 2008; Hu st al., 2009). Also, increased
building density and walkable/bikable community designs put commercial buildings ir
closer proximity to residential buildings, increasing exposures of residents to emissions
and noise from establishments such as print shops, restaurants, and autoe body shops.
Measures to reduce such exposures are available, bui have not been sufficiently
studied to support their use on a statewide basis. Mitigation measures that have been
used recently or are planned for use indlude set-back of buildings at a greater distance
from major- roadways; construction freeways and arterials below grade; the use of
sound walls, raised landscape berms and dense foliage as ‘pallutant interceptors or
diverters and for noise attenuation; design of buildings with air intakes on the downwind
side of the building away from major pollutant sources; the use of mechanical ventitation
and high efficiency air filtration in homes; advanced building technologies to regulate
outdoor air intake under high pollution conditions; and the use of reduced leakage and
other “whole building” measures to achieve zero energy buildings. However, only very
limited research has been conducted to date on maost of these measures to confirm and
quantify their actual effectiveness in mitigating exposures to air pollutants in the real
world. The data are generally insufficient to support them as statewide mitigation
measures o to allow quantification of the extent to which they would reducs the Jocat
population’s exposures to pollution from alternative land use patterns.

PREVIOUS WORK: Very little information is available on the effect of mitigation
measures to reduce pollutant transport from roadways into homes. Sound walls can
elevate the air pollutant plume from roadways and reduce downwind concentrations i
0-80% of roadway concentrations, while vegetation and buildings may reduce poliutant
transport by increasing air turbulence and pollutant deposition (Bowker et al., 2007 and
papers cited). However, local air flow pattemns (e.g., during inversions) may also
concentrate the polluted airstream flowing over the walls, resulting in increased
exposures nearby. Hu et al. (2009} recently found that elevated pollutant levels occur at
distances farther from busy roadways than previously measured, especiaily at night;
thus, the current State policy of a 500 foot set-back of buildings from roadways may not
be sufficiently protective, and warranis further research. -

Homes with very tight building shells, mechanical ventilation and high sfficiency air

filtration can greatly (though not complstely) reduce unconfrolled air leakage and
pollutant infiltration from the outdoors. Such measures accompanied by no- or low-VOC
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building materials and other measures comprise a “whole house” approach that is being
used increasingly in Europe, and recently in the U.S., to reduce energy use and GHG
emissions, However, the reduction of pollutant infiltration has not been assessed in
such homes, nor have measures used in Europe been successiully demanstrated in
California climates using local construction styles.

OBJECTIVE: The objectives of this project are to: 1) conduct a literature review of the
land use and building design mitigation measures discussed above and other such
mitigation measures to identify the type and extent of further research needed for each
to be considered as a statewide mitigation measure; 2) for measures that are promising
but require further research, develop study plans that would provide sufficient data o
confirm and guantify their effectiveness in reducing exposures; 3) conduct pilot studies
(or full studies if funds are available) for two of the most promising measures requiring
. further study; and 4) sesk co-funding for the full field studies and the additional research -
needed.

DESCRIPTION: Within six months, investigators would conduct a comprehensive

literature review of all relevant exposure recuction measures and prepare and dsliver a

draft report of their findings for review by ARB staff and others as determined by ARB.

In consultation with ARB and appropriste scientists and stakeholders, measures

warranting further study would be selected for development of study plans. Preliminary

© study plans would be delivered, and two measures would. then be seiected in

consuliation with ARB for immediate study. Pilot studies (or full field studies if sufficient

funds are available) would be conducted for those two measures upon approval of a.
detailed study plan for each. Co-funding would be sought for the main studies of the first

two measures and for the full studies for the remaining measures.

BENEFITS: This inttial effort would provide a preliminary assessment of land use angd
building design measures that can mifigate the increased exposures to air pollution
expected to occur from alternative land use and transportation approaches undertaken
to reduce greenhouse gases. it also would provide study designs sufficient to develop
accurate cost estimates for the research that is needed. This initial phase of work
avoids allecating funds for fulf research and instead wouid pursue co-funding from other
sources to help cover costs of the research. The uitimate research resulting from this
project would provide a definitive assessment of mitigation effectiveness of the
measures and a solid scientific basis for the selection of statewide exposure reduction
measures.

COST: $300,000

REFERENCES:

{1) Baldauf et al., 2008. Traffic and meteorclogical impacts on near-road air quality;, summary of
methods and trends from the Raleigh near-road study. JAWMA 58; 865-878.

{2} Bowker GE, et al,, 2007. The effects of roadside structures on the transpart and dispersion
of ultrafine particles frem highways. Atmospheric Environment 41 {(2007) 8128-5139.

{3) Hu et al., 2002. A wide area of air poliutant impact downwmd of a freeway during pre-sunrise
hours. Atrnns Envt. 43: 2541-2549,
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{4} Zhu et al., 2002. Concentraticen and size distribution of ultrafine particles near a major
highway. JAWMA 52: 1032-1043.

(5} Zhu et al., 2006. Comparison of daytime and nighttime concentration profiles and size
distributions of ultrafine particles near a major highway. ES&T 40: 2531-2536.
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TITLE: Port Workers’ Exposure to Air Pollution

PROBLEM: Ths Ports of Los Angeles and Long Beach (Ports} and their terminal
operators provide employment to thousands of workers in on-dock and transportation
jobs. Current ARB and SCAQMD efforts to characterize air pollution levels in ihe
surreunding communities do hot address on-job air pollution exposure. As many of the
workers live in the surrounding communities, assessing overall pollutant exposure of
this sub-population requires knowledge of occupational exposure as well.

PREVIOUS WORK: A previous study funded by NIOSH and conducted by Cal-EPA
measurad the on-job pollution exposure of several occupation classes at the Ports. The
study was limited and did not address many pollutants of concern such as diesel
particulate matter. Other studies have assessa{j diesel exposure in other ocoupational
settings.

OBJECTIVE: The objective is © characterize the exposure of Port terminal and
transporiation workers to air poliutants.

DESCRIPTION: In order to characterize exposure of Port workers, a combination of .

personal monitoring and area sampling will be conducted, A set of occupation fypes and
seftings will be selected aftar an initial scoping task to determine the jobs and areas
where potential for high sxposures exists, This will be accomplished via site visits and
include input from occupaticnal hygienists, the Ports, terminal operators, and the iocal
dock workers union {ILWU #13). The exact number of samples, subjects, areas, and
sampling durations will be determined based on the scoping exercise and available
resources. Once the jobs and areas for sampling are identified, volunteers for personal
monitoring and appropriate IRB appreval will be sought.

Area sarnpling will include established methods for air monitoring of selected poliutants
and air toxics. PM2.5 and PM10 filter samples will he collected and analyzed for mass,
alr toxic species, and elemental carbon as an indicator of diesef exhaust. Methods for
measuring continuous PM mass will also be considered as resources allow. Ultrafine
particle counters will also be considered. Eight-hour duration silanated canisters. will
collect organic gas air toxics for subsequent analysis,

Personal sampling may include some more recently developed active and passive
methods. Many traditional occupational exposure monitors de not have the sensitivity to
- measure pollutants at ambient levels. Since the objective of the persenal monitoring is
tc measure exposures that may be well below established occupational limits or
guidelines and provide comparisons to fixed site monitors, the methods deployed for
epidemiological exposure assessmeni are more appropriate. Methods that will be
considered includa perscnal, active PM samplers or impacters, passive and active gas
samplers, and particle counters for ultrafine particles. Sampling analysis technigues will
be as similar as possible to those used for the area sampllng and the other ongoing
monitoring studiss in the surmundlng areas.

Data analysis will include direct comparisons between on-job exposures, area
concentrations, and community concentrations as measured by ohgoing SCAQMD and
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ARB manitoring studies. The specific source of the exposures will be assessed based
on the chemical analysis of PM filters, gases, and estimated sourca profiles.

BENEFITS: Assessing the impact of goods movement includes the health effects costs

associated with exposure to air pollution from goods movement aclivities. Given the

large number of jobs associated with Port activities, and the proximity of these jobs to .
pollution sources, an impact assessment should .include the potentially eievated

- exposures of this sub-popuiation of residents. This study wilt help to identify these

exposures and impacts and provide important information for decisicn-makers regarding

Port operations and peollution mitigatich measures.

COST: $150,000

CDFUNDIN.GICDLLABDRATIOM OPPCRTUNITIES: Potential cost matching by
SCAGMD in the amount of $150,000.
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TITLE: Evaluation of Secondary Pollutant Emissions from Portable “Air Cleaners”

PROBLEM: In a recent survey, 14% of California households reported ownership or
use of portable air cleansr during the past five years {1). A majority of portable air
cleaners are electrostatic precipitators (ESPs), ionizers and ozone generators (OGs), all
of which may negatively impact indoor air quality (IAQ) through emissions of 03 {2,3).

Hence, nearly one million Californians may be exposed to potentially harmiul pollutants
emitted by poorly engineered air ¢leaning devices. Increasing public awareness of the
deleterious effects of indoor ozone is likely driving consumers o seek alternative
products available in & dynamic multi-miliion dollar market. Several new products
combine new technology such as Ti'rif.'l2 photocatalytic oxidation with established

technologies in anr iniegraied device. While ozone emissions remain a concern,
formaldehyde and other partially oxidized VOCs may be generated as undesired
byproducts of chemical processes taking place insids the air cleaner unit. These new
infegrated devices are capturing a growing market share, but research is needed to
. evajuate potential 1ACt and public health impacts of these new generation devices. '

PREVIOUS WORK: Characterization of ozone emissions by OGs, ESPs and ionizers
has been carried out hy ARB staff and other investigators {2-4). Several other studies
on portablé air cleaners evaluated their effectiveness at removing aerosol particles (5-
8), microbes (9) and VQCs (10,11). However, little attention has been paid to the
generation of secondary organic poliutants formed during the operation of portable air
cleaning devices. In recent work, we have investigated the performance of a prototype
in-duct whole-building photocatalytic oxidation (PCO) air cleaner. We observed and
quantified the formation of volatile aldehydes and carboxylic acids as partial oxidation
byproducts upon challenging the device with realistic indoor VOC mixtures {12,73). Our
results suggest that PCO air cleaners, when operated under certain cenditions and in
the absence of secondary treatment, may constitute a significant source of harmful
byproducts such as formaldehyds. Similar results have aiso been described by other
authors (74,15), further illustrating that the yield of secondary pellutants is highly
dependent on experimental conditions, including the composition of the VOC mixture
and the concentration of key constituents. In recent CARB-funded projects, our group
has characterized secondary pollutants from ozone-initiated Indoor chemistry (76,77)
and emissions from office electronic equipment under idle and active cycles (18),
gaining valuable insight on the key physical-chemical phenomena involved and the
experimental and analytical tocls required to perform the propossd study.

OBJECTIVE: The objective is to evaluate the emission of indoor poliutants by devices
commercialized as portable air cleaners in California, with emphasis on a new
generation of equipment integrating several technoiogies that include photocatalytic
oxidation (PCQ). Emissions will be determined in realistic indoer conditions, 1o assess
the risks associated with exposure to those secondary pollutants.

DESCRIPTION: Given the large number and the diverse nature of available portable air
cleaners, Task 1 of the project will involve performing a survey of equipment and
technologies available in California through chain-siore retailers with substantial market
presence, as well as through online vendors. Additional information on leading
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brand/medels available in the US can be obtained through independent sources such
as The Consumers Report magazine and from the results of ARB's czane air cleaner
survey performed by the U.C. Berkeley Survey Research Center {1). This initial
screening will allow us to idantify devices with a likely significant presence in the State.
A representative subset of those will be selected (in consultation with ARB staff) to
perferm the proposed expenmental work. Task 2 will involve the development of a test
protocol for portable air cleaners. Devices will be operated inside the LBNL stalnless

steel 20- rn chamber operated at air Exchange rates typical of buildings {in the range 0.2

~15 h } under a controlled atmosphere generated by continuous infusion of a
chailenge VOC mixture. Key parameters to be optimized include the composition of the
chamber atmosphere and concentration of VOCs introduced in the chamber (with
particular attention given to formaldehyde precursors such as alcohols and terpenes).
Also, the study should be applicable to test equipment of different dimensions and
-different airflow throughput under comparable experimental conditions. Task 3 will
comprise the characterization of emissions of secondary potlutants by each of the air
cleaners selected during Task 1, following the protocol developed under Task 2 for
several air exchange conditions. -This third task will be carried out with brand-new, cut-
‘of-the-box units, foliowing manufacturers’ operation procedures. At the complation of
Task 3 tests, the air cleaners will be removed from the chamber and operated
continuously in real indoor environments to age the test units. Subsequently, Task 4 will
involve: a repetition of the tests performed under Task 3 using the aged equipment, to
evaluafe possible changes of emissions of secondary pollutants in used equipment.
Finally, in Task & the results determined under Tasks 3 and 4 will be used to estimate
the expected IAQ impact of gach of the studied devices using a mass balance model.

BENEFITS: Ineffective portable air cleaners may lead to poor IAQ and associaied
health effects for a significant number of Califomians. The proposed research will help
the State assist the public in making informed decisions when purchasing and using
these devices. Information generated in this work would contribute to the broader efiort
that the ARB has been carrying out in this field aver the past years. -

COST: $400,000
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TITLE: Comparative Effectiveness of Different Air Cleaning Technologies for
Asthina Triggers in Homes and Offices '

PROBLEM: The research will investigate the comparative effectiveness of difierent air
cleaning solutions to reducing the airbome concentrations of fine particulates and ozone
in California homes and offices. It will address the lack of comparative data to assess
the air quality impact of different filier designs and technologies on actuat residential
. and office indoar enviranments. :

PREVIOUS WORK: The applicant has completed an AGMD funded a pilot study at
three elementary schools tocated near refineries, other industrial facilities and freeways
in the Carson-Long Beach area. The project tested the effectiveness of various air
filtration devices and filters at removing pollutants from indoor air. Preliminary results
showed that the low cost high-efficiency HVAC filters are effective at removing pariicles
from indcor air in classrooms.

OBJECTIVE: The specific aim of the research is to determine the effectiveness of
different air cleaning solutions under typical and. representative home and office
conditions in California and to provids a cost-benefit analysis which will provide
guidance to asthma sufferers. : :

DESCRIPTION: The proposed research will monitor the indoor and outdoor
environments of 10 homes and 10 offices for the period of apprax. 12 months for fine
particulates and ozone. In this period, the effectiveness of six different filter designs and
technologies on the reduction of fine particulates and ozane will be investigated. The
study will include ‘a wide selection of commercially available stand-alene room air
purifiers and heating ventilation and air conditioning {HVAC) filters with a wide range of
technologies and costs. The study will focus on home styles and office dasigns
including HYAC designs common in California. The study will also vield a better
understanding of how ouidoor particle and ozone levels affect indoor air quality in
residential and office buildings with different air cleaning technologies.

BENEFITS: The successful completion of this project will benefit Californians with
asthma, their families and empioyers in providing much needed objective guidance as

to which air cleaning devices provide the most effective reduction of the two most
common asthma triggers: fine particulates and czone.

COST: $ 395,000
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State Implementation Plan (SIP) Support
Policy Drivers:

. Devetopment -and mplemantatmn of State Implementailnn Plans for pzone;
. Development and implementation of State Implementation Plans for PM.
Ongoing Efforts

Background: The federal Clean Air Act (CAA) estahhshea plannlng requirements for
those areas where ozone levels routinely exceed the National Ambient Air Gluality
Standards (NAAQS). The CAA requires these “non-aftainment™ areas to adopt and
impiement SiPs that demonstrate how each area will attain the standards by specified -
dates. The challenge of properly managing Califomia’s atmospheric resources is
complex, because management strategies must simultanecusly deal with two
interrelated environmenta!l concerns: air quality and ciimate change. Although separate .
programs are in place to research and manage air quality and climate change, these
concemns are not separate and in fact are intimately connected. These connections
arise bacause many of the atmospheric species of concern arg the same, and in many
cases the sources of the agents are the same or intimately connected. For example,
surface czone is both an air pollutant and a greenhouse gas. Aerosois, known in the air
quality community as particulate matter (PM}), not only have significant and complex
climate impacts, but also are an important air pollutant that has significant human heaith
impacts, degrades visibility and contribuies to acidic deposition. In many cases, afforts
to address one of these issues can be beneficial in addressing the other, but in other
cases policies addressing one issue can have uninfended detrimental impacts on the
other.

'ARE’s research program for SIPs clossly complements scientific work being conducted
by other agencies. For example, the National Center for Atmospheric Research is
involved in efforts to improve biogenics emission estimates, and ARB scientists are
closely monitoring their work for its applicabifity to California. The U.S. EPA continues to
fund and participate in the develepment of air quality medeling tools for use in SIP
preparation, as well as providing guidance on the use and implementation of those
tools, ARB scientists are heavily invoived in the development, testing, and application of
these tools and algorithms. The SCAQMD continues to fund important research into
inventory improvements for their azone and PM planning activities, and for
improvements to meteorclogical fields used for SIP modeling. And ARB is a key player
along with the National Oceanic and Atmospheric Administration (NOAA}, the Caifomia
Energy Commission (CEC), and others in planning and funding the 2010 CalNex study,
which will collect valuabie three-dimensional data to support the next round of SIPs and
climate change planning activities.

Alr quality modeting: Modei depiction of atmoespheric processes and precursor poliutant
species, such as NOy and speciated ROG, that participate in the formation of ozone
and PM2.5 is critical to SIP support, as is field validation of models, A new version of
the SAPRC chemical mechanism (SAPRCO7) has recently besn completed ‘through
ARB funded work at UC Riverside. ARB staff are currenily working on implementing this
mechanism into the CMAQ air guaiity model (a primary model used in SIP modeling
sfforts). U.S. EPA is also working on their own more condensed implementation of the
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*mechanism in paralle! with ARB’s efforts. A complets evalua_t.ion of the mechanism is a
critical component of ARB’s work.

Biogenic _emission astimates: From a statewide perspective, field validation
‘measurements of bicgenic emissions have historically focused on relatively small
geographic regions. While biogenic emissions measurements have been made at many
locations around the globe, these emissions are a function of plant species and are
strongly correlated to atmespheric conditions. Thus, measurements made outside of
California do not offer a sound basis for evaluating the stata’s biogenic emissions
inventory, During CalNex, NOAA wilf make airborne measurements of isoprene, which
may provide seme useful information about regional biogenic isoprane ‘emissions.
However, these measurements will not suffice to illuminate California's biogenic
emissions inventory at the requisite resolution for improving the State Implementation
Plans.

CalNex 2010: The goal of the CalNex 2010 program is to study critical issues at the
nexus of the air guality and climate change problems, and to. provide scientific
information regarding the trade-offs faced by decision makers when addressing these
twer inter-related issues. Since ARB's earliest years, major field studies have expanded
the science behind ARB's effort to improve air quality. This fradition continues as next
yaar ARB will benefit from a $15 million effort an the part of NOAA focused on air quality
and climate science issues. CalNex 2010 will benefit from an unprecedented level of
support from NOAA, including multiple platfiorms and many scienfists. The air quality -
- and meteorological data collecied during CalNex will improve ARB's  emission
inventories of greenhouse gases, traditional air pollufants and precursors. In addition
the study will improve ARB’s air quality models used in' SIP development, our
understanding of the atmospheric formation of czone and PM, and the role of aerosols
in radiative forcing over the State. NOAA’s plan to deploy two aircraft in the state for
four to six weeks will generate a dataset of unprecedented chemical completeness,
spatial extent and temporal resolution. The presence of a research vessel off the coast
wili provide data about the emissions and impacts of shipping off California’s coast.
California has taken advantage of this opportunity to have questions of specific interest
to ARB included in planning efforts and to leverage our research funds by coordinating
work with NOAA. :

Ferlilizer air emissions: Measurements of NO emissions from cropland soils have been
conducted in ather states and countries, but the sensitivity of these emissions o crop
type, fertilizer application, and environmental conditions preclude. use of these
measuraments to characterize California. While extensive measurements of NO will be
taken during CalNex, those measurements will not be crop-specific.

Research/Knowledge Gaps: Among the key knowledge gaps to be addressed fo

support the Board's decision-making are:

» Statewide validation of the biogenic emissions inventory is crucial, especiaily
isoprene emission estimates, for California to augment field vaiidation
measurements that have been limited to smaller gecgraphic scales;

» Charactanzation of emissions of NO from cropland seils in California to characterize
the state’s mix of crops, fertilization practices, and climats; '
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¢ Spatially rescived measurements of NO» to evaluate urban NO emissions inventory,

» Measurements of key species in atmospheric chemistry, such as formaldehyde
{HCHO) and glyoxal {CHOCHQ), coupted with modeling efferts;

Clarification of sources and processes that contribute to PM2.5 in California;

+ |ifecycle assessment of fueis-related emissions from fuel production, refining,
transport, storage, and fueling, as well 2s vehicle emissions when driving;

+ Investigation of discrepancies betwsaen current emission inventories and
atmospheric measurements in urban areas of California for certain pollutants (e.g.,
whole gasoline VOCs, combustion nitrogen dioxide, particulate black carbon,
mearcury, manganese and other trace metals);

= Development of robust techniques for routine monitoring of ambient levels and
trends of diesel PM;

e Improved understanding of the formation of secondary organic asrosocls from gas to
particle and from source to receptor, as well as improved simulation of the chemical-
physical transformation and transport of primary carbonaceous PM and improved
measurement methods for carbonaceous species in PM2.5 {e.g., organic fraction of
aerosals);

= Monitoring, modeling, or data analysis research o quantify the current impacts of
global-scale transport of pollutants on air quality in California and trends in global
“backgrounds” for major criteria and GHG emissions, with particular intersst in
identifying sources of PM transported into California as well as effects of long-range
transport on developing State Implementation Plans (S1Ps) for ozone attainment.

Recommended-for Funding

Improved Characterization of Primary and Secondary Carbonaceous Particles
Both sources and composition of carbonaceous PM are poory understood, in part dus
to the contribution of atmospheric processes and franspoert to formation of secondary
organic aeresol (SOA). This study will use spectroscopic technigues to delineate the
varicus contributions to carbonaceous aerosols, which account for 20-90 percent of
PM2.5 in urban and agriculturaf areas. Results will aid control strategies and help rectify
discrapancies between emissions inventories and atmospheric measur&ments {p. 34)
Froposed funding level: $255,000

Characterization of Emissions and Atmospheric Chemistry from Motor Vehicles
This project seeks to support recently suggested amendments o the widely used
conceptual approach-for treatment of organic aerosols in photechemical modeling. Tha
amendmenis include a new accounting for gas-particle partitioning of POA and explicit
representation of gas-phase oxidation of low volatility species in the SOA mechanism.
Improvements to the proposed concept will come from the proposed measurement of
gascline and diesel vehicle emissions; with specific quantification of SOA production;
followed by an update of emission inventories and SOA mechanisms used by chemical
transport models. (p. 36)

Proposed funding fevel: $500,600

Determining Nitric Oxlde Emissions from Soll in California Cropping Systems fo
Improve Qzone Modeling

Estimates of biogenic NOy emissions and of NOx from fertilizer applications ‘have not
yet been incorporated intc the Emission Inventory Development and Reporting System
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used for San. Joaquin Valley, although NOy plays a critical role in determining czone
concentrations that exceed state standards more than 120 days per year in the Valiey.
This ressarch will determine baseline NOQ emissians from a range of cropping systems
in California as well as characterize NO flux as a function of amount of nitrogen fertilizer
and air temperature. {p. 38) :

Proposed funding level: $83,500

Validation of ARB’s statewide Biogenic Emissions Inventory

. The  accuracy of the biogenic emissions inventory is. essential for realistically

representing how anthropogenic emissions raductions will influence future PM and
ozone levels throughout Califomia. However, despite increasing importance of biogenic
sources in the statewide hydrocarbon budget, a statewide comprehensive validation of
the biogenic emissions inventory for California has not yet been conducted. This work
will expand the spatial and temporal domain of the database used to evaluate ARB's
biogenic emissicns inventory on scales relevant to regional modeling tasks. (p. 41),
Proposed funding level: $400,000 '

AMAX-DOAS Column Observations from Research Aircraft Over California

The proposed research wil use the recently developed Airborne Multi Axis DOAS
(AMAX-DOAS) technique to measure various chemical species (i.e., NO,, HCHO,
CHOCHO) as well as aerosol optical depth over a large and vertically resclved spatial
area, at a resolution consistent with ARB's regionai models. {p. 43)

Propased funding level: $550,000 '

Heurly In-situ Quantitation of Organic Aerosol Marker Compounds

Using a recently developed instrument that enables hourly, in situ measurements of
organic marker compounds, this study will identify the relative contributions of diesel,
spark ignition, biomass burning, and secondary aerosols to total PM2.5 aercsol over
California’s San Joaquin Valley. This work will complement a parallel data set for Los
Angeles and allow for comparative understanding of the PM2.5 regulatory challenges in
these two regions. {p. 45}

Proposed funding fevel: $400,000

Source Apportionment as a Function of Altitude of Atmospheric Aerosols in
California

Because aerosols exert both health and ¢limate impacts, PM2.5 control strategies can
reduce the climate impacts of short-lived poliutants as well as protect public health. This
study will heip ARE design the most effective conirol strategies by clarifying California's
primary sources of carbonacecus, sulfate-rich, and nitrate-rich aerosols, as well as
spatial and temporal evolution of chemical and optical properties. (p. 47)

Proposed funding level: $350,060

Recommended if Additional Funding Available

Improved Estimates of VOC Emissions from Latex Paints in the South Coast Alr
Basin

Architectural coatings are one of the targest sources of VOC emissions in California and
the South Coast Air Basin. Latex paints make up a large fraction of total architectural
coating applications, and are an important source of volatile organic compound {VOC)
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emissions in the Scuth Coast Air Basin. This study wili fill important knowledge gaps by
measuring VOC emissions from latex paint in the field, ascertaining emission dynamics
under various field conditions, and assessing whether the common assumption of
complete mass emissions from paint is valid across all painted substrates. {p. 49}
Proposed funtling level: $220,000
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Concepts Recommended for Funding

TITLE: Improved Characterization of Primary and Secondary Carbonaceous
Particlas

PROBLEM: Carbonaceous compounds can constitute the largest fraction.of particulate
matier (PM) in many regions, but their composition is usually the least understood.
Better understanding and characterization of carbonaceous aerosols through improved
measurements are needed in order to identify their emission sources and their impacts
“on heaith” and visibility. Because the organic fraction of carbonaceous aeroscl has
contributions from multiple sources, there is a need for improving the linkages between
sources and this fraction of ambient PM concentrations. Since volatile organic carbon
(VOC) emissions can produce erganic PM by forming secondary organic aerosol (SOA),
simultaneous measurements of VOCs and organic PM are needed to investigate the
discrepancies between emission inventories and atmospheric measurements.

