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Executive Summary, Table ES-2:

Type of Low Carbon 2010 Equivalent Gallons 2020 Equivalent Gallons

Fuel of gasoline or of gasoline or diesel
diesel (millions) (millions)

Electricity (MW) 849 200/600* 1,524 360/1,080*

Cellulosic ethanol - - 440 290

(millions of gallons)

Thermal energy 400,000 250| 1,000,000 630

(no. of homes heated)

Neat biodiesel 83 ++ 85 +8

(millions of gallons) 6.6 6.1 6.7 6.2

3.1. Assumptions and Limitations of Analysis

Their usefulness in complying with an LCFS depemdsnany of the same unknowns
regarding grid mix, vehicle specifications, andrusehavior that apply to light-duty EVs and
PHEVs, as discussed in secti®A-63.4.

5.5. Chapter Summary:

Nearly 7 million gallons of neat biodiesel couldgreduced from over 30,000 tons of
likely available waste cooking oils in 2020 (assagnonly the use of 10 percent of maximum
avallable “yeIIow” grease)Thls isenough fod+#0 134 m|II|on gallons of BS blodlesel

Vil
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Preface

This report by the Northeast States Center foremiCAir Future (NESCCAF) is the
result of a year-long study of a Low Carbon Fuan8ard (LCFS), a performance-based
program designed to reduce greenhouse gas (GHG}ems from fuels. The primary goal
of NESCCAF's effort, conducted on behalf of 11 hedstern states, was to explore how
such a program might be implemented in the North&psecifically, our analysis sought to
identify and provide information on key factors fbe states' consideration in the
development of a regional LCFS. These key factwehide the role of locally sourced
feedstocks and low carbon fuels; the current atrecdf the region’s fuel industry and
potential regulated entitities; and, possible iat@ions of a regional LCFS with other
programs such as the federal Renewable Fuel Stan®dhile this study hopefully provides
many insights into the development and implemeoratif a regional LCFS, the states
themselves will direct LCFS policy.

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

Finally, NESCCAF's analysis could not address falhe potentially complex policy
issues associated with LCFS implementation, su¢heasustainability of feedstocks and
fuels, or the potential economic impacts of a regid.CFS. NESCCAF and the 11 state
governments continue to work together and withettalders on additional analyses of these
issues and plan to make further refinements taaatytic tools as more information
becomes available.
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Executive Summary

Overview

NESCCAF has undertaken a preliminary assessmentoet carbon fuel standard
(LCFS) for the New England and Mid-Atlantic stateAs part of this assessment,
NESCCAF estimated the amount of low carbon fued$ Would be needed to meet an LCFS
in the Northeast, evaluated the potential to gdadoav carbon fuels using resources sourced
from the region, and explored program implementesiwategies and issues. The results are
presented in this report, which is intended torimféhe region’s policymakers as they
evaluate programs and options for reducing greestngas (GHG) emissions from the
transportation sector.

Transportation-related GHG emissions account farge share - about 40 percent -
of total anthropogenic emissions in the Northe&hce passenger car and heavy-truck miles
are projected to increase steadily in coming dexaakeis activity from nonroad machines
and vehicles, transportation sources also represenof the fastest growing sectors of the
GHG inventory (EPA 2009). The northeastern stage® all committed to reducing GHG
emissions that contribute to climate change arglieb have a keen interest in addressing
emissions from transportation sources.

The Northeast has significant capacity to gendoatecarbon fuels from resources
sourced in the region. In addition to the potdritain-region production of low carbon
fuels, the federal Renewable Fuels Standard (R&=§)urring research and development into
advanced biofuels, which could result in substartéumes of low carbon fuels. On the
automotive technology front, automobile manufaatusre proceeding with production of
advanced vehicles that could facilitate the wideagruse of some low carbon fuels.
Assuming: (1) aggressive deployment of low carhexid and feedstocks from the region to
reduce emissions from transportation sources;d@essive deployment of advanced
automotive technologies; and (3) production of awbea biofuels from outside of the region
- the study finds that GHG emissions associatel thig use of transportation fuels in the
region could be greatly reduced over the next decad

Background:

Nearly all of the northeastern states have estaddisargets for reducing GHG
emissions. These targets vary state-to-stategdmdrally require a 20 percent reduction in
total anthropogenic GHG emissions by 2020 from 1896ls and a 50 percent or greater
reduction from 1990 levels by 2050. To meet thasgets, substantial reductions in
transportation GHG emissions will be needed. Tleeghree approaches to achieving GHG
reductions in the transportation sector: (1) reduehicle GHG emissions; (2) reduce travel
demand and slow the growth of “vehicle miles tradél(VMT); and, (3) change the
properties of transportation fuel.

