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[. Introduction

The staff of the Air Resources Board (ARB or Board) intends to establish new motor
vehicle fuel specifications for biodiesel as part of the proposed regulation on the
commercialization of new alternative diesel fuels (ADFs). The ADF regulation®

is intended to provide a legal pathway for new, emerging diesel fuel substitutes to enter
the commercial market in California, while managing and minimizing environmental and
public health impacts, and to preserve the emissions benefits derived from the ARB
motor vehicle diesel fuel regulations. The proposed regulation order is provided in
Appendix A.

Before new fuel specifications are established, Health and Safety Code (H&SC)
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.? Since the ARB intends to establish new fuel specifications for biodiesel,
a comprehensive multimedia evaluation of the fuel was conducted in accordance to
H&SC section 43830.8.

This staff report was prepared by the Multimedia Working Group (MMWG) for review by
the CEPC. The 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. This staff report provides a summary of the
biodiesel multimedia evaluation, including independent agency assessments, 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 must 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.

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

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

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

Section 43830.8(e).

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

Section 43830.8(b).



As specified in H&SC 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 of the evaluation, including the
MMWG’s conclusions and recommendations to the CEPC, and submit it for peer review
pursuant to H&SC 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 regarding the acceptability of new fuel formulations proposed for use in the
State. The MMWG includes representatives from the ARB, State Water Resources
Control Board (SWRCB), Office of Environmental Health Hazard Assessment (OEHHA),
and Department of Toxic Substances Control (DTSC). The complete list of all members
of the MMWG is provided in Appendix B. The MMWG may also consult with other
agencies and experts, as needed.

The biodiesel 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 biodiesel. In this evaluation, ARB staff was responsible
for the air quality impact assessment and the overall coordination of the multimedia
process. SWRCB staff was responsible for evaluating potential surface water and
groundwater quality impacts, OEHHA staff was responsible for evaluating potential
public health 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:

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

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



According to H&SC 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 | work plan report identifies any key knowledge gaps about the fuel and
establishes the overall scope of the evaluation. Tier Il follows the work plan developed
in Tier | to fill key knowledge gaps, if any, and prepare a Tier Il risk assessment protocol
report. 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 from
Tier I to Tier lll. 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:
e Chemistry

Screens applicant and
establishes key
assessment elements

Technical consultation
during development of
Tier | Experimental Plan

Tier | e Release SCEnarios including identification of
Envi tal behavi and issues key risk assessment
¢ nvironmental behavior elements and issues
Mutually-agreed upon Experimental Plan for Tier Il
, Experiments to evaluate key Draft '_I'|er I Technical consultation of
Tier 1l . Experimental Summary .
risk assessment elements Tier Il report
Report
Prepare .
. Independent peer review
Execution of Risk Assessment {ﬁgogg Gf::rig%?; o of the Multimedia Risk
Tier 1l | and preparation of Multimedia Assessment report and

Risk Assessment Final Report

Policy Council based on
Multimedia Risk
Assessment report.

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.
® Ginn, T.R. et al. California Biodiesel Multimedia Evaluation Final Tier I Report, May 2013, 2.




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 H&SC section 43830.8(d), an external scientific peer review of the multimedia
evaluation must be conducted pursuant to H&SC 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 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 memorandum is
appended as Appendix H. Upon approval, the University of California (UC), through an
interagency agreement with Cal/EPA, identifies candidates it considers qualified to
complete the review.

Peer reviewers will be identified for the scientific review of the staff report. Once
reviews are received, the MMWG will address all comments in a written response and
make any necessary revisions to the report where appropriate. The MMWG will hold
internal meetings to discuss and address each comment submitted by the reviewers.

B. Biodiesel Background Fuel Information

Biodiesel is defined as a fuel composed of mono-alkyl esters of long chain fatty acids
derived from vegetable oils or animal fats and meeting ASTM International standard
D6751. Pure biodiesel contains no petroleum but can be blended with petroleum diesel
to create a biodiesel blend. In this report, CARB diesel blended with 10 vol%, 20 vol%
or 50 vol% biodiesel is denoted as B10, B20 or B50, respectively. Pure biodiesel is
denoted as B100.’

To produce biodiesel, a feedstock undergoes a transesterification reaction with
methanol and a catalyst to produce methyl esters, which compose biodiesel, also
known as Fatty Acid Methyl Esters or FAME. Primary biodiesel feedstocks expected to
be used in California include soybean oil, palm oil, corn oil, yellow grease, animal tallow,
trap (brown) grease, canola oil, and safflower oil.?

® 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, 17.

® Ginn, T.R. et al. California Biodiesel Multimedia Evaluation Final Tier Ill Report. May 2013, I-1.



There are many steps involved in the transesterification production of biodiesel. Initially,
the three components, alcohol, oil, and a catalyst, are mixed in a reactor. The next step
involves separating the methyl esters and glycerin (a byproduct). The methyl esters are
then neutralized with acid to remove any residual catalyst and to separate any soap that
may have formed during the reaction. The mixture is washed with water and any
alcohol is removed. The biodiesel may then be dried in a vacuum flash process that
leaves a clear amber-yellow liquid with a viscosity similar to petroleum diesel. Some
processes also distill the final product to remove undesirable impurities.®

Biodiesel feedstocks are classified by their fatty acid profile; the fatty acid composition
greatly influences a fuel’s characteristics, as esters of different fatty acids have different
physical and chemical properties. Generally, the quality of the fuel is dependent on the
guality and fatty-acid composition of the feedstock, the production process, and
post-production handling. Biodiesel blends up to B5 must meet ASTM D975 standards.
ASTM halsé also established ASTM D7467 for blends of B6 to B20, and ASTM D6751-12
for B100.

C. Multimedia Evaluation of Biodiesel

Pursuant to H&SC section 43830.8, researchers from UC Davis and UC Berkeley
conducted the multimedia evaluation of biodiesel. After each tier of the multimedia
evaluation process, the UC researchers submitted a tier report and finalized it with the
MMWG. The final reports are listed below:

e California Biodiesel Multimedia Evaluation Final Tier | Report (Final Tier | Report)**

e California Biodiesel Multimedia Evaluation Final Tier Il Report (Final Tier Il
Report)*

¢ California Biodiesel Multimedia Evaluation Final Tier Il Report (Final Tier Ill Report
or Biodiesel Final Report)™

The Biodiesel Final Report is provided in Appendix G and includes both the Final Tier |
Report and Final Tier Il Report as attachments.

As previously described, a multimedia evaluation may consist of a total of three tiers.
During Tier I of the biodiesel evaluation, the UC researchers completed a detailed
review of biodiesel, evaluated potential impacts, and determined key knowledge gaps.
Upon completion of Tier I, the overall scope of the biodiesel evaluation was established.
The knowledge gaps identified in Tier | necessitated a more detailed impact
assessment of biodiesel in Tier Il. The biodiesel Tier Il risk assessment design included
various test plans and studies to fill in key knowledge gaps identified in Tier I. Tier IlI

° Ginn, T.R. et al. California Biodiesel Multimedia Evaluation Final Tier IlI Report. May 2013, I-1.

% Ginn, T.R. et al. California Biodiesel Multimedia Evaluation Final Tier IlI Report. May 2013, I-1,1-2.
1 Ginn, T.R. et al. California Biodiesel Multimedia Evaluation Final Tier | Report, September 2009.
2 Ginn, T.R. et al. California Biodiesel Multimedia Evaluation Final Tier Il Report, January 2012.

% Ginn, T.R. et al. California Biodiesel Multimedia Evaluation Final Tier Ill Report, May 2013.



began with the implementation of the Tier Il risk assessment protocol, and concluded
with the formal submittal of the Biodiesel Final Report.

Based on the biodiesel multimedia evaluation and the information provided in the Final
Tier 1, I, and Il reports by UC Davis and UC Berkeley researchers, the MMWG
determined that the use of biodiesel fuel, as specified in the multimedia evaluation and
proposed regulation, does not pose a significant adverse impact on public health or the
environment.



[I. Summary

This section provides the multimedia evaluation summaries prepared by ARB, SWRCB,
OEHHA, and DTSC. The evaluations are based on the relative differences between
biodiesel and diesel fuel meeting ARB motor vehicle fuel specifications (CARB diesel)
under title 13, California Code of Regulations (CCR), section 2281, et seq. 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 biodiesel fuel. The evaluation
includes a description of the emissions testing protocol and impact analysis on criteria
pollutants, toxic air contaminants, and ozone precursors. The complete report is
provided in Appendix C.

Staff’'s assessment is based on the data and information provided for the biodiesel
multimedia evaluation, including the UC researchers’ multimedia reports (Final Tier I,
Tier Il and Tier Il reports) and the CARB 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
El Monte, California.

1. Ciriteria Pollutants

Emissions testing was conducted on biodiesel (B100) and various biodiesel blends (B5,
B20, B50) compared to the baseline CARB diesel fuel. The test fuels for this program
included five primary fuels that were subsequently blended at various levels to comprise
the full test matrix. Two biodiesel feedstocks were used for testing, including one
soy-based and one animal-based biodiesel fuel. These fuels were selected to provide a
range of properties that are representative of typical feedstocks representing different
characteristics of biodiesel in terms of cetane number and degree of saturation.™

The biodiesel emissions test program included both engine testing and chassis testing
of multiple blends of biodiesel mixed with CARB diesel. The results of the testing were
straight averages of the difference between biodiesel and CARB diesel emissions.

Engine testing was performed on a 2006 Cummins ISM and 2007 MBE4000 engine.
Chassis testing was performed on the following test vehicles:

e 2006 International Truck equipped with 2006 Cummins ISM engine

14 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.

15 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, xxv.



e 2008 Freightliner Truck equipped with a 2007 MBE4000 engine
e 2000 Freightliner Truck equipped with a 2000 Caterpillar C-15 engine
e Kenworth model T800 truck equipped with a 2010 Cummins ISX engine

The first two vehicles were equipped with the same engines used in the engine testing.
The data analysis of the Cummins ISX results was not completed and not included in
the CARB Emissions Study report. Therefore, the Cummins ISX results were not
included in this evaluation.

Emissions measurements for the engine testing focused primarily on standard
emissions, including particulate matter (PM), nitrogen oxides (NOXx), total hydrocarbons
(THC), carbon monoxide (CO), and carbon dioxide (CO,). More extensive testing,
including toxics analyses, was completed for the chassis testing.

Average PM emissions showed consistent and significant reductions for all biodiesel
blends, with the magnitude of reductions increasing with blend level. For the 2006
Cummins engine over the Federal Test Procedure (FTP) test cycle, PM reductions for
soy-based biodiesel were approximately 6% for B5, 25% for B20, and 58% for B100.
For animal-based biodiesel, PM reductions ranged from 19% for B20 to 64% for B100.
Average NOx emissions showed trends of increasing NOx emissions with increasing
biodiesel blend level. Soy-based biodiesel blends showed a higher increase in NOx
emissions for essentially all blend levels and test cycles compared to animal-based
biodiesel blends. For soy-based biodiesel over the FTP cycle, results for the 2006
Cummins engine showed NOx impacts ranging from an increase of 2.2% for B5, to
6.6% for B20, to 27% for B100. Animal-based biodiesel results showed NOx impacts
from 1.5% for B20 to 14% for B100. For the 2007 MBE4000 engine, NOX increases
were greater than those of the 2006 engine for nearly all biodiesel blends and test
cycles.

Average THC emissions for the 2006 Cummins showed consistent and significant
reductions for biodiesel blends, with the magnitude of reductions increasing with blend
level. THC reductions over FTP for soy-based biodiesel ranged from 6% for B10, to
11% for B20, to 63% for B100. For animal-based biodiesel, THC reductions ranged
from 13% for B20 to 71% for B100.

Average CO emissions also showed consistent and significant reductions for
animal-based biodiesel, ranging from 7% for B5, 14% for B20, to 27% for B100. For
soy-based biodiesel, CO trends were less consistent with some results not statistically
significant.

Average CO, emissions showed a slight increase for the higher biodiesel blends. For
the 2006 Cummins engine, the increase ranged from about 1% to 4%, with increases
being statistically significant for the B100 fuels for all tests, the B50 fuel for the cruise
cycles, and other testing combinations. For the 2007 MBE 4000, only the B100 showed
consistent and statistically significant increases for the different cycles, ranging from 1%
to 5%.



The biodiesel blends showed an increase in fuel consumption with increasing biodiesel
blends. The fuel consumption differences were generally greater for the soy-based
biodiesel in comparison with animal-based biodiesel for the 2006 Cummins engine, but
not for the 2007 MBE 4000 engine. For the 2006 Cummins engine, changes in fuel
consumption for soy-based biodiesel blends ranged from 1.4% to 1.8% for B20 to 6.8%
to 9.8% for B100. Animal-based biodiesel blends ranged from no statistical difference
to 2.6% for B20 to 4.4% to 6.7% for B100. For the 2007 MBE4000 engine, the
differences in fuel consumption ranged from no change to 2.5% for B50 and lower
blends, while the increases for B100 blends ranged from 5.6% to 8.3%.

2. Toxic Air Contaminants

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 results show that the use of biodiesel reduces PM emissions with increasing blend
levels.

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

3. Ozone Precursors

As previously stated above, THC emissions showed consistent and significant
reductions with the magnitude of the reductions increasing with blend level. However,
NOx was found to increase at certain biodiesel blend levels. The results of this study
apply specifically to heavy-duty vehicles that do not use post-exhaust NOx emissions
control. Therefore, the results of this study should not be extended to New Technology
Diesel Engines (NTDESs) or light-duty and medium-duty vehicles.

“‘New Technology Diesel Engine” means a diesel engine that meets at least one of the
following criteria:

(2) 2010 ARB emission standards for on-road heavy duty diesel engines under
Title 13, CCR, Section 1956.8;

(2) Tier 4 emission standards for non-road compression ignition engines under
13 CCR 2421, 2423, 2424, 2425, 2425.1, 2426, and 2427; or

3) Equipped with or employs a diesel emissions control strategy, verified by ARB
pursuant to 13 CCR 2700 et seq., which uses selective catalytic reduction to
control NOx.*®

'® Air Resources Board. Proposed Regulation on the Commercialization of New Alternative Diesel Fuels
Staff Report: Initial Statement of Reasons, October 23, 2013. 19-20.



Engines that meet the latest emission standards through the use of Selective Catalytic
Reduction (SCR) have been shown to have no significant difference in NOx emissions
based on the fuel used. A study conducted by the National Renewable Energy
Laboratory looked at two Cummins ISL engines that were equipped with SCR, and
found that NOx emissions control eliminates fuel effects on NOx, even for B100 and
fuels compared to CARB diesel.!’

Light-duty and medium-duty vehicles have similarly been found not to experience
increases in NOx due to the use of biodiesel. For example, a study performed on three
light-duty vehicles using different biodiesel blends found no significant and consistent
pattern in NOx emissions based on blend levels across the different engines, blends,
and cycles®®.

4. Greenhouse Gas Emissions

Biodiesel blends showed an increase in average brake specific fuel consumption
(BSFC) with increasing levels of biodiesel. This is consistent with expectations based
on the lower energy density of biodiesel. The changes in fuel consumption for
soy-based biodiesel blends for the 2006 Cummins engine range from 1.4% to 1.8% for
B20 to 6.8% to 9.8% for B100. The changes in fuel consumption for animal-based
biodiesel blends for the 2006 Cummins engine range from no statistical difference to
2.6% for B20 to 4.4% to 6.7% for B100.*°

However, as with any alternative fuel, determination of greenhouse gas (GHG)
emissions impact is the result of a full lifecycle analysis of the fuel. The outcome of a
full lifecycle analysis is greatly dependent on the feedstock source. The Low Carbon
Fuel Standard lifecycle analysis of biodiesel showed reductions in GHG emissions of
about 15% to 95% depending on feedstock source.?

B. State Water Resources Control Board Evaluation

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

" Lammert et al, Effect of B20 and Low Aromatic Diesel on transit Bus NOx emissions Over Driving
Cycles with a Range of Kinetic Intensity, SAE Int. J Fuels Lubr., 5(3):2012

'® Nikanjam et al, Performance and Emissions of Diesel and Alternative Diesel Fuels in Modern
Light-Duty Vehicles, SAE 2011-24-0198,2011.

* 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, 77.

%0 california 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).
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1. Water Impacts

Aquatic toxicity screening with unadditized and additized biodiesel and biodiesel blends
showed an increase in toxicity for subsets of screening species compared to CARB
diesel. Water allocation and agricultural impacts associated with the growing of
feedstocks used in the production of biodiesel were not considered as part of the
multimedia evaluation. A supplemental multimedia review may need to be performed in
the future to evaluate any agricultural and water resource impacts if feedstocks are to
be grown in California.

2. Underground Storage Tank Material Compatibility and Leak Detection

Material compatibility testing has demonstrated that biodiesel and biodiesel blends are
incompatible with various products commonly used in California’s existing underground
storage tank (UST) infrastructure. Incompatibility increases the risk of unauthorized
releases. Therefore, material selection in UST equipment and leak detection
technology is important to prevent releases.

