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Executive Summary, Table ES-2: 
 

Type of Low Carbon 
Fuel 

2010 
 

Equivalent Gallons 
of gasoline or 

diesel (millions) 

2020 Equivalent Gallons 
of gasoline or diesel 

(millions) 
Electricity (MW) 849 200/600* 1,524 360/1,080* 
Cellulosic ethanol  
(millions of gallons) 

-- -- 440 290 

Thermal energy  
(no. of homes heated) 

400,000 250 1,000,000 630 

Neat biodiesel  
(millions of gallons) 

8.3 
6.6 

7.7 
6.1 

8.5 
6.7 

7.8 
6.2 

 

3.1.  Assumptions and Limitations of Analysis 

Their usefulness in complying with an LCFS depends on many of the same unknowns 
regarding grid mix, vehicle specifications, and user behavior that apply to light-duty EVs and 
PHEVs, as discussed in section 3.1.6 3.4. 

5.5.  Chapter Summary: 

Nearly 7 million gallons of neat biodiesel could be produced from over 30,000 tons of 
likely available waste cooking oils in 2020 (assuming only the use of 10 percent of maximum 
available “yellow” grease)., This is enough for 170 134 million gallons of B5 biodiesel 
blend. This could displace xx percent of transportation diesel demand in the region. 
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Preface 
This report by the Northeast States Center for a Clean Air Future (NESCCAF) is the 

result of a year-long study of a Low Carbon Fuel Standard (LCFS), a performance-based 
program designed to reduce greenhouse gas (GHG) emissions from fuels. The primary goal 
of NESCCAF's effort, conducted on behalf of 11 northeastern states, was to explore how 
such a program might be implemented in the Northeast. Specifically, our analysis sought to 
identify and provide information on key factors for the states' consideration in the 
development of a regional LCFS. These key factors include the role of locally sourced 
feedstocks and low carbon fuels; the current structure of the region's fuel industry and 
potential regulated entitities; and, possible interactions of a regional LCFS with other 
programs such as the federal Renewable Fuel Standard.  While this study hopefully provides 
many insights into the development and implementation of a regional LCFS, the states 
themselves will direct LCFS policy.  

This study also provides initial calculations of various illustrative scenarios for 
compliance with a regional LCFS, based upon the best available research available at the 
time of writing. It is worth noting that the GHG impacts of feedstocks and fuels are currently 
the focus of significant research and policy discussions around the world. As a result, it was 
not possible to incorporate all recent relevant scientific results into this study, so all findings 
of this analysis should be viewed as initial rather than final estimates. 

Finally, NESCCAF's analysis could not address all of the potentially complex policy 
issues associated with LCFS implementation, such as the sustainability of feedstocks and 
fuels, or the potential economic impacts of a regional LCFS. NESCCAF and the 11 state 
governments continue to work together and with stakeholders on additional analyses of these 
issues and plan to make further refinements to our analytic tools as more information 
becomes available.  
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Executive Summary  

Overview  
NESCCAF has undertaken a preliminary assessment of a low carbon fuel standard 

(LCFS) for the New England and Mid-Atlantic states.1  As part of this assessment, 
NESCCAF estimated the amount of low carbon fuels that would be needed to meet an LCFS 
in the Northeast, evaluated the potential to generate low carbon fuels using resources sourced 
from the region, and explored program implementation strategies and issues.  The results are 
presented in this report, which is intended to inform the region’s policymakers as they 
evaluate programs and options for reducing greenhouse gas (GHG) emissions from the 
transportation sector. 

Transportation-related GHG emissions account for a large share - about 40 percent - 
of total anthropogenic emissions in the Northeast.  Since passenger car and heavy-truck miles 
are projected to increase steadily in coming decades, as is activity from nonroad machines 
and vehicles, transportation sources also represent one of the fastest growing sectors of the 
GHG inventory (EPA 2009).  The northeastern states have all committed to reducing GHG 
emissions that contribute to climate change and as such have a keen interest in addressing 
emissions from transportation sources.   

The Northeast has significant capacity to generate low carbon fuels from resources 
sourced in the region.  In addition to the potential for in-region production of low carbon 
fuels, the federal Renewable Fuels Standard (RFS) is spurring research and development into 
advanced biofuels, which could result in substantial volumes of low carbon fuels.  On the 
automotive technology front, automobile manufacturers are proceeding with production of 
advanced vehicles that could facilitate the widespread use of some low carbon fuels.  
Assuming: (1) aggressive deployment of low carbon fuels and feedstocks from the region to 
reduce emissions from transportation sources; (2) aggressive deployment of advanced 
automotive technologies; and (3) production of advanced biofuels from outside of the region 
- the study finds that GHG emissions associated with the use of transportation fuels in the 
region could be greatly reduced over the next decade.   

Background: 

Nearly all of the northeastern states have established targets for reducing GHG 
emissions.  These targets vary state-to-state, but generally require a 20 percent reduction in 
total anthropogenic GHG emissions by 2020 from 1990 levels and a 50 percent or greater 
reduction from 1990 levels by 2050.  To meet these targets, substantial reductions in 
transportation GHG emissions will be needed. There are three approaches to achieving GHG 
reductions in the transportation sector:  (1) reduce vehicle GHG emissions; (2) reduce travel 
demand and slow the growth of “vehicle miles traveled” (VMT); and, (3) change the 
properties of transportation fuel.   

A low carbon fuel standard targets the latter approach of changing a fuel’s GHG 
characteristics and seeks to reduce the GHG emissions associated with each unit of energy 

                                                 
1 The New England states include:  Maine, New Hampshire, Vermont, Massachusetts, Connecticut, and Rhode 
Island.  The mid-Atlantic states include:  New York, New Jersey, Pennsylvania, Delaware, and Maryland.  
Hereafter in this report, these two regions together are referred to as “the Northeast.”  
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produced by a given fuel on a lifecycle basis. This requires accounting for emissions from all 
aspects of a fuel’s lifecycle, including cultivation or extraction, production, processing, 
transport, delivery, and combustion. An important feature of an LCFS is that it is designed to 
reduce the intensity of GHG emissions from fuels on a per unit basis, rather than to cap 
transportation emissions in an absolute sense.  For this reason, an LCFS is most effective 
when deployed in conjunction with complementary state and regional policies such as the 
Low Emission Vehicle (LEV) program, VMT reduction strategies, and policies aimed at the 
electricity sector such as cap-and-trade, energy efficiency, and renewable portfolio standards 
(RPS).2  All of these complementary programs are already in existence across the region. 

The LCFS is a performance-based regulation that sets a target for lowering the carbon 
intensity of fuels and allows the market to determine the most cost-effective fuels and 
strategies for achieving that target.  This feature encourages further technological innovation 
in a sector that is already undergoing rapid transformation.  In the early years of an LCFS, 
compliance will likely result from greater use of low carbon fuels that are currently available, 
such as biodiesel, wood and waste-based biomass, and certain types of ethanol.  As a 
performance standard, an LCFS also encourages investment in the development of a variety 
of low carbon fuels and related technologies that are not yet commercially viable, because 
advanced fuel technologies will be essential for LCFS compliance over the longer term.  

Importantly, an LCFS can also protect against the potential for transportation fuels to 
become more carbon intensive.  For example, greater use of fuels derived from tar sands, 
some biofuels, and fuels generally thought of as climate-friendly – such as hydrogen – when 
produced in carbon intensive ways (for example, using coal without carbon capture and 
storage) could increase carbon emissions from transportation fuels.   

The California Air Resources Board approved an LCFS program that requires a 10 
percent reduction by 2020 in the GHG-intensity of transportation fuels.  In the Northeast, an 
opportunity for additional GHG mitigation exists if the LCFS includes in its scope fuels used 
for space heating (e.g., No. 2 distillate fuel oil used widely throughout the region).3  Finally, 
a low carbon fuel program has the potential to provide important economic and energy 
security benefits in the Northeast.  Nearly all transportation fuel and much of the heating fuel 
used in the region are imported, which results in a significant outflow of capital from the 
regional economy.  As stated above, this study concludes that substantial amounts of low 
carbon fuel may be manufactured from resources indigenous to the Northeast. A shift toward 
indigenous sources of fuel can provide jobs and ensure that resources are retained in the 
regional economy.   

For the above stated reasons, states in the region are considering the development of 
LCFS program.  Given that the LCFS is different from other regulatory programs 

                                                 
2 In 2009, the Northeast implemented the Regional Greenhouse Gas Initiative (RGGI), the first CO2 cap-and-
trade program for electricity generators in the US.  In addition, 9 of the 11 states in the region considering the 
LCFS have adopted the California motor vehicle GHG standards which will reduce new vehicle GHG 
emissions by 30 percent.  
3 Throughout this report, we use the term “heating oil” to refer to distillate fuel oil used for heating purposes. 
Heating oil generally includes No. 2 distillate oil and a small percentage of No. 6 fuel oil, which is used on a 
much more limited basis than No. 2.  For a more detailed description of the use of heating oil in the Northeast, 
refer to Appendix C. 
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implemented to date, the NESCCAF study goal was to clarify aspects of the technical and 
policy issues associated with adoption and implementation of the LCFS for states considering 
the program. 

