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Chapter 5:

Role of Low Carbon Fuel Standard in 
Reducing U.S. Transportation Emissions

by Sonia Yeh and Daniel Sperling

The transportation sector in the United States (U.S.) relies almost exclusively on petroleum fuels, which 
accounted for over 96 percent of transport greenhouse gas (GHG) emissions in 2009.  Policies aimed to 
reduce transportation emissions have made some progress.  These policies include the new Corporate 
Average Fuel Economy (CAFE) standards and the Renewable Fuel Standards (RFS) established by the 
Energy Independence and Security Act (EISA).  Despite these important policies, future U.S. transportation 
emissions are projected to continue to rise, although at a slower rate, in the next 20 years (EIA 2009). 

To gain large reductions in transport-related GHG emissions, more actions are needed.  These actions 
include improving vehicle technology effi ciency, reducing vehicle miles traveled and lowering the GHG 
intensity of transportation fuels.  Many policies have already been adopted to introduce alternative fuels 
into the transportation sector, with the goals of reducing energy dependence on foreign oil and improving 
local and regional air quality.  These policies have largely failed (McNutt and Rodgers 2004, Sperling and 
Gordon 2009).  The Low Carbon Fuel Standard (LCFS) is a promising approach to reduce GHG emissions 
by decar bonizing transportation fuels.  An LCFS has the following features: 

• Is technology neutral
• Uses a lifecycle GHG intensity standard 
• Targets a range of transport fuels
• Incorporates market mechanisms by allowing credit trading 

This chapter reviews the LCFS standard adopted in California and the European Union (EU) and compares 
the LCFS policy instrument to other measures.  It explores the possibility of a national LCFS in the United 
States, including key shortcomings and challenges.

The Need for Effective and Performance-Based Policy
Several new policy approaches have been adopted or considered in the past few years to improve energy 
security and reduce GHG emissions from transportation fuels.  These include fuel-specifi c policies that 
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have already been adopted, such as volumetric biofuel mandates (RFS) and fuel subsidies and tax credits 
for corn ethanol and biodiesels.  Market-based policies that have not yet been adopted include carbon 
taxes, carbon cap and trade, and fuel “feebates.”   The RFS, biofuel fuel subsidies, and tax credits have 
increased domestic U.S. corn ethanol production and biodiesel exports.  The actual greenhouse benefi ts 
of these policies, however, may be small based on several recent studies (Gibbs et al. 2008; Hertel et al. 
2008; Searchinger et al. 2008; Hertel et al. 2010). 

Carbon cap-and-trade programs and carbon taxes, at politically acceptable levels, will have little effect 
on transport emissions.  Analyses of proposed cap-and-trade programs suggest that only a very small 
fraction (less than fi ve percent) of emission reduction will come from the transport sector (EIA 2008; U.S. 
EPA 2009a). Figure 5-1, for example, shows the limited projected emission reductions in the trans portation 
sector under the cap-and-trade program proposed in 2009 in the federal Waxman-Markey Bill (H.R. 2454).  
A study by the U.S. Environmental Protection Agency (EPA) estimated that the Waxman-Markey Bill would 
raise gasoline prices by $0.13 in 2015, $0.25 in 2030 and $0.69 in 2050 (U.S. EPA 2009a).  This modest 
price signal is not likely to be strong enough to induce signifi cant change in consumer behavior in reducing 
vehicles miles traveled or purchasing low-GHG vehicles or fuels.  

More direct policies are likely to be far more effective in reducing transportation fuel use and GHG emissions.  
The rationales for more direct policy instruments, such as the low carbon fuel standard, are as follows. First, 
there are signifi cant market barriers that are unique to the transportation sector, including the chicken-and-
egg challenge of simultaneously introducing alternative fuels and alternative-fueled vehicles (McNutt and 
Rodgers 2004), consumers’ inelastic demand for gasoline (Hughes et al. 2008), and the failure of transport 
fuel prices to incorporate large externalities such as air pollution and energy security in fuel use and vehicle 
purchase decisions (Delucchi 2008; Lave and Griffi n 2008).  Second, the cost of doing nothing now and 
fi xing it later will result in very high future costs since the liquid fuel mix is becoming increasingly more GHG 
intensive as a result of greater use of heavier crude oils and oil sands—with the prospect of even more 
carbon-intense oil shale and coal-to-liquid fuels being used in the future (EIA 2009).  Additional measures 
beyond cap-and-trade will be necessary to achieve long term reductions in oil use and GHG emissions. 

What is the Low Carbon Fuel Standard?
The LCFS is a performance standard that aims to reduce the GHG intensities of transportation fuels.  The 
metric around which the LCFS is designed is total GHGs per unit of fuel energy.  The GHGs are measured 

Figure 5-1: Projected emission reductions by sector under the 
proposed cap and trade program: H.R. 2454

Source: U.S. EPA 2009a
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as carbon-equivalents based on their global warming potential, abbreviated as “carbon” throughout this 
chapter.  The goal is to account for all GHGs emitted in the lifecycle of the fuel, from extraction, cultivation, 
land use conversion, processing, distribution, and fuel use.  Although upstream emissions account for only 
about 20 percent of total GHG emissions from petroleum, they represent almost the total lifecycle emissions 
for biofuels, electricity and hydrogen.  Upstream emissions from extraction, production and refi ning also 
comprise a large percentage of total emissions for the very heavy oils and oil sands that oil companies are 
increasingly embracing to supplement limited supplies of conventional crude oil.  The LCFS is the fi rst major 
public initiative to codify lifecycle concepts into law, an innovation that will become more widespread as 
climate policies are pursued more aggressively.