Material compatibility and leak detection functionality with a stored substance is a
requirement of the UST laws and regulations, and verified by the local permitting
agency with the UST owner or operator. Recently revised UST regulations allow the
storage of substances not certified as compatible by an independent testing
organization, typically Underwriters Laboratories (UL), if the manufacturer of the
components provides affirmative statements of compatibility. This option however is
limited to double-walled USTs. UL'’s current certification status of biodiesel blends only
include blends up to B5. Therefore, biodiesel blends up to B5 can be stored in both
single or double-walled petroleum approved USTs. Blends above B5 may be stored in
double-walled petroleum USTs when the manufacturer provides affirmative statements
of compatibility.

3. Biodegradability and Fate and Transport

The biodiesel multimedia evaluation identifies that unadditized biodiesel and biodiesel
blends consistently show increased biodegradation as compared to CARB diesel, and
that additized biodiesel and biodiesel blends can result in decreased biodegradation.
These biodegradability scenarios are influenced by the additives used and biodiesel
blend concentration.

4. Waste Discharge from Manufacturing
Chemicals used in biodiesel production and byproducts 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 biodiesel to CARB diesel.

11



C. Office of Environmental Health Hazard Assessment Evaluation

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

1. Combustion Emissions

Diesel engine emissions from combustion of biodiesel and CARB ULSD were quantified
by CE-CERT at UC Riverside.”* Two biodiesel fuels were tested, one from plant
sources and one from animal sources. The CARB fuel used was certified CARB ULSD.

PM, NOy, CO, and THC were measured in combustion emissions from a 2006 Cummins
ISM engine and a 2007 MBE 4000 engine. Emissions were determined for the Urban
Dynamometer Driving Schedule (UDDS), the 50 mph cruise simulation, and the FTP
protocol.

In tests using the 2006 Cummins ISM engine, there was a significant reduction in PM
emissions with increasing biodiesel content for both plant-derived and animal-derived
biodiesel fuels. In tests using the MBE 4000 engine, PM emissions using plant-derived
biodiesel or biodiesel blends were not significantly different from PM emissions using
CARB diesel. In tests using the MBE 4000 engine operated according to the UDDS
protocol, PM emissions using animal-derived biodiesel were significantly higher than
PM emissions from the same engine burning CARB diesel.

In tests using the 2006 Cummins ISM engine, there was a significant reduction in THC
emissions for both plant-derived and animal-derived B100 fuels and for most biodiesel
blend fuels. In tests using the MBE 4000 engine, THC emissions were increased in
some cases and decreased in others when compared with emissions from the same
engine burning CARB diesel.

Emissions of NOx were increased in most but not all tests in engines using
plant-derived or animal-derived biodiesel fuel. These increases were statistically
significant for B100 fuels from either plant or animal sources and for all but one driving
protocol using either the Cummins 2006 ISM engine or the 2007 MBE 4000 engine.

Emissions of benzene, ethyl benzene, toluene and xylenes were significantly lower in
engines using B100 when compared to engines using CARB ULSD fuel. Emissions of
benzene and ethyl benzene were lower in engines using B20 and B50, but the
reductions were not statistically significant in all comparisons to engines using CARB
diesel.

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.
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In tests using a Caterpillar C-15 engine, the amount of acrolein was increased in
emissions from combustion of B100 and B50 from both plant and animal sources when
compared to the amount of acrolein in emissions from CARB diesel combustion.

PAHs were measured in emissions from a 2000 Caterpillar C-15 engine operated using
the UDDS cycle. With the exception of phenanthrene, there was a consistent
decreasing trend in PAH emissions with increasing concentrations of biodiesel in
CARB- biodiesel blends (B20, B50 and B100) for both plant-derived and animal-derived
biodiesel. In the case of phenanthrene, there was a decreasing trend in emissions
when animal-based biodiesel was used, but not when plant-based biodiesel was used.
Analysis of emissions from a 2007 MBE 4000 engine using plant-based biodiesel and
biodiesel blends did not show a decrease in PAH concentrations compared to CARB
diesel.

2. Impact on Atmospheric Carbon Dioxide

The fate of most fatty acids in plants or animals is metabolism by animals or
microorganism to produce energy and carbon dioxide. Production of biodiesel fuel
reduces the amount of carbon dioxide produced by energy metabolism. Combustion of
the fatty acid moiety of biodiesel produces an amount of carbon dioxide that is
approximately equal this reduction in carbon dioxide production. The presence of
methanol esterified to fatty acids may lead to a small increase in carbon dioxide
releases from production and use of biodiesel fuel. However, the net increase in carbon
dioxide releases from production and use of biodiesel is far less than net carbon dioxide
releases from production and use of an equivalent amount of petroleum-based diesel.

D. Department of Toxics Substances Control Evaluation

DTSC staff assessed potential impacts to human health and the environment from the
production, use, transport, storage, and disposal of biodiesel compared to CARB diesel.
Specifically, staff’'s evaluation focused on: (1) hazardous waste generation during the
production, use, storage, and disposal of biodiesel and biodiesel blends, and

(2) impacts on the fate and transport of biodiesel and biodiesel blends in subsurface soil
from unauthorized spills or releases. Please refer to Appendix F for DTSC’s complete
evaluation.

Biodiesel’s chemical composition depends on the feedstock’s fatty acid content that has
a significant bearing on final biodiesel characteristics. Generally, biodiesel is more
acidic and reactive to certain plastics, some rubbers, and metals than CARB diesel.

Based on the feedstock, hazardous waste can be generated during biodiesel
production, storage, distribution, and use. Potential hazardous wastes from production
include, but are not limited to: hexane, ethanol, methanol, potassium/sodium
hydroxides, sulfuric acid, and phosphoric acid. Furthermore biodiesel and production
chemical releases into ground surface and subsurface environments are expected
because of ruptures or leaks to above and below ground storage tanks; production
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equipment; piping and fittings; and/or transport, delivery, and spills during use. Large
feedstock extraction will probably occur out of state, but could include the possibility of
in-state manufacture. Such release scenarios should be evaluated on a case-by-case
basis. Mitigation strategies should be established to avoid such spills, limit the
migration of biodiesel and biodiesel blends, and comply with the appropriate hazardous
waste management standards.

Tests were conducted using pure biodiesel, CARB diesel, and biodiesel blends.
Additionally, tests were done with two additives (Kathon FP-1.5 as a biocide, and
Bioextend-30 as an antioxidant). The results of the experiments were reported in the
Tier Il report. When comparing the data of CARB diesel to that of biodiesel, the
biodiesel has the following characteristics:

(2) Biodiesel aerobically biodegrades more readily.

(2) Biodiesel with Bioextend-30 (an antioxidant) preliminarily has a higher aquatic
toxicity for a small subset of tested species.

3) Biodiesel, in general, has no significant difference in vadose zone infiltration
rate. Biodiesel’s infiltration rate from animal fat appeared to be similar to
CARB diesel; however, biodiesel left a noticeable increase in the residual’s
vertical dimension and spread less extensive horizontally.

Based on the tests performed, biodiesel appears to react differently in the environment
than CARB diesel. The assumption made was that additives used in the tests would be
the baseline for bringing biodiesel to market. As biodiesel or biodiesel blends are
brought into the market, distribution chain monitoring would occur, and that information
presented to the MMWG. Follow-up from unforeseen releases or impacts would be
addressed by the affected agencies. If new or different additives from those tested are
proposed for use, appropriate evaluation through the MMWG process should occur.
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lll. Conclusions

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

A. Conclusions on Air Emissions Impact

Based on a relative comparison between biodiesel and CARB diesel, staff concludes
that the use of biodiesel and the resulting air emissions do not pose a significant
adverse impact on public health or the environment.

Staff also makes the following general conclusions:

e Biodiesel reduces PM emissions in diesel exhaust.

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

Biodiesel reduces CO emissions in diesel exhaust.

Biodiesel reduces THC emissions in diesel exhaust.

Biodiesel at certain blend levels increases NOx emissions in diesel exhaust.

In consideration of NOx mitigation measures incorporated in the proposed ADF
regulation, no significant adverse impacts will result from biodiesel use.

In general, studies have found environmental benefits associated with biodiesel use as
compared to use of conventional diesel fuel. Biodiesel is considered a low carbon fuel
and supports GHG emission reductions. Biodiesel emits less CO, PM, THC, and air
toxics than conventional diesel.

The CARB Emissions Study also supports the PM, CO and HC emission reductions
compared to CARB diesel as a base comparison fuel in the engines tested which
represented the current fleet. When tested on the FTP cycle, soy-biodiesel blends
resulted in emission reductions of up to 58%, 4%, and 63% in PM, CO and HC levels,
respectively. %2

Additionally, on a federal level, a biodiesel exhaust emission study conducted by the
U.S. EPA found beneficial impacts associated with biodiesel use. Tailpipe emissions
from heavy-duty engines were compiled and analyzed. Compared to federal diesel, the
data showed approximately 10% to 20% range emission reductions of PM, CO and HC
from bzié)diesel blends of B20 and approximately 45% to 65% range reductions from
B100.

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.

% U.S. Environmental Protection Agency, A Comprehensive Analysis of Biodiesel Impacts on Exhaust
Emissions, EPA420-P-02-001, October 2002.
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Therefore, to the extent that biodiesel is used in lieu of conventional diesel, benefits to
public health, air quality, and GHG emissions would occur.

B. Conclusions on Water Impacts

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

C. Conclusions on Public Health Impact

OEHHA staff concludes that the substitution of biodiesel for CARB diesel reduces the
rate of addition of carbon dioxide to the atmosphere and reduces the amount of PM,
benzene, ethyl benzene, and PAHSs released into the atmosphere, but may increase
NOx emissions for certain blends. Limited emissions testing resulted in a non-statistical
increase in acrolein for a higher B50 biodiesel blend level (i.e., confidence interval less
than 95%). Furthermore, the statistical analysis for acrolein emissions results were
compared to only one data point for the control sample.

D. Conclusions on Soil and Hazardous Waste Impact

Based on biodiesel and CARB diesel data, DTSC staff concludes that biodiesel
aerobically biodegrades more readily than CARB diesel. Also, some additized biodiesel
preliminarily has a higher aquatic toxicity for a small subset of tested species. In
general, biodiesel has no significant difference in vadose zone infiltration rate.
Biodiesel’s infiltration rate from animal fat appeared to be similar to CARB diesel.
However, biodiesel left a noticeable increase in the residual’s vertical dimension and
spread less extensive horizontally.
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IV. Recommendations
The Multimedia Working Group recommends that the CEPC:

1. Find that the use of biodiesel 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. Biodiesel that does not meet the specifications in the ADF regulation
must undergo an emissions equivalence comparison certification
program.

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. Specific 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 relevant available information indicate the potential for

significant risks to public health or the environment, the specific use of
biodiesel will be reviewed by the MMWG for appropriate action.
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Appendix A
PROPOSED REGULATION ORDER

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, title 13, California Code of Regulations (CCR), 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 and shown as plain
text. 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). Existing sections 2293 and 2293.5 would be
renumbered to 2294 and 2295 and would be grouped as indicated under new subarticle
3 (Ancillary Provisions). The proposed amendments to existing text are shown in
underline to indicate addition and strikeeut to show deletions. All other portions remain
unchanged and are indicated by the symbol are shown in's 2293 and .]

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

Subarticle 1. Specifications for Current Alternative Motor Vehicle Fuels

8§2290. Definitions.

R I A

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).

§2291. Basic Prohibitions.

* %k k%

Note: Authority cited: Sections 39600, 39601, 43013, 43018, and 43101, Health and Safety Code; and
Western Qil 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% %

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).



8§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% %

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).

§2292.4 Specifications for E-85 Fuel Ethanol.

R I A

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).

§2292.5 Specifications for Compressed Natural Gas.

* %k k%

Note: Authority cited: Sections 39600, 39601, 43013, 43018, and 43101, Health and Safety Code; and
Western Qil 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).

§2292.6 Specifications for Liquefied Petroleum Gas.

* 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).

8§2292.7 Specifications for Hydrogen.

* %k k%

Note: Authority cited: Sections 39600, 39601, 43013, 43018, and 43101, Health and Safety Code; and
Western Qil 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,
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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).

Subarticle 2. Commercialization of New Alternative Diesel Fuels

§2293. Purpose.

The purpose of this regulation is to establish a comprehensive, multi-stage process
governing the commercialization of new 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
regulation is intended to foster the introduction and use of innovative ADFs in California
while ensuring no significant adverse impacts overall on public health or the
environment relative to conventional, petroleum-based CARB diesel.

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, 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. Applicability.

(a) Starting January 1, 2015, no person shall sell, offer for sale or supply an alternative
diesel fuel (ADF) intended for use in California unless the person is conducting
such transactions pursuant to an approved Memorandum of Understanding issued
to or otherwise applicable to that person under Stage 1 or 2 of this program, or the
person is meeting all the applicable requirements under Stage 3A or 3B of this
program.

(b) An ADF 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 diesel 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 diesel 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 subarticle, each retail sale of alternative diesel fuel for use
in a motor vehicle, and each supply of alternative diesel fuel into a motor vehicle
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fuel tank, shall also be deemed a sale or supply by any person who previously sold
or supplied such alternative diesel fuel in violation of this subatrticle.

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, Health and Safety Code: and Western Qil 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 sections 2293 through 2293.9, the definitions in Health and
Safety Code sections 39010 through 39060 shall apply, except as otherwise
specified in this subarticle 2:

(1)

(2)

3)
(4)

(5)

(6)

(7)

“Alternative diesel fuel” or “ADF” means any non-CARB diesel fuel used in a
compression ignition engine that does not consist solely of hydrocarbons, and
is not subject to a specification under title 13, CCR, section 2292. All ADFs
that are substantially similar to an ADF subject to an approved Executive
Order or MOU shall be deemed to fall within the class of ADFs subject to that
same approved Executive Order or MOU.

“Biodiesel” means a fuel comprised of mono-alkyl esters of long chain fatty
acids derived from vegetable oils or animal fats, designated B100, and
meeting the specifications set forth by the 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 4 CCR 4140(a).

“Biodiesel Blend” means biodiesel blended with petroleum-based diesel fuel.

“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
50% by volume biodiesel/CARB diesel blend is denoted as “B50”).

“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.

“B5” means a biodiesel blend containing no more than five percent biodiesel
by volume.

“B20” means a biodiesel blend containing more than five and up to 20 percent
biodiesel by volume.



(8)

(9)

(10)

(11)

(12)

(13)

“CARB Diesel fuel” means 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 nonvehicular diesel
fuel” as specified in 13 CCR 2281 et seq. “CARB Diesel fuel” may include,
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.

“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. A list of air pollutants for which a CAAQS or NAAQS
has been established can be found at
http://www.arb.ca.gov/research/aags/aags2.pdf, June 2013, which is
incorporated herein by reference.

“Diesel Substitute” means any liquid fuel that is intended for use with CARB
diesel or CARB diesel blends in a compression ignition engine. “Diesel
substitute” includes, but is not limited to, 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.

“Effective ADF Blend Level” means the actual, statewide-average ADF blend
level, adjusted to account for various air pollution mitigating considerations,
which may include but are not limited to, the use of various diesel substitutes
that reduce air emissions of the pollutant for which the significance threshold
was identified (e.g., renewable diesel, which reduces NOx emissions); the fleet
penetration of new technology diesel engines; composition of the feedstocks
used to produce the ADF; volumes of lower-emission CARB diesel fuel,
including those with emissions-reducing additives; and other factors as
deemed appropriate by the Executive Officer. The effective ADF blend level is
compared to the significance threshold to determine when to apply mitigation
strategies for those ADFs for which the Executive Officer has identified a
significance threshold.

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

“Executive Order” means the document signed by the Executive Officer, or his
or her designee, which specifies the stage at which a regulated party(ies) for
an ADF is or will be operating under, as provided in this subarticle, and any


http://www.arb.ca.gov/research/aaqs/aaqs2.pdf

enforceable terms, conditions, and requirements applicable to the regulated
party(ies) must meet in order to sell, offer for sale, or supply that 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.

(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
(17 CCR 95481(a)).

(17) “LCFS” means the Low Carbon Fuel Standard (17 CCR 95480—95490).

(18) “Memorandum of Understanding (MOU)” means an enforceable agreement,
executed between the Executive Officer and an applicant(s), which meets the
requirements of this subarticle and specifies the terms and conditions by which
the ADF at issue will be sold and used in California. MOUs issued under this
subarticle are not subject to the Board’s reservation of powers pursuant to
Board Resolution 78-10 (February 23, 1978) or Resolution 05-40 (July 21,
2005).

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

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

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

(A) 2010 ARB emission standards for on-road heavy duty diesel engines
under 13 CCR 1956.8.

(B) Tier 4 emission standards for non-road compression ignition engines
under 13 CCR 2421, 2423, 2424, 2425, 2425.1, 2426, and 2427 .