Key Findings for Policy Makers 
Below are NESCCAF’s key findings from this analysis.   

• An LCFS requiring a 10 percent reduction in the carbon intensity of fuel by 
2020 in the Northeast would result in 30 million tons of GHGs reduced 
annually compared to business-as-usual projections. These reductions would 
be comparable to the GHG reductions that will result from the implementation 
of California’s motor vehicle GHG standards in the region, and higher than 
those from the Regional Greenhouse Gas Initiative (RGGI) cap-and-trade 
program on power plants. As such, the LCFS, if implemented, would be a 
cornerstone of the region’s approach to reduce transportation-related GHG 
emissions. 

• Successful implementation of a 10 percent LCFS will require very rapid 
commercialization of advanced fuels and/or advanced technology vehicles 
that are presently in the pre-commercial stage. While the outlook for these 
technologies is promising, the volumes that would be required in order to 
meet a 10 percent LCFS by 2020 greatly exceed the volumes that have been 
produced to date. 

• Technologies that could potentially be used to reduce average fuel carbon 
intensity include advanced low carbon biofuels such as cellulosic ethanol, and 
biomass-based diesel, and vehicles powered in part or entirely by electricity. 

• If the LCFS is met solely with the most advanced type of biofuel required 
under the federal RFS (cellulosic ethanol with a carbon intensity of 60 percent 
lower than that of gasoline,) it would require approximately 4 billion gallons 
to meet a 10 percent reduction target in the Northeast region by 2020.  To put 
this in context, the federal RFS as proposed will require nationwide 
production of 10.5 billion gallons of cellulosic ethanol with an equivalent 
carbon intensity in 2020.   

• If the LCFS gasoline carbon intensity reduction were to be met through the 
use of cars powered in part or entirely by electricity, approximately 3 million 
plug-in hybrid and all-electric vehicles would need to be in the Northeast 
vehicle fleet by 2020.  Assuming these vehicles are charged when sufficient 
capacity and transmission exist, the region’s electric grid could likely 
accommodate them without the need for additional capacity.  The Zero 
Emission Vehicle program when implemented could result in the placement of 
approximately 500,000 plug-in hybrid vehicles in the region by 2020.  

• Assuming the federal Renewable Fuels Standard is implemented as proposed, 
it will result in a reduction of approximately 3 percent in lifecycle GHG 
emissions from gasoline in the Northeast and approximately 1 percent in 
lifecycle GHG emissions from diesel fuel. This assumes advanced fuels 
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required under the RFS are distributed throughout the United States in 
volumes proportional to population.  

• The Renewable Portfolio Standards require a percentage of electricity 
generating capacity to come from renewable energy.  RGGI requires a 
reduction in total GHG emissions from electricity plants.  These two 
programs, when fully implemented, will reduce the carbon intensity of 
electricity in the Northeast region.   

• Resources sourced from the region could provide feedstocks for the 
production of advanced biofuels or for electricity generation. Waste is by far 
the region’s most significant resource and taking into consideration the above 
statement, waste could be used to produce fuels for transportation or to 
generate electricity.  A significant amount of waste biogas can also be 
produced in the region. In addition to waste biomass and biogas, NESCCAF 
conservatively estimates that over 6 million dry tons of woody and 
agricultural biomass are likely available in the Northeast annually.4 

• If waste-based biomass, biogas, and woody and agricultural biomass from the 
region were used to generate electricity, approximately 1,500 MW of 
electricity generating capacity could be created.  To put this in context, the 
electricity generated from these resources would be equivalent to the 
electricity needed to charge more than 1.5 million electric vehicles in the 
region.   

• Woody biomass can also be used as a replacement fuel for heating oil.  Some 
types of waste and woody biomass could also be used as feedstock for liquid 
transportation fuels.   

• Simultaneous implementation of LCFS, RPS and RGGI is likely to result in 
economic competition for regional feedstocks.  As a result, availability of 
waste and biomass for low carbon fuel production will vary depending on 
competing markets for these resources, environmental concerns, landowner 
preferences, and public policies. 

• Recent research has highlighted the risk that increasing demand for biofuels 
from the U.S. and elsewhere may create pressure on markets for land that then 
encourages clearing of forests, which are important stores of carbon.  Using 
regional resources, such as electricity, municipal solid waste, and woody and 
agricultural biomass, that are not currently being used in existing markets may 
mitigate the risk of inducing further land use change and potentially 
increasing lifecycle GHG emissions of fuels.  

• Lifecycle GHG emissions must be calculated using consistent methodology 
from state to state and from region to region in order to provide strong market 
signals and certainty for regulated entities.  Lifecycle emissions must include 

                                                 
4 For the purposes of this report, likely available biomass refers to woody biomass from forest and mill residues, 
new forest growth, some urban wood wastes, agricultural residues and biomass grown on some marginal lands. 
 



 

 xxii  

direct emissions associated with all stages of fuel extraction, production, 
transportation, and use.  In addition, lifecycle emissions must include indirect 
emissions such as those resulting from the clearing of forest to grow 
feedstocks since studies have shown the risk of significant GHG impacts from 
indirect land use change. 

• State programs within the region should be consistent in terms of the 
stringency of their reduction targets given the fungible nature of the region’s 
gasoline and diesel fuel. 

• All transportation fuels should be included in the LCFS, with the exception of 
bunker fuel, for which standards are set at the international level, and aviation 
fuel.  

The remainder of this Executive Summary provides summaries of the analyses of 
LCFS compliance scenarios, low carbon fuel production using regional resources, and 
program design and implementation issues. These summaries are followed by next steps and 
conclusions.  

Summary of Scenario Analysis 
To estimate the amount of low carbon fuel that would be needed to achieve a 10 

percent reduction in the carbon intensity of both gasoline and diesel in the region and to 
assess various compliance pathways, NESCCAF customized Argonne National Laboratory’s 
VISION model. The model predicts the amounts of various fuels that could be used to 
comply with a Northeast LCFS.  While the states in the region have not selected a carbon 
intensity reduction target, this study has used a 10 percent standard for analysis purposes.   

As discussed above, a 10 percent reduction in fuel carbon intensity might be achieved 
in part by using advanced biofuels with very low lifecycle GHG emissions, such as cellulosic 
ethanol, biodiesel derived from algae, and fuels derived from municipal solid waste.  Another 
approach would be to displace liquid fuels with substitutes such as electricity generated from 
low carbon sources to power plug-in hybrid and all-electric vehicles.  NESCCAF evaluated a 
number of different compliance scenarios for both gasoline and diesel fuel.  Two of these 
scenarios are shown below.  These are hypothetical examples intended only to illustrate how 
a low carbon fuel standard might be met.  Many other strategies may also achieve a given 
reduction target.  The example scenarios are not meant as an endorsement of any preferred 
compliance pathway. 
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Figure ES-1. Example Gasoline Scenario Assuming Advanced Biofuels and Electric 
Vehicles 

 

The scenario shown in Figure ES-1 illustrates a compliance pathway based on the 
substitution of gasoline-powered cars with advanced biofuels and partial or all-electric 
vehicles.  In this example, 4 percent of the light-duty fleet is composed of electric vehicles 
(EV) and 4 percent of the light-duty fleet is composed of plug-in hybrid-electric vehicles 
(PHEV).  It also assumes the introduction of 1.5 billion gallons of advanced biofuels, beyond 
the 1.5 billion gallons expected from the federal RFS in the Northeast by 2020.  The scenario 
relies on an aggressive, but potentially feasible penetration of electric and plug-in hybrid 
vehicles starting in 2010 and the availability of advanced biofuels in quantities in excess of 
those required by the RFS. 

For the heavy-duty diesel vehicle fleet, NESCCAF analyzed the amount of different 
types of low carbon fuel that would be needed to achieve a 10 percent reduction in overall 
fuel carbon intensity.  One scenario is shown in Figure ES-2. 

 

 

 

 

 

 

 

 

 

 

Figure ES-2. Example Diesel Scenario Assuming Advanced Biodiesel 
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This scenario assumes the federal RFS will result in the delivery of 240 million 
gallons of advanced biodiesel in the Northeast with a carbon intensity 50 percent lower than 
conventional diesel fuel in 2020.  This by itself provides a 1 percent reduction in average 
diesel carbon intensity.  This scenario further assumes that 10 percent of highway diesel and 
15 percent of nonroad diesel will be displaced by advanced biodiesel that is 80 percent less 
carbon intensive than conventional diesel fuel.  Other potential compliance scenarios for 
gasoline and diesel are presented in the Scenario Analysis described in Chapter 3. 

