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EXECUTIVE SUMMARY

California is a global leader in the development of alternative fuels and alternative fuel vehicle technologies largely 
due to historic state policies and investment trends.  Concomitantly, three principal forcing functions have driven 
worldwide efforts for the development of new transportation fuels and vehicle technologies as alternatives to 
petroleum-based fuels and the internal combustion engine: 

 1. Global climate instability caused by anthropogenic greenhouse gas (GHG) emissions
 2. The need for long-term energy security (including energy independence)
 3. Urban air pollution caused by criteria pollutant emissions from combustion of fossil fuels 

California’s positioning provides an opportunity for the state to play a leadership role in the development and 
definition of the global alternative fuel landscape of the future. This report provides an overview of the current status 
and trends with respect to alternative transportation fuels and vehicle technologies, focusing on California.  It also 
discusses the factors affecting the potential technical and market success of those technologies and fuels, and explores 
the future landscape for alternative transportation fuels and vehicle technologies in California over the next 20 years.
Gasoline and diesel currently comprise about 99% of the fuel mix in California.  While California houses most of its 
own refining capacity, only 40% of petroleum consumed is produced in state.  15% is imported from Alaska and 45% is 
imported from foreign countries, primarily Saudi Arabia, Iraq, and Ecuador.  The light-duty vehicle sector is the largest 
contributors to GHG emissions in California while heavy-duty vehicles account for more than 4 billion gallons of diesel 
annually and emit proportionally high levels of criteria pollutant emissions like particulate matter (PM) and oxides of 
nitrogen (NOX).

POLICY FRAMEWORK IN CALIFORNIA
Historically, policies implemented by the California Air Resources Board (CARB) have been the principal driver for many 
of the alternative fuel and vehicle technology developments in the state through initiatives such as the Zero Emission 
Vehicle (ZEV) and Low Emission Vehicle (LEV) programs, the Pavley bill, and the low carbon fuel standard.  While 
CARB policies will continue to be a principal driver in the development of alternative fuels, during recent years the 
California Energy Commission (CEC) has become a major contributor to the development of alternative fuels through 
the Assembly Bill (AB) 118 program.  AB 118 allocates $200 million annually over 7 years to be administered by the CEC 
for the development of infrastructure for low-carbon transportation fuels.  Local air districts such as the South Coast 
Air Quality Management District, Bay Area Air Quality Management District, and the San Joaquin Air Pollution Control 
District also play a role in alternative transportation fuel and vehicle technologies investments in California.

ALTERNATIVE FUELS AND VEHICLE TECHNOLOGIES
Alternative fuels and vehicle technologies discussed in the report include: (1) advanced gasoline and diesel vehicles 
such as gasoline-electric hybrids; (2) fuel cell electric vehicles (FCEVs) that utilize hydrogen as a transportation fuel; 
(3) plug-in battery electric and plug-in hybrid electric vehicles (BEVs and PHEVs) that utilize electricity from the grid 
as a transportation fuel; (4) natural gas and propane as transportation fuels; and (5) liquid biofuels for transportation.  
While some of these alternative fuels and vehicle technologies are commercial and/or experiencing market success 
already, some are under development or in demonstration stages.  This relates in part to the different advantages 
and challenges associated with each fuel and vehicle technology.   There are also different degrees to which each 
technology is effective in addressing greenhouse gas, energy security, and air quality challenges.  Therefore, it is likely 
that in the foreseeable future a portfolio of alternative fuels and vehicle technologies will be developed and deployed 
in California as part of the strategy for addressing these forcing functions.
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ECONOMICS AND INVESTMENT TRENDS
Public funds have and will likely continue to play an important role in the development, demonstration, and 
commercial success of alternative fuels.  Generally, private investment dollars do not become available until the 
period during which alternative fuels and vehicle technologies begin making the transition to commercialization.  
Major funding sources related to alternative fuels in California include CARB and the CEC as well as local air districts.  
Federal government dollars are also available through the US Department of Energy, which has aggressively shifted 
funding into plug-in battery electric and plug-in hybrid electric vehicles and charging infrastructure in particular.  
California’s investments have generally favored fuels and technologies that favor electric drive vehicles in the light-duty 
sector, while in buses investments have favored natural gas technologies as well as electric drive.  In the heavy-duty 
sector investments have favored natural gas infrastructure and truck technology, principally through AB 118 funds 
administered by the CEC.

California regulations have also prompted significant private investments in the development of alternative fuel 
technologies.  For example, the ZEV and LEV programs implemented by CARB have resulted automakers investing 
billions of US dollars in electric drive and zero emission vehicle technology such as fuel cell vehicles.  Similarly, stricter 
emissions requirements in the heavy-duty sector are causing an increase in the cost of operating diesel trucks leading 
to investments in alternatives.

PROJECTED OUTLOOK FOR FUEL MIX
Based on a collective consideration of California and Federal government policies, technology readiness, technology 
potential, economics, and market factors the authors provide a best-guess scenario for how the transportation fuel mix 
in California is likely to evolve over the next 20 years.  A business-as-usual case in which a natural evolution of gasoline 
and diesel vehicles is assumed (with no additional introduction of alternative fuels) is also developed as a basis for 
comparison.  In the light-duty vehicle sector, it is estimated that ethanol blends in gasoline will continue to increase.  
It is also estimated that electric-drive technologies, primarily FCEVs but also a significant number of BEVs and PHEVs, 
will make up the majority of alternative vehicles enter the market.  The higher efficiency of electric drive-train vehicles 
is expected to reduce the overall energy requirements from the light-duty vehicle sector compared to the business-
as-usual case.  In the heavy-duty sector, a greater amount of natural gas and biodiesel is estimated to enter the mix to 
displace a significant portion of petroleum requirements.  However, the vehicle technologies that utilize these fuels 
offer little or no improvement if fuel economy, so the overall energy requirements from the heavy-duty sector are 
estimated to be about the same in comparison to the business-as-usual case.  

Finally, an important observation is that while projections show that alternative fuels will continue to advance and 
increase as part of California’s overall fuel mix in the 2010-2030 time period, petroleum-based fuels will still account 
for the vast majority of fuel used in California in 2030.
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Since the industrial revolution more than 100 years ago, fossil fuels have been used in combustion processes as the 
dominant global source of power for transportation of people and goods.  Today, petroleum-based fuels utilized in 
internal combustion engines (ICEs) power more than 94% of the world’s transportation needs1.   This combination of 
petroleum fuel and powerplant has driven much of the industrialization and modernization that occurred over the 
last century, facilitating some of the most notable advancements made by humankind.  However, a worldwide need 
for alternative transportation fuels has arisen as a result of three principal forcing functions that have been reaching a 
critical mass in recent years:

 1. Global climate instability caused by anthropogenic greenhouse gas (GHG) emissions
 2. The need for long-term energy security (including energy independence)
 3. Urban air pollution caused by criteria pollutant emissions from the combustion of fossil fuels

The State of California has demonstrated keen foresight up until this point using investments and policies to push 
forward the development and demonstration of alternative fuels and alternative fuel vehicle (AFV) technologies 
in light of the forcing functions.  Many of these alternative fuels and technologies are either in the early stages of 
commercialization, or are now reaching a state of maturity that will enable their transition from development and 
demonstration into commercialization.  As a result, there is an exciting opportunity for California to develop and 
define the alternative fuel landscape of the future.  Many options and technologies show promise and can play a role 
in shaping this future; given the in-state technology development that is already underway, California can capitalize 
on this opportunity to be the world leader in the commercialization and provision of alternative fuel strategies and 
technologies.

This report provides an overview of the current status and trends with respect to alternative transportation fuels and 
vehicle technologies, focusing on California.  It also discusses the factors affecting the potential technical and market 
success of those technologies and fuels, and explores the future landscape for alternative transportation fuels and 
vehicle technologies in California over the next 20 years.

1.1  -  FORCING FUNC TIONS FOR  
ALTERNATIVE TRANSPOR TATION FUELS IN CALIFORNIA

GREENHOUSE GAS EMISSIONS AND GLOBAL CLIMATE CHANGE
There is a consensus in the global scientific community that anthropogenic GHG emissions are causing a consistent rise 
in global temperatures2.   The International Panel on Global Climate Change (IPCC) predicts that global temperature 
rises will lead to changes in weather patterns (in turn affecting agriculture and the availability of fresh water), a rise in 
ocean levels, and a widespread destruction of fish and wildlife.  Compared to other regions of the world, the State of 
California is likely to be affected disproportionately by global climate change for at least five reasons: (1) agriculture 
is a major industry in California, and will face major challenges due to climate instability; (2) climate instabilities will 
negatively impact California’s already strained fresh water resources; (3) California has vast and diverse fish and wildlife 
populations that will face many challenges; (4) California’s highly valued coastal regions will be negatively impacted by 
sea level rise; and (5)  rises in global temperatures will lead to higher levels of urban air pollution (in particular ozone), 
exacerbating an already severe urban air quality problem in many parts of California3.   It has been concluded that it is 
too late to stop global climate change altogether4.   However, if the world continues emitting GHG emissions at current 
or greater rates, future temperature rises and the associated effects are likely to be much more severe.  To mitigate 

1.0  -  INTRODUC TION
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the severity of global climate change, anthropogenic GHG emissions must be greatly reduced across the globe at local, 
regional and national levels.  In California, the transportation sector is the largest contributor to GHG emissions (Figure 
1)5  so alternative transportation fuels and technologies are required if California is to play its role in mitigating global 
climate change.

Figure 1. Historic and projected California statewide GHG emissions by sector (source: California Air Resources Board).

ENERGY SECURITY
Fossil fuels such as petroleum products are finite resources.  As recognized by both the automobile and oil industries, 
we will soon be facing an effect known as “peak oil.”  Peak oil refers to the point of time at which the maximum 
possible rate of oil production is reached globally, after which the rate of production will decline6.   This concept was 
introduced by M. King Hubbert, and is therefore also commonly referred to as the Hubbert curve.  Many science and 
industry experts believe that the world has begun to experience the first signs of peak oil, given the recent scarcity 
trends that have resulted in oil price shocks.  The growth of automobile markets in China and India will likely accelerate 
these trends, and there is a growing consensus that the peak oil effect will be reached sometime during the next 
decade7.   This is alarming given that 94% of the world’s transportation fuels are petroleum-based.  Peak oil will cause 
initially price instability in oil markets, eventually resulting in a steady rise in prices8.   This trend will also impart more 
political power to nations that have the world’s largest reserves of oil, namely nations in the middle-east region of the 
world, many of which are roiled in geopolitical instability and/or politically hostile to the United States.  The citizens 
of California are especially dependent on the automobile for personal transportation as well as for the movement of 
goods.  Therefore, California could experience especially severe impacts as a result of peak oil and the associated price 
increases in oil-based transportation fuels.  To soften these impacts, California will need to systematically and steadily 
reduce consumption of petroleum-based transportation fuels and expand its usage of alternatives.
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URBAN AIR POLLUTION
Urban air pollution is a leading cause of respiratory illnesses in developing children and is responsible for millions of 
premature deaths throughout the world.  In Southern California alone, more than 5,000 deaths per year are associated 
with urban air pollution9.   Combustion of fossil fuels for energy production and transportation is the principal source 
of criteria pollutant emissions – the precursors for the formation of air pollutants such as ozone and fine particulate 
matter for which health-based National Ambient Air Quality Standards (NAAQS) have been established.  California 
in particular has faced severe challenges over the past 50 years in meeting NAAQS, especially in the South Coast Air 
Basin region.  Though air quality in this region has improved significantly over time as a result of increasingly stringent 
regulations on stationary and mobile source emissions, it still ranks amongst the worst in the United States with 
respect to ozone and particulate matter pollution.  According to the American Lung Association’s ratings for the 10 
most-air-polluted cities in the United States, eight California cities are worst for ozone, five are worst for year-round 
particulate pollution, and seven are worst for short-term particulate pollution.  The Los Angeles-Long Beach-Riverside 
area is ranked as the number one most polluted for ozone, and Bakersfield, California the number one most polluted 
for short-term particulate pollution10.   Through California’s proactive policies and air pollution regulations, criteria 
pollutants from motor vehicles have been reduced with remarkable success (particularly passenger vehicles) over the 
last five decades. However, transportation-related criteria pollutants remain a principal contributor to the still-severe 
air pollution problem.  This is largely because California’s vehicle population and total “vehicle miles traveled” continue 
to increase.  For California’s urban areas to successfully come into compliance with NAAQS, air quality regulators cite 
the need to displace progressively greater numbers of conventional gasoline and diesel vehicles with near-zero and 
zero-emissions vehicles.  This will require use of clean alternative transportation fuels combined with advanced drive-
train and power-conversion technologies.

1.2  POLICY FRAME WORK FOR ALTERNATIVE 
TRANSPOR TATION FUELS IN CALIFORNIA

CALIFORNIA’S APPROACH TO REGULATING THE MOBILE SECTOR
California regulatory agencies – most notably, the California Energy Commission (CEC), the California Air Resources 
Board (CARB), and local air districts such as the South Coast AQMD – have been national leaders in supporting AFV 
commercialization.  This work began in the early 1980s with focused efforts to develop vehicles operating on alcohol 
fuels (methanol and ethanol).  Successful efforts to commercialize low-emission vehicles operating on gaseous 
alternative fuels (especially natural gas) followed.  More recently, California agencies have strongly supported longer-
term electric-drive vehicles that offer zero tailpipe emissions, such as those powered by grid-charged batteries or 
hydrogen fuel cells.

Up until this point, California policies that have driven the development and introduction of alternative transportation 
fuels and technologies had been aimed at improving air quality and reducing reliance on imported petroleum fuel.  
But going forward, Assembly Bill 32 and the Pavley law, which regulate GHG emissions11,  will play a major role in the 
push for alternative transportation fuels and technologies since the transportation sector is the largest contributor to 
GHG emissions in the state of California.  An emphasis on reducing petroleum dependence will continue to drive AFV 
deployments.

