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[. Introduction

The staff of the Air Resources Board (ARB or Board) intends to establish new motor
vehicle fuel specifications and in-use requirements for biodiesel, which includes the use
of renewable diesel as part of the proposed ADF regulation.® The ADF regulation

is intended to provide a framework for low carbon diesel fuel substitutes to enter the
commercial market in California, while mitigating any potential environmental or public
health impacts. The proposed regulation order is provided in Appendix A.

Before new fuel specifications are established, California Health and Safety Code
(HSC) section 43830.8 requires a multimedia evaluation to be conducted and reviewed
by the California Environmental Policy Council (CEPC). The CEPC must determine if
the proposed regulation poses a significant adverse impact on public health or the
environment.? As part of the proposed ADF regulation, a multimedia evaluation of
renewable diesel was conducted pursuant to HSC section 43830.8.

The purpose and scope of the multimedia evaluation is to inform the rulemaking
process and provide the information needed for the development of fuel regulations.
The Multimedia Working Group (MMWG) was established to oversee the multimedia
evaluation process and make recommendations to the CEPC regarding the
acceptability of new fuel formulations proposed for use in the State.

For the multimedia evaluation of renewable diesel, the MMWG prepared this staff report
for submittal to the CEPC. The purpose of this report is to provide a summary of the
multimedia evaluation and the MMWG'’s conclusions and recommendations to the
CEPC.

A. Fuels Multimedia Evaluation

“Multimedia evaluation” is the identification and evaluation of any significant adverse
impact on public health or the environment, including air, water, and soil, that may result
from the production, use, or disposal of the motor vehicle fuel that may be used to meet
the state board’s motor vehicle fuel specifications.®

At a minimum, the evaluation should address impacts associated with the following:
e Emissions of air pollutants, including ozone forming compounds, particulate

matter, toxic air contaminants, and greenhouse gases.
e Contamination of surface water, ground water, and soil.

! Air Resources Board. Proposed Regulation on the Commercialization of New Alternative Diesel Fuels
Staff Report: Initial Statement of Reasons, October 23, 2013. ES-1.

2 California Air Pollution Control Laws. Health and Safety Code, Division 26, Part 5, Chapter 4, Section
43830.8.

% California Air Pollution Control Laws. Health and Safety Code, Division 26, Part 5, Chapter 4, Section
43830.8(b).



e Disposal or use of the byproducts and waste materials from the production of the
fuel.

As specified in HSC 43830.8, a multimedia evaluation must be based on the best
available scientific data, written comments, and any information collected by the Board
in preparation for the proposed rulemaking. After an evaluation has been completed,
the MMWG must prepare a written summary report, including the MMWG'’s conclusions
and recommendations to the CEPC, and submit it for peer review pursuant to HSC
section 57004. The staff report and results of the peer review will then be submitted to
the CEPC for final review and approval.

1. Multimedia Working Group

The California Environmental Protection Agency (Cal/EPA) formed the inter-agency
MMWG to oversee the multimedia evaluation process and make recommendations to
the CEPC. The MMWG includes representatives from the ARB, State Water Resources
Control Board (SWRCB), Office of Environmental Health Hazard Assessment (OEHHA),
Department of Toxic Substances Control (DTSC), and Office of the State Fire Marshal
(OSFM). The MMWG may also consult with other agencies and experts, as needed.
The complete list of all members of the MMWG is provided in Appendix B.

The renewable diesel multimedia evaluation includes an assessment of potential
impacts on public health and the environment, including air, water, and soil, that may
result from the production, use, and disposal of the fuel. In this evaluation, ARB staff
was responsible for the air quality impact assessment and the overall coordination of
the evaluation process. OEHHA staff was responsible for evaluating potential public
health impacts, SWRCB staff was responsible for evaluating potential surface water and
groundwater quality impacts, and DTSC staff was responsible for evaluating potential
hazardous waste and soil impacts.

2. California Environmental Policy Council

Pursuant to Public Resources Code section 71017(b), the CEPC was established as a
seven-member body comprised of the Secretary for Environmental Protection; the
Chairpersons of ARB and SWRCB; and the Directors of OEHHA, DTSC, Department of
Pesticide Regulation (DPR), and Department of Resources Recycling and Recovery
(CalRecycle).

As previously stated, the CEPC must determine if the regulation poses a significant
adverse impact on public health or the environment. In making its determination, the
CEPC must consider the following:

e Emissions of air pollutants.
e Contamination of surface water, groundwater, and soil.
e Disposal of waste materials.



¢ MMWG recommendations contained in the staff report and peer review
comments.

According to HSC section 43830.8(e), the CEPC shall complete its review of the
evaluation within 90 calendar days following notice that the ARB intends to adopt a new
regulation. If the CEPC determines that the regulation will cause a significant adverse
impact on public health or the environment, or that alternatives exist that would be less
adverse, the CEPC shall recommend alternative or mitigating measures to reduce the
adverse impact on public health or the environment.

3. Overview of the Multimedia Evaluation Process

A multimedia evaluation consists of three tiers. Tier | begins with a summary of what is
known about the fuel and the information needed for the multimedia risk assessment.
The Tier | Report, or Work Plan, identifies key knowledge gaps about the fuel, if any,
and establishes the overall scope of the evaluation. Tier Il is the development of the
Tier Il Report, or Risk Assessment Protocol, to fill in any knowledge gaps identified
during Tier I. If key knowledge gaps are not identified in Tier I, no further Tier Il testing
or information are needed and the multimedia evaluation would then proceed directly to
Tier Ill. Tier Il is the implementation of the risk assessment, resulting in a final report of

any significant adverse impacts on public health or the environment. The multimedia
evaluation process is summarized in Table 1.

Table 1. Summary of the Multimedia Evaluation Process

Fuel Applicant

Multimedia Work Group
Review

MMWG Consultation and
Peer Review

Fuel Background
Summary Report:
¢ Chemistry

Screens applicant and
establishes key

Technical consultation
during development of
Tier | Work Plan including

Tier | e Release scenarios | assessment elements and | identification of key risk
e Environmental issues assessment elements and
behavior issues
Mutually-agreed upon Tier | Work Plan
Tier Il Risk Assessment Protocol | Comment on Risk Technical consultation on
Report Assessment Protocol Risk Assessment Design
. . Prepare recommendations | Independent external peer
Execution of Risk . ) . .
_ Assessment and to t_he Enwror']mental review of the Multimedia
Tier 1 Policy Council based on Risk Assessment Report

preparation of Multimedia
Risk Assessment Report

Multimedia Risk
Assessment Report

and Multimedia Working
Group recommendations

* U.C. Berkeley, U.C. Davis, and Lawrence Livermore National Laboratory. Guidance Document and
Recommendations on the Types of Scientific Information Submitted by Applicants for California Fuels
Environmental Multimedia Evaluations. June 2008, 9-10.




Each tier of the multimedia evaluation process is designed to provide input for the next
stage of the decision-making process. After Tier Ill is complete, the MMWG prepares a
summary of the multimedia evaluation and their conclusions and recommendations in a
staff report to the CEPC.

4. External Scientific Peer Review

Under HSC section 43830.8(d), an external scientific peer review of the multimedia
evaluation must be conducted pursuant to HSC section 57004. The purpose of the peer
review is to determine whether the scientific portions of the MMWG staff report are
based upon “sound scientific knowledge, methods, and practices.” °

The peer review process is initiated by submittal of a request memorandum to the
manager of the Cal/EPA Scientific Peer Review Program. The memorandum is
prepared by the ARB as the leading agency of the MMWG and includes a summary of
the nature and scope of the requested review, descriptions of the scientific conclusions
to be addressed, and list of recommended areas of expertise. The request
memorandum for peer review is appended as Appendix H.

In November 2013, ARB requested peer review of the MMWG’s assessment of the
renewable diesel multimedia evaluation and the proposed ADF regulation. The review
was completed in February 2014. The written reviews submitted by the peer reviewers
are provided in Appendix I. Overall, the reviewers determined that the MMWG'’s
conclusions were based on sound scientific knowledge, methods, and practices.

The MMWG reviewed all peer review comments, addressed each comment in a written
response, and have, where appropriate, made revisions to the staff report. The
MMWG's response to peer review comments are provided in Appendix J.