PREVIOUS WORK: Crganic source apportionment of organic carbon (OC) and mass
{OM) has been carried out using organic molecular markers to identify sources. An
example is Minguilion et al. {2008}, who used chemical mass balance (CMB} modeling
to estimate 70-83% contributicns to OC from vehicle traffic in Long Beach. At Riverside
on the other end of the Los Angeles Basin, 45-90% of the OM was identifisd as SOA
but was not attributed {o specific sources. These recent findings illustrate the nead to
improve the chemical characterization of SOA in California so that its sources can be
identified (as was done for Houston by Russell et al,, 2008).

OBJECTIVE: The objective of this proposed study is to quantify the mass fraction of
OM functional groups (including those formed as SOA) to emissions of combustion and
other processes using trace metal and arganic molecular signatures from VOCs. The
organic aerosol sampling will be carried out as part of CARB-desighated sampling
locations, possibly in coordination with CalNex 2010 measurements i Los Angales or
the San Joaquin Valley. :

DESCRIPTION: The proposed research to improve the characterization and
quantification of organic particles will include measurements and factor analysis of OM
by Aerosol Mass Spectroscopy (AMS) and Fourier Transform Infrared spectroscopy
{FTIR) at designated ARB sites. Proposed Technigues: FTIR meaasurements (Russell et
al., 2009; Gilardoni et al., 2007; Maria et al., 2003) collect ambignt submicron particles
on Teflon fillers after an impactor, typically for sampling times of 4 to 12 hr, Filters are.
frozen, shipped back to our UCSD laboratory, and scanned with. an infrared
spectrometer in a humidity- and temperature-regulated clean room. Spectra
{wavenumber range 4000-1500 cm-1) are -baselined with a recently automated
algorithm (Russell et al., 2009). The absorption spectra are integrated for calibrated
absarption peaks of major crganic functional groups of organic molecules. Quantified
functional groups include alkanes, alcohals, amines, carbonyls, carboxylic acid, and
organosulfates {alkenes and aromatics are also quantified if present above 1-3% OM).
Ratios of axygen to carbon {O/C) and OM-to-OC can be calculated from FTIR analysis,
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revealing trends in oxidation and phase partitioning. In addition, the organic functional
greup composition can ba broken down by factor analysis and correlated to frace metal
analysis (by X-ray flucrescence) to identify particte source contributions (Russell et al.,
2009). One surprising result of those measurements in the Houston and Mexico City
metropolitan areas is that a significant fraction of OM and of oxygenated organic
compounds is strongly correlated o trace metals associeted with power plants and
other fossil fuel combustion rather than bjogenic or non-specific secondary particle
" sources (Russell et al,, 2008; Liu et al., 2009}, indicating that the SOA may be rapidly
formed after emission. Simultanecus AMS measuremants will provide complementary
information with rapid in-situ quantification of aerosct mass fragments (Gilardoni et al.,
2007; Russell et al., 2009). After size-resclved particles are collected, focused and
ionized, the device uses electrical forces to separate ions according to their mass to
charge ratios {m/z). The high time resoiution of the AMS produces detailed time series
of organic compound fragments, which can be asscciated with plumes and other short
events that are not resolved by FTIR filter sampling for organic functional groups. AMS
measurements simultaneously guaniify size and corresponding composition, providing
more detailed information about particle lifetimes, health effects, and chemicai
reactions. '

Potential Tasks: As part of a CARB-designated sampling site, investigators propose to
(1) collect and analyze AMS, FTIR, and XRF measurements, {2) use factor analysis to
aftribute the measured mass of OC functional groups to sources hased on trace metal
signatures, {3} compare these resulis to gas-phase organic tracers and oxidants, and
(4) collect and analyze an additiona! set of FTIR and XRF measurements at an
additional CARB-designated site. AMS measurements will be continuous during the
study; FTIR and XRF will be coordinated with focal meteorology and collocated
sampling to collect 4-12 hr samples. Analysis will include broad dissemination of results
as part of ARB reporting requirements and peer-reviewed publications,

(Note: Cited references are available at http:/faerosol ucsd.edu/publications.html.])

BENEFITS: Identifying the contributions of different types of combustion sources to
SOA and other types of OC, will enable ARB to delineate which sources could be
regulated in order to improve air quality efficiently. The better characterizatien of OC
{which constitutes 20-90% of PM2.5 in urban and agricultural areas) will also improve
our ability to identify potentially harmful organic functional groups in particles that
reduce air quality and harm health.

COST: $255,000
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TITLE: Characterization of Emissions and Atmospheric Chemistry from Motor
Vehicles ' : o

PROBLEM: Many Californians live .in nonattainment areas for fine particulate matter
(PMY). In &l of these areas, organic material contributes a large fraction of the fine PM;
however, the sources of these organics are not well understood. For example, chemical
transport models systematically underpredict organic aerosci levels, especially during
photochemically active periods. These problems hamper the development of effective
State Implementation Plans {(SIPs) for the State of California. :

PREVIOUS WORK: Organic aerosols comprise primary organic aeroscl {POA - particie
mass directly emitted from sources such as moior vehicles) and secondary organic
aerosol (SOA - particle mass formed in the atmosphere from oxidation of gas-phase
precursors). Recent field measurements indicate SOA dominance, even in heavily
urbanized areas; for example, the recent Study of Organic Aerosols at Riverside
(SOAR-1) campaign estimated that around 75% of the erganic PM in Riverside is SOA.
However, state-of-the-art chemical transport models predict FOA dominance.

Different researchers are using a variely of modeis to predict SOA formation includiﬁg,
empirical two-product (Odum), product specific, and volatility basis set (VBS) (Chen et
al, Atmospheric Chemistry and Physics, 2009), :

The VBS framework is & method that comprehensively treats all low volatility organics:
The VBS lumps organics into a set of “volalility bins” that span a basis set of
logarithmically spaced effective saturation concentrations. If this volatility distribution is
known, one can calculate the organic aerosol mass from partitioning theory. A volatility
operator is used to treat SOA production; this operator represents how the volatility
distribution evolves with photochemical aging. '

The VBS mathod is relatively new, and offers the ability to study relatively complex
mixtures of aerosols and gases such as gasoline and diesel mator vehicle exhaust.
Studies to date have generally invotved reiatively simple combustion sources such as
small laboratory engines, but in-use vehicles have not been systematically tested.

OBJECTIVE: This research has three primary objectives:
1. Measure emissions of low volatility organics from in-use gasoline and diesel
vahicles;
2. Quantify SOA production from in-use gasoline and diesel vahicle emissions; and
3. Update emission inventories and SOA mechanisms used by chemical transport
models. : . _

DESCRIPTION: The proposed research will develop techniques and knowledge
required to measure and to simulate both gas-particle partitioning of primary emissions
from  motor vehicles and SOA production from these emissions. The focus is on iow
volatility organics, which we define as those less volatile than a C-12 n-alkane (vapor
pressure of about 0.2 Torr). The gas-particle partitioning of this material changes as an
_emission plume dilutes; low-volatility vapors are important, but largely unrecognized,
SOA precursors. Some of these emissions are currently in inventories and medels,
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albeit misclassified as non-volatite POA, However, there are unaccounted for or missing
emissions, namely intermediate volatility compounds.

The research will characterize emisgions from different classes of motor vehicle
emissions (gasoline, diesel, smoker, low-emitter, etc). The vehicle testing will be
periormed at the ARB's Haagen-Smit and Heavy-Duty Vehicle Laboratories, The
measurements will be made in collaboration with a research group to be determined.

Task 1. Source charactaerization. This task will measure mass emission factors and
volatilify distributions of low volatility organic emissions from different classes of
gasoling and diesel powered vehicles. Specific objectives will be to quantify missing
emissions and to appropriately classify POA emissions by volatility. The data will also
be used to investigate how to efficiently update existing emission inventories and .
modaling. Dilution samplers and thermodenuders will be used to systematically
invastigaie the gas-particle paritioning of the POA from near tail pipe to background
conditions. Filter and sorbent based gas chromatography mass spectrometry will be
used to characterize the low volatility vapor emissions. Instead of quantifying individual
species, the chromatographic analysis will classify the total organic mass by elution time
to provide an estimate of volatility. '

Task 2. SOA production from mobile source emissions. The goal of this task will be
to measure the SOA production from photo-oxidation of mobile source emissions.
Briefly, combustion products {gases and particies) will be drawn into a smog chamber
for aging. Photochemistry wil! be initiated using either sunlight or artificial UV lights.
SOA production will be quantified and attributed to both traditional {e.g. light aromatics})
and non-traditional {e.g. low volatility organics) precursors. Key research questions are
" quantifying relative contributiohs of different classes of vehicles {(e.9. gasoline versus
diesel or smoker versus non-smokar} to POA versus SOA and developing the next
generation of SOA chemistry mechanisms. To aid the development of the SOA
‘mechanism, aging experiments will also be conducted using smog chambers te quantify
SOA production from photo-oxidation of emission surrogates such as mixtures of
lubricating oil with either diesel fuel or gasoline.

BENEFITS: This project will provide important new knowledge and data to support
emissions inventory development, air quality modeling, SIP development, and exposure
and health effect assessments. .

COST: $500,000

COFUNDING/COLLABORATION OPPORTUNITIES: Poiential collaborators and co-
funders include the Coordinating Ressarch Council (CRC).
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TITLE: Determining Nitric Oxide Emissfions from Soil in California Cropping
Systems to Improve Ozone Modeling .

PROBLEM: Oxides of nitrogen (NDX, which comprises nitric oxide [NOj and nitrogen
dioxide [NO;]) and volatile organic compounds (VOCs) are the two important precursors
of czone (0s), a pollutant with negative implications on human health and crop
productivity that routinely exceeds the State's standards. For example, the San Joaquin
Valley exceeds State ozone standards on more than 120 days per year (Galifornia
Emission Inventory Development and Reporting System, CEIDARS, 2004-2007). Either
NOx or VOCs can limit O; formation, and the influence of these precursors on Os
production varies temporatly and spatially across the landscape, depending on the ratio
of NOy to VOCs and the relative concentration {i.e. mixing ratio) of each precursor
{Blanchard and Fairley, 2001). Therefare, guantifying all major NOx sources is essential
to predict the dynamics of Oz levels and devise cost-effective control strategies.
Agricultural soils are known to be sources of NO, which is rapidly oxidized to NG, but
there are few definitive studies on NO emissions from soils especially in California, and
this dearth of information restricts CARB’s ahility to develop accurate’ O3 modeling.
Estimates of biogenic {non-anthropogenic) NOy emissions and of NOyx from fertilizer
applications are conspicuously absent in CEIDARS.

PREVIOUS WORK: Of the world’s annual 120 million tons of NOx emissions, 80 mitlion
ton are biogenic, and 39% of the latter originate from microbial production in soils
(Olivier et al., 1998). The range of NO fiux from cultivated land reporied in the literature
is 0.1 to 23 kg NO-N ha-1 yr- 1, and on average, NO loss was higher in the tropics than
in termperaie zones {Davidson and Kingerlee, 1997). Assuming an average emission
rate of 3.6 kg NO-N ha-1 yr-1 from agriculturalland based on a meta-analysis of the
scientific literature (Davidson and Kingerlee, 1897}, emissions of NO from all the land
devoted to agriculture in Califomia would amount to about 360 fons NOx d-1, a quantity .
roughly equivalent to all stationary sources of NOy in the Siate (CE!DARS 2008).
Almost no data of NO flux in California’s cropping systerns exist. Mean NO fluxes during
50 days following N fertilizer {anhydrous ammonia) application in a temato cropping
system in western Sacramento county were 0.54 kg NO-N ha-1 d-1 {(Venterea and
Ralston, 2000z}, comparable to NO emissions measured in intensively ferlilized wheat -
fields in Mexico (Matson et al., 1998).

OBJECTIVE: The objectives of the proposed research are to determine baseline NO
emissions in a range of cropping systems and to characterize NO flux in response to
various amounts cof N fertilizer and under severai air temperature conditions. :

DESCRIPTION: The NO flux will be measured in five cropping systems (tomato, alfalfa,
corn, wheat and afmond) in the Sacramento and San Joaquin Valley primarily in the
summer when Oz production is particularly problematic. The NO emissions will be
measured in one season during several periods relating to fertilization and changing soit
moisture status in each of the sysiems.

In soits, NO is produced by the microbiai processes of nitrification and denitrification and
via abiotic reactions (Firesione and- Davidson, 1982). Scil nitrogen availability is
positively correlated with NO emissions. Nitric oxide emissions are particularly
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comelated with nitrite {NO,-) concentrations in soil, especially when the soil pH s <5
{Davidscn, 1991; Venterea and Rolsten, 2000k), which can occur-even in well buffered
soils over the short term as a result of nitrification, for example after application of NHz-
" based jertilizers (Frederick and Breadbent, 1965). To assess the effecis of N fertilizer
rates on NOy fiux, microplots will be set up in some of the systems in a randomized
complete block design (at least 3 blocks, each with § microplots} and N fertilizer will be
applied to microplots at several rates ranging fram zero to a value that exceeds the
highest rate reported for & particular crop. For exarnple, tomato plots will be fertilized at
0, 75, 150, 225, and 300 kg N ha-1. Crop residue incorporation is another managesment
event that will be followed with NO flux measurements. We will alsc conduct diumal
measurements of NO flux at each site as soil temperature is positively correlated with
NO emissions {Matson et al, 1996) and because ambient air temperature is an
important factor in Os modeling (Stohl et al,, 19886).

The NO flux will be measured in the field by using dynamic chamber methods. Thin-wall
stainless steel chambers {(approx. 50 x 30 x 10cm), equipped with inlet and outlet ports
that will be connacted to a Thermo Scientific Trace Level NQ-NO.-NOyx analyzer (Model
42C, Thermo Fisher Scientific Inc.), will be attached onto pre-installed bases during the
measurement periods. A pump in the NO-NO2-NOy analyzer will continuously circulate
chamber -air that is scrubbed of NOy hefore it reenters the chamber. The NO is
converted to NQ; as the analyzer detects NO.. Ozone models use total NOy as NO
inputs {Jamas Sweet, San Joaquin Valley Air Poilution Control District, personal
communication), o0 the data that will be generated do not have ta be converted to other
N oxide species. Soil variables that will be analyzed regularly will be inorganic N, soil
moisture, and pH in the top 15 cm of soil.

The daliverables of the project will be estimates of NOx emissions from soll, including
diurnat and daily variations of these emissions, in typical Central Valley cropping
systems. -

BENEFITS: This research will benefit state agencies ARB and the San Joaquin Valley
Air Pollution Control District by providing baseling NOx emissions estimates in typical
Central Valley cropping systems. The NOy emission data generated will improve the
. capability to predict Qs production, which will allow the above agencies to betier
understand and regutate O3 precursor sources.

COST: § 83,500

COFUNDING/COLLABORATION OPPORTUNITIES: Most of the proposed research
will be incorporated into existing studies that monitor nitrous oxide (N20) emissions and
a complementary N;O monitoring project, for which funding is currenily requested io
lsverage the effori. Briefly, site selection will occur after on-site characterization of soil
parameters; the management at the selected sites will reflect the “typical™ practices for a
given crop; some of the costs will be offset because we can take advantage of the
already set up ferlilizer trial plots of the N.Q projects, some of the travel to the
monitoring sites and other logistics..
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TITLE: Validation of ARB's Statewide Biogenic Emissions Inventory

PROBLEM: State Implementation Plans reguire air quality modeling fo be conducted
as a means of demonstrating the effectiveness of control sirategies to reach the
ambient concentration levels prescrsbed by National Air Quality Standards. Estimates of
anthropogenic and biogenic emissions are key inputs to air quality modeling and
biogenic emissions play a key rcle in the production of both PM and ozone. It is
estimated ihat the statewide tonnage of biogenic hydrocarbon emissions will surpass
anthropogenic hydrocarbons by 2010 (ARB Almanac, 2008). The relative abundance of
hydrocarbons emitted from biogenic sources over anthropogenic sources is expected to
grow beyond 2510 as anthropogenic emissions are reduced and biogenic emissions
grow in response fo climate change. Despite the increasing importance of bicgenic
sources in the statewide hydrocarbon budget, a statewide comprehensive validation of
the biogenic emissions inventory for Califomia has not yet been conducied.

The accuracy of the biogenic inventory is essential for reslistically représenting how -
anthropogenic emissions reductions will influence future PM and ozone levels
‘throughout California. kdeally, validating the biogenic emissions inventory would involve
validation of the spatial distribution, as wslt as both shori term (diurnal} and long term
{seasonal) variability. p

" PREVIOUS WORK: Previous work supported by ARB, the SJVAPSA and the South
Coast AQMD resulted in the essential databases and tools used in ARB's biogenic
emissions model (BEIGIS).  Previous ARB funded research conducted by UC-
Bakersfield researchers used a ground-truth approach to validate the Leaf Mass, Leaf
Area Index, and GAP land cover daiabases at six geographically diverse sites
throughout Central Califomia, while researchers from UC-Berkeley measured emission
fluxes of biogenic hydrocarbons above a forest canopy at the Blodgett Forest Site.
Using controlled laboratory experiments and tower-based flux measurements in the
field, ARB funded researchers from UC-Berkeley are measuring emissions of a suite of
biogenic hydrocarbons from major California crops (to be completed November 2609,
but may be extended). Although previous and ongoing research reiated to biogenic
hydrocarbon emissions in California have been useful in validating the databases used
in BEIGIS and in expanding our understanding of emissions from specific plant species,
the research is toa specific in regards to location and correspending ecosystem to be
sufficient for validating the magnitude and spatial variability of ARB's statewide biogenic
emissions inventory on scales relevant to regional air guality modeling.

OBJECTIVE: The objective of this proposal is to expand the spatial and temporal
representation of the existing validation database that is used to evaluate ARB's
biogenic emissions inventory on scales relevant o regional modeling appiications. To
date, the sole means of validating the inventory has been through comparisen with
emission flux measurements collected at a single slta in the. Blodgett Forest {Goldstein
et al. 2001; ARB Award No. 98-328).

DESCRIPTION: Developing a more comprehensive database for evaluating -
Caiifornia’s hiogenic emissions invenfory requires emission flux measurements of
biogenic hydrocarbons within a number of California™s ecosystems. These
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measurements could be accomplished in one of two ways. The first option involves
deploying Relaxed Eddy Accumuiation (REA) systems at roughly 0 existing fiux towers
for one year. There are currently 10 AmeriFlux towers operating in shrub lands and oak
and conifer forests throughout Califomia, which could be used for the REA
meaasurements. It may also be necessary to set up additional low cost towers in select
areas/ecosystems not currently accounted for in the AmeriFiux network. This option
would result in a better understanding of the magnitude and seascnal variation of
biogenic hydrocarbon emissions far representative ecosystems.

A second approach would be te conduct a one month airborne flux campaign, using
PTRMS eddy covariance methods, covering key grasslands, croplands, shrublands,:
and forests throughout California. The airborne measurements wouid give .a good
characterization of a wide range of biogenic hydrocarbon emissions for many
representative locations and many of the major Califarnia ecosystems and croplands on
scales appropriate for regional air quality modeling {10-15% km). Aliernatively, a
combination of airhome flux and REA measurements, at two or three sites, could also
be used.

BENEFITS: Successful completion of this project would aflow staff to better validate the
hiogenic emissions inventory used in ARB's modeling studies and point to areas which
need impravement. Since results from modaling studies are routinely used in policy
decisions, an Improved biogenic inventory will lead to better supporting science and
ultimately mare confidence in those decisions.

COST: $400,000
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TITLE: AMAX-DOAS Column Observations from Research Aircraft Dver.ﬂalifumia

PROBLEM: Past figld campaigns in California provided little information about poliutant
concentrations cutside the boundary layer, and the veriical column integral over the
boundary layer height. Further, while satellites, like SCIAMACHY or OMI, are now
capable of provlding column data useful for testing emission inventories of NOx and fo
constrain the rate of hydrocarbon oxidation in photochemical hotspots of ozone and
secondary organic aeroscl {(SOA) formation, satellites have significant limitations and
such data must be carefully evaluated prior to using it in combination with atmospheric
models for the management of air resources. For example, the sensitivity of the
measurement varies over the height of the column, and depends significantly on
ambient condifions, i.e., surface albedo, asrosol oading and optical properties.

PREVIOUS WORK: Airbome Multi Axis DOAS (AMAX-DOAS), a recent development of
the well established MAX-DOAS technique, has successfully been used to validate
solar straylight satellite ratrievals of nitrogen dioxide NO, but never over California,
where atmospheric modsls disagree as to the NO; abundance measured cover urban
areas, Recent work by the Pl demonstrated that SCIAMACHY significantly
underestimates the NO2 colurn observed by ground based MAX-DOAS in Mexico City,
in part due to organic aeroscls that absorb light much stronger than previously believed; -
similar effects likely -also play a rcle over California urban areas. Glyoxal {(CHOCHGQ)
presents a novel indicator molecuie to constrain the rate of hydrocarbon oxidation; it is
also a relevant building block for SOA formation. The Pl accomplished the first direct
measurements of CHOCHO in the atmosphere and predicted the capability to measure
it from space (regutarly observed over Los Angeles from satellite); more recently he built
a protoiype AMAX-DOAS instrument and demonstrated first CHOCHO measurements
{along with NO2 and oxygen dimers, Oy, an aerosol indicator) from aboard NOAA’s Twin
Olter research aircraft {summer 2008). The Pl has published numerous papers on
urban Air Pollution, and conducted field work that integrates satellites with models in
Mexico, China, Chile, and the Pacific Ocean, The CU AMAX-DOAS is a unigue
instrument in the US; capabilities to maasure Q4 (aercsol optical depth) at 360, 477, 570
and 630nm, formaldenyde (HCHO} were nan::entl‘_gur added, and are unique in the world;
further flights are planned in 2009,

OBJECTIVE: Deploy the CU AMAX-DOAS instrument on a research aircraft in
California to measure pollutant concentrations outside the boundary layer, probe directly
the horizontal and vertical distribution of NO;, HCHO, CHOCHO and O, (aerosol optical
depth) boundary layer columns, and use these measuremenis to test atmospheric
models, validate saiellites, and make ‘mproved models and validaisd sateliiteé data
available for the management of air resources.

DESCRIPTION: The CUJ AMAX-DOAS measures the same observables as
SCIAMACHY and OMI with better spatial resolution and precision, and in addition
places constraints on radiative transfer calculations that are not available to sateliites.
. Specific tasks include (i) integration into the aircraft and science flights over point- -

sources, urban argas, and photochemical hotspots, (i) data analysis to extract vertical
column densities (VCDs) of NOz, HCHO, CHOCH®O, surface albedo, and aerosoi optical
depth (AOD) by coupling with a radiative transfer model, {iii) assess vertical gradients
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and concentrations outside the boundary layer, (iv) investigate synergies with
SCIAMACHY to study NO, over point sources and urban areas (and OMi, -where
possible), {v) compare with UCD-CIT model predictions, {vi) assess the temporal and
spatial variabiiity in the rate of hydrocarbon oxidation over photochemical hotspots of
ozone and SOA farmation, and {vii) assess the potential and study limitations of the
synergistic use of AMAX-DOAS, SCIAMACHY, and the UCD-CIT model to leam about
the sources for ozone, and SOA. AMAX-DOAS, as these satellites, provide a column
averaged measurement of trace gases. However, AMAX-DOAS is maximally sensitive
to tropospheric absorbers, and has a greatly énhanced sensiivity at/near the instrument
aftitude. Vertical profiles can be ohtained with few 100m vertical resolution by varying
flight altitude. The horizontal resolution of AMAX-DOAS exceeds that of satellites and
.models (AMAX-DOAS: few 100m-1km; UCD-CIT model: 4x4km grid cell size; OMI:
14x%14km, SCIAMACHY: 40x80km ground pixel size), which enables to visualize and
track plumes, and to average data to closely resemble the rasolution of models and
satellites. The CU AMAX-DOAS measures four O4 bands and the ring effect at different
wavelengths {300-620nm) simultaneously; independent sensors measure surface
albedo. This enables to test assumptions In radiative transfer calculations that underlie
satellite retrievals. AMAX column data enable novel means 1o test and improve the
LUCD-CIT modei. '

BENEFITS: AMAX-DOAS provides data about pollutant concentrations outside the
boundary layer, and measures vertical column integrals of pollutant concentrations
inside the boundary layer. These data place constrainis on model emission inputs,
enable to test and improve model predictions of poilution transport and photochemical
transformations, and provide direct means to validaie satellites. Good Air Quality is
relevant for public health, and improving Air Quality modsels makes more reliable tools
available for the management of air resources. '

COST: $550,000.
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TITLE: Hourly In-situ Quantitation of Organic Aerosol Marker Compounds During
- CalNex 2010

PROBLEM: Regulatory efforis ta conform to PM2.5 standards require improvements in
our knowledge of the factors “controling the concentration, size and chemical
composition of PM2.5. While many advances have been made in measuring and
modgeling the inorganic ionic species that are found in PM2.5, much less is known about
the organic fraction. Yet arganic matter is a major constituent of airborne particles,
comprising 20-50% of the PM2.5 mass in many regions. Quantitative, time-resolved
knowledge of the composition of PM2.5 organic matter is key fo tracing its sources, to
understanding its formation and transformation processes, and to evaluating its role in
global -::ilmats change. '

PREVIDUS WORK: Our group has dsvslspsd an mstrumsnt to provide hourly, in-situ
measurements of organic marker compounds. Called a Thermal Desomtion Aerosci
 Gas Chromatograph (TAG), our instrument uses an impactor collector, followed by
thermal desorption onto a GC column, with subsequent GC/MS analysis to provide
measurement of airborne particulate organics at the molecular level. The measurement
system is automated, yielding around the clock speciafion with hourly fime resolution,
While the identified compounds comprise only a fraction of the total organic mass, those
that are quantified serve as valuable tracers for sources, and have been used fo
determine the relative confribution of various sowurce types to primary ambient organic
matter. This instrurnent has been used in several field campaigns, including a remote
site in Nova Scotia, and at an urban location. Under previous ARB sponsorship it was
deployed in two separats field campaigns in Riverside, California. As with traditional
filier-pased methods for organic compound, TAG provides identification of organic
maiter at the molecular level. However, the hourly time resolution afforded by our
measurement provides a robust data set for receptor analysis, and valuable insight and
guidance in our understanding of processes affecting airborne pariiculate organic
matter.

