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Overview

California’s LCFS, which was initiated by an Executive Order by Governor Schwarzenegger in January 2007, mandates a 10% reduction in the average fuel carbon intensity (AFCI) of transportation fuels by 2020. The AFCI ratings of fuels are based on the life-cycle, well-to-wheels greenhouse gas (GHG) emissions, measured in grams of carbon dioxide equivalent emissions per megajoule of fuel energy (gCO2e/MJ). The standard allows for the use of market-based emission-trading mechanisms to allow for varying provider strategies and the development of low-carbon transportation fuels, which could include lower carbon fossil fuels (e.g. compressed natural gas), biofuels (e.g., ethanol, biodiesel), or energy carriers (e.g., electricity, hydrogen).

Life cycle evaluation of alternative fuels includes the energy and GHG emissions of the resource feedstock recovery and transport, fuel production and distribution, and vehicle operations. The methodology has been widely adopted for comparing the environmental impacts of alternative transportation fuels. California’s State Alternative Fuels Plan - AB 1007 requires the increased use of alternative fuels within the state of California and was among the first state-level policy that adopts a life-cycle approach to evaluate the environmental impacts of transportation fuels (CEC 2007). LCFS on the other hand, will be among the first transportation policies that regulate the use of transportation fuels based on its life cycle GHG emissions. The implication is significant and far reaching since a large portion of the life cycle impacts might occur elsewhere outside of CA, especially for biofuels. 
The final rules of the California LCFS are expected to be adopted at the end of 2008 or early 2009. This paper attempts of tackle the following questions: Are there enough low-GHG fuels available to meet the standard? How much in-state resources will be available to meet the LCFS?  Given that standard is flexible and designed to promote innovation, are there competing technologies that can be used for compliance with the standard?  What are the potential reduction opportunities in off-road, off-road equipment, and locomotive applications?  Are the lower-GHG fuels cost-effective compared with conventional petroleum fuels?  
Methods

We analyze various strategies for compliance with California’s LCFS. We examine the resources available for fuel providers in California to achieve compliance with increased blending of low-GHG biofuels into petroleum-based transportation fuels and provide them as alternative fuels. We also consider compliance pathways that exclusively look to utilize electricity to displace conventional fuels. We then investigate trategies that adopt portfolio approach that incorporates both electrification and low-GHG biofuel GHG-reduction strategies.
Results

It is estimated that California’s LCFS could sufficiently be met with a greatly expanded use of biofuel resources that are primarily from waste and agricultural residues within and from western U.S. states, and that this can be achieved at costs that are less than $3 per gallon gasoline equivalent, excluding local distribution, marketing and taxes (Yeh, Lutsey, and Parker 2008). The total estimate compliance costs are shown in Figure 1. These estimate show that there are significant opportunities to reduce transportation GHG emissions at cost less than gasoline prices. Electricity use from onroad vehicles (including plug-in hybrid EVs, fullsize battery electric vehicles) and non-road application (including port electrification, electric forklifts, electric lawn and garden equipment, airport ground support equipment) can provide 8-20% of LCFS credits. Unlike the biofuel supply curve (Figure 1, green), the limiting factor for fuel electricity use is the penetration of new technologies. Due to the high capital cost of adoption that the consumers’ will bear, it may be that some kind of incentives can be provided to increase adoption. There remain great uncertainties regarding the progress of cellulosic technologies, battery technologies, feedstock prices, land availability, and other noncarbon policies such as sustainability standard.
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Figure 1. Range of fuel providers’ GHG abatement costs using biofuels and electricity to replace transportation fossil fuels. The estimates are based on gasoline price range from $3-$4/gallon (at retail price, or $2.48-$3.31/gallon excluding distribution, marketing and taxes) and electricity price in the range of $0.17-$0.33. Source: (Yeh, Lutsey, and Parker 2008)
Conclusions

Th analysis of potential technologies for lower fuel carbon intensity illustrates the diversity of potential compliance strategies that can be undertaken to meet the call of California’s low carbon fuel standard (LCFS). We examined biofuel-intensive, electrification-intensive, and mixed-technology strategies. Our examination of biofuel resource availability indicates the entire LCFS could sufficiently be met with a greatly expanded use of biofuel resources that are primarily from waste and agricultural residues from western U.S. states, and we estimate that this can be achieved at costs that are less than $3 per gallon gasoline equivalent, excluding local distribution, marketing and taxes. An electrification-intensive approach to LCFS compliance that involves a massive deployment of electricity-driven vehicles and equipment in California could satisfy up to 20% of the LCFS target and be cost-effective for fuel providers. The costs of LCFS compliance for fuel providers to opt for electrification-based carbon-reduction strategies are advantageous unless average electricity rates are higher than $0.27 per kilowatt and fuel prices are lower than $3.25 per gallon gasoline equivalent. We note that vehicle equipment costs were not examined in this analysis of compliance strategies from the perspective of fuel providers. The results of the study depend critically on the assumptions of feedstock costs, technology availability, and idealized infrastructure cost estimates.  

Each strategy has inherent risks associated with the pace and costs of technology development, scientific consensus on the total impacts of various strategies, and various other public policy decision-making criteria. Foremost among the risks in utilizing biofuels is the possibility that the indirect land use effects of biofuel production could outweigh their GHG benefits from displacing petroleum. The cost-effectiveness of biofuel-intensive GHG reduction strategies is sensitive to future feedstock prices and the availability of cost-effective technologies to process feedstocks from diverse forms of agricultural residues and wastes. An electrification-intensive compliance strategy would be highly dependent on a rapid deployment of relatively promising yet expensive battery technology in vehicles and would need to be heavily supplemented with other low-carbon fuels, like biofuels. Electricity- and biofuel-based strategies each may have social and environmental impacts on criteria air pollutants, water quality, land-use changes, and energy security that are not fully explored. This analysis intends to explore a variety of possible pathways and the changes needed to attain these targets, rather than a narrow range of probable outcomes exclusive of other options. Our scenarios do not consider trading between AFCI gasoline and AFCI diesel, and it also does not consider imports, such as sugarcane ethanol from Brazil that could have substantial GHG emission reduction benefits. This research is based on the details of California’s development of a low carbon fuel standard; however, this research approach could be generalizable to the analysis of similar standards in Europe, Canada, and at the federal level in the U.S and other states.
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