CARB, a division of the California Environmental Protection Agency, has traditionally developed and promulgated most 
regulations designed to reduce air emissions from mobile sources.  Officially “fuel neutral”, CARB has effectively driven 
the development of alternative automobile technologies and alternative transportation fuels through policies aimed at 
improving urban air quality.  Most notable among these policies are the Zero Emission Vehicle (ZEV) and Low Emission 
Vehicle (LEV 1 & 2) regulations. Later, CARB adopted rules for the Pavley law, aimed at reducing GHG emissions from 
vehicles.
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ZEV, LEV, AND PAVLEY
The ZEV program has been particularly instrumental in advancing light-duty AFVs in California.  It requires that when 
an automaker reaches a threshold of light-duty vehicle (LDV) sales in the state of California, a certain percentage of 
vehicles deployed meet very strict emission standards.  Initially the program required that battery electric vehicles 
(BEVs) be used to meet the requirement.  However, a portfolio approach was eventually allowed in which automakers 
can use a combination of zero-emission vehicles (ZEVs) or partial zero-emission vehicles (PZEVs) to meet the 
requirements.  Historically, the aim of the ZEV program has been to reduce criteria pollutant emissions from mobile 
sources.  Recently, however, it has also been considered in terms of the role it can play in reducing GHG emissions 
(specifically, reduced C02 through higher vehicle efficiencies from electric drive systems) in the light-duty vehicle 
sector12. 

More recently, CARB adopted the rules required for the Pavley law to take effect.  The Pavley law was the first to take 
aim at reducing the greenhouse gases that come from the tailpipe of an automobile by requiring that new cars coming 
into market in California must collectively produce 22 percent fewer greenhouse gas emissions by 2012 and 30 percent 
fewer by 201613. 

While the ZEV program and Pavley are aimed primarily at LDVs, the Low-Carbon Fuel Standard affects the development 
of AFVs in both the LDV and HDV sector.  Also related to greenhouse gas reduction targets, the Low-Carbon Fuel 
Standard was established by Governor Schwarzenegger’s Executive Order to drive the development of alternatives to 
petroleum-based fuels that will result in lower greenhouse gas emissions.  Specifically, the standard will require that oil 
companies and other fuel providers reduce greenhouse gas emissions from transportation fuels by at least 10 percent 
by the year 202014. 

REGULATIONS SPECIFIC TO HDVS
Regulatory requirements and government financial incentives that are specific to HDVs have resulted in the successful 
launch of numerous HDV platforms operating on a variety of alternative fuels in California over the last 15 years.  The 
result has been that thousands of non-diesel HDVs have been put into commercial fleet service, millions of petroleum 
gallons have been displaced, and major improvements in urban air quality have been realized.  While the greatest 
success has involved on-road HDVs (trucks, buses, refuse haulers, etc.), significant AFV deployments have also occurred 
in off-road applications such as locomotives, cargo-handling equipment, and large forklifts.

Over the last two decades, a variety of HDV engines fueled by natural gas and other alternative fuels have been 
certified at NOx and PM emissions levels roughly 50% and 80% lower, respectively, than similar diesel-fueled engines.  
Because these NOx and PM emissions reductions are considered “surplus,” i  the State has been able to financially 
assist fleets by paying the incremental capital costs (i.e., over diesel HDVs) of qualified heavy-duty AFVs. This historical 
emissions advantage was instrumental in the creation of California’s landmark Carl Moyer Program, which provides 
incentives for fleets to purchase qualifying low-emissions HDVs.  Now in its eleventh year, it is difficult to overstate the 
role played by the Carl Moyer Program (and other similar programs that followed) in creating major demand among 
large California HDV fleets to purchase alternative fuel HDVs, and supply from manufacturers to meet that demand.
At the statewide level, various air quality regulations and policies have been adopted that directly or indirectly resulted 
in heavy-duty AFV commercialization and accelerated usage by HDV fleets.  These regulations have focused on 
reducing transportation-related emissions of criteria pollutants such as NOx and PM.  For example, CARB’s adoption in 
2000 of the Urban Transit Bus Fleet Rule helped to accelerate manufacturing and deployment of alternative fuel transit 
buses over the last decade.  

i 
CARB essentially defines “surplus” emissions reductions as those obtained “early and/or in excess of what is required by regulation.”
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Regulations promulgated by local agencies have also played very significant roles in heavy-duty AFV deployments.  A 
good example is SCAQMD’s adoption of seven different “fleet rules”  applicable to certain 

public agencies and private entities within its four-county jurisdiction.  Six of the SCAQMD fleet rules specifically target 
heavy-duty AFV deployments, as summarized in Table 1.   Another example is adoption of drayage truck tariffs by the 
Ports of Los Angeles and Long Beach, which accelerated introduction into port drayage service of new trucks with 
engines meeting federal 2007 emissions standards, including AFV versions. 

Table 1. South Coast AQMD (SCAQMD) Fleet Rules Specific to HDVs

SCAQMD Fleet 
Rule

Title/Targeted HDV Application

Rule 1186.1 Less-Polluting Sweepers

Rule 1192 Clean On-Road Transit Buses

Rule 1193 Clean On-Road Residential and Commercial Refuse Collection 
Vehicles

Rule 1194 Commercial Airport Ground Access Vehicles

Rule 1195 Clean On-Road School Buses

Rule 1196 Clean On-Road Heavy-Duty Public Fleet Vehicles

Clearly, efforts to reduce criteria pollutant emissions (primarily NOx and PM) via regulations and incentives have been 
major drivers towards heavy-duty AFV commercialization in California.

ii 
AQMD fleet rules require public agencies and certain private entities with fleets of 15 or more vehicles to purchase alternative fuel vehicles when replacing or 

purchasing new vehicles.
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An overview of current and next generation transportation fuels and automotive technologies will be provided in 
this section.  Focus will be placed on transportation fuels associated with light-duty and heavy-duty vehicles, but also 
include information related to other mobile sources such as locomotives and airplanes. Infrastructure needs, storage 
and distribution strategies, technical and policy-related barriers, and the economic outlook will be addressed.  Current 
and projected status of alternative vehicle technologies and fuels, potential market applications for the various 
technologies, challenges associated with them, and projected outlook will be discussed.

2.1 - GASOLINE, DIESEL, AND GASOLINE/ELECTRIC HYBRIDS
Gasoline and diesel dominate the transportation fuel market in California, comprising over 99% of the fuel mix15.   The 
majority of consumption is from light-duty passenger vehicles and heavy-duty trucks and buses, but a significant 
portion of diesel consumed is also associated with locomotives and off-road vehicles.  

California houses most of its own refining capacity, with the majority of operations located in the Los Angeles and San 
Francisco Bay areas, and some in the central coast and central Valley16.   About 40% of California’s crude oil is produced 
within the state.  Of the crude oil that is brought to California from out of state, 15% comes from Alaska and 45% from 
foreign sources, namely Saudi Arabia, Iraq, and Ecuador (Figure 2).  California’s domestic oil production has been in 
decline since around 1986, and imports of foreign oil have been rising sharply since 1995.  Supply of oil from Alaska 
has fallen from about 41% of the total used in California in 1996 to just 15% in 200917. 

ADVANCED GASOLINE AND DIESEL LIGHT DUTY VEHICLES
New vehicle technologies are emerging that utilize the existing transportation fuel infrastructure more efficiently, 
and in a way that further reduces criteria pollutant emissions.  For light-duty automobiles, hybrid electric vehicles 
(HEVs) are the most notable example.  This technology combines a battery and electric drive train with the traditional 
gasoline internal combustion engine (ICE) vehicle and drive train, resulting in a more efficient drive cycle.  HEVs are 
achieving improvements in fuel economy up to 50% compared to their gasoline ICE counterparts.  The battery and 
electric drive train also allow for “regenerative braking,” which is a strategy to improve fuel economy while performing 
a significant portion of vehicle braking by capturing electrical energy into the battery (in combination with applying 
mechanical brakes), rather than applying brakes only.  Most HEVs utilize nickel metal hydride (NiMH) batteries, which 
have demonstrated excellent reliability.  At the same time, the expense of batteries drives up the cost of HEVs resulting 
in a sticker price $5,000 to $10,000 above that of a comparable gasoline ICE vehicle.  Nevertheless, HEVs have captured 
an impressive 5% of the new LDV sales in the Los Angeles region since their commercial introduction in 2001 and 
continue to have success in the market throughout California.  Currently HEVs are offered by every major automaker 
in several vehicle models ranging from small sedans, to larger sport utility vehicles.  However, incentives such as tax 
credits and high-occupancy-lane stickers, which have contributed to the successful uptake of HEV technology, have 
expired or will be expiring soon.  Many analysts have suggested that the California ZEV program played a major role 
in the commercialization of HEV technology by spurring the development of electric drive train technology for pure 
battery electric vehicles (BEVs) and fuel cell electric vehicles (FCVs).

2.0  -  CURRENT AND NEX T GENERATION TRANSPOR TATION 
FUELS AND RELATED TECHNOLOGIES
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Figure 2. Historic trend in sources of oil to California refineries (source: California Energy Commission)

Another emerging light-duty vehicle technology that utilizes conventional fuels is the advanced diesel vehicle.  
Historically, light-duty diesel vehicles have not been sold in California because they could not meet CARB’s stringent 
emissions standards for oxides of nitrogen (NOX) and particulate matter (PM).  However, with the advent of ultra 
low-sulfur diesel and advanced emissions control systems, advanced light-duty diesel vehicles are now being built that 
can meet these standards and they are being introduced into the California market.  Advanced diesel vehicles have 
the benefit of achieving up to 30% improvements in fuel economy compared to gasoline vehicles.  While advanced 
diesel vehicles tend to have a higher price tag than their gasoline counterparts by a few thousand dollars, there are 
federal tax credits ranging from $900 to $1,800 available for their purchase18.   Vehicle emissions standards in California 
are continually becoming more strict, so eventually it may become impossible for even advanced diesel light-duty 
automobiles to meet the standards.  Also, because advanced diesel engines must be highly tuned to meet California’s 
emissions standards, it is challenging to operate them on biodiesel. Automakers restrict the amount of biodeisel that 
can be used in advanced diesel vehicles (no more than a 5% blend) and void the warranty if higher blends are used.  
At the same time, petroleum-based diesel prices have been getting consistently more expensive than gasoline prices, 
suggesting another challenge for advanced diesel vehicles, especially if biodiesel cannot be used to alleviate strains in 
supply.

HEAVY-DUTY GASOLINE AND DIESEL VEHICLES
In the heavy duty vehicle (HDV) sector current annual consumption of petroleum fuel (diesel) exceeds four billion 
gallons. On a per-vehicle basis, HDVs burn large volumes of diesel fuel and emit disproportionately high levels of fine 
particulate matter (PM) and oxides of nitrogen (NOx) iii.  Over the last 50 years, the vast majority of the world’s HDVs 

iii 
PM emitted from diesel engines contains many compounds known to be associated with cancer, lung and heart disease.  NOx is a precursor to ozone, which  

    contributes to urban smog and is associated with the development of adverse heath effects such as childhood asthma.  
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have been powered by one particular fuel/technology combination: diesel fuel burned in compression-ignition internal 
combustion engines.  Because it is relatively simple, inexpensive and robust, this technology has long dominated 
the HDV sector because it provides essential attributes sought by HDV manufacturers and their main commercial 
customers (municipal and private fleets).  Table 2 summarizes these attributes desired by HDV fleets, and the enabling 
characteristics of diesel fuel and engines. 
 
Table 2. Desired HDV Attributes and Enabling Characteristics of Diesel Fuel / Engines 

Desired Attribute of  
Heavy-Duty Vehicles

Enabling Characteristics of  
Diesel Fuel and Engines

Sufficient Torque/Power to Move Large 
Vehicles and Heavy Loads

	Fuel: enables engines to operate at high compression ratios
	Engine: high power density (power per volume and mass)

Good Fuel Economy and Driving Range
	Fuel: high energy content per volume and mass
	Engine: high thermal efficiency

Fast, Convenient, Easy Refueling

	Fuel: liquid at ambient temperatures and pressures; high energy con-
tent per volume of fuel pumped

	Fueling Stations: widely dispersed network; no special training or 
protective equipment required

Low Life-Cycle Costs/Good Affordability

	Fuel: relatively cheap
	Engine/On-Board Fuel System: low capital costs, low maintenance 

costs (good durability/reliability)
	Fueling stations: low capital and operational costs; existing network of 

mechanics and technicians

Ability to Meet Existing Environmental 
Standards

	Fuel: reformulation over time enabling aftertreatment systems to help 
meet criteria pollutant emissions standards 

	Engine and Emissions Controls: evolution over time to help meet 
criteria pollutant emissions standards

Ability to Meet Existing Safety Regula-
tions, Codes, and Standards

	Engine and Fuel: long histories of experience by regulators and emer-
gency response professionals

	Fuel Storage / Transport: ambient pressure and temperature helps 
minimize requirements 

In sum, diesel-fueled internal combustion engines have long dominated the HDV sector because they enable fleets to 
effectively and reliably transport goods and people, at relatively low costs iv.    Diesel fuel’s high energy content (per 
mass and volume) is a particularly strong attribute; it enables fast refueling times and long driving ranges for HDVs – 
both of which are highly valued by fleets.