A low carbon fuel standard targets the latter apghoof changing a fuel's GHG
characteristics and seeks to reduce the GHG emssagsociated with each unit of energy

! The New England states include: Maine, New Harinpsk'ermont, Massachusetts, Connecticut, and Rhode
Island. The mid-Atlantic states include: New Y,olew Jersey, Pennsylvania, Delaware, and Maryland.
Hereafter in this report, these two regions togesne referred to as “the Northeast.”
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produced by a given fuel on a lifecycle basis. Taauires accounting for emissions from all
aspects of a fuel’s lifecycle, including cultivatior extraction, production, processing,
transport, delivery, and combustion. An importa#ttire of an LCFS is that it is designed to
reduce thentensityof GHG emissions from fuels on a per unit basither than to cap
transportation emissions in an absolute sensethioreason, an LCFS is most effective
when deployed in conjunction with complementaryestand regional policies such as the
Low Emission Vehicle (LEV) program, VMT reductiotrategies, and policies aimed at the
electricity sector such as cap-and-trade, eneffigiegicy, and renewable portfolio standards
(RPS)? Al of these complementary programs are alreadsxistence across the region.

The LCFS is a performance-based regulation thatsstdrget for lowering the carbon
intensity of fuels and allows the market to deterrthe most cost-effective fuels and
strategies for achieving that target. This feaameourages further technological innovation
in a sector that is already undergoing rapid tramsétion. In the early years of an LCFS,
compliance will likely result from greater use ol carbon fuels that are currently available,
such as biodiesel, wood and waste-based biomasseatain types of ethanol. As a
performance standard, an LCFS also encouragesineesin the development of a variety
of low carbon fuels and related technologies thatat yet commercially viable, because
advanced fuel technologies will be essential foFB&ompliance over the longer term.

Importantly, an LCFS can also protect against titential for transportation fuels to
becomamnorecarbon intensive. For example, greater use osfdetived from tar sands,
some biofuels, and fuels generally thought of amate-friendly — such as hydrogen — when
produced in carbon intensive ways (for exampleygisbal without carbon capture and
storage) could increase carbon emissions frompatetion fuels.

The California Air Resources Board approved an L@F&gram that requires a 10
percent reduction by 2020 in the GHG-intensityrahsportation fuels. In the Northeast, an
opportunity for additional GHG mitigation existstiife LCFS includes in its scope fuels used
for space heating (e.g., No. 2 distillate fuelusied widely throughout the regioh)Finally,

a low carbon fuel program has the potential to pl®vmportant economic and energy
security benefits in the Northeast. Nearly alhgortation fuel and much of the heating fuel
used in the region are imported, which results sigaificant outflow of capital from the
regional economy. As stated above, this studylodes that substantial amounts of low
carbon fuel may be manufactured from resourceg@mgius to the Northeast. A shift toward
indigenous sources of fuel can provide jobs andrenthat resources are retained in the
regional economy.

For the above stated reasons, states in the raggoconsidering the development of
LCFS program. Given that the LCFS is differentrother regulatory programs

21n 2009, the Northeast implemented the Regionak@house Gas Initiative (RGGI), the first @p-and-
trade program for electricity generators in the Wi$addition, 9 of the 11 states in the regionsidering the
LCFS have adopted the California motor vehicle Gét&hdards which will reduce new vehicle GHG
emissions by 30 percent.

