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4.1. Biofuel Types and Definitions
As the name suggests, biofuels are derived from biological materials, as opposed to fossil fuel
feedstocks. Several types of biofuels are being produced from a wide range of biomass materials and
through a variety of conversion processes or pathways. The primary biofuels that are commercially
produced today are ethanol, made from sugars and starches, and biodiesel, produced from animal fats
or vegetable oils. Biofuels are further divided into two categories – either “first generation” or
“advanced” biofuels. First generation biofuels include starch-based ethanol as well as oil crop-based
biodiesel. Corn, wheat, sugar, soybean, and palm oil are the commonly used first-generation feedstocks.
These biofuels typically reduce carbon intensity by 5%-30% vs. a gasoline baseline. Production of these
biofuels is now at a large commercial scale nationally, as first-generation biofuels are blended into
existing fossil-fuel based gasoline, and are supported by a variety of federal tax incentives and
investment policies.
Many first generation biofuels are widely considered to be environmental sub-optimum insofar as they
may displace food production and have a higher carbon intensity and a lower “energy return on energy
invested” (EROEI) than more advanced biofuels. In 2014, corn grown for biofuel production in the U.S.
exceeded corn grown for human and animal consumption for the first time in history, leading to
widespread concern that the “feeding” of automobiles was increasing food insecurity on a global basis.
Many food systems analysts have warned that the trend toward fossil-fuel intensive first generation
biofuel production is raising food prices beyond the reach of many of the world’s poorest populations,
and that the energy return on energy invested in first-generation biofuels is unfavorable compared to
many other forms of fuel production.
Advanced biofuels – also called second or third generation biofuels – include biofuels produced from
non-corn starch, sugar, or cellulosic biomass. These feedstocks have more favorable environmental
profiles insofar as they do not necessarily displace other agricultural crops, and can be grown on lowerquality land with reduced fossil fuel inputs such as nitrogen fertilizer. As a matter of EPA definition,
advanced biofuels reduce carbon intensity by 50% or more vs. the gasoline baseline.1 (Specific carbon
intensities of various feedstocks are noted later in this chapter). Feedstocks for advanced biofuels
include agricultural waste, perennial grasses, farmed woody biomass that can be derived from bamboo
or other trees, waste oils, algae, and post-recycled waste.
Biofuels are used primarily to fuel vehicles, but can also fuel engines or fuel cells to generate electricity.
Biofuels can be deployed as “drop-in” substitutes or blended with fossil-fueled gasoline and diesel to
power light duty and heavy duty vehicles, marine transport, railroads, aviation, and free-standing diesel
electric generators for irrigation pumping. The uses of biofuels (and the percentage of biofuels used in
blended formulations with fossil fuels) is constantly expanding as manufacturers design and test their
engines for increasing biofuel content.
4.2. The Importance of Biofuels in Decarbonizing Transportation and Achieving GHG Goals: Global,
national, and state-level climate and energy analyses have concluded that low carbon biofuels will be
essential to reduce greenhouse gases to the levels needed to mitigate the worst impacts of global
warming. Biofuels are particularly essential to decarbonize those transportation sectors which are most
dependent on fossil fuels, and the most costly and technically challenging to electrify -- notably longhaul trucking, aviation, rail, and marine transport. For many of these applications, batteries are
1

http://www.c2es.org/technology/overview/biofuels
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currently too heavy to support the needed travel distances and hydrogen suffers from low energy
density and costly pathways to scaled low-carbon production. Given these constraints, the
International Energy Agency (IEA, 2012) projects that approximately 25 percent of global
transportation energy in 2050, or nearly 250 billion gallons of gasoline equivalent (GGE), must come
from advanced, low carbon biofuels if the world is to limit global warming to a two-degree Celsius
increase -- the current goal of international climate policy.
4.3. Federal Biofuels Policy Regarding First Generation and Advanced Biofuels: Recognizing the
importance of biofuels in the decarbonization of transportation, in 2007, the U.S. Congress passed
the Energy Independence and Security Act (EISA), which created robust goals for boosting renewable
fuel production and use. The federal policy path created new economic supports for expanded corn
ethanol production, to be followed by a transition to cellulosic or algal materials that (once fully
implemented) will not compete directly with food supplies. At the center of the EISA legislation is the
Renewable Fuel Standard (RFS), which established a mandate for the production of 15 billion gallons
of corn ethanol by 2015, and a gradually phased-in target for cellulosic fuels reaching 16 billion
gallons per year by 2022, plus an additional one billion gallons of biodiesel to be produced from
algae, waste oils, and oil seed crops. Altogether, the Renewable Fuel Standard has mandated 36
billion gallons of renewable fuel to be blended into transportation fuels nationwide by 2022 in four
broad categories: cellulosic, biomass-based diesel, advanced biofuel, and total renewable fuels.
Corn ethanol was expected to enable cellulosic and algal biofuels to leapfrog forward by putting in
place a flexible production and distribution infrastructure that could handle diverse feedstocks with
superior GHG and sustainability characteristics. However, the jump from demonstration to commercial
stage has proven much more difficult than expected for cellulosic and algal biofuel companies. In 2013,
the production of starch and oil-crop-based fuels topped 14 billion gallons while less than one million
gallons of cellulosic biofuels were produced. The original nationally mandated level of cellulosic biofuels
for 2013 had been one billion gallons. To date, even smaller volumes of algae-based fuels have been
produced. The EPA’s original target ranges for each fuel category are shown below for 2014.
4.4. National Renewable Fuel Volumes and Renewable Fuel Standards (2014)
Category
Cellulosic Biofuel
Biomass-Based Diesel
Advanced Biofuel
Total Renewable Fuels

Range of Volume*

Proposed Volume*

Required
Percent of Fuels

8-30 million gallons
1.28 billion gallons
2.0-2.51 billion gallons
15.00-15.52 billion gallons

17 million gallons
1.28 billion gallons
2.20 billion gallons
15.21 billion gallons

0.01 percent
1.16 percent
1.33 percent
9.20 percent

Source: U.S. EPA website. *All volume is reported in ethanol-equivalent gallons, except for biomass-based diesel, which is in
native gallons.

Since 2007, many of the real-world impacts of federal biofuel policies have been considered
problematic from both an environmental and economic perspective, primarily with respect to corn
ethanol and certain imported biofuels, notably sugarcane and palm oil based fuels from Brazil and
Southeast Asia. Corn ethanol production has been very energy-intensive (Farrell et al., 2006),
consumed large amounts of land, raised food prices (Fresco, 2009), and indirectly increased
greenhouse gas emissions by diverting land to corn production (Fargione et al., 2008; Searchinger et al.,
2008). To satisfy both American and European biofuel mandates, there has been substantial clearing of
Amazonian lands in Brazil and rainforests in Southeast Asia to enable the development of palm oil
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based biofuel crops. Most disappointingly, the development of low-carbon advanced biofuels has
lagged far behind expectations. Informed by these unintended consequences and shortfalls in federal
biofuels policy, California policies have been designed to spur ecologically sustainable fuel pathway
development within the state.
4.5. California Biofuels Policy and Investments - Production and Use Goals: At approximately the same
time as President George W. Bush first proposed a major federal biofuels policy initiative, the
administration of Governor Schwarzenegger developed the Bioenergy Action Plan for California, released
in July 2006. This Action Plan established for the first time a set of specific biofuels use targets in
California: 0.93 million gasoline gallon equivalents (GGE) in 2010, 1.6 billion GGE in 2020, and 2 billion
GGE in 2050. In addition, in-state production goals were established to ensure that California’s economy
would reap the benefits of the new mandates. These goals called for a minimum of 20 percent of
biofuels production within California by 2010, 40 percent by 2020, and 75 percent by 2050. In-state
production potential was estimated to be substantial because California produces approximately 80
million dry tons of biomass from the state’s farms, dairies, forests, and landfills. Using waste materials
from the agricultural, forestry, and urban waste streams could advance many environmental goals at
once, including reduced air emissions, landfill, and wildfire risk, among other benefits. As a whole,
biofuels have been expected to provide large GHG emission reductions (up to 75 percent compared to
gasoline) because carbon dioxide emissions from the burning of biofuels are recycled through plant
photosynthesis in the growth of biofuel feedstocks.
As part of the 2007 state BioEnergy Action Plan, the state articulated a variety of additional policy goals
and measures to achieve them. Highlights of the Action Plan include the following measures, which are
now well-advanced:
General Biofuels – Immediate and Mid-Term Actions
1. Undertake a multimedia evaluation of the effects on air quality, water quality, and waste
disposal requirements.
2. Encourage California businesses to develop fuel production technologies and
produce low-carbon biofuels from in-state feedstocks.
3. Verify the performance and environmental attributes of advanced gasoline biofuel
blending components for compliance with the Low Carbon Fuel Standard (LCFS) by 2020.
4. Improve and expand terminal storage of fuel and transport logistics for biofuels
production.

Ethanol – Immediate Actions
1. Develop 30-60 ethanol production plants in California using imported corn feedstocks initially,
but transitioning to production from agricultural, forestry, and urban wastes; producing
biomethane and biogas; using purpose-grown crops such as sugar cane.
2. Complete a cellulosic ethanol proof-of-concept production plant.
3. Facilitate automaker certification of Flexible Fuel Vehicles (FFVs) to meet California air
emission standards.
4. Facilitate automaker commitments to produce FFVs to enable FFVs to comprise a sizeable
portion of a total of 750,000 alternative fuel vehicles added per year over five years.
5. Expand installation of higher blends of ethanol (E-85) pumps in 2,000 stations over the next
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10 years based on geographic distribution of FFVs within the state.
6. Conduct consumer education and outreach programs to highlight FFV and biofuel
attributes and identify locations for alternative fueling stations.
Ethanol – Mid-Term Actions
1. Ease transition of ethanol production facilities in California from imported corn
feedstocks to low-carbon California biomass feedstocks.
Renewable Diesel and Biodiesel Immediate Actions
1. Develop renewable diesel and biodiesel production plants in California to displace 1
billion gallons of diesel over 10 years.
2. Establish a California fuel producer’s tax credit or subsidy to complement the
existing federal fuel producers’ credit.
3. Continue and expand ongoing R&D to optimize favorable fuel characteristics,
performance, fuel quality, and environmental impacts, such as nitrogen oxide
emissions of higher blend renewable/biodiesel in ratios between 5 to 20 percent.
4. Facilitate development of “sustainability standards” for renewable diesel and
biodiesel feedstocks (canola oil, palm oil, soy oil, waste grease, and other sources).
5. Research and develop ways to resolve cold weather performance for higher level
renewable/biodiesel blends in engines.
SOURCE: California Alternative Fuels Investment Plan, 2007, CEC and CARB. CEC-600-2007-011-CMF, pp. 23-25.