OBJECTIVE: The cbjective is to identify the origins of srgsnic matter in PM2.5 aerosol
in California in support of the proposed 2010 fleld study to be conducted in the San
Joagquin Valley of California. As in our prior wark, we expect to identify and allocate the
sources of primary constituents, and o improve our understanding of the formation
pathways important fo secondary components. Utlizing hourly, in-situ measurements of
organic marker compounds provided by our Thermal Desorption Aerosol Gas
Chromatograph, we will identify the relative contributions of diesel, spark-ignition,
biomass buming and secondary aerosols to the total PM2.5 organic asrosol. We
propese to use this instrument in conjunction with an.organized field study to identify the
origins of PM2.5 organic matter within a region in California that is currently out of
compliance with PM2.5 air quality standards, and to investigate the implications of these
aerosols refated to aerosol radiative forcing. Similar measurements are planned for the
Los Angeles CalNex 2010 ground site, so this proposal would provide equivaient
measurements at the San Joaquin Valley site and allow for comparative understanding
of the PM2.5 regulatory challenges in thesa two regions.
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DESCRIPTION: in coordination with the proposed CalNex 2810 study, we will conduct
measurements to determine PM2.5 organic composition at hourly intervals, building a
database that be used for source receptor modeling. Measurements will be conducted
at the San Joaquin Valley ground site, in a location determined in consultation with
ARB. We expect to identify over 100 organic compounds at hourly intervals over the
study period. These data will provide a rich and comprehensive basis for identification of
primary sources through factor analysis. Through coordinated measurements of VOCs
with similar time resclution, we expect to identify links between some of the secondary
aerosol constituents and their likely primary precursors. These analyses will provide
source attribution for primary organic compounds, and WIII elucidate tranaforrnatlnn
mechanisms for certain secondary species. : .

BENEFITS: This work addrasses the critical need for on-lina, time-resolved, quantitative
measurament of atmospheric PM2.5 organics at the moiecular level. Marker
compounds unigue o specific source types drovide a means of determining the relative
contribution of primary sources. Data at the compound level are also needed for
understanding the chemical formation and transformation mechanisms leading to
secondary organic aerosol formation. This research will provide useful new data of
immediate value for air qualify attainment strategies in California and the development
of the State Implementation Plan, and for undersianding the pathways leading {o
secondary organic aerosols that may be of impartance in climate change.

COST: $250,000

COFUNDING/COLLABORATION OPPORTUNITIES: This project builds on our
currently funded research through the DOE SBIR program for the refinement of our
instrument package, thus making the ARB sponscred project possible at a highly
subsidized cost. This project would be part of the planned CalNex 2010 study in
collaboration with NDAA and other parhcnpatlng entrtles

46




77

TITLE: Source Apportionment as a Function of Altitude of Atmospheric Aerosols
in California

PROBLEM: Air pollution represents a growing environmental concern within California.
As our climate warms, air poilution levels are increasing even higher. Aerosols
represent a major component of air pollution and contribute to negative health and
climate impacts. Our understanding of the sources and chemistry of aerosocls is
relatively poor. Given that aerosols have relatively short lifetimes with both warming and
ceoling effects on climate, it has been proposed by some scienfists that ceriain control
strategies involving aercsols could provide more rapid relief for California climate.
However, in parallel to controlling greenhouse gases such as CO», we must establish &
stronger understanding of short-lived aerosol sources, chemisiry, and other properties
such as cloud formation potential befare enacting any major control strategies.

PREVIQUS WORK: Our group has performed extensive ground based studies focusing
on determining the major sources of aercsols in California using a unigue single particle
mass spectrometer, aerosol time-offlight mass spectrometry (ATOFMS), developed in
our lab, Over the past decade, we have developed an extensive source library that can
now be used to perform real-time source apporticnment of aercsols in Califomia, We
have performed studies in Los Angeles, Riverside, Long Beach, Fullerton, Pasadena,
Mt. Wilson, and San Diego. The major sources that have been characterized and
apportioned in California include ships, diesel trucks, gasoline powered cars, biomass
buming (i.e. wood smoke), and dust transported from Asia and cother regions. Most
recently, we construcied a smaller aircraft version of the instrument, an A-ATOFMS
{Pratt, 2008). This instrument opens new doors for studying the spatial variability of the
sources and chemistry of aerosols over the state of Califomia.

OBJECTIVE: The major goal of the proposed research project involves using our A-
ATOFMS o characterize atmospheric aeroscls on the Twin Otter aircraft in
coilaboration with Prof. John Seinfeld (Caltech). The proposed study will sddress a
rmimber of guestions including (1) What are the major sources of carbonaceous {OC
and sooty aerosols in California? (2) How do the chemistry and opiical properties of
California aerosols evolve spatially and temporally? (3) How does aerosol mixing state
influence hygroscopicity, CCN activity, and optical properties? (4} What are the major
sources and levels of black carbon or soot in Califomia asrosols? (5} How does the
chemisiry and associated optical properties of soot and other carbonaceous aerosols
hange with age and altitude? (6) What are the major sources contributing to high levels
of ulfate and nitrate in atmospheric aerosols?

DESCRIPTION: This proposed project will involve performing flights on the CIRPAS
Twin Oiter aircraft with Prof. John Seinfeld from Caltech, We will fly our newly
developed single particle mass spectrometer (Pratt, 2008} along with other aerosol and
gas phase measurements on board the aircraft over an 8 week périod. This project will
focus on making on-line single particle size, chemistry, and optical property
measurements. We will study the evolution of the size and chemistry of aeroscls as they
travel from scurce regions to more inland urban sites. In addition io our single particle
measurements, Prof. Seinfeld will have other complementary measuremeants an board
including an aerosol mass specirometer (AMS) and a PILS for measuring water-soluble
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organic species. A major goal of the airborne measurements will be fo acquire
complementary data that can be used to obtain more accurate estimates of the impact
of soot on climate in Catifornia. In addition fo the ATOFMS single particle soot mixing
state measurements, the Twin Otter payload will include a wide range of soot
measurements including a Single-Particle Soot Photometer. (SP2}, three-wavelength
Photoacoustic Asrosol Spectrometer (PASS-3), and a three-wavelength Particle Soot
Absomption Photometer (PSAP). Aerosol properties measured during these flights will be
used as inpuls for a General Circulation Model {GCM) to assess the radiative forcing of
aerosals over California. ' .

BENEFITS: Knowledge of agrosol sources and how they vary as a function. of altitude
and time is critical to understanding the overall impact of aerosois on climate. A key
facet of the proposed study involves developing a better understanding of how the
chemistry and sources of socct and other aerosols vary with altitude. The overall climate-
relevant properties of aerosols depend on their mixing state which can only be
determined with single particle measurements such as the A-ATOFMS. The proposed
combination of measurements will allow us to reduce the uncertainties associated with
the role of aerosols on climate. Also, we will focus on befter undersianding the key
sources contributing to the aerosols at different altitudes, addressing the important
question of how much aerosol is globaily transported into California from other regions
of the world (Asia, Mexico) and other states.

Asrosols reprasent short-ived climate change pollutants and it is clear that they are
affecting climate in California in a major yet poory understood way. Agrosol-cloud
interactions are hypothesized to affect regional weather patterns and lead to drought
which ultimately means they could be impacting Galifornia's water supply. Developing a
better understanding of the properties of aerosols and how they vary spatially, over
time, and from different sources will allow one to eliminate the aerosols lsading to the
" most deleterious climate and health effects. :

COST: $350,000

COFUNDING/COLLABORATION OPPORTUNITIES: The cost of the aircraft will be
covered by other sources. Since these flights will be conducted as part of CalNex, many.
opportunities will exist for collaborations with other researchers and sampling platiorms
(ship, ground, other aircraft) doing aercsol and gas phase measurements as part of
Calnex in 2610, :
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Cancep'ts Recommended if Funding Available

TITLE: Improved Estimates of VOC Emissions from Latex Painis in the South
- Loast Air Basin

PROBLEM: Architectursl coatings are {)ne of the largest sources of VOC amissicns in
California and the South Coast Air Basin,' Latex paints make up a large fraction of total
architectural coating applications, and are an important scurce of volatile organic
compound (VOC) emissions in the South Coast Air Basin. As such, this source may
contribute significantly to the formaticn of ozone and secondary particulate matter in the
basin. However, there have been no studies to actually measure VOC emissions from
latex paint in the field, to ascertain emission dynamics under varicus field conditions, or
to assess whether the common assumption of complete mass emissions from palnt is
valid across alt painted substrates. :

PREVIOUS WORK: The major VOCs found in latex paint are 224~tnmethyl-1 3-
pertanediol monoisobutyrate (TMPD-MIB or Texanol®) and ethylene glycol (EG).
Laboratory studies at the University of Texas at Austin (UT} have shed light on the
effects of different substrates on TMPD-MIB emission profiles, and also suggest that
TMPD-MIB in painted gypsum board may be sequestered for months to years?
‘Ongoing studies at UT for which samples of weli-characterized painted substrates, eg.,
“gypsum board removed from the USEPA test house in North Carolina, indicate that as
much as 20 to 40% of TMPD-MIB mass remains sequesterad in gypsum board after 15
{o 20 years. Thus, an assumption of compiete mass emissions of TMPD-MIB may be
highly conservative over the useful lifetime of some substrates, e.g., if a substrate is
remn‘ved fo a landfill where the VOC in question may be effectively biodegraded.

OBJECTIVES: The objectives of this study will be to measure emissicns of TMPD-MIB
and EG from painted surfaces of actual buildings in the South Coast Air Basin, and to
couple these findings with analysis of residual TMPO-MIB and EG in well characterized
painted substrates removed from the basin. Emissions will be characterized per unit
area of substrate for a wide range of previous paint applications and age, building
- materials, and envirenmental conditions, and will be useful for improved emission
inventories, Emissions and chemical residuals will be used to estimate continued
“emissions from, and fifetime onfin, various substrates.

PESCRIPTION: The proposed study wolild include three major tasks. Task 1 would
involve. actual field measurements of TMPD-MIE and EG emissions from painted
surfaces in the South Coast Air Basin. Task 2 would involve collection of previously
painted substrates in the South Coast Air Basin for analysis of residual TMPD-MIB and
EG from those substrates. Task 3 would involve an analysis of field and laboratory data
to determine improved estimates of TMPD-MIB and £EG emissions from, and lifetimes
on, various painted substrates.

For Task 1, a Field and Lal::ur:nrat{:-r},.F Emission I('..‘-re:!II (FLEC) would be used to
collect samples from building surfaces in the field (South Coast Air Basin). Mass
emissions would be determined for both the interior (e.g., painted gypsum board) and
exterior (e.g., stucco) surfaces of buildings for which key information is available, such
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~ as dates of last painting(s), types of paint and primer used {which would allow estimates

of TMPD-MIB and EG content), etc. This would be possible by working with govemnment
agencies, e.g., SCAQMD, and local universities, as they should have records of painting
dates and paint purchasa raquisitions for buildings in their facilities. The study design
will account for diffarent types and ages of paint, painted substrates, and environmental
conditions. During each field event, ambient air and surface temperatures, baromatric
pressure and relative humidity wilt be measured and recorded. Samples would be
collected on Tenax-TA and analyzed via themnal desorption and gas chromatography
with mass spectrascopy {TD/GC/MS). The study design would include multipie field
monitoring events over a two-year pericd with an estimate of over 100 field
measurements and repficate analyses for the same materials.

For Task 2, the organizations described in Task 1 will be asked to provide small
specimeans ("legacy” samples} of the painted surfaces analyzed for Task 1. These would
be analyzed by chemical extraction and GC/MS, allowing for estimation of the
approximate amount of TMPD-MIB and EG that still remain- on the painted matarials
-over spacified time periods. More than 20 legacy samples would be collecled for this
task.

Task 3 will involve analyses of data coliected during Tasks 1 and 2. The nature
and scope of this study would allow for new insights regarding the effects of various
parameters on VOC emissions from iatex paint, and potential for improvements in the
existing emissions inventory. In addition, the findings of this study combined with
previous and on-going research findings at UT would allow for a lifecycle analysis of
TMPD-MIB and £G in Iatex paint.

BENEFITS: This effort would be the first of its kind to actually measure TMPD-MIB and
EG emissions from painted materials in the field. The study would provide valuable
information related to the extent of such emissions throughout the South Coast Air
Basin. Corresponding improvements to the emissions inventory will allow jor enhanced
planning and policymaking related to air quality in the South Coast Air Basin.

© COST: $220,000

REFERENCES:

1. Berry, N., hitp/iwww.epa.goviregion08/sircecat-forumystationary/Naveen-Berry. ndf
Z. Lin, C.-C., and Corsi, R.L., Atmospheric Environment, 41{15): 3225-3234 (2007).

50




81

Climate Change
Policy Drivers:
Califomia Climate Change Sclutions Act of 2006 (AB 32)
AR 32 Scoping Plan
Executive Order $-3-05 establishing gréenhouse gas emissions reduclions targets
SB 375

Based on the policy drivers above and ARB's other responsibilities, the major themes
for the FY 2009-2010 climate change research portfolic are emissions and mitigation;

"long-range planning; behavioral change; the climate/air guality nexus; and public health
co-benefits of climate change policy. '

Ongoing Efforts: State-sponsored and -mandated research complements national and
international efforts and has provided a scientific framework for informed climate change
policy in California. At the national level, two interagency working groups coordinate
climate change research: the Climate Change Science Program (CC3P) and the
Climate Change Technclogy Program (CCTP). The Climate Change Science Program
integrates research on climate and global change sponsored by 13 faderal agencies.
The program coordinates the scientific research of the participating agencies through a
set of linked interdiscipliinary research elements and cross-cuiting activites that
encompass a wide range of interconnected issues of climate and global change.
Research elements and cross-cutting activities include atmospheric composition,
climate variability and change, the global carbon and water cycles, ecosystems, land
use and land cover change, decision-support resources, human contributions and
response, monitoring of climate systems, intemational research cooperation, and
communicaticn.

The Ciimate Change Technology Program (CCTP) is & multi-agency research and
development program. This program seeks to accelerate the development and
deployment of iechnologies from the porifolios of more than a dozen participating -
agencies, Reduction, avoidance, and capture of GHG emissions are key priorities.
Together, the CCSP and the CCTP represeni ihe primary effort uhder the President’s
Climate Change Research Initiative for the United States.

California benefits from federal research funds for climate-related research. In addition
to the participating agencias in CCSP and CCTP, there are approximately 40 national
research laboratories based in California and programs such as the Integrated Earth
Observation System and other networks, West CARB (administered by CEC), CALFED,
a regional integrated sciences and assessment (RISA} center at Scripps Institution for
Oceanography (UCSD), and other projects supported by NOAA, the U.S. Department of
Interior, the LI.S. Geological Survey, the National Park Service, the Fish and Wildiife
Service, and the U.S. Depariment of Agnculture {USDA),

California’s climate action programs are a milectlun of nearly 20 separaie elements or
functions that establish a comprehensive strategy for reducing GHG emissions. These
alements include specific regulatory actions, programmatic functions of departments or
boards, and statewide promotion of energy efficiency and conservation. The function of
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coordination of state efforts on climate change for meeting the AB 32 GHG reduction
targets resides with the Climate Action Team (CAT). As detailed in the 2008 CAT
Report, many State agencies as well as private and public universities in California

- conduct, support, or direct research related to climate change, and there is increased
coordination among agencies in this research. For éxample, the California Department
of Food and- Agriculture (CDFA), CEC}, and ARB have joined forces to study NoO
emissions, primarily from agricuktural activity in the State.

Research/Knowledge Gaps: To support the Board's decision-making and implement-

tation of climate change policies, several key knowledge gaps must be addressed.

+ Development of coherent strategies and tools for economic analysis fo support
sound and effeciive investments to reach near- and long-term State climate goals;

+ Refinement and verification of emissions inventories and emissions reductions, with
particutar emphasis on large area sources, CH; emissions, and NzO emissions;

« Further investigation of the climate impact of non-CQ2 GHG emissions rot included
ir the internationat Kyotc Protocol {e.g., black carbon emissicns);

. In‘uestlgatlun of the roles of human behaviors and decision-making in ciimate change
emissions to support implementation, outreach, and social marketing;

» Identification of additional cost-effective climate change mitigation strategiss
{technology or non-technology bas&d] with particular emphasis on sources of non-
COs GHGS;

» Development of methods for Ilfecycle analysis of proposed mitigation strategies;

« Development and application of GHG emission forecasting methods to projact
California climate change emission inventories into the future;

» |dentification: and-characterization of emission reduction potential from strategies
that provide consumers with information regarding the GHG footprint of personat
choices;

+ Development of protocols for quantifying and verifying emissions reduction
associated with changing behavior (e.g.. eco-driving, product fabeling, carbon
offsetting, efc.);

» Characterization of California-specific impacts of shori-lived climate change
pollutants {e.g., methane, black carbon, czone precursors) and sensitivity of
projecticns to such parameters as time horizon and emission levels to facilitate
short-lived species’ prioritization for mitigation via regulations, maﬁ&at—based
approaches, or a combination of strategies;

+ Costs and benefits of adaptation strategies suitable for application in Callfﬂmla
including heat emergency action plans or other responses;

« {Characterization of economic and public health impacts of ¢imate change on
California.

Recommended for Funding
Determination of the Spatial Distribution of Greenhouse Gas and Ozone

Pracursor Concentrations and Emissions in the LA Basin

The proposed research would utilize novel instrumentation to measure spatialfiemporal
variations of greenhouse gas and air pollutant emissions in the South Coast Air Basin.
The high time resolution {~1 hour) and targe spatial coverage (with < 1 km resolution in
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vertical and horizontal scaies) proposed in this stﬂdy wolild provide unigue information
on emission sources that is currantly not avaiiable through other means. (p. 58)
Froposed funding level: $300,000

Pilot Study of Inverse Madellng to Verify Callfornia’s Greenhouse Gas Emissions
inventory

To accurately quantify curreni emissions and verlfy future emission reductions—as
mandated by AB 32-—uncertainties in Califomnia’s inventory estimates of CHy and other
non-COz; GHG need to be reduced. ARB is now investing in instrumentation te measurs
CH, and other GHGs and needs to evaluate the measured daia to effeciivety

verify the CHs4 emission inventory. This project will use inverse modeling tools {o
gvaluate and improve CHs emission inventory in California based on data that will be
collected from ARB's CHy measurement network. Resulis will improve CH, amlssmn :
inventory and verify future CHy emission reductions in California. (p. 60}

Propased funding level: $275,000 :

Assessment of Baseline Nitrous Oxide Emissions in California’s Dairy Systems
The study addresses N2O emissions inventory and supports an AB 32 Early Action. The
project objective is to measure N2O emissions from forage croplands that receive liquid
manure from dairy operations. The uncertainiy regarding NzO emissions from manure-
amended fields has leng been recognized and requires figld investigation in California.
The proposed research would leverage a number of ongoing efforts and would benefit
from shared protocols and sampling/analysis equipment. (p. 62)

Proposed funding level: $82,000

Are There Any Counteracting Effects that Reduce the Global Warming Benefits
Atfributed to Diesel and Other Black Carbon Controls?

Black carbon, which is a major component of coal, diesel and other combustion-
generated PM, may be the most important poliutant contributing to glebal warming after
CO. and methane. its short atmospheric lifetime {1-2 weeks} differentiates it from CO»
and other globally well-mixed gases, which have lifetimes of decades to cenfuries. This
property makes it attractive as a means to immiediately reduce global warming impacts
through directed conbrols of hlack carbon scurces. Uncertainties regarding black
carbon’s indirect climate impacts associated with modification of cloud properties and
abundance need fo be clarified to support sound siraiegies for mltlgatrng climate
change through black carbon emissions controis. {p. 64)

FProposed funding fevel: $60,000

Quantifying the Effect of Local Government Actmns on Vehicle Miles Travelled
(VMT)

SB. 375 requires California’s regions to prepare Sustainabie Community Strategies as
part of their transportation planning, identifying a set of actions at the regional lavel that
would bring transportation greenhouse gas emissions down to target levels. Given
limited rescurees, it is critical to choose wisely which policies air implemented by local -
and regional governments o reduce VMT in their jurisdictions, Avallable policy tocls
include road and parking pricing, mixed use zoning, investments in alternative modes,
and household travel planning programs. To help localfregional governments prioritize
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actions, this research will estimate the likely impact of local gavemment actions on VMT
as a function of local/regional context variables. (p. BB}
Proposed funding fevel: $125,000

Develop Assessment Tool and Verify Emissions Reductions from Ereen Hames
GreenPoint Rated Climate Calculator Version [I-

Califomia's Climate Change Scoping Plan states that further research Is' hegded to
guantify GHG emission reductions from green buildings. This project will expand the
. capabilites of a GreenPoint Rated Climate Calculator to include the latest green
" building methods and infarmation. The climate calculator outputs can influence home
buying and renovation decisions by guantifying a home's impact. This data will also help
local govamments to develop local climate action plans, and in particuar, Jmpmve their
existing housing stock. {(p. 68)

Proposed funding level: $100,000

Evaluation of Models for Economic Analysis: ARB Regulations and Alternative
Approaches to Reduce Greenhouse Gas Emissions

Major issues that arise in many of the proposed regulations or alternative appmaches
are economics based. Economic impacts of GHG reduction policies that materially
change tha energy markets, transportation alternatives, and jand use are significant
issues for the policy makers, the public, and the business communities, Economic
madels coma in a variety of strictures, sector focus, and completeness, which make the
mode! selection and choice for a specific regulation or policy an important step. This
project would assess and evaluate several models applicability to and usefulness for
economic impacts analysis of ARB regulations and pelicies. (p. 70)

Propased funding level: $120,000 ' '

Identify Factors that Support Low Residential Energy Consumption Observed in
Somae California Households :

A large chalienge facing ARB is facilitating behavior changes to achieve the GHG
reduction milestones outlined in AB 32 and Executive Order S-3-05. The household
- profiles generated by this research can yield strategies, insights, and concrete
examples of how Californians live with (much) less energy. This information could be
used to help design more effective strategies and programs to promote household GHG
reductions and achieve ARB's climate policy goals. {p. 72)

Proposed funding fevel: $85,000

Behavioral Strategies to Bridge the Gap Between Potential and Actual Energy
Savings in Commercial Bulldings

This study integrates social science with technical analyms to investigate the roles of
building cccupant, property manager, and oparator behaviors on enargy consumption,
The study. will identify barriers ang opportunities to reduced energy use and enhanced
occupant comfort. These important findings could dramaticaliy enhance the State's
ability to leverage professionals in and occupants of built environments to achieve GHG
emissions reductions delineated by the Scoping Plan. (p. 74) :
Proposed funding level: $135,000
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Recommended if Additional Funding Available
Emission Reduction and Energy Efficiency Using Solid Oxide Fuel Cells Running

on Anaercbic Digester Biogas from a Dairy Farm

This project will demonstrate the capabitity of sclid oxide fuel cells in using bicgas from
a manure digester as the anode fuel, with an increase of the energy efficiency and a
reduction of pollutant emissions. {p. 77) '

Proposed funding fevel: $328,000

Carbon Life Cycle Impacts from Increased Blofuel Collection and Processing in
California

Californiza has a substantial opportunity to reduce carbon emissions by cnllectmg
previously unused forest residuals for biofuels, increasing thinnings of overly dense
stands at risk of unnatural fires that are prone to release substantial emissions, to
increase investments in short rotation wood crops, and to better utilize mixed waste
streams for energy. California biofuel opportunities are unlike most other regions
requiring site-specific analysis to estimate potential sources and not covered in the
natienally supported workplan. This pmpusal augments the existing wurkplan to include
California bicfue! collection and processing. (p. ?9} '
Proposed funding level; $275,000

Assessing California's Potential Emissions Reductions from Utilizafion of
Advanced Storage for Ancillary Services and integration of Renawahles at
Commercial and Industrial Facilities :
Advanced Storage devices can facilitate increased deployment of wind and solar
projects by alleviating potential ramping issues, reguiate frequency, and serve
commercial and industrial facilities as a back-up gensration/storage devices to
poiantialiy remove the need for dissel generation or as a dermand rasponse toal. This
study will assess whether significant emission reductions can be obtained from the main
uses of advanced, fast-response storage technologies thmughnut the State of
Califernia. (p. 81)

FProposed funding level: $150,000

Analysis of Changes in Light-Duty Vehicle Holdings by California Households

The proposed research will analyze existing vehicle registration databases to better
understand recent changes in the composition of the current vehicle fleet {by type and
age), at the househoid ‘evel. These databases can be monitored in the future to
understand how changes in fuel prices and policies affect vehicle holdings and new
-vehicle purchases, and perhaps vehicle miles traveled and fue{ consumption, at the
household level. (p. 83)

Proposed funding level: $200,000

Using Social Marketing to Alter Community Behavior and Reduce Greenhouse
Gas Emlissions: Morgan Hill Case Study

This research will measure the impact of a city-wide intervention, the “Lose 5,000
Pounds of Carbon in 30 Days” program, that involves using social marketing prompts,
the diffusion model and small eco-teams. This study will provide an empirical foundation
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for pragram plannlng and evaluation of local gnvernrnant-lmtlatﬂd soctal marketlng
campaigns to addresses climate change. {p. 85)
Proposed funding level: $250,000

Develop Tools to Assess Public Health Co-Benefits of Climate Change Policy
Implementation of climate-related regulations, such as the Low Carbon Fuel Standard
and SB 375, will change emissicns profiles and air polivtion as well as time-activity
patiems of Californians. Integrated assessment of health co-benefits and risks
-associated with climate policy is critical to ARB’s mission. In addition to aggregate
heaith impacts, tocls to assess public health co-benefits and risks of climate change
policy should illuminate distribution of effects, Analyses with these tools will be used by
ARB to develop and implement climate-related regulations that maximize health
benefits, and will guide city planners in developing healthy “cool” cnmmunlttes {p. 87)
Proposed funding level: $400,000

Social Responses to Climatic Changes and Extremas: Potentlal for and
Constraints on Adaptation in the North Coast Wine Country _
This is intended fo characterize the wuinerabilities, adaptation optiens, and constraints
of the North Coast winegrowing sector to climate change over the next several decades.
Based on a social science/physical science vulnerability framework, the project attempts
to assess exposure, sensitivity, coping capacity, and adaptation of the sector. This
sector is an u’npnrtant economic elemant in Cailifornia. Understanding the impacts of a
changing climate is the first step in developing plans for dealing with unavoidable
impacts. (p.-89} .
Proposed funding level: $198,885

The Impact of Changes in Economic Growth on California’s GHG Emissions

The volume and trend of -California’s aggregate GHG emissions will vary with its
economic growth, increasing the difficulty of estimating the macro-economic effects of
achieving a cap in a given year and the effect on certain policies such as the expected
. price of carbon in a cap and trade program. This Caiifornia-specific study will analyze
data on GHG emissions across the State's major economic sectors in the period during
and prior to the cument economic confraction to quantify observed relationships
between changes in economic growth and related changes in GHG emissions. Results
will shed light on the relationship between changes in economic growth and changes in
GHG emissions, improve projections regarding aggregate and sector-specific GHG
emissions of California’s economy, and foster more effective design of market-based
GHG emission reduction programs. {p. §1)

Proposed funding level: $100,000

Scenario Planning for 80% Reduction in 2050

Reducing greenhouse gases by 80 percent will require a complete transformation of the
siate’s energy economy affecting every sector inciuding electricity production,
transportation and fuels, rura! and urban land use, industry, agriculture and even the
way we heat our homes and businesses, This research will help ARB develop a set of
plausible and positive scenarios for the future of Califomia that achieves the 2050
targets (80% reduction) for greenhouse gas emissions. Scenarios will include sufficient
detall such that they could be used to inform the policy makers who are working to
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. achieve the goal, including tecﬁnical. institutional, and pelitical barriers that need to be
addressed. (p. 93}
Proposed funding level: $150,600
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Concepts Recommended for Funding

TITLE: Determination of the Spatial.nlstrihution of Ozone Precursor and
Greenhouse Gas Concentrations and Emissions in the LA-Basin

PROBLEM: Observation of the spatial distribution of air pollutant and greenhouse gas
. concentrations and emission fluxes is a crucial aspect of monitoring air quality as well
as the current efforts, mandated by AB32, to curb greenhouse gas emissions in
California. To data the strategy to monitor atmospheric frace gases and their emissions
oh & regional scale has relied upon networks of in-situ ground observations and simple
comparison with results from urban air-shed models. The limited number of ground sites
in these networks often poses challenges due to possible influence of local emissions
and large spatial gaps between the stations. Without complementary data from aircraft,
balloons, satellites or other exotic platfiorms, the ground-based network is inadaquate 1o
characterize the emissions of pollutants and greenhouse gases. The quantitative
analysis of the ohsarvations in models alsc is often difficult and time consuming. Novel
ohservational and modeling methods are therefore needed to address California’s
challenges in regulating and reducing the emission of pollutants and greenhouse gases.