% Throughout this report, we use the term “heatitigto refer to distillate fuel oil used for heatjrpurposes.
Heating oil generally includes No. 2 distillate aild a small percentage of No. 6 fuel oil, whichdsd on a
much more limited basis than No. 2. For a moraitbzt description of the use of heating oil in Martheast,
refer to Appendix C.
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implemented to date, the NESCCAF study goal wasaafy aspects of the technical and
policy issues associated with adoption and implaatem 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 theéboarintensity of fuel by
2020 in the Northeast would result in 30 millioms$cof GHGs reduced
annually compared to business-as-usual projectidmsse reductions would
be comparable to the GHG reductions that will refsam the implementation
of California’s motor vehicle GHG standards in tegion, and higher than
those from the Regional Greenhouse Gas InitiaiR@G&l) cap-and-trade
program on power plants. As such, the LCFS, if enmnted, would be a
cornerstone of the region’s approach to reducespramation-related GHG
emissions.

» Successful implementation of a 10 percent LCFSneduire very rapid
commercialization of advanced fuels and/or advaneeknology vehicles
that are presently in the pre-commercial stage |&\the outlook for these
technologies is promising, the volumes that wowdddnuired in order to
meet a 10 percent LCFS by 2020 greatly exceeddhemes that have been
produced to date.

» Technologies that could potentially be used to cecaverage fuel carbon
intensity include advanced low carbon biofuels sagleellulosic ethanol, and
biomass-based diesel, and vehicles powered iroparitirely by electricity.

» If the LCFS is met solely with the most advancquetef biofuel required
under the federal RFS (cellulosic ethanol with doa intensity of 60 percent
lower than that of gasoline,) it would require appmately 4 billion gallons
to meet a 10 percent reduction target in the Nagheegion by 2020. To put
this in context, the federal RFS as proposed wduire nationwide
production of 10.5 billion gallons of cellulosichenol with an equivalent
carbon intensity in 2020.

» If the LCFS gasoline carbon intensity reductionevier be met through the
use of cars powered in part or entirely by elettyri@pproximately 3 million
plug-in hybrid and all-electric vehicles would ngede in the Northeast
vehicle fleet by 2020. Assuming these vehiclescharged when sufficient
capacity and transmission exist, the region’s ategrid could likely
accommodate them without the need for additionphctdy. The Zero
Emission Vehicle program when implemented couldltes the placement of
approximately 500,000 plug-in hybrid vehicles ie tlegion by 2020.

* Assuming the federal Renewable Fuels Standardpkemented as proposed,
it will result in a reduction of approximately 3rpent in lifecycle GHG
emissions from gasoline in the Northeast and apprately 1 percent in
lifecycle GHG emissions from diesel fuel. This ases advanced fuels
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required under the RFS are distributed throughweitinited States in
volumes proportional to population.

* The Renewable Portfolio Standards require a peaigenf electricity
generating capacity to come from renewable eneR$GI requires a
reduction in total GHG emissions from electricitanqts. These two
programs, when fully implemented, will reduce tlagbon intensity of
electricity in the Northeast region.

» Resources sourced from the region could providasteeks for the
production of advanced biofuels or for electri@gneration. Waste is by far
the region’s most significant resource and takimg consideration the above
statement, waste could be used to produce fuetsaiosportation or to
generate electricity. A significant amount of veaktogas can also be
produced in the region. In addition to waste biosresd biogas, NESCCAF
conservatively estimates that over 6 million dngsg@f woody and
agricultural biomass are likely available in thertheast annuall{.

» If waste-based biomass, biogas, and woody andudignial biomass from the
region were used to generate electricity, approtetpd , 500 MW of
electricity generating capacity could be creat&d.put this in context, the
electricity generated from these resources woulddugvalent to the
electricity needed to charge more than 1.5 milbtectric vehicles in the
region.

* Woody biomass can also be used as a replacemémbfireating oil. Some
types of waste and woody biomass could also be aséeledstock for liquid
transportation fuels.

* Simultaneous implementation of LCFS, RPS and RG@kely to result in
economic competition for regional feedstocks. Assult, availability of
waste and biomass for low carbon fuel productiolhwary depending on
competing markets for these resources, environrheot&erns, landowner
preferences, and public policies.