4.6. California Blending Requirements: For more than a decade, gasoline sold in California has been
blended with 5.7 percent biofuel on average. In June 2007, ARB revised its reformulated gasoline
regulations to enable up to 10 percent ethanol to be blended with gasoline. Increasing California
ethanol/biofuels use beyond the 10% level will require widespread use of Flexible Fuel Vehicles (FFVs),
which are designed to operate on formulations containing up to 85 percent ethanol blended with fossil
fuel based gasoline -- known as E-85. The development of advanced biofuels could also allow systemwide blends beyond 10 percent as a “drop-in” gasoline substitute without requiring use of purpose-built
FFVs. Advanced biofuels are defined to have a minimum of a 50 percent reduction in carbon intensity
over gasoline and diesel, so even modestly increased blend levels in California’s fuel supply could help
California meet the state’s Low Carbon Fuel Standard (LCFS) targets.
4.7. E85 Fuels and Flexible Fuel Vehicle (FFV) Characteristics and Deployment: Ethanol, or ethyl alcohol,
is a clear, colorless liquid that is chemically the same alcohol as found in alcoholic beverages. Ethanol
use has a number of functional advantages over gasoline, in addition to reduced carbon intensity (with
the specific reduction level dependent on feedstock types). Thanks primarily to favorable incentives and
tax treatment, ethanol can be cheaper at the pump than regular gasoline. E85 typically increases
horsepower and octane (rated at 105 octane), and thus reduces engine knocking and pinging. It also
reduces fuel injection system build up. However, consumers who use E85 in their FFVs will experience
between 23 and 28 percent lower fuel economy compared to gasoline that contains only 10 percent
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ethanol. This means that a retail station owner typically needs to price E85 at more than 23 percent
lower than gasoline to entice consumers to alter their existing purchase habits.2
Flexible Fueled Vehicles are defined as vehicles that are warrantied to run on either regular gasoline
or on E-85 (or another intermediate blend, such as E-20). The size and substantial market
penetration of FFVs may be the best-kept secret in American transportation. E85 fuel has been in the
marketplace for nearly two decades, but sales were modest until 2013, when Renewable Fuel
Standard requirements and favorable blending economics spurred substantial sales growth. There
are now approximately 3,250 retail stations offering E85 today in the U.S. -- although only about 100
E85 stations in California. As of 2014, approximately 25% of new vehicles sold in the U.S. were FFVs
capable of operating on E85. This includes approximately half of new models produced by Ford,
Chrysler and General Motors, as well as select models made by Volkswagen, Land Rover, Jaguar,
Toyota, Mercedes-Benz, Bentley and Audi. On a cumulative basis, nearly one of out every ten cars on
the road nationally is an FFV. However, many consumers are completely unaware of whether they are
already driving an FFV, and may never have fueled their car with E85.
To determine if a particular car is an FFV, check the fuel door, look for an exterior FFV badge or a
yellow gas cap, or consult the owner’s manual. The Renewable Fuels Association also maintains a
comprehensive listing of FFVs at their website at:
http://ethanolrfa.3cdn.net/c1cbb67143f6ec4358_97m6buo45.pdf According to the most recent
data available from the US Energy Information Administration (Annual Energy Outlook 2013), there
were nearly 13 million flex fuel cars on the road nationwide as of 2013, and over 400,000 FFVs in
California. (http://www.eia.gov/tools/faqs/faq.cfm?id=93&t=4) FFVs cost around $100 more per
vehicle to manufacture compared to a non-FFV of the same model (Reuters, 2010; Hess, 2007).
Through 2016, automakers receive additional credits from selling FFVs to comply with the EPA’s
greenhouse gas standards. Despite the slightly higher cost of manufacture, this incentive has
effectively driven substantially increased production and sales of FFVs in recent years.
4.8. Flex Fuel Vehicles vs. Regular Gasoline Vehicles: FFVs differ from regular gasoline vehicles insofar
as they contain a fuel sensor that detects the ethanol/gasoline ratio. In addition, the fuel tank, fuel lines,
fuel injectors, computer system, and anti-siphon device have been modified to enable use with E85,
including use of a stainless steel fuel tank and Teflon-lined fuel hoses. The use of E85 in gasoline-only
vehicles is not recommended as it may cause damage due to the incompatibility of ethanol with regular
parts in gasoline-only engines. Despite the rapidly growing availability of FFVs, drivers of Flex Fueled
Vehicles in the U.S. have consumed relatively little E85, choosing instead to power their vehicles with
regular gasoline (or technically speaking with the E-5 or E-10 blends that are now generally deployed
nationwide in compliance with the federal Renewable Fuel Standard). In recent years, only 1-3% of the
fuel consumed by FFVs has been E85, as noted in the table below. The low consumption of E-85 is due
in part to limited distribution, but also to the fact that many FFV owners are not aware that they drive a
FFV, Another key contributing factor to under-consumption of E-85 is that the fuel is much less energy
dense, resulting in a reduction in fuel economy of more than 20% on average vs. standard gasoline.

2

http://www.ecy.wa.gov/climatechange/cleanfuels/PacificCoastRegionLCF_Jan2015.pdf
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FFV Deployment and E85 Fuel Consumption in the U.S. in 2011-2013 (EIA, 2014)
2011

2012

2013

Flexible Fuel Vehicles (millions)

9.94

11.38

12.82

E85 (million gallons)

25.4

132.0

175.8

% of FFV miles driven on E85

0.6%

2.5%

3.0%

Location of E85 Retailers and Pricing of E85 Fuel: There are approximately 3,250 retail stations offering
E85 today in the U.S. today. A comprehensive listing of E85 retailers is available at the DOE’s Alternative
Fuel Station Locator at http://www.afdc.energy.gov/locator/stations/. At this website, the user can
specify the kind of fuel wanted, enter an address, and the locator will map out the closest stations that
sell that fuel. Drivers using a Garmin or TomTom GPS device can also use the Renewable Fuel
Association’s Points of Interest (POI) E85 Fuel Locator application to identify nearby stations. A Flex Fuel
Station Locator can also be downloaded from the Apple App Store or the Android
Marketplace. Information on E85 pricing can be found at www.chooseethanol.com. A recent search
(July 2015) found prices as low as $1.90 in Iowa and as high as $3.49 in California, with average pricing in
the $2.50 range nationally and somewhat higher in California. Within California, there are only 98 E85
fueling stations listed at the California station located at the e85.com website
(http://www.e85vehicles.com/e85-stations/e85-california.html).
4.9. Projections for Increased Ethanol Use and E85 Fueling Station Deployment: The revised federal
Renewable Fuel Standard (RFS2) mandate establishes a maximum volume of federally incentivized corn
ethanol production -- and mandates specific volumes of lower-carbon biofuels that meet the technical
specifications for EPA designation as an “advanced biofuel” – which requires a minimum 50% reduction
in carbon intensity vs. petroleum based fuels. These RFS volume mandates apply to all petroleum fuel
producers nationwide. The California Energy Commission projects that the federal Renewable Fuel
Standard combined with the state’s Low Carbon Fuel Standard spur the production and sale of 2.7 billion
to 3 billion gallons of ethanol by 2030. Reaching these levels of E85 consumption is of course contingent
upon the number of FFVs on the road, adequate E85 fueling stations and fuel supplies, and the
willingness of California FFV drivers to actually purchase E85 fuels if available.
To realize the 2030 RFS2 forecast, the consulting firm ICF International estimates that the installation of
between 1,300 and 13,000 new E85 dispensers will be required by 2022, depending on total consumer
demand and dispenser throughput.3 The estimated average cost per E85 dispensing unit, including
installation and permitting of tank, dispenser, and other components is approximately $330,000, based
on recent grant award data from the California Energy Commission. However, California retail gas
station owners and operators have no obligations under the RFS2 regulations or the LCFS to actually
offer E85 for sale -- and little or no financial incentive to make an investment of this size for new E85
infrastructure. Expanded E85 fueling is challenging not only because of the up-front capital outlay, but
also because owners face significant difficulty in setting the retail price of E85 low enough relative to
regular gasoline (with its superior energy density and MPG) to attract customers while still making a

3
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profit. In specific terms, the ethanol price has not been consistently less than the 20% discount relative
to gasoline that is required to compensate drivers for the decreased fuel economy of E-85.
To spur broader access to E-85, the Energy Commission has plans to fund over 100 new E-85 locations by
2016. In addition, the Energy Commission has invested $6 million in recent years to encourage California
ethanol producers to leverage their efforts in new and retrofitted production technologies, feedstocks,
and facilities through the California Ethanol Producer Incentive Program, known as CEPIP. This program
has provided targeted production incentives to reduce the carbon intensity of ethanol and to promote
cellulosic feedstock use. Despite these efforts, economic conditions have slowed expansion of in-state
ethanol production, and CEC investment strategies in ethanol are being reassessed.
4.10. Flex Fuel Vehicle Sales Projections: Despite limited success in boosting E-85 consumption, the
outlook for Flex Fuel Vehicle deployment is robust in both the automobile and light truck segments
(including pickups and SUVs). The strong sales projections below reflect the reality that there is no
substantial price premium on FFVs compared to regular gas vehicles, and consumers have no reason to
“opt out” of vehicle models that come with FFV capability as standard equipment across the model line.
The International Council for Clean Transportation projects that 2020 sales of FFVs will be 3% for cars
and 15% for light trucks at the “low” case, and as high as 13% for cars and 52% for light trucks in the
“high” case.
Flex Fuel Vehicle Sales Growth Projections (percentage of annual sales)
CASE

Low
Low-med
Medium
Med-high
High

VEHICLE TYPE

2010

2020

2030

Cars
Light trucks
Cars
Light trucks
Cars
Light trucks
Cars
Light trucks
Cars
Light trucks

3%
15%
3%
15%
3%
15%
3%
15%
3%
15%

3%
15%
5%
18%
6%
22%
7%
26%
13%
52%

3%
15%
5%
18%
6%
22%
7%
29%
15%
58%

SOURCE: Potential low-carbon fuel supply to the Pacific Coast region of North America,
The International Council on Clean Transportation. Washington, D.C., Malins, C., Lutsey, N.,
Galarza, S., Shao, Z., Searle, S., Chudziak, C., & van den Berg, M. (2015).

As discussed above, the volume of ethanol actually consumed by FFV’s does not exist in a linear
relationship to the number of FFVs deployed. Currently, FFVs in the U.S. only use E85 for 1% of total
miles traveled on average. However, this fraction is expected to rise in the future, according to
recent estimates below by the International Council on Clean Transportation.
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Projected Share of Vehicle Miles Traveled on E85 by Flex-fuel Vehicles
CASE

2010

2020

2030

Low

1%

4%

8%

Low - Medium

1%

6%

12%

Medium

1%

7%

14%

Medium - High

1%

9%

18%

High

1%

15%

30%

SOURCE: Potential low-carbon fuel supply to the Pacific Coast region of North America,
The International Council on Clean Transportation. P. 84

4.11. National E85 Fuel Consumption Projections: The U.S. Energy Information Agency (EIA)
Outlook 2014 forecasts growing consumption of E85 to 2020 and 2030, but not to a level that
would enable the original RFS targets to be met. Interestingly, EIA has dramatically changed its
forecast of E85 consumption in its 2012, 2013, and 2014 Annual Energy Outlooks (see below) and
does not discuss the reasons behind these changes. It is worth noting that EIA forecasts are
frequently far off the mark, as it is exceedingly difficult to predict future oil or agricultural price
behavior. Oil is subject to numerous political, technical, and macroeconomic factors, and
agricultural crops are (in addition to these factors) subject to the vagaries of weather, longer-term
climate change, consumer demand, and government price supports and other policies.

Projected E85 consumption in the U.S. from 2011-2040 according to
EIA’s Annual Energy Outlooks published in 2012, 2013, and 2014.

4.12. The Federal Renewable Fuel Standard (RFS) Mandates and Ethanol Consumption Growth: As
noted earlier, the federal Renewable Fuel Standard originally required 7.5 billion gallons of renewable
fuel to be blended into gasoline by 2012. Under the follow-on Energy Independence and Security Act
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(EISA) of 2007, the revised RFS program (RFS2) expanded the volume of renewable fuel required to be
blended into transportation fuel from 9 billion gallons in 2008 to 36 billion gallons by 2022. It also set
forth additional requirements for biodiesel and renewable biodiesel (discussed in depth in Section 4.37
of this chapter).
According to the EPA, U.S. non-petroleum fuel production is projected to grow from 1.09 million barrels
per day in 2011 to just under 2 million barrels per day in 2040 (an oil barrel is 42 US gallons), or 30.66
billion gallons per year. In 2011, ethanol production was nearly 14 billion gallons per year (just over 10
percent of total gasoline consumption). In compliance with the RFS2, the EPA established an interim
mandate for biodiesel at 1.28 billion gallons per year by 2013. In addition to the biodiesel mandate, the
EPA has required that production of advanced biofuels (meaning all fuels with at least a 50 percent
emissions reduction from gasoline), will increase from 2 billion gallons to 2.75 billion gallons in 2013.
Total U.S. Renewable Fuel Requirements, 2011 – 2013 (billion gallons unless noted)
Fuel Type

2011

2012

2013

Cellulosic biofuel

6.6 million

10.45 million

14 million

Biodiesel

0.8

1

1.28

Advanced biofuel

1.35

2

2.75

Total Renewable fuel
(Including Ethanol)

13.95

15.2

16.55

Source: EPA (2013) http://www.epa.gov/otaq/fuels/renewablefuels/regulations.htm
Note: Volumes are ethanol-equivalent, except for biodiesel which is actual volume.