Several countries and states have adopted or are considering adoption of an LCFS.  The California LCFS 
was adopted in April 2009, and took effect in January 2010 (CARB 2009).  California’s LCFS applies to 
onroad transport fuels, but credits can be generated from low-carbon fuels used in off-road vehicles.  It 
excludes the air and maritime transportation activities, where California has limited authority.  The standard 
is imposed on all transport fuel providers, including refi ners, blenders, producers and importers.  It requires 
a 10 percent reduction in the GHG intensity in transport fuels by 2020. 

To implement the LCFS, each fuel supplier in California must meet a GHG-intensity standard that becomes 
increasingly stringent over time, ramping up to the 10 percent reduction in 2020.  To maximize fl exibility 
and innovation throughout low-carbon technologies, the LCFS allows for trading and banking of emission 
credits.  An oil refi ner could, for instance, buy credits, or the fuels themselves from biofuel producers.  
Alternatively, it could buy credits from an electric utility that sells power for use in electric vehicles.  Those 
companies that are most innovative and best able to produce low-cost, low-carbon alternative fuels would 
do best.  The combination of regulatory and market mechanisms makes the LCFS more robust and durable 
than a pure regulatory approach and more effective than a pure market approach, given that aggressive 
carbon caps and taxes are politically unacceptable in the United States and elsewhere. 

The European Union fi rst unveiled an LCFS proposal at about the same time as California in early 2007.  In 
December 2008, the European Parliament adopted a revised Fuel Quality Directive (FQD) that incorporated 
a low carbon fuel standard (EC 2008a).  The FQD requires fuel suppliers to reduce lifecycle GHG emissions 
by up to 10 percent by 2020.  The scheme is broader than the California LCFS because it allows credit 
for upstream reductions in gas fl aring and venting and for the use of carbon capture and storage (CCS) 
technologies.  It also allows the purchase of credits under the Clean Development Mechanism (CDM) 
established by the Kyoto Protocol.  Upstream emission reductions, CCS, and the CDM can be used to meet 
up to four percent of the 10 percent requirement. 

Eleven Northeast and Mid-Atlantic states have announced a regional initiative to develop a regional LCFS 
(NESCCAF 2009).  The conceptual construction of the plan is largely based on California’s model, with 
a major difference being the proposed inclusion of heating fuels for home heating, a signifi cant source 
of diesel fuel consumption in the Northeast.  A national version of the LCFS was considered in the early 
version of the Waxman-Markey Energy Bill, which required a fi ve percent reduction by 2023 and a 10 
percent cut by 2030.  The LCFS provision was later dropped from the bill that was passed by the U.S. 
House of Representatives.  

Scenarios to Meet California’s LCFS
California’s LCFS will achieve GHG reductions between 20 and 25 million metric tons (tonnes) of carbon 
dioxide equivalents (CO2e) on a lifecycle basis per year by 2020 (CARB 2009; Yeh et al. 2009a).  Depending 
on the particular feedstock and production pathways and the carbon intensity of the fuels used by the 
regulated parties to meet the standard, it will require between 1.5 and 3.0 billion gallons of ethanol, 0.6 to 
0.8 billion gallons of biodiesel or renewable diesel, an additional 1,200 to 16,000 gigawatt hours (GWh) 
of electricity and from zero to 33 thousand tonnes of hydrogen per year by 2020 (CARB 2009; Yeh et al. 
2009a).  
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California has the potential to supply roughly half of the biofuels needed to meet its LCFS (Yeh et al. 2009a).  
Biofuels produced in other states to meet the federal U.S. volumetric requirement for renewable fuels will 
be further incentivized by the prospect of earning LCFS credits when being supplied to the California fuel 
market.  Fuels from other states or countries, such as sugarcane ethanol from Brazil, can also contribute 
to California’s LCFS program. 

Figure 5-2 shows the fuel use change, measured in million gallons gasoline equivalent (gge), achieved by 
a portfolio of GHG reduction strategies that achieves the 10 percent reduction target.  Figure 5-3 shows the 
corresponding GHG reduction from the portfolio of GHG reduction strategies relative to the BAU scenario.  
The portfolio scenario assumes that a mix of second-generation biofuels and advanced electric-vehicle 
technologies, primarily hybrid electric vehicles, fl exible-fuel vehicles capable of burning up to 85 percent 
ethanol in gasoline, and plug-in hybrid electric vehicles, will be needed by 2020.

The portfolio scenario estimates that 2.5 billion gge of ethanol, or 3.70 billion gallons, and 0.73 billion gge 
of biodiesel, or 0.65 billion gallons, will be needed per year by the year 2020 to meet California’s LCFS.  
This is roughly equal to 14 percent of the total biofuels needed to meet the federal RFS of 30 billion gallons 

Figure 5-2: Fuel use change (million gge) between the business-as-usual 
(BAU) and the portfolio scenario
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in 2020, a ratio slightly higher than California’s total transportation fuel demand, which accounted for 11 
percent of the U.S. total.  