2.2 -  HYDROGEN AND FUEL CELL VEHICLES
Fuel cells produce electricity from a fuel source directly through an electrochemical reaction.  Fuel cell vehicles 
(FCVs) utilize a type of fuel cell referred to as a proton exchange membrane (PEM) fuel cell because it operates at low 
temperatures allowing for quick vehicle start-up and offers favorable power dynamics. Electricity, generated from the 
fuel cell through electrochemical reaction of hydrogen and oxygen (from air), powers an all-electric drive train; this 
requires no transmission and results in quiet, smooth vehicle operation.  The only byproduct of the fuel cell reaction is 
water, so FCVs produce zero tailpipe emissions of criteria pollutants or GHGs.  In addition, FCVs can be hybridized with 
battery systems to supplement vehicle power and enable regenerative braking.  The current generation of FCVs is more 
than twice as fuel-efficient compared to conventional gasoline vehicles, as a result of the high electrical efficiency of 
the fuel cell coupled with an all-electric drive train.

iv 
There are known societal “disbenefits” for this heavy reliance on diesel fuel; however, these are largely external to market decisions made by HDV fleets.
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HYDROGEN AS A FUEL
PEM fuel cells require high purity hydrogen as a fuel.  However, unbound hydrogen is not found naturally on earth 
and must be extracted from a feedstock energy source.  For nearly 100 years, abundant quantities of high purity 
hydrogen have been produced and handled for industrial purposes.  The principal sources of industrial hydrogen have 
been steam methane reforming of natural gas (which accounts for more than 90% of the hydrogen produced in the 
world), and the use of electricity to split water in a process called electrolysis.  Natural gas-derived hydrogen used in 
a fuel cell vehicle offers efficiency advantages, greenhouse gas reductions, and criteria pollutant reductions compared 
to gasoline ICEVs.  Because natural gas is available domestically this strategy also reduces reliance on imported fuels 
like petroleum.  Electrolysis can produce renewable hydrogen with zero emissions of GHGs or criteria pollutants if the 
source of electricity is renewable (e.g., wind or solar).  Another source of renewable hydrogen is to use methane-rich 
biogas, instead of natural gas, as the feed for steam-methane reforming.

Additionally, many other hydrogen production strategies are either in the demonstration or research and development 
phases.  One very promising example is the use of a high-temperature (molten carbonate or solid oxide) fuel cell 
to simultaneously produce hydrogen, electricity, and heat from methane.  This strategy is referred to as an energy 
station, tri-generation, or poly-generation.  The first demonstration of an energy station in the world will take place 
at the Orange County Sanitation District and will utilize biogas coming from the wastewater treatment process, 
which means that all of the products, including the hydrogen, will be renewable.  The hydrogen will be used onsite 
to refuel FCVs and the installation is scheduled to come online sometime during the first quarter of 2011.  Other 
hydrogen production strategies on the horizon include the gasification of coal, solid biomass, or a combination of 
the two, and high-temperature electrolysis, but these are not likely to be implemented until the use of hydrogen in 
the transportation sector is more fully developed.  Hydrogen production strategies in the research and development 
phases include the implementation of thermochemical cycles that utilize the high temperatures from solar thermal or 
nuclear plants to produce hydrogen; the use of algae and bacteria to produce hydrogen; and photolysis, which is the 
process of converting sunlight and water to hydrogen directly.

CHARACTERISTICS AND APPLICATIONS OF FCVS
In the past, several strategies for storing hydrogen on-board a FCV were tested: cryogenic liquid hydrogen storage 
(i.e., at very low temperatures), and pressurized gaseous hydrogen storage (at pressures varying from 3,600 to 10,000 
psi).  Today, the strategy of storing liquid hydrogen on board a vehicle has been essentially abandoned for light duty 
vehicles.  Pressurized gas storage is the strategy that has been adopted by the automobile industry, and currently two 
fill pressures are being tested: 5,000 psi and 10,000 psi.  The move to a 10,000 psi storage pressure has been made by 
most major automakers as a way to store more hydrogen on-board a fuel cell vehicle therefore increasing the driving 
range between fills.  Until recent years, achieving a driving range comparable to gasoline vehicles was one of the 
major challenges facing FCV.  Though automakers continue to work to improve driving range, several of the current 
FCV models are achieving a driving range of over 300 miles (and in some cases over 400 miles) as a result of moving to 
higher storage pressures coupled with efficiency gains.

Certain characteristics of FCVs, such as system weight and drive train capabilities, make them favorable for a broad 
range of applications.  For example, in the light-duty automobile market, they are suited for vehicles ranging from 
small sedans up to larger SUVs and trucks, and even motorbikes.  Their ability to store enough hydrogen on board for 
300 to 400 miles of driving and refuel quickly (typical refueling times range from 3 to 8 minutes) make them suited for 
long distance trips as well as for day-to-day commuting. Fuel cell motorbikes are also being developed and deployed.  
One model is being developed out of a partnership between Intelligent Energy (producing the fuel cell stack) and 
Suzuki, and another by BMW.  Fuel cell motorbikes show particular promise in European markets where gasoline 
motorbikes are used heavily in urban centers and give rise to challenges with respect to noise levels and pollution 
emissions. 
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Another transportation application in which fuel cells have achieved recent success is in lift trucks for materials 
handling.  Traditionally, battery-powered lift trucks have been used in this sector, but fuel cell lift trucks offer a 
few advantages over batteries: they can refuel with hydrogen more quickly than swapping out a battery, and they 
eliminate the footprint needed to store and charge the extra batteries that are waiting to be swapped out.  Recently, 
Walmart made a decision to power their electric lift trucks with the Plug Power Inc. fuel cell stack at their refrigerated 

distribution center in Alberta, Canada19.  
Light-duty FCV (Chevy)                 FC Bus (Hydrogenics)

   
FC Motorbike (Suzuki & Intelligent Energy)             FC Forklift (Plug Power)

For heavy-duty applications, transit buses are targeted to be first adopters of hydrogen FCV technology in California, 
for similar reasons that CNG and LNG have succeeded in that sector.  Transit properties such as SunLine Transit, Santa 
Clara Valley Transit Authority, and AC Transit have been leaders in demonstrating hydrogen fuel cell and/or ICE transit 
buses.  In response to CARB’s ZBus regulation, specific demonstrations are underway throughout the State to validate 
technology readiness. In total, 19 zero emission buses will soon be in full operation within California transit fleets. 
These demonstrations include:

 • A demonstration in the Bay Area involving transit agencies in the Bay Area of 12 hydrogen fuel cell  
  buses, with construction of two hydrogen dispensing stations  

 • Demonstrations of smaller buses in cities like Burbank, Palm Springs, and Pomona. 
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Fuel cell buses have also been demonstrated in major cities throughout other parts of the world for nearly a decade.  
Toyota and Mercedes have put forth major deployment efforts in Japan and Europe respectively.  In addition to 
eliminating tailpipe emissions, fuel cell buses virtually eliminate engine noise, which is considered a major nuisance 
with respect to today’s buses.

Currently, hydrogen fuel cell buses are hand-built and cost millions of dollars each.  The key parameters affecting costs 
are the hydrogen storage tanks and the fuel cell stack(s).  But their many attributes, in addition to the fact that major 
automakers are significantly reducing the cost of automotive fuel cell technology, suggest that the long-term prospects 
for fuel cell buses could be promising.

HYDROGEN ICEVS
In addition to FCVs that use hydrogen, ICE vehicles fueled by hydrogen are being developed and demonstrated.  Mazda 
is currently demonstrating two models of hydrogen ICEVs that also have the option of refueling and operating with 
gasoline.  BMW was testing a fleet of “7-seires” sedans that similarly have the option of fueling with hydrogen or 
gasoline.  Quantum Technologies has produced hydrogen ICEVs by retrofitting the Toyota Prius.  Several hydrogen ICEVs 
have been deployed in Southern California as well as other parts of the world20.  While hydrogen ICEVs can significantly 
reduce emissions and eliminate petroleum use, they still produce some amount of NOX and do not offer the same 
degree of efficiency advantages of FCVs.  The advantage they do offer is lower production cost compared to current 
FCV technology and therefore could serve as a transition technology.

HYDROGEN INFRASTRUCTURE
To produce and readily provide hydrogen fuel for fuel cell vehicles a major build-up of infrastructure will be required in 
every leg of the hydrogen supply chain.  This is less challenging with respect to hydrogen production and distribution 
infrastructure because, in the near-term, excess capacity from industrial operations can meet small quantities.  For 
example, several gas companies such as Air Products and Chemicals, Inc., Praxair, Linde, and Air Liquide own and 
operate hydrogen production plants, hydrogen pipelines, and liquid and gaseous hydrogen delivery trucks throughout 
California.  At the point when large investments in production and distribution industry will be needed, it is likely 
that growth in the hydrogen and FCV markets will have enough momentum to justify those investments.  As an 
alternative to investing in large, central plants and distribution infrastructure, generating hydrogen at or near the site 
of the fueling station is also a possibility. As an example, California State University Los Angeles is constructing an on-
campus facility (scheduled to begin operation in April 2011) that will produce and then dispense hydrogen from water 
electrolysis, using 100% renewable electricity.  This strategy is referred to as distributed generation and eliminates the 
need for much of the infrastructure upstream of the fueling station.  A disadvantage to distributed generation is that 
the smaller production quantities do not allow for the cost benefits associated with economies of scale.

The most significant challenge facing the introduction of hydrogen and FCVs is the provision of fueling infrastructure.  
Although California has the most developed hydrogen fueling infrastructure for FCVs in the world, it is nevertheless 
quite sparse.  With low volumes of hydrogen demand in the early stages of FCV deployment, it is difficult to justify 
private investment in refueling infrastructure due to long payback periods, so subsidies from the public sector will be 
required.  In California, public funds allocated mostly through CARB have supported the build-out of early hydrogen 
fueling stations.  Currently just over 20 hydrogen fueling stations are operating in the state, but of those less than five 
are publicly accessible, retail-like stations that are likely to enable commercial-style rollout of FCVs. Development of 
hydrogen stations specifically to serve return-to-base HDVs such as transit buses would likely unfold in a similar fashion 
to how CNG and LNG stations have been deployed over the last 15 years.

The state of California has recently stepped up efforts to fund hydrogen infrastructure with $22 million in public funds 
allocated to hydrogen refueling stations through the CEC.  On the other hand, the US Federal Government has not 
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allocated any new funding for hydrogen fueling infrastructure and public statements by the current Energy Secretary, 
Steven Chu, expressing a desire to cut the US DOE’s hydrogen program have led to a decline in support for hydrogen 
and FCV technology from the federal government and large energy companies.

FUTURE OUTLOOK FOR HYDROGEN AND FCVS
Hydrogen and FCVs have been called the most effective way to reduce GHGs from the transportation sector and 
reduce dependence on petroleum21.   Studies have also shown that replacing gasoline vehicles with hydrogen and FCVs 
can dramatically improve urban air quality22.   Progress reported with respect to FCV technology development has been 
promising as well.  In recent years FCVs have demonstrated full performance in temperatures well below freezing, they 
have achieved driving ranges comparable to gasoline ICE vehicles, their durability is projected to be comparable to 
gasoline vehicles in just a few years, and their cost is decreasing dramatically.  Toyota announced recently it is ahead 
of its cost targets for FCVs and plans to commercialize a FCV in the year 2015 at a cost below $50,00023.   Currently 
every major automaker is developing and demonstrating an FCV with General Motors, Toyota, Honda, Mercedes, 
and Hyundai leading the technology development. Several automakers have announced publicly that they aim to 
commercialize FCVs in 2015 with a focus on California, Germany, and Japan.

On the infrastructure side, air and chemical companies such as Air Products and Chemicals, Inc., Praxair, Linde, 
Powertech, and Air Liquide have been proactively developing advanced technology for hydrogen refueling stations, 
as well as strategies for producing and distributing hydrogen.  In the eastern US, SunHydro – a company founded by 
the owner of Lumber Liquidators – is planning to build a series of hydrogen fueling stations to serve that region of the 
country.  Oil companies have shown some involvement in the development of hydrogen infrastructure, most notably 
Shell and Chevron.  BP had been involved in the development of hydrogen infrastructure but pulled out of hydrogen 
about 3 years ago as part of a reconfiguration of its business strategy.  However, partly because political support has 
been inconsistent, oil companies have been hesitant to fully commit to development of hydrogen infrastructure, and 
in fact, even Shell and Chevron have begun to scale back their involvement over the past few years.  For oil companies, 
a build-out of hydrogen infrastructure would mean an investment in an entire new infrastructure, with little option 
to leverage their existing liquid fuels infrastructure, and with no guarantee of high volumes of hydrogen sales in the 
near future.  Therefore, without a clear signal from the public sector, it is likely that oil companies would wait for 
momentum to build with respect to the rollout of FCV before becoming seriously involved in the development of 
hydrogen infrastructure. 

Hydrogen vehicles have the potential to provide the majority of all vehicle transportation fuel use with no direct 
emissions. With regard to full fuel-cycle GHGs, there is opportunity to capture CO2 during hydrogen production from 
fossil fuel sources, or produce the hydrogen from renewable, zero-carbon processes.

Recent FCV technology development has been promising with respect to cost, durability, efficiency, and driving range.  
FCVs also appear to have strong market potential because they can fit a wide breadth of customer needs. Furthermore, 
many public- and private-sector experts believe that hydrogen FCVs will gradually replace ICEVs as the predominant 
mode of transportation throughout California and the United States in the LDV and bus sectors.  However, the rate 
at which this technology succeeds may depend largely on public support for the development of hydrogen fueling 
infrastructure.  With strong public support, it is likely that FCVs will hit commercial markets in the US by 2015.  If public 
support is lacking it may take as long as the year 2020 before commercialization is achieved in the US, and there is a 
danger that the US will lose early FCV market share to Germany and Japan.  In either case, southern California will be 
the target for early commercialization in the US market.
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2.3 -  ELEC TRICIT Y AND PLUG-IN VEHICLES
Electricity has long been used as a transportation fuel for urban light-rail throughout the world, and in California.  Since 
the development of battery electric vehicles (BEVs) and more recently plug-in hybrid vehicles (PHEVs), it has also been 
used as a transportation fuel for light-duty vehicles.  Plug-in vehicles, which include BEVs and PHEVs, charge from the 
electrical grid, usually requiring a 110 V or 220 V power source.  BEVs utilize batteries with an electric drive train as the 
only propulsion system on-board the vehicle.  PHEVs utilize a fuel-driven propulsion system (currently that system is 
the gasoline ICE) combined with batteries that can be charged by from the electric utility, and that are large enough to 
power an electric drive train to serve as an independent, second propulsion system on board the vehicle.