* Recent research has highlighted the risk that asingg demand for biofuels
from the U.S. and elsewhere may create pressunmeaokets for land that then
encourages clearing of forests, which are impor#ores of carbon. Using
regional resources, such as electricity, municspéitl waste, and woody and
agricultural biomass, that are not currently baisgd in existing markets may
mitigate the risk of inducing further land use ohpamnd potentially
increasing lifecycle GHG emissions of fuels.

» Lifecycle GHG emissions must be calculated usingsient methodology
from state to state and from region to region heotto provide strong market
signals and certainty for regulated entities. ¢yfgde emissions must include

* For the purposes of this repdikely available biomasgefers to woody biomass from forest and mill res&lu
new forest growth, some urban wood wastes, agu@lltesidues and biomass grown on some margindsla
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direct emissions associated with all stages ofdueaction, production,
transportation, and use. In addition, lifecyclessions must include indirect
emissions such as those resulting from the clearfirfigrest to grow
feedstocks since studies have shown the risk offeignt GHG impacts from
indirect land use change.

» State programs within the region should be consisteterms of the
stringency of their reduction targets given thegibie nature of the region’s
gasoline and diesel fuel.

» All transportation fuels should be included in thH@FS, with the exception of
bunker fuel, for which standards are set at therirational level, and aviation
fuel.

The remainder of this Executive Summary providearsaries of the analyses of
LCFS compliance scenarios, low carbon fuel productising regional resources, and
program design and implementation issues. Thesenauies are followed by next steps and
conclusions.

Summary of Scenario Analysis

To estimate the amount of low carbon fuel that wida¢ needed to achieve a 10
percent reduction in the carbon intensity of baladine and diesel in the region and to
assess various compliance pathways, NESCCAF custdndirgonne National Laboratory’s
VISION model. The model predicts the amounts ofotes fuels that could be used to
comply with a Northeast LCFS. While the statethmregion have not selected a carbon
intensity reduction target, this study has use@ percent standard for analysis purposes.

As discussed above, a 10 percent reduction incirblon intensity might be achieved
in part by using advanced biofuels with very lofediycle GHG emissions, such as cellulosic
ethanol, biodiesel derived from algae, and fuetsrdd from municipal solid waste. Another
approach would be to displace liquid fuels withsiibtes such as electricity generated from
low carbon sources to power plug-in hybrid andesictric vehicles. NESCCAF evaluated a
number of different compliance scenarios for babkaline and diesel fuel. Two of these
scenarios are shown below. These are hypothetxeahples intended only to illustrate how
a low carbon fuel standard might be met. Many o$ti&ategies may also achieve a given
reduction target. The example scenarios are nanhtras an endorsement of any preferred
compliance pathway.
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Figure ES-1. Example Gasoline Scenario Assuming Aduced Biofuels and Electric
Vehicles

The scenario shown in Figure ES-1 illustrates agt@nce pathway based on the
substitution of gasoline-powered cars with advaretlels and partial or all-electric
vehicles. In this example, 4 percent of the lidhty fleet is composed of electric vehicles
(EV) and 4 percent of the light-duty fleet is corapd of plug-in hybrid-electric vehicles
(PHEV). It also assumes the introduction of 116adm gallons of advanced biofuels, beyond
the 1.5 billion gallons expected from the feder&SRn the Northeast by 2020. The scenario
relies on an aggressive, but potentially feasilelegration of electric and plug-in hybrid
vehicles starting in 2010 and the availability dfzanced biofuels in quantities in excess of
those required by the RFS.

For the heavy-duty diesel vehicle fleet, NESCCARIgzed the amount of different
types of low carbon fuel that would be needed toea® a 10 percent reduction in overall
fuel carbon intensity. One scenario is shown guFe ES-2.
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Figure ES-2. Example Diesel Scenario Assuming Advaed Biodiesel
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This scenario assumes the federal RFS will resulte delivery of 240 million
gallons of advanced biodiesel in the Northeast wittarbon intensity 50 percent lower than
conventional diesel fuel in 2020. This by itsalbyides a 1 percent reduction in average
diesel carbon intensity. This scenario furtheuasss that 10 percent of highway diesel and
15 percent of nonroad diesel will be displaced dwaaced biodiesel that is 80 percent less
carbon intensive than conventional diesel fuelhedpotential compliance scenarios for
gasoline and diesel are presented inSbenario Analysidescribed in Chapter 3.