4.13. Potential to Expand E85 and Biofuel Production in California: Although take-up of E85 has been
slow, CARB and the California Energy Commission remain committed to both Flex Fuel Vehicles and the
broader biofuels opportunity -- for the simple reason that the potential for GHG reduction is so large.
With biofuels defined as gasoline substitutes, diesel substitutes, and biomethane, the biofuels sector as
a whole represents the largest existing stock of alternative fuel in California’s transportation sector. Of
the roughly 28.4 million vehicles on California’s roads, more than 96 percent rely on gasoline or diesel
for fuel. If low-carbon biofuels were to become available in the right quantity and price, they could
directly displace the roughly 13 billion gallons of conventional gasoline and 3.3 billion gallons of diesel
used per year in California – thereby reducing both GHG emissions and petroleum dependence. For this
reason, the CEC continues to invest heavily in companies and communities with the potential to develop
economically competitive biofuels from renewable and low-carbon feedstocks.
4.14. Ethanol Production and Use in California: Currently, ethanol is used primarily as a fuel additive
with gasoline in concentrations of either 10 percent (E10) or 85 percent (E85). However, the vast
majority of ethanol is consumed in the E10 blend, which is broadly distributed in alignment with the
federal Renewable Fuel Standard. To give a sense for the difference in scale between deployment of
E-10 (the standard fuel type), and E-85, approximately 1 million FFVs registered in California used just
6.6 million gallons of E85 in 2013, versus 1 billion gallons of ethanol used in the blending of B-10!
Virtually all of the ethanol currently used in California is imported from out of state. ICF and other
sources project that near-term ethanol supplies will continue to be produced from imported Midwest
corn, while in-state production will feature both waste stream sources and purpose-grown energy
crops, such as switchgrasses and sugar cane grown in the Imperial Valley. Maximizing in-state
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production of ethanol has been a policy goal of the state for the last decade – with biomass residues
from agricultural, forestry, and urban sources heavily favored for ethanol production, given the large
volume of California’s untapped biomass resource. Currently, the state is estimated to have the
capacity to produce nearly 220 million gallons of ethanol per year, using primarily corn or sorghum as
a feedstock. There are four major in-state ethanol plants operational, but according to the CEC,
several have experienced lengthy idling periods in the past because of the unattractive producer price
and weak demand for ethanol.
4.15. California’s Low Carbon Fuel Standard (LCFS) and the Shift to Lower Carbon Ethanol: Total instate ethanol consumption has not substantially changed since 2011; however, production has
steadily shifted to lower-carbon-intensity ethanol feedstocks. Like other biofuels, ethanol is eligible
for Low Carbon Fuel Credits. The number of credits provided to ethanol has increased almost 40
percent in 2013 vs. 2012 because of the shift to lower-carbon production (with LCFS credits being
distributed in proportion to carbon intensity.) However, ethanol as a share of all LCFS credits fell from
about 73 percent in 2012 to about 53 percent in 2013 due in large part to increasing production of
renewable diesel and biodiesel. It is anticipated that ethanol will continue its trend toward lower
carbon intensity thanks to a combination of LCFS credits and advances in low-carbon biofuel
production capacity.
4.16. Prospects for E15 Ethanol Blend Utilization and Feedstock Diversification: In a recent
comprehensive study on alternative fuels in the Pacific Coast region, ICF Consulting assumed that
ethanol would continue to be blended into gasoline at a rate of 10 percent by volume, consistent with
today’s reformulated gasoline requirements. However, ICF anticipates that an E15 blend will also be
introduced soon and be consumed in meaningful quantities in the 2017-2018 timeframe as a result of
policy drivers such as the state LCFS and the federal RFS2. The chart below indicates the diversity of
feedstocks that California and out of state suppliers can drawn on to boost their production of lowercarbon ethanol, in alignment with LCFS goals.

Overview of Ethanol Feedstocks
Corn, Conventional (Midwest): Corn from conventional processes is typically sourced from the
Midwest and has been the most common feedstock for ethanol consumed in California. Nearly 1.5
billion gallons of corn ethanol are consumed in California today as an oxygenator in reformulated
gasoline.
Corn (California-produced): California currently has seven ethanol production facilities with a
combined nameplate production capacity of more than 250 million gallons. However, actual production
capacity is close to 200 million gallons annually. ICF estimates that there is potential for actual
production capacity to ~220 million gallons.
Corn, low carbon intensity: There is potential to lower the carbon intensity of corn ethanol, with a
potential lower limit of 73 g/MJ (per ICF estimates). A variety of lower carbon pathways have been
reviewed and approved by CARB.
Sugarcane: Most sugarcane ethanol is produced in Brazil and shipped via tanker to the United States.
The ethanol arrives in California either via port or rail after landing in Texas. An estimated 90 million
gallons comes to California, out of 500 million gallons of sugarcane ethanol imported in 2012.
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Cellulosic: Cellulosic ethanol is produced from wood, grasses, or other lingocelluosic materials.
Cellulosic ethanol production capacity in California will be increasing in coming years to reduce the
carbon intensity of ethanol and create a more sustainable feedstock strategy that does not compete
with food supplies.
4.17. Estimating GHG Impacts and Carbon Intensity Values for Biofuels: If grown in a sustainable
manner, biomass (in and of itself) is considered a carbon-neutral energy source – meaning that the
greenhouse gas emissions (tracked in the form of CO2 equivalent or CO2e), released from converting
biomass to energy are equivalent to the amount of CO2e absorbed by the plants during their growing
cycles. Sustainable biomass sources refer to those that limit land use change, avoid pollution, prioritize
waste materials, and regrow quickly without substantial energy and chemical inputs. Without actions to
ensure ecological sustainability, however, an increase in dedicated biofuel crops can result in undesirable
land use impacts, unfavorable energy return on energy invested (EROEI) and increased pesticide use.
Additionally, fossil fuel used in biomass harvesting, transporting, and processing has an effect on total
emissions, and must be considered in a full life-cycle analysis.
It is challenging to design scientifically-based, equitable methodologies for estimating lifecycle
greenhouse gas emissions for both petroleum- and bio-based fuels. In practice, not all greenhouse gas
emissions can be included in a fuel’s greenhouse gas footprint. To address this challenge, the Argonne
National Laboratory has developed a full life-cycle model called GREET (Greenhouse gases, Regulated
Emissions, and Energy use in Transportation). It enables researchers to evaluate various vehicle and fuel
combinations on a full fuel-cycle and a full vehicle-cycle basis. The first version of GREET was released in
1996. Since then, Argonne has continued to update and expand the model. The most recent GREET
versions are the GREET 1/ 2014 version for fuel-cycle analysis and GREET 2/ 2014 version for vehiclecycle analysis. GREET is provided as a public domain, multidimensional spreadsheet model in Microsoft
Excel, and is available free of charge at https://greet.es.anl.gov.
With GREET or any other model, some emissions are directly measurable, including tailpipe CO2, while
others must be estimated, such as indirect land use change occurring because of displaced food crops
from increased biomass crops. In the case of biofuels, the following diagram of the lifecycle pathway of
corn ethanol indicates the complexity of the measurement process.
Diagram of Lifecycle Emissions Pathway, Corn Ethanol

Source: Delucchi, M., A Lifecycle Emissions Model (LEM): Lifecycle Emissions from Transportation Fuels,
Motor Vehicles, Transportation Modes, Electricity Use, Heating and Cooking Fuels, and Materials,
http://www.its.ucdavis.edu/publications/2003/UCD-ITS-RR-03-17X.pdf
The table below illustrates the carbon intensity values used for fuels that substitute for gasoline. Unless
otherwise noted, the carbon intensity values were taken directly from CARB’s look-up tables, which use
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the GREET methodology, which measures carbon intensity in grams of CO2e per
Carbon Intensity Values for Fuels that Substitute for Gasoline
Fuel / Feedstock

Carbon Intensity (gCO2e/MJ)

Ethanol, conventional

95.66

Ethanol, CA corn

80.70; decreasing to 70.70 in 2016

Ethanol, Low CI Corn

73.21

Ethanol, Sugarcane

73.40; decreasing to 67.38 by 2020

Ethanol, Cellulosic

21.30 a

Renewable Gasoline

25.00 b

Compressed natural gas

68.00

Biogas, landfill

11.56

Electricity, marginal c

30.80; decreasing to 26.32 by 2020

Hydrogen d

39.42

SOURCE: California’s Low Carbon Fuel Standard: Compliance Outlook for 2020, June 2013, ICF International. pp.
11-12. aThe average of CARB pathways for ethanol from farmed trees and forest ways. bEstimated carbon
intensity based on stakeholder consultation. cIncludes the energy economy ratio (EER) of 3.4 for electric
vehicles. dIncludes the EER of 2.5 for fuel cell vehicles

4.18. Projected Growth in Ethanol Production by Feedstock Type: Ethanol consumption growth in
California in the 2015-2020 period is projected to be relatively limited, although biofuel growth in
general through the 2050 period must become highly robust to meet CARB goals. The ICF biofuels
study projected future growth of ethanol from corn (of various types), sugarcane, and cellulosic
feedstocks. The table below indicates the volumes (in million gallons) of ethanol broken down by
feedstock.
Ethanol Volumes by Feedstock Type (in millions of gallons)
Feedstock

2013 2014 2015 2016 2017 2018 2019 2020

Corn, Conventional

264

0

0

0

0

0

0

0

California Corn

215

220

220

220

220

220

220

220

Low Carbon Intensity (CI) Corn

780

884

699

526

408

311

214

87

Sugarcane

120

240

360

480

500

500

500

500

Cellulosic

5

41

100

150

246

328

406

511

Total
% Ethanol in Gasoline

1,384 1,385 1,379 1,376 1,374 1,359 1,340 1,318
10%

10%

10%

10%

10%

10%

10%

10%

SOURCE: California’s Low Carbon Fuel Standard: Compliance Outlook for 2020, June 2013,
ICF International. p. 18.

4.19. Introduction to Advanced Diesel Fuels and Vehicles: The production and use of diesel fuels and
vehicles has an enormous impact on California’s air quality, public health, and economic security. Nearly
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all semi-trucks, delivery vehicles, buses, trains, ships, boats and barges, farm, construction and military
vehicles and equipment utilize diesel engines. Diesel fuel accounts for about 16% of total refined
petroleum products consumed in the U.S. and a similar percentage in California. On-highway motor
vehicles use about 75% of this total, with the rest consumed by "off-highway" construction, farming
equipment, military, railroad equipment, and marine transport.4
Diesel engines emit a complex mixture of air pollutants, composed of gaseous and solid material. The
visible emissions in diesel exhaust are known as particulate matter or PM. Diesel-powered vehicles
account for about 4 percent of California motor vehicles, but produce nearly 60 percent of directly
emitted Particulate Matter (PM). In 1998, California identified diesel exhaust particulate matter (PM) as
a toxic air contaminant based on its potential to cause cancer, premature death, and other health
problems. Those most vulnerable include children and the elderly. According to the California Air
Resources Board, diesel PM contributes each year to approximately 2,000 premature deaths, with an
uncertainty range of 1,500 to 2,400. In addition, diesel soot causes visibility reduction and is a potent
global warmer. As a result of these serious adverse public health impacts, both CARB and the EPA have
implemented a new cleaner diesel fuel program, which significantly reduces sulfur content, creating
immediate health benefits, and enabling engine manufacturers to begin using advanced emissions
control systems that reduce harmful emissions. The EPA diesel program regulations can be accessed at
http://www.epa.gov/otaq/fuels/dieselfuels/ and are located in 40 CFR Part 80 subpart I. A 15 parts per
million (ppm) sulfur specification, known as Ultra Low Sulfur Diesel (ULSD), was phased in for highway
diesel fuel by 2010. Diesel engines equipped with advanced emission control devices (generally, 2007
and later model year engines and vehicles) must use ULSD fuel. Exhaust emissions from these engines
will thereby decrease by more than 90%.
CARB has implemented a companion risk reduction plan that includes the ULSD standard of 15 ppm as
well as use of catalyzed particulate filters, NOx after-treatment, and other advanced emission control
technologies, both for new and for retrofitted existing engines. The major sources of diesel PM are the
1,250,000 diesel-fueled engines and vehicles in use in California. This includes trucks and buses, large
off-road equipment such as bulldozers and tractors, engines used in portable equipment such as cranes,
refrigerating units on trucks, and stationary engines used to generate power or pump water. In the
aggregate, these diesel engines release over 25,000 tons per year of particulate matter into California’s
air -- with two-thirds of these emissions coming from off-road equipment.
4.20. CARB Diesel Regulations and GHG Impacts: In 2002, California adopted Assembly Bill 1493 to
control emissions from motor vehicles. The regulation was developed by the ARB in 2004, and became
effective from January 1, 2006. The standards are being phased-in over the period of 2009 to 2016, as
shown in the table below. The GHG standards are incorporated into the California low emission vehicle
(LEV) legislation. There are two fleet average GHG requirements: (1) for passenger car/light-duty truck 1
(PC/LDT1) category, which includes all passenger cars and light-duty trucks below 3,750 lbs equivalent
test weight (ETW); and (2) for light-duty truck 2 (LDT2) category, including light trucks between 3,751 lbs
ETW and 8,500 lbs gross vehicle weight (GVW). In addition, medium-duty passenger vehicles (MDPVs)
from 8,500 to 10,000 lbs GVW are included in the LDT2 category for GHG emission standards.