BATTERY ELECTRIC VEHICLES (BEVS)
BEVs, which utilize on-board batteries to power an all-electric drive train, are categorized as zero-emission vehicles by 
CARB; they produce no criteria pollutants (or GHGs) from the tailpipe.  For every vehicle mile traveled, BEVs “displace” 
petroleum transportation fuels (gasoline, in the case of most LDVs).  Furthermore, the “full fuel-cycle” energy pathway 
for these vehicles can entail greatly reduced or zero “upstream” use of petroleum-based fuels, since petroleum is not 
used to produce electricity in California or at most US powerplants.  Nickel metal hydride (NiMH) batteries have been 
used in BEVs in the recent past, but the automobile industry is moving to lithium ion (Li-ion) as the battery technology 
of choice.  Li-ion offers the advantage of more energy storage per volume and weight.  At the same time, Li-ion battery 
technology is still overcoming challenges such as cost and durability, where NiMH batteries still have an advantage.  Li-
ion batteries are also face challenges with respect to overheating.

Historically, the primary commercialization barriers associated with BEVs have been short driving range and long 
recharging times.  Driving ranges are between 50 and 180 miles, and even the fastest chargers being demonstrated 
today require 30 – 40 minutes for an 80% charge.  A typical BEV charger (220 V) requires between 4 – 7 hours for a 
full.  Furthermore, the size and weight characteristics of batteries generally limit their use to smaller vehicles.  Given 
these constraints, an ideal application for BEVs is car-sharing programs in which vehicles are used locally and have 
designated parking spots where chargers could be placed.  As a non-profit market research effort, the Advanced Power 
and Energy Program at the University of California, Irvine has been operating a shared fleet of BEVs under a program 
called ZEV•NET, or Zero Emission Vehicle•Network Enabled Transport, with remarkable success.  Rail commuters pick 
up a BEV that has been charging all night at the train station as they arrive in the morning, use the vehicle throughout 
the day, and return it to the charger in the evening when they return home on the rail.

PLUG-IN HYBRID ELECTRIC 
VEHICLES (PHEVS)
PHEVs represent a technology-based strategy 
to deal with the challenges of BEVs while still 
capitalizing on many of their benefits.  Current 
PHEVs utilize a gasoline (or in some cases diesel) 
ICE and battery electric hybrid system much like 
at HEV, but with a significantly larger battery pack 
to provide an all-electric driving range.  In the 
future, PHEVs could also utilize a natural gas ICE or 
hydrogen-powered fuel cell in place of the gasoline 
ICE.  Typically, the all-electric range available in a 
PHEV varies from 8 miles to 30 miles depending 

Figure 4. ZEV•NET fleet of Toyota Rav4 BEVs charging at the Irvine transportation center.
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on the control strategy used on the vehicle and the size of the battery pack.  Current-technology PHEVs significantly 
reduce, but do not eliminate, petroleum use, GHGs, and criteria pollutant emissions, because they still rely on 
combustion of gasoline or diesel fuel.

INFRASTRUCTURE FOR PLUG-IN VEHICLES AND ELECTRICITY AS A TRANSPORTATION FUEL
Even though BEVs produce zero emissions at the tailpipe, the generation of electricity (used to charge the vehicles) 
produces both GHGs and criteria pollutant emissions.  Similarly, when electricity is used to charge the battery in a 
PHEV, the generation of that electricity produces emissions.  Nevertheless, BEVs and PHEVs can significantly reduce 
GHG and criteria pollutant emissions impacts depending on where in the US electricity is being produced.  For 
example, in California where much of the power generation comes from efficient and low emission sources such as 
natural gas-fired power plants, renewable energy sources, hydroelectric generators, and nuclear power plants, plug-in 
vehicles (both BEVs and PHEVs) are likely to entail significantly reduced GHG and criteria pollutant emissions relative to 
conventional passenger vehicles.  However, in the northeastern United States where most electricity is generated from 
coal-fired power plants, plug-in vehicles could increase GHGs and criteria pollutants in comparison to conventional 
gasoline vehicles.

In the past, plug-in electric vehicle advocates claimed that a significant advantage of BEVs and PHEVs is that little or no 
new refueling infrastructure would need to be developed, because the electrical grid is already established.  However, 
recent studies suggest that infrastructure costs for plug-in vehicles will be significant24.    One cost contributor is the 
need to retrofit homes of plug-in vehicle customers with 220 V charging capability. The cost required for high-voltage 
charging could range from $500 to $1,500 per customer home.  Another cost contributor is the installation of charging 
infrastructure in public areas.  And finally, upgrades to the electricity grid resulting from the added load of plug-in 
vehicles will be associated with a cost.  The impacts that plug-in vehicles will have on the electrical grid are currently 
not well understood.  It is clear that the first signs of strain on the grid resulting from the introduction of plug-in 
vehicles will be associated with transformers and that significant upgrades to transformers will be needed to facilitate 
a significant plug-in vehicle market.

 In the year 2000, several BEV models were introduced in California as a result of the ZEV program.  While BEV 
technology did not capture significant market share and automakers largely abandoned the technology, there has been 
a renewed interest by the public sector and by some automakers to introduce BEVs into the LDV market.  Tesla Motors 
introduced a BEV into the high performance sports car market in 2009.  Also in 2009, Mitsubishi released a production 
version of a small city BEV called the iMiev in Japan and is considering introducing it into the California market.  The 

Figure 5. ZEV•NET fleet of Toyota Rav4 BEVs charging at the Irvine transportation center.

Tesla Motors and Mitsubishi BEVs were the 
first in the world to utilize Li-ion batteries.  And 
in December 2011, on a limited basis Nissan 
introduced a 2011 model BEV called the Leaf.  
PHEV technology has also contributed to the 
revived interest in plug-in vehicles.  With a 
gasoline engine on the vehicle to provide an 
extended driving range and the option to 
refuel quickly with gasoline, PHEV technology 
can reach a broader consumer market.  Toyota, 
Ford, General Motors, and a new company 
called Fisker Automotive are demonstrating 
PHEV models with plans for deployment 
sometime in late 2010 or early 2011.  The 
automobile industry has also expressed doubts 
as to how much market share be captured 
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by plug-in vehicles given a variety of factors: (1) plug-in technology is generally limited to small-sized vehicles; (2) the 
added cost associated with the batteries in the vehicle and with the installation of 220 V charging capability at the 
home; (3) the requirement that a customer must have access to 220 V charging where they park their vehicle (this 
precludes customers who rely on garage or street parking).  Additionally, Li-ion technology may not be mature enough 
to develop the durability and driving range that customers will expect.

Though many of the market and technology challenges associated both BEVs and PHEVs remain uncertain, 
government and media support for the technology is currently quite strong.  California’s ZEV program encourages 
major automakers to deploy BEVs and PHEVs, and the state plans to invest significant funds into infrastructure for 
plug-in vehicles during the coming years, including the deployment of public charging stations.  Perhaps even more 
importantly, the federal government has announced ambitious goals with respect to deployment of plug-in vehicles, 
in particular PHEVs.  President Obama has announced goals to deploy 1 million PHEVs in the US by the year 2015,  and 
DOE secretary Steven Chu has voiced strong support of this technology.  Given the level of public support, it is likely 
that a strong effort will be made to introduce and grow a plug-in vehicle market in California and the US between now 
and 2015.

HEAVY-DUTY ELECTRIC VEHICLES
Similar to their light-duty counterparts, heavy-duty BEVs have been successfully deployed in “niche” applications 
throughout California.   The primary on-road application has been smaller (22-foot) electric transit and shuttle buses, 
where the inherent limitations of today’s battery technology can best be managed.  With a fleet of about 20 battery- 
electric shuttle buses, the Santa Barbara Metropolitan Transit District operates more BEVs of this type than any other 
agency in the nation26.   Such vehicles are essentially hand made by small companies, and the agency has experienced 
difficulty in procuring new BEVs matching its specifications. While significant numbers of battery-electric shuttle buses 
have been deployed in California for this type of application, there has not been significant growth.

True transit bus applications (40-foot and larger) present greater challenges for battery-electric propulsion.  For 
example, they require longer driving ranges, and many operators seek buses with low-floor configurations.  Initially, 
it appeared that CARB’s Zero Emission Bus (ZBus) Regulation would serve as an impetus for transit properties to 
demonstrate battery-electric transit buses for potential revenue service.  The ZBus regulation was established in 
2000 with the intent to gradually develop a California transit fleet composed of 15% zero emission buses.  However, 
the majority of affected transit agencies focused their efforts on demonstrating fuel cell and fuel cell/hybrid electric 
buses (see hydrogen discussion)27.   Thus, potential growth in battery-electric buses for California transit applications 
has not yet materialized.  A positive recent development is the announcement by Foothill Transit that it is applying 
$5 million in American Recovery and Reinvestment Act (ARRA) dollars to launch the Foothill Transit Ecoliner Electric 
Bus Demonstration Project.  Foothill Transit will demonstrate three battery-electric Ecoliners, a 35’ composite body 
electric transit bus that uses advanced lithium-ion batteries and fast-charge technology to achieve very high efficiency, 
reportedly delivering a “400 percent improvement in fuel economy.”28 

BEVs can potentially play a role in other key on-road HDV applications, although the same types of challenges 
(limited range, long recharge times) will need to be overcome.  The Ports of Los Angeles and Long Beach are currently 
evaluating the potential of “zero-emission container movement systems” in port drayage service.  One focus is on 
near-term use of battery-electric trucks to transport containers into and out of port terminals, with zero or near-zero 
emissions.  The ports are currently evaluating various electric/hybrid-electric Class 8 on-road truck technologies with 
potential to meet these goals.  At least one battery-electric truck manufacturer is pursuing commercialization of trucks 
that have the potential to meet the basic operational requirements for short haul drayage trucks.  However, at this 
time only prototypes exist for this application.

Significant numbers of BEVs are being operated in heavy-duty off-road application within California fleets.  BEV types 
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include forklifts, tow tractors, airport ground support equipment, burden and personnel carriers, turf trucks, and 
sweepers. In addition there are truck-stop electrification facilities for use by trucks when stopped, and electric shore-
power for marine vessels. Electro-drive non-road equipment are not part of the ZEV program but are an important 
component in reducing on-site emissions of diesel PM and other pollutants.  They have been encouraged through a 
variety of air quality regulations and incentive programs, and are also important components of state plans towards 
petroleum displacement and greenhouse gas reductions.

As in the light-duty market, heavy-duty HEVs and PHEVs have emerged as alternative technology HDVs that offer the 
benefits of higher-efficiency electric-drive systems while helping to overcome the shortcomings of storage battery 
technology.  Heavy-duty HEVs using battery-electric drive systems with downsized ICEs have been commercially 
available in certain HDV applications.  For example, hybrid-electric buses using either diesel or gasoline engines have 
been purchased and deployed in revenue service by many California transit properties.  The South Coast AQMD has 
classified the gasoline-ICE version of one particular hybrid-electric bus as meeting the definition of “alternative fuel” 
for purposes of complying with Rule 1192.    

Clearly, there has been very significant growth over the last ten years with the commercialization of various HEV 
platforms for the HDV market.  The California-funded Hybrid Truck and Bus Voucher Incentive Project (HVIP) website29  
currently lists more than 75 hybrid-electric on-road trucks and buses available for order from eight manufacturers.  
These vehicles include Class 4 to Class 8 trucks, albeit at weight ratings significantly below the ratings required for the 
heaviest duty applications such as port drayage service.

For medium-duty trucking applications, FedEx Corp. has converted hundreds of diesel delivery vans to hybrid-electric 
configurations, and now operates nearly 300 such vehicles. This is the largest fleet of hybrid delivery trucks in North 
America, logging more than four million miles of revenue service and reducing fuel use by 150,000 gallons since 
hybrids were introduced to the fleet in 2004.  About one third of these HEVs are being placed into service in California, 
primarily in the Los Angeles, San Diego, and San Francisco metropolitan areas30. 

For PHEVs, research and demonstration efforts are ongoing across a variety of HDV applications. The Electric Power 
Research Institute (EPRI) is heavily invested in all of these areas, helping to advance the technology and establish 
environmental and performance benefits.  WestStart/Calstart is leading a consortium of utilities, EPRI, and hybrid 
powertrain providers to produce PHEV trucks in various HDV configurations.  By applying PHEV technology to utility 
truck operations, the Hybrid Truck Users Forum (HTUF) Utility Working Group is hoping to maximize efficiency and 
performance while reducing emissions, noise, and costs. These efforts to develop heavy-duty PHEVs are in the proof-
of-concept stage, unlike the light-duty sector where at least one PHEV model (the Chevrolet Volt) is on the verge of 
commercial introduction.

Throughout California, infrastructure already exists to recharge fleets of smaller BEVs such as fork lifts, golf carts, and 
small cargo-handling equipment.  Little capability currently exists to recharge fleets of large heavy-duty BEVs such as 
trucks and buses.  Special cases include the recharging infrastructure for Santa Barbara’s fleet of BEV shuttle buses.
As noted in the previous subsection, BEVs are getting renewed attention as potentially viable ZEVs in certain HDV 
applications.  These include transit buses and Class 8 drayage trucks.  If the various prototype BEVs prove to be 
commercially viable in these applications, significant infrastructure investments would be necessary to support fleet 
deployments.  This would likely include purchase and installation of large-capacity charging equipment, safety systems, 
and site-specific upgrades to the existing electricity infrastructure.  Such investments could amount to tens of millions 
of dollars for each large HDV fleet recharging BEVs at a single location.  However, such costs would not necessarily be 
out of line with the kinds of infrastructure investments needed for other types of alternative-fuel HDVs.
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2.4 -  NATURAL GAS AND PROPANE
Natural gas and propane are widely used throughout the US and California but until recent years have not typically 
served transportation applications.  As transportation fuel, natural gas can be stored on-board a vehicle as compressed 
natural gas (CNG) or liquefied natural gas (LNG).  LNG has a greater energy density by volume so it allows for more 
fuel storage on-board a vehicle in comparison to CNG.  However, natural gas liquefaction requires more equipment 
and more energy input along the fuel cycle in comparison to compression, and requires more advanced storage tanks 
for low temperature storage, which comes at an extra cost.  For this reason LNG is principally used in heavy-duty 
transportation, where additional on-board fuel storage is worth the added cost.