(C) Equipped with or employs a Diesel Emissions Control Strategy (DECS),
verified by ARB pursuant to 13 CCR 2700 et seq., which uses selective
catalytic reduction to control NOx.


http://www.arb.ca.gov/fuels/multimedia/guidancedoc.pdf

(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
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.

(25) “Performance Criteria” means a list of indicators, including but not limited to
the total volume and volume percent represented by an ADF’s sales in
California, that are specified by the Executive Officer for use in determining
whether the significance level for a pollutant has been reached or will be
reached.

(26) “Person” has the same meaning as defined in Health and Safety Code section
39047 and includes, but is not limited to, alternative diesel fuel 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.

(27) “Producer” has the same meaning as defined in the Low Carbon Fuel
Standard (17 CCR 94581(a)).

(28) “Reference CARB Diesel” has the same meaning as “reference fuel” as that
term is defined in 13 CCR 2282(g)(3).

(29) “Significance Level” means, for a given pollutant X, either of the following,
whichever applies:

(A) For an ADF blended with CARB diesel, the significance level means the
blend level of the ADF below which the combined effects of:

1. the use of the ADF in new technology diesel engines, and
2. the use of diesel substitutes that reduce emissions of X result in no
increase in the emissions of X.

(B) For an ADF used as a neat fuel, the significance level means any use of
the ADF below which there is no increase in the emissions of X.

(30) “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 sections 39655 or 39657, or is designated as a hazardous air pollutant
under section 112 of the federal Clean Air Act (42 U.S.C 7412).

(31) “Trade Secret” has the same meaning as defined in Government Code section

6254.7.

(b) List of Acronyms and Abbreviations

AAQS
ADF
ARB or Board
CAA or the Act
CDFA
CEPC or Council
CEQA
CO
CCR
DME
DMS
EISA
EO
FAME
GHG
HC
H&SC
LCFS
MMT
MMWG
MOU
NOXx
NREL
NTDE
OSFM
PAHs
PM
ppmw
RFS
SCR
SWRCB
SVO
U.S. EPA

Ambient Air Quality Standards

Alternative Diesel Fuels

California Air Resources Board

Clean Air Act

California Department of Food and Agriculture
California Environmental Policy Council
California Environmental Quality Act

Carbon Monoxide

California Code of Regulations

Dimethyl Ether

Division of Measurement Standards, (Division within CDFA)
Energy Independence and Security Act of 2007
Executive Officer

Fatty Acid Methyl Esters

Greenhouse Gas

Hydrocarbons

California Health and Safety Code

California Low Carbon Fuel Standard

Million Metric Tons

Multimedia Working Group

Memorandum of Understanding
Oxides of Nitrogen

National Renewable Energy Lab

New technology diesel engines

Office of the State Fire Marshal

Polycyclic Aromatic Hydrocarbons

Particulate Matter

Parts per Million by Weight

Renewable Fuels Standard

Selective Catalytic Reduction

California State Water Resources Control Board
Straight Vegetable Oil

U.S. Environmental Protection Agency
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UST Underground Storage Tanks
WVO Waste Vegetable Oil

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, 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).

§2293.3. Exemptions.
This subarticle does not apply to any of the following, as specified:
(a) Fuels that have a specification under sections 2292—2292.7 of subarticle 1;

(b) CARB diesel blends comprised solely of CARB diesel and one or more diesel
additives comprising in the aggregate no more than 1.0 percent by volume of the
CARB diesel blend. This provision does not apply to additives used pursuant to the
mitigation measures specified in Appendix 1;

(c) ADF fuels used in fleets comprising 95 percent or more new technology diesel
engines (NTDE) are presumed to be exempt from the mitigation requirements
specified in this subarticle. To the extent the use of an ADF in such NTDEs reduce
or result in no greater emissions of one or more criteria, toxic, or other air pollutants
relative to conventional CARB diesel, the Executive Officer may include the volume
and emission reduction ability of that ADF in those NTDEs when determining
whether the significance threshold has been reached in a specified year and, if so,
the extent mitigation is required pursuant to section 2293.6; and

(d) CARB diesel fuel is exempt from the mitigation requirements specified in this
subarticle. To the extent the use of CARB diesel fuel with beneficial properties
reduces emissions of one or more criteria, toxic, or other air pollutants relative to
conventional CARB diesel, the Executive Officer may include the volume and
emission reduction ability of that CARB diesel fuel when determining whether the
significance threshold has been reached in a given year and, if so, the extent
mitigation is required pursuant to section 2293.6.

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, 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).



82293.4. General Requirements Applicable to All ADFs.

In addition to the requirements in 2293.5, starting January 1, 2015, no person shall sell,
offer for sale or supply an ADF intended for use in motor vehicles in California unless
that ADF meets the requirements set forth in this subarticle 2.

(a) Has been registered with U.S. EPA under 40 CFR part 79 prior to its first sale, offer
for sale, or supply for use in California.

(b) Meets all applicable regulatory requirements promulgated by the California
Department of Food and Agriculture (including, but not limited to, 4 CCR sections
4140—4148, 4200, and 4202—4205).

(c) Meets all other applicable local, State, and federal requirements.

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, Health and Safety Code: and Western Qil and Gas Ass'n. v. Orange County Air
Pollution Control District, 14 Cal. 3d 411, 121 Cal. Rptr. 249 (1975).

§2293.5. Phase-In Requirements.

[Note: The goal of this comprehensive process is to foster the introduction of new,
lower polluting ADF fuels by allowing the limited sales of innovative ADFs in stages
while emissions, performance, and environmental impacts testing is conducted. This
testing is intended to develop the necessary, real-world information to quantify the
environmental and human health benefits from using new ADFs, determine whether
these fuels have any significant adverse environmental impacts relative to conventional
CARB diesel, and identify any vehicle/engine performance issues such fuels may have.]

It is a violation of this article for any person to sell, offer for sale, or supply an ADF
intended for use in motor vehicles in California that does not meet the requirements of
this subatrticle or an approved Stage 1 MOU, Stage 2 MOU, or an applicable fuel
specification under Stage 3A or 3B, as provided in this subarticle.

(a) Stage 1: Pilot Program.

[Note: The purpose of this stage is to allow limited, small fleet use of innovative fuels
while requiring screening tests and assessments to quickly determine whether there will
be unreasonable potential impacts on air quality, the environment and vehicular
performance. Such data will help inform more extensive testing and analysis to be
conducted in Stage 2. This Stage 1 is modeled after the existing ARB regulation that
provides limited, fuel test program exemptions under 13 CCR 2259.]
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(1) Stage 1 Application.

No person, who is not already subject to Stage 2 or has obtained an approved fuel
specification under Stage 3A or 3B, may sell, offer for sale, or supply a candidate ADF
intended for use in motor vehicles in California without an approved Stage 1 MOU
governing the limited sales and use of that candidate ADF. A person seeking a Stage 1
MOU must by submit an application to the Executive Officer that includes all the
following information:

(A)
(B)

(©
(D)

(E)
(F)
(G)

(H)

0]

()

(K)
(L)

Expected program duration, not to exceed one year except as provided
in section 2293.5(a)(4)(B) below;

An estimate of the maximum number of vehicles or engines involved in
the program;

The mileage duration per vehicle involved in this stage;

The quantity of fuel expected to be used in the pilot program, not to
exceed the energy equivalent of one million gallons of diesel fuel per
year, per ADF total,

The site(s) in which the testing during this stage will be conducted
(including the street address, city, county, and zip code);

The manner in which the distribution pumps will be labeled to ensure
proper use of the test fuel;

The name, address, telephone number, title of the person(s) and the
name of the company or organization requesting entry into a Stage 1
pilot program; and

If different from the information in (G) above, the name, address,
telephone number and title of the person(s) and the name of the
company or organization responsible for recording and making the
information specified above available to the Executive Officer and the
location in which such information will be maintained.

Chemical and physical properties of the candidate ADF: complete
chemical speciation, Chemical Abstract Services (CAS) numbers (if
available), density, energy content, vapor pressure, oxidative potential,
distillation curve, log K, (water-octanol partition coefficient), and
Henry’s law coefficient.

Environmental information about the ADF: Material Safety Data Sheet(s)
(MSDS) for all components of the candidate ADF, production process
diagram, identification of potential human health effects, lifecycle flow
diagram (including all stages of the process-raw material extraction,
manufacturing, distribution, use and disposal including all intervening
transportation steps), and potential release scenarios during production
(including by-products), transportation and use.

Identify whether the fuel is intended to be blended with diesel, whether it
can be used as a neat fuel, or whether it can be used either way.

Plan for commercialization under this regulation.

(M) Emissions testing completed on criteria pollutants.
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(N)

(©)
(P)

Q)

(R)

Attestation that the vehicles to be used in the pilot program are owned
by the applicant or the applicant has received written consent from their
owners.

The vehicle identification number (VIN) of each vehicle participating in
the pilot program.

Affirmative statement that the owner(s) of all vehicles to be used in the
applicant’s pilot program are aware of any possible warranty issues that
may arise from the use of the candidate ADF or candidate ADF/CARB
diesel blend in their engines.

A declaration by the applicant that:

1. there is an existing fuel standard for the ADF as required by
Business and Professions Code Chapter 14, sections 13400 to
13460; or if no such standard exist,

2. a copy of the developmental fuel variance the applicant has
submitted to the California Department of Food and Agriculture
pursuant to Business and Professions Code section 13405 and
proof of its approval; and,

3. the requirements of Business and Profession Code Section 12001—
13800 other than fuel quality have been met; and,

4. the California Department of Food and Agriculture received a copy
of the application required to be submitted under 13 CCR §2293.5.

Proof that the candidate ADF has been registered with the U.S.
Environmental Protection Agency under 40 CFR 79.

It is the responsibility of the applicant to identify any specific portion of the information
submitted above as trade secret. Any such trade secret information identified by the
applicant shall be treated pursuant to 17 CCR 91000—91022 and the California Public
Records Act (Government Code sec. 6250 et seq.).

(2) Stage 1 Application Completeness Determination.

(A)

(B)

After receiving a pilot program application, the Executive Officer shall
advise the applicant in writing within 20 business days either that the
application is provisionally complete or that specified additional
information is required to make it provisionally complete.

After receiving the additional information required under (A), the
Executive Officer shall advise the applicant in writing within 15 business
days either that the application is now provisionally complete or that
specified additional information is still required to make it complete.
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®3)

(©)

If additional information is required and not received within 60 days the
application will be deemed incomplete.

Public Comment and Final Action on a Stage 1 Application.

(A)

(B)

(®)

(D)

After deeming an application provisionally complete, the Executive
Officer shall post the application on ARB’s internet web site at for 15
business days for public comments. Only comments related to potential
factual or methodological errors may be considered by the Executive
Officer. Within 30 calendar days, the applicant shall either make
revisions to its application and submit those revisions to the Executive
Officer, or submit a detailed written response to the Executive Officer
explaining why no revisions are necessary.

Within 20 business days of receiving the applicant’s response to the
public comments under (A), the Executive Officer shall either approve or
disapprove the pilot program. The Executive Officer shall notify the
applicant of his/her decision in writing and provide, if the application is
denied, the reasons for the denial.

The Executive Officer shall disapprove a proposed pilot program if
he/she determines the use of the candidate ADF, under the terms and
conditions of the pilot program as proposed, poses an unacceptable risk
to the community in which the pilot program is proposed to be
conducted, or its risks substantially outweigh the putative benefits of
using the candidate ADF.

No approval of a pilot program shall be effective without an approved
Memorandum of Understanding (MOU) executed between the Executive
Officer and the applicant(s). The MOU shall include terms and
conditions that the applicant must meet in order to provide the candidate
ADF fuel in California during the term of the MOU. The terms and
conditions shall be based on the information specified in (1)(A)--(R)
above, as well as require the following:

1. any additional information the Executive Officer determines is
necessary to fill in data gaps that may have been identified during
the application process;

2. additional toxicity and other testing the Executive Officer
determines is necessary and appropriate to better characterize any
substance in the candidate ADF; and

3. evidence of substantial progress in working in good faith with the

original equipment/engine manufacturers of the engines involved in
the MOU, consensus standards organizations (e.g., ASTM),
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regulatory agencies, and other interested parties toward developing
a consensus set of fuel specifications for the candidate ADF-.

4. The use of adequate controls to ensure appropriate fuel quality and
performance in consideration of vehicle performance, impact on the
environment and fuel production. Appropriate controls include but
are not limited to the use of interim fuel specifications and
consensus standards.

(4) Operation under a Stage 1 MOU.

(A)

(B)

(©)

(D)

(E)

For the duration of the MOU, the applicant must meet all the terms and
conditions specified therein;

The Executive Officer may terminate or modify a MOU, with 30 days
written notice to the applicant(s), for failure of the applicant(s) to comply
with any of the terms and conditions of the MOU, failure to comply with
any other applicable provision in this subarticle, or for good cause.
Good cause includes, but is not limited to, a determination by the
Executive Officer that the information submitted in the application was
inaccurate or incomplete and that the use of the ADF, under the terms
and conditions of the approved pilot program, may pose an
unacceptable risk to the community in which the pilot program is being
conducted, or its risks substantially outweigh the putative benefits of
using the candidate ADF;

The Executive Officer shall not revoke or modify an approved Stage 1
MOU without first affording the applicant an opportunity for a hearing in
accordance with 17 CCR 60040 et seq.;

In the event an applicant cannot complete an approved pilot program
within the allotted time, the applicant(s) may request a six month
extension, renewable up to three times; and

Upon successful completion of the pilot program, the applicant(s) may
submit an application for a Stage 2 MOU, as specified in section
2293.5(b) below.

(b) Stage 2: Development of Fuel Specification.

[Note: The purpose of this stage is to allow limited but expanded fleet use of an ADF
that has successfully undergone the Stage 1 pilot program. Stage 2 candidate ADFs
undergo additional emissions and performance testing to better characterize potential
impacts on air quality, the environment and vehicular performance. This testing and
assessment will be conducted pursuant to a formal multimedia evaluation leading to the
development of a fuel specification, as appropriate. Further, the multimedia evaluation
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will be the basis for determining whether the candidate ADF has an associated
significance threshold for any criteria, toxic, or other air pollutant. The establishment of
a significance threshold determines whether the candidate ADF can proceed to
mitigated sales under Stage 3A or unmitigated sales under Stage 3B.]

(1) Stage 2 Application.

A person who has successfully completed a pilot program for a candidate ADF
under section 2293.5(a) may apply for entrance into a Stage 2 for that candidate
ADF. An applicant for Stage 2 must submit an application to the Executive Officer
that includes all the following information:

(A)

(B)

(®)

(D)

(E)

(F)

(G)

Planned duration for this stage, not to exceed one year, renewable up to
four times or as otherwise provided in section 2293.5(b)(4);

An estimate of the maximum number of vehicles or engines involved in
this stage along with a description of the emissions control technology;

The mileage duration per vehicle involved in this stage;

The quantity of the candidate ADF fuel expected to be used in this stage,
not to exceed the energy equivalent of 30 million gallons of diesel fuel
per year;

The site(s) in which the testing during this stage will be conducted
(including the street address, city, county, and zip code);

Any changes or updates to the information submitted under
2293.5(a)(1)(F)—(S) to reflect the expanded scope of vehicles,
locations, fuel volume, timeframe, and other aspects of operation under
Stage 2. For each of these items, the applicant must specify whether
there has been no change or update, or if there has been a change or
update, what that change or update is; and

Identification of the test lab and principal investigator, including his/her
curriculum vitae, who will be conducting the multimedia evaluation for
the candidate ADF.

It is the responsibility of the applicant to identify any specific portion of the information
submitted above as trade secret. Any such trade secret information identified by the
applicant shall be treated pursuant to 17 CCR 91000—91022 and the California Public
Records Act (Government Code sec. 6250 et seq.).
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(2)

®3)

Stage 2 Application Completeness Determination

(A)

(B)

After receiving a Stage 2 application, the Executive Officer shall advise
the applicant in writing within 20 business days either that the application
Is provisionally complete or that specified additional information is
required to make it provisionally complete;

After receiving the additional information required under (A), the
Executive Officer shall advise the applicant in writing within 15 business
days either that the application is now provisionally complete or that
specified additional information is still required to make it provisionally
complete.