4

California Energy Commission, Energy Almanac, July 2015, http://energyalmanac.ca.gov/transportation/diesel.html
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California Diesel Fleet Average GHG Emission Standards
GHG Standard, g CO2/mi (g CO2/km)

Time
Frame

Year

Near Term

2009

323 (201)

2010

Medium
Term

PC/LDT1

LDT2

CAFE Equivalent, mpg (l/100 km)
PC/LDT1

LDT2

439 (274)

27.6 (8.52)

20.3 (11.59)

301 (188)

420 (262)

29.6 (7.95)

21.2 (11.10)

2011

267 (166)

390 (243)

33.3 (7.06)

22.8 (10.32)

2012

233 (145)

361 (225)

38.2 (6.16)

24.7 (9.52)

2013

227 (142)

355 (221)

39.2 (6.00)

25.1 (9.37)

2014

222 (138)

350 (218)

40.1 (5.87)

25.4 (9.26)

2015

213 (133)

341 (213)

41.8 (5.63)

26.1 (9.01)

2016

205 (128)

332 (207)

43.4 (5.42)

26.8 (8.78)

SOURCE: California ARB, in California Cars: Diesel Emissions, at https://www.dieselnet.com/standards/us/ca_ghg.php

4.21. Biofuels and the Federal Ozone Standard Challenge: California has made substantial progress in
reducing emissions from all mobile sources, with many vehicles sold today being over 90 percent cleaner
than those sold just a decade ago. However, despite this progress, these vehicles and equipment remain
major contributors to statewide emissions of oxides of nitrogen (NOx), GHG, and diesel particulate
matter (diesel PM). Compared to today’s levels, a 90 percent reduction in NOx emissions by 2031 will be
necessary to achieve compliance with current federal ozone standards, in addition to the 80 percent
reduction in GHG emissions by 2050 required to meet AB 32 targets. These targets will require dramatic
increases in the supply and availability of clean diesel. The many strategies and methods for producing
cleaner diesel -- and the growing availability of vehicles capable of running on higher blends of biodiesel
-- are reviewed below.
4.22. Clean Light-Duty Diesel Use Characteristics, Models, and Availability: Light-duty diesel vehicles,
including autos, pick-ups, and SUVs, have historically suffered in consumer perception from association
with the soot and smells of heavy-duty diesel trucks and buses. But the performance and sales of lightduty diesel vehicles are changing dramatically. There are now a total of 7.4 million diesel cars and SUVs
on U.S. roads, out of a total vehicle pool of roughly 250 million, an increase of 47.6% since 2010,
compared to an overall market rise of just 6.4% during the same period. Data provided by IHS
Automotive to the Diesel Technology Forum showed that some of the highest year-over-year increases
since 2010 have come from California.5
A key milestone in the recent renaissance of diesel LDVs was reached in 2006, when Mercedes
introduced its BlueTEC clean diesel technology for the E-Class sedan. The core of this technology is an
injected liquid solution known as AdBlue that reduces smog-causing nitrogen oxide to nitrogen and
water vapor. BlueTEC's introduction coincided with the rollout of the ultralow-sulfur diesel fuel
requirement in California, giving diesel a “green halo” that it had not had previously. Another milestone
was reached at the 2008 Los Angeles Auto Show, where the 2009 Volkswagen Jetta TDI was named
5

“Texas And California Lead The Country In Diesel Vehicles,” The Association for Convenience and Fuel Retailing,
http://www.nacsonline.com/news/daily/pages/nd0331155.aspx#.VcjIgngf9p8
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Green Car of the Year with an estimated 41 miles per gallon EPA performance on the highway and
compliance with emissions standards in all 50 states.
As of 2015, diesel offerings are proliferating not only from Mercedes and VW, but also from BMW, Jeep,
Mazda, Porsche, and even Chevrolet – which has promoted the diesel version of the strong-selling Cruze
as a "clean turbo diesel sedan," with an EPA highway rating of 46 mpg. Notable models now available in
diesel variants include the Audi A3 and Q5, BMW 328, 535, X3 and X5 series, the VW Toureg SUV, VW
Golf, Jetta, Passat, and Beetle, the Mercedes E250, the Porsche Cayenne, Jeep Cherokee and Dodge Ram
1500. Altogether, there are estimated to be 47 new clean diesel car, light-duty truck, and SUV models
available now or launching in the 2015 model year, with forecasts of 62 light-duty diesel models available
throughout North America by 2017. The 2016 offerings will include the Audi A4, Jaguar XE, Mazda 6,
Jeep Wrangler, Porsche Macan, Range Rover Sport, Nissan Titan, and several others.
Nationwide, diesels make up only about 3 percent of the passenger vehicle market, but this percentage
is expected to grow in the next few years. Currently, light-duty diesel vehicles are approximately $2,000
to $5,000 more expensive than the equivalent conventional vehicle, but resale value is typically
proportionately higher. Further, diesel engines have a reputation for very long life, which supports
strong resale values. Additional benefits of diesel use include enhanced fuel economy (20% to 40%
improvement), and greater power availability for towing and heavier vehicles. Diesel fuel pricing is
variable, but in general has been close to that of regular gasoline, sometimes slightly higher or lower.
The availability of diesel vehicles and their clean fuel capabilities are outlined in the chart below. Dates
indicated below indicate when the OEM first approved B20 or higher biodiesel blends.
Diesel Cars, Trucks, and Low-Carbon Biodiesel Fuel Capabilities
OEMs Supporting
B100IH (2007)
Case

OEMs Supporting B20

OEMs Supporting B5

Arctic Cat (2006)

Deutz AG (2012)

Buhler (2007)

Audi * (Allowngi up to B20 in IL and
MN in 2009---2015 models)
BMW

Fairbanks Morse
(2007)
New Holland (2007)

Caterpillar (All model years)

Hustler Turf Equipment

Fiat Chrysler (FCA) – Ram
(2007) & Jeep (2013)
Cummins (2002)

Mercedes Benz *
(For blends over B5, see MB brochure)
Mitsubishi Fuso *

Daimler Trucks --- Including: (2012)

PACCAR* --- Including:

--- Detroit Diesel * (Series 60 engines
only; other models approved for B5)
Freightliner / Custom Chassis (with
Cummins engines)
Thomas Built Buses

--- Kenworth (Allow up to B20 in
models with Cummins engines)
--- Peterbilt (Allow up to B20
in models with Cummins
Volkswagen
* allowing up to B20 in IL
engines)
and MN in 2009-2015 models)

Western Star (w/ Cummins engines)

* = Actively Researching B20

Ferris (2011)
Ford (2011)
GMC & Chevrolet
(2011 all; SEO available since 2007)
HDT USA Motorcycles (2008)
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Hino Trucks (2011)

Biodiesel Positions Not Yet Announced

Navistar --- International / MaxxForce
(2007)
IC Bus (2007)

JCB

Isuzu Commercial Trucks (2011)
John Deere (2004)
Kubota (2006)

Mahindra
Mazda
Porsche

Mack (EPA 2007 & EPA 2010 models)

Nissan

Monaco RV (2007)

Toyota

Jaguar / Land Rover

Perkins (2008)
Tomcar (2008)
Toro (2008; SEO kits for <2008)
Volvo Trucks (EPA 2010 models)
Workhorse (2007)
Yanmar (2011)
SOURCE: http://biodiesel.org/docs/default-source/ffs-engine_manufacturers/oem-support-summary.pdf?sfvrsn=16

All major OEMs producing diesel vehicles for the U.S. market support at least B5 and lower blends, and
nearly 80% of those manufacturers now support B20 or higher biodiesel blends in at least some of their
equipment, including nearly 90% of the medium & heavy duty truck OEMs. The biodiesel component of
the fuel must meet the approved standard for pure biodiesel, known as ASTM D6751, and the B20
blends must meet ASTM D7467 specifications. For a complete listing of OEM position statements on
biodiesel, visit: www.biodiesel.org/using---biodiesel/oem---information.
4.23. Clean Diesel Market Outlook: Many industry analysts predict that diesel vehicles will make up to
10 to 15 percent of the U.S. light-duty market by the year 2025, up from just over 3 percent in 2014.6
With diesels delivering up to 40 percent better real-world fuel economy than gasoline counterparts,
automakers are turning to diesel platforms to help them meet the new U.S. Corporate Average Fuel
Economy (CAFE) standards, which mandate a fleet average of 54.5 MPG by 2025. In the Medium- and
Heavy-Duty truck, bus, and RV markets, there are 27 brands with over 115 different diesel models. While
numerous companies are working on both electric and hydrogen product offerings in the MDV/HDV
space, it could be as much as a decade before many of these are ready for mass production with pricing
that is competitive with current diesel offerings. Therefore, the short to medium term outlook for diesel
in all segments – light, medium, and heavy-duty, is quite strong.
4.24. State Funding for Biofuel Vehicles via the Carl Moyer Program: Operating since 1998, the Carl
Moyer state grant program provides about $60 million annually in incentives to both private companies
and public agencies to purchase cleaner-than-required engines, equipment, and emission reduction
technologies. The program operates as a partnership between CARB and California’s 35 local air
pollution control and air quality management districts, and is funded by tire fees and vehicle registration
fees. Projects that reduce emissions from heavy-duty on-road and off-road equipment qualify for Moyer
grants.
6
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Eligible engines can include on-road trucks over 14,000 lbs. gross vehicle weight (GVW), off-road
equipment such as construction and farm equipment, marine vessels, locomotives, stationary
agricultural equipment, forklifts, light-duty vehicles, airport ground support equipment, lawn and
garden equipment, and emergency vehicles. The program pays up to 85 percent of the cost to repower
engines and up to 100 percent to purchase an ARB-verified retrofit device. Maximum grant amounts
vary for purchase of new vehicles and equipment. Moyer Program grants are based on the “incremental
cost” of the equipment and emission benefits. The Santa Barbara, Ventura, and San Luis Obispo Air
Pollution Control Districts can assist organizations in determining funding eligibility. More information
on eligible source categories can be found on ARB’s Carl Moyer Program website at
http://www.arb.ca.gov/msprog/moyer/moyer.htm, along with links to local Air District program
contacts.
4.25. Diesel and Biodiesel Fueling Infrastructure: The current diesel fuel infrastructure (including
refineries, pipelines, terminals, and service stations) covers the entire state and country and operates
at very large scale. There are approximately 160,000 service stations and 5,000 truck stops in the
United States, which supply ~380 million gallons of gasoline per day (blended with ethanol) and ~140
million gallons of diesel per day (blended with biodiesel). Diesel biofuels are attractive as an
alternative fuels strategy in large part because they can use of this large-scale existing infrastructure.
There are no substantial technical hurdles for retrofitting existing service stations to dispense ethanol
blends above 10%, although there would be some cost factors involved in developing new tanks and
pumps for biodiesel and renewable diesel. The principal issue in expanding biodiesel infrastructure is
expanding the feedstock production from among the viable candidates described below.
4.26. Diesel vs. Biodiesel Production and Feedstocks: To identify the differences between biodiesel
and renewable diesel, it is important to first define petrodiesel, more commonly known simply as
“diesel fuel” or “diesel.” Diesel fuel is a petroleum distillate produced from the fractional distillation of
crude oil between 200C (392F) and 350C (662F).