C. Renewable Diesel Background Information

Renewable diesel is produced from non-petroleum renewable resources but is not a
mono-alkyl ester. Renewable diesel consists solely of hydrocarbons and meets ARB
motor vehicle fuel specifications under title 13, California Code of Regulations (CCR),
section 2281 et seq. In fact, renewable diesel meets specified aromatic, sulfur,

and lubricity standards, as well as ASTM International standard specification,

ASTM D975-12a.°

The proposed ADF Regulation defines renewable diesel as follows:

(22) “Non-ester renewable diesel” means a diesel fuel that is produced from
nonpetroleum renewable resources but is not a mono-alkyl ester and which is

® California Air Pollution Control Laws. Health and Safety Code, Division 26, Part 5, Chapter 4, Section
57004(d)(2).

® Air Resources Board. Proposed Regulation on the Commercialization of New Alternative Diesel Fuels
Staff Report: Initial Statement of Reasons. October 23, 2013, 18, 20.



registered as a motor vehicle fuel or fuel additive under 40 CFR Part 79, as
amended by Pub. L. 91-604.

(23) “Non-ester renewable diesel blend” means non-ester renewable diesel blended
with petroleum-based diesel fuel.

(24) “Non-petroleum renewable resources” means non-fossil fuel resources including
but not limited to biomass, waste materials, and renewable crude.

There are several different chemical approaches to producing renewable diesel. One is
based on hydrotreating vegetable oils or animal fats. Hydrotreating frequently takes
place in conventional refineries to reduce sulfur or aromatic hydrocarbon content in
CARB diesel. A second method involves synthesis of hydrocarbons through enzymatic
reactions. A third method involves partially combusting a biomass source to produce
carbon monoxide and hydrogen (syngas) and utilizing the Fischer-Tropsch reaction to
produce complex hydrocarbons. Compared to biodiesel, renewable diesel uses similar
feedstocks but has different processing methods and can include chemically different
components. ’

Renewable diesel is typically produced by hydrotreating animal fats and vegetable oils,
as well as refining similar to petroleum refining. Existing hydrotreatment processing
equipment are typically used and results in a fuel containing pure hydrocarbons,
paraffinic compounds, and nearly no aromatics.

In this report, CARB diesel fuel blended with 20 vol% or 50 vol% renewable diesel is
denoted as R20 and R50, respectively. Pure or 100 vol% renewable diesel is denoted
as R100.

D. Multimedia Evaluation of Renewable Diesel

Pursuant to HSC section 43830.8, researchers from UC Berkeley and UC Davis
conducted the multimedia evaluation of renewable diesel. The evaluation is a relative
comparison between hydrotreated renewable diesel and diesel fuel that meets ARB
motor vehicle diesel fuel specifications (CARB diesel). The proposed ADF regulation
defines “CARB diesel fuel” as a light or middle distillate fuel which may be comingled
with up to five (5) volume percent biodiesel, and meeting the definition and
requirements for “diesel fuel” or “California non-vehicular diesel fuel” as specified in 13
CCR 2281 et seq.?

As previously described, a multimedia evaluation may consist of a total of three tiers.
Due to the specific fuel properties and indistinguishable chemical compositions of
renewable diesel and CARB diesel, the UC researchers and the MMWG found no
significant data needs and, therefore, no additional Tier Il experiments were needed.

" McKone, T.E. et al.California Renewable Diesel Multimedia Evaluation Final Tier Ill Report. Apr 2012, 5.
8 Air Resources Board. Proposed Regulation on the Commercialization of New Alternative Diesel Fuels
Staff Report: Initial Statement of Reasons. October 23, 2013, 5.



Consequently, after Tier I, the UC researchers proceeded directly to Tier Il of the
evaluation. The researchers submitted a Tier | and Tier Il report, and finalized them
with the MMWG. The final reports are listed below:

e California Renewable Diesel Multimedia Evaluation Final Tier | Report (Final Tier |
Report)®

e California Renewable Diesel Multimedia Evaluation Final Tier 11l Report (Final
Tier Il Report or Renewable Diesel Final Report)*°

The Renewable Diesel Final Report is provided in Appendix G and includes the Final
Tier | Report as an attachment.

Based on the renewable diesel multimedia evaluation and the information provided in
the Final Tier | and Tier Il reports, the MMWG determined that the use of renewable
diesel, as specified in this multimedia evaluation and the proposed ADF regulation,
does not pose a significant adverse impact on public health or the environment
compared to CARB diesel fuel.

® McKone, T.E. et al.California Renewable Diesel Multimedia Evaluation Final Tier | Report, Sept 2011.
1% McKone, T.E. et al.California Renewable Diesel Multimedia Evaluation Final Tier Il| Report, Apr 2012.



[I. Evaluation Summaries

This section provides the multimedia evaluation summaries prepared by ARB, SWRCB,
OEHHA, and DTSC. The evaluations are based on the relative differences between
renewable diesel and CARB diesel. The MMWG evaluated potential environmental and
public health impacts from changes to air emissions, water quality, soil quality, and
hazardous waste generation. The complete evaluations and supporting documentation
are provided in the appendices of this report.

A. Air Resources Board Evaluation

ARB staff completed an air quality assessment of renewable diesel fuel. The evaluation
includes a description of the emissions test program and impact analysis on air
emissions, including toxic air contaminants and ozone precursors. The complete
evaluation report is provided in Appendix C.

Staff's assessment is based on the data and information provided for the renewable
diesel multimedia evaluation, including the UC researchers’ multimedia reports (Final
Tier I, Tier Il, and Tier lll reports) and the “CARB Assessment of the Emissions from the
Use of Biodiesel as a Motor Vehicle Fuel in California” (ARB Emissions Study)** by

UC Riverside from emissions testing conducted at the College of Engineering — Center
for Environmental Research and Technology (CE-CERT) and ARB emissions test
facilities in Stockton and EI Monte, California

Emissions testing was conducted on pure renewable diesel (R100) and two renewable
diesel blends (R20 and R50) with CARB diesel as the baseline fuel. The test program
includes both engine testing and chassis testing of renewable diesel and renewable
diesel blends. Generally at least six repetitions were conducted on each fuel blend.
The results of the testing were straight averages of the difference between renewable
diesel and CARB diesel emissions.

Engine testing was performed on a 2006 Cummins ISM engine. Chassis testing was
performed on a 2000 Caterpillar C-15 engine. Toxic emissions testing was completed
on the Caterpillar C-15 engine.

1. Health-Relevant Air Emissions

Engine testing conducted as part of the ARB Emissions Study focused primarily on

regulated emissions, including particulate matter (PM), nitrogen oxides (NOx), total
hydrocarbons (THC), and carbon monoxide (CO). More extensive testing, including
toxics analyses, was completed for chassis testing.

1 Durbin, T.D. et al. CARB Assessment of the Emissions from the Use of Biodiesel as a Motor Vehicle
Fuel in California “Biodiesel Characterization and NOx Mitigation Study.” October 2011.



For R100, PM emissions results showed an average decrease of about 30%. NOx
emissions results showed a decrease of about a 10%. THC and CO generally
decreased by about 5% and 10%, respectively.

ARB identified diesel PM as a toxic air contaminant in 1998, and determined that diesel
PM accounts for about 70% of the toxic risk from all identified toxic air contaminants.*?
Test rlgsults show that the use of renewable diesel reduces PM emissions by about
30%.

Other toxic emissions tests were conducted for various carbonyls, volatile organic
compounds (VOCs), and polycyclic aromatic hydrocarbons (PAHSs). Overall, toxics test
results show decreases in most PAHs and VOCs. Carbonyl emissions were not
significantly different between renewable diesel and CARB diesel. Genotoxicity assays
were also performed and in all cases renewable diesel showed either reduced toxicity
compared to CARB diesel or no difference in toxicity.

2. Climate-Relevant Air Emissions

Gases that trap heat in the atmosphere are called greenhouse gases (GHGS).

GHG emissions are primarily CO,, methane (CHy,), nitrous oxide (N»O), and
hydrofluorocarbons.'® Each of these gases can remain in the atmosphere for different
amounts of time, ranging from a few years to thousands of years.*®* GHG emissions
from the use of fuels are primarily CO,.'" Average CO, emissions results from the ARB
Emissions Study showed a general decreased by about 3%.

Life cycle GHG emissions include emissions associated with the production,
transportation, and use of a fuel in a motor vehicle. The life cycle analysis (LCA) of a
fuel includes direct emissions from producing, transporting, and using the fuel, as well
as indirect effects, including land use change. Depending on the fuel, GHG emissions
from each step of the life cycle can include CO,, CH4, N»O, and other GHG
contributors. The “carbon intensity” of a fuel represents the equivalent amount of CO,
emitted from each stage of the fuel’s life cycle and is expressed in terms of grams of
CO, equivalent per megajoule (gCO,e/MJ).*®

12 Air Resources Board. Risk Reduction Plan to Reduce Particulate Matter Emissions from Diesel-Fueled
Engines and Vehicles. October 2000. Page 1.