Growth of PHEVs from 2010 to 2020 would be slightly higher than the sales growth of HEVs in California 
from 2000 to 2010, which was twice the national average, reaching 7.3 percent of new vehicle sales and 
a total of 0.7 million PHEVs on the road by 2020.  The total electric vehicle population would reach 60,000 
by 2020.  The combined electricity use from PHEVs and electric vehicles would reach 2,280 GWh per 
year by 2020.  These PHEV and electric-vehicle penetration rates represent an optimistic technology 
deployment scenario.  Other policies, such as California’s zero emission vehicle program, may provide 
additional incentives for adoption.  In addition to PHEVs and electric vehicles, off- road applications such 
as forklifts, electrifi cation of truck stops, and marine ports electrifi cation also offer relatively high potential 
GHG reductions. 

Projected low-GHG fuel use will vary because the performance-based LCFS does not specify a minimum 
amount of fuel volume or energy content for the alternative fuels.  The lower the average GHG intensity of the 
fuels used, the smaller quantity of alternative fuels that would be needed to meet the GHG reduction target.  
Thus, use of lower carbon fuels will generate more LCFS credits than the same volume of fuel with higher 
carbon intensity.  The price premium can be much higher for low-GHG fuels at a given compliance cost 
target, as shown in Figure 5-4.  In other words, low-GHG fuels incurring higher relative costs of production 
may still be competitive in the LCFS credit system.

Key Challenges of an Expanded LCFS
A national LCFS could be adopted in parallel with, or in place of, the RFS.  The RFS mandates 36 billion gallons 
of biofuels by 2022, of which 21 billion gallons must be advanced biofuel with a minimum GHG reduction of 
50 percent compared to 2005 baseline gasoline.  Sixteen of the 21 billion gallons must be cellulosic biofuel 
with a minimum GHG reduction of 60 percent.  A national LCFS avoids clumsy categorization of GHG 
emission accounting, provides additional fl exibilities to companies by incorporating market mechanisms, 
and stimulates innovation and investment in low-carbon fuels.  

Figure 5-4:  Breakeven cost difference between low-carbon fuels and the reference 
fuel at various levels of compliance cost targets

Note:  Color bars shows the range of California default carbon intensity values, including 
indirect land use changes, for the three major types of biofuel categories: corn ethanol, 
crop-based cellulosic ethanol and cellulosic ethanol from waste.
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Some of the challenges associated with the implementation of a national LCFS include the leakage and 
shuffl ing of emissions to sources outside the United States, energy security concerns, measurement of 
indirect land use changes, and sustainability issues.   The fi rst two issues are common to carbon policies 
such as the cap-and-trade program and the LCFS, while the latter two issues are also not LCFS specifi c, 
but rather issues associated with biofuels.

 Leakage and Shuffl ing

One potential consequence of the LCFS performance standard is the issue of leakage. In the case of 
LCFS and cap-and-trade, regulated parties will have incentives to export high-carbon fuels to non-LCFS 
countries or not import high-carbon fuels (Stavins 2008, Burtraw et al. 2005, and Reilly et al. 2007).  Thus, 
improvement would appear to be made in the United States, but there would still be no net environmental 
benefi t globally.  In fact, leakage resulting from a U.S. LCFS may result in higher overall global emissions, 
due to the added emissions from transportation.  

The specifi c concern in the U.S. is that a national LCFS will limit fl ow of oil sands to the U.S., but only 
marginally reduce overall oil sands production, since the majority of the oil sands exports will be diverted 
to the Pacifi c market via the Enbridge pipeline to Kitimat (Difi glio 2009).  This concern is premised on an 
assumption that the national LCFS would be implemented in the absence of a national cap-and-trade 
system or broader global actions to reduce GHG emissions.   

More robust assumptions and alternative scenarios will be needed to give a better picture of the impacts 
of a national LCFS on global oil markets.  It is entirely possible, for instance, even likely, that other states 
and provinces will follow California’s lead with the LCFS.  A U.S. LCFS must be analyzed in the context of a 
national cap-and-trade system and a global climate policy regime likely to emerge after 2020.  It is unlikely 
that Canada will do nothing about reducing its emissions from high-carbon oil sands if the United States 
adopts a national LCFS.  If Canada includes oil sands upstream emissions under a cap-and-trade program, 
then Canadian oil sands would be treated as conventional crude oil under California’s LCFS program, since 
the high-carbon part is only associated with energy-intensive extraction and upgrading (Charpentier et al. 
2009).  Indeed, a national LCFS may be feasible only if there are well-functioning cap-and-trade programs 
in both countries (Levi and Rubenstein 2009).  

It is important to note that the LCFS does not ban high-carbon fuel, but provides fuel providers with maximum 
fl exibility to use high-carbon fuels as long as carbon liability is managed through improvement in refi nery 
effi ciencies, CCS, cogeneration (Jacobs 2009; TIAX 2009), advanced technologies (Ordorica-Garcia et al. 
2008), or other low-carbon energy sources, such as nuclear or renewable energy sources.   After paying for 
these offsets, however, it is unclear if Canadian oil sands would still be competitive relative to convention 
petroleum, especially when oil price could be lowered due to lower demand caused by carbon policies and 
biofuel programs in the future. 