Public Comment and Final Action on a Stage 2 Application

(A)

(B)

©

(D)

After deeming an application provisionally complete, the Executive
Officer shall post the application on ARB’s internet web site for 30
calendar days for public comments. Only comments related to potential
factual or methodological errors or information regarding vehicle
performance may be considered by the Executive Officer. Within 30
days, the applicant shall either make revisions to its application and
submit those revisions to the Executive Officer, or submit a detailed
written response to the Executive Officer explaining why no revisions are
necessary;

Within 20 business days of receiving the applicant’s response to the
public comments under (A), the Executive Officer shall either approve or
disapprove the Stage 2 application. The Executive Officer shall notify
the applicant of his/her decision in writing and provide, if the application
is denied, the reasons for the denial;

The Executive Officer shall disapprove a proposed pilot program if
he/she determines the use of the ADF, under the terms and conditions of
the Stage 2 program as proposed, poses an unacceptable risk to the
community(ies) in which the program is proposed to be conducted, or its
risks substantially outweigh the putative benefits of using the ADF;

No approval of a Stage 2 program shall be effective without an approved
Memorandum of Understanding (MOU) executed between the Executive
Officer and the applicant(s). The MOU shall include terms and
conditions that the applicant must meet in order to provide the ADF fuel
in California during the term of the MOU. The terms and conditions shall
be based on the information specified in (1)(A)-(G) above, as well as
require the following:
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1. any additional information requested in writing by the Executive
Officer to fill in data gaps that may have been identified during the
application process;

2. additional toxicity and other testing the Executive Officer determines
is necessary and appropriate to better characterize any substance in
the ADF;

3. substantial progress in working in good faith with the original
equipment/engine manufacturers of the engines involved in the MOU
(e.g., Westport, Volvo, etc.), consensus standards organizations
(e.g., ASTM), regulatory agencies, and other interested parties
toward developing a consensus set of fuel specifications for the ADF.
These efforts must culminate in adoption of consensus standards by
the end of the Stage 2 MOU.

(4) Operation under a Stage 2 MOU

(A)

(B)

(©)

(D)

For the duration of the MOU, the applicant must meet all the terms and
conditions specified therein;

The Executive Officer may terminate a MOU, with 30 days written notice
to the applicant(s), for failure of the applicant(s) to comply with any of the
terms and conditions of the MOU, failure to comply with any other
applicable provision in this subarticle, or for good cause. Good cause
includes, but is not limited to, a determination by the Executive Officer
that the information submitted in the application was inaccurate or
incomplete and that the use of the ADF, under the terms and conditions
of the approved Stage 2 program, may pose an unacceptable risk to the
community in which the Stage 2 program is being conducted, or its risks
substantially outweigh the putative benefits of using the ADF;

In the event an applicant cannot complete an approved Stage 2 program
within the allotted time, the applicant(s) may request a 1 year extension,
renewable up to four times. The Executive Officer may provide
additional extensions due to delays in completion of a multimedia
evaluation, adoption of the applicable consensus standards, or for other
good cause;

Upon successful completion of the Stage 2 program, the applicant(s)
may sell, offer for sale, or supply an ADF intended for use in motor
vehicles in California pursuant to either Stage 3A or 3B, whichever
applies, as specified in section 2293.5(c) or (d) below.
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(5) Multimedia Evaluation and Determination of Significance Threshold

(A) Pursuant to the approved Stage 2 MOU, Health and Safety Code section
43830.8, and the Multimedia Evaluation Guidance Document, the
applicant shall conduct the prescribed multimedia evaluation under
direction from ARB staff;

(B) The multimedia evaluation shall identify and evaluate any significant
adverse impact on public health or the environment, including air, water,
or soil, that may result from the production, use, or disposal of the ADF,
relative to conventional CARB diesel, under Stage 2, 3A, and 3B;

(C) In addition to determining any significant impacts, the multimedia
assessment shall also include an evaluation of potential mitigation
measures for each of the significant impacts identified;

(D) Approval of a multimedia evaluation shall be subject to the provisions of
Health and Safety Code section 43830.8;

(E) The Executive Officer shall identify a significance threshold based on the
multimedia evaluation conducted pursuant to this subsection. Approved
significance thresholds shall be listed in Table 1 of section 2293.6.

(6) Completion of Stage 2

No person operating under Stage 2 may sell, offer for sale, or supply an ADF
for use in motor vehicles in California under Stage 3A or 3B unless the
Executive Office has determined in writing that the person has successfully
completed the requirements of Stage 2. To be deemed as successfully
completing Stage 2, the applicant must meet all the following requirements:

(A) Comply with all requirements specified in the approved Stage 2 MOU;

(B) Adopt consensus standards applicable to the ADF,;

(C) Obtain approval of at least 75 percent of compression ignition engine
original equipment manufacturers for which the ADF is expected or
intended to be used. Such approval must represent approval of the ADF

blend levels expected or intended to be used in those engines;

(D) Identify appropriate fuel specifications for the ADF and obtained written
approval of those specifications by the Executive Officer;

(E) Identify appropriate mitigation strategies for the ADF to be applied in the

event the significance threshold identified by the Executive Officer is
reached; and
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(F) Obtain a written determination by the Executive Officer that all the above
requirements have been met.

In the event the Executive Officer identifies a significance threshold under
(5)(D) above, the Executive Officer shall post notice on the ARB website
his/her intent to initiate a rulemaking to incorporate the significance threshold
and approved mitigation strategies into this subarticle. Upon completion of
that rulemaking, all persons subject to Stage 2 for an ADF shall be subject to
the provisions of Stage 3A.

(c) Stage 3A: Commercial Sales Subject to Mitigation

In the event the Executive Officer has determined there is a significance threshold
for an ADF, the following procedure shall apply:

(1)

)

3)

The Executive Officer shall first determine the current ADF blend level and
the blend level trajectory based on an analysis of ADF sales in recent years;

Based on the analysis in (c)(1), the Executive Officer shall estimate the
year(s) in which the effective ADF blend level is projected to reach 25%, 50%,
75%, and 95% of the significance threshold.

(A) Inestimating these levels, the Executive Officer shall consider
mitigating effects from various factors, including various diesel
substitutes that reduce air emissions of the pollutant for which the
significance threshold was identified (e.g., renewable diesel, which
reduces NOx emissions); the fleet penetration of new technology diesel
engines; composition of the feedstocks used to produce the ADF;
volumes of lower-emission CARB diesel fuel, including those with
emissions-reducing additives; and other factors as deemed appropriate
by the Executive Officer. These factors shall be considered in
determining the effective ADF blend level at a specific point (e.g., the
ADF blend level adjusted to account for various mitigating factors such
as the use of new technology diesel engines and renewable diesel).
The effective ADF blend level will then be compared to the significance
threshold to determine when mitigation must be applied. The
methodology for calculating the effective ADF blend level is specified in
section 2293.6.

(B) The Executive Officer shall post the results of and basis for such
estimates on the ARB’s website;

When the effective ADF blend level reaches 75% of the significance

threshold, the Executive Officer shall post on the ARB website a notice of
intent to apply the mitigation strategies identified in Appendix 1 for the ADF
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(4)

(5)

when the effective ADF blend level is projected to reach 95% of the
significance threshold. Once the 75% level is reached, all suppliers of an
affected ADF shall provide monthly reports to the Executive Officer, as
specified in section 2293.8, additionally at this point all producers and
importers of the affected ADF shall submit a mitigation plan in accordance
with 2293.5(c)(5);

Once the effective ADF blend level has reached 95% of the significance
threshold, the requirement to apply mitigation becomes effective and any
producer or importer of the affected ADF shall comply with the terms of the
mitigation plan by which they are covered. Each mitigation plan shall apply
mitigation on a proportion of their total fuel equal to difference between the
projected effective blend level and 95 percent of the significance level for
each year.

Individual producers or importers of ADF or a group of producers or importers
of an ADF may apply to the Executive Officer for a mitigation plan. The
application shall include the location of each production or import facility
included in the plan, the amount of ADF production or importation capacity of
each facility, the amount of ADF produced or imported at each facility for the
prior two years, and an exact description of how the producer, importer, or
group intends to mitigate emissions of pollutants of concern related to their
production or importation using the mitigation options in Appendix 1. After
receiving an application for a mitigation plan, the Executive Officer shall
advise the applicant in writing within 20 business days either that the
application is complete or that specified additional information is required to
make it complete. After receiving additional information, the Executive Officer
shall advise the applicant in writing within 15 business days that either the
application is now complete or that specified additional information is still
required to make it complete. After deeming an application complete, the
Executive Officer shall approve or deny the application. In determining
whether or not to approve the application the Executive Officer shall consider
in their analysis any regional or seasonal effects that may occur based on the
mitigation plan. If the Executive officer denies the application, he/she shall
notify the applicant in writing of that determination. If the Executive Officer
approves the application, he/she shall issue an Executive Order to the
applicant(s) deeming them in compliance with the mitigation portion
requirements of this regulation.
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Stage 3B: Commercial Sales Subject to No Mitigation

If the Executive Officer has determined that there is no significance threshold for an
ADF, no mitigation measures or sales restrictions are required for that ADF. For an
ADF that is subject to this provision, the fuel provider shall report to the Executive
Officer the following information on a quarterly basis for any such ADF the fuel
provider sold, offered for sale, or supplied for use in California:

(1) The volume of ADF (A100) blendstock, if applicable;
(2) The volume of ADF (A100) neat fuel, if applicable;
(3) The volume of ADF/CARB diesel blend, if applicable.

For purposes of this provision, the fuel provider may use information submitted to
the ARB through the Low Carbon Fuel Standard Reporting Tool (LRT), as
appropriate.

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, 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).

§2293.6. Significance Thresholds and Effective ADF Blend Levels.

An ADF for which a significance threshold has been determined by the Executive
Officer shall be subject to the Stage 3A provisions specified in section 2293.5. The
specific mitigation requirements in Appendix 1 shall apply at the time the Executive
Officer determines the effective ADF blend level will be at least 95% of the significance
threshold.

Table A.1. Significance Thresholds

Alternative Significance Effective Comments
Diesel Fuel Threshold ADF Blend Level
Biodiesel 10 % blend level | See 2293.6(a) NOXx is the pollutant of
concern
[Reserved] [Reserved] [Reserved] [Reserved]
[Reserved] [Reserved] [Reserved] [Reserved]

(a) The effective ADF blend level for biodiesel is calculated as follows:

EB = 100 [NBV — 0.5LN — 0.73RD — VM — 0.55AB
= X
TCV
Where,
EB = effective ADF blend level, expressed as percent biodiesel
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NBV =

NBV =

LN =

RD =

VM =

AB =

TCV =

net volume of biodiesel used in compression-ignition engines in California,
excluding gallons used in B5 or less, expressed in gallons

net volume of biodiesel used in compression-ignition engines in California,
excluding gallons used in B5 or less, expressed in gallons

volume of low-NOx diesel used in compression-ignition engines in
California, excluding renewable diesel, expressed in gallons

volume of renewable diesel used in compression-ignition engines in
California, expressed in gallons

volume of biodiesel, employing one of the mitigation strategies specified in
Appendix 1 prior to the date mitigation is required under 2293.5(c)(4),
used in compression-ignition engines in California, expressed in gallons
volume of animal-fats-based biodiesel used in compression-ignition
engines in California, excluding gallons used in B5 or less, expressed in
gallons

total volume of all fuels used in compression-ignition engines in California
(not including any fuel with a specification under 13 CCR 2292),
expressed in gallons

Low-NOx diesel (LN) means a diesel fuel that meets the following specifications:

Table A.2. Fuel Specifications for Low-NOx Diesel Fuel

Property

Test Method Limit

Unadditized Cetane

Number

ASTM D6890-13a > 67

Total Aromatics

ASTM D5186-03(2009)

> 6.4 mass %

Polycyclic Aromatic
Hydrocarbons

ASTM D5186-03(2009)

> 0.6 mass %

API Gravity

ASTM D287-12b

> 47.4 degrees API

When the ratio of New Technology Diesel Engines in the California heavy duty
vehicle fleet is 95 percent or greater, as determined using the latest version of
EMFAC, the effective blend level will be deemed to be BO or zero percent, and no
mitigation will be required.

(b) The effective ADF blend level for other ADFs is calculated as follows:

[Reserved for future use]

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, 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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8§2293.7. Specifications for Alternative Diesel Fuels.

Unless otherwise required by a mitigation strategy in effect, any ADF that is sold,
offered for sale, supplied for use in California, produced, or imported into California
must meet the following specifications:

(a) Specifications for Biodiesel.

(1) Biodiesel Blendstock or Neat Fuel (B100).

Table A.3. Fuel Specifications for B100

Property Test Method Value
Unadditized Cetane | ASTM D613-10ael 247
Number
API Gravity ASTM D287-12b =27 degrees API
Sulfur ASTM D5453-93 <15 ppm

(2) Biodiesel Blends. The fuel specifications promulgated by the California

Department of Food and Agriculture in 4 CCR sections 4140-4148, 4200, and

4202-4205 shall apply to any biodiesel blend.

(b) Specifications for Other Alternative Diesel Fuels:

Table A.4. Fuel Specifications for Other ADFs

ADF Property Test Method Value
[Reserved] [Reserved] [Reserved] [Reserved]
[Reserved] [Reserved] [Reserved] [Reserved]
[Reserved] [Reserved] [Reserved] [Reserved]
[Reserved] [Reserved] [Reserved] [Reserved]

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, 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).

§2293.8. Reporting and Recordkeeping.
(a) Sampling

For reporting of fuel properties as required by the MOU, an applicable sampling
methodology set forth in 13 CCR section 2296 shall be used.

(b) Reporting
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(1) For Stages 1 and 2

A person operating under a Stage 1 or Stage 2 MOU must submit quarterly reports to
the Executive Officer throughout the term of the MOU. Each report shall include the
following:

(A) The volume of ADF and ADF blend offered, supplied, or sold during each
quarter;

(B) Results of a specified number of representative samples, for fuel properties
by test methods specified in the MOU,;

(C) Progress made toward completing the terms of the MOU,

(D) Any changes or updates to information submitted during the application
process regarding the beneficial or adverse impacts of the ADF in California.

(2) For Stage 3A

Except as provided in this paragraph, a person operating within Stage 3A must submit
monthly reports to the Executive Officer. Each report shall include the following:

(A) The volume of ADF and ADF blend offered, supplied, or sold during each
month;

(B) Results of a specified number of representative samples, for fuel properties
by test methods specified in the MOU,

(C) The volume of other applicable quantity of the mitigation strategy used during
each month;

(D) The blend rate of mitigation strategies used during each month, if applicable.

If the Executive Officer publishes notice that the effective ADF blend level has reached
75% of the significance threshold pursuant to section 2293.6(c)(2) and (3), any person
subject to this provision shall report the information specified in (1)-(3) above for the
affected ADF by the end of each month following the notice publication.

(3) For Stage 3B

A person operating within Stage 3B must submit monthly reports to the Executive
Officer, with each reporting specifying the volume of ADF sold, supplied, or offered for
sale in California during each month. In addition, the monthly reports shall contain
results of a specified number of representative samples, for fuel properties by test
methods specified in the MOU.

(c) Recordkeeping
(1) The producer shall maintain, for two years from the date of each sampling,
records showing the sample date, product sampled, container or other vessel

sampled, final blend volume, and the results of the fuel properties by the
proscribed test methods.
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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, Health and Safety Code: and Western Qil and Gas Ass'n. v. Orange County Air
Pollution Control District, 14 Cal. 3d 411, 121 Cal. Rptr. 249 (1975).

§2293.9. Severability.

Each part of this subarticle shall be deemed severable, and in the event that any part of
this subatrticle is held to be invalid, the remainder of this subarticle shall continue in full
force and effect.

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, 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 3. Ancillary Provisions

§22932294. Equivalent Test Methods.

* % k k%

Note: Authority cited: Sections 39600, 39601, 39667, 43013, 43018, and 43101, Health and Safety Code;
and Western Qil 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 Qil and Gas Ass'n. v. Orange County Air
Pollution Control District, 14 Cal. 3d 411, 121 Cal. Rptr. 249 (1975).

82293.52295. Exemptions for Alternative Motor Vehicle Fuel Used in Test
Programs.

The Eexecutive eQfficer shall consider and grant test program exemptions from the
requirements of this Article in accordance with section 2259.

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, 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).

-25-



Appendix 1. Mitigation Measures.

A person subject to the Stage 3 mitigation requirements (section 2293.5(c)) may meet
the mitigation requirement by implementing any of the following mitigation measures as
applicable, either alone or in combination:

Additives approved for mitigation purposes, Low-NOx diesel (i.e., CARB diesel that has
properties such that the pollutant that has triggered the significance level finding is
already mitigated to the degree necessary to reduce the pollutant emissions below the
significance level), an ADF-CARB diesel blend certified as emissions equivalent to
CARB diesel or better, a neat ADF finished fuel certified as emissions equivalent to
CARB diesel or better, or other options certified by the Executive Officer for this
purpose.

(a) Biodiesel:
(1) Approved Emissions Equivalent Additives:

The following list shows the additive and required amounts as well as allowed blend
level:

(A) Di-tert-butyl peroxide (DTBP): Biodiesel blends that contain DTBP by
volume in the amounts specified in the table below are considered NOx
mitigated. Any person who blends DTBP with a biodiesel blend in
accordance with this report these volumes under the requirements of
2293.8, and whenever a report or record is made, the amount of biodiesel
mitigated using each of the levels below must be included along with the
actual amount of DTBP used.