The above scenarios show that substantial volumes of advanced biofuels or 
substantial numbers of advanced technology vehicles, or both will be needed to meet the 
LCFS.  These assumptions are very optimistic, but plausible given increases in production 
capacity of advanced biofuels anticipated from the RFS, plans by automobile manufacturers 
to produce advanced technology vehicles, and regionally available low carbon fuels and fuel 
feedstocks. 

Program Structure 
The California Air Resources Board (CARB) has established a regulatory structure 

for its LCFS that identifies regulated entities, a method for estimating carbon intensity of 
fuels, reporting requirements, and enforcement procedures.  Many of these program elements 
could be used as a template by the northeast and mid-Atlantic states.  NESCCAF has 
identified elements that define how an LCFS program, if adopted, could be implemented in 
the Northeast. 

Role of Non-Liquid Fuels:  There is significant potential for non-liquid fuels to 
partially replace traditional, petroleum-based fuels as one key element of an LCFS.  In the 
transportation sector, electricity can be used to power hybrid-electric or fully electric 
vehicles.  Natural gas may also have an increased role as an alternative vehicle fuel.  In 
thermal applications, geothermal heat, wood pellets, natural gas, and other fuels could 
displace fuel used for space heating, should the states include No. 2 fuel used in space 
heating in the LCFS.  An LCFS program could include mechanisms to encourage penetration 
of these alternative energy sources into sectors where their potential has yet to be fully 
realized.  This would necessitate mechanisms for quantifying the use of non-liquid fuels to be 
established.  In the case of fuels used in California (such as electricity), the mechanism 
developed by CARB could be used in the Northeast.  In the case of fuels not used in 
California – such as fuels for space heating – the Northeast would need to develop its own 
mechanism for quantifying conventional and low carbon fuel use. 

Maintaining consistency within the region:  Given the fungible nature of 
transportation fuels and the relatively small geographic area of each of the northeast states, 
state programs should strive for consistency across the region with regard to lifecycle 
emissions accounting, program stringency, and the implementation schedule for the LCFS. 

Including heating oil in the LCFS:  In the Northeast, heating oil is used in 
substantial quantities and is often distributed through the same network as nonroad diesel 
fuel.  An approach the states might consider would be to include heating oil in a low carbon 
fuel program in the same timeframe as transportation fuel.  Alternatively, carbon intensity 
reductions in heating oil might not be required and the displacement of heating oil by less 
carbon intensive alternatives could be used to generate credits toward compliance with an 
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LCFS aimed at the transportation sector.  Other approaches to including or excluding heating 
oil in the LCFS are discussed in more detail in Chapter 4. 

Analysis of Regional Low Carbon Fuel Supply  
As part of this study, NESCCAF analyzed the volume of low carbon fuels that could 

potentially be produced using feedstocks and resources indigenous to the Northeast.  While 
the Northeast is also likely to import and use feedstocks and/or fuels from other regions 
under an LCFS, using locally sourced biomass for low carbon fuel production would provide 
economic benefits to the region, both by increasing employment and reducing expenditures 
on imported fossil fuels.  NESCCAF’s assessment was based on an evaluation of three 
categories of resources available in the region:  (1) woody and agricultural biomass 
feedstocks; (2) waste-based biomass; and (3) electricity.    

Recent scientific research has raised substantial concerns that the GHG lifecycle 
impacts of woody and agricultural biomass may result in increases of GHG emissions.  Since 
a fuel standard could increase global demand for these types of feedstocks, concern is 
growing that the demand for biofuels is indirectly inducing changes in land use (e.g., clearing 
of forests for crop production) that increase net GHG emissions, even after considering the 
GHG benefits gained from displacing fossil fuels with biofuels.  Research is ongoing to 
determine the lifecycle GHG impacts of biofuels production, but the issue of indirect land 
use change is not likely to be resolved soon.  In consideration of this, NESCCAF’s analysis 
focused on those regional biomass resources that are either waste products or are not 
currently being used to supply other markets.  

Table ES-1 below shows the results of NESCCAF’s evaluation of available woody, 
agricultural, and waste-based biomass resources in the Northeast by 2020.  Maximum 
availability estimates for each category reflect total theoretical availability in the region.  
Estimates of likely availability are based on a conservative percentage of the maximum, 
reflecting considerations of resource cost and other important factors such as environmental 
sustainability and landowner preferences, which will limit actual resource availability. 
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Table ES-1. Northeast Biomass Resources, Maximum and Likely Annual Availability 5 
 

 
Type of Resource 

Maximum 
Availability 

 

Likely 
Availability 

 
Woody biomass (dry tons) 33,463,889 5,021,667 

Agricultural biomass (dry tons) 3,278,400 1,639,200 
Municipal solid waste (dry tons) 66,492,294 20,390,809 

Agr. & wastewater solids (dry tons) 11,880,541 5,940,271 
Total Solid Biomass (dry tons) 115,115,124 32,991,947 

Wastewater biogas (cubic ft.) 55,785,179 27,892,590 
Waste oils (metric tons) 620,486 62,049 

 

Geographically, the majority of the Northeast’s available woody and agricultural 
biomass is located in New York and Pennsylvania.  While the New England states also have 
significant quantities of woody biomass, much of this wood is being used to supply existing 
markets. Since it is generally not economic to transport biomass long distances (e.g., more 
than 50 miles), the geographic location of available biomass will likely influence the choice 
of locations for fuel processing and production plants.  Based on these and other 
considerations, NESCCAF estimates a conservative total of about 33 million dry tons of 
waste-based, woody, and agricultural biomass is likely to be available for conversion into 
solid and liquid low carbon fuels.  Additional resources for fuel production include waste oils 
and biogas.  

However, as noted previously, actual biomass availability will vary depending on key 
factors such as market competition for resources, environmental concerns, landowner 
preferences, and public policies.  For example, the RPS and RGGI programs have created an 
increase in demand for biomass resources—the RPS creates incentives for new biomass 
electricity plants, and RGGI encourages switching to or co-firing with biomass in existing 
coal plants.   

Because electric vehicles (EVs) have very efficient drivetrains compared to internal 
combustion engines, electricity is also a promising low carbon fuel for transportation.  This is 
especially true in the Northeast and Mid-Atlantic, where our electricity grid is already 
relatively “clean” and policies such as the RPS and RGGI are in place to further reduce the 
GHG intensity of electricity.  At low levels of EV penetration into the marketplace 
(comparable to the numbers presented in Figure ES-1), the region is likely to have sufficient 
electricity generation to accommodate these vehicles if they are charged at times when extra 
generation capacity and in locations where sufficient transmission infrastructure exists.   

Available biomass can be used directly (as a source of energy for heating or 
electricity generation) or converted into low carbon liquid biofuels for use in the 
transportation sector.  Table ES-2 shows the results of an analysis which estimated the 

                                                 
5 States included in this assessment are the six New England states, New York, New Jersey, and Pennsylvania.  
Figures represent estimated resource availability on an annual basis.  
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amounts of low carbon fuel that could be produced in 2010 and 2020 from the conversion of 
regionally available feedstocks into electricity, liquid fuels (biodiesel and cellulosic ethanol), 
and fuel for clean-burning heating units.  Detailed assumptions for this analysis are presented 
in Chapter 5 and in Appendix D.  It is important to note the numbers in Table ES-2 represent 
conservative estimates of feedstocks from within the region. 

 

Table ES-2. Potential Low Carbon Fuel Production from Regional Resources  
 

Type of Low Carbon 
Fuel 

2010 
 

Equivalent Gallons 
of gasoline or 

diesel (millions) 

2020 Equivalent Gallons 
of gasoline or diesel 

(millions) 
Electricity (MW) 849 200/600* 1,524 360/1,080* 
Cellulosic ethanol  
(millions of gallons) 

-- -- 440 290 

Thermal energy  
(no. of homes heated) 

400,000 250 1,000,000 630 

Neat biodiesel  
(millions of gallons) 

6.6 
 

6.1 6.7 
 

6.2 

*Gallons of equivalent gasoline/gallons of displaced gasoline assuming electricity is used to power electric 
vehicles (accounts for the efficiency of electric vehicles). 

 

Column 1 in Table ES-2 shows different types of fuel that can be produced from 
conversion of the region’s available feedstocks.  Columns 2 and 4 show the amount of fuel, 
generating capacity, or homes heated in 2010 and 2020 respectively by converting a portion 
of the regionally available feedstocks to the fuel indicated in column 1.  Columns 3 and 5 
convert the energy contained in the fuel indicated in columns 2 and 4 to gallons of fuel – this 
is done merely to standardize the units in the table so that a comparison of the energy content 
of the different fuel types can be made.  Unshaded rows indicate gasoline and shaded rows 
indicate transportation diesel or No. 2 fuel.   

As can be seen from Table ES-2 based on current economics, available technologies, 
and other factors such as industry maturity, we expect in the early stages of a regional LCFS 
(in the 2011 timeframe), the majority of biomass resources could be used for electricity 
generation and thermal energy (i.e., heating).  Production of cellulosic ethanol is not assumed 
in 2010 due to the fact that the technology is not yet commercialized.  As markets continue to 
develop, we assume that more of the region’s biomass resources would be deployed to 
support liquid low carbon fuel production.  Actual conversion to fuels will depend on relative 
costs, technological capabilities, and public policies.   

