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"When the legislature passed AB 32, last year's landmark global warming legislation, we were 
committed to making California the world's leader in combating the greatest crisis our 

generation faces. AB 118 continues in this fine tradition. Through the promotion of alternative 
Jirels technology, the Golden State will soon be known as the Green State." 

-- Fabian Nunez, June 2007 

"The Alternative and Renewable Fuel and Vehicle Technology Program is hereby created ... 
The program shall provide. ..grants, [etc] ... to develop and deploy innovative technologies that 
transform California's Jirel and vehicle types to help attain the state's climate change policies. 
The emphasis of this program shall be to develop and deploy technology and alternative and 

renewable fuels in the marketplace, without adopting any one preferred fuel or technology. " 
-- Assembly Bill 11 8 

Executive Summary 

In October 2007, the California legislature passed a major bill to supplement other state climate 
change efforts, Assembly Bill 118. This bill imposes small increases in various DMV fees to 
raise about $120 million per year, and uses the funds to create three programs aimed at reducing 
petroleum use, greenhouse gas emissions, and criteria pollutant emissions from the transportation 
sector through changing the technologies which run our transportation system. The topic of this 
paper is the largest of these programs, the Alternative and Renewable Fuels and Vehicles 
Technology Program (in this paper, "AB 1 18" refers to this program). The task at hand is to 
design this program so that the money available is invested effectively and according to clearly 
established funding priorities. 

This analysis concludes that funding should be focused on projects that reduce market barriers to 
new vehicle and fuel technologies, thus enabling private investment and maximizing the impact 
of market systems implemented by other climate change policies. Market systems excel at 
encouraging the adoption of low-carbon technologies, but only once those technologies are 
available to compete in the market. AB 118's niche is helping make sure a variety of 
technologies are ready to compete with petroleum when market systems are implemented. 

Support a Variety of Technologies, Don't "Pick Winners" 
One natural model for AB 118 is the Carl Moyer Program. Carl Moyer funds projects to reduce 
criteria pollutant emissions. The program uses pre-defined projects and standardized 
measurement guidelines to determine the cost-effectiveness of each potential project. 
Implementing AB 11 8 in this way would maximize the greenhouse gas reductions obtained as a 
direct result of program spending, and would encourage competition among technologies to 
achieve better emissions-reducing characteristics as they seek funding from AB 118. However, 
this approach ignores the greater context of California climate policy; it pushes program 
managers to pick "winning" technologies as opposed to supporting all "promising" technologies. 

The crucial problem with using cost-effectiveness with AB 1 18 is uncertainty. Experience with 
various technology fads over the past few years has taught policymakers that new technologies 
are unpredictable. Even using the best available information, we cannot know which 
technologies will ultimately become feasible, popular, and environmentally preferable. As 
opposed to trying to pick a single technology for support, the state alternative fuels plan charges 



state agencies to support the development of a fbel-diverse transportation system. AB 1 18 
language includes the requirement that its programs operate "without adopting any one preferred 
fuel or technology." In any case, the California climate policy toolbox includes better 
mechanisms to encourage adoption of low-carbon technologies: either cap-and-trade system or 
regulations will cause much more private investments than a voluntary program like AB 1 18. 

Market Systems Cannot Decrease Emissions if Alternatives Do Not Exist 
California is likely to implement one or more emissions market systems as a cornerstone of its 
climate change mitigation policy. The Low-Carbon Fuel Standard (LCFS) will use a system of 
tradable credits, similar to a market system, to require fbel suppliers to pump low-carbon fbels, 
such as biofbels, hydrogen, or electricity for transportation. The strength of market systems is 
that by imposing a cost for emissions, they can shift private investment towards low-carbon 
technologies without specifying particular technologies. This flexibility ensures least-cost 
reductions while leveraging billions of dollars of private capital. 

Market systems cannot shift behavior, however, if lower-emitting alternatives are not available. 
A higher price for petroleum cannot cause a consumer to switch if the alternatives are costly, 
inconvenient and unproven! Research shows that pricing policies can encourage innovation in 
new technologies, but that process is slow. Innovators need assurance that when they bring their 
technologies to market, favorable policies will still be in place. What market systems can 
accomplish immediately, however, is adoption of currently-available low emitting technologies. 
The advantage of AB 1 18 is that it has the flexibility to directly fund technologies which have not 
yet become established in the market. Once a technology gains a foothold in the market, a cap- 
and-trade system is a good way to encourage adoption. 