Propane, often referred to as liquefied petroleum gas (LPG) when used in transportation, is produced as part of 
natural gas processing or petroleum refining.  Behind gasoline and diesel, propane is currently the third most common 
transportation fuel used in the United States, though primarily it is used in off-road applications such as in farming and 
specialty vehicles.  Propane becomes a liquid under conditions of moderate heat and pressure (100 F and 160 psi) at 
which point it stores about 86% the amount of energy as gasoline per volume.  This makes on-board vehicle storage 
relatively straightforward.

Both natural gas and propane vehicles utilize ICE technology and operate at efficiencies comparable to or better than 
a gasoline vehicle.  But at the same time, they produce fewer criteria pollutant emissions, they reduce GHG emissions 
on a life cycle basis, and because they do not have to be derived from petroleum, they have the potential to virtually 
eliminate petroleum use31.   U.S. reserves of both natural gas and propane are abundant (though natural gas more 
so than propane)32 , so in the near to medium-term these fuels provide energy security benefits over petroleum.  
However, since they are derived from fossil fuels they are a finite resource and will eventually fall subject to scarcity 
issues.

NATURAL GAS VEHICLES
Natural gas powered engine cycles are well suited for a broad array of transportation applications ranging from light-
duty automobiles to buses, heavy-duty trucks and even locomotives.  In the light-duty automobile sector, CNG vehicles 
generated strong interest during the first years of their introduction, with several models offered commercially.  But 
following this initial enthusiasm, CNG vehicles have shown limited success in the light-duty automobile market, due 
to limited refueling infrastructure and vehicle performance. The vehicles have exhibited excellent reliability and 
performance, and the price of CNG is generally 30% lower than that of gasoline throughout the US33.   Currently, the 
CNG Honda Civic is the only light-duty CNG vehicle commercially available in the U.S. as a factory option from a major 
automobile maker.

By far the largest numbers of deployed heavy-duty AFVs have been powered by natural gas engines using either 
compressed natural gas (CNG) or liquefied natural gas (LNG) fuel systems.  For nearly two decades, natural gas 
engines have been technologically and commercially proven as viable, lower-emitting alternatives to diesel engines 
in California’s heavy-duty sector.  This has culminated in today’s array of commercial heavy-duty natural gas vehicle 
(NGV) offerings from numerous original equipment manufacturers.  For on-road applications, nearly all heavy-duty 
NGV platforms are intended for one of the following specific applications: buses (transit, school, and shuttle), refuse 
trucks, and Class 8 tractors (that pull semi-trailers).  Figures 1, 2 and 3 show examples of heavy-duty NGVs in these 
applications.  

Heavy-duty NGVs run on either compressed natural gas (CNG) or liquefied natural gas (LNG).  Over the last 15 years 
the number of heavy-duty NGVs deployed in California has significantly increased. The success is largely due to the Carl 



- 24 - 

Moyer Program and other initiatives in California designed to provide incentives for fleets to scrap their older, in-use 
diesel HDVs and replace them with lower-emitting AFVs.  Thousands of heavy-duty NGVs deployed in a wide array of 
applications throughout California have been partially funded through these programs.  Today, natural gas is by far the 

most-dominant alternative fuel used in California’s HDV sector, across all key metrics (volumes of fuel consumed, AFV 
product offerings, numbers of fueling stations, sales revenues generated, etc.). 
Despite proven capabilities and considerable success over two decades, the number of heavy-duty natural gas engines 
certified and commercially offered by OEMs in California has declined in recent years.  As a result, most new on-road 
natural gas HDVs today (CNG or LNG fueled) utilize one of two engines: (1) the Cummins 8.9 liter ISL-G (250 to 320 hp), 
or (2) the Cummins Westport 14.9 liter ISX-G ( 437 to 465 HP) .  Other than displacement and horsepower, the primary 
difference is that the smaller ISL-G is a “dedicated” (100%) natural gas engine that uses stoichiometric, spark-ignited 

Figure 6. One of the 2,500 CNG buses operated by the Los Angeles Metropolitan Transit Authority.  Source:  Los Angeles Metropolitan Transit Authority

 

Photo courtesy City of Fresno Fleet 
Management 

Figure 7. Approximately 1,500 refuse trucks in California are natural gas fueled, such as this City of Fresno LNG truck.  Source: City of Fresno
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combustion combined with a three-way catalyst to achieve 
the federal 2010 heavy-duty engine emissions standards.  By 
contrast, the larger ISX-G uses high-pressure direct injection 
of natural gas into a compression-ignited engine.  To ignite 
natural gas in this type of engine, the ISX-G relies on a pilot 
stream of diesel fuel, resulting in diesel-equivalent power 
and vehicle range.  However, this technical approach makes it 
harder to achieve the stringent 2010 NOx emissions standard.  
Westport addressed this issue by equipping the ISX-G with 
selective catalytic reduction (SCR), similar to the system 
used to control NOx emissions on its diesel-fueled 14.9 liter 
engine.  

The smaller, dedicated natural gas Cummins ISL-G engine 
has emerged as the dominant power plant for transit buses 
that operate on natural gas.  Today, this engine powers 
approximately 23 commercially available transit bus models 
(13 CNG and 10 LNG).  This same engine powers a variety of other heavy-duty NGV types across various on- and off-
road applications, including lower horsepower port drayage trucks, school buses, shuttle buses, and street sweepers. 
 
The larger Westport ISX-G heavy-duty natural gas engine was designed primarily for non-transit HDV applications 
that require higher horsepower and torque.  Applications targeted by the manufacturer for this particular engine 
include port drayage trucks, heavy-haul trucks, refuse transfer, dump trucks, roll-offs, line-haul, and other vocational 
applications34.   The ISX-G is currently available in factory-assembled LNG platforms that include the Kenworth T800 
and three different Peterbilt models.  

NGVs have been particularly successful in California’s heavy-duty transit bus sector.  Today, there are approximately 
5,500 natural gas transit buses operating in California, of which about 85% are CNG fueled35.   One of California’s 
largest single users is the Los Angeles County Metropolitan Transportation Authority (Metro).  With a fleet exceeding 
2,500 CNG transit buses, Metro currently operates one of North America’s largest natural gas HDV fleets.  These buses 
collectively consume almost 10 million “diesel- equivalent gallons” of CNG per year.  Key drivers for Metro to make 
this transition to CNG transit buses have been South Coast AQMD fleet rule 1192 and CARB’s statewide transit rule.  
Other California transit operations that are major users of CNG and/or LNG transit buses include Sacramental Regional 
Transit, Foothill Transit, Golden Empire Transit (Bakersfield), San Diego County Transit, and Orange County Transit 
Authority.   

Various other types of public HDV fleets have also deployed natural gas buses in response to state or local rules, using 
funds from incentive programs.  For example, in response to South Coast AQMD Rule 1194, local airports such as 
LAX operate fleets of 40-ft LNG and CNG shuttle buses.  Rule 1193 requires refuse collection trucks operating within 
SCAQMD’s jurisdiction to run on alternative fuels.  Largely as a result, refuse trucks are one of the fastest growing 
heavy-duty NGV applications in California.  Today there are at least 1,400 natural gas refuse trucks operating in the 
state, of which the majority are LNG fueled36.   California operators of natural gas refuse trucks include the City of 
Los Angeles, Waste Management, the County of Sacramento, Burrtec Waste & Recycling Services, and Specialty Solid 
Waste and Recycling.  In response to SCAQMD Rule 1195, more than 535 CNG school buses have been deployed in 
Los Angeles, Orange, San Bernardino and Riverside counties, and hundreds more are planned.  Incentive funds have 
been provided from SCAQMD via the statewide Lower Emitting School Bus Program, and from the Mobile Source Air 
Pollution Reduction Review Committee using DMV fees.

Figure 8.  More than 500 LNG-fueled Class 8 port drayage trucks have 
recently been deployed in Southern California under a cooperative 
program between CARB, the South Coast AQMD, and the twin Ports of  
Los Angeles / Long Beach.  Source:  Port of Long Beach
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Heavy-duty goods movement trucking is another on-road application undergoing recent growth in NGV deployments.  
Provision of incentive funds through the Moyer and Goods Movement (Proposition 1B) programs has been critical.  
Most deployments involve Class 8 tractors (>33,000 lbs. gross vehicle weight) used for warehouse-to-retailer delivery 
of grocery and other products, port drayage, and agriculture operations. Historically, it has been over-the-road fleets 
like UPS and Harris Ranch that have taken advantage of available incentives to deploy heavy-duty NGVs as replacement 
for diesel tractors.  More recently, greater focus has been more on short-haul trucking applications.  For example, using 
state Proposition 1B funds as partial payment, the Ports of Long Beach and Los Angeles have combined forces with 
SCAQMD and CARB to recently deploy more than 500 LNG-fueled drayage trucks.  

Notably, these heavy-duty NGV applications tend to involve return-to-base trucking operations. Early analyses 
suggested that the most economical applications for natural gas trucks would be the line-haul application, where 
very high annual mileages and fuel usage would enable fuel cost savings to offset incremental capital costs37.   In 
fact, this expectation was the impetus for the Interstate Clean Transportation Corridor (ICTC) concept38.  However, 
the challenges have been formidable to make a workable natural gas refueling infrastructure for line-haul interstate 
trucking, so the ICTC project has focused primarily on return-to-base fleets. Such trucks usually have significantly 
lower annual fuel consumption, but their operational and refueling logistics are more conducive to the realities of the 
existing natural gas refueling infrastructure.

There are also successful off-road applications for heavy-duty NGVs in California. For example, the City of Long Beach 
and other municipalities operate CNG street sweepers, which are encouraged by SCAQMD Fleet Rule 1186.1. LNG-
fueled yard tractors are operated by the Port of Los Angeles and Vons’ grocery stores. Los Angeles City Sanitation 
operates a few LNG-fueled implements such as landfill graders.

Whether or not a given heavy-duty NGV type uses CNG or LNG is largely a function of its specific application.  Large 
natural gas trucks tend to be fueled by LNG rather than CNG. This is because vehicle range is usually important, the 
space available for fuel tank(s) on the tractor is limited, and the incremental weight of the fuel tank(s) affects payload 
capacity and therefore economics. Smaller trucks in the medium-heavy-duty class are much more likely to use CNG 
than LNG.  CNG dominates transit bus applications for natural gas for a variety of reasons, but one factor is that buses 
have space on their chassis to fit multiple large CNG storage tanks (usually on the roof, which allows low-floor buses).  
Although heavy-duty NGVs have been commercialized and in common use for nearly two decades, the total amount 
of natural gas fuel used for this purpose is still quite small relative to diesel usage. It estimated that approximately 
60 million diesel equivalent gallons of natural gas fuel (CNG and LNG combined) are now used in California’s 
transportation sector.  This equates to about 0.3% of the total petroleum usage for vehicles (about 20 billion gallons 
per year).  Even if one assumes that all of the 60 million gallons of natural gas were consumed in the heavy-duty sector, 
this equates to 1.2% of the 4+ billion diesel gallons that are consumed in California each year39.   

Heavy-duty NGVs currently cost significantly more than their diesel counterparts.  Some types are manufactured by 
OEMs; for example, nearly all full-size natural gas transit buses are manufactured and sold on a bid basis by transit bus 
OEMs such as Gillig, New Flyer, North American Bus Industries, and Orion.  Other heavy-duty NGV types are assembled 
by “upfitters” that essentially convert an existing diesel vehicle by adding a natural gas engine, the CNG or LNG fuel 
tank(s), and other fuel-specific systems (e.g., methane detectors).  In the recent past, this was the process for building 
most non-transit heavy-duty NGVs.  However, in 2009 Westport announced that its larger ISX-G heavy-duty natural gas 
engine would be available in certain factory-assembled models (e.g., the Kenworth T800 and Peterbilt 386, 387, and 
367).  

The purchasing and pricing of natural gas trucks converted by upfitters is more complicated than a straight purchase 
from the OEM or through a dealer. In many studies, heavy-duty NGV prices have been estimated by adding the 
incremental natural gas engine cost, the LNG or CNG fuel tank and system cost, and the upfitting cost, to the new 
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diesel truck or tractor cost. However, there is no simple MSRP for natural gas trucks and buses, and there is no 
published MSRP for heavy-duty natural gas engines. As a general rule of thumb, depending on the specific application 
and fuel type (CNG vs. LNG), heavy-duty NGVs have incremental costs of 40 to 60 percent over comparable diesel 
models.

PROPANE VEHICLES
Liquefied petroleum gas (LPG) -- also known as “propane” in reference to its primary constituent -- has a long history 
of being used as an alternative fuel in the transportation sector. Throughout the U.S. and in California, propane 
vehicles are most commonly found in light- or medium-duty commercial fleet applications such as pickup trucks, taxis, 
buses, and airport shuttles.  However, the propane vehicle population and corresponding fuel usage in California 
appear to be declining.  For example, in 1999 approximately 33,000 propane vehicles consumed 40 million propane 
gallons in California.  By 2004, this had been reduced to 22,000 propane vehicles using 26 million gallons of propane40.    
Propane is suitable for a wide range of applications as is natural gas.  However, it has been most used for off-road 
transportation applications such as agricultural machinery, forklifts, construction equipment, and other specialty 
vehicles.  Propane has also seen limited use in on-road vehicle sectors such as light- and medium-duty trucks and 
heavy-duty transit buses.  Most notably Ford has produced and sold propane F-150 pickup trucks, which can operate 
on either propane or gasoline.  Since the year 2000, approximately 1,600 of these “bi-fuel” vehicles have been 
purchased and operated by the California state fleet.