As illustrated in the diagram at the left, the
fractions at the top of the fractionating
column have lower boiling points than the
fractions at the bottom. The heavy bottom
fractions are often cracked into lighter, more
useful products. All of the fractions are
processed further in other refining machinery.

SOURCE: What’s the Difference between Biodiesel and
Renewable (Green) Diesel, by Jesse Jin Yoon for Advanced
Biofuels USA
http://advancedbiofuelsusa.info/wpcontent/uploads/2011/03/11-0307-Biodiesel-vsRenewable_Final-_3_-JJY-formatting-FINAL.pdf
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4.27. Biodiesel and Renewable Diesel Characteristics and Standards: Biodiesel is produced using what
is known as a transesterification process, whereby vegetable oils or animal fats react catalytically with
methanol or ethanol (or another alcohol type). Through transesterification, the glycerin in the feedstocks
is separated from the fat or vegetable oil. The process leaves behind two products -- methyl esters (the
chemical name for biodiesel) and glycerin -- which is considered a valuable byproduct that is usually sold
to be used in soaps and other products. Biodiesel is defined under the standard of ASTM D6751 as “a
fuel comprised of mono-alkyl esters of long-chain fatty acids derived from vegetable oils or animal fats.”
Biodiesel is also referred to as FAME (fatty acid methyl ester) or RME (rape seed methyl ester) in Europe.
Unlike renewable diesel, biodiesel is not a “drop-in” replacement for petrodiesel. Biodiesel users must
be aware of the key differences that can affect the operation of diesel engines.
Some of biodiesel’s properties can present benefits over traditional petrodiesel. The use of biodiesel can
reduce net CO2 emissions, reduced hydrocarbon (HC) and carbon (CO) emissions, and lower visible
smoke. Biodiesel also has a higher cetane number, contains no aromatics, and is non toxic and
biodegradable. Lastly, biodiesel has low sulfur content and improves lubricity. On the other hand,
biodiesel may not be compatible with certain metals causing corrosion -- including zinc, copper-based
alloys, tin, and lead. Biodiesel can also cause certain elastomers and seals to swell or harden. Biodiesel
can also increase NOx emissions, especially at higher blend levels. This is especially critical to consider
when using biodiesel in newer vehicles equipped with certified emission control technologies for the
more stringent 2007 NOx emission standards. Biodiesel can also negatively impact low- temperature
operability due to its higher cloud point and pour point properties. Biodiesel compatible additives may
need to be utilized to address these low-temperature issues. Other additives may need to be utilized to
address the poorer thermal and oxidative stability of biodiesel. Lastly, biodiesel has lower energy
content than petrodiesel. Although this lower value may not be noticeable at blend levels of B2 or B5,
users of high blend levels or B100 may notice a drop in power output as well as fuel efficiency.
Over the past few years, manufacturers have been working to support the use of biodiesel in their
engines and equipment. As noted in the chart above indicating vehicle availability and fuel type, some
OEMs permit the use of biodiesel at blends of B2, B5 and even B20 in their engines. Some are still
assessing the possibility of use at higher blend levels, and have not yet taken a position. Of course, for
blending at any level, it is critical to know that the original biodiesel blending stock (B100) meets the
industry quality standard, known as ASTM D6751, EN 14214 or equivalent specification. For this reason,
biodiesel users are strongly encouraged to purchase biodiesel blends from sources that have been fully
accredited and quality-tested by the National Biodiesel Board. This accreditation is indicated by the
designations: BQ-9000 Certified Marketer and BQ-9000 Accredited Producer.7 Please note that it is
critical to consult your vehicle and engine manufacturer before switching to biodiesel. Some brands,
such as John Deere, utilize multiple engine manufacturers, and therefore it is important to confirm
which engine type you are using and check directly with the engine manufacturer as appropriate.
4.28. Summary of Biodiesel Benefits and Limitations: The California Energy Commission has provided
the following useful summary of the benefits and limitations of biodiesel:
7

BQ-9000® is a voluntary program for the accreditation of producers and marketers of biodiesel fuel. The program combines
adherence to the ASTM standard for biodiesel, ASTM D6751, and a quality systems program that includes storage, sampling,
testing, blending, shipping, distribution, and fuel management practices. BQ-9000® helps companies improve fuel testing and
quality control. To receive accreditation, companies must pass a rigorous review and inspection of their quality control
processes by an independent auditor.
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Benefits
§ Biodiesel can be blended up to 5% of the total volume in conventional diesel without costly
conversions.
§ It is lower in harmful emissions than traditional diesel engines -- reducing carbon dioxide
emissions by approximately 50%-88% depending upon the feedstock used.
§ Biodiesel energy crops can be grown on marginal lands.
Limitations
§ Dependent on feedstock, biodiesel may have a higher cost than conventional diesel.
§ Biodiesel fuels have special handling, storage and use requirements.
§ The fuel can cause problems with vehicle and engine durability and can solidify in cold
weather.
§ The higher NOx emissions from biodiesel must be offset by other environmental benefits.
§ Soy-based biodiesel has a very modest GHG reduction.
4.29. National Scale-Up of Biodiesel Production: With just over a decade of commercial-scale
production, biodiesel production has increased from about 25 million gallons in the early 2000s to about
1.7 billion gallons of advanced biofuel in 2014. This represents a small but growing component of the
annual U.S. on-road diesel market of about 35 billion to 40 billion gallons. Consistent with projected
feedstock availability, the industry has established a goal of producing about 10 percent of the diesel
transportation market by 2022. There are currently about 200 biodiesel plants across the country with
registered capacity to produce some 3 billion gallons of fuel. However, a crucial factor in the further
expansion of biodiesel production infrastructure is diversifying feedstocks to include more cellulosic
sources, reliable sources of fats and oils, and next-generation feedstocks such as algae and camelina.
Opportunities for expanding biodiesel and renewable diesel production in California will be explored
below.
4.30. Renewable Diesel Characteristics and Use: Renewable diesel is chemically the same as
petrodiesel, but it is made of recently living biomass. Sometimes called “green diesel” or “second
generation diesel,” renewable diesel utilizes biological sources that are chemically not esters and thus
distinct from biodiesel. (Esters are a class of organic compounds that react with water to produce
alcohols and organic or inorganic acids. Renewable diesel meets ASTM D975 specifications, and it has
also been defined in a technically specific manner by the Department of Energy with the Internal
Revenue Service (IRS) and the EPA, to enable producers to participate in the formal RFS program and the
Renewable Identification Numbers (RIN) system. Renewable diesel can be made from the same feed
stocks as biodiesel since both require the tricylglycerol containing material from biomass. However,
renewable diesel has been hydrocracked and refined in a manner similar to petroleum diesel, and
utilizes hydrotreating, thermal conversion, and Biomass-to-Liquid processes. Renewable diesel blends
follow the same nomenclature as biodiesel. For example, renewable diesel in its pure form is designated
R100 while a blend comprised of 20% renewable diesel and 80% petrodiesel is called R20. Because
renewable diesel is chemically the same as petrodiesel, it can be mixed with petrodiesel in any
proportion but users may need to add an additive to address lubricity issues.
4.31. Carbon Intensity and Emissions of Petrodiesel, Biodiesel, and Renewable Diesel: From an end
use standpoint, the key difference between renewable diesel and biodiesel is its usability as a “drop in”
replacement. While there is no mandate for blending biodiesel with conventional diesel (as there is with
ethanol and gasoline), a blend of up to 5 percent biodiesel can be used without special modifications to
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the vehicle. Blends of 20 percent biodiesel and higher (B20) are also common; however, these may not
be compatible with retail infrastructure and may interfere with vehicle warranty provisions. Both
renewable diesel and biodiesel have very low carbon intensities, which will be discussed in detail later in
this document, as the calculation of carbon intensity varies depending on the many feedstock options
that exist for both fuels. The chart below indicates other key technical differences between the three
major types of diesel.

SOURCE: What’s the Difference between Biodiesel and Renewable (Green) Diesel by Jesse Jin Yoon for Advanced Biofuels USA

Within the biodiesel fuel type itself, emissions factors vary according to the blend. The federal EPA has
surveyed a large body of biodiesel emissions studies and averaged the health effects testing results
with other major studies. The results are seen in the table below.
4.32. Biodiesel Emissions vs. Conventional Diesel Without Advanced Emissions Controls
Emission Type

B100

B20

Total Unburned Hydrocarbons

-67%

-20%

Carbon Monoxide

-48%

-12%

Particulate Matter

-47%

-12%

NOx

+10%

+0% 1

-100%

-20% 2

PAH (Polycyclic Aromatic Hydrocarbons) 3

-80%

-13%

nPAH (nitrated PAH’s)4

-90%

-50% 5

Ozone potential of speciated HC
Lifecycle CO2 Emissions 6

-50%
-76%

-10%
-15%

Regulated Emissions

Non-Regulated Emissions
Sulfates

SOURCE: “A Comprehensive Analysis of Biodiesel Impacts on Exhaust Emissions,” US EPA, 2001.
www.epa.gov/otaq/models/analysis/biodsl/p02001.pdf

1 Eur. J. Lipid Sci. Technol. 2009 “Effect of biodiesel blends on North American heavy-duty diesel engine emissions.” 2 Estimated from B100
result. 3 Average reduction across all compounds measured. 4 Average reduction across all compounds measured. 5 2-nitroflourine
results were within test method variability. 6 Univ. of Idaho/USDA “Reassessment of Life Cycle GHG Emissions for Soybean Biodiesel.”
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4.33. Summary of Pollution Reduction and Health Impacts of Biodiesel: Based on EPA testing, the
emissions and health impacts of (B100) biodiesel can be summarized as follows:
§ The ozone (smog) forming potential of biodiesel is less than diesel fuel. The ozone
forming potential of biodiesel hydrocarbon emissions is 50 percent less than that measured
for diesel fuel.
§ Sulfur emissions are essentially eliminated with pure biodiesel. The exhaust emissions of
sulfur oxides and sulfates (major components of acid rain) from biodiesel are highly
reduced when compared to diesel.
§ Criteria pollutants are reduced with biodiesel use. Tests show the use of biodiesel in diesel
engines without advanced emissions controls results in substantial reductions of unburned
hydrocarbons, carbon monoxide, and particulate matter. Emissions of nitrogen oxides stay
the same or are slightly increased.
§ Carbon Monoxide -- The exhaust emissions of carbon monoxide (a poisonous gas) from
biodiesel are on average 48 percent lower than carbon monoxide emissions from diesel.
§ Particulate Matter -- Breathing particulate has been shown to be a human health hazard.
The exhaust emissions of particulate matter from biodiesel are about 47 percent lower
than overall particulate matter emissions from diesel.
§ Hydrocarbons -- The exhaust emissions of total hydrocarbons (a contributing factor in the
localized formation of smog and ozone) are on average 67 percent lower for biodiesel than
diesel fuel.
§ Nitrogen Oxides -- NOx emissions from biodiesel can increase or decrease depending on
the engine family and testing procedures. NOx emissions (a contributing factor in the
localized formation of smog and ozone) from pure (100%) biodiesel increase on average by
10 percent. However, the 2009 data review showed there is no statistical evidence that the
average NOx emissions from US EPA approved diesel fuel and B20 are different.
§ Lifecycle CO2 – Lifecycle CO2 emissions are 76-86 percent lower compared to 2005 baseline
petroleum in a well-to-wheels lifecycle analysis. This methodology was used by the US EPA
to set thresholds in the Renewable Fuel Standard and includes penalties for indirect land
use change. More recently, the University of Idaho and USDA used the same methodology
and updated the numbers to reflect more recent data.
§ Biodiesel reduces the health risks associated with petroleum diesel. Biodiesel emissions
show decreased levels of polycyclic aromatic hydrocarbons (PAH) and nitrated polycyclic
aromatic hydrocarbons (nPAH), which have been identified as potential cancer causing
compounds. In Health Effects testing, PAH compounds were reduced by 75 to 85 percent,
with the exception of benzo(a)anthracene, which was reduced by roughly 50 percent.
Targeted nPAH compounds were also reduced dramatically with biodiesel, with 2nitrofluorene and 1-nitropyrene reduced by 90 percent, and the rest of the nPAH
compounds reduced to only trace levels.
SOURCE: U.S. EPA data cited by the National Biodiesel Board, www.biodiesel.org.