Importantly, the analysis shows that production of low carbon fuels from locally 
sourced feedstocks are potentially substantial.  Table ES-4 shows that the use of feedstocks 
to generate electricity has the greatest potential to generate energy from regional resources, 
followed second by using feedstocks directly in thermal applications. If electricity generated 
from regionally available sources is assumed to power partial or all-electric vehicles, the 
amount of equivalent energy produced increases dramatically, as is demonstrated by the 
figures in columns 3 and 5. 
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Because NESCCAF did not conduct a formal resource sustainability assessment as 
part of this analysis, these estimates of low carbon fuel production are purposefully based on 
conservative estimates of likely resource availability.  If sustainable levels of available 
resources are higher than these estimates, then potential fuel production could be accordingly 
higher. 

Looking Ahead 
Currently, 11 states in the region are in the process of developing a Memorandum of 

Understanding on a Northeast and Mid-Atlantic LCFS.  These states include Connecticut, 
Delaware, Maine, Massachusetts, Maryland, New Hampshire, New Jersey, New York, 
Pennsylvania, Rhode Island, and Vermont.  By the end of 2009, the states intend to present a 
Memorandum of Understanding on an LCFS to the region’s governors for consideration.  
There are currently six technical workgroups evaluating different aspects of the LCFS 
program and these workgroups are making recommendations on elements of the program.  
Looking ahead, the states in the region will need to reach consensus on specific program 
elements, develop the MOU, and promulgate regulations. 

With regard to developments in technologies, implementation of the proposed federal 
RFS is expected to increase production of advanced biofuels.  However, in light of the 
current uncertainty over the development of this production capacity, CARB has included a 
technology review in the LCFS proposed regulation.  This review will allow for adjustment 
of carbon reduction requirements if volumes of advanced fuels are not sufficient to meet 
LCFS requirements. 

Conclusions  
Achieving a 10 percent carbon intensity reduction in the Northeast and Mid-Atlantic 

would result in annual emissions reductions on the order of those reduced by the California 
motor vehicle GHG standards and would exceed those realized from implementation of the 
RGGI program.  In the early years of an LCFS, compliance could be achieved with moderate 
volumes of advanced biofuels.  With full implementation of a 10 percent reduction in carbon 
intensity – such as California is proposing to require in 2020 – significant volumes of 
advanced biofuels and substantial numbers of advanced technology vehicles, or a mix of the 
two approaches would be required.  These volumes of advanced fuel and numbers of 
advanced technology vehicles, while aggressive, are not infeasible:  Several programs 
currently in place could facilitate compliance with the LCFS. Namely, the RFS, if 
implemented as proposed, will result in substantial production capacity for advanced 
biofuels.  The RGGI and RPS programs will lower the carbon intensity of electricity in the 
Northeast. The Zero Emission Vehicle Program could result in the placement of 500,000 
plug-in hybrids in the region.  A number of conditions in the Northeast will also facilitate 
compliance. Electricity generated in the Northeast results in relatively low lifecycle GHG 
emissions on average, and there is sufficient extra electricity capacity to support large 
numbers of electric vehicles. The region also has substantial quantities of feedstocks that 
could be used to produce fuels for compliance with the LCFS or alternatively for compliance 
with the RPS and RGGI programs. In short, compliance with the LCFS – while feasible – 
will require substantial changes in the vehicle and fuel market.  These changes will be a 
critical component of the overall strategy to reduce GHG emissions and mitigate the 
potentially severe consequences of global warming. 
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Report Organization 
The remainder of this report is divided into five sections: Chapter 1 provides an 

overview and summarizes the current political and regulatory context. Chapter 2 provides an 
overview of what an LCFS is. Chapter 3 explores different potential compliance scenarios for 
an LCFS designed to achieve target reductions in average carbon intensity for Northeast 
transportation and heating fuels. Chapter 4 describes how the states might regulate the carbon 
content of fuels in the Northeast. Chapter 5 presents the results of an analysis of regional 
feedstocks and fuels such as woody and agricultural biomass, electricity, and municipal solid 
waste.
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1. INTRODUCTION  
The Northeast States Center for a Clean Air Future (NESCCAF) is a non-profit 

organization that promotes clean air through scientific research and policy development.6  
This report aims to help regulators and policy makers—including state-level air pollution 
control officials and state legislators—understand what a low carbon fuel standard 
(LCFS) is and what key issues are likely to arise in the implementation of an LCFS in the 
Northeast. In this report, the region is defined as either the Northeast (encompassing the 
eight NESCAUM states of Connecticut, Maine, Massachusetts, New Hampshire, New 
Jersey, New York, Rhode Island, and Vermont) or the northeastern and mid-Atlantic 
regions. The mid-Atlantic states, for the purposes of this report, include Delaware, 
Maryland, and Pennsylvania. Throughout the text, we refer either to the Northeast or 
northeastern and mid-Atlantic regions, depending on which states are included in the 
analysis described. 

1.1. Background - The Importance of Transport Sector Emissions 
Transportation emissions comprise approximately 40 percent of total GHG 

emissions. Figure 1-1 describes the contribution of different sources to total U.S. GHG 
emissions.  Emissions associated with electricity generation have the largest volume, 
transportation-related emissions are second, followed by combustion of natural gas and 
other fuels in industrial processes (EPA 2008). 

                                                 
6 NESCCAF has a sister organization called NESCAUM which stands for Northeast States for Coordinated 
Air Use Management.  NESCAUM is an association of the air pollution control programs in Connecticut, 
Maine, Massachusetts, New Hampshire, New Jersey, New York, Rhode Island, and Vermont. The work 
conducted for this report was done by NESCCAF.  The effort is also intended to support the NESCAUM 
and mid-Atlantic states’ evaluation of a low carbon fuel standard for the region. 
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Figure 1-1. U.S. GHG Emissions by Sector, 2006 
 

More than 80 percent of transportation sector emissions come from passenger 
cars, heavy trucks, and buses. Clearly, reducing GHG emissions from vehicles and 
transportation fuels is an essential component of any broad-based effort to address 
climate change. In addition, reducing transportation-related GHG emissions is important 
from the standpoint of reducing the nation’s dependence on petroleum.   

There are three main policy approaches to reducing transportation-related GHG 
emissions. The first approach is to reduce GHG emissions from vehicle tailpipes. A 
second approach is to reduce demand for fuel by reducing (or slowing growth in) the 
number of miles people travel in cars each year (known as “vehicle miles traveled”). The 
other significant option is to change the properties of the transportation fuel itself—that 
is, to reduce the amount of GHGs emitted when a given quantity of fuel energy is used.  
An LCFS targets this last component of transportation sector emissions (i.e., greenhouse 
gas emissions from fuels themselves).   

With the adoption of California’s Low Emission Vehicle (LEV) GHG standards, 
the northeastern states have already put in place an important cornerstone of the region’s 
strategy for reducing transportation-related GHG emissions. The LCFS represents a 
potentially important complement to this vehicle-based initiative. To evaluate its 
potential contribution to an effective regional strategy for reducing transport sector 
emissions, state environmental officials need balanced, policy-relevant research and 
analysis. This study provides a technical basis to assess the merits and challenges of a 
regional LCFS, and an initial evaluation of issues and factors that are specific to the 
Northeast’s consideration of a regional LCFS.  
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For example, the Northeast uses large volumes of fuel for space heating, and 
given that heating fuel is similar to transportation fuel, inclusion of heating fuel in the 
scope of a regional LCFS in the Northeast presents significant GHG mitigation 
opportunities.7 The possibility of incorporating heating oil into the Northeast’s LCFS is 
discussed in Chapters 3, 4, and 5.  

This study has several principal objectives:  

• Evaluates opportunities and challenges related to the implementation of an LCFS 
for the region;  

• Provides key insights for designing and implementing an LCFS for the Northeast; 
and  

• Promotes and facilitates the adoption of a regionally consistent state program.   

Additionally, this study builds on and adds to the substantial research being 
conducted on low carbon fuel options and related policies by the California Air 
Resources Board (CARB), the University of California (UC Davis and UC Berkeley), the 
U.S. Environmental Protection Agency (EPA), the Canadian Provinces, and the European 
Commission (CARB 2009; Wang 2005; EPA 2009; Canadian Parliament 2008; European 
Commission 2008).  

A number of important issues related to low carbon fuels are not addressed in this 
report.  Among them, serious concerns over the GHG emissions associated with land-use 
changes prompted by expanded biofuels production have not been researched as part of 
this analysis.  NESCCAF relied on existing inputs to emissions modeling tools for the 
analysis but did not conduct new research into these issues.  Further, NESCCAF did not 
conduct original research on potential impacts to water and air quality or biodiversity 
from the increased use of biomass, mid-level ethanol blends, biodiesel, or other potential 
environmental impacts directly or indirectly linked to the region’s potential 
implementation of an LCFS. 