The above scenarios show that substantial volurhadwanced biofuels or
substantial numbers of advanced technology vehiolasoth will be needed to meet the
LCFS. These assumptions are very optimistic, kaigible given increases in production
capacity of advanced biofuels anticipated fromRIt, plans by automobile manufacturers
to produce advanced technology vehicles, and rafijoavailable low carbon fuels and fuel
feedstocks.

Program Structure

The California Air Resources Board (CARB) has d#thbd a regulatory structure
for its LCFS that identifies regulated entitiesnathod for estimating carbon intensity of
fuels, reporting requirements, and enforcementgaores. Many of these program elements
could be used as a template by the northeast amd\tiaintic states. NESCCAF has
identified elements that define how an LCFS progr&iadopted, could be implemented in
the Northeast.

Role of Non-Liquid Fuels: There is significant potential for non-liquid fuets
partially replace traditional, petroleum-based $ueed one key element of an LCFS. In the
transportation sector, electricity can be usedotwgr hybrid-electric or fully electric
vehicles. Natural gas may also have an increadedas an alternative vehicle fuel. In
thermal applications, geothermal heat, wood pelfedtural gas, and other fuels could
displace fuel used for space heating, should @itesinclude No. 2 fuel used in space
heating in the LCFS. An LCFS program could inclaaechanisms to encourage penetration
of these alternative energy sources into sectoesevtineir potential has yet to be fully
realized. This would necessitate mechanisms fantifiying the use of non-liquid fuels to be
established. In the case of fuels used in Calidofsuch as electricity), the mechanism
developed by CARB could be used in the Northelsthe case of fuels not used in
California — such as fuels for space heating -Nibgheast would need to develop its own
mechanism for quantifying conventional and low carlfuel use.

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

Including heating oil in the LCFS: In the Northeast, heating oil is used in
substantial quantities and is often distributeduigh the same network as nonroad diesel
fuel. An approach the states might consider wieldo include heating oil in a low carbon
fuel program in the same timeframe as transportdtiel. Alternatively, carbon intensity
reductions in heating oil might not be required #medisplacement of heating oil by less
carbon intensive alternatives could be used torgémeredits toward compliance with an
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LCFS aimed at the transportation sector. Otheragghes to including or excluding heating
oil in the LCFS are discussed in more detail in|@éa4.

Analysis of Regional Low Carbon Fuel Supply

As part of this study, NESCCAF analyzed the voluhew carbon fuels that could
potentially be produced using feedstocks and ressundigenous to the Northeast. While
the Northeast is also likely to import and use &ecks and/or fuels from other regions
under an LCFS, using locally sourced biomass fardarbon fuel production would provide
economic benefits to the region, both by increasimployment and reducing expenditures
on imported fossil fuels. NESCCAF’s assessmentlveggd on an evaluation of three
categories of resources available in the regidn:wpody and agricultural biomass
feedstocks; (2) waste-based biomass; and (3) eliegtr

Recent scientific research has raised substamtderns that the GHG lifecycle
impacts of woody and agricultural biomass may taauhcreases of GHG emissions. Since
a fuel standard could increase global demand fselhypes of feedstocks, concern is
growing that the demand for biofuels is indirectigucing changes in land use (e.g., clearing
of forests for crop production) that increase neiGzemissions, even after considering the
GHG benefits gained from displacing fossil fuelshibiofuels. Research is ongoing to
determine the lifecycle GHG impacts of biofuelsdarction, but the issue of indirect land
use change is not likely to be resolved soon.olsieration of this, NESCCAF’s analysis
focused on those regional biomass resources thaithier waste products or are not
currently being used to supply other markets.