4.34. Renewable Diesel and Biodiesel Feedstocks, Production, and Use in California: Renewable
diesel is the most common diesel substitute used in California, recently supplanting biodiesel.
Volume is currently about 95 million Gallons (vs. nearly 3 billion gallons of regular diesel.) The
majority of this increase is accounted for by overseas imports; however, additional in-state
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renewable diesel producers are expected to come on-line soon. California has seven biodiesel
production facilities, with a combined production capacity of 59 million gallons per year, accounting
for 35 percent of LCFS credits from a combined total of about 174 million gallons of low carbon fuel
in 2013. Though the Energy Commission has funded upstream biodiesel infrastructure projects, the
LCFS regulation has encouraged the regulated fuel distributors to integrate larger shares of
biodiesel into their upstream infrastructure without special state incentives. Several major oil
terminals throughout the state have either converted or begun converting existing infrastructure to
accommodate biodiesel blending. Given that private investment is supporting large-scale biodiesel
blending, the Energy Commission is not currently proposing additional funding for diesel
substitutes infrastructure. The table below projects the likely volume of future California biodiesel
production by feedstock.
Biodiesel Consumption Through 2020 (million gallons)
Feedstock

2013

2014

2015

2016

2017

2018

2019

2020

Soy Oil

3

5

8

11

14

16

19

23

Waste Grease

19

29

48

51

51

51

51

51

Corn Oil

19

29

48

67

86

95

112

189

Canola Oil

3

5

8

27

49

59

80

62

Total Biodiesel

45

68

113

157

200

221

262

325

Biodiesel Blend (%)

1%

2%

4%

5%

7%

8%

10%

12%

SOURCE: California’s Low Carbon Fuel Standard: Compliance Outlook for 2020, June 2013, ICF International. p. 18.

As noted above, both renewable diesel and biodiesel fuels can be produced from a broad range of
feedstock options, including animal waste, soy beans, vegetable oils, wood wastes, animal fats, and
protein. The U.S. Navy and Marine Corps use B20 in their non-tactical diesel vehicles and account
for approximately one-third to one-half of all biodiesel purchases in California. The military has
robust goals for increased use of both biofuel and electric vehicles. Given this increasing use, and
the increasing number of diesel LDVs in the marketplace, increasing biofuel production is a key
strategy for California to reduce net CO2e emissions. An additional driver for increased production
is the federal Renewable Fuel Standard mandate of 15 billion gallons for 2015 – which is likely to be
filled largely by corn ethanol in 2015. However, an expanding target for cellulosic fuels -- reaching
16 billion gallons in 2022 – will further boost all biofuels, especially given additional one billion
gallon mandate for biodiesel from algae, waste oils, and oil seed crops. The expectation was that
corn ethanol would create conditions for cellulosic (and algal) biofuels to leapfrog forward, but that
jump has proven difficult. Legislated cellulosic targets were lowered for 2010-2013 due to lack of
commercial production—less than one million of cellulosic biofuels were produced in 2013—but
future targets remain in place.
The diverse biofuel feedstocks currently in use or under development differ significantly in the
types of lands on which they can be grown, yields per acre, and the fuels into which they are
processed. The table below indicates the various biomass types, plant elements, conversion steps,
and products that can be produced among the diversity of biofuel pathways available -- and the
current and emerging pathways for these diverse feedstocks.
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Source: Pena, N., Biofuels for Transportation: A Climate Perspective, 2008.
http://www.c2es.org/publications/biofuels-transportation-climate-perspective .

The dominant methods of biofuel production in use at this time convert simple sugars, starches, or oils
to produce biofuels. For example, the fermentation of cornstarch (from the corn kernel), sugar beets, or
sugarcane produces ethanol, and the transesterification of oils (e.g., soybean or palm oil) produces
biodiesel. Of the feedstocks in use today, sugar beets, sugarcane, and palm oil yield the highest amount
of fuel per acre on a gasoline gallon-equivalent basis. However, these feedstocks are also very energy
intensive to grow, compete with fuel supplies, and have other sustainability issues (they are typically
water intensive, fossil-fuel intensive, and pesticide intensive.) In principle, the vast majority of available
plant material for biofuels is in the form of cellulose, hemicellulose, and lignin (not food crops), which
would significantly lower the resources needed to grow biofuel feedstocks.8 Furthermore, once the
cellulose is extracted from the plant to produce the biofuel, the remaining lignin can be used as a fuel to
8

Cellulose is complex carbohydrate and the main structural component of plants. Hemicellulose is similar to cellulose and found
in plant cell walls. Cellulose and hemicelluloses account for 25 to 50 percent of plant material. Lignin is a polymer that provides
rigidity to plants cell walls and is second largest component of plant biomass.
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power the biofuel conversion process. Lignin yields energy when burned and further limits the fossil fuel
inputs required to produce the biofuel. Researchers are also looking at different sources for oils that can
be converted into biodiesel. However, early federal subsidies for biofuel production and existing
agricultural subsidies have favored corn and other sugar and starch-based biofuels, and technology for
biofuel production with these feedstocks is more advanced.
California policy makers are seeking to advance more sustainable approaches with a targeted investment
approach that emphasizes cellulosic sources, wastes, algae, and crops that can be grown on marginal
lands (such as jatropha), further described below.
§

Cellulosic feedstocks include perennial grasses (e.g., switchgrass and Miscanthus) or short
rotation woody crops, which can be converted to ethanol or other biofuels.

§

Industrial waste includes agricultural wastes such as manure and other processing wastes that
are high in protein and fats; these can be converted to oils and then to biodiesel. Other waste
biomass includes wood residues from the forest industry and agricultural residues from corn
farming; the cellulose in these materials can be converted into ethanol.

§

Algae can produce oil that can be converted to a number of different biofuels. Additional
opportunities are in microalgae (microscopic algae) that can create biomass even more
efficiently than terrestrial plants. Algae based biofuel research has been ongoing for many years,
but is not yet economic at large commercial scales.

§

Jatropha, a species able to grow on barren, marginal land, especially in many parts of Asia.
Jatropha oil is extracted from the seeds of the plant and can be used to produce biodiesel.

Following harvesting or collection, all forms of biomass must be converted to sugar or other feedstock
through the following processes:
§

Pretreatment processes remove the protective sheath of lignin and hemicellulose to allow for
further enzyme hydrolysis of the cellulose biomass to glucose or simple sugar.

§

Conditioning and enzymatic hydrolysis is a process that lowers the acidity of the material so
that enzymes and organisms can thrive. The pH is adjusted and the toxicity of the material is
lowered.

§

Microorganisms: The feedstock must then be fermented using microorganisms developed
through metabolic engineering techniques. Researchers are currently developing
microorganisms that can more effectively ferment all the sugars in biomass – improving ethanol
and expanding feedstock options.

All of the feedstocks identified above have the ability to reduce greenhouse gas emissions significantly
relative to conventional gasoline and diesel fuel. Because they are not food-based and are often
processing wastes from other industries, they also have the added benefit of limited competition with
agricultural food crops. To ensure that the use of these feedstocks is significantly expanded, the
California Energy Commission has invested in expanding research, development, and commercial
deployment of production facilities associated with these lower-carbon biofuel pathways.
4.35. State Investments in Biofuel Production Facilities: State investments in biofuel infrastructure
are focused on options with the lowest carbon intensities. Biofuels derived from waste-based
feedstocks typically represent the lowest carbon intensities among all biofuels and often among all
alternative fuels. The table below illustrates recent commercial-scale projects by fuel type that either
received or are proposed to receive CEC funding.
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GHG Emission Reduction Estimates for Commercial-Scale CEC-Funded Projects
Pathway
Description*

Average GHG
Emission
Reduction

Biomethane

Food, green, yard,
and mixed
municipal waste

110%

Diesel
Substitutes

Waste oils (various)

81%*

9

Gasoline
Substitutes

Grain sorghum

31%

3

Fuel Type

# of
Projects

6

Range of Annual
Capacity for Individual
Projects (DGE or GGE)

Total Annual
Capacity
Increase

570,000 – 2,870,000

9.8 Million DGE
Per Year

4,600,000 –

53.2 Million DGE
Per Year

7,500,000
2,600,000 –

9.6 Million GGE
Per Year

3,000,000

Source: California Energy Commission. *Note that several diesel substitute production projects will use a mixture of wastebased oils and conventional vegetable oils (for example, canola or soy).

The CEC is also investing in pre-commercial biofuel production demonstrations aimed at demonstrating
very low carbon technology pathways – including both diesel and gasoline substitutes, such as cellulosic
ethanol and drop-in renewable gasoline that are still in the developmental phase. The following chart
illustrates the GHG reduction potential of some of these emerging technologies which have been
awarded CEC grants in the most recent Alternative Fuel Investment Plan solicitations.

CEC Funded Pre-commercial Low-Carbon Biofuel Projects (2014)
Fuel Type
Biomethane

Pathway
Description

Estimated
GHG
Reduction

Wastewater

88%

Diesel Substitutes
Diesel Substitutes

Algae

66%-122%

# of
Projects
1
2

Annual Capacity for
Individual Projects
Diesel or Gasoline Equivalent
160,000
1,200 – 5,000

Green Waste

66%

1

365,000

Gasoline Substitutes

Woodchips and
Switchgrass

76%

1

21,000

Gasoline Substitutes

Sugar Beets

82%

1

215,000

Source: California Energy Commission.

Other state programs also provide support and incentives to biofuel producers. The California
Department of Resources Recycling and Recovery (CalRecycle) receives cap-and- trade revenue funds
to administer grant and loan programs, some of which may be used to support waste-based biomethane production. Also, the LCFS and RFS requirements can support biofuel producers by creating
markets for carbon credits and renewable fuels.
4.36. Federal Biodiesel Tax Incentives: A federal biodiesel tax credit has been an important support in
keeping prices for biodiesel and renewable diesel competitive with petrodiesel. This credit allows
blenders of biodiesel and renewable diesel to claim a credit of $1 per gallon against their U.S. federal tax
liability. The tax credit has expired four times since 2009 and then subsequently been reinstated
retroactively three times. There is a clear correlation between the tax incentive and increased biodiesel
DRAFT Monterey Bay Alternative Fuels Readiness Plan | Chapter 4 – Biofuels v1 | page 4 - 26

production, which has grown from about 100 million gallons in 2005, when the tax incentive was first
implemented, to almost 1.8 billion gallons in 2013. The biodiesel credit expired at the end of 2014, but a
bill to retroactively reinstate the credit for 2015 (which would be a windfall for blenders), was passed out
of a Senate finance committee in July 2015, and may be included in final legislation likely to be acted on
later in 2015. The reinstated credit also includes a controversial amendment that would shift the
biodiesel tax credit upstream to producers rather than blenders and retailers. This provision would take
effect on Jan. 1, 2016. The credit would remain at the blender level for 2015 retroactive to Jan. 1. An
economic analysis of the complex impacts of shifting the credit upstream is provided by the Farm Doc
Daily website at http://farmdocdaily.illinois.edu/2015/08/implications-of-changing-biodiesel-taxcredit.html.
In addition to the structural changes to the biodiesel tax credit, the package includes a 30 percent
investment tax credit for alternative fuel pumps, a provision that enables small business to deduct
certain property expenses from their taxes known as Section 179 expensing, as well as bonus
depreciation provisions. Recent information and relevant documents on the tax credit are available at
the National Biodiesel Board website http://biodiesel.org/policy/fueling-action-center
4.37. The Federal Renewable Fuel Standard and EPA Biodiesel Targets: As noted earlier, the Renewable
Fuel Standard (RFS) program established renewable fuel volume production and blending mandates,
initially known as RFS1. Under the Energy Independence and Security Act (EISA) of 2007, the RFS
program was updated (now called RFS2) and set these new policies in motion:
§

The Renewable Fuel Standard was expanded to include diesel, in addition to gasoline

§

The volume of renewable fuel required to be blended into transportation fuel was increased
from 9 billion gallons in 2008 to 36 billion gallons by 2022

§

EISA established new categories of renewable fuel, and set separate volume requirements for
each one, including biomass based (renewable) diesel and biodiesel (now classified as an
Advanced Biofuel.)