To garner expert advice in this effort, NESCCAF formed a Project Advisory 
Committee made up of representatives from the regulatory community, industry, 
academia, and environmental organizations.  The Committee has provided valuable input 
and guidance at key junctures in NESCCAF’s research effort.  

1.2. Report Organization 
The remainder of this report is divided into six sections: Chapter 2 summarizes 

the current political and regulatory context and describes how an LCFS might be 
structured. Chapter 3 explores different potential compliance scenarios for an LCFS 
designed to achieve target reductions in average carbon intensity for transportation and 
heating fuels in the Northeast. Chapter 4 describes possible approaches to regulating the 
GHG content of fuels in the Northeast. Chapter 5 presents the results of an analysis of 

                                                 
7 Throughout this report, “heating oil” refers to distillate fuel oil used for heating purposes. This generally 
refers to No. 2 distillate oil and a very small percentage of No. 6 fuel oil, which is used on a much more 
limited basis than No. 2.  For a more detailed description of the use of heating oil in the Northeast, refer to 
Appendix C. 
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local feedstocks such as woody and agricultural biomass, electricity, and municipal solid 
waste and their potential production into low carbon fuels. 
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2. WHAT IS A LOW CARBON FUEL STANDARD? 
A Low Carbon Fuel Standard (LCFS) is a performance-based standard designed 

to reduce the GHG-intensity associated with the production, transport, and combustion of 
transportation fuels. The only LCFS regulation in the world, adopted by the California 
Air Resources Board and described in more detail below, defines transportation fuels as 
those fuels used in passenger cars, trucks, and nonroad vehicles such as construction 
equipment and boats.8 An LCFS regulation requires a percentage reduction in the 
intensity of GHGs emitted from the production and use of transportation fuels, relative to 
a baseline fuel. Because it is a performance-based standard, the LCFS is similar to other 
fuels regulations that are currently in place, such as the reformulated gasoline program – 
which requires a percent reduction in the amount of vehicle smog-forming pollution 
emitted relative to conventional gasoline. What distinguishes a low carbon fuel standard 
apart from other regulations is the requirement that regulated entities conduct a full 
lifecycle accounting of GHG emissions for fuels regulated under the program.  

In April of 2009, CARB adopted an LCFS that will reduce the intensity of 
lifecycle GHG emissions associated with transportation fuels 10 percent by 2020. The 
program, when fully implemented, is expected to result in substantial GHG reductions 
from the transportation sector.  The State of California adopted the LCFS as an essential 
component of a broader, integrated strategy for reducing GHG emissions under the 
state’s Global Warming Solutions Act of 2006 (A.B. 32). The overall goal of A.B. 32 is to 
reduce California’s GHG emissions to1990 levels by 2020. To implement this 
requirement, environmental regulators at CARB are developing a Climate Change 
Scoping Plan that “proposes a comprehensive set of actions designed to reduce overall 
carbon emissions in California” (CARB 2008).  The Scoping Plan references California’s 
LCFS as one of these actions, within a set of programs targeting the transportation sector.  
California’s actions and other recent initiatives aimed at reducing fuel-related GHG 
emissions are discussed further in later sections of this report. 

The basic elements of the LCFS as required by CARB are described in the 
following section. 

2.1. Lifecycle assessment and calculation of average fuel carbon 
intensity 

As mentioned above, a critical component of the LCFS is full lifecycle carbon 
accounting. Accounting for lifecycle emissions means the standard includes all GHG 
emissions associated with the production, storage, transport, delivery, and combustion of 
a given fuel.  As an example, Figure 2-1 provides a graphic depiction of the GHG 
emissions that need to be accounted for as part of a lifecycle analysis for petroleum. 

                                                 
8 Fuels used in oceangoing vessels or aircraft are regulated internationally, and thus are not included in the 
scope of California’s LCFS.   
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Source:  Wang and Delucchi 2005. 

Figure 2-1. Emissions included in full lifecycle GHG accounting for petroleum  
 

As can be seen in Figure 2-1, both “upstream” and “downstream” emissions are 
included in the lifecycle assessment. Thus, emissions associated with extraction of crude 
oil; transport of the oil to a refinery; refinery-related emissions; emissions associated with 
transporting the finished fuel to a wholesale distribution facility; distribution to retail 
outlets; and finally emissions associated with fuel combustion in vehicles are  included in 
the baseline and in the calculation of fuel emissions.9  

The GHG intensity of different fuels is typically expressed as full lifecycle 
emissions per unit of energy content. The LCFS requires a percent reduction in the 
carbon intensity of fuel, measured in CO2-equivalent emissions per megajoule (MJ) of 
energy (CO2e/MJ), relative to the baseline fuel. It is important to note that an LCFS, like 
other fuel regulations, does not cap total fuel-related emissions—actual emissions will 
depend on the total amount of fuel consumed, which in turn depends on vehicle 
efficiency and miles traveled. Rather, the LCFS limits the amount of emissions generated 
per unit of fuel energy used. 

Figure 2-2 below illustrates the calculation of average fuel carbon intensity 
(AFCI) for a mixture of fuels with different lifecycle characteristics and sales volumes.  
This calculation is central to implementing an LCFS.  Once a weighted average AFCI is 
calculated for all fuels sold in a given year, this result can be compared to a baseline 
AFCI to determine whether overall targets for reductions in the intensity of fuel GHG 
emissions have been met. 

                                                 
9 This figure provides an illustration only. The specific emissions sources that must be taken into account as 
part of a similar analysis for other fuels will differ.   
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Figure 2-2. Calculating Average Fuel Carbon Intensity (AFCI) 
 

The California LCFS requires a gradual reduction in the GHG intensity of 
gasoline and diesel between 2011 and 2020.  The phase-in of the standards is shown in 
Table 2-1. 

 

Table 2-1. CARB LCFS Compliance Schedule 
 

 

 

 

 

 

 

 

 

 

 

 

Source: CARB 2009; Proposed Regulation to Implement the Low Carbon Fuel Standard. 
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2.2. Political and Regulatory Context for Adoption of the LCFS 
This section provides background information on how the LCFS forms a part of 

an integrated strategy to reduce man-made GHG emissions. 

2.2.1. International Context  
As early as 1992, international awareness of the many potential risks associated 

with global warming led 160 countries, including the United States, to adopt a 
Framework Convention on Climate Change with the stated objective of achieving 
“stabilization of greenhouse gas concentrations in the atmosphere at a level that would 
prevent dangerous anthropogenic interference with the climate system” (UN 1992). 

Toward this objective, signatories pledged to work to stabilize greenhouse gas 
emissions.  A number of industrialized countries, again including the United States, 
adopted the specific near-term goal of returning GHG emissions in 2000 to 1990 levels.  
It subsequently became evident that most countries, including the United States, were not 
on track to meet this objective.  In response, parties to the Framework Convention 
adopted the Kyoto Protocol in 1997, which included targets and timetables for reducing 
GHG emissions to specific levels for each country.  As of early 2003, 102 countries had 
ratified or acceded to the Protocol. However, the United States—citing economic 
concerns—has not ratified the Kyoto Protocol.   

Notwithstanding the federal government’s reluctance in the 1990s to impose 
mandatory limits on GHG emissions, many state and local leaders had become 
sufficiently concerned about the issue of climate change by the end of the 1990s to adopt 
a range of measures aimed at reducing GHG emissions within their jurisdictions. This 
trend began with a few leading states in the early 1990s, but has accelerated recently.  
Between 2001 and 2008, over 30 states passed new legislation or executive orders 
specifically aimed at addressing climate change (Pew 2009).10  These policies include 
comprehensive state action plans with quantitative GHG reduction targets, mandatory 
GHG reporting requirements, and regulations limiting emissions from a specific sector 
such as electric power generation or transportation. 

2.2.2. Federal Efforts to Reduce Petroleum Consumption 

Renewable Fuel Standard (RFS) 
The federal Renewable Fuel Standard (RFS), first adopted in the Energy Policy 

Act of 2005 and subsequently amended in the Energy Independence and Security Act of 
2007 (EISA), attempts to respond to energy security and environmental concerns by 
mandating a steady increase in the volume of renewable fuel included the U.S. 
transportation fuel supply over the next decade and a half. The mandate was significantly 
expanded under EISA, which requires 36 billion gallons of renewable fuels by 2022. In 
May 2009, EPA issued a proposed rule for the RFS. As part of that rule, EPA is required 
to establish two general categories of renewable fuel: conventional biofuels (i.e., ethanol 
derived from corn starch) and advanced biofuels. Under the new rule, the federal RFS 

                                                 
10 Additionally, other states adopted measures that were not expressly aimed at climate change but clearly 
were driven at least in part by the issue of global warming.   
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will account for direct emissions of GHGs and significant indirect emissions, such as 
emissions from land use changes. All stages of fuel and feedstock production and 
distribution are to be included. Specific RFS program requirements under current law are 
summarized in Table 2-2. 