Propane has been shown to be an effective, very low emissions HDV fuel.  In the recent past, a limited number of 
heavy-duty propane-fueled engines have been certified by OEMs for sale in California HDVs.  This has made HDVs 
with qualifying propane engines eligible for grant funding under the Carl Moyer Program and other similar incentive 
programs.  For example, the Cummins 5.9 liter “BLPG Plus” was a versatile 250 to 320 horsepower engine that until 
recently was offered by manufacturers in both on- and off-road HDV applications (e.g., yard hostlers, shuttle buses).  A 
significant number of HDVs with this engine were deployed, in part because incentive funds were available through the 
Moyer program.  However, in 2009 the BLPG Plus propane engine was discontinued in the North American market, in 
part due to the high cost of meeting stringent 2010 emissions standards compared to very limited market demand41. 
Today, there appears to be limited backing by heavy-duty engine or vehicle OEMs to continue selling propane-fueled 
HDV platforms.  An apparent exception is Blue Bird’s Vision® Type C school bus, “a fully integrated and purposely built 
(OEM) bus, engineered to the same exacting standards as other Blue Bird buses” that complies with “all applicable 
School Bus Federal Motor Vehicle Safety Standards (FMVSS).”  While the heavy-duty propane engine for this bus 
has met federal and California 2007 emissions standards, but it does not appear to comply with the 2010 emissions 
standards42. 

There are, however, options for fleets to 
acquire HDVs or engines that have been 
“upfitted” to use dedicated propane or bi-fuel 
(propane/gasoline) configurations.   These 
vehicles and engines find specific use in a 
variety of medium-heavy duty applications, 
both on-road and off-road, such as large 
pickups, small school buses, vehicles operated 
by transit properties including shuttle buses, 
step vans, delivery trucks, and sweepers, and 
port vehicles such as yard hostlers.

The procedures, costs and prices for 
manufacturing propane vehicles are similar to Figure 9.  CNG Honda Civic refueling with a CNG home-fueling system.
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those of CNG vehicles. One important difference is that onboard propane fuel tanks are less expensive than CNG tanks.  
As is the case with manufacturing all vehicles and their components, higher volumes translate to lower costs and 
prices. Since there are no OEM options, fleets seeking to obtain propane-fueled HDVs must use the upfitter option.   
The price to get a diesel shuttle bus upfitted to operate on propane ranges from approximately $10,000 to $20,000. 

It should be noted that there is a very significant cost for an OEM or upfitter to obtain CARB certification for any given 
type of engine and fuel.  Interested vehicle OEMs, engine providers, and conversion kit vendors must make business 
decisions about such costs versus the size of the market for propane vehicles.

INFRASTRUCTURE FOR NATURAL GAS AND PROPANE AS TRANSPORTATION FUELS
An advantage of using natural gas as a transportation fuel is that the processing and distribution infrastructure for 
natural gas is already established throughout the US.  However, in the LDV sector the fueling infrastructure is quite 
limited at this point and little recent growth has occurred.   In California it is estimated that just over 200 CNG fueling 
stations are in place to serve the LDV fleet.  One strategy to address the challenge of limited fueling infrastructure 
for CNG vehicles was the development of home-fueling systems (Figure 8).  Because natural gas is supplied directly 
to most homes in California, a home-fueling system can tap into that natural gas supply and provide pressurized 
dispensing into a customer’s CNG vehicle while in the garage.  Several of these units were put into place, but as new 
sales for light-duty CNG vehicles decreased, the CNG home-fueling strategy has been largely abandoned.  One reason 
for the success of CNG transit buses is that they do not face the challenge of limited infrastructure.  Because they fuel 
at the transit yard an agency can put into place the refueling infrastructure required for the buses.

As described, thousands of heavy-duty NGVs have been deployed across California in various fleet applications.  Just 
as these vehicles are technologically and commercially mature, so too are the CNG and LNG fueling stations that 
serve them.  Most of California’s CNG and LNG refueling stations for heavy-duty NGVs are located within (or very 
near) the staging yards of user fleets.  Thus, the numbers and locations of CNG and LNG stations for HDVs tend to 
be synonymous with the fleets that operate them.  There are exceptions, however.  For example, some CNG or LNG 
stations have been strategically sited to serve HDV applications dominated by independent truckers (e.g., port drayage) 
and/or those that do not necessarily involve daily return-to-base operations.  These types of stations are sited and 
operated similarly to retail diesel stations, and may offer diesel or other fuels with normal public access v.  

The large fleet-oriented CNG and LNG stations that fuel most of California’s heavy-duty NGVs are very expensive to 
build, operate and maintain.  Owners and/or user fleets must amortize these high costs by regularly dispensing high 
volumes of fuel. Broadly speaking, a compelling business case exists to build a large-capacity CNG or LNG station 
when there is at least one “anchor” HDV fleet committed to consume tens of thousands of diesel equivalent gallons 
each month. Depending on the specific application, this requires a minimum of 25 to 50 heavy-duty NGVs assigned to 
one fueling station.  Notably, designing these types of natural gas fueling stations for “public access” adds significant 
additional costs, which may not be justified by minimal increases in fuel sales.  However, public access is often a 
requirement by the government entities that help fund natural gas fueling stations.

Because large natural gas fueling station operations are costly to build and complex to operate, large heavy-duty NGV 
fleets typically outsource fueling infrastructure needs to third-party fuel providers such as Clean Energy, Trillium, and 
Pinnacle.  Different companies specialize in different business arrangements and services; HDV fleets usually have a 
variety of options involving station financing, construction, ownership, operation, and maintenance.  Typically, the 
CNG or LNG price is pre-negotiated on a per-gallon, “take or pay” basis as a direct function of fuel volume that can be 
guaranteed.

v 
For example, Speedy Fuel, Inc. just added LNG fueling capabilities for Class 8 drayage trucks at a “multi-fuel public access” station near the Ports of Los Angeles 

and Long Beach. Speedy and its LNG supplier ALT are planning at least two more similar LNG stations in Southern California in 2011.
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Natural gas fueling facilities for big transit bus operations tend to have the highest costs, but also the best economics 
because of very high fuel volumes dispensed.  For example, Los Angeles County Metro’s CNG stations were designed to 
fuel about 2,500 CNG buses each day, many in rapid sequence (or simultaneously).  This requires a substantial natural 
gas compressor capacity and other features that have very high capital and operational costs.  Since Metro’s monthly 
demand for CNG fuel exceeds 100,000 diesel equivalent gallons per station, it has been able to enter into cost-effective 
10-year contracts with its natural gas fuel provider.  A similar arrangement exists for a CNG fueling facility at the 
Orange County Transit Authority’s Santa Ana base, which dispenses on the order of 300,000 diesel equivalent gallons 
per month43. 

Government agencies often partially pay for new or upgraded CNG and LNG facilities in California -- even for the 
most cost-effective stations linked to very large anchor fleets.  For example, Los Angeles Metro recently secured 
grant funding from the federal ARRA program to renew its vendor contract and upgrade two large CNG stations.  The 
California Energy Commission has co-funded many natural gas fueling stations across the state.  This includes a mix of 
less-expensive stations that serve relatively small numbers of HDVs.  

Correctly sizing and specifying a natural gas fueling station for the user fleet(s) is very important to control station 
costs and achieve the desired functionality.  For example, if a relatively small fleet has CNG-fueled HDVs that can be 
filled during off-peak hours, it’s possible to utilize lower-capacity compressors and a pressure vessel cascade, reducing 
capital and operating costs.  This may make it affordable for a user fleet to build and operate its own onsite station, 
especially when taking advantage of available government support.  For example, Azusa Unified School District 
recently installed an on-site fast-fill CNG station for a fleet of about 20 school buses.  This station cost about $350,000 
of which 85% was paid for by the Mobile Source Air Pollution Reduction Committee (MSRC) and the South Coast 
AQMD.   Often, however, school districts that operate CNG school buses can meet their fueling needs with relatively 
low-cost “time-fill” set ups.

CNG and LNG entail complex and very different supply infrastructures, station designs, and fuel conditioning 
requirements.  These are too numerous to discuss in a brief report.  The result is that complex pricing structures may 
exist for both fuel types at any given time and fueling station.  Like other transportation fuels, the key to low prices 
for CNG or LNG fuel is high volume usage under a long-term contract.  Still, today both fuel types can be affordably 
obtained by user fleets under lesser-volume conditions.  In fact, one selling point about NGVs to HDV fleets in 
California is that they can purchase CNG or LNG fuel below the price of diesel fuel on an energy-equivalent basis. 
However, that does not necessarily mean that their total fuel costs per mile driven will be less for its NGVs compared 
to a diesel HDV baseline.  This requires accounting for factors such as refueling losses and the relative combustion 
efficiencies of the engine/fuel technologies, which favor the diesel baseline.

 Propane is produced through both natural gas processing and petroleum refining. Feedstock considerations can be 
important when considering propane’s status as a “non-petroleum” alternative fuel that “displaces” gasoline and 
diesel. However from a practical standpoint propane has become firmly established in California as a low-emission 
alternative fuel when used in motor vehicles.

Propane has long been used as a mainstream fuel for barbecues, outdoor heaters, forklifts and recreational vehicles. 
California’s existing propane stations, which primarily serve these markets, are well dispersed in key locations. These 
stations are generally owned and utilized differently than vehicle fueling stations, including those that dispense natural 
gas (CNG or LNG).  For the relatively limited application of propane-fueled HDVs, fleet users often own and operate 
onsite fueling stations, because they are inexpensive to install and have relatively low life-cycle costs vi.   As a result, the 
propane fueling infrastructure is already commercially self-sustaining in California today.

vi 
For example, LPG stations have no maintenance associated with gas compression and drying.
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How many propane fueling stations are there in California that refuel vehicles, in particular HDVs?  The state and 
one vendor that builds propane stations estimate that there are about 1,500 propane service stations in California, 
900 of which are “motor vehicle friendly” and dispense propane to motor vehicles44,45.  The Clean Car Maps website 
maintained by WestStart/Calstart lists about 530 “operational” California propane stations46.  The DOE Alternative 
Fuels Data Center, maintained by NREL, lists 235 stations, all but one are cited as being public access. The Caltrans 
website lists 172 stations47.   An example of a recently deployed station is the one installed by Delta Liquid Energy for 
Los Angeles Unified School District, which operates propane school buses.

Propane fueling stations are relatively simple systems compared to CNG or LNG stations. A typical propane station 
consists of an above-ground storage tank, a two to four horsepower transfer pump, and a meter and hose dispensing 
system.  Unlike CNG stations, there is no need for a gas compressor or dryer. Adding features for public-access and 
credit card purchases adds costs.  A basic propane station for vehicle refueling that includes a stand-alone dispenser 
offering point-of-sale networking is available at a cost of less than $40,000. If the propane dispenser is built onto the 
gasoline island at a typical station, the cost is about $70,000. The same station with a 6,000-gallon, below-ground 
propane tank would cost about $100,000.  For an HDV application (e.g., school or shuttle buses) with capability to fuel 
multiple HDVs, a single station could cost more than $210,00048.   Propane stations are relatively easy to operate and 
maintain, costing much less than the more complex CNG and LNG station technologies. 

Because propane is traded on the commodities market, its price changes daily. Propane prices are subject to a number 
of influences that include feedstock (natural gas and crude oil) prices, competition from other fuels, the distance 
propane is transported to reach customers, and specific issues within individual markets served (e.g., residential, fork 
lifts, etc.).  It is difficult to ascertain an “average” price for propane as a motor vehicle fuel in California.  Based on a 
call to a leading provider in California of propane for vehicle applications, the current price per propane gallon is about 
$1.86, or about $2.80 per diesel gallon equivalent50.  

The role of natural gas in transportation is likely to grow quite dramatically over the coming decades, in particular with 
respect to the heavy-duty transportation sector and locomotives.  It is also likely that transit agencies will continue 
to replace diesel and diesel hybrid buses with cleaner-burning CNG buses.  In the case of CNG light-duty vehicles, the 
market has remained stagnant for the past five or so years with low volumes of vehicle sales.  While some amount of 
CNG automobiles are likely to remain part of the on-road light-duty fleet, it appears unlikely that significant growth will 
occur in this sector.

Government support for natural gas in transportation is quite strong, but also focused on the heavy-duty sector as 
well as buses. California agencies, in particular the CEC, have expressed interest in increasing the use of natural gas 
and propane in the light-duty automobile sector as part of the effort to reduce GHG.  However, while natural gas and 
propane are expected to decrease GHG emissions from vehicles by 30 – 40%, this if far below California’s long-term 
target to reduce statewide GHG emissions by 80%. 

American financier T. Boone Pickens has personally taken up the cause of turning over the transportation sector in the 
U.S. from petroleum-based fuels to natural gas under the banner that it would improve energy security and economics 
related to energy in the U.S.51   His personal involvement and advocacy have generated support for increased use 
of natural gas as a transportation fuel with respect to both policy and public perception.  Pickens emphasizes the 
heavy-duty transportation sector as a priority for the introduction of natural gas as a transportation fuel.  Due to the 
maturation of horizontal drilling techniques that provide access to natural gas that could previously not be extracted, 
projected natural gas reserves in the U.S. have been greatly extended.  Therefore, natural gas and propane could 
provide an opportunity to transition to domestic transportation fuels that are plentiful as an alternative to petroleum-
based fuels.
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2.5 -  BIOFUELS
Biofuels encompass a broad variety of transportation fuels.  Most commonly the term implies liquid fuels made from 
biological sources such as ethanol from food-based crops or cellulosic plant material, or biodiesel, which can be 
derived from vegetable oil, animal fats, or waste vegetable oil.  However, biofuels can also encompass methane and 
hydrogen, which can be made from a variety of biological sources.  For the purposes of this report, the biofuels section 
will focus on liquid biofuels, namely ethanol and biodiesel.