EISA also required EPA to apply lifecycle greenhouse gas performance threshold standards to ensure
that each category of renewable fuel emits fewer greenhouse gases than the petroleum fuel it replaces.
For the purposes of implementing the RFS, EPA's lifecycle analysis includes emissions related to:
§

Feedstock production & transportation

§

Fuel production & distribution

§

Use of the finished fuel

As required by the Clean Air Act (CAA), EPA's analysis also includes significant indirect emissions such as:
§

Emissions from land use changes

§

Agricultural sector impacts

§

Co-products from biofuel production

The sum of all of these lifecycle emissions for each renewable fuel pathway are then compared to the
direct emissions from the baseline petroleum fuel it displaces. The results of these analyses are used to
determine if the fuel pathways meet the GHG reduction thresholds required by the Clean Air Act.
When the RFS was passed into law, Congress decided to treat biodiesel differently than other fuels.
Rather than setting year-by-year targets through 2022, as it did for other types of renewable fuels,
lawmakers decreed only that EPA must mandate at least 1 billion gallons a year of biodiesel by 2012.
After that, they left the decision up to the agency whether and by how much to increase the annual
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target. EPA has set targets for conventional ethanol and advanced biofuel -- including biodiesel -- for the
years 2014, 2015 and 2016. It also will set the 2017 mandate for biodiesel. Some biofuel producers have
come out in opposition to the EPA’s targets, suggesting that it reflects the reluctance of oil refiners to
include more biofuels in their product.
For biomass-based diesel made from soybean oil, animal fats and used cooking grease, the EPA requires
refiners to use 1.7 billion gallons of biodiesel in 2015 and 1.8 billion gallons in 2016. In 2017, the
proposal would set the biodiesel mandate at 1.9 billion gallons. The targets represent a substantial
increase from the agency's original proposal for 2014, which EPA withdrew after objections from biofuel
stakeholders. That proposal would have kept the biodiesel target level at 1.28 billion gallons for both
2014 and 2015.
According to the National Biodiesel Board, which is the foremost trade association for the biodiesel
industry, more than 50 biodiesel facilities have either idled or gone bankrupt since 2012 as a result of a
lack of robust RFS targets and Congress allowing the industry's $1-a-gallon tax credit to expire
periodically. (Retroactive reinstatement, which has occurred on numerous times, does not support stable
pricing or market confidence in the same way that a permanent credit can do). Under the RFS program,
the biodiesel mandate is contained in the larger mandate for advanced biofuel use. After enough of the
fuel is produced to satisfy the biodiesel mandate, it can compete in the broader advanced biofuel
mandate. There, biodiesel's toughest competition has come from imported sugarcane ethanol from
Brazil, which EPA also considers an advanced biofuel. The long-term outlook for stabilizing federal biofuel
tax credits and production mandates looks uncertain, as the current Congress tends to legislate in favor
of the petroleum industry, such that biofuel and renewable energy tax credits are subject to annual
cancellation or retroactive reinstatement, whereas petroleum industry credits and incentives are
permanent or of long duration.
4.38 Renewable Volume Obligations (RVOs) and Renewable Identification Numbers (RINs): To increase
the amount of biofuels in gasoline, the Renewable Fuel Standard (RFS) also created a program of
Renewable Identification Numbers (RINs) and Renewable Volume Obligations (RVOs). RVOs are the
targets for each refiner or importer of petroleum-based gasoline or diesel fuel, while RINs allow for
flexibility in how each of them may choose to comply. The volumes for the four RFS targets (cellulosic,
biodiesel, advanced, and total) are assigned to the obligated parties—refiners and importers of gasoline
and diesel fuels—by means of Renewable Volume Obligation (RVO) percentages. The RVOs are
calculated by dividing each RFS target by the total estimated supply of nonrenewable gasoline and diesel
fuel in each year. There are four separate RVOs that represent the four different RFS targets. For 2013,
the four RVO targets (adding up to a total of approximately 12% of the renewable plus nonrenewable
total of 100%) were:
§ cellulosic biofuels, 0.008%
§ ethanol equivalent for biomass-based diesel, 1.12%
§ advanced biofuels, 1.6%
§ total renewable fuels, 9.63%
The RVOs are applied to each obligated party's actual supply of gasoline and diesel fuel to determine its
specific renewable fuel obligation for that calendar year. Obligated parties must cover their RVOs by
surrendering Renewable Identification Numbers (RINs) within 60 days after the end of each calendar
year. Each RIN is a 38-character alphanumeric code assigned to each gallon of renewable fuel that is
produced in or imported into the United States. RINs are valid for the year in which they are generated.
However, up to 20% of a year's mandate can be met with RINs generated in the previous year. When
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renewable fuels are blended into gasoline and diesel fuel or sold to consumers in neat form (typically
100% biofuel), the RIN representing the renewable attribute of the fuel becomes separated from the
physical biofuel and can be used for either compliance purposes or traded (similar to the status of
Renewable Energy Credits or RECs in the solar and wind industry). Separated RINs have a market value
attached to them and provide flexibility for obligated parties in meeting their RVOs. Obligated parties
have the option to either acquire RINs by purchasing and blending physical quantities of biofuels, or by
purchasing already separated RINs and submitting them to the EPA for compliance.
The value of RINs provides an economic incentive to use renewable fuels. If RIN prices increase, blenders
are encouraged to blend greater volumes of biofuels, based on their abilities to sell both the blended
fuel and the separated RIN. If a biofuel is already economical to blend up to or above the level required
by the RFS program, such as ethanol was from 2006 through much of 2012, one would expect the RIN
price to be close to zero. When the biofuel is more costly than nonrenewable fuels but is needed to
meet RFS standards or must be blended in greater volumes to be economic, the RIN value should
increase to a point at which firms will increase biofuel blending.
The flexibility to trade RIN credits was requested by the petroleum industry so they would have the
option of using an actual gallon of biofuel or “over-complying” in a certain market and applying that
"extra credit" to another area of the country. As for the marketability of the RINs, if for example an
obligated party is required to use 1,000 gallons and used 1,200 then the first thousand RINs are "retired"
as they are turned in to demonstrate compliance. The remaining 200 credits are available to be traded,
sold, or held for another time. Biofuel stakeholders have long complained that oil companies have
elected to meet their RFS requirement by purchasing RINs (which have escalated in price from ten cents
to nearly $1/gallon), rather than by blending ethanol at volumes above 10% and marketing blends such
as E85 more broadly. Congress intended that ethanol and other biofuels would gradually be integrated
into the US gasoline pool, and anticipated that E85 and other ethanol/biofuel blends would be scaled up
through market-based mechanisms such as the RIN. However, with the oil industry willing to forego
profit to prevent increased biofuel market share, many analysts consider that the RIN mechanism has
failed in its original purpose. Now, the federal government’s primary policy mechanism has been the
mandatory minimum production requirement enacted through the RFS, which operates in a manner
similar to California’s biofuel mandate.
For more information on the RIN program, see the US Energy Information Agency website fact sheet at
http://www.eia.gov/todayinenergy/detail.cfm?id=11511.

4.40. Biofuels and California’s Low Carbon Fuel Standard: California’s Low Carbon Fuel Standard (LCFS)
sets targets for reductions in greenhouse gas intensity for the entire transportation fuel pool, not only
biofuels. The LCFS specifies the average carbon intensity for transportation fuels, typically for a given
year, expressed as a percent reduction from a baseline. Based on Executive Order S-1-07 (issued on
January 18, 2007), CARB has set a goal of reducing the carbon intensity of passenger fuels statewide by a
minimum of 10 percent by 2020. For more information on how the standard is set, see the Low Carbon
Fuel Standard Map created by the consulting firm, C2ES. For the LCFS, the greenhouse gas intensity of a
fuel is calculated on a lifecycle basis, which includes the emissions from production or extraction,
processing, and combustion of the fuel. This policy allows manufacturers to produce and retailers to
purchase the mix of fuels that most cost-effectively meets the standard. LCFS credits are tradable to
enable cost-efficient compliance (similar in that respect to Cap and Trade credits, RINs, or the Zero
Electric Vehicle mandate programs).
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4.41. Federal Research and Development Funds for Advanced Biofuels Production: Biofuel feedstock
and production process technology is still in its infancy compared to many other clean technologies. To
achieve very low carbon intensities, further R & D is needed. In addition to the California Energy
Commission support described earlier, the federal EPA Bioenergy Program for Advanced Biofuels,
authorized under the 2009 Farm Bill, Section 9005, provides payments to eligible producers that expand
production of advanced biofuels from sources other than corn starch. Incentives are intended to
diversify the source of biofuel production as well as increase overall output.9 Additional support is
available through the joint DOE and Department of Agriculture Biomass Research and Development
Initiative for advanced biofuels. The Department of Transportation also carries out biofuel research in its
Bio-based Transportation Research Program in an effort to promote innovation in transportation
infrastructure.
4.42. Biofuel Vehicle and Fueling Infrastructure Deployment in the Monterey Bay Area: According to
current DMV data, residents of the Monterey Bay had registered a total of 598,758 cars and trucks as of
the beginning of 2015, of which approximately 7.7%, or 46,104, are Flex Fuel vehicles, divided between
autos and trucks as noted in the table below.
Conventional and Flex Fueled Vehicles in the Monterey Bay Area (2014)
County

Auto

Truck

Total Vehicles

Flex Fuel Vehicles*

Santa Cruz

172,940

49,880

222,820

17,157

Monterey

249,836

76,495

326,331

25,127

San Benito

35,207

14,400

49,607

3,820

TOTAL

457,983

140,775

598,758

46,104

Source: California Department of Motor Vehicles
*County data is extrapolated based on the statewide ratio of Flex Fuel to conventional vehicles of 1 to 13.

Unfortunately, there is not definitive data on the percentage of VMT in the region that is powered by
E85, biodiesel, or renewable diesel. What is clear to date is that the key gating issue for growth of
biofuel and E85 VMT is: 1) available fueling supply infrastructure and; 2) consumer awareness of the
benefits of E85 vs. conventional gasoline, as well as the benefits of biodiesel at the higher blend rates.
When viewed in historic context, the expansion of E85 stations has been a success. In the late 1990s, no
E85 refueling stations existed; today there are 118 E85 fueling facilities in California. Of these facilities,
63 are public or retail facilities and 55 are private fleet facilities. The following chart shows the public,
private, and north/south breakdown of the stations.
Statewide Distribution of E85 Fueling Stations

9

Northern California

Southern California

Total

Public/Retail

41

22

63

Private/Fleet

35

20

55

Total

76

42

118

EPA, Program for Advanced Biofuels, http://www.epa.gov/agstar/tools/funding/incentive/USbioenergyprogramforadvancedbiofuels.html
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Unfortunately, the biodiesel and E85 stations are unevenly distributed across the state, with major
metro areas and areas of intensive agriculture getting a much larger number of stations than either the
Monterey Bay or Central Coast areas. The table below indicates public E85 and biodiesel stations in the
tri-county Monterey Bay area.
Monterey Bay E85 and Biodiesel Fueling Stations
County

Company

Address

Santa Cruz

Green
Station

433 Ocean St.

Monterey

Alliance

Monterey

Pilot
Travel
Center

Santa Cruz, 95060
2109 Fremont St
Monterey, CA 93940
951 Work Street
Salinas CA 93901

Contact Info

Fuel

831 425-9100

Bidiesel - B99

831 424-1691

BioDiesel - B20

831 775-0380

Biodiesel - B99

Expanding the number of E85 retailers has been challenging for many reasons. First, while tanks and
pumps at existing gasoline fueling stations can be modified to sell E85, the ROI on such modifications is
extremely limited. With a gallon of E85 having approximately 23% to 28% less energy than a gallon of
gasoline, studies have shown that drivers of flex-fuel vehicles are aware of this energy density/MPG
reduction and will purchase E85 only if it is priced proportionally lower than gasoline. Further, with the
price of gasoline fluctuating significantly in recent years, the relative value of E85 has also fluctuated
widely. This in turn has led to a lack of consistent demand for E85, which makes it difficult for retailers to
justify the capital investment to sell E85.
Both E85 and biodiesel are subject to the classic “chicken and egg” dilemma characteristic of so many
alternative fuels. The lack of fueling infrastructure causes consumers not to purchase the alternative
vehicle (or causes them not to fuel with an optional alternative fuel such as E85 or B100), while the lack
of demand for the fuel causes prospective fueling providers not to make the needed investments to
address consumer anxiety about fuel availability.