Table 2-2. Requirements of Energy Independence & Security Act (EISA) of 2007 
 

Conventional Biofuels11 Advanced Biofuels12  
EISA 

Requirements 
Corn 

Ethanol 
(existing 

facilities)13 

Corn 
Ethanol (new or 

expanded 
facilities) 

Cellulosic Biofuel Other Advanced 
Biofuels 

Biomass Based 
Diesel 

Volume 
(109 Gal) 

± 13.4 ± 1.6 = 16.0 = 4.0 = 1.0 

Volumes 
Expected/ 

Required for Corn 
Ethanol and 
Advanced 

Biofuels (109 Gal) 

= 15.0 = 21.0 

Total Volume 36 billion gallons annually 
Year 2015 2022 2022 2012 

GHG Baseline 
Reduction 

None 20% 60% 50% 50% 

Sources: EISA 2007, Renewable Fuels Association 2008.   

 

An analysis conducted by the Renewable Fuels Association (RFA) estimates that 
the RFS will allow as much as 13.4 billion gallons of corn ethanol per year to be 
incorporated into transportation fuels without any associated GHG reduction requirement 
(RFA 2008).  The remaining 1.6 billion gallons of corn ethanol subject to the mandate 
must achieve at least a 20 percent reduction in lifecycle GHG emissions compared to 
conventional gasoline.  Use of an additional 21 billion gallons of “advanced biofuels” 
will be required by 2022.  The RFS defines the term “advanced biofuels” to include:

                                                 
 
11 The estimates in Table 2-2 of corn ethanol gallons were provided by the Renewable Fuels Association. 
12 The number of gallons of advanced biofuels listed in Table 2-2 is specified in the EISA legislation. 
13 For corn ethanol produced in plants constructed prior to the effective date of EISA, no reduction in 
lifecycle GHG emissions are required.  For corn ethanol produced in plants where construction commenced 
after the effective date of EISA (or in plants that are expanded after the effective date of EISA) a 20 percent 
reduction requirement in lifecycle GHG emissions is required.  
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• Cellulosic biofuel derived from plant cellulose, hemicellulose, or lignin;14 

• Ethanol derived from sugar or starch other than corn starch; 

• Ethanol derived from specified waste materials (e.g., crop residues, 
vegetative waste, animal waste, food waste, yard waste); 

• Biomass-based diesel;  

• Biogas (e.g., landfill gas, sewage waste treatment gas) derived from 
renewable biomass; 

• Butanol or other alcohols derived from renewable biomass; and  

• Other fuel derived from cellulosic biomass. 

Regulated parties under the RFS are required to demonstrate compliance through 
a tracking system, whereby they accumulate renewable identification numbers (RIN) 
associated with the batches of renewable fuel that they purchase and blend with 
petroleum-based fuels. It is anticipated that EPA will require information in the RIN to 
indicate the specific category or type of biofuel being blended. For example, if a biofuel 
falls into the 60 percent GHG reduction category, the RIN will indicate this. 

Importantly, the RFS does not impose any constraints on the carbon intensity of 
the non-renewable portion of the transportation fuel mix, which will continue to account 
for as much as 80 percent of all fuel use by the transport sector.15  NESCCAF estimates 
that under a best case scenario, the RFS will reduce transportation fuel-related GHG 
emissions in the Northeast by 2.7 percent in 2020.16  Thus, the federal RFS could 
complement efforts in the Northeast to achieve GHG emission reductions through an 
LCFS. 

2.2.3. Federal Fuel Economy Standards  
In January 2009, the Administration approved a U.S. Department of 

Transportation proposal to increase the fuel economy of cars produced after 2011. In May 
2009, the National Highway Traffic Safety Administration and EPA jointly announced a 
rulemaking to increase the fuel economy of passenger cars to 35 miles per gallon in 2016 
and to regulate motor vehicle GHG emissions. The standards will result in passenger car 
GHG emissions nationwide in 2016 that are equivalent in stringency to the California 
motor vehicle GHG standards. 
                                                 
14 According to the definition of “cellulosic biofuel,” the raw materials must be derived from “renewable 
biomass,” which includes planted crops and crop residue produced on pre-existing agricultural land (i.e., 
land that was already cleared prior to the effective date of the law); planted trees and tree residue from tree 
plantations on non-federal, previously cleared land; animal waste material and animal byproducts; slash 
and pre-commercial thinnings from  non-federal forestlands; biomass cleared from lands for the sole 
purpose of protecting people, buildings, and public infrastructure from risk of wildfire; algae; and separated 
yard waste or food waste. 
15 Thus, increases in use of high carbon fuels, such as fuels derived from tar sands, to make diesel and 
gasoline will not be addressed by the RFS. 
16 This assumes that advanced biofuels are distributed evenly throughout the U.S.  Additional information 
on this estimation can be found in Chapter IV, Scenario Analysis. 
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2.2.4. California’s Low Carbon Fuel Standard 
In April 2009, the California Air Resources Board approved the low carbon fuel 

standard.  CARB staff are now in the process of addressing comments on the regulation 
and California anticipates finalizing the regulation by the end of 2009. The LCFS 
requires regulated entities to reduce the carbon intensity of California’s transportation 
fuels by at least 10 percent in 2020.    

California’s LCFS covers all gasoline and diesel fuel used by transportation 
sources, with the exception of fuels used in aviation and by ocean-going vessels. CARB 
staff have released an Initial Statement of Reasons supporting the program adoption.  

Many of the entities regulated under the federal RFS program will also be 
regulated under the California LCFS.  In addition, the RFS GHG reduction requirements 
will further the achievement of the LCFS goals. 

2.2.5. The California Global Warming Solutions Act  
California’s A.B. 32 legislation calls for a program of regulatory and market 

mechanisms to achieve quantifiable and cost-effective reductions of GHGs. Specifically, 
under A.B. 32, CARB is required to: 

• Establish a statewide GHG emissions cap for 2020, based on 1990 
emissions; 

• Adopt mandatory reporting rules for significant sources of GHGs; 

• Develop a plan for achieving emission reductions from significant GHG 
sources via regulations, market mechanisms, and other actions; 

• Adopt regulations by January 1, 2011 that achieve maximum 
technologically feasible and cost-effective reductions in GHGs, including 
provisions for using both market mechanisms and alternative compliance 
mechanisms; 

• Evaluate various factors relevant to the implementation of a program to 
reduce the state’s GHG emissions, including impacts on California’s 
economy, the environment, and public health; equity between regulated 
entities; electricity reliability; and conformance with other environmental 
laws. 

CARB’s Scoping Plan further develops three interrelated program components to 
address the major factors that determine emissions in the transportation sector: (1) vehicle 
technology, (2) fuels, and (3) vehicle use. The LCFS is the vital “second leg” in this 
three-part transportation related strategy. 

2.2.6. European and Canadian LCFS Programs 
Other countries are adopting low carbon fuels programs similar to California’s; 

like California they are also grappling with concerns about the sustainability and indirect 
impacts of these policies—concerns that are increasingly being voiced by environmental 
organizations and governments in other nations.  Specific LCFS-related initiatives in 
other countries include: 
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• European Union: The European Commission has revised its Fuel Quality 
Directive to include a required reduction in the lifecycle GHGs associated 
with fuels. The goal of this revision is to reduce the average GHG 
intensity of transportation fuels used in Europe 10 percent below 2010 
levels by 2020 (EurActive 2008). 

• United Kingdom: The UK has established a Renewable Transport Fuel 
Obligation (RFTO), similar to the U.S. RFS, that requires 5 percent by 
volume of all road transportation fuel to be renewable by 2010 (U.K. 
Department for Transport). 

• British Columbia:  The province has adopted an LCFS that aims to 
achieve a 10 percent reduction in the carbon intensity of passenger 
vehicles by 2020. 

Additional countries are actively examining the sustainability and GHG impacts 
of biofuels: 

• Netherlands: The “Cramer Commission” report published in June 2006 
established sustainability principles and suggested criteria for biofuels 
(Archer 2007).   

• Germany: Germany’s federal environment agency Umweltbundesamt 
(UBA) is investigating the development of a sustainability certification for 
biofuels in conjunction with the Institute for Energy and Environmental 
Research (IFEU) and the International Council on Clean Transportation 
(ICCT) (UBA 2008). 

2.2.7. Northeast State Climate Initiatives 
The northeastern states have led the nation in establishing initiatives and 

programs to address climate change. In 2001, the Conference of New England Governors 
and Eastern Canadian Premiers (NEG/ECP) adopted a regional Climate Change Action 
Plan (NEG/ECP 2001). The plan establishes an initial target for stabilizing aggregate 
GHG emissions in New England, Quebec, New Brunswick, Nova Scotia, Newfoundland, 
and Prince Edward Island at 1990 levels by 2010.  By 2020, the NEG/ECP plan calls for 
reducing emissions 10 percent below 1990 levels, with substantial further reductions (or 
as much as 75 percent–80 percent) to be achieved in subsequent years. In response to the 
expected increase in regional emissions attributable to the transportation sector, the 
regional plan and state specific plans target mechanisms for reductions in vehicle miles 
traveled (VMT) and fuel economy.  