Table A.5: DTBP Mitigation Blend Level

Biodiesel Blend Level | Required level of DTBP

BO to <B10 0 ppm

B10 to <B15 =0.75 percent

B15 to B20 =1.0 percent

Above B20 Cannot be mitigated by
DTBP alone

(B) [Reserved for Future Use]
(2) Low-NOx Diesel base fuel.

Hydrocarbon diesel fuel that meets the following specifications shall be considered Low-
NOx diesel.
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Table A.6: Low-NOx Diesel Fuel Parameters

Property Test Method Limit
Unadditized Cetane ASTM D6890-13a > 67
Number
Total Aromatics ASTM D5186-03(2009) | < 6.4 mass%
PAH ASTM D5186-03(2009) | < 0.6 mass%
API Gravity ASTM D287-12b > 47.4 degrees API

Any biodiesel blend below B20 that was derived from at least 4.0 gallons of Low-NOx
diesel for each gallon of biodiesel in the blend, will be considered NOx mitigated.

(3) Certification of Alternative Diesel Fuels Resulting in Emissions Equivalence
with Diesel

(A) The Executive Officer, upon application of any producer or importer,
may certify alternative diesel fuel formulations or additives in
accordance with (a)(3) of this appendix. The applicant shall initially
submit a proposed test protocol to the Executive Officer. The
proposed test protocol shall include: (A) the identity of the entity
proposed to conduct the tests described in (a)(3)(F) of this appendix;
(B) test procedures consistent with the requirements of (a)(3) of this
appendix; (C) test data showing that the fuel to be used as the
reference fuel satisfies the specifications identified in (a)(3)(E) of this
appendix; (D) reasonably adequate quality assurance and quality
control procedures; and (E) notification of any outlier identification and
exclusion procedure that will be used, and a demonstration that any
such procedure meets generally accepted statistical principles.

Within 20 business days of receipt of a proposed test protocol, the
Executive Officer shall advise the applicant in writing either that it is
complete or that specified additional information is required to make it
complete. Within 15 business days of submittal of additional
information, the Executive Officer shall advise the applicant in writing
either that the information submitted makes the proposed test protocol
complete or that specified additional information is still required to
make it complete. Within 20 business days after the proposed test
protocol is deemed complete, the Executive Officer shall either
approve the test protocol as consistent with this (a)(3) of this appendix
or advise the applicant in writing of the changes necessary to make the
test protocol consistent with (a)(3) of this appendix. Any notification of
approval of the test protocol shall include the name, telephone number,
and address of the Executive Officer's designee to receive notifications
pursuant to (a)(3)(F)(iii)2. of this appendix. The tests shall not be
conducted until the protocol is approved by the Executive Officer.
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Upon completion of the tests, the applicant may submit an application
for certification to the Executive Officer. The application shall include
the approved test protocol, all of the test data, a copy of the complete
test log prepared in accordance with (a)(3)(F)(ii))2. of this appendix, a
demonstration that the candidate fuel meets the requirements for
certification set forth in (a)(3) of this appendix, and such other
information as the Executive Officer may reasonably require.

Within 20 business days of receipt of an application, the Executive
Officer shall advise the applicant in writing either that it is complete or
that specified additional information is required to make it complete.
Within 15 business days of submittal of additional information, the
Executive Officer shall advise the applicant in writing either that the
information submitted makes the application complete or that specified
additional information is still required to make it complete. Within 20
business days after the application is deemed complete, the Executive
Officer shall grant or deny the application. Any denial shall be
accompanied by a written statement of the reasons for denial.

(B) The candidate fuel.

The candidate fuel to be used in the comparative testing described in
(a)(3)(F) of this appendix shall be one of the following:

1. ADF formulation: The candidate fuel shall be the fuel
blendstock or fuel blend that the applicant is attempting to certify.
If the applicant is attempting to certify a fuel blend, that blend shall
consist of the fuel blendstock blended to 20 percent with the
reference fuel. The applicant shall report all of the candidate fuel
properties under (a)(3)(C) of this appendix for the candidate fuel.

2. Biodiesel additives: The candidate fuel shall be a mixture of
the additive to be certified at the concentration specified by the
applicant and the biodiesel additive certification fuel specified in
(8)(3)(D) of this appendix. If the additive to be certified is meant
to be used in B20 fuel blends, the candidate fuel shall be a
mixture of the additive to be certified at the concentration
specified by the applicant and the biodiesel additive certification
fuel specified in (a)(3)(D) of this appendix blended to 20 volume
percent biodiesel content with the reference fuel. The applicant
shall report all of the candidate fuel properties under (a)(3)(C) of
this appendix for both the certification fuel without the additive,
and the candidate fuel.

(C) Candidate fuel properties.
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The applicant shall report all of the properties of the candidate fuel
listed below. The candidate fuel shall be representative of the fuel that
the applicant will produce commercially, and shall not contain streams
or feedstocks that will not be used in the commercial fuel that the
applicant intends to sell. If the executive officer determines that the
candidate fuel contains streams or feedstocks that will not be used in
the commercial fuel, this will be grounds for rejection of the application.

Table A.7: Candidate fuel properties

Property Test Method
Sulfur Content ASTM D5453-93
Aromatic Hydrocarbon ASTM
Content, Volume % D5186-03(2009)
Polycyclic Aromatic ASTM
Content, Weight % D5186-03(2009)
Nitrogen Content ASTM D4629-12
Unadditized Cetane ASTM D613-10ael
Number
API Gravity ASTM D287-12b
Viscosity at 40°C, cSt ASTM D445-12
Flash Point, °F, minimum ASTM D93-13
Distillation, °F ASTM D86-12
Initial Boiling Point
10 % Recovered
50 % Recovered
90 % Recovered
End Point
FAME Content % EN14103:2011

(D) Biodiesel additive certification fuel. The biodiesel additive certification
fuel shall be a biodiesel (fatty acid methyl ester) produced by
transesterification of virgin soybean oil with the following properties.
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Table A.8: Additive certification fuel blendstock properties

Property

Test Method

Fuel Specifications

Sulfur Content

ASTM D5453-93

15 ppm maximum

Nitrogen Content

ASTM D4629-12

10 ppm maximum

Unadditized Cetane ASTM D613-10ael 47-50
Number
API Gravity ASTM D287-12b 27 - 33
Viscosity at 40°C, cSt ASTM D445-12 20-4.1
Flash Point, °F, minimum ASTM D93-13 266
Distillation, °F ASTM D86-12

90 % Recovered 620-680
FAME Content % EN 14103:2011 Report

(E) The reference fuel. The reference fuel used in the comparative testing
described in (a)(3)(F) of this appendix shall be produced from
straight-run California diesel fuel by a hydrodearomatization process
and shall have the characteristics set forth below under "Reference
Fuel Specifications" (the listed ASTM methods are incorporated herein

by reference):

Table A.9: Reference Fuel Specifications

Property

Test Method

Fuel Specifications

Sulfur Content

ASTM D5453-93

15 ppm maximum

Aromatic Hydrocarbon ASTM 10 % maximum
Content, Volume % D5186-03(2009)
Polycyclic Aromatic ASTM 10 % maximum

Content, Weight %

D5186-03(2009)

Nitrogen Content

ASTM D4629-12

10 ppm maximum

Unadditized Cetane ASTM D613-10ael 48 minimum
Number
API Gravity ASTM D287-12b 33-39
Viscosity at 40°C, cSt ASTM D445-12 20-4.1
Flash Point, °F, minimum ASTM D93-13 130
Distillation, °F ASTM D86-12
Initial Boiling Point 340 — 420
10 % Recovered 400 - 490
50 % Recovered 470 - 560
90 % Recovered 550 - 610
End Point 580 — 660

(F) Emissions testing.

1. Exhaust emission tests using the candidate fuel and the

reference fuel shall be conducted in accordance with the "California
Exhaust Emission Standards and Test Procedures for 1985 and
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Subsequent Model Heavy-Duty Diesel-Powered Engines and
Vehicles," as incorporated by reference in Title 13, California Code
of Regulations, Section 1956.8(b). The tests shall be performed
using a Detroit Diesel Corporation Series 60 engine, through
December 31, 2017, or a 2004-2006 model-year, Cummins ISM370
engine having a nominal torque rating of 1450 ft-lb and a nominal
power output of 360 to 380 hp, and produced between January
2004 and December 2006, inclusive, starting January 1, 2015, or, if
the Executive Officer determines that the 2004-2006 Cummins
ISM370 is no longer representative of the pre-2007 model-year,
heavy duty diesel engine fleet, another engine found by the
Executive Officer to be representative of such engines. A
determination by the Executive Officer that an engine is no longer
representative shall not affect the certification of a diesel fuel
formulation based on prior tests using that engine pursuant to a
protocol approved by the Executive Officer.

2. The comparative testing shall be conducted by a party or
parties that are mutually agreed upon by the Executive Officer and
the applicant. The applicant shall be responsible for all costs of the
comparative testing.

3. The applicant shall use one of the following test sequences:

a. If both cold start and hot start exhaust emission tests are
conducted, a minimum of five exhaust emission tests
shall be performed on the engine with each fuel, using
either of the following sequences, where "R" is the
reference fuel and "C" is the candidate fuel: RC RC RC
RC RC (and continuing in the same order). or RC CR RC
CR RC (and continuing in the same order).

The engine mapping procedures and a conditioning
transient cycle shall be conducted with the reference fuel
before each cold start procedure using the reference fuel.
The reference cycle used for the candidate fuel shall be
the same cycle as that used for the fuel preceding it.

b. If only hot start exhaust emission tests are conducted, one
of the following test sequences shall be used throughout
the testing, where "R" is the reference fuel and "C" is the
candidate fuel:

Alternative 1: RC CR RC CR (continuing in the same

order for a given calendar day; a
minimum of twenty individual exhaust
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emission tests must be completed with
each fuel)

Alternative 2: RR CC RR CC (continuing in the same
order for a given calendar day; a
minimum of twenty individual exhaust
emission tests must be completed with
each fuel)

Alternative 3: RRR CCC RRR CCC (continuing in the
same order for a given calendar day; a
minimum of twenty-one individual exhaust
emission tests must be completed with
each fuel)

For all alternatives, an equal number of tests shall be
conducted using the reference fuel and the candidate fuel
on any given calendar day. At the beginning of each
calendar day, the sequence of testing shall begin with the
fuel that was tested at the end of the preceding day. The
engine mapping procedures and a conditioning transient
cycle shall be conducted after every fuel change and/or
at the beginning of each day. The reference cycle
generated from the reference fuel for the first test shall be
used for all subsequent tests.

For alternatives 2 and 3, each paired or triplicate series
of individual tests shall be averaged to obtain a single
value which would be used in the calculations conducted
pursuant to (a)(3)(G)(iii) of this appendix.

4. The applicant shall submit a test schedule to the Executive
Officer at least one week prior to commencement of the
tests. The test schedule shall identify the days on which the
tests will be conducted, and shall provide for conducting the
test consecutively without substantial interruptions other than
those resulting from the normal hours of operations at the
test facility. The Executive Officer shall be permitted to
observe any tests. The party conducting the testing shall
maintain a test log which identifies all tests conducted, all
engine mapping procedures, all physical modifications to or
operational tests of the engine, all recalibrations or other
changes to the test instruments, and all interruptions
between tests and the reason for each such interruption.
The party conducting the tests or the applicant shall notify
the Executive Officer by telephone and in writing of any
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unscheduled interruption resulting in a test delay of 48 hours
or more, and of the reason for such delay. Prior to restarting
the test, the applicant or person conducting the tests shall
provide the Executive Officer with a revised schedule for the
remaining tests. All tests conducted in accordance with the
test schedule, other than any tests rejected in accordance
with an outlier identification and exclusion procedure
included in the approved test protocol, shall be included in
the comparison of emissions pursuant to (a)(3)(G) of this
appendix.

5. In each test of a fuel, exhaust emissions of oxides of nitrogen
(NOx) and particulate matter (PM) shall be measured.

(G)The average emissions during testing with the candidate fuel shall be
compared to the average emissions during testing with the reference
fuel, applying one-sided Student's t statistics as set forth in Snedecor
and Cochran, Statistical Methods (7th ed.), page 91, lowa State
University Press, 1980, which is incorporated herein by reference. The
Executive Officer shall issue a certification pursuant to this paragraph
only if he or she makes all of the determinations set forth in (a)(3)(G)(i)
and (a)(3)(G)(ii) below, after applying the criteria of (a)(3)(G)(iii) of this
appendix.

1. The average individual emissions of NOx and PM,
respectively, during testing with the candidate fuel do not
exceed the average individual emissions of NOx and PM,
respectively, during testing with the reference fuel.

2. Use of any additive identified pursuant to (a)(3)(b)(ii) of this
appendix in heavy-duty engines will not increase emissions
of noxious or toxic substances which would not be emitted
by such engines operating without the additive. In addition,
cellular tests on the particulate emissions from heavy-duty
engines will not show greater harm for mutagenicity,
inflammation, DNA damage, or oxidative stress with the use
of any such additive than would occur with such engines
operating without the additive.

3. In order for the determinations of (a)(3)(G)(i) of this appendix

to be made, for each referenced pollutant the candidate fuel
shall satisfy the following relationship:
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2
Xc < Xg +6— Sp X \/;xt(a,Zn—Z)

Where:
Xc = Average emissions during testing
with the candidate fuel
XR= Average emissions during testing
with the reference fuel
6 = tolerance level equal to 1 percent
of Xg NOX, 2 percent of Xg for PM.
Sp = Pooled standard deviation
t(a, 2n-2) = The one-sided upper percentage

point of t distribution with a = 0.15
and 2n-2 degrees of freedom

n = Number of tests of candidate and
reference fuel

(H) If the Executive Officer finds that a candidate fuel has been properly
tested in accordance with (a)(3) of this appendix, and makes the
determinations specified in (a)(3)(G) of this appendix, then he or she
shall issue an Executive Order certifying the alternative diesel fuel or
additive formulation represented by the candidate fuel. The Executive
Order shall identify all of the characteristics of the candidate fuel
determined pursuant to (a)(3)(C) of this appendix. The Executive
Order shall provide that the certified alternative diesel fuel formulation
has the following specifications: [1] a sulfur content, total aromatic
hydrocarbon content, polycyclic aromatic hydrocarbon content, and
nitrogen content not exceeding that of the candidate fuel, [2] a cetane
number and API gravity not less than that of the candidate fuel, [3] any
additional fuel specification required under (a)(3) of this appendix, and
[4] presence of all additives that were contained in the candidate fuel,
in a concentration not less than in the candidate fuel, except for an
additive demonstrated by the applicant to have the sole effect of
increasing cetane number. Additionally the Executive Order shall
contain a table mirroring the table in Appendix 1 (a)(1)(A) listing the
required concentration of additive at each 5 percent interval of blend
level, if applicable. All such characteristics shall be determined in
accordance with the test methods identified in (a)(3)(C) of this
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appendix. The Executive Order shall assign an identification name to
the specific certified biodiesel fuel formulation.

() In-use testing.

(b) [Reserved]

1. If the executive officer determines that a commercially
available biodiesel fuel blend meets all of the specifications of a
certified biodiesel fuel formulation set forth in an Executive
Order issued pursuant to (a)(3)(H) of this appendix, but does not
meet the criteria of (a)(3)(G) of this appendix when tested in
accordance with (a)(3)(F), the Executive Officer shall modify the
Executive Order as is necessary to assure that biodiesel fuel
blends sold commercially pursuant to the certification will meet
the criteria set forth in (a)(3)(G). The modifications to the order
may include additional specifications or conditions, or a
provision making the order inapplicable to specified biodiesel
fuel producers.

2. The Executive Officer shall not modify a prior Executive
Order without the consent of the applicant and of the producer
of the commercially available biodiesel fuel blend found not to
meet the criteria, unless the applicant and producer are first
afforded an opportunity for a hearing in accordance with Title
17, California Code of Regulations, Part Ill, Chapter 1,
Subchapter 1, Article 4 (commencing with Section 60040). If
the Executive Officer determines that a producer would be
unable to comply with this regulation as a direct result of an
order modification pursuant to this subsection, the Executive
Officer may delay the effective date of such modification for
such period of time as is necessary to permit the producer to
come into compliance in the exercise of all reasonable
diligence.
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1. INTRODUCTION

The staff of the Air Resources Board (ARB or Board) intends to establish new motor
vehicle fuel specifications for biodiesel as part of the proposed regulation on the
commercialization of new alternative diesel fuels (ADFs). The ADF regulation®

is intended to provide a legal pathway for new, emerging diesel fuel substitutes to enter
the commercial market in California, while managing and minimizing environmental and
public health impacts, and to preserve the emissions benefits derived from the ARB
motor vehicle diesel regulations. The first ADF that will be regulated under the
proposed regulation is biodiesel.

Health and Safety Code (H&SC) section 43830.8 requires a multimedia evaluation to be
conducted and reviewed by the California Environmental Policy Council (CEPC) before
new fuel specifications are established. “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.?

This report provides a summary of the biodiesel multimedia evaluation and staff’s
internal assessment of emissions data and air quality impact information obtained
during the multimedia evaluation process. This report also provides staff’s overall
conclusions and recommendations to the CEPC.