ETHANOL
Currently, ethanol is produced primarily from chemical processes that break down sugars within various food crops 
into simple sugars, and follow with fermentation of those sugars.  In the U.S., corn is the primary feedstock for ethanol 
production.  This strategy for fuel production has come under considerable criticism because it is a relatively inefficient 
process and therefore the intensity of water use, fertilizer use, and industrial farming activity in the supply chain result 
in little or no benefit in terms of environmental and greenhouse gas impact.  Furthermore, the strategy of producing 
ethanol from corn is seen to compete with the use of corn for food.  In other parts of the world ethanol is derived from 
sugar cane, which is a more efficient process.  However, this strategy is associated with other disadvantages such as 
the fact that much sugar cane farming relies on unsustainable practices such as deforestation, and that fuel prices can 
be linked to sugar price swings on the global market.  Ethanol production from cellulosic materials has the advantage 
of utilizing agricultural and forestry waste products as opposed to food, and therefore is not associated with the 
industrial intensity of the farming process.  However, this process is still under development and it is unclear when and 
if it will become viable from an efficiency and economics standpoint.

As a vehicular fuel, ethanol can be operated in the same engine cycle as a gasoline powered automobile.  In fact, a 
significant advantage of ethanol as a transportation fuel is that it can be blended up to 10 percent in gasoline without 
requiring any technology adjustments to conventional gasoline LDVs (concentrations up to 15% are being evaluated).  
It also has the advantage that it behaves as a gasoline oxygenate.  In California, the previously utilized oxygenate 
methyl tertiary butyl ether was banned in 1999 upon evidence of its toxicity affecting water supplies and ethanol 
has been used as its replacement since.  As a result, most of the gasoline in California began blending ethanol in 
percentages of 5% to 10%52.   In 2007, the California Air Resources Board adopted a resolution requiring refineries that 
produce gasoline in the state to use a blend of 10% ethanol53,  and it is likely that this requirement will be raised to 15% 
sometime during the coming years.  Ethanol is also being used in a blend of 85 percent in gasoline (E85).  However, 
these high blends require that significant adjustments be made in the fuel lines and injector systems compared to 
conventional gasoline vehicles.  Such vehicles are being produced and sold in the US by companies including Ford 
and General Motors as “flex-fuel” vehicles that can use any concentration of ethanol from zero to 85%, though so far 
these vehicles have not been adopted widely in California. To date, only a handful of stations offer E85 in California. 
In the long term, it appears unlikely that ethanol as a transportation fuel would be able to significantly contribute to 
California’s air quality improvement and greenhouse gas reduction goals, so an aggressive push towards this strategy is 
unlikely.

BIODIESEL
Biodiesel has been produced from renewable resources such as vegetable oil, animal fats, or waste vegetable oil.  
The production process for biodiesel is less energy intensive than that of producing ethanol from corn, and therefore 
biodiesel offers greater benefits with respect to reducing greenhouse gas and environmental impacts.  There have 
also been very promising developments in technologies to produce biodiesel from algae in photo-bioreactors.  Early 
demonstrations suggest that this technology is feasible in terms of efficiency and resources inputs, and could be 
scalable to large plant-sizes to make it economically viable.
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Biodiesel is an “alternative diesel fuel” that is currently available to HDV fleets either commercially or in demonstration 
fleets. In theory, biodiesel use is not constrained by the availability of vehicles; essentially all diesel-fueled vehicles 
in the population can utilize it, in some blend form.  Pure biodiesel (B100) is available in the marketplace and can be 
used in some engines without modification, though engine warranty provisions may not be honored.  Blends of up 
to 20 percent (B20) can be used in most diesel engines without voiding the engine manufacturer’s warranty.  Lower 
biodiesel blends such as B5 and even B2 are sold for unmodified diesel engines.  

As an additive to conventional diesel fuel, biodiesel helps reduce emissions of diesel PM, hydrocarbon (HC) and CO 
from vehicular exhaust.  However, air quality regulators such as CARB and SCAQMD have expressed concerns that 
biodiesel use can cause a significant increase in NOx emissions.  This debate continues, and some recent data show 
little effect on NOx emissions54.   One of several issues requiring further study is how biodiesel affects emissions (NOx 
in particular) when used in engines of post 2010 HDVs equipped with state-of-the-art emissions control systems.  
Other concerns involve the cold weather performance of biodiesel (in California’s colder climates, HDVs may require 
block heaters), and clogging of fuel filters (biodiesel acts as a solvent and can release deposits from within the fuel 
system of the engine).  

A gallon of B100 contains about seven percent less energy than a gallon of No. 2 diesel on a heating value basis. Thus, 
biodiesel blends of various percentages will provide proportional fuel economy reductions compared to diesel, on a 
miles-per-gallon basis. This in turn results in reduced vehicle driving range. B20 (the most common blend) would result 
in a decrease of 1.4 percent.

A major advantage of biodiesel as an alternative HDV fuel is that blends up to B20 can be used in unmodified existing 
diesel engines, with no major fueling infrastructure costs.  It is a liquid fuel handled like diesel that delivers near 
equivalent vehicle range and refueling time, while requiring no special training for fleet fueling personnel.  Given this 
balance of costs and benefits, biodiesel can be an effective petroleum displacement strategy, and in some cases a solid 
air quality improvement strategy.  For these various reasons, many large HDV fleets in California (e.g., Specialty Solid 
Waste and Recycling) operate their diesel trucks on B2055. 

Many, if not most, biodiesel fueling sites in California are privately owned and operated by HDV fleets. Approximately 
40 sites located throughout California sell one or more biodiesel blends to the public56,57.  No special infrastructure 
is needed to support biodiesel blend distribution. The fuels can be easily accommodated by the current petroleum 
product distribution and dispensing system. Biodiesel is available at relatively low cost: the national average price of 
B20 per gallon is currently about $3.15 (about $3.20 on a diesel gallon equivalent basis)58. 

ALTERNATIVE AVIATION FUELS
Bio-derived aviation fuel has been produced from renewable resources in small quantities, but there are several 
technical and commercial challenges that must be overcome before their use becomes commonplace.  Several 
new alternative aviation fuel technologies are being explored for commercial application, but as of yet none are 
economically or commercially viable.  Until such times as these technologies are proven both technologically and 
economically viable, projections as to when they will enter the market on a commercial scale in a meaningful way are 
difficult to estimate and more future research will be needed to determine pathways and timelines.  Fueling California 
will continue to monitor developments in the alternative aviation fuel sector and looks forward to working with the 
several California companies that have promising new aviation fuel technologies.

Specifically, technical challenges depend on the type of feedstock and manufacturing route chosen, two of the routes 
best understood being hydrogenation of vegetable oils, oils produced by algae, and the processing of biomass using 
the Fischer-Tropsch (F-T) process.
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Vegetable oils available in significant quantity today cost between 1 to 2 dollars more per gallon than petroleum based 
fuels prior to any processing steps.  Hydrotreating these oils results in 8 to 10% weight loss due to the oxygen removal 
(primarily to water and carbon dioxide).  Aside from the cost and yield aspects, nearly all vegetable oils available 
in quantity today compete with food (canola, soybean, palm, coconut, etc.), and their widespread use in fuels may 
potentially drive up food prices.  Another challenge to the processing of vegetable oils is the necessity to manage their 
naturally occurring impurities such as metals, oxygen, and olefins.  Metals are poisons to hydrotreating catalyst, oxygen 
and olefins contribute to very high heat release in hydrotreating reactors, and can also deactivate catalyst by oxidizing 
and coking the active sites.  Once the vegetable oils have been hydrotreated, there are additional technical challenges 
in meeting the low temperature requirements of today’s jet fuel.   Typically a second step involving isomerization and 
de-waxing must be carried out on the hydrotreated oil to prevent fuel line clogging at high altitudes.  This is commonly 
referred to as “Renewable Jet” Fuel.  These challenges can be overcome with existing technology and catalysts but the 
capital cost is very high.  

Using oil produced by algae as a feedstock continues to look attractive although it is still very early days. Benefits may 
be the ability to tailor the process to get more of the exact carbon chain you need for a particular process (which 
drives down complexity and cost at the refinery) and the potential to conserve and reuse water; a necessity for water 
conservation and economics. While algae has the best long term yield, potential issues associated with energy use 
for water extraction and for maintaining temperatures to optimize algae growth potential render the economics and 
carbon life cycle performance questionable for certain systems types.”

Jet fuel has been successfully produced from coal in South Africa via the F-T process for more than 10 years, but there 
is an emissions (CO2) penalty for coal (CTL) or natural gas (GTL) derived F-T fuels compared to conventional fuels. 
However, the use of advanced carbon sequestration techniques may mitigate this penalty. Unfortunately, F-T derived 
fuels also can have a lower density which can result in reduced range on a volumetric basis. That said, it is possible 
that a biomass based feedstock would significantly improve the emissions aspect of F-T derived fuels. This process is 
commonly referred to as BTL - Biomass To Liquid; a process being studied but with no large commercial scale facilities 
yet built. Over the past decade or so, a few F-T or GTL (Gas-to-liquids) facilities have been built but the operating 
economics favor the production of fuels other than petroleum GTL jet. As the capital cost for construction of a world-
scale F-T facility is extremely high (USD billions), it is unlikely that any large scale facilities will be built in North America 
in the near term. It is important to note that even after the cost challenges are overcome, changes would still have to 
be made to the existing regulations to allow bio-derived fuels other than those using the F-T process to be blended 
into jet fuel. Such work on fuels other than F-T may require extensive jet engine testing and certifications, similar to 
what was done to enable the aforementioned F-T derived jet fuel into the commercial market.

There have been many proposals involving the use of government mandates and incentives to reduce feedstock cost 
and increase its availability thereby facilitating earlier entry of bio-derived aviation fuel into the market. While some 
of these actions may potentially lead to the desired results in the short term, to make alternative aviation fuel projects 
sustainable and effective requires that such programs need to commit to timelines in terms of decades, rather than 
just a few years.  Even so, many refiners strongly believe that all fuels should compete on their own merits and that 
such mandates and incentives should be avoided because they distort markets and can increase the complexity of 
the fuel production/distribution system. They often artificially ‘pick winners’, supporting pathways which are not 
commercially viable in the long run.
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It is challenging for emerging technologies such as AFVs to compete in the market place with traditional technologies 
that are well established and convenient for consumers.  Therefore, public funds have played, and will continue to 
play, an important role in the development, demonstration, and commercial success of AFVs.  For better or for worse, 
the technologies that the government favors for the investment of funds tend to gain an edge over others in both 
development efforts and early markets.  Government investments in general come in the form of grants for research, 
development and demonstration, grants and/or interest free loans for the build-up of manufacturing capabilities, 
and incentives for consumers when they purchase AFVs.  These public funds are generally met with equal or greater 
investments from the private sector to drive forward the development, demonstration, and commercialization of 
technologies.

In California, the major vehicles for investment of public funds for AFVs include the California Air Resources Board, 
the California Energy Commission, and the Air Quality Management Districts throughout the state.  These entities 
have collectively invested in refueling and recharging infrastructure for LDV and HDV, as well as incentives and direct 
subsidies for the purchase of private and fleet vehicles for LDV and HDV.

Recently the investment landscape for AFVs in California has been affected dramatically by the introduction of State 
Assembly Bill 118.  This bill allocates funds for low carbon fuels, providing approximately $200 million annually through 
the year 2015.  Given that California is the largest vehicle market in the world and the size of the funds, investments 
resulting from AB 118 could play a larger role in shaping the future of AFVs than any other investment effort in the 
world.  Funds allocated through AB 118 will be administered by both the CEC and CARB, though the majority will be 
administered by the CEC.  Appendix 1 shows the CEC’s investment plan for the AB 118 funds for the 2009 – 2010 and 
2010 – 2011 timeframes.

In the LDV sector, California investments have generally favored a movement toward electric drive train vehicles 
such as gasoline electric hybrids (HEVs and PHEVs), BEVs, and hydrogen FCVs.  The CECs investment plan for AB 118 
funds generally follows this trend, allocating over $100 million for electric drive vehicles, BEV charging, and hydrogen 
refueling stations.  Notably, CEC funds related to FCVs are not allocated towards development and deployment of 
vehicle technology, but rather to the deployment of refueling infrastructure only.  This is related in part to the fact 
that CARB is continuing to make investments in the development and deployment of FCV, but also to the fact that 
the private sector has committed and continues to commit funds to the development and deployment of FCVs on 
the order of billions of dollars.  Given their commitment to commercialization of this technology, it is now clear that 
automakers see a road towards manufacturing durable and high performance FCVs in a cost effective way59.   However, 
the financial support for investment in the hydrogen refueling infrastructure required for FCVs has not kept pace with 
investments in vehicle technology by the automakers.  It cannot be overstated that the commitment of funds by CARB 
to deploying hydrogen refueling stations up until this point, and the decision by the CEC to fund hydrogen refueling 
stations out of AB 118 funds going forward, have been perhaps the most critical enablers to the deployment of this 
technology in recent years.

Complimenting the CEC investment plan, plug-in vehicles and charging infrastructure have also benefited from 
aggressive investments by the Federal Government since the Obama administration took office.  Through the U.S. 
Department of Energy and the American Recovery and Reinvestment Act of 2009, billions of dollars have collectively 
been funneled into the development and commercialization of BEVs, PHEVs, and the accompanying infrastructure in 

3.0 -  ALTERNATIVE TRANSPORTATION FUEL ECONOMICS AND 
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the form of grants, interest-free loans, and incentives60,61.     Additionally, funds have been poured into projects to help 
make the electric grid “smarter” so that it can handle electric vehicle charging in a way that helps stabilize the grid 
rather than put added strain on it.