13 Durbin, T.D. et al. CARB Assessment of the Emissions from the Use of Biodiesel as a Motor Vehicle
Fuel in California “Biodiesel Characterization and NOx Mitigation Study.” Oct 2011, Table ES-6, xxxvii.

¥ Durbin, T.D. et al. CARB Assessment of the Emissions from the Use of Biodiesel as a Motor Vehicle
Fuel in California “Biodiesel Characterization and NOx Mitigation Study.” October 2011, 148,164.

'* Air Resources Board. Staff Report: Initial Statement of Reasons for Proposed Rulemaking, Public
Hearing to Consider Adoption of Regulations to Control Greenhouse Gas Emissions from Motor Vehicles.
August 6, 2004, i.

!® United States Environmental Protection Agency. Overview of Greenhouse Gases website.
http://www.epa.gov/climatechange/ghgemissions/gases.html. Accessed April 29, 2015.

" Air Resources Board. Proposed Re-Adoption of the Low Carbon Fuel Standard. Staff Report: Initial
Statement of Reasons. December 2014, ES-2.

'8 Air Resources Board. Proposed Re-Adoption of the Low Carbon Fuel Standard. Staff Report: Initial
Statement of Reasons. December 2014.
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In contrast, end-of-pipe or tailpipe emissions only include exhaust emissions associated
with the use of a fuel in an internal combustion engine.*® Tailpipe CO, emissions are
only one component in determining a fuel’s life cycle carbon emissions. As previously
stated, the measured increase in CO, emissions may not necessarily lead to an overall
increase in carbon emissions. An increase in CO, reflects more complete combustion,
and is an expected result of decreased THC and CO emissions.

Based on the results from the ARB Emissions Study, renewable diesel increased BSFC
by about 5%. However, as with any alternative fuel, determination of GHG emissions
impact is the result of a full LCA of the fuel. For renewable diesel, the outcome of the
analysis is greatly dependent on the feedstock source. The LCA of renewable diesel
under the Low Carbon Fuel Standard showed reductions in GHGs of about 15% to 80%
depending on feedstock source.?°

3. Secondary Air Pollutants

Secondary pollutants form in the atmosphere through chemical and photochemical
reactions from other primary pollutants. An example includes ozone, which is formed
when hydrocarbons and NOx combine in the presence of light. Its precursor
components are primarily the result of road traffic. Unlike many of the other GHGs,
ozone is a short-lived gas that is found in regionally varying concentrations.

Both THC and NOx emissions determine ozone concentrations. As previously stated,
test results show a decrease in NOx emissions and most VOCs. THC emissions also
generally decreased by about 5% from CARB diesel emissions levels. Overall, it's
expected that the use of renewable diesel would result in an improvement in ground
level ozone compared to the use of CARB diesel fuel.**

B. State Water Resources Control Board Evaluation

SWRCB staff completed an evaluation of potential surface water and groundwater
impacts from renewable diesel fuel. Staff based their assessment on the information
provided in the UC multimedia evaluation reports (Final Tier | and Tier 1l Reports). The
multimedia evaluation and SWRCB’s assessment of environmental impacts is specific
to the difference between renewable diesel and CARB diesel. Please refer to
Appendix D for staff's complete evaluation.

19 Air Resources Board. Proposed Regulation to Implement the Low Carbon Fuel Standard. Staff
Report: Initial Statement of Reasons. March 2009, IV-12.

%0 Callifornia Air Resources Board, LCFS Carbon Intensity Lookup Table, December 2012.
http://www.arb.ca.gov/fuels/Icfs/lu_tables 11282012.pdf (accessed October 15, 2013).

2 Durbin, T.D. et al. CARB Assessment of the Emissions from the Use of Biodiesel as a Motor Vehicle
Fuel in California “Biodiesel Characterization and NOx Mitigation Study.” October 2011, 89.
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1. Water Impacts

Aquatic toxicity was considered by comparing renewable diesel and CARB diesel.
SWRCB staff reviewed the data comparing the effects of renewable diesel and CARB
diesel when exposed to a series of aquatic toxicity tests. No significant changes in
aquatic toxicity were identified by the multimedia study.

2. Underground Storage Tank Material Compatibility and Leak Detection

California statutes require that the underground storage tank systems be compatible
with the substance stored, and the leak detection equipment be able to function
appropriately with the substance stored. The multimedia evaluation indicates that
renewable diesel is chemically comparable to CARB diesel. Therefore, differences in
compatibility and leak detection are not anticipated.

3. Biodegradability and Fate and Transport

UC Davis and UC Berkeley researchers provided data on the impacts of fate and
transport properties of renewable diesel compared to CARB diesel. Fate and transport,
as well as biodegradability, are not expected to be significantly different given the
similar chemical composition of renewable diesel and CARB diesel.

4. Waste Discharge from Manufacturing
Chemicals used in, and byproducts created by, the production of the fuel are required to
comply with hazardous waste laws and regulations. No significant areas of concern
have been identified by staff when comparing the waste streams of renewable diesel to
CARB diesel.

C. Office of Environmental Health Hazard Assessment Evaluation

OEHHA staff evaluated potential public health impacts from the use of renewable diesel
compared to CARB diesel. Staff based their evaluation on their analysis of toxicity test
data and combustion emissions results. Please refer to Appendix E for the complete
report.

1. Combustion Emissions

Diesel engine emissions from combustion of hydrotreated vegetable oil renewable
diesel (HVORD) and CARB diesel were quantified by CE-CERT at UC Riverside.? The
renewable diesel fuel was produced by Neste Oil and denoted NExBTL fuel. The CARB
fuel used was certified CARB diesel fuel.

PM, NOx, CO, and THC were measured in combustion emissions from a 2006
Cummins ISM engine and a 2000 Caterpillar C-15 engine. Emissions from the

2 Durbin, T.D. et al. CARB Assessment of the Emissions from the Use of Biodiesel as a Motor Vehicle
Fuel in California “Biodiesel Characterization and NOx Mitigation Study.” October 2011.

10



Caterpillar C-15 engine were determined for the Urban Dynamometer Driving Schedule
(UDDS) and the 50 mph cruise simulation. Emissions from the 2006 Cummins ISM
engine were determined for the UDDS test protocol, the 50 mph cruise protocol and the
Federal Testing Procedure (FTP) protocol.

In tests using the 2006 Cummins ISM engine, there was a significant reduction in PM
emissions from R50 and R100 combustion compared with emissions from CARB diesel
combustion during the UDDS protocol and the 50 mph cruise simulation protocol.
There was also a significant decrease in PM for R20, R50 and R100 during the FTP
protocol. There was a significant decrease in NOx emissions during all three test
protocols for R20, R50 and R100. There was a significant reduction in CO emissions
using R20, R50 or R100 during the UDDS and FTP protocols. There was a small but
significant increase in CO using R100 during the 50 mph cruise simulation protocol.?®

In tests using the Caterpillar C-15 engine, there was a significant reduction in PM
emissions using R50 or R100 during the UDDS protocol but no significant reductions
during the 50 mph cruise simulation protocol. There were significant reductions of NOx
using R20, R50 or R100 during the UDDS protocol but no significant reductions using
the 50 mph cruise simulation protocol. CO emissions were reduced when R20, R50 or
R100 were used but the reductions were significant only for R50 using the UDDS
protocol and R100 using the 50 mph cruise simulation protocol. %

In tests using the 2000 Caterpillar C-15 engine operated with the UDDS cycle,
emissions of benzene and ethylbenzene were significantly lower using HVORD than
they were using CARB diesel. When the engine was operated using the 50 mph cruise
simulation, emissions of both benzene and toluene were significantly lower using
HVORD than they were using CARB diesel. Emissions of ethylbenzene were lower
when HVORD was used, but the reduction in emissions was not statistically
significant.”

PAHs were measured in emissions from a 2000 Caterpillar C-15 engine operated using
the UDDS cycle. There was a consistent decreasing trend in PAH emissions with
increaszigg concentrations of HVORD in CARB-renewable diesel blends (R20, R50 and
R100).