Alternative Technologies Abound, But Face Significant Market Barriers 
Persistent need to reduce oil dependence has led to a wide variety of vehicles, fbel production 
processes, and new technologies in the research and development pipeline. Clean technology 
businesses seem poised to introduce potentially game-changing alternatives, including cellulosic 
ethanol, algae biofbels, renewable diesel, green gasoline, hybrid trucks, hydrogen fuel-cell 
vehicles, plug-in hybrid vehicles and battery-electric vehicles. However, these technologies are 
currently unable to compete effectively with petroleum. For new technologies to be deployed by 
market systems, significant market barriers will have to be overcome. 

The transportation fuel market is currently over 90% petroleum fbels. Incumbent status gives 
petroleum many advantages over emerging technologies including: huge production economies 
of scale, a broad network of fueling stations, a century of process efficiency improvements, 
communities built around gasoline car use, subsidies, and other helpfbl regulations. 

RECOMMENDATION: Use AB 118 to Minimize Market Barriers 
The most effective use of AB 1 18 funds is to conduct projects which enable private investment 
and knock down market barriers. Projects should help new technologies "into the ring" to 
compete with petroleum fbels. The success of future market systems, including the LCFS, , depends on commercially ready alternative technologies. 









Section I: Background and Legislative Framework 
This section lays out the basic structure of the Alternative and Renewable Fuels and Vehicles 
Technology program, as described in the AB 1 18 legislation. It further describes the magnitude 
of the challenge required to reduce greenhouse gas emissions from transportation. Finally, in 
order to understand the potential role of AB 11 8 programs, other policies affecting greenhouse 
gas emissions from transportation are summarized. 

Framework of AB118 
Assembly Bill 118 establishes three programs, the largest of which is called the "Alternative 
Fuels and Vehicles Technology Program." This program is the subject of this paper, and future 
references to AB 1 18 refer specifically to the Alternative and Renewable Fuels and Vehicles 
Technology Program. The purpose of this program is "to develop and deploy innovative 
technologies that transform California's fuel and vehicle types to help attain the state's climate 
change policies." Implementation of AB 1 18 requires balancing three goals: greenhouse gas 
reduction, petroleum reduction, and air quality improvement. 

Lawmakers have afforded the California Energy Commission (the Commission, or CEC) 
significant leeway to decide how funds will be spent. The bill outlines eleven categories of 
possible projects types that can be supported. It describes several types of support, many 
possible applicants, and a long list of criteria to use in determining priorities. While the use of 
many criteria could ultimately be limiting, there are very few specifics included in the 
legislation, meaning that the Commission will be free to balance the criteria as it sees fit. The 
legislation creates an advisory committee to help find opportunities and set priorities for 
investment through a yearly public process. 

The legislation imposes some key requirements on the decisions of the Commission. These 
requirements are: 

CEC must establish sustainability goals, using life-cycle analysis, to show projects are 
not negatively impacting state natural resources or lands. 
CEC must ensure emissions reductions and benefits can be measured and quantified. 
ARB must ensure projects maintain or improve air quality (also known as "anti- 
backsliding guidelines"). 
CEC must ensure that projects are additional to that required by regulations. 

Landscape of Projects A6  118 Could Fund 

The AB 1 18 legislation lists eleven different project types eligible for funding: from technology 
development to improve the sustainability to installing alternative fuel infrastructure. In 











Transportation Emission Reductions Will Be Difficult to Achieve 

The transportation sector will be resistant to emissions reduction efforts because cost- 
competitive low-carbon alternatives to gas and diesel-powered vehicles do not yet exist.3 Car 
ownership and vehicle-miles traveled per car are both increasing, while vehicle efficiency has 
remained essentially stagnant for the past two decades. Fuel-efficiency policies have been 
effective, but lawsuits have delayed California attempts to tighten these policies. Even sharply 
increasing fuel prices have had a relatively minor impact on total driving.4 News articles have 
noted some positive signals: smaller vehicles are increasing sales and homes near transit are 
gaining in value. It is too soon to know how significant these changes will be. 

The state projects that vehicle-miles traveled will continue to grow faster than population until at 
least 2020, at a rate of about 1.5% per year (see Figure 1). The combination of these factors 
mean that we need to commercialize innovative new technologies - incremental improvements 
in existing technologies will not be enough. 