Both the Federal Government and the State of California continue to invest in the development of biofuel production 
and refueling infrastructure.  The US DOE recently awarded $122 million in funds to create research center for 
photosynthetic biofuels technologies.  However, for the LDV sector it remains unclear how much of a role biofuels will 
play beyond the blending of ethanol into gasoline at percentages of 10% to 15% since the general investment trend in 
LDVs is towards electric drive and there does not seem to be a significant focus on development of E85 and “flex-fuel” 
LDVs,.  However, in the HDV sector, as well as locomotive and aeronautic applications, biofuels are likely to be a major 
focus going forward.  This is in part because the high energy density of liquid fuels is a key attribute for long-haul, high-
payload capacity trucks, locomotives, and airplanes.

Investments in natural gas infrastructure and vehicle technologies are also continuing in the HDV sector. The CEC 
investment plan for AB 118 funds so far allocates over $60 million towards deploying natural gas fueling stations and 
the purchase of vehicles in the HDV sector (as well as the LDV sector). Furthermore, the costs of owning and operating 
new diesel-fueled HDVs in California are increasing.  This is because improvements in their emissions performance 
to meet the latest State emissions standards have come at the expense of increased complexity.  Meanwhile, other 
environmental attributes (e.g., low greenhouse gas emissions, avoidance of harmful fuel spills) are emerging as 
potential market drivers – either via regulations, incentives, or some combination of the two – that could benefit the 
economic case for natural gas HDVs.

Furthermore, a trend towards natural gas as a transportation fuel looks promising from a price stability and energy 
security standpoint due to breakthroughs in drilling strategies.  Developments in horizontal drilling methods have 
made it economically viable to extract vast amounts of natural gas from sources that were previously considered 
inaccessible such as Marcellus Shale62.   In a two-year study, Toward a New National Energy Policy: Assessing the 
Options, Resources for the Future presents findings from its analysis of U.S. energy policy including an assessment 
specifically focused on the role that heavy-duty natural gas trucks can play in meeting America’s environmental and 
energy goals.  A key conclusion of the authors is that “LNG trucks can, under certain conditions, be a good deal for 
society in reducing oil and CO2 emissions with reasonably competitive cost-effectiveness, even without government 
subsidies or mandates.” The report goes on to note that: 

 . . . infrastructure issues may be less of a challenge than commonly thought because the interstate trucking  
 industry is moving increasingly from a long-haul route structure to a “hub and spoke” structure—a   
 development which could facilitate more judicious placement of LNG refueling stations and therefore make  
 use of LNG trucks more prevalent63. 

Also in the HDV sector, investments in the development of fuel cell buses are continuing at significant levels.  In the 
state of California, these investments are coming primarily from CARB and the Air Quality Management Districts.  
Fuel cell buses are also being deployed in Canada, Japan, and Europe, with significant funds being poured into the 
development and deployment of the technology by both government and industry.   In California, diesel buses will 
continue being turned over to CNG buses in the near-term, but a series of fuel cell bus deployments is beginning to 
emerge already and this technology is likely to dominate the urban transit bus market in the long term.

While some clear investment trends are emerging – (e.g., electrification of the drive train in LDVs, a movement 
towards lower carbon, domestic fuels in general), the dependency on government to drive the introduction of AFV 
technology creates some uncertainty.  Since government policies are often subject to political factors, they can vary 
significantly from year to year and from administration to administration.  This lack of consistency makes it hard to 
predict exactly what the future landscape for alternative fuels and AFVs will look like in the future, and has been a 
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major challenge to the development and deployment of AFV technologies up to this point.

California plays a large role in setting vehicle technology trends globally since it contains the largest vehicle market in 
the world.  At the same time, programs nationally and in other parts of the world generally influence the development 
of alternative fuel technologies and may affect drivers for alternative fuels in California as well.

In the past, the U.S. Federal Government has not been supportive in general of California’s policies for AFVs.  In 
particular, the federal government under the Bush Administration filed a lawsuit against California’s ZEV regulation 
as well as California’s initiatives to mandate low-carbon fuels.  But more recently, the Obama Administration has 
dropped these lawsuits and is supportive of California’s pursuit of this regulatory agenda.  At the same time, the 
federal government under the previous and current administration has provided subsidies and project funding for AFV 
technology that aligns with those that California is developing.  Most of these initiatives have been aimed at the LDV 
sector, for example, under the Bush Administration a program with modest levels of funds was started at the U.S. DOE 
for the development of hydrogen and FCV technologies.  During the Obama Administration, very aggressive initiatives 
have been launched to develop plug-in vehicles including BEVs and PHEVs as well as the charging infrastructure 
and smart-grid support to go with it.  The federal government in general has been supportive of the development 
of biofuels.  A large program to subsidize the production of ethanol from corn was started under the previous 
administration and has continued since64.   The scaling up of ethanol production in the U.S. enabled ethanol to be used 
in place of MTBE once the latter was outlawed as a gasoline oxygenate in California.  However, in general, California 
has not shown support for the production of ethanol from corn, though funding is being provided by the state to 
develop methods for producing ethanol from cellulosic biomass wastes.

A notable shift in AFV policy at the federal level occurred in the Obama Administration with respect to hydrogen and 
FCVs.  Just after entering the position in 2009, secretary of energy, Steven Chu, announced a desire to cut funding for 
the U.S. DOE sponsored hydrogen and FCV program citing that the technology was probably more than one or two 
decades from reaching commercialization.  The consensus by industry and technology experts is that Chu’s rationale 
relied upon outdated information and that his decision was largely uninformed.  Regardless of the reason for this 
course of action, the direction taken by the Obama Administration on hydrogen and FCVs is out of line with that of 
the State of California, which has for more than a decade supported, and continues to support, the development and 
deployment of hydrogen and FCV technologies.  While the Federal legislature voted to continue and expand the level 
of funding for the U.S. DOE hydrogen program despite Chu’s request to cut it, the message that was sent by Chu’s 
announcement has hampered the momentum for the development of this technology.

In contrast, very aggressive efforts to rollout hydrogen infrastructure and FCVs are taking place in other parts of the 
world.  For example, an initiative in Germany aims to aggressively deploy hydrogen fueling infrastructure in the country 
in preparation for a commercial scale rollout of FCVs in the year 201565.   Similarly, the Fuel Cell Commercialization 
Conference of Japan (FCCJ) has established similar goals for key Japanese cities.   In addition to these major initiatives, 
national programs to deploy hydrogen fueling stations and demonstrate FCVs are taking place in Korea, Norway, China, 
and Iceland, and other local programs are taking place throughout Europe.  These initiatives are helping the growth 
and maturity of FCV technology to move it closer to commercial markets, which in general helps California move 
towards its goal of commercially introducing FCVs in the state.  However, given the lack of support for hydrogen and 
FCVs within the U.S. Federal Government, there is a danger that California could lose its leadership position to Japan 
and Germany where initiatives supporting the technology are very aggressive.  But, with the continuing leadership of 
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the California State government to invest in hydrogen infrastructure through AB 118 funds, automakers seem to be 
continuing their focus on California as one of the early markets for FCV commercialization.

The development of BEVs and PHEVs is also being aggressively pursued abroad.  In Europe, France has shown a 
particular interest in plug-in vehicle technology because most of its electricity production is from nuclear power and 
therefore low in GHG emissions.  An electric vehicle consortium called Mobivia Groupe has been established in France 
to align industry and government groups under the common goal of deploying plug-in vehicles, and earlier this year 
the French government announced plans to purchase 50,000 vehicles for its fleets67.   Japan, Korea, and China are also 
investing in the deployment of battery electric vehicles.

In much of the developing world, such as China, India, and much of South America, biofuels and natural gas tend to be 
the most widely utilized alternative transportation fuels.  This is largely because these regions have domestic resources 
of natural gas or biofuel production, and because using natural gas as a transportation fuel can help deal with urban 
air quality issues, since natural gas produces fewer pollution emissions when combusted in comparison to petroleum-
based fuels.  Because of the potential market size in China, vehicle trends there are likely to significantly impact those 
of the rest of the world in the coming decades, including the adoption of AFVs.
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Figure 11 and Figure 13 below provide a qualitative projection of the fuel mix in California for the LDV and HDV sectors 
respectively in 5-year increments starting with the current fuel mix in 2010 and compare them to a business as usual 
case.  The focus is on these two sectors because they consume the bulk of transportation fuel in California.  Projections 
represent a best-guess scenario by the authors based on a collective consideration of California and Federal 
government policies, technology readiness, technology potential, economics, and market factors.  The EMFAC model 
by the California Air Resources Board serves as the basis for projecting the likely number of vehicles in the state and 
miles of travel68.   The fuel mix is represented in millions of gasoline gallon equivalents (on an energy basis) consumed 
per year.

Projections for the LDV sector are based on the assumption that California policy will continue supporting 
electrification of the drive train in LDV.  The projection shown herein assume that FCVs will reach commercial markets 
in California around the year 2015 and experience considerable success, while pure battery and plug-in hybrid electric 
vehicles will play a role in urban transportation though they will not capture market share as aggressively as FCVs 
due to their limited driving range and long recharge times.  Ethanol will continue to be blended into gasoline up to 
10%, and while CNG vehicles will continue to play a role in the LDV sector, the assumption is that they will not grow in 
market share.  While the number of vehicles and miles driven in California are projected to increase between now and 
2030, the significant improvement in efficiency associated with FCVs and battery vehicles leads to a reduction in the 
overall demand for fuel in the LDV sector between now and 2030.  It is clear in the comparison with the business as 
usual case that if highly efficient AFVs such as FCVs and BEVs are not introduced, fuel demand is projected to increase 
over time in proportion with miles driven by vehicles.  A specific breakdown of the percentage of vehicle technologies 
projected to be on the road in the LDV case shown below is provided in Appendix 2.

Projected Fuel Mix Including Introduction of Alternative Transportation Fuels

5.0 - PROJECTED OUTLOOK FOR TRANSPORTATION FUEL MIX
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Projected Fuel Mix for Business as Usual Case
Figure 10. Projected fuel mix for LDV in California from 2010 to 2030

Projections for the HDV sector are based on the assumption that trucks will move towards natural gas and propane as 
well as biodiesel, while buses will continue to turnover to CNG and begin to get replaced by fuel cell buses.  While an 
electric drive train is well suited for heavy-duty truck applications, the weight and size characteristics of batteries make 
them infeasible for most heavy-duty truck applications.  Fuel cells are starting to power heavy-duty trucks and could 
gain some market share in future years, though some challenges would have to be overcome with respect to hydrogen 
storage on-board the truck and the power density and durability of the fuel cell.  It is likely that with the appropriate 
policies and incentives put in place, HDVs could turn over to alternative fuels more aggressively than LDVs because 
Large return-to-base municipal HDV fleets (e.g., transit and refuse operations) are particularly conducive to the use 
of alternative fuel technologies, as they offer favorable logistical, operational, policy and economic characteristics. A 
specific breakdown of the percentage of vehicle technologies projected for the mix of HDVs shown below is provided 
in Appendix 2.
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Projected Fuel Mix Including Introduction of Alternative Transportation Fuels

 
Projected Fuel Mix for Business as Usual Case

Figure 11. Projected fuel mix for HDVs in California from 2010 - 2030
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A1 - CEC FUNDING ALLOCATION SUMMARIES FOR AB118 FUNDS  
(COVERING FISCAL YEARS 2008 – 2011)

CEC Funding Allocation Summary for FY 2008-2009 and FY 2009-2010 for AB 118 Funds
 

APPENDICES

 Source: California Energy Commission
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CEC Funding Allocation Summary for FY 2010 – 2011  for AB 118 Funds
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A2. BREAKDOWN OF THE PERCENTAGE OF VEHICLE TECHNOLOGIES 
ASSUMED IN THE PROJECTED TRANSPORTATION FUEL MIX FOR 
CALIFORNIA DESCRIBED IN SECTION 5.069,70

Projected fuel mix for LDV scenario
     
     2010  2015  2020  2025  2030
Petroleum/Gasoline/Diesel  91.0%  88.7%  86.3%  82.3%  74.0%
Ethanol     9.0%  11.0%  12.0%  15.0%  15.0%
Biodiesel and Renewable Diesel  0.0%  0.1%  0.3%  0.5%  1.0%
Natural Gas    0.0%  0.0%  0.0%  0.0%  0.0%
Hydrogen     0.0%  0.1%  0.8%  1.5%  6.0%
Propane    0.0%  0.0%  0.0%  0.0%  0.0%
Electric/Plug-in    0.0%  0.1%  0.6%  0.7%  4.0%

Projected fuel mix for HDV scenario

     2010  2015  2020  2025  2030
Petroleum/Gasoline/Diesel  98.7%  97.3%  89.5%  82.7%  76.7%
Ethanol     0.8%  1.0%  1.8%  3.0%  3.0%
Biodiesel and Renewable Diesel  0.0%  0.8%  6.0%  9.0%  12.0%
Natural Gas    0.5%  0.7%  2.0%  4.0%  6.0%
Hydrogen     0.0%  0.1%  0.4%  1.0%  2.0%
Propane    0.0%  0.0%  0.0%  0.0%  0.0%
Electric/Plug-in    0.0%  0.1%  0.3%  0.3%  0.3%
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AFV  Alternative Fuel Vehicle
BEV  Battery Electric Vehicle
CARB  California Air Resources Board
CEC  California Energy Commission
CNG  Compressed Natural Gas
US DOE  United States Department of Energy
FCV  Fuel Cell Vehicle
GHG  Greenhouse Gases
HDV  Heavy-Duty Vehicle
HEV  Hybrid Electric Vehicle
ICE  Internal Combustion Engine
ICEV  Internal Combustion Engine Vehicle
LDV  Light-Duty Vehicle
LNG  Liquefied Natural Gas
NiMH  Nickel Metal Hydride
NOx  Oxides of Nitrogen
PEM  Polymer Electrolyte Membrane
PM  Particulate Matter
PHEV  Plug-in Hybrid Electric Vehicle
PZEV  Partial Zero Emission Vehicle
ZEV  Zero Emission Vehicle

NOMENCLATURE
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