% Durbin, T.D. et al. CARB Assessment of the Emissions from the Use of Biodiesel as a Motor Vehicle
Fuel in California “Biodiesel Characterization and NOx Mitigation Study.” October 2011.
2 Durbin, T.D. et al. CARB Assessment of the Emissions from the Use of Biodiesel as a Motor Vehicle
Fuel in California “Biodiesel Characterization and NOx Mitigation Study.” October 2011.
% Durbin, T.D. et al. CARB Assessment of the Emissions from the Use of Biodiesel as a Motor Vehicle
Fuel in California “Biodiesel Characterization and NOx Mitigation Study.” October 2011.
% Durbin, T.D. et al. CARB Assessment of the Emissions from the Use of Biodiesel as a Motor Vehicle
Fuel in California “Biodiesel Characterization and NOx Mitigation Study.” October 2011.

11



Murtonen et al.?” compared engine emissions from truck (Scania DT 12 11 420, Variant
LO1) and off-road (Sisudiesel 74 CTA-4V (SCR equipped)) diesel engines fueled with
EN590 petroleum diesel (EN590) (< 10 ppm sulfur) or HYORD. The emissions testing
for the engines described above was performed using an engine dynamometer. The
Scania engine was tested using a Braunschweig cycle and the SisuDiesel engine was
tested using a Nonroad Transient Cycle (NRTC) test cycle and an International
Standards Organization (ISO) C1 steady-state test cycle. Both regulated and
unregulated emission outputs were expressed in units of weight/distance (e.g.
milligrams per kilometer [mg/km]).

In the absence of a Diesel Oxidation Catalyst (DOC)/Particulate Oxidation Catalyst
(POC) catalytic converter, PM and PAH output from the Scania engine run on HYORD
was substantially reduced (43% and 68%, respectively) compared to operation on
EN590. A substantial decrease (68%) was also noted for mutagenicity in Salmonella
typhimurium (strain TA98) treated with HVORD-fueled engine PM extract in the
absence of metabolic activation compared to PM extract from a EN590-fueled engine.
Moderate decreases (approximately 20%) were noted for CO, THC, formaldehyde (FA),
acetaldehyde (AA) and other aldehydes/ketones, and no change was noted for NOXx in
the HVORD-fueled engine exhaust compared to the EN590-fueled engine.?®

In the presence of a DOC/POC catalytic converter, PM and PAH output from the Scania
engine run on HYORD was substantially reduced (39% and 67%, respectively)
compared to operation on EN590. A slight increase was noted for NOx and no change
was notzegd for CO in the HVORD-fueled engine exhaust compared to the EN590-fueled
engine.

No significant difference was noted for CO, THC, PAH, FA, AA or other
aldehyde/ketone output from the HYORD-fueled Sisudiesel engine run on either the
NRTC or ISO cycles compared to the EN590-fueled engine. PM output from the
HVORD-fueled engine was moderately decreased (25-35%), as was NOXx output
(12-15%) compared to the EN590-fueled engine on both test cycles. *°

Jalava et al.** compared exhaust toxicities from a small industrial diesel engine (Kubota
D1105-T) fueled EN590 or HYORD with using an ISO C1 steady-state test cycle. PM

" Murtonen T, Aakko-Saksa P, Kuronen M, Mikkonen S and Lehtoranta K. (2010). Emissions with heavy-
duty diesel engines and vehicles using FAME, HVO and GTL fuels with and without DOC+POC
aftertreatment. SAE International Journal of Fuels and Lubricants. 2:147-166.

%8 Murtonen T, Aakko-Saksa P, Kuronen M, Mikkonen S and Lehtoranta K. (2010). Emissions with heavy-
duty diesel engines and vehicles using FAME, HVO and GTL fuels with and without DOC+POC
aftertreatment. SAE International Journal of Fuels and Lubricants. 2:147-166.

* Murtonen T, Aakko-Saksa P, Kuronen M, Mikkonen S and Lehtoranta K. (2010). Emissions with heavy-
duty diesel engines and vehicles using FAME, HVO and GTL fuels with and without DOC+POC
aftertreatment. SAE International Journal of Fuels and Lubricants. 2:147-166.

% Murtonen T, Aakko-Saksa P, Kuronen M, Mikkonen S and Lehtoranta K. (2010). Emissions with heavy-
duty diesel engines and vehicles using FAME, HVO and GTL fuels with and without DOC+POC
aftertreatment. SAE International Journal of Fuels and Lubricants. 2:147-166.

% Jalava PI, Tapanainen M, Kuuspalo K, Markkanen A, Hakulinen P, Happo MS, Pennanen AS, Ihalainen
M, Yli-Pirila P, Makkonen U, Teinila K, Maki-Paakkanen J, Salonen RO, Jokiniemi J and Hirvonen MR.
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output (mg/kW-hr) from the HVORD-fueled engine was 22% less compared to the
EN590-fueled engine in the absence of a DOC/POC catalytic converter, but when a
DOC/POC catalytic converter was used PM emissions from combustion of HYORD
were 18% greater than emissions from combustion of EN50 fuel.

Particulate-phase total and genotoxic PAHs (WHO/IPCS 1998 definition) were
substantially reduced in HYORD-fueled engine exhaust compared to EN590-fueled
engine exhaust (54% and 57% decrease, respectively; expressed as ng/mg PM) in the
absence of a DOC/POC catalytic converter. HVORD-fueled engine emissions
demonstrated moderately reduced total particulate-phase PAH emissions (31%) and
genotoxic particulate-phase PAH emissions (11%) compared to a EN590-fueled engine
in the presence of a DOC/POC catalytic converter.

In the fuel type comparison described above, the authors normalized PAH emissions to
PM output. If PAH emissions are expressed in terms of nanograms per kilowatt-hour
(ng/kW-hr), total and genotoxic particulate-phase PAH emissions were substantially
reduced (64% and 66%, respectively) in HYORD-fueled engine exhaust compared to
EN590-fueled engine exhaust in the absence of a DOC/POC catalytic converter. In the
presence of a DOC/POC catalytic converter, total PAHs were moderately reduced
(18%) while genotoxic PAHs were slightly increased (6%) in HYORD-fueled engine
exhaust compared to EN590-fueled engine exhaust.

Heikkila et al.** tested the comparative exhaust emissions of an off-road diesel engine
operated on a steady-state cycle without a DOC/POC catalytic converter and fueled
with either EN590 or HVORD. PM output with HVORD fuel was reduced approximately
28 — 43% depending on engine load compared to the EN590 fuel. NOx emissions were
similar for both fuels. Use of HYORD fuel reduced total particulate-phase PAH
emissions by approximately 50% at all engine loads compared to the baseline fuel.
Aldehyde exhaust output, including formaldehyde and acetaldehyde, was similar for
both EN590 and HVORD fuel.

Similar to the Jalava et al. study,* in the fuel type comparison described above, the
authors normalized PAH emissions to PM output. If PAH emissions are expressed in
terms of ng/kW-hr, total and genotoxic particulate-phase PAH emissions were
substantially reduced (58 and 62%, respectively) in HYORD-fueled engine exhaust
compared to EN590-fueled engine exhaust in the absence of a DOC/POC catalytic
converter. In the presence of a DOC/POC, total PAHs were slightly increased (10%)

(2010). Toxicological effects of emission particles from fossil- and biodiesel-fueled diesel engine with and
without DOC/POC catalytic converter. Inhalation Toxicology, 22 Suppl 2:48-58.

¥ Heikkila J, Happonen M, Murtonen T, Lehto K, Sarjovaara T, Larmi M, Keskinen J, and Virtanen A.
(2012). Study of Miller timing on exhaust emissions of a hydrotreated vegetable oil (HVO)-fueled diesel
engine. Journal of the Air and Waste Management Association, 62: 1305-1312.

% Jalava PI, Tapanainen M, Kuuspalo K, Markkanen A, Hakulinen P, Happo MS, Pennanen AS, lhalainen
M, Yli-Pirila P, Makkonen U, Teinila K, Mé&ki-Paakkanen J, Salonen RO, Jokiniemi J and Hirvonen MR.
(2010). Toxicological effects of emission particles from fossil- and biodiesel-fueled diesel engine with and
without DOC/POC catalytic converter. Inhalation Toxicology, 22 Suppl 2:48-58.
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while genotoxic PAHs were moderately increased (18%) in HYORD-fueled engine
exhaust compared to EN590-fueled engine exhaust (Heikkil et al., 2012).%*

2. Toxicity Testing of Combustion Emissions

In the combustion emissions study performed as part of the ARB Emissions Study,*®
Salmonella typhimurium test strains TA98 and TA100 were exposed to emissions
samples from an engine run on either CARB fuel, or R20, R50, or R100 HVORD,
respectively, in the presence or absence of metabolic activation provided by rat liver S9.
Particulate-phase and vapor-phase exhaust mutagenicity generally decreased as the
per<3:6entage of HVORD in the engine fuel increased in both test strains with or without
S9.