PREVIOUS WORK: A pilot study using multi-axis Differential Optical Absorption
Spectrascopy {MAX-DOAS) to measure NO,, HCHO, and aerosol extinction from the
new NASA-Jet Propulsion Laboratory {JPL) “California Laboratory for Atmospheric
Remote Sensing” {CLARS) has been performed at Mt. Wilson, showing that enough
. information can be derived to retrieve spatial concentration fields of these compounds in
the South Coast air basin. Through & NASA-sponsored project we have builf a
dedicated near-IR FTIR to measure the spatial distribution of varicus greenhouse
gases. The instrument is based on a long heritage of Fourier transform spectrometers
developed at JPL for ground-based, aircraft, ballocn and spacefiight applications. The
near-IR capability will be fully operational by summer of 2008, At this point in time first
resulis of this setup will become available in spring of 2009. The CMAQ model has been
coupled with the WRF modsl and applied o simulate ozone in the LA Basin,
Additionally, an adjoint of the CMAQ model has been developed, which snables the
assimilation of observations using a variational approach.

OBJECTIVE: The proposed work offars the first sieps towards an air quality monitoring
and forecast strategy for pollutants and greenhouse gases by developing and
employing a combined observation and modeling system. Optical remote sensing from
Mt. Wilson will provide spatial and iemparal distributions of the column densities of
various pollutants {NQ,, HCHO, CO, aerosol extinction) and greenhouse gases (CO;,
CHs, N2O}. The observations will be assimilated into the CMAQ model and the adjoint of
the model will provide improved emission fluxes and concentrations of NOy, VOC's,
CH,, and N»O in the LA-Basin. '

DESCRIPTION: JPL's “Calfornia Laboratory for Atmospheric Remote Sensing”
(CLARS) is located on a mountain ridge at Mt. Wilson with a near full view of the South
Coast air basin. Investigators propose to perform field ohservations during different
seasons in the years 2010 and 2011, measuring the spatiai and temporal distribution of
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various pollutants (NOs, HCHO, CO, aerosol extinction via Os} and greenhouse gases-
{CO2, CHa4, N2O) using a8 UV-vis MAX-DOAS and a near-IR FTIR spectrometer. Both
instruments will use scanning systems to measure the absorptions of these trace gases
in different viewing directions. Concentration fields of these compounds with a verical
resclution of 0.2 to 1km, a horizontal resolution of at least one kilometer, and a temporal
rasolution of 0.5 - 1 hour, will be retrieved using radiative transfer calculations and
inversion techniques.

However, cur main emphasis for this project will be to circumvent this inversion by
expanding UCLA’s CMAQ model with a radiative transfer code to directly simulate and
assimilate the trace gas sfant column densities observed from CLARS. The assimilated
data can then be used in the existing adjoint of the CMAQ model to derive improved
emission fluxes of NQy, VOC's, CH;, and N;O in the LA-Basin. We propose o perform
these calculations for different seasons and meteorological conditions in the LA-Basin.
The results of this exercise will be compared to existing emission inventories. The
improved mode! will be tested against ground observations to investigate the
performance of our novel approach.

BENEFITS: The State of California is currently pursuing an ambgious plan io reduce its
greenhouse gas emissions and to improve #s air quality over the next decade. The
proposed novel observation/modeling strategy will provide a unigue fool to support
these activities, by allowing the validation and improvement of emission inventaries and
urban airshed models. While our current proposal adopts a campaign style strategy, the
proposed approach can easily be expanded into a year-round system to monitor
changes in trace gas concentrations and emissions in the South Coast air basin and
other urban areas in California. An assimilated CMAQ system that uses instantaneous
observations, such as those from remote sensing instruments, would provide the next
generation of air qualify analysis and forecast toois.

COST: $300,000

COFUNDING/COLLABORATION OPPORTUNITIES: This research will be carried out
in close collaboration with ARB staff who are already performing greenhouse gas air
sampling at Mt. Wilson, as well as with the SCAQMD for the validation of our
observations with ground observation, Collaborations with the NASA satellite
cammunity are already established and will be further expanded in this project.

o8




90

TITLE: Pilot Study of Inverse Modeling to Verify California’'s Greenhouse Gas
Emission Inventory

PROBLEM: Inventory estimates of Califomia’s greenhouse gas {GHG) emissions are
based on international protocols that may not be representative of California sources
and conditions for non-C0O; GHG. Thus; there is a need to independently verify current
- @missions estimates. In addition, Assernhly Bill 32, the Global Warming Solutions Act of
- 2006, mandates the California Air Resources Board (ARB) to verify future GHG
amission reductions resulting from mitigation measures. The academic community has
" proposed a statewide continuous GHG monitoring network and the use of air quality
models o back-calculate current emissions (“inverse modeling”) and to follow emission
trends. The proposed nefwork would be a muiti-miltion dollar commitment and a
workshop jointly conducted by ARB and UC frvine in January 2008 raised guestions
about the necessary number of monitors, the desired locations, and current inverse
modeling capabilities. in order to provide a database to test the inverse modsling
approach, ARB staff are deploying ten relatively low-cost (but high precision and hourly
resolution) COCO-/CHy monitors in the Central Valley of California. As part of the
CalNex field study in May-June 2010, the National Oceanic and Atmospheric
Administration (NOAA} will make flights over the monitoring sites and throughout the
Central Valley to provide further spatial information. ARB has a highly spatially resolved
(4 x4 km) CO. emission inventory of known accuracy that can be used to verify the
inverse modeling approach. . '

PREVIOUS WORK: UC San Diego operates two sites (Scripps Pier and Trinidad Head}
that provide houry resolution for multiple GHG.. ARB has provided high resolution CO
monitors for these sites 50 they can be part of the CO/CO/CH, network. In 2007, two
new projects were inffiated. First, UC Irvine and ARB conducted 10-day measurement
campaigns over four seasons at the Mt. Witson Observatory, overiooking greater Los
Angeles. By comelating SHG with simultaneous CO measurements and using the CO
emission inventory for Los Angeles, the study estimated emissions for several GHG
{CH4, CFC-12) that were higher than the emission invenfory. Second, a collaborative
study by the Lawrence Berkeley National Laboratory, NOAA, and the California Energy
Commission, began continuous measurements of multiple GHG at a site near
Sacramento (Walnut Grove} and in the San Francisco Bay Area (Sutro Tower). The
study demonstrated an inverse modeling approach for a portion of the Central Valley by
using the Wainut Grove measurements to estimate CH,; emissions.

OBJECTIVE: The objective of this project is to demonstrate inverse modeling tools for
data coflected from ARB and UC San Diego's CO/CO./CH; measurement network,

DESCRIPTION: The proposed wark involves four major tasks: 1) Demonstrate an
inverse modeling approach for CO using the ARB/UC San Diego measurement
network. Annual, summer and winter inventories at county or sub-county resolution are
desired for comparison to the existing ARB CO emission inventory. 2) Caloulate annual
CO; and Chy emission inventgories using the ARB/UC San Diego measurement.
network. Compare to county-level emission inventories, to be proved by ARB staff.
(ARB staff also have two mobite monitoring platforms available fo investigate
unexpected hot spots.} 3} Use the NOQAA aircraft and other data (e.g., Walnut Grove)
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to improve the emission inventory estimates and make recormmendations on the optimal
- number and locations of monitors. 4) Turn over the inverse modeling tool to ARB staff
and conduct a training course.

BENEFITS: The project will improve CHy emission inventory and verify future CHy
emission reductions in California as mandate:_:l by AB32.

COST: $150,000

REFERENCES: _

Fischer, M.L., C. Zhac, W.J. Riley, and A.C. Andrews {(2009). Observaticn of GH, and cther
Mon-CO, Gresn House Gas Emissions from Callfornia. Califomniz Energy Commissicn, PIER
Energy-Related Environmental Research. CEC-XXX.
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TITLE: Assessment of Baseilne Nitrous Oxide Emlssmns in Californras Dairy
Systems

PROBLEM: in California, nitrous oxide (N2O} may confribute as much as 50% to the
_ total net agricultural greenhouse gas {GHG) emissions {California Energy Commission,
2005), hut there is a great unceriainty associated with this estimate because actual field
measurements of N»O in California are lacking and N2O emigsicns vary greatly among
agricultural systems. With the passage of the Global Climate Change Solution Act (AB
32), quantifying NG emission from California agricultural land is vital to determining
(GHG emission budgets needed to address the mandated reduction in GHG emissions
by 2020 and to. dévelop appropriate mitigation strategies. Three State agencies {CEC,
CDFA, ARB) recently funded research o determine baseline N;O smissions in 9 of
Califomia's acreage-wise and economically most imporiant types of cropping systems.
However, no research has been commissioned to develop N2O inventories for irrigated
forage cropland that receives liquid manure from anasrobic storage pends and corral
manure. Dairy waste is applied to some 400,000 acres of forage cropland, which has
one of the highest annual throughputs of nitrogen (N) of any cropping system in the
world and, therefore, the potential of producing substantial N-O emissions,

PREVIQOUS WORK: The main driver for increasing N2O emissions in North America is
management of manure and manure application to solls (IPCC 2007). To date, N:O
emissions have not been measured on California’s dairy farms, where water waste is
typicaily applied year-round to forage crops surrounding the dairy facilities. According to
- our most recent research, the N inputs info these cmpping systems (mainly as Iagoﬂn

water and fertilizer thmugh the ﬂocu:l lrrlgatlnn systems) range from 500 to 1200 kg N ha

yr . versus 350 to 600 kg N ha yr removed in the harvested crap. Many studies
have shnwn that high N inputs significantly increased N2 emissions {Bouwman et ai.,
2002; Eichner, 1990; Stehfest and Bouwman, 2006), and that N.O emissions increasad
sharply in response to N inputs that exceeded crop N.requirements (Edis et al., 2008;
McSwiney and Robertson, 2005). Manure enhances denitrification; furthermare, manure
" stored in anaarobic lagoons contains volatile fatty acids, which have a high biochemical
oxygen demand and likely provide an addltlonal stimulus to dsnitrification (Cayne
2008).

OBJECTIVE: The goal of the pmpc:isad‘ research is to determine baselina NO
emissions in forage production systems receiving dairy lagoon water waste.

PRPOSED WORK: Task 1: At least three farms with differing soil types will be selected
for the N2O monitoring. Sites will be selected with a history of regular manure additions.
Task 2: On each farm, measuremeants of N2Q flux witl be made during ane summer com
growing season and also durtng one winter, when winter forage {triticale, oats, wheat
etc.).are grown.

Episocdes of high N>O emissions occur when both soil inorganic N concentrations and
water-filled pore space {(WFPS) are high (Bronson and Mosier, 1993; Burger et al.,
2005; Dobbie et al., 1999; Simojoki and Jaakkola, 2000). Therefcre, frequent N>O flux
sampling will take place immediately before and after irrigation with dairy lagoon water
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with the goal of capturing the extent of elevated N20 fluxes until the fluxes subside to
background . levels. When NG flux has receded and soils are relatively dry,
measurements will be taken less frequently. Frequent sampling will also take place in
the winter if the WFPS stays high for extended periods. -

Nitrous oxide flux will be measured, using a static chamber technique (Hutchinson and
Livingston, 1983). During measurements, vented, insulated, rectangular thin-walf
stainless stesl chambers (approx. 5¢ x 30 x 10cm) will be fitted onte previcusly insarted
kases (depth about 8 cm) in beds and furrows. Chamber headspace air will be removed
from a sampling port with butyt rubber septa wia syringe and needle. after 0, 30 and 60
min and stored in evacuated glass vials. The headspace air sampies will be analyzed by
a Shimadzu gas chromatograph {Model GC-2014) linked to a Shimadzu autc sampier
{Model AQC-5000} in Dr. Horwath's laboratory. The system will be calibrated daily using
analytical grade N;O standards from a reputable source. Soil and air temperature, and
soil maisture will be recorded during each gas sampling. Task 3: Periodically, inorganic
N to a depth of 15 cm will be determined in soil extracts, and pH will be measured in soil
slurries. Bulk density in the 0-15 cm layer will be determined seasonally. The ancillary
data will be used to characterize the environmental factors that control NzQ emissicns.
The yearly N inputs into these systems will be estimated from the inflow, determined by
flow meters, and the concentration of total N in the irmigation water. Task 4: The yearly
N20O emissions in these dairy systems will be calculated from the N2Q fluxes measured
following the irrigation or rainfall events and from estimates based on the background
fluxes that are expected when soils are relatively dry. Emission factors wili be estimated
for these dairy systems from the total yearly N;O -N emissions divided by the amount of
the yearly N inputs. The deliverables of this research will be a baseline estimate of
annual N>G emissions in dairy systems that can be used to estimate the N>O emissions
from the same land use in California. The émission factors (EFs) can be compared with
those of ather systems, for example com cropping systems supplied with varied
amounts of synthetic fertilizer that are being monitored for N0 emissions in the Fresno
area by our collaborators {PI Dr, Goorahao).

BENEFITS: Bassline N:O emission estimate for Central Valley dairy systems will
improve the State’s N2O emission estimates, The EFs of dairy systems in comparison
with EFs of .other California cropping systems wiil provide guidance in developing best
management practices to lower N2G emissicns in California’s dairy systems.

COST: $82,000

COFUNDING/COLLABORATION OPPORTUNITIES: The proposed research will
complement N2 menitoring in other projects funded by State agencies. This project will -
benefit from shared prolocois, flux chamber design, and streamlined analytical
procedures established in the other N0 monitoring projects underway. The data
generated in the proposed research can also be used to calibrate and validate N2O flux
maodsling, as proposed in some of the othar projects funded by State agencies.
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TITLE: Are There Any Counteracting Effects That Reduce the Global Warming
‘Benefits Attributed to Diesel and Other Black Carbon Controis? .

PROBLEM: The IPCC concluded that black carbon {(a major component of coal, diesel
and other combustion-generated PM) may be the second most imporiant pollutant
contributing to global warming, but chose not to assign a global warming potential
(GWP) for two reasons. First, its short atmospheric lifetime (1-2 weeks} is incompatible
with the long lifetimes {decades to centuries) of CO; and other well globally mixed
gases. However, this property makes it attractive as a means fo immediately reduce
global warming impacts through directed controls of black carbon sources. And to slow
loss of Arctic sea ice and glaciers around the world as black carbon deposited on snow
and ice accelerates their malting. Second, because of uncertainties regarding how it
influences climate in an indirect manner through the modification of the properties and
abundance of clouds. While this “indirect aerosol effect” does not appear to offset the
benefits of black carbon conirol, its magnitude needs to be undarstood.

PREVIOUS WORK: The Desert Research Institute just finished an emission inventory
of black carbon scurces in California. The ARB is funding Scripps to assess the impact
of black carbon on California’s climate through a balanced appreach involving
obsarvations, data analyses, and modeling studies. Results from this research project
will address the question of the importance of black carbon (both overseas transport
and local sources) on recent observed frends of wamming, drying and early melt of the
Sierra Nevada show pack. NOAA is funding Caltech (as part of CaiNex) to investigate
. the impacts of PM (inciuding black carbon) on climate forcing and cloud formation. They
will address the origin and nature of California PM by flight plans that seak to track the
evolution of the size and composition of the particies as they travel from source-rich to
downwind areas. Caltech, NASA and Stanford have daveloped global climate modals of
the “indirect aerosol effect”. ARB staif have assisted Michael Waish and the University
of HHinois in developing global emission inventories of black carbon and GHG reductions
for the on-road transportation secter. These inventories include both BAU and control
seenarios that extend California’s diesel engme standards and retrofit programs fo the
U.S., EU and China.

OBJECTIVE: Run a model intercomparison study to isolate the direct effects of black
t_:arbon from the indirect, using global scenarios of on-road transportation controls.

DESCRIPTION: An extensive literature review by Caltech concluded that no global
climate modeling study exists in which the effect of changing black carbon oni aerasol
indirect effects has been specifically diagnosed. Several glabal climate models exist that
include the requisite detailed PM size distribution and compaosition treatment, coupied to.
an explicit cloud drop number concentration parameterization, to carry out such a
- calculation. The proposed study would be carried out with Calech, NASA and Stanford
and would involve a series of equilibrium climate simulations in which the effect of
reductions in black carbon emissions from the on-road transportation sector on the
indirect aerosol effect is diagnosed. In particular, we are interested in determining
whether a reduction in black carbon will jead fo an increase or decrease in cloud
radiative forcing. in short, would mitigating black carbon result in some counteracting
warming due to consequant reduction in the indirect effect of aerosols on climate?
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BENEFITS: Black carbon emissions from Asia and iocal sources coniribute to global
warming and accelerated melting of the Sierra Nevada snow pack. If California’s
example of strict diesel control is applied to other regions of the U.S. and world, these
impacts could be reduced. '

Greenhouse gases such as carbon dioxide have atmospheric lifetimes of decades
allowing themn fo mix over a. broad geographical area. In contrast, the removal
timescales for BC particles are less than a week with greenhouse effects felt much
closer to the emissions source. Changes to the emissions of light absorbing carbon
“particles could result in rapid, regionally specific changes to the radiative forcing.
Therefore, reduction of black carbon offers a unique opportunity to mitigata the effects
of giobal warming trends in the short term.

COST: $60,000

COFUNDING/COLLABORATION OPPORTUNITIES: This proposal builds on work
already funded by NASA and NOAA, so the funding needs are modest.
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TITLE: Quantifying the effect of local govermment actions on VMT

PROBLEM: The State of California has laid out ambitious greenhouse gas emissions
reduction goals in AB 32 and in Executive Order # 5-03-05. The transport sector is
responsible for 38% of Califonia's greenhouse gas emissions. Although technaiogical
advances in vehicles and fuels can go a long way foward reducing -transporation
emissions, it is now accepted that part of the strategy to meet these climate gnals must
be to reduce the overall vehicle miles traveled (VMT]

SB 375 requires California’s regions to prepare Sushainable'{:om'munity Strategies as
part of their transportation planning, identifying a set of actions at the region Jevel that
would bring transportation greenhouse gas emissions down to target levels. There are
plenty of policy ideas out there for local and regional governments to reduce VMY in
their jurisdictions. Road and parking pricing, mixed use zoning, invesiments in
alternative modes, and household travel planning programs repregent just a small
- sample of the possibilities, Unfortunately, resources are limited, and they cannot ail be
implemented.

.To responsibly do their part in the state’s effert to meet emissions reduction goalts,

planners and local govemment officials need to have a clear way of prioritizing actions
to reduce greenhouse gas emissions in their communities. In order to properly prioritize
options, it is' necessary to know—among other things—how much each option will
actually reduce the greenhouse gas emissions of the community. However, the
. amissions effect of actions that reduce emissions through behavicr change is highly
. uncertain; all actions that aim {o reduce VMT are in this category.

The challenge is that the particulars of the local and regional context play a large role in
determining which actions will be most effective where. For instance, rcad pricing will
generally be most effective in reducing VMT where there are alternative modes of
transportation. Incremental invesiments in transit will be most effective in places where
thase investments are filling. gaps in existing service. It is impossible to create a simple
table with actions in one column and greenhouse gas impacts in the next.

The extent to which people will reduce their VMT in response to govemment actions
{their elasticity) is instead a function of contextual variables, and it is this function that
~ must be investigated to help local and regional governments pricritize actions.

OBJECTIVE: To estimate the likely impact of local gcvemment actions on VMT as a
- function of focaliregional context variables.

DESCRIPTION: :
The research should include three subtasks, which will be refined in accord with RTAGC
dialogue and other SB 375-related developments:

1. Synthesize available evidence on the effects of local and regional govemment
actions on VMT,

2. Use available travel survey, census, and GIS land use data to develop models
that estimate elasticity of VMT with respect to a variety of major local/regional
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policy variables {e.q. cost of travel, density of land use, transit availability) in a
variety of urban and suburban contexts.

3. Create a simple spreadsheet model fool that synthesizes the resulting elasticity
functions into usable policy parameters for local government decision making.

BENEFITS: Research results will support ARB's responsibilities under S8 375 and help
planners and local government officials prioritize actions o reduce greenhouse gas
emissions in their communities by offering a context-dependent tool to estimate
greenhouse gas emissions reductions from a variety of VMT control strategies.

COST: $125,000
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TITLE: Develop Assessment Tool and Verify Emissions Reductions from Green
Homes: GreenPoint Rated Climate Caleculator Version Il

PROBLEM: A number of lifestyle-based carbon calculators have been developed to
estimate an individual's or househoki’s carkon footprint, but few fools exist to measure
the total avoided greanhouse gas emissions from building green homes. Existing
calculators typically rely on seif-reported data, rather than third-party verification. Af the
national level, there is no systematic method of quantifying the greenhouse gas
reductions from LEED projects; each project/developer uses its own methodelogy. And
while the energy-related emissions savings from the building industry are well
understood, research on the non-energy benefits of green buildings is very limited.

PREVIOUS WORK: The first version of the GreenPoint Rated Climiate Calculator,
developed by a team led by Green Building in Alameda County, quantifies the impacts
of a core set of residential green building practices that go beyond energy. Our agency
has taken a lead in identifying and quantifying the greenhouse gas reductions possible
from recycling construction and demolition waste. Version | includes other non-typical
quantification protocols, including indoor and outdoor water efficiency measures,
benefits for locating near transit, and planting shade trees as ways to reduce a home's
overall carbon footprint. A final report decumenting our findings and methodologies s
publicly available and is being used by public agencies in deveioping climate action
plans. I

OBJECTIVE: Cur objective is to expand the number of green building measures that
can be quaniified in the Climate Calculator by undergoing a second phase of research,
called Version 2. We will also revise current methodolegies to ensure their compatibility
with emerging green building protocols andfor cap and trade systems as appropriate.

DESCRIPTION: The second phase of research will follow similar methods used in
-Versian |: ' :

The measures includad in the Calcutator are drawn from the Green Building Guidelines
published by Build it Green, the residential green building standard that is most
commonly promoted by local governments in Califomnia. The GreenPoint Rated program
“offers third-party verification of these measures. The project team encountered some
challenges as they sought to develop a Calculator based on accurate, verifiable data
and assumptions. To be credible the Calculator had to reference valid standards,
research reports, and assumplions. Perhaps most challenging, the Calculator had fo
work for third-party raters in the field. A calculator that is too onerous to fill out would
drive up the cost of ratings, while an overly simglified calculator would lack credibility.