Finding: Innovative new technologies are needed to achieve necessary reductions in the 
transportation sector. 

Figure 1: Percentage Growth in Population and Vehicle-Miles Traveled 

Corn ethanol has proved that it can be economically competitive under subsidy conditions, but even ethanol 
boosters do not anticipate this type of production can supply beyond 15 billion gallons. Skeptics think that the 
current production of corn ethanol already displaces too much food production. 

Over the period of 2000 to 2007, yearly growth in inflation-adjusted price was 6%, and gallons gasoline sold still 
increased by 1% per year. Gasoline sales have declined slightly since 2004, but this still represents a small effect in 
comparison the huge price increases. Source: State Board of Equalization tax data, EIA gas price data fbm CEC 











Advancing Technology Without Picking Winners 

Lessons fiom past experience with environmental technology polic and AB 1 18 language 
discourage program managers fiom picking winning technologies.YAlthough this mandate 
could be implemented by using a cost-effectiveness metric, the high degree of uncertainty 
inherent in technology development limits the usefulness of this approach. Instead, program 
managers should support a variety of technologies. This dovetails with state goals to 
commercialize multiple alternative fuels. 

"Policy makers and elected officials need to guide the creation of new transportation he1 
and vehicle markets in California to begin transitioning the eighth largest economy in the 
world from a petroleurn-based economy to a multi-fuel economy." (State Alt Fuels Plan) 

Policies that Pick Winners Tend to Falter Due to Technology Risk 
Lessons learned from past programs, such as the California Zero-Emissions Vehicle Program, 
the DOE Synfuels Corporation, or the state and national Hydrogen Highway Initiatives, show 
that technology uncertainty tends to trip up government programs. The Zero-Emissions Vehicle 
Program has stumbled twice by designing its requirements around the deployment of particular 
technologies: first battery electric vehicles and then fuel-cell vehicles (see box). Jimmy Carter 
started several research initiatives in solar thermal and synfuels which failed to result in 
technology breakthroughs, to the disillusionment of many. Initial pronouncements fiom leaders 
about the quick development of a hydrogen-fueled transportation infrastructure have proven 
premature. There is now wide consensus that picking winning technologies is too risky. A 
better approach is to invest in a portfolio of investments, thus reducing risk. 

Cost-Effectiveness Framework Wouldn't Work for AB 11 8 
The Carl Moyer Memorial Air Quality Improvement Program has successfully used a cost- 
effectiveness framework to improve air quality by funding technology deployment. Like the AB 
1 18 Technology Program, the Carl Moyer Program has a series of different project types which 
are eligible for funding. Program administrators have developed clearly defined methodologies 
for measuring the benefits of any particular project. This often means that existing emissions 
standards are used as a baseline, so eligible benefits are those above that baseline. 

Pickiw Winners and the Zer*Emissions Vehicle Promam 

In the 1990's, Air Resources Board regulators designed the compliance schedule for the 
zero-emissions vehicle program based on their estimates of the time that it would take to 
commercialize battery-electric vehicle technology. Although successful demonstration 
fleets were deployed, the technology remained expensive, and under intense pressure and 
changing technology fads, regulators rolled back the implementation schedule. 

I The ZEV program was popularly seen as a failure when battery-electric vehicles were 
abandoned, leading to the doc~entary,  "Who Killed the Electric Car?" Research shows 
that the ZEV program achieved similar air quality improvements through incremental 
improvement as it would have through battery-electric vehicles, but technology uncertainty 

I derailed the path picked by the regulation. This pattern has now repeat& when the 
electric vehicle schedule was rolled back, a new compliance path was created according to 

I estimates of fuel cell vehicle commercialization timelines. Although FCV technology has 
improved, the implementation schedule was revised again, in March 2008, in favor of 
plug-in hybrid vehicle development. 









Unemected Solutions and the Federal Acid Rain SO2 C~D-and-Trade Promam 

Acid rain in the 1980% had been a c i d m g  lakes, degrading air quality, and damaging 
sensitive forest and coastal ecosystems. In response to criticisms of traditional means of 
regulating SO2 emissions, the 1990 Clem Air Act introduced a novel cap-and-trade 
mechanism to reduce emissions. It was expected that by allowing flexibility, the cap-and- 
trade program would save money in the come of reducing emissions. It turned out that 
power plants were able to reduce emissions much more quickly and cheaply than had been 
anticipated. 