Human U937 monocytic cells were exposed to particulate phase engine exhaust extract
under the conditions described above, and evaluated for induction of DNA damage
using the COMET assay. No increase in DNA damage was induced by exhaust from an
HVORD or HVORD blend-fueled engine.®’

The release of interleukin 8 (IL-8; a cytokine mediator of inflammation) from a human
U937 macrophage cell line or cyclooxygenase 2 (COX-2; an inflammation mediator)
from a human NCI-H441 bronchiolar Clara cell line was not increased by exposure to
HVORD or HVORD blend-fueled engine particulate phase exhaust extracts relative to
exposure of the cells to particulate phase exhaust extract from a ULSD-fueled engine.*®

Murtonen et al.*® compared the mutagenicity of engine emissions from truck (Scania DT
12 11 420, Variant LO1) and off-road (Sisudiesel 74 CTA-4V SCR-equipped) diesel
engines fueled with EN590 petroleum diesel (EN590) that contains less than 10 ppm
sulfur or HYORD. In tests using an engine that was not equipped with a DOC/POC
catalytic converter, a substantial decrease (68%) was noted for mutagenicity in
Salmonella typhimurium (strain TA98) treated with HYORD-fueled engine PM extract in
the absence of metabolic activation compared to PM extract from an EN590-fueled
engine. In tests using an engine equipped with a DOC/POC catalytic converter, no
mutagenicity was noted in Salmonella typhimurium (strain TA98) treated with

% Heikkila J, Happonen M, Murtonen T, Lehto K, Sarjovaara T, Larmi M, Keskinen J, and Virtanen A.
(2012). Study of Miller timing on exhaust emissions of a hydrotreated vegetable oil (HVO)-fueled diesel
engine. Journal of the Air and Waste Management Association, 62: 1305-1312.

% Durbin, T.D. et al. CARB Assessment of the Emissions from the Use of Biodiesel as a Motor Vehicle
Fuel in California “Biodiesel Characterization and NOx Mitigation Study.” October 2011.

% Durbin, T.D. et al. CARB Assessment of the Emissions from the Use of Biodiesel as a Motor Vehicle
Fuel in California “Biodiesel Characterization and NOx Mitigation Study.” October 2011.

3" Durbin, T.D. et al. CARB Assessment of the Emissions from the Use of Biodiesel as a Motor Vehicle
Fuel in California “Biodiesel Characterization and NOx Mitigation Study.” October 2011.
8 Durbin, T.D. et al. CARB Assessment of the Emissions from the Use of Biodiesel as a Motor Vehicle
Fuel in California “Biodiesel Characterization and NOx Mitigation Study.” October 2011.

% Murtonen T, Aakko-Saksa P, Kuronen M, Mikkonen S and Lehtoranta K. (2010). Emissions with heavy-
duty diesel engines and vehicles using FAME, HVO and GTL fuels with and without DOC+POC
aftertreatment. SAE International Journal of Fuels and Lubricants. 2:147-166.
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HVORD-fueled engine PM extract in the absence of metabolic activation, and
mutagenicity from PM extract from an EN590-fueled engine was described by the
authors as “minor” (93% reduction compared to test results from an engine not
equipped with a DOC/POC catalytic converter).

Jalava et al.*® compared exhaust toxicities from a 2005 model year Scania heavy-duty
diesel engine equipped with a DOC/POC catalytic converter and fueled with EN590 or
HVORD using a Braunschweig test cycle.** The effects of engine exhaust PM extracts
on cytotoxicity and apoptosis were tested in vitro using the mouse macrophage
RAW?264.7 cell line at exposure levels of 0, 50, 150 and 300 ug/ml. PM extract-induced
cytotoxicity was measured by a 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium
bromide test (MTT-test; measures metabolic activity). Apoptosis was determined by
using a flow cytometry assay to evaluate propidium iodide (Pl)-stained cells. No
significant differences in either cytotoxicity or apoptosis were noted in the mouse
macrophage cell line RAW264.7 when exposed in vitro to PM from the test engine
fueled with HYORD compared to PM from the test engine fueled with EN590, with or
without use of a DOC/POC catalytic converter.

The effects of HYORD- and EN590-fueled engine PM on MIP-2 and TNF-« (cytokines
that mediate inflammation) release were studied using mouse macrophage RAW264.7
cells in vitro. Both MIP-2 and TNF-x release were slightly increased by HYORD-fueled
engine PM compared to EN590-fueled engine PM in the absence of a DOC/POC
catalytic converter. There was no significant difference in release of either cytokine
between the fuel types when a DOC/POC catalytic converter was used.*?

DNA damage (Comet assay) in mouse macrophage RAW?264.7 cells treated in vitro
with by HVYORD-fueled engine PM was statistically significantly increased compared to
cells treated with EN590-fueled engine PM in the absence of a DOC/POC catalytic
converter. However, in the presence of a DOC/POC catalytic converter there was no
significant difference in DNA damage between the two test groups. In the same study,
there was no significant difference in reactive oxygen species (ROS) production
between the two test groups in the presence or absence of a DOC/POC catalytic
converter.*®

0 Jalava PI, Aakko-Saksa P, Murtonen T, Happo MS, Markkanen A, Yli-Pirila P, Hakulinen P, Hillamo R,
Méki-Paakkanen J, Salonen RO, Jokiniemi J and Hirvonen MR. (2012). Toxicological properties of
emission particles from heavy duty engines powered by conventional and bio-based diesel fuels and
compressed natural gas. Particle and Fibre Toxicology, 9:37-50.

*I Murtonen T, Aakko-Saksa P, Kuronen M, Mikkonen S and Lehtoranta K. (2010). Emissions with heavy-
duty diesel engines and vehicles using FAME, HVO and GTL fuels with and without DOC+POC
aftertreatment. SAE International Journal of Fuels and Lubricants. 2:147-166.

*2 Jalava PI, Aakko-Saksa P, Murtonen T, Happo MS, Markkanen A, Yli-Pirila P, Hakulinen P, Hillamo R,
Méaki-Paakkanen J, Salonen RO, Jokiniemi J and Hirvonen MR. (2012). Toxicological properties of
emission particles from heavy duty engines powered by conventional and bio-based diesel fuels and
compressed natural gas. Particle and Fibre Toxicology, 9:37-50.

3 Jalava PI, Aakko-Saksa P, Murtonen T, Happo MS, Markkanen A, Yli-Pirila P, Hakulinen P, Hillamo R,
Méaki-Paakkanen J, Salonen RO, Jokiniemi J and Hirvonen MR. (2012). Toxicological properties of
emission particles from heavy duty engines powered by conventional and bio-based diesel fuels and
compressed natural gas. Particle and Fibre Toxicology, 9:37-50.
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No significant difference was noted between HVORD-fueled and EN590-fueled engine
exhaust cytotoxicity measured using the MTT-test was noted in the presence or
absence of a DOC/POC. EN590-fueled engine exhaust appeared to have greater
cytotoxicity than HYORD-fueled engine exhaust at the higher exposure levels in the
absence of a DOC/POC catalytic converter as measured by the PI exclusion test.
However, no difference in exhaust-induced apoptosis was evident between the two fuel
types in the presence of a DOC/POC catalytic converter.**

DNA damage (Comet assay) in mouse macrophage RAW?264.7 cells treated in vitro
with by HYORD-fueled engine PM was decreased compared to cells treated with
EN590-fueled engine PM in the absence of a DOC/POC catalytic converter. In the
same study, there was no significant difference in ROS production between the two test
groups in the presence or absence of a DOC/POC catalytic converter.

D. Department of Toxics Substances Control Evaluation

DTSC staff assessed potential impacts to human health and the environment from the
production and use of renewable diesel compared to CARB diesel. Staff’s evaluation
focused on: (1) hazardous waste generation during production, use, and storage of
renewable diesel in California, and (2) cleanup of contaminated sites in cases of spills of
renewable diesel. Please refer to Appendix F for DTSC’s complete evaluation.

According to the multimedia evaluation Tier | and Tier Il reports, three methods are
typically used to produce renewable diesel: (1) Fatty Acids to Hydrocarbon process
(hydrotreatment), (2) enzymatic synthesis of hydrocarbons, and (3) a partial combustion
of biomass feedstock. All three processes use biomass as their major feedstock.
However, the current DTSC evaluation focused on impacts of hydrotreated renewable
diesel on human health and the environment. The Tier | evaluation showed that the use
of renewable diesel decreases PM, NOx and CO emissions in exhaust compared to
CARB diesel. It also showed that renewable diesel’'s chemical composition is very
similar to CARB diesel and that renewable diesel has a lower aromatic hydrocarbon
content relative to diesel.