A. Multimedia Evaluation of Biodiesel

Pursuant to H&SC section 43830.8, researchers from the University of California (UC),
Davis and UC Berkeley conducted the multimedia evaluation of biodiesel compared to
diesel meeting ARB motor vehicle fuel specifications (CARB diesel). After each tier of
the evaluation process, the UC researchers submitted a tier report for review and
approval by the Multimedia Working Group (MMWG). The final reports are listed below:

e California Biodiesel Multimedia Evaluation Final Tier | Report (Final Tier | Report)®

e California Biodiesel Multimedia Evaluation Final Tier Il Report (Final Tier 1l Report)

e California Biodiesel Multimedia Evaluation Final Tier 1l Report (Final Tier Ill Report
or Biodiesel Final Report)®

4

During Tier | of the multimedia evaluation, the UC researchers completed a detailed
review of biodiesel, evaluated potential impacts, and determined key knowledge gaps.
In Tier I, the overall scope of the evaluation was established. The knowledge gaps

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

% Health and Safety Code section 43830.8(b)

% Ginn, T.R. et al. California Biodiesel Multimedia Evaluation Final Tier | Report, September 2009.

* Ginn, T.R. et al. California Biodiesel Multimedia Evaluation Final Tier Il Report, January 2012.

® Ginn, T.R. et al. California Biodiesel Multimedia Evaluation Final Tier 1l Report, May 2013.



identified in Tier | necessitated a more detailed impact assessment of biodiesel in
Tier Il. The biodiesel Tier Il risk assessment design included various test plans and
studies to fill in key knowledge gaps identified in Tier I. Tier Ill began with the
implementation of the Tier Il risk assessment protocol, and concluded with the final
submittal of the Biodiesel Final Report.

Based on the biodiesel multimedia evaluation and the information provided in the Final
Tier I, Tier Il, and Tier lll reports by the UC researchers, the MMWG determined that the
use of biodiesel fuel, as specified in the multimedia evaluation and proposed regulation,
does not pose a significant adverse impact on public health or the environment.

B. ARB Emissions Testing Program

In order to better understand emissions from biodiesel, ARB contracted the services of
UC Riverside to conduct emissions testing, as well as performed in-house emissions
testing (CARB Emissions Study).® Table 1 summarizes the test matrix covered in the
study.

Table 1. Summary of Testing Done by ARB and UC Riverside

Application Engine Feedstocks Test Cycles
Caterpillar C15 Animal UDDS
Cummins ISM Soy FTP
On-road chassis
DDC MBE4000 Renewable 40mph Cruise
Diesel
Cummins ISX GTL 50mph Cruise
) Cummins ISM Animal UDDS
On-road HD engine
DDC MBE4000 Soy FTP
John Deere 4084 Animal
Non-road engine ISO 8178-4
Kubota TRU Soy

In general, this study found that most emissions from biodiesel are reduced from CARB
diesel, including particulate matter (PM), carbon monoxide (CO), total hydrocarbons
(THC), and most toxic species. However, oxides of nitrogen (NOx) was found to
increase at certain biodiesel blends. The results of this study apply specifically to
heavy-duty vehicles that do not use post-exhaust NOx emissions control.

® 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. BIODIESEL

Biodiesel is defined as a fuel composed of mono-alkyl esters of long chain fatty acids
derived from vegetable oils or animal fats and meeting ASTM International standard
D6751. Pure biodiesel contains no petroleum but can be blended with petroleum diesel
to create a biodiesel blend. In this report, CARB diesel blended with 10 vol%, 20 vol%
or 50 vol% biodiesel is denoted as B10, B20 or B50, respectively. Pure biodiesel is
denoted as B100.”

To produce biodiesel, a feedstock undergoes an esterification reaction with methanol
and a catalyst to produce methyl esters, which compose biodiesel, also known as Fatty
Acid Methyl Esters (FAME). Primary biodiesel feedstocks expected to be used in
California include soybean oil, palm oil, corn oil, yellow grease, animal tallow, trap
(brown) grease, canola oil, and safflower oil.?

Biodiesel feedstocks are classified by their fatty acid profile; the fatty acid composition
greatly influences a fuel’s characteristics, as esters of different fatty acids have different
physical and chemical properties. Generally, the quality of the fuel is dependent on the
guality and fatty-acid composition of the feedstock, the production process, and
post-production handling. Biodiesel blends up to BS must meet ASTM D975 standards.
ASTM hags also established ASTM D7467 for blends of B6 to B20, and ASTM D6751-12
for B100.

A. Production

The process used to convert virgin oils or animal fats into biodiesel is called
transesterification and involves mixing the oil or fat with alcohol and a catalyst, usually
lye. Transesterification can be used to convert either plant oil or animal fats to
biodiesel.

Raw vegetable and animal oils consist primarily of triacylglycerides, commonly known
as triglycerides. Structurally, triglycerides are composed of three fatty acids attached to
a glycerol molecule. Though these oils can be directly used in diesel engines, engine
manufacturers generally discourage this practice, as their use can cause engine
problems. This is primarily because combustion of raw oils form engine deposits, with
carbon residue and plugging in engine injector nozzles, piston rings, and lubricating oil.
This happens due to polymerization of the triglycerides in the raw oils as the fuel is
combusted. Converting the raw oils into a form of esters or biodiesel prevents these
issues.

Before transesterification is conducted, the raw oils and fats are filtered and pretreated
to remove water and contaminants. Water in the feedstock leads to the formation of

" Air Resources Board. Proposed Regulation on the Commercialization of New Alternative Diesel Fuels
Staff Report: Initial Statement of Reasons. October 23, 2013, 17.

® Ginn, T.R. et al. California Biodiesel Multimedia Evaluation Final Tier Ill Report. May 2013, I-1.

° Ginn, T.R. et al. California Biodiesel Multimedia Evaluation Final Tier I Report. May 2013, I-1,1-2.



soaps, which are an undesirable by-product, reduces the yield of biodiesel, and makes
the separation of glycerin in the products more difficult.

As shown in Figure 1, transesterification involves reacting triglyceride oils with alcohol
(usually methanol) in the presence of a catalyst (usually lye) in a simple closed reactor
system at low temperature and pressure. The products of the transesterification
reaction are FAME and glycerin as a co-product. After transesterification, a majority of
the alcohol is removed from the glycerin and recycled back into the system to continue
the process. The biodiesel from the process is purified and washed to remove any
residual catalyst and soaps. The glycerin from transesterification can be purified and
sold to the pharmaceutical or cosmetic industry to be processed into lotions and
creams.™

Figure 1. Transesterfication Reaction
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There are two basic conversion routes for FAME production, base and direct acid
catalyzed transesterification. The base catalyzed option tends to be the most
economical for virgin oil feedstocks and as such is most commonly used to produce
esters on a commercial scale. The processing equipment operates at relatively lower
temperatures and pressures. The process has high conversion rates (around 98%) to
FAME with low reaction times without producing intermediate compounds.

Acid catalyzed transesterification is expected to be the preferred method for conversion
of waste oils, since it is less sensitive to free fatty acids in the feedstock. This
conversion method seems to be more economical than base catalyzed
transesterification of waste oils, because an extra pretreatment step is required to
remove fatty acid impurities before the base catalyzed process. For base
transesterification the fatty acid content of feedstocks must generally be less than

four percent. Acid catalyzed transesterification has not been optimized for commercial
scale production.

19 california Air Resources Board, Staff Report: Initial Statement of Reasons for Proposed Rulemaking,
Proposed Regulation on the Commercialization of New Alternative Diesel Fuels. October 23, 2013, 27.



In base catalyzed transesterification, a strong base of sodium hydroxide or potassium
hydroxide is usually used as the catalyst for the reaction. In the acid catalyzed process,
sulfuric acid is usually used as the catalyst. For the base catalyzed process the molar
ratio of methanol to oil is about 6:1, while for an acid catalyzed process the ratio is
about 50:1.

The purity and the yield of biodiesel from transesterification is affected by the molar ratio
of glycerides to alcohol, the type of catalyst, the reaction time, the reaction temperature,
the amount of free fatty acids, and the amount of water present in the feedstock. Both
purity ang yield affect the amount of cleanup that must be performed on the finished
product.

B. Feedstocks

In the U.S., there are many potential plant oil feedstocks that can be used including
soybean, peanut, canola, cottonseed and corn oil. Most of the world’s production of
biodiesel comes from plant oils such as soybean, rapeseed (canola), and palm oil.
About 55 percent of U.S. biodiesel was made from soybean oil feedstocks in 2012.

Biodiesel can also be made from waste feedstocks such as waste vegetable oil and
tallow. These feedstocks are wastes, so there are no greenhouse gas (GHG) emissions
due to land use change associated with these feedstocks. Biodiesel from wastes is
sometimes referred to as advanced biodiesel in order to differentiate it from crop-based
biodiesel because of its lower carbon intensity. ™

C. Fuel Quality

According to the Coordinating Research Council, Inc. Report No. AVFL-17,
Investigation of Biodistillates as Potential Blendstocks for Transportation Fuels,
released in June 2009, “One of the biggest concerns of the biodiesel industry is the
quality of finished fuels being used in the marketplace. The use of poor quality fuels
can lead (and has led) to field problems and customer complaints, which reduce public
confidence and jeopardize the future of the industry. Steps to address these concerns
have been taken in recent years by adoption (or modification) of ASTM D6751 (for
B100) and D7467 (for B6-B20), and by development of the BQ-9000 Quality
Management System. Fuel quality surveys have indicated that problems with blending
control and off-spec products were common in the past. However, it appears that with
more stringent fuel specifications and increasing producer experience, the overall
quality of biodiesel in the marketplace is improving.”

! california Air Resources Board, Staff Report: Initial Statement of Reasons for Proposed Rulemaking,
Proposed Regulation on the Commercialization of New Alternative Diesel Fuels. October 23, 2013, 28.
2uy.s. Department of Energy, Annual Energy Outlook 2012 with Projection to 2035, June 2012.

'3 california Air Resources Board, Staff Report: Initial Statement of Reasons for Proposed Rulemaking,
Proposed Regulation on the Commercialization of New Alternative Diesel Fuels. October 23, 2013, 28.



Ensuring oxidative stability of biodiesel in the marketplace is a major product quality
concern. Due to the complex degradation pathways involved, no single test method is
fully able to assess fuel stability in all circumstances. One of the most widely utilized
test methods is the Rancimat oxidative stability test (EN 14112), which is based upon
detection of volatile, secondary oxidation products that result from reaction of biodiesel
with oxygen at elevated temperature. The Rancimat test was incorporated in 2007 in
the ASTM standard specifications for B100. This test was originally developed as an
indicator of vegetable oil storage stability, but is also regarded as a suitable means to
assess storage stability of biodiesel and its blends. (Another oxidation stability test,
prEN 15751, has been provisionally accepted.)

For many users, low temperature operability is the greatest biodiesel concern,
particularly during cold seasons of the year. Just as with conventional diesel fuel,
precautions must be taken to ensure satisfactory low temperature operability of
biodiesel and its blends. These concerns are often greater with biodiesel, due to its
higher cloud point and pour point compared to petroleum diesel. Poor low temperature
operability may be exhibited in several ways, but principally by filter plugging due to wax
formation, and engine starving due to reduced fuel flow.*

As with fuel stability, there is no single best test to assess low temperature operability.
U.S. fuel standards do not include explicit specifications for low temperature operability
for conventional diesel or biodiesel (or blends of the two). However, the fuel seller is
generally required to give an indication of low temperature operability by reporting the
cloud point of the fuel. Also, a cold-soak filterability standard test method for B100 is
under development by ASTM. Beginning in 2008, ASTM D6751 required test method
‘Annex A1’ to assess cold soak filterability of B100 intended for blending with diesel.

Poor low temperature operability is usually caused by long-chain saturated fatty acid
esters present in biodiesel. In general, the longer the carbon chain, the higher the
melting point, and poorer the low temperature operability. The presence of
carbon-carbon double bonds significantly lowers the melting point of a molecule
(hydrocarbon or fatty acid alkyl ester). Therefore, to a certain degree, a trade-off exists
between fuel stability and low temperature operability. With increasing degree of
unsaturation, stability decreases but low temperature operability improves.

In large part, the fatty acid composition of the fats and oil precursors to biodiesel dictate
the low temperature operability of the final fuels. Feedstocks with highly saturated fatty
acid structures (such as palm oil and tallow) produce biodiesels with poor operability;
whereas feedstocks with highly unsaturated fatty acid structures (such as rapeseed and
safflower oil) have better operability. Proper choice of feedstocks is critical to providing
a finished biodiesel fuel having acceptable low temperature operability.*

14 California Air Resources Board, Staff Report: Initial Statement of Reasons for Proposed Rulemaking,
Proposed Regulation on the Commercialization of New Alternative Diesel Fuels. October 23, 2013, 29.
!> california Air Resources Board, Staff Report: Initial Statement of Reasons for Proposed Rulemaking,
Proposed Regulation on the Commercialization of New Alternative Diesel Fuels. October 23, 2013, 29.



Other approaches that are helpful in particular circumstances include the following:

e Blending with petroleum diesel;

e Use of commercial petroleum diesel additives;

e Use of new cold flow improver (CFl) additives for biodiesel;

e Use of higher alcohols (including ethanol) for transesterification; or
e Crystallization fractionation (wax removal).'®

Water solubility and water contamination are other issues of concern. At room
temperature, water is very slightly soluble in conventional diesel fuel (< 100 ppm), but
has significant solubility in B100 (up to 1200 ppm). Water solubility in B20 is
intermediate between these two extremes. The generally higher water levels in
biodiesel can exacerbate problems with corrosion, wear, suspension of solids, and
microbial growth. When dealing with biodiesel, extra ‘housekeeping’ precautions may
be necessary to remove excess water and sediment. In particular, this is required when
first introducing biodiesel into tanks previously used for conventional diesel, as
accumulated water and sediment may become dispersed and plug filters under these
conditions.*’

D. Availability

According to Biodiesel Magazine, as of June 2013 there were 193 operational
commercial biodiesel production plants in the U.S. with a total production capacity of
2.9 billion gallons. There are about 20 major plants in California with annual production
capacities varying between 350,000 gallons to 25 million gallons. The total biodiesel
production capacity in California is nearly 78 million gallons per year. This compares to
total conventional diesel production of about 3.5 billion gallons per year.*

According to the Low Carbon Fuel Standard (LCFS) Reporting Tool, California biodiesel
production facilities produced about 20 million gallons of biodiesel in 2012. Staff has
communicated with many of the stations that sell biodiesel as well as the major terminal
operators in the state, and has found that the vast majority of the biodiesel currently
being%gsold in California and expected to be sold in the future is sold as blends of B5 or
less.

!¢ california Air Resources Board, Staff Report: Initial Statement of Reasons for Proposed Rulemaking,
Proposed Regulation on the Commercialization of New Alternative Diesel Fuels. October 23, 2013, 29,
30.

o Coordinating Research Council, Inc.,Report No. AVFL-17, Alpharetta, Georgia, pp. 16-18, Investigation
of Biodistillates as Potential Blendstocks for Transportation Fuels, June 2009.

'8 California Air Resources Board, Staff Report: Initial Statement of Reasons for Proposed Rulemaking,
Proposed Regulation on the Commercialization of New Alternative Diesel Fuels. October 23, 2013, 30.
1% california Air Resources Board, Staff Report: Initial Statement of Reasons for Proposed Rulemaking,
Proposed Regulation on the Commercialization of New Alternative Diesel Fuels. October 23, 2013, 30.



3. EXHAUST EMISSIONS

Engine emissions testing was performed to characterize regulated emissions, including
PM, NOx, CO and THC, and various unregulated toxic emissions.

A. Emissions Testing

Emissions testing was conducted on two engines and three vehicles. Engine
dynamometer emissions testing was conducted at UC Riverside’s College of
Engineering — Center for Environmental Research and Technology (CE-CERT)
Laboratory. Chassis dynamometer emissions testing was conducted at ARB’s
Heavy-Duty Engine Emissions Testing Laboratory (HDEETL) in Los Angeles. %

i. Engine Dynamometer Testing

Biodiesel was tested in a 2006 Cummins ISM engine and a 2007 Detroit Diesel
Corporation (DDC) MBE4000 engine. The engine specifications are listed in Table 2.
The following test cycles were used:

e U.S. EPA Heavy duty Federal Test Procedure (FTP)

e Urban Dynamometer Driving Schedule (UDDS) modified for engine
dynamometer

e CARB Heavy Heavy-Duty Diesel Truck (HHDDT) 50 mph Cruise cycle modified
for engine dynamometer

Table 2. Engine Dynamometer Engine Specifications

Engine Manufacturer Cummins Detroit Diesel Corp.