Energy Security

The LCFS helps to achieve climate goals by reducing GHGs, but there are debates about the impacts of the 
LCFS on energy security.  On the one hand, the LCFS encourages the use of alternative fuels and reduces 
oil consumption.  This will lower oil imports and increase energy security.  The U.S. Department of Energy’s 
Annual Energy Outlook projects that growth in biofuels for the RFS will lower the prices of transportation 
fuels and reduce net oil imports from 58 percent of total oil supply in 2007 to 41 percent in 2030 in the 
reference case (EIA 2009). The increased use of low-carbon fuels, such as biofuels, electricity, landfi ll gas, 
and hydrogen, under an LCFS would further decrease imports and strengthen oil independence. 

On the other hand, the LCFS discourages production of fuels from oil sands, heavy oil, oil shale and coal.  
Critics argue that such disincentives would increase the risk of energy dependence on Middle East oil, 
which is typically less carbon intensive than unconventional oil.  This concern is real, but may be overstated 
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according to EIA analyses.  Canadian oil sands production currently contributes 1.4 percent of global oil 
supply.  The EIA projects that this fi gure will increase steadily to 3.5 percent by 2030 (EIA 2009). 

There are many ways to defi ne energy security, and a variety of strategies, including reducing imports and 
diversifying energy type and geographical sources; increasing the portfolio of supplying countries from 
politically stable regions; and reducing energy prices, can effectively improve energy security (Kruyt 2009).  
Similarly, to achieve oil independence, the United States must reduce the oil intensity of its economy, 
increase the economy’s ability to substitute energy effi ciency and alternative energy sources for oil, and 
increase domestic production of oil from conventional and unconventional resources (Greene 2010). The 
LCFS and other policies, such as the CAFE standard, the ZEV mandate and the subsidies for batteries, 
will directly encourage the fi rst two objectives—reducing oil imports and increasing the economy’s ability to 
substitute energy effi ciency and alternative energy sources.  A more rigorous analysis of energy security will 
be needed to compare different carbon policies to reduce transportation emissions.  
 
Indirect Land Use Change

Recent studies have shown that massive consumption of biofuels in the United States could lead to 
expansion of farm lands throughout the world, at the expense of other crop lands and non-crop lands such 
as forest and grass lands (Koh and Wilcove 2008; Laurance 2007; Searchinger et al. 2008).  When lands 
with rich soil and biomass carbon deposits are initially converted to agricultural production, a large amount 
of carbon is emitted.  This initial “carbon debt” can take years or even decades of cultivation to pay back 
(Delucchi 2004; Fargione et al. 2008; Gibbs et al. 2008).  

The conversion of land, induced by market-mediated effects, can be direct or indirect.  The indirect effect, 
or indirect land use change (iLUC), represents the overall impact from an increased demand for crop-based 
biofuel production, leading both to expansion of cultivated land area, called extensifi cation, and increased 
land inputs to increase yields of agriculture that would not occur in the absence of biofuels production.  
Extensifi cation modifi es the use of global farmland and forests, marginal lands, and their carbon stocks.  
The iLUC effects cannot be directly observed or easily measured. 

A host of models have been applied to estimate the magnitude of indirect land use change.  These models 
include computational general equilibrium (CGE) models, such as the GTAP model (Hertel et al. 2008, 
2010) and the miniCAM model (Wise et al. 2009), and partial equilibrium models such as the FASOM and 
FAPRI models (U.S. EPA 2009b).  Reviews of recent model development and model comparison can be 
found in Chakravorty et al. (2009), Dehue (2009) and Searchinger (2009). The principal building blocks for 
estimating GHG emissions from indirect land use change and the major uncertainties associated with these 
steps are shown in Table 5-1. 

The LCFS encourages the use of low-GHG biofuels from organic waste or other biomass and cellulosic 
biofuels from energy crops, crop residues and forest wastes.  These biofuels are considered to have 
substantially lower risk of indirect land use, compete less with food production (FAO 2008; Gibbs et al. 
2008; OECD 2008; Searchinger 2009; Tilman et al. 2009), provide higher yields and lower intensity of 
agricultural inputs including land, fertilizer, irrigation and pesticides, and incur less environmental impacts on 
soil erosion and loss of biodiversity (Robertson et al. 2008; Tilman et al. 2006). A recent analysis suggests 
that large quantities of biofuels can be produced in the U.S. from perennials grown on degraded formerly 
agricultural land, municipal and industrial sold waste, crop and forestry residues, and double or mixed crops 
produced annually (NAS 2009). 