Depending on the feedstock, oil extraction chemicals may be used to produce
renewable diesel. According to the Tier | and Il reports, oil extraction processes may
generate new hazardous waste (n-hexane) and discharge waters that also maybe
hazardous waste, during the production of renewable diesel, compared to CARB diesel
production releases. Additionally, renewable diesel’s releases to soil, groundwater, or
surface waters of production chemicals are expected to occur due to rupture or leaks of
above ground or below ground storage tanks, production (blending, mixing, and
extraction, etc.) equipment, piping and/or transportation vehicles. Potential knowledge
gaps associated with the impacts of additive use and the potential generation of
hazardous waste during production, use, transportation, and storage of renewable

* Heikkila J, Happonen M, Murtonen T, Lehto K, Sarjovaara T, Larmi M, Keskinen J, and Virtanen A.
(2012). Study of Miller timing on exhaust emissions of a hydrotreated vegetable oil (HVO)-fueled diesel
engine. Journal of the Air and Waste Management Association, 62: 1305-1312.
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diesel may need to be addressed in future multimedia evaluations, if: (1) in-state
production of renewable diesel increases, (2) transportation of plant derived oils and
tallow increases, or (3) new or different additives are needed to ensure reliable
performance during generation, storage and use of renewable diesel.
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[1l. Conclusions

This section provides the conclusions of each of the evaluations conducted by ARB,
SWRCB, OEHHA, and DTSC. The conclusions on the impacts of hydrotreated
vegetable oil renewable diesel on public health and the environment are summarized
below:

A. Conclusions on Air Emissions Impact

Based on a relative comparison between CARB diesel and hydrotreated vegetable oil
renewable diesel, ARB staff concludes that renewable diesel, as specified in this
multimedia evaluation and proposed regulation, does not pose a significant adverse
impact on public health or the environment from potential air quality impacts.

ARB staff also makes the following general conclusions:

e Renewable diesel reduces PM emissions in diesel exhaust.

¢ Renewable diesel reduces emissions and health risk from PM in diesel exhaust,
a toxic air contaminant identified by ARB.

e Renewable diesel reduces NOx emissions in diesel exhaust.
¢ Renewable diesel reduces CO emissions in diesel exhaust.

e The adverse effects of renewable diesel are expected to be less than or equal to
diesel fuel complying with current ARB fuel regulations.

Compared to CARB diesel, emissions testing results for renewable diesel show
reductions in PM, NOx, CO, and THC. Toxics test results also show reductions in most
PAHs and VOCs.

B. Conclusions on Water Impacts

SWRCB staff concludes that given the information provided by the UC researchers, and
the similarities of renewable diesel and CARB diesel, there are minimal additional risks
to beneficial uses of California waters posed by renewable diesel than that posed by
CARB diesel alone. SWRCB staff supports the multimedia evaluation of renewable
diesel that meets ASTM D975 and the finding of no significant adverse impacts on
public health or the environment.

C. Conclusions on Public Health Impact

PM, benzene, ethyl benzene and toluene in combustion emissions from diesel engines
using HVORD are significantly lower than they are in combustion emissions from
engines using conventional diesel. CO and NOx emissions are significantly lower in
some tests using HVORD fuel. PAH emissions from engines not equipped with a
DOC/POC were lower in exhaust of engines burning HYORD. In some tests of engines
equipped with a DOC/POC, PAH emissions were higher in exhaust from an engine
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using HVORD fuel. It should be noted that semi-volatile exhaust phase PAHs were only
measured in the ARB Emissions Study. Variability between studies precluded drawing
a conclusion as to differences in PAH exhaust output levels and PAH/PM exhaust ratios
from engines equipped with a DOC/POC between the two fuel types.

HVORD-fueled engine exhaust did not significantly increase pulmonary cytokine
production (an inflammation biomarker), cytotoxicity, apoptosis or ROS production in the
presence or absence of a DOC/POC. Variability in assay types, engine and test cycle
types, and emission control status precluded drawing a conclusion as to differences in
exhaust-induced genotoxicity between the two fuel types.

OEHHA scientists conclude that use of renewable diesel fuel produced by hydrotreating
fatty acids from vegetable oil may reduce the amount of PM and aromatic organic
chemicals that is released into the atmosphere in diesel engine exhaust. OEHHA
scientists do not find any evidence that these potential beneficial impacts are offset by
adverse impacts on human health that might result from replacing CARB diesel with
HVORD.

D. Conclusions on Soil and Hazardous Waste Impact

In comparing renewable diesel with CARB diesel, DTSC's review concludes that the
chemical compositions of renewable diesel are almost identical to that of CARB diesel.
Therefore, the impacts on human health and the environment in case of a spill to soil,
groundwater, and surface waters would be expected to be similar to those of CARB
diesel. Based on the current production, use, transportation, and storage of renewable
diesel in California, renewable diesel will not increase the potential negative impacts to
human health and the environment. Both Tier | and Tier Il reports highlighted the need
to address knowledge gaps associated with environmental impacts of additive use with
renewable diesel. The relative environmental impact in case of a spill or leak of
renewable diesel compared to a spill or leak from CARB diesel depends on the types,
concentrations and use specifications of diesel additives used with renewable diesel, as
well as the different production processes.
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IV. Recommendations
The Multimedia Working Group recommends that the CEPC:

1. Find that the use of renewable diesel fuel in California, as specified in this
multimedia evaluation and the proposed regulation, does not pose a
significant adverse impact on public health or the environment compared to
CARB diesel fuel.

2. Condition the finding on the following:

a. Renewable diesel must meet the definition as described in the
ADF regulation and California diesel fuel regulations under Title 13,
California Code of Regulations, Sections 2281-2285.

b. Any hazardous substances and hazardous waste used in production,
storage, and transportation of biodiesel will be handled in compliance
with applicable California laws and regulations.

c. Fuel formulations and additives that were not included within the scope
of this multimedia evaluation must be reviewed by the MMWG for
consideration of appropriate action.

d. Inthe event that any relevant available information indicates the
potential for significant risks to public health or the environment, the
specific use of renewable diesel will be reviewed by the MMWG for
appropriate action.
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APPENDIX A. PROPOSED REGULATION
REGULATION ON COMMERCIALIZATION OF ALTERNATIVE DIESEL FUELS

Amend sections 2290, 2291, and 2293; renumber sections 2293 and 2293.5; adopt new
sections 2293, 2293.1, 2293.2, 2293.3, 2293.4, 2293.5, 2293.6, 2293.7, 2293.8, 2293.9,
and Appendix 1; and create new subarticles 1, 2, and 3, in title 13, chapter 5, article 3,
California Code of Regulations, to read as follows:

[Note: The entire text of sections 2293, 2293.1, 2293.2, 2293.3, 2293.4, 2293.5,
2293.6, 2293.7, 2293.8, 2293.9, and Appendix 1 is new language. Existing sections
2290, 2291, 2292.1, 2292.2, 2292.3, 2292.4, 2292.5, 2292.6, and 2292.7 would be
grouped as indicated under new subarticle 1 (Specifications for Current Alternative
Motor Vehicle Fuels) and sections 2290 and 2291 would be revised as indicated.
Existing sections 2293 and 2293.5 would be revised as indicated, renumbered to 2294
and 2295, and grouped as indicated under new subarticle 3 (Ancillary Provisions). The
proposed amendments to existing text are shown in underline to indicate addition and
strikeout to show deletions. All other portions of the article remain unchanged and are
indicated by the symbol ****** ]

Chapter 5. Standards for Motor Vehicle Fuels
Article 3. Specifications for Alternative Motor Vehicle Fuels

Subarticle 1. Specifications for Alternative Motor Vehicle Fuels

§2290. Definitions.
(a) For the purposes of this articlesubarticle, the following definitions apply:

(1) “Alternative fuel” means any fuel which is commonly or commercially known or
sold as one of the following: M-100 fuel methanol, M-85 fuel methanol, E-100
fuel ethanol, E-85 fuel ethanol, compressed natural gas, liquefied petroleum
gas, or hydrogen.

(2) “ASTM” means the American Society for Testing Materials.

(3) “Motor vehicle” has the same meaning as defined in section 415 of the Vehicle
Code.