Unlike some calculators, the GreenPoint Rated Climaie Calculator isn't a do-it-yourself
_rating toof that estimates the impacts of individual's behaviors, aithough it may be
complementary to those behavior-based calculators. The GreenPoint Rated score and
the Climate Calculaior results are independent of the cccupants’ behavior in most cases
because they are based on industry standards. The agsumpticns used in the Calculator
remain valid for that building. regardless of ownership or occupancy, uniess significant
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changes arg.made to the building's structure or systems. For this reason the Climate
Calculator is different from other calculators used for estimating CO.E attributed to
homes.

The GreenPoint Raied Climate Calculator bridges the gap between those calculators
that estimate the carbon footprint of individuals; and the large, indusiry-wide emissions
reporting protocols. Other methadologies, such as the World Resources Institute
methcdology, measure impacts on climate change at a macro level, either by assessing
the. emissions of a business, an entire industry sector, -or a local or regional
government’s jurisdiction. Home carbon footprinting tools, like those that allow users to
offset their air travel or purchasing habits, are specific to the behavior of the occupants.
The GreenPoint Rated Climate Calculator, however, provides a way o estimate the
benefits of building green as compared to a conventonally built home of the same
vintage.

As part of the Version 2 update process, Green Building in Alameda County will contact
key stakeholders including experts, state agencies, local governmenis, builders,
GreenPoint raters and climate registries. We will raview the latest research ic expand
the number of green building measures that can be quaniifisd and to update cument
methodolegies. We will undertake pilot projects of different residential building types.

BENEFITS: The climate calculator cutputs can influence home buying and renovation
decisions by quantifying a home's impact. This data will also help local governments o
develop local climate actions plans and in particular, improve their existing housing
stock. _ .

COST: $100,000

COFUNDING/COLLABORATION OPPORTUNITIES: The Green Building in Alamedsa
County program will be committing $25,000 in hard costs and in-kind staff time to
developing Version Il of the Climate Calculator. By funding this project, the state will be
leveraging two years of past research on this project. The Green Building in Alameda
County program has already invested $75,000 in hard costs in the development of
Version | and has provided data to the ARB’s Climate Change research division for the
green building portion of the draft Scoping Plan.
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TITLE: Evalu.ation of Models for Economic Analysis: ARB Regulations and
Alternative Approaches o Reduce Greenhouse Gas Emissions

PROBLEM: Support for reducing greenhouse gas (GHG) emissions fo reduce future
climate change has increased substantially over the last decade. The California
Legislature has set year 2020 targets for GHG emissions, and the Govemor has
passionately pursued and emphasized efforts and programs to further GHG reductions.
The California Air Resources Board has adepted a Scoping Plan for GHG reductions 1o
meet the fargsts, and is adopting regulations to implement the plan.

. Major issues that arise in many of the proposed regulations or aliernative approaches
are economics based. Economic impacts of GHG reduction policies that materially
change the energy markets, transportation alternatives, and land use are significant
issues for the policy makers, the public, and the business communities. Economic
models come in a variety of structures, sector focus, and completeness, which make the
model selection and choice for a specific regulation or palicy an important step.

OBJECTIVE: This project wnulﬂ assess and evaluate several models aphlicabi[ity to
and usefulness for economic impacts analysis of ARB regulations and policies.

DESCRIPTION: This project would be in three phases that wnuld mvol'-..re ARB staff,
c-utsn:}e advisors, and panel uf experts

Phase | wouid be conducted in-house by ARB Economics Studies Section Staff. In this
phasa, staff would: )

» Gather information on several state and national Ie'-.rel models that are being
used either in California or within the U.S.

» Summarize the models structures, definitions, coverage, usage, and other
information useful for model evaluations.
Develop a set of criteria for model evalfuations.

+ Consult with other ARB divisions to assess economic modeling needs and the
sectors that most likely would need fult economic analysis.

+ Perform a preliminary evaluation of the models.

+ Prepare issue documents on each of the models.

Phase || would involve recruiting and consuliing with outside advisors, Experts and
professars from the University of California or leading ecunumlcs II"IStItUtICIﬂS will be
_ recruited to advise the ARB. The experts will:

» Review tha model information gathered by the staff and advise on the
completeness of the coverage.

« Reaview the staff analysis of the modef applicability, and preliminary evaluations.

¢ Prepare a set of recommendations on all of the models reviewed based on the
staff and their own anaiysis of tha pros and cons of each model. :

» Recommend the leading modeis that should go to a mnference or panel of
experts hefore the ARB stakehuldars
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+ Prepara documents and formally submit to the ARB.

Phase Il would consist of a one-day conference where the recommended and leading
models would be discussed according fo specific criteria developed by the staff and the
Phase |l experts. The ARB stakeholders would be invited to partncnpate in a portion of
the panel discussions. The panel would:

» Review the prepared decuments and models prior to the conference. -
Discuss the evaluation criterfa for the models.

+ Express their concurrance or rejection of previous evaluation findings on the
models. .
Present their own evaluation of the models.
Summarize and make recommendations.

BENEFITS: This research will aid ARB in choosing, using, and improving economic
models that are used to estimate economic impacis of greenhouse gas reduction

strategies. Improved models and better understanding of their results will help resolve
issues related to differing estimate of regulatory control of greenhouse gas emissions.

COST: $120,000-
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TITLE: Identify Factors that Support Low Residential Enargy Consumption
Observed in Some California Households

PROBLEM: This research will investigate the circumstances which correspond to (very)
low energy consumption levels in a subset of California houssholds. Athough inter-
household variation in kWh consumption is acknowiedged to be much larger than
differenices in end use technelegies or household size could explain, the determinants
of low usage have not been studied. The roles played by social factors such as habits,
attitudes, and knowledge of energy matters, and demographic factors such as age,
race, and social class are not well understood. This research can overcome tha present
uncertainty about what life lived af ten percent of current average energy consumption
entails,

PREVIOUS WORK: According to data supplied by Pacific Gas & Electric (PG&E}, inter-
household variation in monthly electricity and gas consumption by residents of the City
of Berkeley varies by more than a factor of 100. An investigator serving on the Berkeley
Energy Commission initiated and coordinated a series of local contests designed to
confirm the existence of very low usage and reveal the pattemns underlying . it.
Subsequent research using consumption data acquired through these contesis revealed
a very low correlation between the energy efficiency of ‘end use technologies and
eleciricity consumption. Ancther investigator and “potential collaborator conducted
research on both low usage behaviors as well as variation in energy usage among .
otherwise similar households beginning in the late 1970s.

OBJECTIVE: This research aims to identify what factors are responsible for the low

levels of energy use within an unstudied segment of the Califormia residential sector,

and establish a framework within which to assess the contributions of different social,

cultural, and hehavioral factors toward such low consumption levels. The research aims

to generate a set of household profiles corresponding to different combinations of -
physical and social factors that yield low energy use. Finally, an understanding of low

energy usage pattems could supply a template of what California’s Global Wam‘ung

Solutions Act (AB32) mlght require in five or ten or even twenty years.

DESCRIPTION: Thmugh in-home interviews and a detailed survey this research will
explore both the physical, social, and behavioral factors contributing to low energy use
as well as attitudes among low use customers about their uses of energy.

1) Acquire a dataset from PG&E consisting of usage histories of approximately 5,000
residential accounts at the bottom end of the usage spectrum for both gas and
electricity. This numbear encompasses all residential accounts up to the 10" percentite
usage level. These accounts would include 12 consecutive months of electricity and
natural gas consumption and either the account number or a code allowing subseguent
matching to the account number. The approximate monthly billing cutoff levels for such
data extraction are: 70 kWh and 5 themms. This data set would then be sorted using
criteria for culling accounts with no occupants or where significant fuel substitution is
rasponsible for the exceptional usage.
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~ 2) Screen the data set to remove apparently unoccupied residences as weli as
customers whose bilis reflect fuel substitution, s. g low gas users with above-average
electric consumption.

3) Design a study participation consent form. To protect customer confidentiality,
personal information in the data set would be redacted. Research staif would have no
ability to access perscnal information or coniact customers until customers have
consented in writing,

4} Mail the form to the screened dataset {expected to be hetween 2,000 and 3,000
accounis}. The form would include a pre-printed account number or other identification
code. Those residents willing to participate would respond to research staff directly. The
advantage of such an approach is that it ensures anonymity of account holders while
affording them the opportunity to participate. The computational requirements for PG&E
are also minimized. Other approaches to protecting custnmer prwacy while encouraging
participaticn-are possible.

5) Deveinp sampling criteria for identifying a subset of parlicipating households 1o ba
interviewed in their homes. Conduct and transcribe interviews with low-use households.
Interviews are designed to establish a working understanding of the circumstances and
parameters cormresponding fo low use patterns and to facilitate development of
appropriate EUF‘-.FE}F questions.

6) Draft, pretest, and mail a detailed survey to alt households agreeing to participate. |

7} Anglyze findings from interviews and household surveys. ldentify household profiles
using physical, social-demographic, and aititudinal categnrlaa developed through
analyzing the responses.

8) Derive applications, focusing on the potential for significant reductions in energy
consumption through transferable strategies.

BENEFITS: The household profiles generated by this research can vieid strategies,
insights, and concrete examples of how Californians live with (much) less energy.
These permit and suggest a policy approach grounded in the experience of actual
California housaholds. Expert krowledge wouid be utilized not to prescribe standard
bundles of technical solutions to everyone, but to identify combinations of habits,
behaviors, technologies, and building characteristics that correspond fo low energy
consumption patierns commensurate with ¢he long-term mandates of AB32.

COST: $95,000
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TITLE: Behavioral Strategies to Bridge the Gap Between Potential and Actual
Energy Eavings in Commerclal Buildings '

PROBLEM: Space mndmomng and ventilation represent 28% of the electricity use and
38% of the natural gas consumption in California’s commercial sector (1), Efforts to
reduce these levels and associated greenhouse gas emissions have typically focused
on deveioping technological solutions and devising prescriptive approaches. Yet
buildings rarely work as designed, in large part because they are operated and
inhabited by people. This mismatch between building operations in theory and building
operations in practice -places serious limits on the success that solely technology-
oriented solutions can have. The mismatch also peints to the undertapped social and
behavioral potential of building operators and occupants to work with the built
environment to provide indoor spaces that require less enhergy and cause less
greenhouse gas emissions without causing undue stress on occupants.,

PREVIOUS WORK: Work in the U.S. and the UK. indicates that commercial buildings
often perform much differently than theorized. For example, energy consumption in new
commercial office buildings. is ofien higher than predicted (2), while occupant
satisfaction survey data show that most office buildings, whether old or new, deliver
levels of occupant thermal comfort that are much poorer than design values spemfy
often because of overprovision rather than underprovision of space conditioning (3).}
There is limited published research, however, on the orchestration of real day-to-day
operations of buildings, which encompass the decisions of the building cperators, the
influence of property management, and the behaviors and reactions of building
occupants, Several large occupant satisfaction survey databases, including the
Qccupant Indoor Environmenial Quality Survey developed by the Center for the Buiit
Environment (CBE} at University of California Berkeley, have amassed data that help
begin to answer these questions. :

OB.JECTIVES: The objectives are three-fold: (1) Understand key differences between
theory and actual practice of thermal comfort provisioning in commercial buildings,
addressing technological and operaticnal elements simultaneously; {2} Identify barriers
‘and opportunities in socio-technical systems of practice toward reduced energy
consumption, such as expanding comfort temperature bands while mairtaining or
increasing the satisfaction of building occupants. Consider how these opportunities can
be fulfilled in actual building operation, retrofit, and design; (3} Provide a structure to
highlight the above issues so that they can be better recognized and mtegrated in future
rasearch and practice on the commercial built snvironmant.

DESCRIPTION: This research would involve two intertwined streams. The first stream
would analyze field observations and interviews with building operators, occupants, and
property managers. The second stream would interview academic and practicing.
building experts, to draw out unpublished and informal knowledge and experience. A
third siream could be added, subject to data and resource availability, to combine

' Research shows that just 38% of survey respondents said they were satisfied with temperature in their
workspaces. Over half of cccupants’ stated dissalisfaciion with temperaiure in the stmmer is from
temperatures that are too cold, rather than foo hot, according to the Ocsupaint Indoor Environmental
Cuslity Survey database (http:Awww.che. berkeley.edufresearch/survey.him} at U.C. Berkeley.
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analysis of observed energy consumption and temperature ranges with “what i
scenarics {e.g., for expanded thermal comiort ranges).

Select California buildings for which occupant satisfaction and building technical
characteristics data have already been archived in CBEs Occupant Indoor
Envirohmental Quaiity Survey database, and obtain necessary permissions from
management.? Use existing survey results and consultations with building sxperts to
develop interview and focus group protocols. Employ interviews and focus groups to
speak with building operators, building cccupants, and property management to better
understand current practices and fo ascertain barriers and opportunities for fower
energy use. The focus would be on the thermal enviranment, but other aspects of the
built environment would be included as they arise. Analyze results to determine themes
of how buildings are “really” operated and why, and to identify barriers and opportunities
for modifying practices toward reduced building energy use. Themes could include, for
example: traditions in setting air conditioning and heating levels and their rationale {e.g.,
" assumptions about how temperature affects safes or productivity), roles of various
parties in determining operating choices, what systems do not work, how complainis are
managed, window and door opening practices, degree of occupant control, occupant
adaptation to discomfort, performance ‘data avaitability, dlashing interests of operators,
managers, and occupants, relationships to outdoor environment, etc, Investigate in
particular the possibilities for Increasing the range of indoor temperature, and whether
and how this could be achieved by changes in operating practices, changes in occupant
and management expeciations, as well as technologies and practices of adaptation,

BENEFITS: Results would offer ways in which building operators, management, and
occupants could collectively establish building practices that use less energy, resulting
in lower GHG emissicns and potentially more satisfying commercial indoor spaces.
Results would aiso inform theory of commercial building operation and design for
comfort provision, toward better accounting for actual operations and unceriainties, thus
contributing to better design and more realistic theoretical approaches to lower buitding
energy consumption. '

COST: $135,000 _

COFUNDING/COLLABORATION OPPORTUNITIES: In using CBE's survey database,
this research leverages past funding by the California Department of General Services,
CEC, GSA, and other agencies, as well as the collective work of 50,000 building
occupants. It alsc links to a research proposal that CBE is developing, at the request of
CEC, to study comfort from a broader perspective, integrating outdoor comfert and
building user expectations.

REFERENCES:
(1) California Commercial Energy = Use Survey, available online at:

http:/fcapabilities.itrgn.comfCeusWeb/Chart. aspxt

* There are cumrently 34 surveyed buildings in California in the CBE survey archives. Additional buildings -
could be surveyed at relaiively low cost. In total, CBE archives surveys from over 400 buildings, primarily
in the U.5.
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(2) B. Bordass, R. Cohen, and J. Field, “Energy performance of. non-domestic buildings:
closing the credibility gap,” presented at the 2004 Intemnaticnal Conference on Improving
Energy Efficiency in Buildings, Frankfurt,

http://europrosper. enerqypiroiects. netflinks/IEECB04BordassCredGap2. pof.
{3} S.A. Fard, Past-Occupancy Evaluation in U.5. Office Bulldings: Do Green Buildings Have

- More Satisfied Occupants?, M. Thesis, U.C. Berkeley, 2006,
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Concepts Recommended if Funding Available

TITLE: Emission Reduction and Energy Efficiency using SOFCs running on
Anaerobic Digester Biogas from a Dairy Farm

PROBLEM: There are cumrently 1.8 million cows in 1900 farms that produce 90,G00
tons of waste per day in California. With the purpose of generating power, heat, and
reducing greenhouse and volatile organic compound emissions, some dairy fams
generate biogas by digasting manure in anaecrobic digesters. However, current emission
standards for IC engines are not being met by generator sets running on biogas.

PREVIOUS WORK: Attempts have been made to add catalytic converters to process
the exhaust gases of generator sets to reduce NO, and CO emissions. Current
converters have been designed for operation with NG and not for biogas, so they tend’
to fail after a shori period of operation. Solid Oxide Fuel Cells (SOFCs) have been
tested with biogas (mainly CH4/CO» mixiures) and have even shown recovery after
exposure to small HzS concentrations that can be present even when sulfur cleaning is
applied before the injection to the SOFC anode.

OBJECTIVE: Demonstrate the capability of SOFCs in using biogas from a manure
digester as the anode fuel, with an increase of the energy efficiency and a reduction of
pollutant smissions. The biogas will be obtained from a manure digester located at
Joseph Galle Farms, in Atwater CA.

DESCRIPTION: Anaercbic digesters CE)I"IStItUtE a proven technnlcgy for cow-manure
management that reduces the emissions of methane -fo the atmosphere. The biogas
obtained from the digester can be used on-site or provided te a nearby local user, it may
be cleaned into biomethane and sold to public utilities or be used for distributed power
generation purposes, producing electricity for use on-farm, off-farm or sold to utilities.
There is an additional positive effect when it is used to help to reduce the load on an
already saturated power transmission line.

A typical composition of the biogas obtained from a digester has between 55 and 62%
CHa, 30 t0 35% CO5, small fractions of Os, N2, and 0.2% of H»S which requires the use
of a scrubber. Due to the higher fractions of CO., and Nz, a spark-ignited |C engine
running on biogas shows a penalty in performance compared to natural gas or gasoline
[Crockes 2006]. An increase in the compression ratic improves performance but
increases the levels of NOx, CO, and HCs. Information obtained from a San Joaguin
Valley Air Pollution Control District operating permit (see attached document) for a 575
BHP Caterpillar generator engine indicates maximum emission levels of 0.15 g- NOx
fbhp-hr, 0.1 g-PM10/bhp-hr, and 0.5 g-CO/bhp-hr. Although the PM and CO emissions -
have been met, so far, measured levels of NOx emissions are above the regulatory
requirement.

Due to their capability of operating with CH4/CO> mixtures obtaining higher efficiencies
than ICEs or GTs, and ihie relative insensitivity to the contaminants present in biogas
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(provided a desulfurization step) SOFCs may present a viahle alternative to IC engines
for power generation and emission reduction {an herle 2003 and 2004, Shiratori 2008,
Santarelli 2008). However their performance running on biogas from a manure digester
has not been documented previcusly. The main concemn in the utilization of SOFCs with
biogas is the presence of HxS which is stable at the operating conditions’ of a SOFC.
The- poisoning becomes more serious at increased levels of HaS and decreasing
operational temperature {Sasaki 2006). However, experimental rasults indicate that
SOFCs can recover from exposure to low quantities of H2S (below 1 ppm) (Sasaki
2008). Carbon. deposition is also a problem if steam or Oz is not added {(Van herle
2004},

Before a fransition from IC-engines to fuel cells can take piace, a comprehensive
analysis of the performance and emission levels of SOFCs running on biogas needs to
be performed. The proposed project intends o run a series of tasts to collect data and
. determine the exhaust emissions levels and power generation perfarmance of a solid
oxide single celf operating on bicgas from a digester. The biogas will be obtained from
the manure digester at Joseph Gallo Famms in Atwater, CA. Based on funding
avatlability 2 1 kW SOFC stack could also be installed at the Joseph Gallo Farms
faciiiti&s for perfonnance, reliability, and real-time operation analysis.

The proposed list of tasks includes

1. Obtain a benchmark test data of emissions levels and power generation ofa
single soiid oxide cell operating with CHa/H0 mlxtures (steam-tn-carbun ratio
higher than 2).

2. Measure emissions levels and power generation performance of a single solid
oxide cell operating with simulated biogas composed of 60% CHy4 and 40% CO-..

3. Measure emissions levels and power generation performance of a single solid
oxide cell operating with scrubbed and raw bicgas from digester.

1. Analysis of carbon deposition on solid oxide single cell.

2. Quantify degradation effect of Ho5.

BENEFITS The use a waste material for aims of power generation at high efficiency
and low poHutant emissions. Low exhaust emission levels and high-efficiency distributed
power generation will significantly reduce Californians’ respiratory illnesses and will
lower the load on saturated transmission lines.

COST: $328,000
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TITLE: © Carbon Life Cycle Impacts from Increased Biofuel Collection and
- Processing In California

PROBLEM: Biofuel collection and processing to displace fossil fuels provides an
important opportunity for reducing carbon emissions. The US Forest Service {USFS)
has provided $500,000 funding to measure the Life-Cycle Inventories (LCI) for coliection
and processing of hiomass suitable for bioprocessing (forest residuals, thinnings, short
rotation crops and mixed waste streams). A national workshop of experts prioritized
potential projects and estimated that comprehensive coverage would require a total
budget in excess of $1 million. They established an initial set of priorities singling out
regions and biofuel processing modeis that were already producing useful data to
generate the most and highest quality results per unit cost. As a large energy using
state, California has a substantial opportunity o reduce carbon emissions by collecting
previously- unused forest residuals for biofuels, increasing thinnings of overly dense
stands at risk of unpatural fires that are prone io release substaniial emissions, to
increase investments in short rotation wood crops, and to better utilize mixed waste
streams for energy. California biofuel opportunities are unlike most other regions
requiring more site-specific analysis to estimate potential sources and net covered in
the USFS supported workpian. This proposal extends the existing workplan fo include
California biofuel collection and processing.

PREVIOUS WORK: The Consortium for Research on Renewable Industrial Materials
(CORRIM} a non-profit research consortium formed by 15 research institutions, mostly
universities, has developed L.CI information and carbon equivalent Green House Gas
{GHG) assessments for all structural wood products for the major US preducing regions
including an integration of the impacts from alternative building materials for the
construction, use and disposat of residential buildings for cold and warm climates, along
~ with impacts for residential and light commercial structures meeting seismic codes in .
Los Angeles www.corrim.org. CORRIM is just beginning fo deveiop biofuel coliection
and processing LCIs based on regional supply analysis and a sample of key biofuel
precessing alternatives including pyrolysis, gasification and fermentation. This' new
CORRIM project in conjunction with this proposal can extend the California Biomass o
Energy Study for a select region of the state that was recently completed under the
supervision of Mark Nechodam of the USFS Pacific Southwest Research Static
providing. -

OBJECTIVE: Extend the coverage being provided by a USFS grant to CORRIM to
develop LClIs for biofuel collection and processing to include California sourced biofuels
and carbon mitigation impacts sourced by forest residuals, thinnings, short rotation high
. yielding crops and mixed wastes, supplying a range of processing technologies. Provide
information that will motivate increased biofuel uses such as hiofugl processing for liquid
fuels. '

DESCRIPTION: Provide estimates of life cycle impacts for biofuel coilection of
residuals and fire reduction thinnings and short rotation woody crops and their
bioprocessing alternatives based on processing models that will ultimately lead to LCls
for scale facilities once they are in operation.

Specific Tasks include:
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1. Identify best thinning strategies by extending a current USFS funded study to
establish best practices for a range of inland-west forest types by including specific
California forest types and their related fire risks.

2. Analyze growih, yield and life cycle impacts for fast growing California species such
as eucalyptus.

3. Develop life cycle impacts for forest residuals that could be collected if incentives
supported by increasing carbon values or fossil fuet prices are realized.

4. Consider mixed feedstock sources and their impact on volumes and LCI measures.

5. To the degree possible leverage use of the data collected in prior USFS and
California’s Air Research Board (ARB) supported studies and customize collection
and processing alternatives appropriate to California infrastructure.

6. Develop estimates of the magnitude of emissions reduction available from
increased biofuel coflection and processing for Callfqrnla under a range of
‘economic conditions.

7. Assess other environmental burdens that may result from increased use of biofuels.

8. Peer review all findings integrated with the CORRIM LCI biofuel and collaction
project reviews for increased credibility and enhanced support for implementation.

BENEFITS: California specific LCI informatian on increased biofuel opportunities that
ara peer-reviewed integral with the USFS effort will identify new opportunities to reduce
.green house gas emissions (GHG) in California and pmwde direction for
implementation and the reduction of barrlers

COST: $275,000

- CO-FUNDING COLLABORATIVE OPPCRTUNITIES: The USFS funded biofuel LCI
- coliection and processing study ($5ﬂﬂk} will provide research protocols for consistent

analysis across many regions in identifying opportunities in California and provide
benchmarks for comparisons across collection and processing alternatives. The study
will also benefit from a peliet study ($50k, supported by the State of Wisconsin} in
cooperation with CORRIM, ongoing field studies on the accessibility of forest residuals
($300k, supported by Staie of Washington), and a wood products study being
compileted under industry funded grants for assessing the impact of increased biofuels
in the manufacture of structural products ($18K). The study will also build off of a USFS
study on fire risk reduction and carbon mitigation opportunities specific to a range of
forest types in the west ($300K). Without the extended coverage provided by this
proposal, the opportunities for California’s working forests and unigue species and site
conditions will not be available af least in the foresesable future. With this proposal data
for California will likély be more complete than for most other regions. The participating
CORRIM research institutions will also provide matching funds of 20%.
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TITLE: Assessing California Emission Benefits from Utilzation of Advanced
Storage for Ancillary Services and Integration of Renewables at Commercial &
Industrial Facilities :

PROBLEM: Advanced Storage devices are expected to have an increase in utilization
in the state of Califonia. The targeted uses for storage are {1) Assisting with increased
implementation of wind and sclar projects by alleviating potential ramping issues, (2)
Offering ancillary Services such as frequency regulation, and (3} Serving commercial
and industrial faciiities as a back-up generationfstorage devices to ease demand for
diesel generation or foster demand response.

Each of these uses has the potential to provide significant emission reductions for the
~ state of California if widespread adoption is encouraged. However, to date, studies have

not quantified this benefit. The proposed study would use a proprietary simulation modet
to assess the whether significant emission reductions can be cobtained from the main
uses of advanced, fastresponse storage technologies throughout the Stata of
- California.