An LCFS without a cap on high-carbon fuels and indirect land use change, as some have proposed, will not 
be effective in reducing global GHG emissions, but could result in signifi cant leakage, as illustrated in Wise 
et al. (2009) and Gillingham et al. (2008).  An LCFS that covers emissions of high-carbon fuels and direct 
and indirect emissions will be a more robust and economically effi cient policy (Wise et al. 2009, Holland 
2009). 
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Environmental and Social Sustainability

In addition to GHG emissions, concerns for the environmental and social impacts of large-scale biofuel 
production have also increased (Donner and Kucharik 2008; FAO 2008; Miller et al. 2007; National Research 
Council 2007; Robertson et al. 2008).  As a result, sustainability goals or requirements for biofuel production 
have been adopted by The Netherlands (Cramer et al. 2007; Cramer et al. 2006; NEN 2009), the United 
Kingdom (Department for Transport 2008), Germany (BioNachV 2007; WWF 2006), the European Union 
(EC 2008b), and California (CEC 2008).  International organizations, including the United Nations (UN) Food 
and Agriculture Organization and Environment Programme and the G8’s Global Bioenergy Partnership, 
have led the research, modeling and negotiation efforts among stakeholders at the country level.  

There are also more private and public efforts in promoting certifi cations, facilitating information sharing 
and sustainability management.  Many new commodity-based, biofuel-targeted certifi cations have recently 
been or are being established, including by the Roundtable on Sustainable Palm Oil, Roundtable on 
Responsible Soy, Better Sugarcane Initiative, Council on Sustainable Biomass Production, and  Roundtable 
for Sustainable Biofuels (RSB). 

These biofuel schemes often include requirements for sustainable management of agricultural production 
and seek to avoid environmental damage and long term degradation and improve the socio-economic 
principles of welfare of local communities, land rights issues and labor welfare.  Procedures for certifi cation 
or verifi cation and requirements to monitor or report progress are key elements of a sustainability scheme.  
Detailed reviews of these recent sustainability schemes and key challenges can be found elsewhere 
(Endres 2009; Winrock International 2009; Yeh et al. 2009b). 

The most important sustainability criteria for a national LCFS will be to ensure that there are signifi cant 
GHG reduction benefi ts from using biofuels.  This will be dependent on a credible and consistent carbon 
accounting scheme that is compatible with international efforts.  It is widely accepted that any further 
expansion of biofuel use should minimize competition between food and fuel (FAO 2008).  Using largely 
non-agricultural land to expand dedicated energy crops would reduce the pressure on food prices and 
clearing of land, compared to the impacts of fi rst-generation biofuels such as corn ethanol and soybean, 
but there must be efforts to ensure that unmanaged negative environmental impacts on sensitive areas 
and biodiversity losses do not occur (OECD 2008).  Perennials grown on degraded formerly agricultural 
land, municipal and industrial solid waste, crop and forestry residues, and double or mixed crops offer great 
potential for providing signifi cant alternative energy resources, while reducing GHG emissions and with 
minimal harm to the environment (Tilman et al. 2009).  

     Table 5.1  Key components of estimating GHG emissions from ILUC and major uncertainties    

Key Component Key Uncertainties

Energy Demand from Biomass Price of biofuels compared to oil; technology development in biofuel conversion technology

Feedstock Demand Fuel yield; co-product markets; price elasticity of yield

Trade Balance Tariffs and trade barriers

Area of Lands Converted Assumed annual increases in crop yields; productivity of new land; bioenergy-induced 
additional productivity increase; availability of idle/marginal/degraded/abandoned/
underutilised land; methodology of allocating converted land (e.g. conversion of grassland 
vs. forests)

Impacts/GHG Emissions Biofuel cultivation period; carbon stock data; discount rate; Albedo changes (eg, snow on 
former boreal/temperate forest land); nitrogen cycle; Other greenhouse gases (eg, cattle, 
rice methane)
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UC Davis researchers have published a comprehensive review of recent efforts in sustainability standards 
(Yeh et al. 2009b) and conclude that an LCFS sustainability requirement may be the most effective if it 
adopts the following principles:  

• Stakeholders should collaborate to establish a performance-based sustainability framework that sets 
reasonable expectations, clear measures of compliance and methods of enforcement; encourages 
innovation; and rewards practices exceeding a minimum standard.

• The sustainability framework should adopt a lifecycle approach and apply to all fuels, feedstocks, and 
production and conversion technologies. In the short term, however, the standards may apply only to 
non-baseline LCFS participating fuels, to address acute concerns for new fuels, reduce administrative 
burden and recognize existing regulations on baseline fuels. 

• Careful coordination and integration among diverse international initiatives is required to improve 
coherence and effi ciency of sustainability standards between countries. Table 5-2 summarizes 
principles of the RSB sustainability standard. 

Harmonizing LCFS with Cap-and-Trade Programs
LCFS is clearly superior to RFS as a structure to promote the full range of low carbon fuels and to reduce 
the carbon intensity of fuels in the most cost-effective manner.  It is technology neutral and performance 
based, and accounts for full fuel cycle GHG emissions.  A national LCFS should keep these key elements, 
but need not be identical to the current program designs in California, the Northeast or the European Union.  
The design details, including compliance schedules; regulated fuel pools that may or may not include jet 

     Table 5-2:  Summary of RSB sustainability standard
Category Direct Indirect

National Law (especially concerning land, labor, water 
rights) 

Community Consultation (especially to determine land 
rights, social and environmental impact, and idle land and to 
resolve grievances) 

Social – biofuels should benefi t rural communities and 
workers 

Social – biofuels should not contribute to food insecurity 

GHG (biofuels should have signifi cantly positive balance 
over lifecycle) 

Environmental – biofuels should conserve and protect soil, 
water, air 

Environmental – biofuels should conserve and protect high 
conservation value areas 

Technology and Effi ciency – technologies (especially 
biotech) should be used responsibly and transparently and 
be economically effi cient

    Source: RSB 2009b
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fuel, maritime fuel and home heating oil; effi ciency adjustment factors for diesel and electric fuels; and either 
a single target or separated gasoline and diesel targets, need to be examined within a national context.  