(4) “Supply” means to provide or transfer a product to a physically separate facility,
vehicle, or transportation system.

Note: Authority cited: Sections 39600, 39601, 43013, 43018, and 43101, Health and Safety Code; and
Western QOil and Gas Ass'n. v. Orange County Air Pollution Control District, 14 Cal. 3d 411, 121 Cal.Rptr.
249 (1975). Reference: Sections 39000, 39001, 39002, 39003, 39010, 39500, 40000, 43000, 43016,
43018 and 43101, Health and Safety Code: and Western Oil and Gas Ass'n. v. Orange County Air
Pollution Control District, 14 Cal. 3d 411, 121 Cal.Rptr. 249 (1975).

Appendix A: Proposed Regulation Page A-3/A-39



§2291. Basic Prohibitions.

(a) Starting January 1, 1993, no person shall sell, offer for sale or supply an alternative
fuel intended for use in motor vehicles in California unless it conforms with the
applicable specifications set forth in this article-3subarticle.

(b) An alternative fuel shall be deemed to be intended for use in motor vehicles in
California if it is:

(1) stored at a facility which is equipped and used to dispense that type of
alternative fuel to motor vehicles, or

(2) delivered or intended for delivery to a facility which is equipped and used to
dispense that type of alternative fuel to motor vehicles, or

(3) sold, offered for sale or supplied to a person engaged in the distribution of
motor vehicle fuels to motor vehicle fueling facilities, unless the person selling,
offering or supplying the fuel demonstrates that he or she has taken reasonably
prudent precautions to assure that the fuel will not be used as a motor vehicle
fuel in California.

(c) For the purposes of this section, each retail sale of alternative fuel for use in a
motor vehicle, and each supply of alternative fuel into a motor vehicle fuel tank,
shall also be deemed a sale or supply by any person who previously sold or
supplied such alternative fuel in violation of this section.

Note: Authority cited: Sections 39600, 39601, 43013, 43018, and 43101, Health and Safety Code; and
Western Oil and Gas Ass'n. v. Orange County Air Pollution Control District, 14 Cal. 3d 411, 121 Cal.Rptr.
249 (1975). Reference: Sections 39000, 39001, 39002, 39003, 39010, 39500, 40000, 43000, 43016,
43018 and 43101, Health and Safety Code: and Western Oil and Gas Ass'n. v. Orange County Air
Pollution Control District, 14 Cal. 3d 411, 121 Cal.Rptr. 249 (1975).

§2292.1 Fuels Specifications for M100 Fuel Methanol.

* k k k%

Note: Authority cited: Sections 39600, 39601, 43013, 43018, and 43101, Health and Safety Code; and
Western Oil and Gas Ass'n. v. Orange County Air Pollution Control District, 14 Cal. 3d 411, 121 Cal.Rptr.
249 (1975). Reference: Sections 39000, 39001, 39002, 39003, 39010, 39500, 40000, 43000, 43016,
43018 and 43101, Health and Safety Code: and Western Oil and Gas Ass'n. v. Orange County Air
Pollution Control District, 14 Cal. 3d 411, 121 Cal.Rptr. 249 (1975).
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§2292.2 Specifications for M-85 Fuel Methanol.

* * %k k%

Note: Authority cited: Sections 39600, 39601, 43013, 43018, and 43101, Health and Safety Code; and
Western QOil and Gas Ass'n. v. Orange County Air Pollution Control District, 14 Cal. 3d 411, 121 Cal.Rptr.
249 (1975). Reference: Sections 39000, 39001, 39002, 39003, 39010, 39500, 40000, 43000, 43016,
43018 and 43101, Health and Safety Code: and Western Oil and Gas Ass'n. v. Orange County Air
Pollution Control District, 14 Cal. 3d 411, 121 Cal.Rptr. 249 (1975).

§2292.3 Specifications for E-100 Fuel Ethanol.

* k k Kk *k

Note: Authority cited: Sections 39600, 39601, 43013, 43018, and 43101, Health and Safety Code; and
Western QOil and Gas Ass'n. v. Orange County Air Pollution Control District, 14 Cal. 3d 411, 121 Cal.Rptr.
249 (1975). Reference: Sections 39000, 39001, 39002, 39003, 39010, 39500, 40000, 43000, 43016,
43018 and 43101, Health and Safety Code: and Western Oil and Gas Ass'n. v. Orange County Air
Pollution Control District, 14 Cal. 3d 411, 121 Cal.Rptr. 249 (1975).

§2292.4 Specifications for E-85 Fuel Ethanol.

* * kx k%

Note: Authority cited: Sections 39600, 39601, 43013, 43018, and 43101, Health and Safety Code; and
Western QOil and Gas Ass'n. v. Orange County Air Pollution Control District, 14 Cal. 3d 411, 121 Cal.Rptr.
249 (1975). Reference: Sections 39000, 39001, 39002, 39003, 39010, 39500, 40000, 43000, 43016,
43018 and 43101, Health and Safety Code: and Western Oil and Gas Ass'n. v. Orange County Air
Pollution Control District, 14 Cal. 3d 411, 121 Cal.Rptr. 249 (1975).

§2292.5 Specifications for Compressed Natural Gas.

* k k k%

Note: Authority cited: Sections 39600, 39601, 43013, 43018, and 43101, Health and Safety Code; and
Western QOil and Gas Ass'n. v. Orange County Air Pollution Control District, 14 Cal. 3d 411, 121 Cal.Rptr.
249 (1975). Reference: Sections 39000, 39001, 39002, 39003, 39010, 39500, 40000, 43000, 43016,
43018 and 43101, Health and Safety Code: and Western Oil and Gas Ass'n. v. Orange County Air
Pollution Control District, 14 Cal. 3d 411, 121 Cal.Rptr. 249 (1975).
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§2292.6 Specifications for Liquefied Petroleum Gas.

* * %k k%

Note: Authority cited: Sections 39600, 39601, 43013, 43018, and 43101, Health and Safety Code; and
Western QOil and Gas Ass'n. v. Orange County Air Pollution Control District, 14 Cal. 3d 411, 121 Cal.Rptr.
249 (1975). Reference: Sections 39000, 39001, 39002, 39003, 39010, 39500, 40000, 43000, 43016,
43018 and 43101, Health and Safety Code: and Western Oil and Gas Ass'n. v. Orange County Air
Pollution Control District, 14 Cal. 3d 411, 121 Cal.Rptr. 249 (1975).

§2292.7 Specifications for Hydrogen.

* k k Kk *k

Note: Authority cited: Sections 39600, 39601, 43013, 43018, and 43101, Health and Safety Code; and
Western QOil and Gas Ass'n. v. Orange County Air Pollution Control District, 14 Cal. 3d 411, 121 Cal.Rptr.
249 (1975). Reference: Sections 39000, 39001, 39002, 39003, 39010, 39500, 40000, 43000, 43016,
43018 and 43101, Health and Safety Code: and Western Oil and Gas Ass'n. v. Orange County Air
Pollution Control District, 14 Cal. 3d 411, 121 Cal.Rptr. 249 (1975).

Subarticle 2. Commercialization of Alternative Diesel Fuels

8§2293. Purpose.

The purpose of this requlation is to establish a comprehensive, multi-stage process
governing the commercialization of alternative diesel fuels (ADF) in California, ranging
from the initial limited sales of an ADF while it undergoes a screening evaluation;
through expanded sales governed by enhanced monitoring, testing, and multimedia
evaluations; and ending with full-scale commercial sales as warranted. This requlation
is intended to foster the introduction and use of innovative ADFs in California while
preserving or enhancing public health, the environment and the emissions benefits of
the existing motor vehicle diesel fuel requlations.

Note: Authority cited: Sections 39600, 39601, 39667, 43013, 43018, and 43101, Health and Safety Code;
and Western Oil and Gas Ass'n. v. Orange County Air Pollution Control District, 14 Cal. 3d 411, 121
Cal.Rptr. 249 (1975). Reference: Sections 39000, 39001, 39002, 39003, 39010, 39500, 40000, 43000,
43016, 43018 and 43101, 43865, Health and Safety Code: and Western Oil and Gas Ass'n. v. Orange
County Air Pollution Control District, 14 Cal. 3d 411, 121 Cal.Rptr. 249 (1975).

§2293.1. Basic Prohibitions.

(a) _Starting January 1, 2016, no person shall sell, offer for sale or supply an ADF for
use in California unless that person is in compliance with this subarticle and with
the terms of any approved and current Executive Order issued under section
2293.5 that is applicable to the person or the ADF.
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(b) For the purposes of this subarticle, each retail sale of ADF for use in a motor
vehicle and each supply of ADF into a motor vehicle fuel tank constitutes a separate
sale or supply by each and every person who previously sold or supplied such ADF in
violation of this subarticle.