PREVIQUS WORK: A publicly-available study has assessed potential emission savings

for Beacon Power's 20 MW Flywheel Power System when used for Frequency -

Regulation:
hitp:flibrary.corporateir. netflibrary/12/123/123367 fitems/2 2??56! Bea con ErmissignReport

1 8 07 .pdf
The study was conducted fﬂr Beacon Power, Sandia National Labs, and the U.S. DOE,

OBJECTIVE: The purpose of the proposed study is to guantity the potential emission
savings gained by the adoption and utilization of fast-response storage devices in the
state of California. : :

DESCRIPTION: The tasks will use a dynamic simulation model to assess specific
storage applications, their impacts on emissions, and then quantiiying the total potential
savings. The projsct will examine fwo application areas and scenarios within those
applications, :

Application 1: Ancillary Services (1) Base Case: assessment (as in the Beacon
Flywheel Report} for utilizing fast response storage for the Califernia’s current level of
regulation or regulation alternative. {2) Renewable Energy Case: assessment for using
‘fast response storage for the amount of projected regulation that will be required under
California’s 2020 Renewable Energy goals

Application 2: Commercial. C& Applications — As duration, transportability, and capacity
of storage technologies increase, the technology may be able ta replace a large amount
of diesel generator utilization.

(1) Case 1: assess the emission savings galned from using sturaga in plaue of
traditional generation technologies that participate in DR Programs.

(2} Case 2: measure the emission savings that is gainsd by using storage vs. diesel
generation to cover outages or cases where fraditional generation is used to maintain
facility operaticns. '
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For the project, investigators will utilize a proprietary KREMLIN simulation fcol capable
of modeling entire electricity grid systems. The model has been used exiensively to
assess storage impacts for frequency regulation and use with renewables. It has been
applied to ISQO areas in the U.S. and is capable of working with up to 1,000 generators.
The model has been adopted to include storage applications, emissions from the power
plants and generators, and additional renewable applications such as wind, large solar
and solar farms. This model will be set up specificaliy for the Caiifornia 1SO electricity
grid.

BENEFITS: Californians can benefit from energy-generating technologies that reduce
emissions of CO,, NOy, and SOy,. This study will lock at the potential application of
advanced sicrage technclogies and assess the emissions savings that can be gained
by their use. In each of the cases, storage devices may also have better performance
characteristics than current technclogies. Hence, the study will help show how storage
can not only demonstrate better performance for spacific applications, but will also help
the state reduce emissions as well.

CQSTE: $150,000
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TITLE: Analysls of Changes in Lightduty Vehicle Holdings by Califomnia
Households

PROBLEM: ARB has adopted ambitious goals to reduce greenhouse gas emissions lo
1990 levels by 2020; achieving these goals will require large reductions in emissions
from all sources. To ensure that the state is on target to meet its objectives, data should
be collected and monitored to verify that reductions are occurring on schedule, and to
identify seciors or compeonents that are not achieving their targets. in 2004 Califomnia
light-duty vehicles accounted for 33% of all CO, emissions from fuel combustion, and
B4% of all CO2 emissions from mobile sources. Analysis of fuel sales data can provide
insight intc whether general AB32 targets for the transport sector are being met, but
they do not provide information on whether fuel reductions are coming from greater use
of more efficient vehicles in the current fleet, reductions in vehicle mies traveled, or
purchases of more efficient vehigles. :

PREVIOUS WORK: CARB's EMFAC model is a sophisticated tool that estimates the
effects changes-in vehicle stock, emission rates, and activity have on criteria poliutant
and COq emissions, The latest version of EMFAC includes vehicle counts by vehicle
type and county, and estimates of annual mileage driven by vehicle type and model
year from analysis of Smog Check inspection records. However EMFAC is updated only -
every few ygars, and provides infermation only at the county level.

OBJECTIVE: The proposed research will analyze existing vehicle registration
databases fo better undersiand recent changes in the composition of the current vehicle
fleet (by type and age)}, at the housechold level. These databases can be monitored in
the future to understand how changes in fuel prices and-policies affect vehicle holdings
and new vehicle purchases, and perhaps vehicle miles traveled and fuel consumption,
at the household levsl.

DESCRIPTION: The Department of Motor -Vehicles maintains vehicle registration
records for all vehicles in the state. The data include vehicle license plate and
identification number (VIN), as well as the vehicle owner and address, including zip
code. The owner address can be used to infer driver characteristics (such as median
household income or education level) from the 2000 {and later) national Gensus, at the
zip code, tract, or biock lavel; such data can be aggregated by vehicle age, type, and
make/model, for all vehicles registered in the state. (It may be possible to obtain more
exact information on household income and size from state income tax returns,} Ih
addition, multiple vehicles registered to the same address can be aggregated to
determine characteristics of vehicle "fleets’ owned by California households.

Multlple years of DMV data can be assembled to characterize vehicle holdings of
households {by number of vehicles and vehicle model year, type, and make/model} and
to track vehicte movements within, into, and out of California and air basins. The data
can be used to estimate how state policies influence households’ purchases of new
* vehicles {for example, replacing a light truck with low fuel economy, with a car with
higher fuel economy).
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Vehicle holdings by household can eventually be merged with data on vehicle activity .
and fuel use to estimate fuel use by geographic area and household type, and to track
fuet use over time in responsa to govemnment pelicies. Smog Check inspection reconds
provide odometer readings and miles traveied for individual vehicles. However, newer
vehicles up to 6 years old, vehicles manufactured before 1976, and vehicles registered
in many rural areas of the state are exempted from the Smog Check program; other
sources would be needed o estimate the activity of these vehicles. In addition, Smog
Check records only provide information on vehicle use over the two-year period
between Smag Check inspections. Future efforts fo coliect more frequent data on
vehicle activity, and fue! use, could be combined with vehicle holdings by housshold to
frack household vehicle activity and fuel use over time.

BENEFITS: An ongoing system to monitor the light-duty vehicle stock of California’s
households can be used to analyze what impact changes in fugl prices and government
policies have on vehicle ownership patterns. Coupled with data on vehicle activity
and/or fuel use, the system could also be used to irack fuel use in response fo
govemment policies to reduce CO; emissions. The merged data can also be used to
“identify which geographic and socie-economic segments of the population should be
targeted far further reductions in light-duty vehicle CO; emissicns, in order to meet the
CGy-reduction goals of AB32.

COST: $200,000
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TITLE: Using Social Marketing to Alter Community Behavior and Reduce
Greenhouse Gas Emissions: Morgan Hill Case Study

PROBLEM: A survey conducted by Yale University indicaied that although many pecple
are concemed about climate change, adopting sustainable behaviors confiicts with the
social norms of American cufture. In addition, addressing climate change requires more
than one behavioral change, and many peopte do not know how to begin or question
the impact their personal changes will have on a global scale. Finally, since making a
significant difference requires more than one individual, persenal effarts may seem futile
in a world surrounded by unwilling participants. When addressing communitywide
climate change, local government agencies do not have a long history of knowing which
programs are effective and are similariy challenged by these personal dynamics.

PREVIOUS WORK: Research indicates that local governments underestimate the
influence of social norms and rarely plan social marketing campaigns in accordance to
the diffusion model. The diffusion model uses “garly adopters” (15% of the population)
. to lead the way for a new behavior to be adopted by the “early majority” (next 35% of
the populaiion.) The expected outcome is that the “late majority” (additional 35% of the
population) will he persuaded fo implement the new behavior with little marketing effort
and the behavior will be considerad a narm. In addition, research also suggests that a
small group working together to reduce their impact con climate change is more effective
than a mass marketing campaign., Small groups effectively address barriers because
individuals feel more accountable about their actions, are more likely to adopt a new
sustainable behavior when they see others doing it, have a greater poeoling knowledge
and at the same fime are creating a new social norm for the community.

OBJECTIVE: This research aims to datermine the expected impact that the “Lose 5,000
Pounds of Carbon in 30 Days” program ¢an have by using sucral marketing prompts,
the diffusion moedel and small eco-teams.

DESCRIPTION: The City of Morgan Hilf has piloted two Carbon Diet Clubs that have
reduced an estimated 105,000 pounds of the community's greenhouse gases. The
results of the pilot indicate that the program can be easily extended to the larger
community and that on average a participant reduces 10,000 pounds of annualized
greenhouse gas emissions. This research will extend this campaign o 35% of the
households (4,400) in Morgan Hill over a three year pericd, affecting the majority of the
population to create a social norm, and subsequently quantify the program'’s resuilts.

The program is simple with participating households working in small groups made up

. of 5 to 8 households, known as a Carbon Diet Club. Each household commits to losing
5,000 pounds of annualized carbon dioxide emissions over a 30 day period, Carbon diet
Kits are given to each member cordaining the following:

« A Carbon Diet Workbook: This is the mast vital component in the campaign. The
"~ workbook contains 24 actions split into two sections: cool lifestyles and cool
households systems. Each action provides a carbon reduction number if the
activity is done (e.g., a participant can reset his/her thermr::-stat and claim & 1,200
Ihs. carbon reduction.)

85




1186

» Kifl-A-Watt: Participants can check out this device to find phantom energy loss

« Shower timers, reusable shopping bags and environmental information related to
reducing greenhouse gas emissions

« A Free Home Energy Audit

Weekly meetings are hosted by City staff or student intemns during the paricipation
month. During the meetings, households act as a suppert group and discuss problems
and snlutic-ns to achieving their réduction goal. :

This project invalves extensive evaluation of the program’s resulis. Specifically, the
fallnwmg research results are anticipated:

. Evaluat_e the effectiveness of using small groups o address more than one
behavioral change to reduce a community’s carbon footprint

+ Analyze the long-term behaviors that were adopted from the campaign by
comparing annual energy bills, vehicle mileage and behaviors befors and after
participation
Create 2 social marketing model that can be utlllzed in other communities
Apply the social diffusion madel to 12,500 households in Morgan Rill
Analyze effective groups for campaign targeting, such as churches, homeowner’ s
associations neighborhoed blocks ot randomly fnrmed groups, that will resutt in
long term behavicr changes

« Study how the campaign raised awareness in other areas, e.g. workplace
practices

s Survey how home energy audits infliuence behavior and consumer choices

+ Explain how to create a highly visible campaign and provide a cost benefit
analysis

This research will provide a model that breaks down the barriers that prevent individuals
from changing their behavior. The carbon diet kit in conjunction with group meetings
makes the transition to sustainable behaviors easier and more consistent. Households
are able to quantitatively define the difference they have made and the campaign
creates a social norm,

BENEFITS: Provides a logical process for prcgrélm planning and evaluation of a social
marketing campaign that addresses climate change. Many other California communities
will be able to reduce residential greenhouse gas emissions uslng the resulls nf thls
research. :

COST: $250,000

COFUNDING/COLLABORATION: The City has budgeted funding to pay 50% of the
campaign implementation and has received initial suppfementary funding to provide
horae energy audits from PG&E. The City has begun exploring a relationship with the
Lucas Graduate School of Business at San Jose State Universify to coordinate the
evaluative steps of the praject.

86




117

TITLE: Develop Tools to- Aseess Public Health Co-Benefits and Risks of Climate
Change Policy

'PROBLEM: In 2006, the Lagislature passed and Governor Schwarzenegger signed AB
'32, the Global Warming Solutions Act of 2008, which set the 2020 greenhouse gas
emissions reduction goals into law. It directed the California Air Resources Board (ARB)
to begin developing discrete early actions to reduce greenhouse gases while also
preparing a scoping plan fo identify how best to reach the 2020 limit. Implementation of
climate-related regulations, such as the Low Carbon Fuel Standard and 3B 375, will
change emissions profiles and air pollution as well as time-activity pattems of
Californians. integrated assessment of health co-benefits and risks associated with
climate policy is critical to ARB's mission. In addition to aggregate health impacts, a tool
to assess public health co-benefits and risks of climate change pelicy should illuminate
distribution of effects, For example, facilities will be erecied to produce alternate fugis
demanded by the Low Carbon Fusl Standard and land will be converied, and the local
impacts may be distributed unevenly. While reduced fossil fuel consumption should
improve air quality on a regional scale, actual exposures on community levels must be
invesiigaied. For example, there is ewdenee that smart growth and reduced urban
sprawl can help combat obesity and its associated risks as well as reduce vehicle miles
traveled, thus reducing in-vehicle traffic exposures. However, mere pedestrian-friendly -
environments can also be associated with greater pollution exposures. in addition, land
use changes may resuit in activities to produce altemate fuels, such as agriculture and
hicrefineries, being located near communities resulting in a changed profile of exposure
in these communities. '

PREVIQOUS WORK: While several studies investigate particular impacts related to
climate change policy in isolation, an integrated assessment of climate policy impacts is
critical to ARB's mission. For example, studies indicate that neighborhoods with
increased walkability reduce obesity and lower blood pressure’, providing a benefit to
. the health of the inhabitants of the neighborhood in addition to reducing vehicle mies
traveled®. However research also lndleatee that pedestrian friendly environments may
results in higher air poilution exposures®. There has been a call for a cost-benefits
analysis of the impact of built enviranment interventions on greenhouse gas emissions
and public health, paricularly on the more vulnerable populations®,

OBJECTIVES: Support ARB’s mandate to control greenhouse gas emjssions whiie
protecting public health developing a tool for integrated assessment of health co-
benefits and risks associated with climate policy is critical to ARB’s mission. In addition
to aggregate health impacts, this tool shouid illuminate distribution of effects.

DESCRIPTION: There are several areas that coilld be emphasized to support the goals
of this effort, including:

1. identify how climate change regulat:ene that aiter emissions profiles, such as the
Low Carbon Fuel Standard, impact public health at the locai and individual level,
including the impacts of reduced or changed exposures. Effects on children and
the elderly and those with preexisting disease will also be assessed bgcause
they are more vuinerable to air pollution.
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2. Assess how increases in smart growth may reduce poliution from traffic due to
reduced vehicle miles traveled and increased health from raduc:ed EXposures
and reduced stress due to less time spent in vehicles.

3. Asssessment of possible exposures from biorefineries, agricultural activities to
grow the crops needed in alternative fuels, as well as processing plants and
alternative fuel plants (such as wind power plants) which may increase near
communities. The focus will be on groups most affected by these changes, such
as lower socioeconamic status communities, since they have fewer resources to
move away from areas where increased farrmng or fuel production planis may be
located.

4. Perform a cost-benefit analysis of the impact of interventions in the buiit
ahvironrent ah greenhouse gas emissions and public health.

5. Evaluate how the potential change in area dedicated to green space due to land

' use changes may resuit in heaith lmpacts

BENEFITS: Analyses with these tools will be used by the Air Resource Board to
develop and implement climate-ralated regulations that maximize health benefits, and
will guide city planners in developing healthy “cool” communities.

COST: $400,000
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TITLE: Social Responses to Climatic Changes and Extremes: Potential for and
Constraints on Adaptation in the North Coast Wine Country.

PROBLEM: Specialty agriculiure such as winegrowing is an essential part of
California’s economy and society. Increasing evidence suggests that winegrowing is
highly sensitive to climate changs, particularly changes in climate exiremes. However,
the nature and extent of the biophysical and social (management) sensitivities, as well
as the potential capacity and constraints on adaptation of the industry, remain relatively
uncharted. These are critical to understand to promote the continuation of a viable Jocal
wine industry. The industry presents an excelient case study for examining the
vulnerability to climate change as well as the adapiive capacity and barriers to
adaptation, which are relevant to other forms of agriculture, and would greatly suppnrt
California’s emerging efforts in adaptation planning.

PREVIOUS WORK: Investigators have demonsirated that winegrape yields are
sensitive to the changes in climate projected for California (Lobell et al., 2006a, b;
2007). Initial work also indicates that winegrape quallty is sensitive fo chmate (Hayhoe -
et al., 2004). General frameworks for vulnerability assessments and adaptive capacity
are available (e.g., Adger et al., 2007; Adger, 2006; Smit and Wandel, 2006}, and some
initial thinking on the types and importance of barriers io adaptation cah be used as a
first iteration on the constraints that may affect California’s viticuliure in adapting to
climate change (Adger et al., 2009; Moser, 2009).

OB.JECTIVE: The overali objective of this project is to comprehensively characterize the
vuinerabilities, adaptation options and constraints of the North Coast winegrowing
sector to dlimate change over the next several decades. An integrated social
sciencafphysical science vulnerability framework will be used to assess exposure,
sensitivity, coping capacity and adaptation constraints of winegrowsrs to changes in
relevant climatic conditions.

DESCRIPTION: Investigators will work closely with members of the wine industry in the
North Coast region {hers defined to include Napa and Sonoma counties) to conduct a
vuinerability analysis of the coupled social-ecological system of winegrowing to climate
change. Under ihis framework, the potential for harm {vulnerability) is a function of
exposure to a stress such as changes in temperature or other climatic variables,
sensitivity to that stress, and ability to respond or adapt to that stress. Investigators will
examine historical management responses to past climate stresses, evaluate current
levels of preparedness for climate change in the wine industry, and combine this
information with existing and emerging statistically and dynamically downscaled climate
scenarios to project the future vulnerability of the industry to climate change.

This work has three main goals, each to be reached through specific tasks: {1) Enhance
California’s experience in effective decision support through stakeholder dialogue, a
broad survey of winegrowers, face-io-face interviews, and ongoing communication with
stakeholders: {2) Understand key drivers of the North Coast winegrowing social-
ecological system's wvulnerability o climate variabilty and change through a
characterization of biophysical and socic-economic sensitivity, exposure and adaptive
capacity of winegrowers and the integration info a comprehensive vulnerability
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assessment; and- {3} Identify the real-world options, priorities, and constraints fo
adaptation to inform improved adaptation policies and practices through-
characterization of past vineyard responses to climate stresses, assessment of present
preparednass for climate change, and analysis of future adaptation options.

This project will have a specific focus on how extreme events affect winegrowing, as
these present some of the most challenging management situations in the winegrowing
industry, and are likely to reveal the most difficult constraints on decision-making under
uncertainty. We will conduct an -economic valuation of the impacts of past extreme
evenis as a first-order baseline for a preliminary and likely incomplete estimation of
future economic impacts of climate change on this sector.

Importantly, the proposed project aims not only io advance scientific understanding in
several key areas, but to serve as a pioneering test case for California’s emerging:
efforts to identify adaptation options and barriers and use this understanding to provide
decision-makers with effective decision support. insights and results will alse be
communicated back to the science community to inform future research and scientific
assessments such as the state's Climate Action Team reports and the next IPCC
assessment. o :

BENEFITS: Thiz proiect represents an important advance in California’s climate
impacts and adaptation research, offering a botiom-up perspective on the State’s
capacity to dea! with unavoidable impacts. Additionally, it will strergthen California’s
capacity for effective decision support while also advancing several research frontiers.

COST: $199,885
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TITLE: The Impact of Changes in Economlc Growth on California’'s GHG
_Emissions

PROBLEM: The volume and trend of California’s aggregate GHG emissions will vary
with its economic growth, increasing the difficulty of estimating the macro-economic
effects of achieving a cap in a given year and the effect on certain policies such as the
gxpected price of carbon in a cap and trade program. Every three years from 2012
through 2020, {and beyond), ARB will establish declining aggregate GHG emissions
limits (caps) for California. As ARB estimates the feasible and cost-effective greenhouse
gas emission reductions that can be achieved through market mechanisms in any given
compliance period, it wifl be helpful to understand how bassline GHG emissions in a
range of sectors wouid respend to projectad changes in Califomnia’s economic growth
rate in the absence of climate policy.

BACKGROUND: Three variables strongly influence anthropogenic GHG emissions:
population, sconomic productivity/capita, and carhon-intensity of production. Total GHG
amissions can be estimated as the product of these three factors, and their rate of
change can be used to estimate the trend of an ecoenomy’s GHG emissions.

No cne of these factors alone can determine the trend of California’s GHG emissions.
But, all else heing equal, a prolonged economic contraction is expected to reduce an
econemy’'s rate of GHG emissions growth., Shrinking GDP should reduce per-capiia
GDP as well as popuiation. In addition, reduction of California’s GHG intensity is
expected fo slow during an economic contraction, as investment in emission-lowering
technologies declines. In a prolonged economic expansion, we would expect the
opposite impacts.

PREVIOUS WORK: in a 2008 report to Congress, the Congressional Research
Service examined the interrelationships of the vanables discussed above fo explc:re
their mphcat:ons for policies that address climate change.?

The US Ensrgy Information Administration has developed a national modet that predicts
energy use in a variety of economic sectors through 2030; )
hitp.//www.eia.doe.gov/oiaf/aec/aeohighmac.html.

The World Resources Institute has developed a Climate Analysis Indicators Tool*
with a comprehensive and comparable database of greenhouse gas emissions data
{including all majcr sources and sinks) and other climate-relevant indicators.

OBJECTIVE:

This California-specific study analyzes data on GHG emissions across the State’s major
economic sectors in the period during and prior to the current economic contraction to
quantify observed relationships between changes in economic groewth and related
changes i GHG emissions.

* Greenhouse Gas Emission Orivers: Fopulation, Economic Development and Growth, and Energy Uss
John Blodgett, Specialist in Environmental F’olmy Larry Parker, Specialist in Energy and Environmeantal
Pr::lln:::.r December 31, 2008

4 ntp/icait.wri.ong!
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DESCRIPTION: The proposed work will entail identification -of econometric and
emission indicators for selected economic sectors during a defined time period,
collection of economic and emission data-for the study period. Data analysis will
quantify observed relationships between econometric indicators and emissions for
selected sectors. Using findings from previous step, investigators will develop sector-
specific and aggregated adjustment factors for near-term {3-5 year) GHG emissions
projections.

BENEFITS: Results of this research will offer improved understanding of the
relationship between changes in economic growth and changss in GHG emissions, the
ability to more accurately project .aggregate and sector-specific GHG emissions of-
Calffornia’'s economy, and more effective design of market-based GHG emission
reduction programs.

COST: $100,000

o2
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TITLE: Scenaric planning for 80% reduction in 2050

PROBLEM: Reducing greenhouse gases by 80 percent will require a complete
transformation of the state's energy economy affecting every sector including electricity
production, transportation and fugls, rural and urban land use, indusiry, agriculture and
even the way we heat our homes and businesses. One of the challenges of developing
strategies and policies to achieve this target is the difficulty of envisioning what our state
might look like when we succeed. Scenario planning is a process of visualizing (1}
probable future conditions or events, {2) consequences or effects of these future
conditions, and (3) skilful means to respond to, or benefit from, future conditions.
Scenario planning can be a valuable tool to help policy-makers and stakeholders define
a portfolio of programs policies, and strategies that will be most effective in achieving
goals.

QBJECTIVE: To develop a set of plausible and positive scenarics for the future of
California that achievés the 2050 targets (80% reduction) for greenhouse gas
emissions. Scenarios will include sufficient dstail such that they could be used to inform
the policy makers who are working to achieve the goal. This would include information
on technical, institutional, and polifical bamers that would need to be addressed to
achieve the scenario. '

DESCRIPTION: The research should include four subtasks, including:

1. Evaluation of axisting long-range scenarios including those from CEC, UC, USDOE,
IEA, Shell, and others and their relevance to California. _

2. Development of a set of comprehensive scenarios across all sectors to illustrate
several futures in which California achieves its 2050 goal of reducing economy-wide
GHG's by 80%.

3. Development of a set of sector-specific scenarios to address more detailed
questions including for the following sectors:

-a. Transportation (example below)
b.. Power generaticn
¢. Industrial, Residential and Commercial facilities {IRC), including cooling and
space/process heating
d. AgriculturefForestry
e. Other? (High GWP, Black carbon, etc.) '

4. Engage with key stakehoiders to inform the scenario development and discuss the

implications of the scenanos for policy-making.

For Transportation (example — other sectors to be fleshed out in soficitalion).
Scenarios should consider all transporiation subsectors, and idenify -strategies for
improving efficiency, lowering the carbon intensity of fuels, and reducing travel demand.
This analysis should address the following specific questions:
+ What potential combination of vehicle sales, fleet composition, fuels usage, and
GHG emissions is implied by achieving 80% GHG emission reductions by 20507
« What are the various technology barriers and market constraints that must be
overcome to achieve market share for the most promising low-carbon options?
» What are the resource constraints on pursuing the various energy cariers
(electricity, hydrogen, low-carbon liquid bicfuels)?

93
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BENEFITS: Results of this research wilt help ARB s}.rnthe'_size a portfolio of regt_xlgtions
that will support realization of climate change goals and identify promising palicies to
support technologies and economic invesiment that will facilitate realrzatmn of climate

change goals.
COST: $150,000

94
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TITLE 17. CALIFORNIA AIR RESOURCES BOARD

" NOTICE OF PUBLIC HEARING TO CONSIDER ADCPTION OF PROPOSED

AMENDMENTS TO THE CALIFORNIA CONSUMER PRODUCTS REGULATIONS

The Air Resources Board (Board or ARB) will conduct a public hearing at the time and
place noted betow to consider adoption of amendments to the Regulation for Reducing
Emissions from Consumer Products, and Method 310, "Determination of Volatile
Organic Compounds {(VOC) in Consumer Products and Reactive Organic Compounds
in Aerosol Coating Products.”

DATE: September 24, 2009
TIME: 9:00 a.m,

PLACE: South Coast Air Quality Management District
Auditorium
21865 E. Copley Dr.
Diamend Bar, California 81765

This item will be considered at a two day hearing of the Board, which will commence at
9:00 a.m., September 24, 2009, and may continue at 8:30 a.m,, September 25, 2009.
This item may not be considered untit September 25, 2009. Please consult the agenda
for the hearing, which will be available at least 10 days before September 24, 2008, to
determine the day on which this item will be considered.

If you require special accommodations or language needs, please contact the Clerk of
the Board at (916) 322-5594 or by facsimile at (916) 322-3928 as soon as possible, but
na later than 10 business days before the scheduled Board hearing. TTY/TDD/Speech
to Speech users may dial 711 for the California Relay Service.

INFORMATIVE DIGEST OF PROPOSED ACTION AND POLICY STATEMENT
OVERVIEW

Sections Affected: Proposed amendments to sections 94508, 84509, 94510, 94511,
04512, 94513, and 84515, tifle 17, California Code of Regutations (CCR) and proposed
amendments to Method 310, adopted September 25, 1997, as last amended

May 5, 2005, which is incorporated by reference in section 94515, title 17, CCR, to add
new sections 3.3.7, 4.3, 4.3.1, and 4.3.2.