If the LCFS is adopted along with a cap-and-trade program, as would likely be the case in the United States, 
it would be critical to ensure minimum confl icts with or overlaps between the two programs.  In California, 
the LCFS credits will be allowed to be exported to the cap-and-trade program, but not the other way around.  
The rationale for this is that the LCFS credits are expected to be of higher value than the cap-and-trade 
program, at least during the Phase I period from 2010 to 2020.  Thus, limiting the fl ow of the cap-and-trade 
credits to the LCFS will ensure that the projected reductions under the LCFS program will be achieved. 

As the transportation and electricity energy sectors become increasingly coupled due to the development 
of plug-in hybrid vehicles, battery electric vehicles and off-road electrifi cation applications, issues of double 
crediting and double counting will become more important.  For example, if an independent producer puts 
up a wind turbine and generates electricity to power a vehicle fl eet, there is a possibility to earn credits under 
both the cap-and-trade program and the LCFS program.  Alternatively, if a biorefi nery generates electricity 
that goes into an off-road application, the biorefi nery may claim the electricity credits under California’s 
Renewable Portfolio Standard program as well as the LCFS.  In these situations, the possibility of double 
crediting without double counting illustrates the potential overlap between the programs.

In the long term, when costs for low carbon fuels subside and initial market barriers are overcome, it will 
likely be desirable to phase out the LCFS and allow a full economy-wide credit market to operate under a 
cap-and-trade program. But that time is far in the future.

Conclusions
The LCFS adopted in California and the EU provide a promising opportunity to drastically reduce fossil fuel 
use and long-term GHG emissions from the transportation sector that is otherwise unresponsive to other 
moderate carbon policy initiatives.  The LCFS is superior to other alternative fuel policies such as the RFS 
since it provides additional fl exibility, encourages innovation in low-carbon fuels and incorporates market 
mechanisms.  However, as with other policies, the implementation of the LCFS faces several challenges 
that may reduce its effectiveness.  Further understanding of these issues, improvements of the policy 
design and the adoption of other complementary policies may be needed to overcome these challenges.  

Acknowledgements
The authors would like to thank Roland Hwang, Carmen Difi glio, John German, David Greene and Ian 
Hodgson for their insights and assistance in framing the key LCFS challenges.  Some of the materials in 
this chapter was submitted to Energy Policy Special Issue: Transport Modeling.

References
BioNachV. 2007. Biomass Sustainability Regulation (BioNachV): Regulation regarding requirements for the sustainable 
production of biomass for use as biofuels. Berlin: Federal Government.

Burtraw, D., Palmer, K., Kahn, D., 2005. Allocation of CO2 Emission Allowances in the Regional Greenhouse Gas 
Cap-and-Trade Program. Resources for the Future.

California Air Resources Board (CARB). 2009. Staff Report: Proposed Regulation to Implement the Low Carbon Fuel 
Standard--Initial Statement of Reasons Volume 1: Staff Report. California Air Resources Board.
http://www.arb.ca.gov/fuels/lcfs/030409lcfs_isor_vol1.pdf [March 15, 2009].



58 Yeh and Sperling

Chapter 5 Climate and Transportation Solutions

California Energy Commission (CEC). 2008. Draft Sustainability Framework for AB118 Projects. Sacramento, 
California.

Chakravorty, Ujjayant et al. 2009. “Fuel versus Food.” Annual Review of Resource Economics. 1 (23.1-23.19).

Charpentier, Alex D. et al. 2009. “Understanding the Canadian oil sands industry’s greenhouse gas emissions.” 
Environmental Research Letters 4 (1):014005.

Cramer, J, et al. 2006. Criteria for sustainable biomass production: Project group Sustainable production of biomass. 
http://www.globalproblems-globalsolutions-fi les.org/unf_website/PDF/criteria_sustainable_biomass_prod.pdf 
Last accessed on December 11, 2008.

Cramer, J, et al. 2007. Testing framework for sustainable biomass: Dutch stakeholder report to the Dutch Government 
- follow up from Cramer Commission. 
http://www.lowcvp.org.uk/assets/reports/070427-Cramer-FinalReport_EN.pdf. Last accessed on December 11, 2008.

Dehue, Bart. 2009. “Brief Overview of iLUC Work in Europe.” Paper read at GBEP Workshop on Indirect Land Use 
Change (iLUC): Status of and Perspectives on Science-Based Policies, New York City, New York

Delucchi, Mark A. 2004. Conceptual and Methodological Issues in Lifecycle Analyses of Transportation Fuels. Davis, 
CA: Institute of Transportation Studies, University of California.

Delucchi, Mark A. 2008. “The Social Cost of Motor Vehicle Use in the United States.” In Environmentally Conscious 
Transportation, edited by K. Myer.