In recent years, other northeastern states have developed state-specific plans 
and/or GHG reduction targets, and New England states have formalized the NEG/ECP 
targets by signing them into law or establishing more stringent targets.  These state-level 
initiatives are summarized in Table 2-3 below. 
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Table 2-3. Summary of Northeast State Climate Legislation and Actions  
 

Emission Reduction Targets State Legislation or Plan Year 
Enacted 2010 2020 2050 

CT Act Concerning CT Global 
Warming Solutions 

2008  10% below 1990 
levels 

80% below 
1990 levels 

 

ME Act to Provide Leadership 
in Addressing the Threat of 

Climate Change 

2003 1990 levels 10% below 1990 
levels 

75-80%  below 
1990 levels 

 

MA Global Warming Solutions 
Act 

2008  10-20% below 
1990 levels 

80% below 
1990 levels 

 

NH NEG/ECP Climate Change Action Plan Targets  
NJ Global Warming Response 

Act 
2008  1990 levels 80% below 

2006 levels 
 

NY State Energy Plan and 
Final Impact Statement 

2002 5% below 
1990 levels 

10% below 1990 
levels 

  

PA Climate Change Roadmap 2007  25% below 2000 
emissions by 2025 

80% below 
2007 emission 
levels by 2050 

 

RI Global Warming Solutions 
Act 

Pending  20% below 1990 
levels 

80% below 
1990 levels 

 

VT NEG/ECP Climate Change Action Plan Targets  

Sources:  Various state climate change action plans.   

 

It is worth noting that the Massachusetts 2008 Global Warming Solutions Act 
includes requirements for biofuels. Specifically, this legislation mandates the use of 
2 percent biodiesel in transportation fuels by 2010 and 5 percent by 2015; it also provides 
tax incentives for the production of cellulosic ethanol. Additional actions to reach 
Massachusetts’ aggressive emissions reduction goals will be outlined in an implementing 
plan that the state expects to release in 2009. 

The above described efforts at the federal and state levels to restrict passenger car 
and light truck tailpipe emissions will result in substantial reductions in transportation 
GHG emissions. These efforts, when combined with an LCFS to reduce the carbon 
intensity of transportation fuels, and initiatives to reduce miles driven each year will 
bring the states and the federal government closer to the goal of reducing the impacts of 
climate change.  The LCFS is a critical component of this overall strategy.
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3. LOW CARBON FUEL VOLUME REQUIREMENTS  
This chapter presents results from a NESCCAF analysis of strategies that could be 

used to achieve a 10 percent reduction in the average carbon intensity of transportation 
fuels in the eight NESCAUM states.17  NESCCAF considered several combinations of 
low carbon fuels and calculated the volumes that might be required in order to meet a 10 
percent LCFS by 2020. The results provide insights into the challenges and opportunities 
that might result from the implementation of a 10 percent reduction in Average Fuel 
Carbon Intensity (AFCI) in the Northeast.18 An understanding of the volumes of different 
types of fuels that might be required to comply with an LCFS can inform key 
programmatic decisions and help identify potential obstacles to the successful 
implementation of a low carbon fuels program.   

Importantly, NESCCAF did not attempt to assess the technical feasibility or 
market readiness of potential fuel types or LCFS compliance scenarios. Therefore, the 
scenarios presented in this report should not be interpreted as recommendations or even 
plausible projections; rather, they are illustrative of the volumes of different types of fuels 
that would be needed to comply with a specific carbon intensity (CI) reduction target 
under an LCFS. Indeed, in some cases, the scenarios depict volumes of advanced fuels or 
vehicles that may greatly exceed likely prospects for commercialization.  

It is also important to note that regulated entities might choose from an unlimited 
number of possible combinations of fuel pathways to comply with an LCFS.  
Furthermore, the composition of the baseline fuels mix, mechanisms for reducing AFCI, 
and specification of certain carbon intensity values will depend on a number of key 
program decisions that may differ from the assumptions in this analysis. For these 
reasons, it would be difficult to assign a meaningful probability to a particular 
compliance scenario. Instead, NESCCAF has chosen to illustrate the scope of the 
compliance challenge through simple boundary analyses, and to present several example 
scenarios that illustrate points of particular interest – namely, the quantities of certain 
substitute fuels that could be required to meet a 10 percent reduction target.  

As discussed earlier, the impact of a particular fuel pathway on AFCI depends on 
both its CI and its sales volume. For example, if fuels are available that achieve very low 
carbon intensity levels, a regulated entity would need to supply a relatively small volume 
to reduce their average CI. Alternatively, a regulated entity could choose to comply using 
a larger volume of less advanced fuel. Using a simple case to illustrate the interaction of 
CI and volume, Figure 3-1 shows the volume of ethanol that would be required to reduce 
gasoline AFCI by 10 percent across a range of ethanol CI values. Figure 3-2 shows a 
similar effect for biodiesel on the diesel AFCI. Note that these are idealized examples. In 
practice, regulated entities would likely supply a combination of lower-CI and higher-CI 
fuels. 

 

                                                 
17 The eight NESCAUM states are Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New 
York, Rhode Island, and Vermont.   
18 Average Fuel Carbon Intensity (AFCI) is the metric used to determine compliance with a Low Carbon 
Fuel Standard.  A detailed explanation of the AFCI metric can be found in Chapter 2.  
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Note: Assumes baseline of 20 Bgal gasoline at 96.7 gCO2e/MJ. 

 

Figure 3-1: Ethanol Volume Required for 10 Percent Reduction in 2020 Gasoline 
AFCI, NESCAUM region 
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Biodiesel Required for 10% Reduction in Diesel AFCI
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Note:  Assumes baseline 6.9 Bgal diesel fuel at 93 gCO2e/MJ. 

 

Figure 3-2: Biodiesel Volume Required for 10 Percent Reduction in 2020 Diesel 
AFCI, NESCAUM region 

 

3.1. Assumptions and Limitations of Analysis 
A critical question for policy makers concerns the plausibility of the assumptions 

that underlie the compliance scenarios discussed in this chapter. As previously discussed, 
the purpose of these scenarios is not to suggest that they are likely to be realized in the 
2020 timeframe, but rather to illustrate the scale of the challenge that would accompany a 
10 percent AFCI reduction for both baselines in the Northeast. Due to the pre-commercial 
status of the technologies that have been evaluated as potential low carbon substitutes, the 
likelihood of achieving substantial CI reductions from either baseline by 2020 remains 
highly speculative. 

We also note that the scenarios presented here exclude potential technologies for 
heavy-duty vehicles that are currently under development, such as medium-duty plug-in 
hybrid trucks. A number of these vehicles are currently operating in pilot programs, and 
commercial-scale deployment may be possible in future years.  Their usefulness in 
complying with an LCFS depends on many of the same unknowns regarding grid mix, 
vehicle specifications, and user behavior that apply to light-duty EVs and PHEVs, as 
discussed in section 3.4. 
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3.1.1. Electric-Drive Vehicles 
Our gasoline scenarios assume 3 to 6 million EVs and PHEVs in use in the 

NESCAUM states by 2020, representing 9 to 17 percent of the total light-duty vehicle 
fleet. Achieving these fleet penetration levels could require annual sales on the order of 
12 to 36 percent of the total market by 2020. Given that no grid-connected electric-drive 
vehicles are currently available for sale in significant numbers, these market penetration 
rates are very optimistic. For comparison, Toyota’s first mainstream hybrid (the Prius) 
first went on sale in 1997; Toyota now offers six models of hybrids that together 
comprise 12 percent of Toyota’s annual sales.  Our scenarios assume penetration rates for 
both EVs and PHEVs that match or far exceed Toyota’s hybrid sales trajectory for the 
entire fleet (all manufacturers) by 2020.  

While these sales numbers are unlikely, they are not inconceivable. Many 
automakers have announced ambitious product plans for advanced vehicles that, if 
aggressively implemented, could signal an unprecedented shift in the makeup of the U.S. 
light-duty fleet.  As examples, GM has announced plans to offer the Volt (a PHEV with a 
40-mile all-electric range) for sale in 2010. Toyota has announced plans to deploy 300 
PHEVs worldwide in 2010. Chrysler is considering at least two EV models for release in 
2010.  Mitsubishi plans to introduce an electric vehicle with a range of 100 miles in 2010.  
Nissan has announced a pure electric car for fleets in 2010 and for sale to retail 
consumers in 2012. Numerous variables will affect actual EV and PHEV sales, including: 
gasoline prices, tax credits, availability of models, vehicle performance, federal and state 
incentives or mandates, the availability of “smart” charging infrastructure, among other 
factors. 