Engine Model ISM 370 MBE4000

Model Year 2006 2007

Engine Type In-line 6 cylinder 4 stroke | 7DDXH12.8DJA

Displacement 10.8 liters 12.8

Power Rating 385 hp @ 1800 rpm 410 hp @ 1900 rpm

Fuel Type Diesel Diesel

Induction Tyrbocharger with charge | Turbocharger with after
air cooler cooler

Engine dynamometer testing focused primarily on standard emissions, including CO,
THC, NOx, PM, and carbon dioxide (CO;). Two biodiesel feedstocks (one soy-based

% 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.



and one animal-based) were tested on blend levels of B5, B20, B50 and B100. CARB
diesel was the baseline fuel for testing. Each fuel blend was tested six times, and each
test yielded THC, CO, NOx, PM, CO, and brake specific fuel consumption (BSFC)
measurements.

ii. Chassis Dynamometer Testing

Four vehicles were tested for the chassis dynamometer testing. The test vehicles
include the following:

2006 International Truck equipped with a 2006 11 liter Cummins ISM engine.
2008 Freightliner Truck equipped with a 2007 MBE4000 engine.

2000 Freightliner Truck equipped with a 2000 Caterpillar C-15 engine.
Kenworth model T800 truck equipped with a 2010 Cummins ISX15 engine.

The first two vehicles were equipped with the same engines used in the engine testing.
The Cummins ISX15 was not included in the evaluation because the data analyses of
the results were not completed and not included in the report. The engine specifications
for the Caterpillar C-15 engine are listed in Table 3 below.

Table 3. Chassis Dynamometer Engine Specifications

Engine Manufacturer Caterpillar

Engine Model C-15

Model Year 2000

Engine Type In-line 6 cylinder 4 stroke
Displacement 14.6 liters

Power Rating 475 hp @ 2100 rpm

Fuel Type Diesel

Induction Turbocharged with aftercooler

For the chassis testing, the following test cycles were used:

e UDDS
e CARB HHDDT 50 mph Cruise cycle

Chassis dynamometer testing focused primarily on toxic pollutants. The primary test
fuels were the same as those used for the engine testing, including the CARB baseline
diesel, and the soy-based and animal-based biodiesels. These fuels were obtained
from the same batches of fuel used for engine testing, and blended at the same time.
For chassis testing, the biodiesel blends were tested at the 20 vol%, 50 vol% and



100 vol% blend levels because the typically greater variability for the chassis testing
would make it difficult to identify trends for the lower 5 vol% to 10 vol% blend levels.
Each fuel blend was tested six times on the UDDS and three times on the 50 mph
cruise cycle. Each test yielded measurements for the pollutants listed in Table 4 below.

Table 4. Chassis Dynamometer Emissions Measurements

Analyte Collection Media Analysis
THC Modal, Bag FID
NMHC Modal, Bag FID
NOx, NO, Modal, Bag Chemiluminescence
CO, CO;, Modal, Bag NDIR
BTEX Tedlar Bags GC-FID
Carbonyls 2,4-DNPH cartridges HPLC
PM Mass Teflon 47mm (Teflo) Gravimetric
Organic/Elemental Quartz fiber filter 47mm Thermo/Optica_lI Carbon
Carbon Analysis
Elements Teflon filter ICP-MS
PAH Teflon Filter/PUF/XAD GC-MS
N.O Tedlar Bags FTIR
B. Results

Brake-specific emissions for regulated emissions and selected unregulated toxic
emissions were obtained from testing. All results below are from the CARB Emissions
Study.*

i. Criteria Pollutant Emissions and Ozone Precursors Results

Criteria pollutants and ozone precursors including PM, NOx, CO, and THC were
measured during engine and chassis dynamometer testing. In general, test results
showed reductions of PM, CO, and THC. However, NOx results showed increases at

certain blend levels. CO; results showed a slight increase for higher biodiesel blends.?

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.

2 purbin. 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. xxviii, XXiX.
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Average PM emissions showed consistent and significant reductions for all biodiesel
blends, with the magnitude of reductions increasing with blend level. For the 2006
Cummins engine over the FTP cycle, PM reductions for soy-based biodiesel were
approximately 6% for B5, 25% for B20, and 58% for B100. For animal-based biodiesel,
PM reductions ranged from 19% for B20 to 64% for B100.

Average NOx emissions showed trends of increasing NOx emissions with increasing
biodiesel blend level. Soy-based biodiesel blends showed a higher increase in NOx
emissions for essentially all blend levels and test cycles compared to animal-based
biodiesel blends. For soy-based biodiesel over the FTP cycle, results for the 2006
Cummins engine showed NOx impacts ranging from an increase of 2.2% for B5, to
6.6% for B20, to 27% for B100. Animal-based biodiesel results showed NOx impacts
from 1.5% for B20 to 14% for B100. For the 2007 MBE4000 engine, NOx increases
were greater than the 2006 engine for nearly all biodiesel blends and test cycles.

Average THC emissions for the 2006 Cummins showed consistent and significant
reductions for biodiesel blends, with the magnitude of reductions increasing with blend
level. THC reductions over FTP for soy-based biodiesel were approximately 6% for
B10, 11% for B20, and 63% for B100. For animal-based biodiesel, THC reductions
ranged from 13% for B20 to 71% for B100.

Average CO emissions also showed consistent and significant reductions for
animal-based biodiesel, ranging from 7% for B5, 14% for B20, to 27% for B100. For
soy-based biodiesel, CO trends were less consistent with some results not statistically
significant.

Average CO, emissions showed a slight increase for the higher biodiesel blends. For
the 2006 Cummins engine, the increase ranged from about 1% to 4%, with increases
being statistically significant for the B100 fuels for all tests, the B50 fuel for the cruise
cycles, and other testing combinations. For the 2007 MBE 4000, only the B100 showed
consistent and statistically significant increases for the different cycles, ranging from 1%
to 5%.

The biodiesel blends showed an increase in fuel consumption with increasing biodiesel
blends. The fuel consumption differences were generally greater for the soy-based
biodiesel in comparison with animal-based biodiesel for the 2006 Cummins engine, but
not for the 2007 MBE 4000 engine. For the 2006 Cummins engine, changes in fuel
consumption for soy-based biodiesel blends ranged from 1.4% to 1.8% for B20 to 6.8%
to 9.8% for B100. Animal-based biodiesel blends ranged from no statistical difference
to 2.6% for B20 to 4.4% to 6.7% for B100. For the 2007 MBE4000 engine, the
differences in fuel consumption ranged from no change to 2.5% for B50 and lower
blends, while the increases for B100 blends ranged from 5.6% to 8.3%.

Tables 5, 6, 7, and 8 show the criteria pollutant emissions for the engine dynamometer
testing. Chassis dynamometer test results were comparable.
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Table 5. Summary of Average Emissions Results for Soy-Biodiesel Blends (2006 Cummins ISM)*

THC co NOx PM co2 BSFC
Cycle| Fuel g/‘;‘]'shr % Diff |P Value g/ﬁ‘r‘]'shr % Diff |P Value g/‘;‘]’shr % Diff |P Value g/ﬁ‘r‘]'shr % Diff |P Value g/ﬁ:‘fhr % Diff |P Value g/ﬁ:‘ghr % Diff |P Value
CARB | 0.830 2.116 5.868 0.065 828.4 0.085
uops | B20_| 0727 [-12% [ 0.000 | 2.215 | 5% [ 0.115 | 6.107 [ 4.1% [ 0.002 | 0.050 | -24% | 0.002 | 834.7 [0.8% | 0.448 | 0.086 [1.8% | 0.093
B50 | 0.601 |-28% | 0.000 | 2.662 | 26% | 0.000 | 6.444 | 9.8% | 0.000 | 0.046 | -30% | 0.000 | 8489 |2.5% | 0.055 | 0.089 | 5.1% | 0.001
B100 | 0.376 |-55% | 0.000 | 3.419 | 62% | 0.000 | 6.890 [17.4%| 0.000 | 0.044 | -33% | 0.000 | 863.1 | 4.2% | 0.003 | 0.093 | 9.8% | 0.000
CARB | 0.309 0.747 2.012 0.081 624.9 0.064
B5 1% | 0.087 1% | 0.471 2.2% | 0.000 -6% | 0.000 0.1% | 0.816 0.3% | 0.228
crp |_B10 -6% | 0.000 2% | 0171 2.6% | 0.000 -17% | 0.000 0.1% | 0.569 0.3% | 0.167
B20 | 0275 |-11% | 0.000 | 0.724 | 3% | 0.078 | 2.145 | 6.6% | 0.000 | 0.061 | -25% | 0.000 | 627.2 | 0.4% | 0.309 | 0.064 | 1.4% | 0.001
B50 | 0.219 |-29% | 0.000 | 0.720 | -4% | 0.038 | 2.278 |13.2%| 0.000 | 0.044 | -46% | 0.000 | 628.2 |0.5% | 0.159 | 0.066 | 3.1% | 0.000
B100 | 0.115 | -63% | 0.000 | 0.770 | 3% | 0.163 | 2.547 [26.6%| 0.000 | 0.034 | -58% | 0.000 | 634.0 | 1.5% | 0.007 | 0.068 | 6.8% | 0.000
CARB | 0.247 0.599 2.030 0.049 572.6 0.058
B5 0249 | 1% | 0573 | 0615 | 2% | 0427 | 2.062 | 1.7% | 0.135 | 0.045 | 6% | 0.101 | 582.8 | 1.7% | 0.085 | 0.059 | 1.9% | 0.065
400nT§: B20 | 0.207 |-16% | 0.000 | 0.582 | -3% | 0.160 | 2.109 | 3.9% | 0.000 | 0.036 | -26% | 0.000 | 577.4 | 0.8% | 0.056 | 0.059 | 1.8% | 0.001
B50 | 0.158 |-36% | 0.000 | 0.599 | 0% | 0.986 | 2.214 | 9.1% | 0.000 | 0.026 | -48% | 0.000 | 580.0 | 1.3% | 0.053 | 0.060 | 3.8% | 0.000
B100 | 0.075 |-70% | 0.000 | 0602 | 0% | 0.868 | 2.454 [20.9%| 0.000 | 0.015 | -69% | 0.000 | 589.9 | 3.0% | 0.000 | 0.063 | 8.4% | 0.000
CARB | 0.185 0.471 1.733 1.733 544.8 0.055
B5 0183 | 2% | 0222 | 0478 | 1% | 0.649 | 1.727 |-1.1%]| 0.588 | 0.051 | -5% | 0.036 | 544.9 |0.0% | 0.959 | 0.056 |0.3% | 0.690
5C°r$§: B20 | 0.164 |-12% | 0.000 | 0.462 | 2% | 0.330 | 1.741 | 0.5% | 0.800 | 1.741 | -18% | 0.000 | 547.8 | 0.6% | 0.227 | 0.056 | 1.6% | 0.002
B50 | 0.128 |-31% | 0.000 | 0.442 | -6% | 0.002 | 1.842 | 6.3% | 0.001 | 0.031 | -43% | 0.000 | 551.4 | 1.2% | 0.008 | 0.057 | 3.8% | 0.000
B100 | 0.059 |-68% | 0.000 | 0.404 |-14% | 0.000 | 2.050 [18.3%| 0.000 | 0.027 | -50% | 0.000 | 558.9 | 2.6% | 0.000 | 0.060 | 8.0% | 0.000
* Bold percentage differences are considered statistically significant (p< 0.05. 95% confidence level)
Table 6. Summary of Average Emissions Results for Soy-Biodiesel Blends (2007 MBE4000)*
THC co NOXx PM coz BSFC
cycle | Fuel g/ﬁ:rfhr % Diff |P Value g/f)\:ghr % Diff |P Value g/';‘]’ihr % Diff [P Value g/ﬁr‘:p?-hr % Diff |P Value g/ﬁfY{?—hr % Diff |P Value g/g::hr % Diff |P Value
CARB | 0.023 0.022 2.378 0.004 730.031 0.074
uops | B20_| 0021 [-11% [ 0770 | 0.008 [-62% | 0.453 | 2.482 [ 4.4% | 0.005 0 94% | 0.187 |730.195 | 0.0% | 0.971 | 0.075 |1.0% | 0.121
B50 | 0.030 | 27% | 0.400 | -0.003 |-111% | 0.154 | 2.743 |15.3%| 0.000 | 0.004 | 9% | 0.874 |736.776 | 0.9% | 0.334 | 0.076 |2.5% | 0.083
B100 | 0.019 [-18% | 0.683 | 0.007 [-67% | 0.491 | 3.249 [36.6%| 0.000 | 0.002 | -37% | 0.470 [766.186 | 5.0% | 0.000 | 0.08 | 8.3% [ 0.000
CARB | 0.004 0.081 1.285 0.001 578.891 0.059
B5 0.006 | 38% | 0.005 | 0.061 |-20% | 0.135 | 1.307 | 0.9% | 0.007 0 61% | 0.096 |580.317 | 0.0% | 0.398 | 0.059 |0.3% | 0.113
FTP | B20 | 0.006 | 33% | 0.005 | 0.091 |-13% | 0534 | 1.361 | 5.9% | 0.000 | 0.001 | -4% | 0.944 | 578.65 | 0.0% | 0.909 | 0.059 | 1.0% | 0.016
B50 | 0.006 | 25% | 0.018 | 0.040 |-50% | 0.031 | 1.481 |15.3%]| 0.000 | 0.001 | 58% | 0.216 |579.867 | 0.2% | 0.722 | 0.06 | 1.7% | 0.034
B100 | 0.005 [ 20% | 0.081 | 0.021 [-74% [ 0.002 | 1.774 [38.1%] 0.000 | 0.001 | 64% | 0.403 [592.639| 2.4% | 0.000 | 0.062 | 5.6% | 0.000
CARB | 0.003 0.015 1.21 0.001 505.763 0.051
s0mph| B20 | 31.151 | -5% | 0.801 | 0,003 | -6% | 0.809 | 0.014 | 6.9% | 0.000 | 1.293 | -19% | 0.746 |508.004 | 0.4% | 0.249 | 0.052 | 1.5% | 0.002
Cruise| B50 | 0.003 |-20% | 0430 | 0.010 |-33% | 0.302 | 1.43 |18.2%| 0.000 | 0.001 | 2% | 0.970 |507.535|0.4% | 0.548 | 0.052 | 1.9% | 0.081
B100 | 0.003 |-13% | 0.594 | 0.012 [-21% | 0.508 | 1.78 [47.1%| 0.000 0 -100% | 0.704 | 518.93 | 2.6% | 0.000 | 0.054 | 5.9% | 0.000

* Bold percentage differences are considered statistically significant (p< 0.05. 95% confidence level)
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Table 7. Summary of Average Emissions Results for Animal-Biodiesel Blends (2006 Cummins ISM)*