Department for Transport. 2008. Carbon and Sustainability Reporting Within the Renewable Transport Fuel Obligation 
Requirements and Guidance; Government Recommendation to the Offi ce of the Renewable Fuels Agency. London.

Difi glio, Carmen. 2009. “Analysis of a Federal LCFS (Sec 121 of Waxman-Markey Discussion Draft).” Presentation at 
Twelfth Biennial Asilomar Conference on Transportation and Energy Policy, at Pacifi c Grove, California.
http://www.its.ucdavis.edu/events/outreachevents/asilomar2009/presentations/Session%203/Difi glio_Asilomar_2009.
pdf.

Donner, Simon D., and Christopher J. Kucharik. 2008. “Corn-based ethanol production compromises goal of reducing 
nitrogen export by the Mississippi River.” Proceedings of the National Academy of Sciences 105:4513-18.10.1073/
pnas.0708300105.

Energy Information Administration (EIA). 2008. Energy Market and Economic Impacts of S. 2191, the Lieberman-
Warner Climate Security Act of 2007. Washington, DC: Energy Information Administration, Offi ce of Integrated Analysis 
and Forecasting, U.S. Department of Energy.

———. 2009. Annual Energy Outlook 2009. Washington, DC: Energy Information Administration. www.eia.doe.gov/
oiaf/aeo/.

Endres, Jody M. 2009. “Clearing the air: the meta-standard approach to ensuring biofuels environmental and social 
sustainability.” Virginia Environmental Law Journal. In press.

European Commission (EC). 2008a. European Parliament legislative resolution of 17 December 2008 on the proposal 
for a directive of the European Parliament and of the Council amending Directive 98/70/EC as regards the specifi cation 
of petrol, diesel and gas-oil and introducing a mechanism to monitor and reduce greenhouse gas emissions from the 
use of road transport fuels and amending Council Directive 1999/32/EC, as regards the specifi cation of fuel used by 
inland waterway vessels and repealing Directive 93/12/EEC (COM(2007)0018 – C6-0061/2007 – 2007/0019(COD)).

———. 2008b. European Parliament legislative resolution of 17 December 2008 on the proposal for a directive of the 
European Parliament and of the Council on the promotion of the use of energy from renewable sources (COM(2008)0019  
– C6-0046/2008 – 2008/0016(COD) ). Article 17. Sustainability criteria for biofuels and other bioliquids.



Chapter 5 Climate and Transportation Solutions

Yeh and Sperling59

Fargione, Joseph, et al. 2008. “Land Clearing and the Biofuel Carbon Debt.” Science 319 (5867):1235-1238.10.1126/
science.1152747.

Food and Agriculture Organization (FAO). 2008. The State of Food and Agriculture. Biofuels: Prospects, risks and 
opportunities. Food and Agriculture Organization of the United States.
ftp://ftp.fao.org/docrep/fao/011/i0100e/i0100e.pdf.

Gibbs, Holly et al. 2008. “Carbon payback times for crop-based biofuel expansion in the tropics: the effects of changing 
yield and technology.” Environmental Research Letters (3):034001.

Gillingham, Kenneth T. et al. 2008. “Impact of bioenergy crops in a carbon dioxide constrained world: an application of 
the MiniCAM energy-agriculture and land use model.” Mitigation and Adaptation Strategies for Global Change 13:675-
701.

Greene, David L. 2010. “Measuring energy security: Can the United States achieve oil independence?” Energy Policy. 
38(4): 1614-1621.

Hertel, Thomas W. et al. 2008. Biofuels for all? Understanding the global impacts of multinational mandates. (GTAP 
Working Paper No. 51): Center for Global Trade Analysis, Department of Agricultural Economics, Purdue University.

Hertel, Thomas W., et al. 2010. “The Global Impacts of Biofuel Mandates.” The Energy Journal 31 (1):75-100.

Holland, Stephen. 2009. “Taxes and trading versus intensity standards: second-best environmental policies with 
incomplete regulation (leakage) or market power.” Berkeley, CA: Center for the Study of Energy Markets, University of 
California Energy Institute.

Hughes, Jonathan et al. 2008. “Evidence of a shift in the short-run price elasticity of gasoline demand.” Energy Journal 
29 (1):49-60.

Jacobs. 2009. Life Cycle Assessment Comparison of North American and Imported Crudes. Jacobs Consultancy and 
Life Cycle Associates. http://eipa.alberta.ca/media/39640/life%20cycle%20analysis%20jacobs%20fi nal%20report.pdf.

Koh, L, and D Wilcove. 2008. “Is oil palm agriculture really destroying tropical agriculture?” Conservation Letters 1:60-
4.

Kruyt, Bert, D. P. van Vuuren, H. J. M. de Vries, and H. Groenenberg. 2009. “Indicators for energy security.” Energy 
Policy 37 (6):2166-2181.

Laurance, William F. 2007. “Letters: Switch to Corn Promotes Amazon Deforestation.” Science 318:1721.

Lave, Lester B. , and W. Michael Griffi n. 2008. “The Economic and Environmental Footprints of Transportation.” In 
Environmentally Conscious Transportation, edited by K. Myer.

Levi, Michael A., and David M. Rubenstein. 2009. Canadian Oil Sands: Energy Security and Climate Change. 
Washington, DC: Council on Foreign Relations, Center for Geoeconomic Studies.