Note: Authority cited: Sections 39600, 39601, 39667, 43013, 43018, and 43101, Health and Safety Code;
and Western Oil and Gas Ass'n. v. Orange County Air Pollution Control District, 14 Cal. 3d 411, 121
Cal.Rptr. 249 (1975). Reference: Sections 39000, 39001, 39002, 39003, 39010, 39500, 39515, 40000,
43000, 43016, 43018 and 43101, 43865, Health and Safety Code: and Western Oil and Gas Ass'n. v.
Orange County Air Pollution Control District, 14 Cal. 3d 411, 121 Cal.Rptr. 249 (1975).

§ 2293.2. Definitions.

(a) For the purposes of this subarticle, the definitions in Health and Safety Code
sections 39010 through 39060 shall apply, except as otherwise specified in this
subarticle. The following definitions shall also apply to this subarticle:

(1) “Alternative diesel fuel” or “ADF” means any fuel used in a compression ignition
engine that is not petroleum-based, does not consist solely of hydrocarbons,
and is not subject to a specification under subarticle 1 of this article.

(2) “Biodiesel” means a fuel comprised of mono-alkyl esters of long chain fatty
acids derived from vegetable oils or animal fats that is 99-100 percent biodiesel
by volume (B100 or B99) and meets the specifications set forth by ASTM
International in the latest version of Standard Specification for Biodiesel Fuel
Blend Stock (B100) for Middle Distillate Fuels D6751 contained in the ASTM
publication entitled: Annual Book of ASTM Standards, Section 5, as defined in
California Code of Requlations, title 4, section 4140(a), which is hereby
incorporated by reference.

(3) “Biodiesel Blend” means biodiesel blended with petroleum-based CARB diesel
fuel or non-ester renewable diesel.

(4) “Blend Level” means the ratio of an ADF to the CARB diesel it is blended with,
expressed as a percent by volume. The blend level may also be expressed as
“AXX.,” where “A” represents the particular ADF and “XX” represents the
percent by volume that ADF is present in the blend with CARB diesel (e.g., a 20
percent by volume biodiesel/CARB diesel blend is denoted as “B20”).

(5) “Blendstock” means a component that is either used alone or is blended with
another component(s) to produce a finished fuel used in a motor vehicle. A
blendstock that is used directly as a transportation fuel in a vehicle is
considered a finished fuel.

(6) “B5” means a biodiesel blend containing no more than five percent biodiesel by
volume.
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(7) “B20” means a biodiesel blend containing more than five and no more than 20
percent biodiesel by volume.

(8) “Candidate ADF” means a fuel that is in the Stage 1 or Stage 2 evaluation
process in this subarticle.

(9) “CARB diesel” means a light or middle distillate fuel that may be comingled with
up to five (5) volume percent biodiesel and meets the definition and
requirements for “diesel fuel” or “California nonvehicular diesel fuel” as
specified in California Code of Requlations, title 13, section 2281 et seq.
“CARB diesel” may include: non-ester renewable diesel; gas-to-liquid fuels;
Fischer-Tropsch diesel; diesel fuel produced from renewable crude; CARB
diesel blended with additives specifically formulated to reduce emissions of one
or more criteria or toxic air contaminants relative to reference CARB diesel; and
CARB diesel specifically formulated to reduce emissions of one or more criteria
or toxic air contaminants relative to reference CARB diesel.

(10) “Criteria Pollutant” means any air pollutant for which a California ambient air
quality standard (CAAQS) or a national ambient air quality standard (NAAQS)
has been established.

(11) “Diesel Substitute” means any liquid fuel that is intended for use as a neat fuel,
with CARB diesel or CARB diesel blends in a compression ignition engine.
“Diesel substitute” includes, but is not limited to, non-ester renewable diesel;
gas-to-liquid fuels; Fischer-Tropsch fuels; CARB diesel blended with additives
specifically formulated to reduce emissions of one or more criteria or toxic air
contaminants relative to reference CARB diesel; and CARB diesel specifically
formulated to reduce emissions of one or more criteria or toxic air contaminants
relative to reference CARB diesel.

(12) “Executive Officer” means the Executive Officer of the Air Resources Board, or
his or her designee.

(13) “Executive Order” or “EQ” means a document signed by the Executive Officer
or his or her designee under this subarticle that: a) provides an exemption from
in-use requirements, b) approves a formulation under the certification
procedures as an equivalent CARB diesel formulation, or c) specifies the stage
at which a requlated party(ies) for an ADF or candidate ADF is or will be
operating under. An Executive Order includes any enforceable terms,
conditions, and requirements that the requlated party(ies) must meet in order to
sell, offer for sale, or supply that ADF or candidate ADF for use in California.

(14) “Finished Fuel” means a fuel that is used directly in a vehicle for transportation
purposes without requiring additional chemical or physical processing.
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(15) “Hydrocarbon” means any chemical or mixture that is composed solely of
hydrogen and carbon.

(16) “Importer” has the same meaning as defined in the Low Carbon Fuel Standard
requlation at California Code of Requlations, title 17, section 95481(a).

(17) “Multimedia Evaluation” has the same meaning as defined in Health and Safety
Code section 43830.8(b).

(18) “Multimedia Evaluation Guidance Document” means the procedure described in
chapter 5, 6 and 7, governing the Executive Officer's multimedia evaluation
conducted prior to establishing a motor vehicle fuel specification. The
multimedia evaluation guidance document chapters 5, 6, and 7 (“Guidance
Document and Recommendations on the Types of Scientific Information
Submitted by Applicants for California Fuels Environmental Multimedia
Evaluations”) are available at
www.arb.ca.gov/fuels/multimedia/guidancedoc.pdf, June 2008, and are
incorporated herein by reference.

(19) “New Technology Diesel Engine” or “NTDE” means a diesel engine that meets
at least one of the following criteria:

(A) Meets 2010 ARB emission standards for on-road heavy duty diesel
engines under section 1956.8.

(B) Meets Tier 4 emission standards for non-road compression ignition
engines under sections 2421, 2423, 2424, 2425, 2425.1, 2426, and 2427.

(C) Is equipped with or employs a Diesel Emissions Control Strategy (DECS),
verified by ARB pursuant to section 2700 et seq., which uses selective catalytic
reduction to control Oxides of Nitrogen (NOx).

(20) “Non-ester renewable diesel” means a diesel fuel that is produced from
nonpetroleum renewable resources but is not a mono-alkyl ester and which is
registered as a motor vehicle fuel or fuel additive under 40 Code of Federal
Requlations part 79.

(21) “Offsetting factors” means any factors in the commercial market that serve to
offset the emissions of a pollutant from the use of an ADF. Offsetting factors
may include, but are not limited to, the use of:

(A) Specific vehicle technologies such as NTDEs that have been proven to
reduce emissions of the pollutant;
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(B) Diesel substitutes that reduce emissions of the pollutant; and

(C) Feedstocks that have been shown to reduce or eliminate increases in the
pollutant.

(22) “Person” has the same meaning as defined in Health and Safety Code section
39047 and includes, but is not limited to, ADF producers, importers, marketers
and blenders. “Person” includes the plural when two or more persons are
subject to an Executive Order executed or an interim or final fuel specification
issued pursuant to the requirements of this subarticle.

(23) “Pollutant Control Level” means a blend level of an ADF above which per gallon
in-use requirements have been established by requlation to ensure there will be
no increases in one or more criteria pollutants when compared to emissions
from Reference CARB Diesel.

(24) “Potential Adverse Emissions Impacts” means for any given ADF or ADF blend,
any criteria pollutant for which testing during a multimedia evaluation results in
statistically significant increases of that criteria pollutant above an appropriate
baseline for that ADF.

(25) “Producer” has the same meaning as defined in the Low Carbon Fuel Standard
requlation at California Code of Requlations, title 17, section 94581(a).

(26) “Reference CARB Diesel” has the same meaning as “reference fuel”’ as that
term is defined in section 2282(q)(3).

(27) “Toxic Air Contaminant” means any substance identified or designated by the
Air Resources Board as a toxic air contaminant pursuant to Health and Safety
Code section 39657, or is designated as a hazardous air pollutant under
section 112 of the federal Clean Air Act (42 U.S.C. § 7412).

(28) “Trade Secret”’ has the same meaning as defined in Government Code section
6254.7.

(b) List of Acronyms and 