If these optimistic sales volumes were to be realized in the Northeast’s fleet, they 
would represent a substantial increase in electricity demand, on the order of 14,000 GWh 
for the less aggressive scenarios and 22,000 GWh for the more aggressive scenario. This 
represents 4 percent and 7 percent, respectively, of total electricity consumption in the 
NESCAUM region in 2005. If these vehicles were charged exclusively when extra 
electricity capacity exists, such as nighttime, the additional demand could likely be met 
without the need for new generating capacity in the region. However, because some of 
this demand would be served by coal plants, charging when extra capacity exists may not 
provide the lowest possible carbon intensity value for transportation electricity. The 
assumptions used in this analysis to characterize the role of electricity as a low carbon 
transportation fuel are discussed in Section 3.3 of this chapter and in more detail in 
Chapter 5 and Appendix A. 

3.1.2. Biofuels  
Our scenarios assume 0.9 to 1.5 billion gallons of advanced ethanol (with carbon 

intensities of 0 to 48 g/MJ) and 710 to 840 million gallons of advanced biodiesel in 2020 
(with carbon intensities of 20 to 47 g/MJ). These volumes are in addition to the 1.75 
billion gallons of new and advanced ethanol and 240 million gallons of advanced 
biodiesel that NESCCAF estimates could be sold in the region due to mandates in the 
federal Renewable Fuels Standard (RFS2).  For comparison, according to industry 
estimates 460 million gallons of biodiesel and 7.8 billion gallons of corn ethanol were 
produced in the U.S. in 2007 (National Biodiesel Board 2009; Renewable Fuels 
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Association 2009). No advanced, low carbon ethanol or biodiesel is currently being 
produced in large quantities - although a number of promising technologies are under 
development, such as: production of biodiesel from algae, production of paraffins from 
wood, conversion of cellulosic feedstocks for ethanol production, and other innovative 
approaches. Considering the pre-commercial status of these advanced biofuel 
technologies, the volumes envisioned in the compliance scenarios (and perhaps even the 
volumes called for under RFS2) are highly optimistic. However, it is plausible that some 
of the advanced biofuels which are currently under development will be available in 
significant quantities by 2020. 

3.1.3. Other Key Assumptions 
In all scenarios presented in this report, we assume an energy economy ratio19 

(EER) of 4.0 for EVs and 2.4 for PHEVs, and we assume that the federal RFS will result 
in 1.3 billion gallons of cellulosic ethanol (defined as achieving a 60 percent carbon 
intensity reduction from the gasoline baseline), 300 million gallons of “advanced” 
ethanol (defined as achieving a 50 percent lower carbon intensity than gasoline), and 200 
million gallons of “new” corn ethanol (20 percent lower carbon intensity than gasoline) 
delivered in the Northeast by 2020. 

Numerous additional assumptions bear directly on the design and outcomes of 
most scenario projections.  When evaluating sensitivity to multiple variables, the number 
of potential scenarios can quickly become impractical to simulate and to interpret.  For 
the purpose of the scenario discussions presented in this chapter, we chose to “lock in” 
certain assumptions in order to facilitate comparison among scenarios.  This should not 
be taken as a recommendation of a specific policy option.  The benefits and drawbacks to 
each approach are explored in detail in Chapter 4. 

                                                 
19 The energy economy ratio (EER) is a measure of the energy efficiency of an electric drive vehicle 
relative to a baseline conventional vehicle.  It is defined as the distance an EV will travel divided by the 
distance a reference vehicle will travel for a given amount of energy.  For example, an EV with EER of 4 
will travel four times farther than a conventional vehicle using the same amount of energy.  A more 
detailed description of EER is found in Section 3.5.1 of this chapter. 
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Table 3-1. Summary of Key Assumptions Common to All Scenarios  
 

Decision Item Default Assumption 
Gasoline baseline fuel mix 100% RBOB 
Diesel baseline fuel mix 100% ULSD 

Distillate oil sulfur content 15 ppm 
RFS Cellulosic Ethanol 1.3 billion gallons 

RFS “Advanced” Ethanol 300 million gallons 
RFS “New” Corn Ethanol 190 million gallons 

RFS Biodiesel 240 million gallons 
Count RFS fuels toward AFCI reduction? Yes 

Include light-duty diesel in diesel baseline? Yes 
Include nonroad engines in diesel baseline? Yes 
Scenario region for transportation demand 8-State NESCAUM Region 

Electric vehicle (EV) Energy Economy Ratio (EER) 4.1 
Plug-in hybrid-electric vehicle (PHEV) EER 2.4 

 

3.2. Scenario Descriptions  
This section describes three gasoline and two diesel compliance scenarios. Two 

important points bear repeating here. First, note that where advanced biofuels are 
envisioned, these fuels could in theory be derived from a variety of different feedstocks, 
such as woody biomass or municipal solid waste, using different production processes.   
Any number of combinations of advanced fuels could give an average carbon intensity 
value equivalent to those illustrated here for a particular biofuel. Secondly, as noted 
previously, NESCCAF did not study the technical feasibility or market readiness of 
advanced or emerging biofuel technologies. Rather, our scenario analysis is intended only 
to illustrate the quantities of various types of fuels that would be required to meet a 10 
percent AFCI reduction target. 

3.2.1. Baseline 
Regulators may choose to define the baseline fuels mix in one of several ways. In 

order to simplify the discussion and interpretation of the scenarios in this report, and to 
avoid pre-supposing the outcomes of ongoing policy discussions, NESCCAF opted to 
assume idealized baseline fuel mixes for both gasoline and diesel. The region’s gasoline 
has contained increasing percentages of ethanol (almost exclusively produced from corn 
feedstocks using conventional methods) since the phase-out of MtBE in the middle of 
this decade. Depending on regulators’ approach to selecting a baseline year and defining 
the composition of the baseline fuel mix, the “gasoline” baseline may in fact include up 
to 10 percent ethanol by volume. Therefore, depending on the CI value assigned to this 
ethanol, the gasoline baseline CI could vary with each year. For the purpose of this 
analysis, NESCCAF assigned baseline ethanol a CI value of 96.7 gCO2e/MJ, which is 
equivalent to that of gasoline blendstock (RBOB). A consequence of this assumption is 



Introducing a Low Carbon Fuel Standard in the Northeast  Page 3-7 

 

 

that the precise volume of ethanol in the baseline does not affect the baseline carbon 
intensity.  

For diesel fuel, the Northeast’s fuels mix has changed with each recent year as 
sulfur limits have been phased in, first for highway diesel, then for nonroad diesel, and 
potentially in the future for fuel oil used for heating. This is significant because low-
sulfur diesel has a higher carbon intensity than does conventional diesel fuel.  This is 
mainly due to the energy consumed in the de-sulfurization process. Thus, as with 
gasoline, the precise year and composition for the baseline fuel will affect the baseline 
carbon intensity from which reductions are sought. Again, as with the gasoline baseline, 
NESCCAF opted to model an idealized baseline diesel fuel that meets the ultra-low-
sulfur diesel (ULSD) standard currently in place for highway diesel, and to assume that 
this fuel would be used for all distillate markets in the baseline and scenario years. While 
this will result in a lower CI value, it will simplify the interpretation of the scenarios; in 
addition, it may be an advisable policy approach in order to avoid any conflict between 
important de-sulfurization programs and an LCFS.  

The scenarios in this report incorporate several important assumptions about the 
federal RFS. First, all scenarios in this report assume that the Northeast receives a 
proportional share, based on population, of the advanced biofuels required nationally 
under the RFS.  If the several types of fuel mandated by the RFS are disproportionately 
distributed to one region of the county (e.g., if the Northeast were to get more or less than 
its proportional share of the national supply any one type of biofuel), the result could be 
to increase or decrease the impact of the RFS on the region’s AFCI. Second, we assume 
that the RFS-mandated advanced biofuels will be commercially available in substantial 
volumes within the next decade.  While biofuel production technologies have made 
promising advances, it is far from certain that these types of fuels will be commercialized 
so quickly. Finally, we assume that no additional changes are made to the RFS between 
its adoption in 2007 and our target scenario year of 2020. Given the above assumptions, 
NESCCAF estimates the impact of the RFS in the Northeast will be to lower the gasoline 
AFCI by 3 percent, and the diesel AFCI by 1 percent. 

The NESCCAF assumptions for the region’s 2005 baseline fuels mix and 2020 
business-as-usual projected fuels mix are summarized below in Table 3-2. 

 

Table 3-2. Fuel and Fleet Volumes for Baseline and Business-as-Usual Conditions 
 

 2005 Baseline 2020 Business-as-Usual 
RBOB (Bgal) 17 18 
Ethanol (Bgal) 0.52 2.8 

Highway Diesel (Bgal) 4.0 4.5 
Nonroad Diesel (Bgal) 1.1 1.1 

No.2 Heating Oil (Bgal) 4.1 3.5 
Biodiesel (Mgal) 0 240 

Light-Duty Vehicles (x10^6) 28 36 