Background:

Section 41712 of the California Health and Safety Code requires ARB to adopt
regulations to achieve the maximum feasible reduction in VOC emissions from
consumer products. As part of the regulatcry process, ARB must determine that
adequate data exist for it to adopt the regulations. ARB must also determine that the
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regulations are technologically and commaercially feasible, and necessary to carry out
the Board's responsibilities under Diviston 26 of the Heaith and Safety Code. In
addition, Health and Safety Code section 41712(c) provides that no regulation shall be
adopted which requires the elimination of a product form. Section 41712 is primarily
directed at attaining the State and federal ozone standards.

Pursuant to Health and Safety Code section 41712, ARB has adopted the Regulation
for Reducing Emissions from Cansumer Products (the “Consumer Products
Regulation;” title 17, CCR, sections 84507-94517.

On September 25, 2007, ARB adopted the State Strateqy for California’s 2007 State
implementation Plan {2007 SIP). The 2007 SiP serves as Califenia's overall plan to
provide the emission reductions necessary to meet the federal ozone standard of

0.08 parts per million averaged over eight hours. The 2007 SIP anticipated that an
additional 30 1o 40 tons per day of VOC reducticns will be achieved from consumer
products statewide by January 1, 2014. The amendments approved by the Beard at its
June 26, 2008, hearing constitute the first 4.5 tons per day in meeting this target.
Achieving additional VOC reductions from consumer products is an important element

- of the 2007 SIP and is necessary to attain State and federal air quality standards.

In 2006, Assembly Bill 32, The California Global Warming Solutions Act of 2006

{AB 32), was signed into law. AB 32 creates a comprehensive, multi-year program fo
reduce gieenhouse gas (GHG) emissions in California, and added Division 25.5
(commencing with §38500) to the Health and Safety Code. Among other things, AB 32
requires ARB to design and adopt a Scoping Plan, by January 1, 2008, that identifies
how GHG emissions can be reduced to 1990 levels.

AB 32 also recognizes that immediate progress in reducing GHG emissions can and
should be made. In October 2007, the ARB approved a list of eary action GHG
emission reduction measures. A subset of these early action measures was identified
as Discrete Early Action Measures. Discrete Early Action measures are Board adopied
regulations fo reduce GHG emissions, which are to be legally effective by

January 1, 2010. One of the approved Discrete Early Action Measures is fo reduce the
use of compounds with high global warming potentials in consumer products. The goal
of this measure is 1o achieve, at a minimum, an emissions reduction equivalent to
reducing 0.25 million metric tons of carbon dioxide per year. The amendments
approved at the June 26, 2008, hearing will provide about 0.23 million metric tons of
CO:2 equivalents per year toward meeting the emission reduction target. The proposed
amendments for this rulemaking will prevent the potential increased use of high global
warming potential (GWP) compounds as products are reformulated to meet the new
VOG limits for Double Phase Aerosol Air Freshener, Paint Thinner, and Muiti-purpose
Solvent products.
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Deascription of Proposed Regulatory Action

The proposed regulatory action would amend the existing Consumer Products
Regulation by adding and modifying product category definitions and by establishing
new or lower VOC fimits for three categeries: 1) Double Phase Aerosol Air Fresheners,
2) Multi-Purpose Solvents and 3) Paint Thinners. Fer Double Phase Aerosol Air
Fresheners, Staff is proposing to reduce the VOC limit from 25 fo 20 percerit by weight
effective December 31, 2012. For the Mulii-purpose Solvent and Paint Thinner
categories, we are proposing two tiers of VOC limits. For both categories, the first tier
limit is 30 percent by weight effective December 31, 2010, and the proposed second tier
limit is 3 percent by weight effective December 31, 2013, For all three categoaries, the
proposed limits will achieve a toial VOC reduction of 14.7 fons per day statewide by .
January 1, 2014. This represents a 54 percent reduction in emissions from theae
categories. :

To ensure that the reductions achieved by the Discrete Earfy Action Measure for
¢onsumer products occur, and greenhouse gas emissions do not increase, the
proposed amendments would also limit the use of compounds with high GWPR in the
three product categories for which VOC limits are being proposed. These products
could only use compounds with GWF factors below 150. . The GWP values 1o be used
in determining compliance are those set forth in the Intergovernmenial Pane! on Climate
Change, Second Assessment Report. -

New definitions and modifications to existing definitions are aiso being proposed.. New
definitions include “Aromatic Compound,” “Artist's Salvent/Thinner,” “High Temperature
Coating,” “Industrial Maintenrance Cgating,” “Paint Clean-up,” and “Zinc-Rich Primer.”
These new definitions are necessary to clarify the proposed amendments with respect
to the new paint thinner standards. Modified definitions include *ASTM,” “Multi-purpose
Solvent,” and “Paint Thinner.” The ASTM definition was changed to reflect the revised
name of the organization that sets the ASTM methods. The Multi-purpose Solvent and
Paint Thinner definitions were medified to clarify products which are exempt from, or
~included, in the categories and to improve enforcement of the regulation. In addition,

there are size modifications in the definitions for both dilutable and pre-mixed
Automotive Windshield Washer Fluids. The definitions now state that Dilutable
Windshield Washer Fiuids are sold in containers greater than 10 gallons or one quart or
less, while Pre-mixed Automotive Windshield Washer Fluids are sold in containers
greater than one quari but less than 10 galions.

The propesed regulatory action specifies other requirements for Multi-purpose Solvenis
and Paint Thinners.. One proposed requirement is ic prohibit the use of the toxic air
contaminants methylene chloride, perchloroethylene, and trichloroethylens. Another

. proposed requirement is fo temporarily prohibit manufacturers of flammable or
extremealy flammable products from using generic product names such as "Multi-
purpose Sotvent,” “Paint Thinner,” or “Paint Clean-up.” This prehibition is intended to
address concems about the potential change in flammability of Multi-purpose Solvents

. and Paint Thinners that could occur as a result of the proposed amendments. The
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prohibition does not apply to products that either include a hang tag or sticker with the
statement “Formulated to meet Califomia VOC limits; see wamings on label;” or
products which display the name of the chemical that resulis in the product meeting
criteria for *flamimable” or “extremely flammable,” such as “Acetone” in a font size at
least as large as any other words on the principle display panel. This prohibition would
be effective December 31, 2010 through December 31, 2015. In addition, to enhance
anforceabitity, Staff is proposing that the total VOC content within the product
formulation rmust be clearly displayed on the product container. Furiher, Staff is
proposing to limit the aromatic compound content in these categories to address
possible ozone forming potential increases and maximize air quality benefits. Finally,
there are new proposed data reporting requirements for Multi-purpose Solvents and
Paint Thinners, which are necessary for ARB staff to perform a technical assessment of
. the progress of reéformulation efforts in advance of the second tier VOG limits. .

The proposed changes to Method 310 are clarifications to specify analytical methods
already being used and/er are needed to enhance the enforceability of the new, iower
VOC limits that wilt become effective by 2010. The proposed changes also include new
VOC content calculations for products with high water content or low VYOC content

A nuinber of minor changes are also proposed to various pruwsnc-ns of the regutation in
-order to correct errors or improve clarity.

COMPARABLE FEDERAL REGULATIONS

The U.S. Environmental Protection Agency (U.S. EPA) has promuigated a national
consumer products rule under section 183(e) of the federal Clean Air Act {40 CFR
Part 59, subpart C, §§59.201 et seq.). The rule specifies VOC limits for a number of
consumer product categories, and is similar in format to ARB’s consumer products
regulation. -

AIthough the national regulation is similar in many aspecis to the California regulation, it
is less effective in reducing VOC emissions from consumer products. The U.S, EPA's
rule does not regutate a number of product categories that arg currently regulated under
the ARB regulation. For the categories that are regulated under both rules, many of
ARB's limits are more stringent than the U.S. EPA's limits. Because California has
unique air quality problems, we must reduce VOC emissions from all categories,
including censumer products, to the maximum extent feasible, to attain the federal and
State ambient air quality standards for ozone. '

The U.S. EPA’s rule also differs in that it applies nationwide to consumer product
manufacturers, importers and distributors (but not retailers), while the ARB regulation
applies to any person (incfuding retailers} who “sells, supplies, offers for sale, or
manufactures consumer products for use in the State of California.” Finally, the

L.S. EPA's rule has an unlimited “sell-through” period for non-complying products
manufactured before the effective date of the limits, whereas California law hmnts the
sel-through period to three years.
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U.S. EPA’s consumer preducis rule also does not prohibit the use of certain foxic air
contaminants. In aggregate, ARB's consumer products regulations have prohibited the
. use of certain chlorinated foxic air contaminanis in 70 categories, resulting in emission
reductions of over 13 tons per day. :

There is no comparable federal regulatmn related to reducing GHG amlssmns in
ccnsumer products.

AVAILABILITY OF DOCUMENTS AND AGENCY CONTACT PERSONS

The Board staff has prepared a Staff Report: Initial Statement of Reasons (ISOR) for
the proposed regulatory action, which includes the rationale for the proposed :
amendments and a summary of the potential environmental and economic impacts.

Copies of the ISOR and the full text of the proposed regulatory language, in underline
and strtkeout format to allow for comparison with the existing regulations, may be
accessed on ARB’s website listed below,; or may be obtained from the Public
Information Office, Air Resources Board, 1001 | Street, Visitors and Environmental
Services Center, First Floor, Sacramento, California, 85814, (916) 322-2890, at least
45 days prior to the scheduled hearing on September 24, 2009,

Upon its completion, the Final Statement of Reasons (FSOR) will be available and
copies may be requested from the agency contact persons identified below, or may be
accessed on the ARB's website lisied below.

Inquiries concerning the substance of the proposed regulatory action may be directed 1o
“Mr. David Mallory, Manager, Measures Development Section, Stationary Source
Division, at (916) 445-8316, or Ms. Trish Johnson, Air Pollution Specialist, at

(916} 445-3365.

Further, the agency representative and designated back-up contact persons, to whom
nonsubsiantive inquiries concetrning the proposed administrative actich may be
directed, are Ms. Lori Andreoni, Manager, Board Administration and Regulatory
Coordination Urit, (916) 3224011, or Ms, Amy Whiting, Regulations Ceordinator,

- (9186) 322-8533. The Board has compiled a record for this rulemaking action, which
includes all the information upon which the proposal is based. This material is available
for inspection upon request to the contact persons. '

This notice, the ISOR, and all subsequent Iregufatcry documents, including the FSOR,
when compieted, are available on the ARB"s website for this rulemaking at
www .arb ca govireqact/2008/cpmthd 31 0/cpmthd 310.htm
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 COSTS TO PUBLIC AGENCIES AND TO BUSINESSES AND PERSONS gF'FECTED

The determinations of the Board’s Executive Officer concerning the cost or savings
necessarily incurred by public agencies and private persens and business in reascnable
compliance with the proposed reguiatory action are presented below,

The Executive Officer has defermined that the proposed regulatory action will not create
costs or savings as defined in Government Code section 11346.5(a)(5) and
11346.5{a)(6) to any State agency or in federal funding to the State, costs or mandate
to any local agency or schoo! district whether or not reimbursable by the State pursuant
to part 7 (commencing with section 17500}, division 4, title 2 of the Government Code,
or other nondiscretionary cost or savings to State or local agencies.

In devetoping this regulatory proposal, ARB staff evaluated the potential economic
. impacts on representative private persons and businesses. The Executive Officer has
iniially determined that there will be a potentiat cost impact on private persons or
businesses directly affected as a result of the proposed regulatory action. As expiained
in the ISOR, the proposed amehdments may have a significant adverse impact on some
individual businesses but the overall statewide impacts are not expected to be
significant.

The Executive Officer has made an initlal determination that the proposed regulatory
.action will not have a significant statewide adverse economic impact directly affecting
businesses, including the ability of California businesses to compete with businesses in
other states, or on representative private persons.

In accordance with Government Code section 11346.3, the Executive Officer has
initially determined that the proposed amendments should have minimal impacts on the
creation or elimination of jobs within the State of California, minimal impacts on the
creation of new businesses and the elimination of existing businesses within the State
of Califemta, and minimal impacts on the expansion of businesses cumently doing
business 'uwthm the State of California. A detailed assessment of the emn{:-rnlc impacts
of the proposed amendments can I:ae foung in the ISOR.

The Board's Executive Officer has also determined, pursuant fo title 1, CCR, section 4,
that the proposed regulatory action will affect small businesses,

Before taking final action on the proposed regulatory action, ARB must determine that
no reasonable alternative considered by the Board, or that has otherwise been identified
and brought to the attention of the Board, would be more effective in carrying out the
purpose for which the action is proposed, or would be as effective and less burdensome.
to affected private persons or businesses than the proposed action.
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SUBMITTAL OF COMMENTS

Interested members of the public may present comments orally or in writing at the
-hearing, and may also be submitted by postal maii or by electronic submittal before the
hearing. To be considered by the Board, written submissions not physically submitted
at the hearing must be received no later than 12:00 noomn, Septemher 23, 2008, and

addressed to the following: :

Postal mail: Clerk of the Bnard Air Resources Board
’ ' 1001 | Street, Sacramenta California 95814

Electronic submlttal htip. /sy, mg@.gnvﬂlsgub.-‘cummfbcllst.ghg

Please note that under the— California Public Records Act (Gov. Code, § 6250 et seq.),
your wiitten and oral comments, attachments, and associated contact informaticn (e.g.,
your address, phone, email, etc.) become part of the public record and ¢an be released
to the public upon request. Additionally, this information may become available via
Googie, Yahoo, and any other search-engines.

The Beard requesis, but does not require, that 20 copies of any written statement be
submitted and that all written statements be filed at ieast 10 days prior fo the hearing so
that ARB staff and Boayd members have time to fully consider each comment. The
Board encourages members of the public to bring to the attention of staff in adyance of
the hearing any suggestions for modification of the proposed regulatory action.

STATUTORY AUTHORITY AND REFERENCES .

This reguiﬁtory action is proposed under the authority granted in sections 38501, 38510,
38560, 38562, 38580, 39600, 39601, 41511, and 41712 of the Health and Safety Code.
This action is proposed fo implement, interpret, or make specific sections 38501, 38510,
. 38560, 38562, 38580, 39600, 39601, 41511, and 41712 of the Health and Safety Code.

HEARING PROCEDURES

The public hearing will be conducted in accordance with the California Administrative
Procedure Act, Government Code, title 2, division 3, part 1, chapter 3.5 {cummenclng
with section 11340).

Following the public hearing, the Board may adopt the regulatory language as criginally
propased, or with nen-substantial or grammatical modifications. The Board may afso
adopt the proposed regulatory language with other modifications if the text as modified
is sufficiently rejated to the originally proposed text that the pubiic was adequately
placed on notice and that the regulatory language as modified could result from the
proposed regulatory action; in such event, the full regulatory text, with the modifications
clearly indicated, will be made available o the public, for written comment, at least

- 15-days before it is adopted.
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The public méy request'a copy of the modified regulatory text from ARB's. Public
Information Office, Air Resources Board, 1001 | Street, Visitors and Environmental
Services Center, First Floor, Sacramento, Califomia, 95814, (916} 322-2990.

CALIFORNIA AIR RESOURCES BOARD

James N
ecutive Officer

Date: July 28, 2009

The energy chaflenge Facing Cafifomie is real. Every Californian needs fo take immediate sction t0 redude energy
consumption. For a list of simple ways you can reduce demand and cut your energy coste sea our wehbsite af

paew.crh oo oy,
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California Environmental Protection Agency

3 @= Air Resources Board

PROPOSED AMENDMENTS TO.THE CALIFORNIA
CONSUMER PRODUCTS REGULATIONS

INITIAL STATEMENT OF REASONS

Release Date:
August 7, 2009
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TITLE 17. CALIFORNIA AIR RESOURCES BOARD

NOTICE OF PUBLIC HEARING TO CONSIDER ADOPTION OF PROPOSED
AMENDMENTS TO THE CALIFORNIA CONSUMER PRODUCTS REGULATIONS

The Air Resgurces Board (Board or ARB) will conduct a public hearing at the time and
place noted below to consider adoption of amendments to the Regulation for Reducing
Emissions from Consumer Products, and Method 310, “Determination of Volatile
Organic Compounds (VOC) in Consumer Products and Reactive Organic Compounds
in Aerosol Coating Products.”

DATE: September 24, 2009
TIME: g:00 a.m.

PLACE: South Coast Air Qualrtyr Management District
Auditorium '
21885 E. Copley Dr.
Diamond Bar, Califormia 81765

This item will be considered at a two day hearing of the Board, which will commence at
8.00 a.m., Septamber 24, 2009, and may continue at 8:30 a.m., September 25, 2009.
This item may not be considered until September 25, 2009. Please consult the agenda
for the hearing, which will be available at ieast 10 days before September 24, 2009, to
determine the day on which this item will be considered.

- if you require special accommadations or language needs, please contact the Clerk of
the Board at (916} 322-5594 or by facsimile at (916) 322-3928 as soon as possible, but
no later than 10 business days before the scheduled Board hearing. TTY/TDD/Speech
fo Spesch users may dial 711 for the California Relay Service,

INFORMATIVE DIGEST OF PROPOSED ACTION AND POLICY STATEMENT
. OVERVIEW

Sections Affected. Proposed amendments o sections 94508, 94509, 94510, 94511,
84512, 94513, and 94515, title 17, California Code of Regulations (CCR) and propesed
amendments to Method 310, adopted September 25, 1997, as last amended

May 5, 2005, which is incorporated by reference in secﬂon 94515 tIﬂE:- 17, CCR, to add
newsectmnsﬁ 37,43 431,and4.32

Background:

Section 41712 of the California Health and Safety Code requires ARB to adopt
regulations to achieve the maximum feasible reduction in VOC emissions from
consumer products. As part of the regulatory process, ARB must deiermine that
adequate data exist for it to adopt the regulations. ARB must alsc determine that the
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regulations are technologically and commercially feasible, and necessary o carry out
the Board's responsibilities under Division 26 of the Health and Safety Code. In
addition, Health and Safety Code section 41712(c) provides that no regulation shall be
adopted which requires the elimination of a product form. Section 41712 is primarily
directed at atiaining the State and federal ozone standards.

Pursuant fo Health and Safety Code section 41712, ARB has adopted the Regulation
for Reducing Emissions from Cansumer Products (the “Consumer Praducts .
Regulation;” title 17, CCR, sections 94507-04517.

On September 25, 2007, ARB adopted the State Strategy for California’s 2007 State
Implementation Plan (2007 SIP). The 2007 SiP serves as California’s overall plan to
provide the emission reductions necessary to meet the federal ozone standard of

0.08 parts per millicn averaged over eight hours. The 2007 SIP anticipated that an
additional 30 to 40 tons per day of VOC reductions will be achieved from consumer
praducts statewide by January 1, 2014. The amandments approved by the Board at its
June 26, 2008, hearing constitute the first 4.5 tons per day in meeting this target.
Achiaving additional VOC reductions from consumer preducis is an imporiant efement
of the 2007 SIP and is necessary to attain State and federal air quality standards.

In 2006, Assembly Bill 32, The California Giobal Warming Solutions Act of 2006

{AB 32), was signed info law. AB 32 creates a comprehensive, muli-year program to
reduce greenhouse gas (GHG) emissions in California, and added Division 25.5
(commencing with §38500) to the Health and Safety Code. Among other things, AB 32
requires ARB to design and adopt a Scoping Plan, by January 1, 2009, that identifies
how GHG emissions can be reduced to 1990 levels. :

AB 32 aizo recognizes that immediate progress in reducing GHG emissions can and
should be made. in October 2007, the ARB approved a list of early action GHG
emission reduction measures. A subset of these early action measures was identified
as Discrete Early Action Measures. Discrete Early Action measures are Board adopted
regulations to reduce GHG emissions, which are to be legally effective by

January 1, 2010. One of the approved Discrete Early Action Measures is fo reduce the
use of compounds with high global warming potentiafs in consumer products. The goal’
of this measure is to achieve, at a minimum, an emissions reduction equivalent to
reducing 0.25 million metric tons of carbon dioxide par year, The amendments
approved at the June 26, 2008, hearing will provide abaout 0.23 milfion metric tons of
GOz equivalents per year toward meeting the emission reduction targst. The proposed
amendments for this rulemaking will prevent the potential increased use of high global
‘warming potential (GWP) compounds as products are reformuiated to meet the new
VOC limits for Double Phase Aerosol Air Frashener, Paint Thinner, and Multi-purpose
Sohvent products. :
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Description of ﬁrapnsed Regulatory Acfion

The proposed regulatory action would amend the existing Consumer Products
Reguiation by adding and modifying product category definitions and by establishing
new of lower VOC limits for three categories: 1) Double Phase Aeroso! Air Fresheners,
2) Mult-Purpese Solvents and 3) Paint Thinners. For Double Phase Aerosol Air
Fresheners, Staff is proposing to reduce the VOC limit from 25 to 20 percent by weight -
effective December 31, 2012. For the Multi-purpose Solvent and Paint Thinner
categaries, we are proposing two tiers of VOC limits. For both categories, the first tier
limit is 30 percent by weight effective December 31, 2010, and the proposed second tier
limit is 3 percent by weight effective December 31, 2013, For all three categories, the
proposed limits wilt achieve a fotal VOC reduction of 14.7 tons per day statewide by
January 1, 2014. This represents a 54 percent reduction in emissicns from these

categories. '

To ensure that the reductions achieved by the Discrete Early Action Measure for
consumer preducts ocour, and greenhouse gas emissions do-not increase, the
proposed amendments would also limit the use of compounds with high GWP in the
three product categories for which VOC limits are being proposed. These products
could enly use compounds with GWP factors below 150. The GWP values to be used
in determining compliance are those set forth in the Infergovernmentat Panel on Climate
Change, Second Assessment Report. -

New definitions and modifications to existing definitions are aiso being proposed.. New
definitions include “Aromatic Compound,” *Artist's SolventThinner,” “High Temperature
Coating,” “Industrial Maintenance Coating,” “Paint Clean-up,” and “Zinc-Rich Primer.”
These new definitions are necessary to clarify the proposed amendments with respect
to the new paint thinner standards, Modified definitions include “"ASTM,” "Multi-purpose
Solvent,” and "Paint Thinner.” The ASTM definition was changed to reflect the revised
name of the organization that sets the ASTM methods. The Multi-purpose Solvent and
Paint Thinner definitions were modified to clarify products which are exempt from, or
. included, in the categories and to improve enforcement of the regulation. In addition,
there are size modifications in the definitions for both dilutable and pre-mixed
Automotive Windshield Washer Fluids. The definitions now state that Dilutable
Windshield Washer Fluids are sold in containers greater than 10 gallons or one guart or
tess, while Pre-mixed Automotive Windshieid Washer Fluids are sold in containers
greater than one quart but less than 10 gallons.

The proposed regulatory action specifies other requirements for Multi-purpose Solvents
and Paint Thinners. One proposed requirement is o prohibit the use of the toxic air

- contaminants methylene chloride, perchloroethylene, and trichloroethylene, Another
proposed reguirement is to temporarily pfohibit manufacturers of flammable or
extremely flammable products from using generic product names such as “Multi-
purpose Salvent,” “Paint Thinner,” or “Paint Clean-up.” This prohibition is intended to
address concerns about the potential change in flammability of Multi-purpose Solvents
and Paint Thinners that could occur as a result of the proposed amendments. The
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prohibition does not apply to products that either include a hang tag or sticker with the
statement “i-ermulated to meet California VOC limits; see wamings on label:” or
products which display the name of the chemical that results in the product meeting
criteria for *flamimable” or “extremely flammable,” such as “Acetone” in a font size at
least as large as any other words on the principle display panel. This prohibition would
be effective Decernber 31, 2010 through December 31, 2015, In addifion, 1o enhance
enforceability, Staff is proposing that the total VOC content within the product
formulation must be clearly displayed on the product container, Further, Staff is
proposing to limit the aromatic compound content in these categories to address
possible ozohe forming potential increases and maximize air quality benefits. Finally,
there are new proposed data reporting requirements for Multi-purpose Solvents and
Faint Thinners, which are necessary for ARB staff to perform a technical assessment of
the progress of reformulation efforts in advance of the second tier VOC limits,-

The proposed changes to Method 310 are clarifications to specify analytical methods
already being used andfor are needed to enhance the enforceability of the new, lower
VOG limits that will become effective by 2010. The proposed changes alsc include new
VOC content calculations for products with high water content or low VOC cantent.

A number of minor changes are afso proposed to various provisions of the regulation in
order to correct ermors or improve clarity. -

- COMPARABLE FEDERAL REGULATIONS

The U.S. Environmental Protection Agency {U.S. EPA) has. promulgated a natiohal
consUmer products rule under section 183{e) of the federal Clean Air Act {40 CFR
Part 59, subpart C, §§59.201 ef seq.). The rule specifies VOC limits for a number of
consumer product categaries, and is simifar in format to ARB's consumer products
regulation. ' '

Although the national regulation is similar in many aspects to the California regulation, it
is less effective in reducing VOC emissions from consumer products. The U.S. EPA’s
ruie does not regulate a number of product categories that are currently regulated under
the ARB reguiation. For the calegories that are regulated under both rules, many of

- ARB's limits are more siringent than the U.S, EPA’s limits. Because Califormiia has
unigue air quality problems, we must reduce VOC emissions from ail tategories,
including consumer products, to the maximum axtent feasible, 1o attain the federal and
State ambient air quality standards for ozone. ' :

The U.S. EPA’s rule also differs in that it applies nationwide to consumer product
manufacturers, importers and distributors (but not retailers), while the ARB regulation
applies to any person (including retailers) who “sells, supplies, offers for sale, or
manufactures consumer products for use in the State of California.” Finally, the

U.S. EPA’s rule has an unlimited “selthrough” period for non-complying products
manufactured before the effective date of the limits, whereas California law limits the
sell-through period to three years. '
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U.8. EPA’s consumer products rule aiso does not prohibit the use of certain toxic air
contaminants. in aggregate, ARB’s consumer products regulations have prohibited the
use of certain chiorinated toxic air contaminants in 70 categories, resulting in emission -
. reductions of over 13 fons per day. ' '

There is no comparable federal regulation related to reducing GHG emissions in
consumer products. S

AVAILABILITY OF DOCUMENTS AND AGENCY CONTACT PERSONS

The Boara staff has prepared a Staff Report: initial Statement of Reasons (ISOR) for
the proposed regulatory action, which includes the rationale for the proposed :
amendments and & summary of the potential environmental and economic impacts.