THC co NOX PM co2 BSFC
Cycle| Fuel g/ﬁ‘:ghr % Diff | P Value g/ﬁ:;)g-hr % Diff | P Value g/':r\:;?-hr % Diff | P Value g/ﬁ:ghr % Diff [P Value g/‘;‘]’f_hr % Diff | P Value g/ﬁ:rghr % Diff | P Value
CARB | 0.799 2.052 6.010 0.065 8413 0.086
uops |B20_| 0670 |-16% ] 0.000 | 1.842 [-10% [ 0.000 | 5923 [-15% [ 0376 | 5923 | -10% [ 0.009 | 836.3 [-0.1%[ 0.640 | 0.087 [1.2% [ 0.404
B50 | 0495 |-38% | 0.000 | 1.800 |-12% | 0.000 | 6.018 | 0.1% | 0.935 | 6.018 | -24% | 0.001 | 8511 |1.2% | 0.201 | 0.089 | 3.1% | 0.005
B100 | 0214 [-73% | 0.000 | 1.634 [-20% | 0.000 | 6.127 [1.9% | 0243 | 6.127 | -31% | 0.000 | 862.4 | 2.5% | 0.016 | 0.002 | 6.7% | 0.000
CARB | 0.303 0.712 2.075 0.076 627.5 0.064
B5 | 0295 | -3% | 0.011 | 0686 | -4% | 0.008 | 2.089 |0.3% | 0.298 | 0.070 | -9% [ 0.000 | 624.7 [-0.3% [ 0.191 | 0.067 | 2.9% | 0.031
FTP | B20 | 0263 [-13% | 0.000 | 0665 | -7% | 0.000 | 2.106 | 1.5% | 0.000 | 0.062 | -19% | 0.000 | 6282 |0.1% | 0.733 | 0.065 | 1.4% | 0.145
B50 | 0194 |-36% | 0.000 | 0.609 |-14% | 0.000 | 2.208 | 6.4% | 0.000 | 0.044 | -42% | 0.000 | 6304 |04% | 0.117 | 0.066 | 1.8% | 0.038
B100 | 0087 [-71% | 0.000 | 0522 [-27% | 0.000 | 2.368 [14.1%| 0.000 | 0.027 | -64% | 0.000 | 632.1 [0.7% | 0.018 | 0.067 | 4.4% | 0.001
CARB | 0.180 0.469 1.788 0.056 5447 0.056
50mph| B20 | 0155 |-14% | 0.000 | 0437 | -7% | 0.003 | 1.748 [-2.3% | 0.151 | 0.047 | -16% | 0.000 | 5487 [0.7% | 0.170 | 0.057 | 2.6% | 0.010
cruse[ B50 | 0.114 [-37% | 0.000 | 0.426 | -9% | 0.066 | 1.802 [0.8% | 0.588 | 0.036 | -35% | 0.000 | 552.8 | 1.5% | 0.014 | 0.058 | 3.5% | 0.000
B100 | 0049 |-73% | 0.000 | 0.354 [-25% | 0.000 | 1.883 | 5.3% | 0.000 | 0.023 | -50% | 0.000 | 553.1 | 1.6% | 0.008 | 0.059 | 5.9% | 0.000
* Bold percentage differences are considered statistically significant (p< 0.05. 95% confidence level)
Table 8. Summary of Average Emissions Results for Animal-Biodiesel Blends (2007 MBE4000)*
THC co NOx PM co2 BSFC
Cycle| Fuel g/ﬁ:‘ghr % Diff | P Value g/ﬁ‘::hr % Diff | P Value g/‘:::ihr % Diff | P Value g/‘:;'ghr % Diff [P Value gg;’ihr % Diff | P Value g/‘s;'shr % Diff | P Value
CARB | 0.026 0.013 2.414 0 733.64 0.074
uops |B20_| 0034 | 33% [ 0.000 | 0.016 | 18% [ 0.003 | 2454 [1.6% [ 0.000 [ 0 [224% [ 0.779 [733.891] 0.0% [ 0.000 | 0.075 [ 0.2% | 0.000
B50 | 003 | 8% | 0.695 | -0.003 | -16% | 0.875 | 2.743 | 7.3% | 0.000 | 0.004 | 285% | 0.219 |736.776 | 1.0% | 0.024 | 0.076 | 1.2% | 0.008
B100 | 0027 | 6% | 0.755 | 0.028 [100% | 0.238 | 2.801 [16.0%| 0.000 | 0.004 [1043% | 0.000 [745.008 | 1.5% | 0.009 | 0.08 |8.1% | 0.000
CARB | 0.005 0.084 1.29 0 581.328 0.059
B5 | 0006 | 13% | 0612 | 0072 |-11% | 0202 | 1.314 | 1.3% | 0.000 | 0 | -32% | 0.553 |584.678 | 0.3% | 0.007 | 0.059 | 0.5% | 0.001
FTP | B20 | 0.006 | 13% | 0.376 | 0.082 | 3% | 0.841 | 1.354 | 5.0% | 0.000 | 0 | -40% | 0.341 | 581.70 | 0.1% | 0.743 | 0.059 | 0.3% | 0.182
B50 | 0.028 |-13% | 0.568 | 0.011 |-39% | 0.040 | 2.592 |12.1%| 0.000 | 0.001 | 15% | 0.757 |740.725| 0.2% | 0.391 | 0.075 |0.4% | 0.069
B100 | 0.006 | 5% | 0.756 | 0.023 |-73% | 0.000 | 1.669 | 20% | 0.000 | 0 | -24% | 0.611 [500.872{ 1.6% | 0.000 | 0.064 | 8% | 0.000
CARB | 0.003 0.018 1.224 0.001 508.127 0.052
so0mph| B20 | 0.004 [17% | 0425 | 0017 [ -7% | 0733 | 1207 | 5.9% | 0.000 | 0 | -49% | 0.143 |508.356 [ 0.0% | 0.837 | 0.052 |0.2% | 0.301
Cruise| B50 | 0.003 |-13% | 0.448 | 0.012 |-36% | 0.144 | 1.424 |16.3%| 0000 | 0 | -58% | 0.103 [510.231|04% | 0.150 | 0.052 | 0.6% | 0.036
B100 | 0003 | 3% | 0.905 | 0.008 |-55% | 0.027 | 1.706 [39.4%] 0000 | o | -39% | 0.237 | 514.60 [ 1.3% | 0.002 | 0.056 | 7.8% | 0.000

* Bold percentage differences are considered statistically significant (p< 0.05. 95% confidence level)
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ii. Toxic Pollutant Emissions Results

Toxic pollutants including carbonyls, volatile organic compounds (VOCSs), and polycyclic
aromatic hydrocarbons (PAHs) were measured during chassis dynamometer testing.
Various Genotoxicity measurements were also made. Overall, test results showed
decreases in most PAHs , VOCs, and carbonyls .

The VOC emissions measured for the chassis testing included benzene, toluene,
ethyelbenzene, 1,3-butadiene, m-/p-xylene, and o-xylene. The VOC emissions typically
showed trends for the higher biodiesel blend levels, with emissions for biodiesel being
lower than CARB diesel. Generally, the reductions in aromatic VOCs were consistent
with the reduction in aromatics in the fuel. For lower biodiesel blend levels, the
differences with CARB diesel were typically not significant.®

PAH emissions in the particulate and vapor phase were measured during chassis
testing. The most abundant PAHs measured were naphthalene, 2-methylnaphthalene,
and 1-methylnaphthalene. In all fuels and blends, the emissions of these three
compounds accounted for approximately 70% to 80% of all PAHs measured. The
results for the 2000 Caterpillar C-15 vehicle showed statistically significant reductions in
naphthalene as a function of increasing blend level. More specifically, the reductions in
soy B100 and animal B100 relative to CARB diesel were 52% and 44%, respectively.
Results also showed statistically significant reductions in 1-Methylnaphthalene as a
function of increasing biodiesel blend level for the 2000 Caterpillar C-15. Reductions in
soy B100 and animal B100 relative to CARB diesel were 46% and 67%, respectively.?*

Carbonyl emissions results showed general reductions for most species, including
formaldehyde, acetaldehyde, acetone, and m-tolualdehyde. Test results showed that
formaldehyde and acetaldehyde were the most prominent carbonyls. Acetone
emissions were also prominent for the 2000 Caterpillar C-15. Overall, carbonyl
emissions did not show consistent trends as a function of biodiesel blend level.?

Genotoxicity analyses were also conducted under the CARB Emissions Study.

Mutagen emissions generally decreased as a function of increasing biodiesel blend
level. Mutagen emissions were tested with tester strains TA98 or TA100. For particle
samples tested in TA98, results showed that mutagen emissions decrease with
increasing levels of soy biodiesel. For animal biodiesel, results showed an increase in
emissions compared to CARB diesel. Similar trends were seen in tester strain TA100.%°

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.” Oct 2011, Li, 234.

% 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. 193, 194, 202, 203.
% 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, 164,169,170.

% 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. Liii, 215
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iii. Greenhouse Gas Emissions

In order to determine the GHG impact of a fuel, that fuel must undergo a full fuel
lifecycle analysis (LCA). The LCFS is the mechanism by which ARB conducts LCA of
fuels. LCA under the LCFS yields a carbon intensity (Cl) value of a fuel. Cl is the
amount of GHG emissions per unit of energy contained within the fuel. The outcome of
an LCA is heavily dependent upon the feedstock used to produce the fuel. For
example, waste derived fuels tend to have significantly lower GHG emissions than crop
derived fuels.

The LCFS currently has six LCA pathways that were developed for biodiesel. Table 9
shows the Cl values of diesel and biodiesel in the LCFS.?’

Table 9. Carbon Intensity Values for Biodiesel Compared to CARB Diesel

Direct ClI Indirect ClI Total ClI

Fuel and Pathway Description (9CO,e/MJ) | (9CO.e/MI) | (gCO,e/MJ)

Diesel — ULSD based on the average crude oil

supplied to CA refineries and average CA refinery 98.03 0 98.03
efficiencies

B.IOdIeS.el - ConverS|or1 of W{;\st? .0|Is (uged cooking 15.84 0 15.84
oil) to biodiesel where “cooking” is required

B_|od|es§el - ConverS|or1 of W?.St? _0|Is (used _cooklng 11.76 0 11.76
oil) to biodiesel where “cooking” is not required

Biodiesel — Conversion of Midwest soybeans to 2125 62 8325

biodiesel

Biodiesel — Conversion of waste oils (used cooking
oil) to biodiesel where “cooking” is required. Fuel 18.72 0 18.72
produced in the Midwest.

Biodiesel — Conversion of waste oils (used cooking
oil) to biodiesel where “cooking” is not required. 13.83 0 13.83
Fuel produced in the Midwest.

Biodiesel — Conversion of corn oil, extracted from
distillers grains prior to the drying processes, to 4.00 0 4.00
biodiesel.

Compared to petroleum diesel, the soybean derived biodiesel reduces GHG emissions
by about 15%, while the corn oil derived biodiesel reduces GHG emissions by about
95%.

%" california 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).
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4. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

In this chapter, staff provides the multimedia evaluation air quality assessment and
emissions impact summary, conclusions, and recommendations.

A. Summary

ARB staff completed an air quality assessment of biodiesel fuel. The evaluation
includes a description of the emissions testing protocol and impact analysis on criteria
pollutants, toxic air contaminants, and ozone precursors.

Staff's assessment is based on the data and information provided for the biodiesel
multimedia evaluation, including the UC researchers’ multimedia reports (Final Tier I,
Tier Il and Tier 11l reports) and the CARB Emissions Study by UC Riverside from
emissions testing conducted at CE-CERT and ARB emissions test facilities in Stockton
and El Monte, California.

i. Criteria Pollutants

Emissions testing was conducted on biodiesel (B100) and various biodiesel blends (B5,
B20, B50) compared to the baseline CARB diesel fuel. The test fuels for this program
included five primary fuels that were subsequently blended at various levels to comprise
the full test matrix. Two biodiesel feedstocks were used for testing, including one
soy-based and one animal-based biodiesel fuel. These fuels were selected to provide a
range of properties that are representative of typical feedstocks representing different
characteristics of biodiesel in terms of cetane number and degree of saturation.?®

The biodiesel emissions test program included both engine testing and chassis testing
of multiple blends of biodiesel mixed with CARB diesel. The results of the testing were
straight averages of the difference between biodiesel and CARB diesel emissions.

Engine testing was performed on a 2006 Cummins ISM and 2007 MBE4000 engine.
Chassis testing was performed on the following test vehicles:

2006 International Truck equipped with 2006 Cummins ISM engine
2008 Freightliner Truck equipped with a 2007 MBE4000 engine

2000 Freightliner Truck equipped with a 2000 Caterpillar C-15 engine
Kenworth model T800 truck equipped with a 2010 Cummins ISX engine

The first two vehicles were equipped with the same engines used in engine testing. The
data analysis of the Cummins ISX results was not completed and not included in the
report. Therefore, the Cummins ISX results were not included in staff’s evaluation.

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, xxv.
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Emissions measurements for the engine testing focused primarily on standard
emissions, PM, NOx, THC, CO, and CO,. More extensive testing, including toxics
analyses, was completed for the chassis testing.

Average PM emissions showed consistent and significant reductions for all biodiesel
blends, with the magnitude of reductions increasing with blend level. For the 2006
Cummins engine over the FTP cycle, PM reductions for soy-based biodiesel were
approximately 6% for B5, 25% for B20, and 58% for B100. For animal-based biodiesel,
PM reductions ranged from 19% for B20 to 64% for B100.

Average NOx emissions showed trends of increasing NOx emissions with increasing
biodiesel blend level. Soy-based biodiesel blends showed a higher increase in NOx
emissions for essentially all blend levels and test cycles compared to animal-based
biodiesel blends. For soy-based biodiesel over the FTP cycle, results for the 2006
Cummins engine showed NOx impacts ranging from an increase of 2.2% for B5, to
6.6% for B20, to 27% for B100. Animal-based biodiesel results showed NOx impacts
from 1.5% for B20 to 14% for B100. For the 2007 MBE4000 engine, NOx increases
were greater than those of the 2006 engine for nearly all biodiesel blends and test
cycles.

Average THC emissions for the 2006 Cummins showed consistent and significant
reductions for biodiesel blends, with the magnitude of reductions increasing with blend
level. THC reductions over FTP for soy-based biodiesel ranged from 6% for B10, to
11% for B20, to 63% for B100. For animal-based biodiesel, THC reductions ranged
from 13% for B20 to 71% for B100.

Average CO emissions also showed consistent and significant reductions for
animal-based biodiesel, ranging from 7% for B5, 14% for B20, to 27% for B100. For
soy-based biodiesel, CO trends were less consistent with some results not statistically
significant.

Average CO; emissions showed a slight increase for the higher biodiesel blends. For
the 2006 Cummins engine, the increase ranged from about 1% to 4%, with increases
being statistically significant for the B100 fuels for all of the tests, for the B50 fuel for the
cruise cycles, and for some other testing combinations. For the 2007 MBE 4000, only
the B100 showed consistent and statistically significant increases for the different
cycles, ranging from 1% to 5%.

The biodiesel blends showed an increase in fuel consumption with increasing biodiesel
blends. The fuel consumption differences were generally greater for the soy-based
biodiesel in comparison with animal-based biodiesel for the 2006 Cummins engine, but
not for the 2007 MBE 4000 engine. For the 2006 Cummins engine, changes in fuel
consumption for soy-based biodiesel blends ranged from 1.4% to 1.8% for B20 to 6.8%
to 9.8% for B100. Animal-based biodiesel blends ranged from no statistical difference
to 2.6% for B20 to 4.4% to 6.7% for B100. For the 2007 MBE4000 engine, the
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differences in fuel consumption ranged from no change to 2.5% for B50 and lower
blends, while the increases for B100 blends ranged from 5.6% to 8.3%.

ii. Toxic Air Contaminants

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 results show that the use of biodiesel reduces PM emissions with increasing blend
levels.

Other toxic emissions tests were conducted for various carbonyls, VOCs, and PAHS.
Overall, toxics test results show decreases in most PAHs and VOCs. Carbonyl
emissions did not show any consistent trends between different fuels. Genotoxicity
assays were performed results showed either reduced toxicity compared to CARB
diesel or no difference in toxicity.

iii. Ozone Precursors

As previously stated, THC emissions showed consistent and significant reductions with
the magnitude of the reductions increasing with blend level. However, NOx was found
to increase at certain biodiesel blend levels. The results of this study apply specifically
to heavy-duty vehicles that do not use post-exhaust NOx emissions control. Therefore,
the results of this study should not be extended to New Technology Diesel Engines
(NTDES) or light-duty and medium-duty vehicles.

“‘New Technology Diesel Engine” means a diesel engine that meets at least one of the
following criteria:

(1) 2010 ARB emission standards for on-road heavy duty diesel engines under
Title 13, California Code of Regulation (CCR), Section 1956.8;

(2) Tier 4 emission standards for non-road compression ignition engines under
13 CCR 2421, 2423, 2424, 2425, 2425.1, 2426, and 2427; or

(3) Equipped with or employs a diesel emissions control strategy, verified by ARB
pursuant to 13 CCR 2700 et seq., which uses selective catalytic reduction to
control NOx.*

Engines that meet the latest emission standards through the use of Selective Catalytic
Reduction (SCR) have been shown to have no significant difference in NOx emissions
based on the fuel used. A study conducted by the National Renewable Energy

Laboratory (NREL) looked at two Cummins ISL engines that were equipped with SCR,

# california Air Resources Board, Staff Report: Initial Statement of Reasons for Proposed Rulemaking,
Proposed Regulation on the Commercialization of New Alternative Diesel Fuels. October 23, 2013, A-6.
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and found that NOx emissions control eliminates fuel effects on NOx, even for B100 and
fuels compared to CARB diesel.*

Light-duty and medium-duty vehicles have similarly been found not to experience
increases in NOx due to the use of biodiesel. For example, a study performed on three
light-duty vehicles using different biodiesel blends found no significant and consistent
pattern in NOx emissions based on blend levels across the different engines, blends
and cycles.®*

iv. Greenhouse Gas Emissions

Biodiesel blends showed an increase in average BSFC with increasing levels of
biodiesel. This is consistent with expectations based on the lower energy density of
biodiesel. The changes in fuel consumption for soy-based biodiesel blends for the 2006
Cummins engine range from 1.4% to 1.8% for B20 to 6.8% to 9.8% for B100. The
changes in fuel consumption for animal-based biodiesel blends for the 2006 Cummins
engine range from no statistical difference to 2.6% for B20 to 4.4% to 6.7%for B100.%

However, as with any alternative fuel, determination of GHG emissions impact is the
result of a full LCA of the fuel. The outcome of an LCA is greatly dependent on the
feedstock source. The LCFS LCA of biodiesel shows reductions in GHG emissions by
about 15% to 95% depending on feedstock source.®

B. Conclusions

Based on a relative comparison between biodiesel and CARB diesel, staff concludes
that the use of biodiesel and the resulting air emissions do not pose a significant
adverse impact on public health or the environment.

Staff also makes the following general conclusions:

e Biodiesel reduces PM emissions in diesel exhaust.

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

e Biodiesel reduces CO emissions in diesel exhaust.

e Biodiesel reduces THC emissions in diesel exhaust.

e Biodiesel at certain blend levels increases NOx emissions in diesel exhaust.
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