One reason for the success of this policy was the emergence of an unexpected solution. In 
response to the new policy, power plantssleveloped techdogies so that they could switch to 
u s i g  a digerent type of coal lows in sulfUr aontent. Previously, using this type of coal had 
been considered ~basible .  Although fUel switching was not one of the original solutions I 
expected, aligning the incentives co-mtly caused this option to be exploitek .A 

Direct Funding of Demonstration Projects is Good for Driving Innovation 
Successful innovation requires that capital be available in all stages of the innovation process. In 
a variety of energy technology areas, patenting activity (as a roxy for radical innovation) is well 
correlated with direct funding of research and development. lP  Fundhg of demonstration projects 
is the next step. Many technologies beyond research and development are still too early-stage 
for firms to invest. This lack of investment can be traced to the three market failures described at 
the beginning of this chapter, and uncertainty regarding policies to address these failures. 

Technology entrepreneurs refer to the gap between research funding and project finance as the 
"Valley of Death." Once technologies are proven in a lab setting, research funds no longer help 
their advancement. But for risk-averse banks to fund the construction of new projects, 
technologies need to be thoroughly proven in a commercial setting. Venture capital has filled 
this gap in the electronics and biotechnology industries, but the investments necessary are much 
larger in the energy and transportation industry than they are in high-tech fields. While AB 1 18 
alone is insufficient to move technologies all the way from lab to market, this gap is where funds 
should be used. 

I Recommendation: Use ABI 18 funds to address market barriers to 
I innovative technologies, and move them past the "valley of death". 

l3 Nemet and Kammen, 2007. 















E-85 pump deployment in California has been delayed by a lack of approved fueling equipment. 
A good use of AB 1 18 funds would be to do testing and research to develop equipment which 
can dispense E-85 while avoiding the possibility of evaporative emissions. In general, where 
sustainability or environmental impact risks stand in the way of alternative fuel deployment, AB 
1 18 is an appropriate source of funds to research those risks and develop equipment to mitigate 
risks. 

Unintended Conseauences and Environmental Poiicv 

Environmental policy has numerous examples of situations -------- where information was known 
aDoutpotentl~aZar~~elEeforeF~atory decisions were made, but regulators were not 

made aware of results early enough or warnings were discounted for one reason or another. If 
regulators use a precautionary Eramework, they could anticipate many of these risks and gather 
the necessary information. 

Revisions to the 1990 Clean Air Act required oxygenation of gasoline to reduce carbon 
monoxide emissions. This requirement was needed, in part, because of the phase-out of lead in 
the 1980's for health reasons. About two-thirds of the oxygenation requirement was met with 
MTBE, about one-third with ethanol. In retrospect, the use of MTBE was a very expensive 
mistake. One cost-benefit analysis calculated that the air quality benefits of oxygenation were 
worth between $14 and $78 million, whereas the combined costs of groundwater clean-up, he1 
cost to consumers, and lost recreational areas would be between $700 million and $3 billion. 
Making matters worse, there was information available before the introduction of MTBE that 
could have averted this outcome. 

The problem could have been avoided. Prior to 1990, MTBE persistence and mobility were 
known, as well as its impacts on water taste and smell. Noteworthy is that at the time there 
were no specific health problems for which MTBE was implicated. It turned out, however, that 
peoples' ability to taste MTBE in their water was su£ticient reason to avoid drinking 
contaminated water. New evidence now shows that MTBE is a suspected carcinogen, and other 
possible negative health impacts continue to accumulate. 

ppppppp-p------ 

The history of refrigerants is another technology area littered with unintended consequences. In 
the 1 9 2 0 ' ~ ~  as refrigeration was becoming widespread, toxic gases like ammonia were used as 
refrigerants. Chemist Thomas Midgeley invented Freon, which greatly improved human health 
fiom ammonia leaks. Ln the 1 9707s, the ozone hole was discovered, and CFC's like Freon were 
identified as one of the causes. International negotiations led to the Montreal Protocol, which 
has largely phased out CFC's. These chemicals were replaced by another set of chemicals, 
HCFC's, which do not deplete the ozone, but have since been discovered to be potent 
greenhouse gases. Huge sums of international climate change mitigation funds have been put 
into destruction of HCFC's, and now these chemicals are being phased out. 






