Copies of the ISOR and the full text of the proposed regulatory language, in underline
and strikeout format to aliow for comparison with the existing regulations, may be
accessed on ARB's website fisted below, or may be obtained from the Public
Information Office, Air Rescurces Board, 1001 | Street, Visitors and Environmental
Services Center, First Floor, Sacramento, California, 95814, (816) 322-2990, at jeast.
45 days prior fo the scheduled hearing on September 24, 2009,

Upon its compietion, the Final Statement of Reasons (FSOR) will be available and
copies may be requested from the agency contact persons identified below, or may be
accessed on the ARB's website listed below. ' '

Inquiries conceming the substance of the propesed regulatory action may be directed to
. Mr. David Mailory, Manager, Measures Development Section, Stationary Source
Division, at (918} 445-8316, or Ms. Trish Johnson, Air Pollution Speciafist, at

(916) 445-3365. . -

Further, the agency representative and designated back-up contact persons, to whom -
nonsubstantive inquiries concermning the proposed administrative action may be

directed, are Ms. Lori Andreoni, Manager, Board Administration and Regulatory
Coordination Unit, (316) 3224011, or Ms. Amy Whiting, Regulations Coocrdinator,

(916) 322-6533. The Board has compiled a record for this rulemaking action, which
includes ail the information upon which the proposal is based, This material is available
for inspection upon request fo the contact persons. ' '

This notice, the ISOR, and all subsequent 'regufatory documents, including the FSOR,
when completed, are available on the ARBs wehsite for this rulemaking at

www.arb.ca goviregact/2009/cpmthd310/cpmthd310. him
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- COSTS TO PUBLIC AGENCIES AND TO BUSINESSES AND PERSONS AFFECTED

The determinations of the Board's Executive Officer concerning the cost or savings
necessarily ircurred by public agencies and private persons and business in reasonable
compiiance with the proposed reguiatory action are presented below,

The Executive Officer has determined that the proposed regulatory action will not create
cosis or savings as defined in Government Code section 11348.5(a)(5) and
11346.5(=)(6) to any State agency or in federal funding 1o the State, costs or mandate
to any local agency or schoo! district whether or not reimbursable by the State pursuant
to part 7 (tommencing with section 17500), division 4, itle 2 of the Government Code,
or other nondiscretionary cost or savings to State or Ior::a! agencies. -

In developing this regulatery proposal, ARB staff evaiuated the potential economic
impacts on representative private persons and businesses. The Executive Officer has
initiafly determined that there will be a potential cost impact on private persons or
businesses directly affected as a result of the proposed regulatory action. As explained
in the ISOR, the proposed amendments may have a significant adverse impact on some
individual businesses but the overall statewide impacts are not expected to be
significant. :

The Executive Officer has made an initial determination that the proposed regulatory
action will not have a significant statewide adverse economic impact directly affecting
businesses, including the ability of California businesses to compete with businesses in
other states, or on representative private nersons.

In accordance with Government Code section 11346.3, the Executive Officer has

initially determined that the proposed amendments should have minimal impacts on the
creation of elimination of jobs within the State of California, minimat impacts on the
creation of new businesses and the elimination of existing businesses within the State

of California, and minimal impacts on the expansion of businesses curmrently doing -

. business within the State of California. A detailed assessment of the economic impacts
of the proposed amendments can be found in the iISOR.

The Board’s Executive Cfficer has also detérmined, pursuant to fitle 1, CCR, section 4,
‘that the proposed regulatory action will affect smail businesses. :

Before taking final action on the proposed regulaturyr action, ARB must determine that
o reasanable alternative considered by the Board, or that has otherwise been identified
and brought to the attention of the Board, wouild be more effective in carrying out the
purpose for which the action is proposed, or would be as effective and iess burdensome,
to affected private persons or businesses than the proposed action.
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SUBMITTAL OF COMMENTS

interested members of the public may present comments orally or in writing at the
hearing, and may also be submitied by postal mail or by electronic submittal before the
hearing. To be considered by the Board, written submissions not physically submitted
at the hearing must be received no later than 12:00 noon, September 23, 2009, and
addressed to the following: '

Fostal mait: . Clerk of the Beard, Air Resources Board
1001 | Street, Sacramente, California 95814

h

Eiectronic submittal: ‘iwww.arb.ca.govilis uhfmmmmcfist,

Please note that under the California Public Records Act (Gov. Code, § 6250 et se(q.),
your writlen and oral comments, aftachments, and associated contact information {e.g.,
your address, phone, emall, efe.} become part of the public record and can be released
fo the public upon request. Additionally, this information may become-available via
Google, Yahoo, and any other search engines.

The Board requests, but does not require, that 20 copies of any written statement be
submitted and that all written statements be filed at least 10 days prior to the hearing so
that ARB staff and Board members have time to fully consider each comment. The
Board encourages members of the public to bring to the attention of staff in advance of
~ the hearing any suggestions for modification of the proposed regulatory action,

STATUTORY AUTHORITY AND REFERENCES

This regulatory action is proposed under the authority granted in sections 38501, 38510,
38560, 38562, 38580, 39600, 39601, 41511, and 41712 of the Health and Safety Code.
This action is proposed to implement, interpret, or make specific sections 38501, 38510,
38560, 38562, 38580, 39600, 38601, 41511, and 41712 of the Health and Safety Code,

HEARING PROCEDURES

The public hearing wili be conducted in accordance with the California Adh'linistrative
Procedure Act, Government Code, title 2, division 3, part 1, chapter 3.5 {commencing
- with section 11340), -

Foliowing the public hearing, the Board may adopt the regulatory language as originally
proposed, or with non-substantial or gramimatical modifications. The Board may also
adopt the proposed regulatory language with other modifications if the text as modified
s sufficiently related to the originally proposed text that the public was adequately
placed on notice and that the regulatory language as modified could resuit from the
proposed regulatory action; in such event, the full regulatory text, with the modifications
clearly indicated, will be made available to the pubiic, for written comment, af least
15-days before it is adopted. '
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The public may request a copy of the modified reguiatory text from-ARR's Public
information Office, Air Resources Board, 1001 | Street, Visitors and Environmental
Services Center, First Floor, Sacramentn, Caiifornia, 85814, (918) 322-2890,

- CALIFORNIA AIR RESGURCES BOARD

/ . ,/;,,.._.f

tene
Executwe Officer

Date: July 28, 2008

The enengy l:haﬂange facing Califoimia is.real. Every Cafffornian negds fo take I;nmediai‘e action fo reduce anergy
consumplion. For a lisl of simple ways you can reguce dermand and cuf vour encrgy coste see our websie g
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EXECUTIVE SUMMARY

In this rulemaking, Caiifomia Air Resources Board (ARB or Beard) staff is proposing
amendments to the Regulation for Reducing Emissions from Consumer Products
(Consumer Products. Regulation) and to Method 310 — Determination of Volatile Organic
Compounds (VOC} in Censumer Products and Reactive Qrganic Compounds in Aerosol
Coating Products (Method 310). The amendments are designed to reduce VO
emissions. The proposed amendments would set new VOC limits for Multi-purpose
Solvent and Paint Thinner products and lower the existing VOC limit for Double Phase
Aerasol Air Fresheners. When fully implemented, about 14.7 tons per day of VOC .
emission reductions would be achieved. We arg proposing to prohibit the use of the
Toxic Air Contaminants {TAC) methylene chloride, perchioroethylene, and _

~ trichloroethylene in Multi-purpose Solvent and Paint Thinner products. In addition, the
aromafic content would be limited to 1 percent by weight in these categories.
Gumpnunds with high global warming potential (GWP) would be prohibited, under the
proposal, in all three of the categories proposed for regulation.

The proposed toxic compound prohibitions and the GWP limits are mitigation measures
designed to ensure that exposure o chlorinated solvent compounds and compounds
with a high GWP are not used, respectively, as products are reformulated to meet new
VOC limits. Further, the limit on the use of aromatic compounds is a mitigation measure
designed {o prevent an increase in ozone forming potential-of reformulated products.

The regulation is codified in title 17, Califomia Code of Regulations, sections 94507-
94517. The proposed amendments to reduce VOC emissions would partially fulfill the
consumer products reduction commitment contained in the State Strategy for
California’s 2007 State Implementation Plan (Strategy).

As proposed, new language additions to Method 310 would é:larify analytical methods
used to test low VOC or high water content consumer products. Other amendments
would clanfy and improve existing regulatory provisions.

This Executive Summary, together with Appendix A, the Technical Support Document,
is the Initial Statement of Reasons for Proposed Rulemaking required by the California
Administrative Procedure Act, Appendix B contains the reguiation, and Method 310,
with the proposed changes shown in underline and strikeout format.

Among other things, this Executive Summary provides a description of the proposed
amendments to the Consumer Products Regulation and to Method 310, and explains
the rationale for the proposed changes. [n accordance with Government Code
saction 11348.2(a){1), a “plain English” summary of the proposal is provided in
Chapter V of the Technical Support Document (Appendix A).

Executive Summary - 1




168

A.  AUTHORITY TO REGULATE CONSUMER PRODUCTS

Consumer products are chemically formulated products used by household and
instititional consumers. Examples include detergents: cleaning products; floor finishes:
personal care products; lawn and garden products; air fresheners; disinfectants;
automotive specialty products; paint thinners; multi-purpose solvents; and aerosol
palnts _

The Health and Safety Code sets forth ARB’s authority to regulate consumer producis
to contro) VOCs and greenhouse gases (GHG). Section 41712 specifies requirements

- 1o reduce VOC emissions as a ground-level ozone control strategy. Section 38500 f
88q., establishas authority to reduce the impacts of GHGs used in consumer prodgucts to
slow climate change

1. Health and Safety Code section 41712

In 1888, the California Clean Air Act {CCAA or “the Act") added section 41712 to the |
California Health and Safety Code. The intent of section 41712 is primarily to reduce
ground-level ozone concentrations. Section 41712, along with subsequent
amendments, requires-ARB to adopt regulations o achieve the maximum feasible
reduction in VOC emissions from consumer products. The CCAA specified that
attainment of the Califomia State ambient air quality standards is necessary to promote
and protect pubiic health, particularly of children, older people, and those with
respiratory diseases. The Legislature aiso dif&ﬂted that these standards he attained by
the earliest practlcable date, .

Frior to adaption, the Board must determine that adequate data exist to establish that
the regulations are necessary to attain State and federal ambient air quality standards;
and the regulations are commercially and technalegically feasible. The Act further
stipulates that regulations adopted must nof eliminate any product form, and that
recommendations from health professionals ba considered when developing UDG
cnntrol measures for health benefit products,

2. Health and Safety Code section 38500 of seq.

In 2006, Assembly Bill (AB) 32, The Califorria Global Warming Solutions Act of 2006,
was signed into law, This law created a comprehensive, multi-year program to reduce
GHG smissions in California. The California Health and Safety Code, commencing with
section 38500, contains the provisions. AB 32 requires ARB to develop regulations and
consider market-based compliance mechanisms that will ultimately restore California's
GHG emissions to the 1990 baseline year by 2020. Beyond the requirements of AB 32,
the Governar's’ Executive Order EQ-S-03-05 calls for an 80 percent GHG reduction from .
1980 levels by 2050.

Execﬁtive Summary - 2
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AB 32, among other things, requires immediate progress, descrihed as Discrete Eary
Action Measures, to reduce GHGs. Discrete Early Action Measures are defined as
regulations adopted o reduce GHG emissicns that become enforceable by

January 1, 2010. Reduction of compounds with high GWP that are used in consumer
products has been designated as a Discrete Early Action Measure (ARB, 2007b).

B. EXISTING REGULATIONS

Over the last twenty years, the Board has faken numerous actions fo fulfill the legislative
mandates perfaining to the regulation of consumer products. Three regulations have
been adopted that affect 125 consumer product categories by seiting 174 VOC limits.
These limits, when fully effective, will have resulted in reducing emissions by about

200 tons per day, an overall 44 percent reduction in VOC emissions from consumer
products. At its June 26, 2008, hearing, the Board approved amendments that set new
or lower VO limits for 19 categories of consumer progucts with an additional 25 VOC
limits (ARB, 2008e). These amendments became legally effective on July 18, 2009 and
will reduce VOC emissions by an additional 5.8 tons per day when fully effective. Tha -
June 2008 amendments also established the first limit to reduce the impact of
Pressurized Gas Duster product emissions on global warming. Limiting the emissions
of GHGs in this category is eguivalent to reducing abcut 0.2 million metric tons of
carbon dIGKIdE per year.

We have alsu reduced exposure to Toxic Air‘Cﬂntaminants (T ACE}, Emissions of TACs
have been reduced by over 13 tons per day by prohibiting use of chloninated
compounds in 70 categories.

In addition, two voluntary regulations, the Alternative Control Plan and the Hairspray
Credit Program, have heen adopted to provide compliance flexibility to companies.
These five regulatiocns are codified in title 17, California Code of Regulations,
sections 94500 to 94575,

C. REGULATORY D@ELUPMENT PROCESS

In order to involve the public, the Consumer Products Regulation Workgroup (CPRWG),
was reconvenad in 2004, Participation in the CPRWG was, and continues to be, open
to any member of the public. The CPRWG participated in the development of the 2006
Consumer and Commercial Preducts Survey (2006 Survey) and 2008 Paint Thinner and
Multi-purpose Solvent Survey Update (Survey Update). These surveys serve as the
basis for this proposat. The CPRWG was instrumentat in the development of these
proposed amendments. Consumer product manufacturers; chemical producers;
marketers; trade associations; environmental groups; air districts; and various other
stakeholders are all active participants.

In addition i¢ the CPRWG meetings, an initial public meeting was held in August of

2008 o begin the public process of developing this propesal. A public workshop to
discuss the data from the 2006 Survey and Survey Update, as well as propesed VOC
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limits, was held on April 1, 2008. Prior to the April workshop, we posted materials to the
consumer products program website for review and comment. A second public
workshop to discuss the proposed amendments with stakeholders is scheduled for early
Algust 2008, -

D. VOC EMISSIONS

Although aach consumer product may seem to be a small source of VOC emissions,
the cumulative use of these products by over 38 miflion Californians results in significant
VOC emissions (DOF, 2008). Given the severity of the air poflution problems in
California, further emission reductions from all sources contributing to the formation of
ground-level ozone are necessary. :

Emissions of VOCs from consumer products contribute to the formation of both ground-
level ozone and particulate matter poliution. This section, however, focuses on
reducing emissions from consumer producis as a ground-level ozone control strategy.
As evidence of the magnitude of consumer product VOC emissions, it is estimated that
~ in 2010 consumer products emissions will ba approximately 255 tons per day, or about
12 percent of the overall Statewide VOC invéntory. In this same year, consumer
product emissions will comprise about 18 and 7 percent of VOC emissions in the South
Coast Air Quality Management District {SCAQMD) and the San Joaquin Valley Air
Pollution Control District (SJVAPCD), respectively. Without further acfions, consumer
product emissions are expected to grow to approximately 283 tons per day in 2020,
representing 14 percent of statewide VOC emissions (ARB, 2009a). '

As conirol measures for ather VOO sources become effective, consumer product
amissions become more imporiant in the SCAQMD., It is estimated that emissions from
consumer preducts will be the largest source of VOC emissions in the SCAQMD in
2020. While the ozone forming potential of consumer product emissions is less than
some other source categories (e.g., light duty passenger vehicles), clearly, further
reductions in VOC emissions from consumer products and other VOC sources are-
needed if attainment of the State and federal ozone standards are to be achigved.

Despite these projections, ARB's consumer products program has made significant
pragress. Since 1989, ARB regulations, along with numerous amendments to the
regulations, have substantiafly reduced VOC emissions from consumer products. -
Absent these regulations today, consumer product emissions would likely be about 450
tons per day. Figure ES-1 shows that statewide consumer product VOC emissions
have been reduced by over 200 tons per day in 2010, However, Figure ES-1 also
shows that without further actions population growth will Jikely reverse the trend,
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The emission values in Figure ES-1 are derived from several data sources.

The 1990 to 2007 emissions are {aken from the ARB Forecasted Emissions by
Summary Category, 2008 Almanac (ARB, 2008c). Emissions are then grown in
proportion to population increase. Population growth is in agcordance with estimates in
the California Environmeantal Protection Agency's {Cal/EPA)} Statewide Humah
Population Table found in the Population and Vehicle Trends Report (ARB, 2008d). For
categories regutated in the 2006 and 2008 Consumer Products Amendments, emission
values from the 2003 Consumer and Commercial Products Survey and the projected
emissions reductions resulting from the VOC limits approved in 2006 and 2008, are
reflected in Figure ES-1.

E.  CONSUMER PRODUCT VOC EMISSION REDUCTION COMMITMENTS IN
THE STATE IMPLEMENTATION PLAN (SiP} -

Reduction of VOC emissions is necessary to attain the ambient air quality standards for
ozone. in 1988, with the passing of the CCAA, the importance of controtling emissicns
from consumer products was set forth. To meet the federal ozone standard, in 1994
emissign reductions from consumer products became part of the State Implemeantation
“Plan (S1P) for ozone. In this SIP, consumer products measures were put in place to
A work towards attaining the federal peak one-hour ambient air guality standard for ozone.
In the 2003 SIP, ARB again reiterated the commitment to reduce consumer products
YOC emissions to meet the one-hour federal ozone standard. '
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In response to these mandates, three regulations with 174 VO limits for

125 categories of consumer products (including antiperspirants and deodorants and
36 aerosol coating products categories) were established. The adopted #imits to meet
these commitments wiil achieve a 44 percent reduction in overall VOC emissions from
consumer products by the year 2010.

However, the 2003 SIP was withdrawn and the remaining consumer product emission
reduction commitment was incorporated into the 2007 Strategy. This Strategy includes
California's plan to attain the national ozone standard of 0.08 parts par million (ppm)
averaged over gight-hours. In the Strategy, ARB has committed to an additional
30 1o 40 tons per day VOC reduction from consumer products by January 1, 2014, The
amendments that became effective on July 18, 2009, provide the first increment, about
- 4.5 tons per day, toward meeting the commitment, An additional emission reduciion of
about 1.3 tons per day will be achieved in 2015. ' .

Table ES-1 shows our progress toward meeting the consumer products commitment in
the Strategy. The anticipated 2010 Amendments include four cleaning products _
‘categories, (non-aerosol General Purpose Cleaners and Degreasers, Glass Cleaners,
and aerosol Furniture Maintenance Products) which staff are currently evaluating for
further reductions. Additional discussion regarding these categories can be found in
section L, Future Plans. We are continuing the review of data from the 2008 Consumer
and Commercial Products Survey as a further basis for identifying and evaluating
additional categories for emission reduction opportunities. If feasible, additionaf
proposals would be brought for consideration before the Board in 2010.

Table ES-1
Consumer Product VOC Reductions Accredited Toward SIP Gommitment
Consumer Products Rulemaking VO Reductions {tons per day}
June 2008 Amendments . 4.5
September 2009 Amendments (this proposal) - 147
2010 Cleaning Products Amendments 5_8
[ {under deveiopment)
Additional Reductions from  ~ | 58-128
2006 Survey Product Categories T
Totals Reductions by January 1, 2014 30 - 40

The Strategy also acknowledges that VOC reductions from consumer products are
becoming mere difficult to achieve. In light of this, the Strategy includes a commifment
to explare innovative reduction strategies in the longer term. These measures would
include investigating emission reduction oppartunities through reactivity-based
standards and aiternative market-based mechanisms. If these mechanisms cannot
produce meaningful emission reductions from the consumer products source category,
- then other approaches would be evaiuated. Some of these approaches include the
purchase of VOC emission reduction credits; and funding of special projects to reduce
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emissions or accelerate reductions from poilution sources outside of the consumer
products industry, i

The amendments proposed in this rulemaking are the second increment of emission
reductions which further fulfill the Strategy commitment for VOC reductions from
consumer products,

F. SCAQMD RULE 1143 - CONSUMER PAINT THINNERS AND
MULTI-PURPOSE SOLVENTS

In March 2009, SCAQMD adopted Rule 1143, “Consumer Paint Thinners and Multi-
Purpose Solvents” which, upen the effective date, will achieve VOC emissions
reductions from consumer Multi-purpose Solvents and Paint Thinners used in the South
Coast Air Basin. The VOC limits we are proposing for Multi-purpose Solvents and Paint
Thinners are new limits for previously unregulated categories. In absence of a
statewide regulation, SCAQMD has the authority to adopt limits affecting these
producis.

Upon approval of this propasal and implementation of SCAQMD Rule 1143,
manufacturers of Multi-purpose Solvent and Paint Thinner products will be required to
meet the Rule 1143 limits for products sold or supplied for use i the South Coast Air
Basin, and the statewide fimits for products sold to all areas of California, outside the
South Coast Air Basin. The VOC limits we are proposing are virtually equivalent o
those adopted by SCAQMD, however, the effective dates are different. The effective
dates for Rule 1143 are January 1, 2010, and January 1, 2011 for the first and second
tier VOC limits respectively, while our proposed effeciive dates are December 31, 2010
and December 31, 2013.

We are proposing to provide one additional year for manufacturers to meet the first tier
hmit simply due to the time necessary for State reguiations to become lsgally effective,
per State law, compared to the shartened time frame for local air district rules to
become legally effective. For the second tier limit, we believe it has not been
demonstrated that products meeting the 3 percent VOC limit will function as paint
thinners for alf solvent-borne coatings available in commerce. While we are
encouraged about the future viability of low VOC thinners, such as soy based products,
it has not yet been demonstrated that they are ready for introduction into the market.
There is still.a need for paint thinners that are compatible with solvent-borne coatings,
for a period of tirme, in areas of the State other than the South Coast Air Basin because

. SCAQMD has more stringent VOC coating limits than many other areas of the state.
Therefore, we determined it was appropriate that the second tier, 3 percent VOC limit
be effective December 31, 2013, giving manufacturers sufficent time to develop low
VOC thinners that are compatible with solveni-bome coatings.

Additionally, the second tier limit could lead to an increase in sales of more highly

flammable products, such as acetone. An acetone-based “Paint Thinner” product will
function differently than the former "Paint Thinner® product. Without enough.lead time, -
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we are concerned that acetone products will be the most likely paffway to compliance.
To aflow sufficient time for development of less flammable, and/or less costly -
alternatives, we are proposing an effective date of December 31, 2013 for the 3 percent
VOC limit, -

In-order to avoid doubie-counting category sales and VOC emissions, we have
subfracted from the statewide values, the pertion of Mulii-purpose Sofvent and Paint
Thinner sales, VOC emissions, and reductions that cceur in the South Coast Air Basin,
based con popuiation {DOF, 2008). The caleulated VOC emissions and reductions for
the Multi-purpose Solvent and Paint Thinner cataegories listed in Table ES-2, are the
correct valugs which can be credited toward the proposed regulation. More detail on
our proposal for the Multi-purpose Solvent and Paint Thinner categories can be found in
the Technical Support Document, Chapter Vi, section B. . ' '

G. ESTIMATED VOC EMISSIONS FROM CATEGORIES PROPOSED TO BE
REGULATED ' :

The 2006 Survey and the Survey Update serve as the basis for the proposed
amendments fo reduce VOC emissions. The 2006 Survey and the Survey Update
provided detailed information on the formulations of consumer products proposed for
regutation, including complete speciation of VOCs, low vapor pressure VOG (LVP-VOC)
solvents, and key exempt ingredients. Total volumes of inorganic and other compounds
were also reported. Information on sales, product form, customer types, and company -
size and econamics were alsc included. For this rulemaking, the 2009 emissions and
reduction estimates were grown from 2006 and 2008 sales. Annual population growth
factors were calculated using the California Environmental Protection Agency's
{CalEPA) Statewide Human Population Tabie found in the Pepulation and Vehicle
Trends Report (ARB, 2008d). We estimate that the 2009 VOC emissicns from the
categories proposed for regutation are more than 22 tons per day.

H.  SUMMARY OF PROPOSED AMENDMENTS

Amendments are being proposed to the following sections in the Cansumer Products
Regulation: section 94508 “Definitions;” segtion 94509 “Standards for Consumer
Products;” section 94510 “Exemnptions;” section 94512 “Administrative Requirements;”
section 84513 “Reporting Requirements:” and section 94515 “Test Methods." The
proposed amendments to these sections are summarized below. In this section, we are
also providing a summary of amendments to Method 310. Chapter V of the Technical
Suppart Decument contains more detailed information on each proposed requirement,

1. Definitions {Section 94508} _
Section 34508 “Definitions,” provides all of the terms used in the Consumer Products
Reguiation which are not self-explanatory. The proposed amendments to the

Regulation include the modification of three definitions, and the addition of six new
definitions. These definitions are necessary to define categories proposed for VOC
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limits, clarify products that are not subject to the VOC limits, or to improve the
enforceability of the Consumer Producis Regulation.

2. Proposed Amendments to Standards for Consumer Products
{Section 94508)

Table of Standards: The prcpused regulatory action wouid amend the existing
Consumer Products Regulation by specifying VOC limits for the product categories
shown in Table ES-2. Note that for Double Phase Aerosol Air Freshaner we are
propesing to lower the existing VOC limit to 20 parcent, effective December 31, 2012.
Table ES-2 also shows that statewide VOC emissions would be reduced by
approximately 14.7 fons per day when the limits are fully effective. These reductions
would provide further progress toward fulfilling the consumer producis element in the

. Strategy.

Table ES-2
Proposed VOC Limits, Emissions, and Reductions at Effective Date

Product Category Product Propesed | 2008 VOC | Effective | Reductions
Form VOUC Limit | Emissions® Date {Jpon
{percent by | {tons per day) Effective
weight) Date
) _ (tans per day}
Double Phase Aerosol Aerosal 20 10.2 12/31/2012 210
Adr Freshener -
Multi-purpose Solvent tier 1: 30 