4.43. Recommendations for Biofuel Vehicle and Fueling Infrastructure and Deployment: Biodiesel and
renewable diesel offer substantial GHG reductions and other air emissions benefits that are particularly
important for cleaning up the medium and heavy-duty vehicle truck segments. Given the dangerous
impact of diesel emissions on public health, it is vital that local and regional stakeholders cooperate with
the state and private industry to accelerate the Monterey Bay transition to cleaner-running diesel
vehicles. In addition to the biodiesel/renewable diesel opportunity, Monterey Bay leaders have an
opportunity to encourage more gasoline retailers to carry E85, and to “walk the talk” of clean fuels by
ensuring that both public and private fleets maximize use of these sustainable biofuels.
Of course, many of the challenges of expanding biofuels use must be addressed by ongoing (and in some
cases, increased) efforts by the auto industry, fuel suppliers, and state and federal agencies. To be clear
on the relative scope for local and regional action, we briefly review these state and federal level
initiatives, and the additional efforts can be expected to help drive the biofuels transition.
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Key National Market Drivers for Renewable and Biodiesel Vehicles
1. Light-duty diesel manufacturing costs and retail pricing must trend toward parity with ICEs in
order to reduce the up-front price disadvantage that is one reason for the modest (though
rapidly improving) performance of diesel vehicles in the LDV segment
2. Additional product diversity is needed to attract more buyers to the clean diesel and Flex Fuel
Vehicle market
3. Fueling infrastructure incentives and grant support must be further enhanced to assist fuel
retailers with the one-time capital expense of expanding tanks, pumps, and other infrastructure
needed to accommodate multiple fuel types
4. Research and development must continue into sustainable feedstocks that do not compete
with food supplies, that have a strong energy return on energy invested (EROEI), and have the
lowest possible carbon intensity as well as other air emissions reductions
5. Automakers and the state of California need to strongly encourage the use of B20 as a “dropin” fuel for existing diesel engines, based on an accelerated program of testing and
standardization of vehicle capabilities.
Given the challenges facing expanded biofuel deployment, it is noteworthy that there has been very
strong growth in both light-duty diesel and Flex Fuel Vehicles. Together, these are now approaching 10%
of new vehicle sales (and over 7% of cumulative sales) in California. With vehicle sales relatively strong,
it is clear that the most important next steps for the biofuels ecosystem as a whole are: 1) expanding the
fueling outlets for E85 and biodiesel; and 2) expanding the low-carbon production and distribution
pathways for ethanol, biodiesel, and renewable diesel. Clearly, the existing infrastructure of just three
public biodiesel and E85 stations in the tri-county region is inadequate! To increase the number of
available biofuel outlets in the Monterey Bay, local governments and regional agencies must join with
private station operators to take the following steps.
Key Local and Regional Market Drivers for Renewable and Biodiesel Vehicles
1. Develop competitive grants to the California Energy Commission for expanded biofuel
infrastructure development
2. Enable biofuel station developers to move expeditiously through the planning, permitting,
and construction process
3. Commit to increasing the number of Flex Fuel vehicles in fleets, and the use of E85, biodiesel
and renewable diesel where feasible and appropriate based on vehicle and engine types.
Biofuel Readiness Tasks Currently Underway at the Regional Level: Several key biofuel readiness tasks
are already underway at a regional level. Through the Monterey Bay Alternative Fuels Project, local
stakeholders will receive training in biofuels-related code and permit issues will be addressed. In
addition, the AFV Readiness Task Force is building stakeholder awareness and knowledge across the AFV
spectrum, including biofuel vehicles and fueling infrastructure. The key tasks that are central to both
FCV readiness and the broader AFV work include the development of pro-active consumer and fleet
outreach via local sponsorship of multiple Green Car Shows (Recommendation 3.1), and AFV Training
seminars (Recommendation 3.2.) Additional recommendations for local government action (not yet
underway in most Monterey Bay jurisdictions) are indicated below.

DRAFT Monterey Bay Alternative Fuels Readiness Plan | Chapter 4 – Biofuels v1 | page 4 - 32

Domain

Recommendation

Lead

Dates

Biofuel
Vehicles &
Infrastructure

4.1. Assess potential of biofuel fleet vehicles to meet
local GHG reduction, cost, and sustainability goals -taking into account the most recent and authoritative
research on GHG and air quality impacts

Public
Works
Directors
& Fleet
Managers

9/1/15 –
12/30/16

Public
Works
Directors
& Fleet
Managers

9/1/15 12/30/16

4.2. Determine need for additional local biofuels
production, distribution, and fueling infrastructure to
meet planned biofuel fleet needs
4.3. Partner with other cities and the AFV Readiness
Council to outreach to potential biofuel/biodiesel fuel
infrastructure developers and operators to develop
potential fueling sites (if applicable).
4.4. Implement comprehensive biofuel fleet best
practices to include:
§ Selecting biofuels that reduce GHG emissions on a
life-cycle basis, based on carbon intensity factors
provided by CARB
§ Utilizing producers that process biofuels with
minimum fossil fuel inputs that do not compete with
food supplies, and that utilize “second generation”
cellulosic feedstocks such as agricultural residues
(e.g., corn or wheat stalks), waste oils and fats, forest
thinnings, or woody biomass
§ Deploying best practices for transitioning existing
diesel fleets to biodiesel
§ Deploying best practices for fuel system
performance – including: 1) cleaning and
replacement of filtration systems, 2) testing supply
sources for contaminates; 3) utilizing fuel storage
techniques that avoid reactive materials; 4)
segragating fuel from oxygen sources; 4) using
antioxidants to protect fuel stability and biocides
where needed to address contamination.

To help local stakeholders take the steps outlined above, the following resources are highly
recommended.
4.44. Biofuel Resources
§ Federal Laws and Incentives for Biodiesel, U.S. Department of Energy,
http://www.afdc.energy.gov/laws/laws/US/tech/3251.
§ Federal Laws and Incentives for Ethanol, http://www.afdc.energy.gov/laws/laws/US/tech/3252.
§ Advanced Biofuels Market – Overview of market segments and companies,
https://www.e2.org/ext/doc/E2AdvancedBiofuelMarketReport2014.pdf
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§ EPA Biofuel Case Studies in CA: http://www.epa.gov/region9/waste/biodiesel/california.html
§ California Biodiesel Economic Growth:
https://www.e2.org/ext/doc/E2_Fueling%20Growth_2013.pdf
§ Biodiesel Value Chain Report:
https://www.e2.org/ext/doc/CaliforniaBiodieselValueChainReport.pdf
§ BQ-9000 Website (for a list of accredited producers), National Biodiesel Board.
§ Biodiesel Handling and Use Guidelines, National Biodiesel Board
§ Warranties and OEM Statements, National Biodiesel Board
§ Fuel Quality and Performance Troubleshooting Guide, National Biodiesel Board
Biodiesel Companies
§ Biodico – Production Technology
§ Agron Bio Energy (formerly NorthStar Biofuels) - Feedstock
§ Yokayo Biofuels - Collector
§ Crimson Renewable Energy, LP - Production
§ Imperial Western Products - Blending
§ Propel Fuels - Retail and Distribution
4.45. Biodiesel Terms and Definitions
§ Ash – Ash is a measure of the amount of metals contained in the fuel. Ash forming materials may
be present in three forms: (i) abrasive solids, (ii) soluble metallic soaps, and (iii) residual biodiesel
catalyst. Abrasive solids and biodiesel catalyst materials result in wear of fuel system and internal
engine components exposed to fuel after injection. Metallic soaps can contribute to deposits in the
fuel system. All ash forming compounds can contribute to the accumulation of materials on diesel
particulate filters, requiring filter maintenance.
§ Cetane Number – Cetane number is a measure of the fuel’s ignition and combustion quality
characteristics. Biodiesel blend stock typically has a higher minimum cetane level than that of
petroleum diesel. Fuels with low cetane numbers will cause hard starting, rough operation, noise
and increased smoke opacity. The level specified is consistent with EMA’s requested increase in the
minimum cetane number for petroleum diesel fuel.
§ Cloud Point – Cloud point is a test used to characterize the low temperature operability of diesel
fuel. It defines the temperature at which a cloud or haze appears in the fuel under prescribed test
conditions. The cloud point for biodiesel blends is generally higher than it is for petroleum diesel
fuel. To avoid component precipitation in vehicle fuel tanks and blockage of fuel filters, the
traditional blending practices for a given ambient temperature should be modified prior to
blending with biodiesel. Alternative low temperature operability test methods such as Cold Filter
Plugging Point (CFPP) and Low Temperature Flow Test may be agreed to between the supplier and
the purchaser of the fuel.
§ Copper Strip Corrosion – The copper strip corrosion test indicates potential compatibility problems
with fuel system components made of copper alloys such as brass and bronze. The limit specified is
the same as that for petroleum diesel fuel.
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§ Flash Point – The flash point temperature is the minimum temperature at which the fuel will ignite
(flash) on application of an ignition source under specified conditions. Flash point varies inversely
with the fuel’s volatility. Flash point minimum temperatures are required for proper safety and
handling of fuels. Note that the biodiesel component must meet a flash point criteria, prior to
blending, for the purpose of assuring that the biodiesel component does not contain methanol. It is
not possible, however, to rely on the flash point of the blend for the same purpose inasmuch as the
flash point of the petroleum component is much lower.
§ Kinematics Viscosity – Kinematics viscosity affects injector lubrication and fuel atomization.
Biodiesel fuel blends generally have improved lubricity; however, their higher viscosity levels tend
to form larger droplets on injection that cause poor combustion and increased exhaust smoke. The
limits established provide an acceptable level of fuel system performance for D1 and D2 fuel
blends.
§ Lubricity – Lubricity is a measure of the fuel’ s ability to provide adequate lubrication of the
components of the fuel system, including fuel pumps and injectors. The precision required in the
manufacturing of these components and the significant influence of abnormal wear require that
they be adequately protected from scuffing, scratching, wearing, etc. that may affect their fuel
delivery characteristics. The level specified is consistent with that recommended by suppliers of
fuel injection equipment for modern diesel engines.
§ Physical Distillation – Distillation provides a measure of the temperature range over which a fuel
volatizes or turns to a vapor. D1 typically has a greater volatility than D2; however, the inclusion of
biodiesel at B20 blend levels results in comparable T90 temperature characteristics. V olatility
directly affects the engine’ s ability to operate as intended. Biodiesel does not have a traditional
petroleum distillation characteristic; however, the addition of biodiesel to petroleum diesel in a
blend can result in an increase in T90 distillation temperature. Higher volatility, as represented by a
lower T90 temperature, generally provides better engine performance, while lower volatility
generally provides better fuel economy. The T90 temperature specified has been evaluated for
engine performance with biodiesel blends, up to B20, where the petroleum diesel fuel utilized in
the blend met the requirements of ASTM D975.
§ Rams bottom Carbon Residue – The Rams bottom Carbon residue test is intended to provide some
indication of the extent of carbon residue that results from the combustion of a fuel. The limit
specified is the same as that for petroleum diesel fuel.
§ Sulfur – Sulfur levels in fuel are regulated by various governmental agencies to assure compatibility
with emission standard requirements. In the United States there are currently three sulfur grades:
S5000, S500, and S15, for both D1 and D2 petroleum diesel fuel. Biodiesel blends may not exceed
the applicable maximum sulfur levels as defined for petroleum diesel.
§ Water and Sediment – Fuel should be clear in appearance and free of water and sediment. The
presence of these materials generally indicates poor fuel handling practices. Water and sediment
can shorten filter life or plug fuel filters, which can lead to engine fuel starvation. In addition, water
can promote fuel corrosion and microbial growth. The level of water specified is within the
solubility level of water in fuel and, as such, does not represent free water. Limits are established to
allow measured results to be compared to a maximum level acceptable for proper engine
operation.

DRAFT Monterey Bay Alternative Fuels Readiness Plan | Chapter 4 – Biofuels v1 | page 4 - 35