McNutt, B., and D. Rodgers. 2004. “Lessons learned from 15 years of alternative fuels experience—1988–2003.” In 
The Hydrogen Energy Transition: Moving Toward the Post Petroleum Age in Transportation, edited by D. Sperling and 
J. S. Cannon. Burlington, MA: Elsevier Academic Press.

Miller, Shelie A. et al. 2007. “Environmental Trade-offs of Biobased Production.” Environmental Science & Technology 
41 (15):5176-5182.

National Academy of Sciences (NAS). 2009. Liquid Transportation Fuels from Coal and Biomass Technological Status, 
Costs, and Environmental Impacts. Washington, DC: National Academy of Sciences.
http://www.nap.edu/catalog.php?record_id=12620.



60 Yeh and Sperling

Chapter 5 Climate and Transportation Solutions

National Research Council (NRC). 2007. Water Implications of Biofuels Production in the United States. Washington, 
D.C.: The National Academies Press.

NEN. 2009. Dutch Technical Agreement (NTA 8080): Sustainability Criteria for Biomass for Energy Purposes. NEN 
(Dutch Standardization Institute).

Northeast States Center for a Clean Air Future (NESCCAF). 2009. Introducing a Low Carbon Fuel Standard in the 
Northeast: Technical and Policy Considerations. NESCCAF.  http://www.nescaum.org/documents/lcfs-report-fi nal.pdf.

Ordorica-Garcia, G., et al. 2008. “Energy Optimization Model with CO2-Emission Constraints for the Canadian Oil 
Sands Industry.” Energy & Fuels 22 (4):2660-2670.

Organization for Economic Co-operation and Development (OECD). 2008. Biofuel Support Policies: An Economic 
Assessment. OECD. http://browse.oecdbookshop.org/oecd/pdfs/browseit/5108121E.PDF.

Reilly, J., Paltsev, S., Choumert, F., 2007. Heavier Crude, Changing Demand for Petroleum Fuels, Regional Climate 
Policy, and the Location of Upgrading Capacity: A Preliminary Look. MIT Joint Program on the Science and Policy of
Global Change.

Robertson, G. Philip et al. 2008. “Sustainable Biofuels Redux.” Science 322 (5898):49-50.10.1126/science.1161525.

Roundtable on Sustainable Biofuels (RSB). 2009. “RSB Principles & Criteria for Sustainable Biofuel Production.” 
Version One. 

Searchinger, Timothy. 2009. Summaries of Analyses in 2008 of Biofuels Policies by International and European 
Technical Agencies. The German Marshall Fund of the United States.

Searchinger, Timothy et al. 2008. “Use of U.S. Croplands for Biofuels Increases Greenhouse Gases Through Emissions 
from Land Use Change.” Science 319 (5867):1238 - 1240.10.1126/science.1151861.

Sperling, D., and Gordon, D., 2009. Two Billion Cars: Driving Toward Sustainability. Oxford University Press.

Stavins, R., 2008. A Meaningful U.S. Cap-and-Trade System to Address Climate Change. Harvard University.

TIAX. 2009. Comparison of North American and Imported Crude Oil Lifecycle GHG Emissions. TIAX LLC. http://eipa.
alberta.ca/media/39643/life%20cycle%20analysis%20tiax%20fi nal%20report.pdf.

Tilman, David et al. 2006. “Carbon-Negative Biofuels from Low-Input High-Diversity Grassland Biomass.” Science 314 
(5805):1598-1600.10.1126/science.1133306.

Tilman, David et al. 2009. “Benefi cial Biofuels--The Food, Energy, and Environment Trilemma.” Science 325 (5938):270-
271.10.1126/science.1177970.

U.S. Environmental Protection Agency (EPA). 2009a. Analysis of the American Clean Energy and Security Act of 2009 
H.R. 2454 in the 111th Congress. Offi ce of Atmospheric Programs, U.S. EPA.
http://www.epa.gov/climatechange/economics/pdfs/HR2454_Analysis.pdf.

———. 2009b. Draft Regulatory Impact Analysis: Changes to Renewable Fuel Standard Program. U.S. Environmental 
Protection Agency. http://www.epa.gov/otaq/renewablefuels/420d09001.pdf.

Winrock International. 2009. Building capacity to monitor compliance with biofuel sustainability standards. 

Wise, Marshall et al. 2009. “Implications of Limiting CO2 Concentrations for Land Use and Energy.” Science 324 (1183).
DOI: 10.1126/science.1168475.

World Wildlife Fund (WWF). 2006. Sustainability standards for bioenergy. WWF Germany and Öko Institut.



Chapter 5 Climate and Transportation Solutions

Yeh and Sperling61

Yeh, Sonia, et al. 2009a. “Assessment of Technologies to Meet a Low Carbon Fuel Standard.” Environmental Science 
& Technology 43 (18):6907-6914. 

Yeh, Sonia, et al.. 2009b. Implementing Performance-Based Sustainability Requirements for the Low Carbon Fuel 
Standard--Key Design Elements and Policy Considerations. Institute of Transportation Studies, University of California, 
Davis, Research Report UCD-ITS-RR-09-42.


	TitleandCopyright.pdf
	YehFinal.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