Table ES-1 below shows the results of NESCCAF suaten of available woody,
agricultural, and waste-based biomass resourdd® iNortheast by 2020. Maximum
availability estimates for each category refletalttheoretical availability in the region.
Estimates of likely availability are based on asmmwative percentage of the maximum,
reflecting considerations of resource cost andrathportant factors such as environmental
sustainability and landowner preferences, which hilit actual resource availability.
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Table ES-1. Northeast Biomass Resources, Maximum @rtikely Annual Availability °

Maximum Likely
Type of Resource Availability 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'silalde woody and agricultural
biomass is located in New York and Pennsylvanianil®\the New England states also have
significant quantities of woody biomass, much a$ thood is being used to supply existing
markets. Since it is generally not economic todpamt biomass long distances (e.g., more
than 50 miles), the geographic location of avadaibmass will likely influence the choice
of locations for fuel processing and productiompda Based on these and other
considerations, NESCCAF estimates a conservattaédbabout 33 million dry tons of
waste-based, woody, and agricultural biomass &ylito be available for conversion into
solid and liquid low carbon fuels. Additional resoes for fuel production include waste oils
and biogas.

However, as noted previously, actual biomass avidithawill vary depending on key
factors such as market competition for resoura@ar@nmental concerns, landowner
preferences, and public policies. For exampleRR& and RGGI programs have created an
increase in demand for biomass resources—the Rf$esrincentives for new biomass
electricity plants, and RGGI encourages switchingrtco-firing with biomass in existing
coal plants.

Because electric vehicles (EVs) have very efficéimtetrains compared to internal
combustion engines, electricity is also a promidavg carbon fuel for transportation. This is
especially true in the Northeast and Mid-Atlantityere our electricity grid is already
relatively “clean” and policies such as the RPS B@15I are in place to further reduce the
GHG intensity of electricity. At low levels of Epenetration into the marketplace
(comparable to the numbers presented in Figure)E®d region is likely to have sufficient
electricity generation to accommodate these vehitlney are charged at times when extra
generation capacity and in locations where sufficieansmission infrastructure exists.

Available biomass can be used directly (as a sonfreaergy for heating or
electricity generation) or converted into low carbguid biofuels for use in the
transportation sector. Table ESt2ows the results of an analysis which estimated th

® States included in this assessment are the sixBteyland states, New York, New Jersey, and Penasidy
Figures represent estimated resource availabititgroannual basis.
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amounts of low carbon fuel that could be producedd10 and 2020 from the conversion of
regionally available feedstocks into electriciiguid fuels (biodiesel and cellulosic ethanol),
and fuel for clean-burning heating units. Detagasgumptions for this analysis are presented
in Chapter 5 and in Appendix D. It is importantiate the numbers in Table ES-2 represent
conservative estimates of feedstocks from withearégion.

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

Type of Low Carbon 2010 Equivalent Gallons 2020 Equivalent Gallons

Fuel of gasoline or of gasoline or diesel
diesel (millions) (millions)

Electricity (MW) 849 200/600* 1,524 360/1,080*

Cellulosic ethanol - - 440 290

(millions of gallons)

Thermal energy 400,000 250| 1,000,000 630

(no. of homes heated)

Neat biodiesel 6.6 6.1 6.7 6.2

(millions of gallons)

*Gallons of equivalent gasoline/gallons of displhggsoline assuming electricity is used to powectek
vehicles (accounts for the efficiency of electrihicles).

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

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

Importantly, the analysis shows that productiotoef carbon fuels from locally
sourced feedstocks are potentially substantiableTES-4 shows that the use of feedstocks
to generate electricity has the greatest potetttigenerate energy from regional resources,
followed second by using feedstocks directly irrtine applications. If electricity generated
from regionally available sources is assumed togartial or all-electric vehicles, the
amount of equivalent energy produced increasesatreatly, as is demonstrated by the
figures in columns 3 and 5.
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Because NESCCAF did not conduct a formal resowrs@amability assessment as
part of this analysis, these estimates of low aarfioel production are purposefully based on
conservative estimates of likely resource avaiighillf sustainable levels of available
resources are higher than these estimates, thent@btfuel production could be accordingly
higher.

Looking Ahead

Currently, 11 states in the region are in the pgead developing a Memorandum of
Understanding on a Northeast and Mid-Atlantic LCH®ese states include Connecticut,
Delaware, Maine, Massachusetts, Maryland, New HampsNew Jersey, New York,
Pennsylvania, Rhode Island, and Vermont. By tltea#r2009, the states intend to present a
Memorandum of Understanding on an LCFS to the régigovernors for consideration.
There are currently six technical workgroups eviithgedifferent aspects of the LCFS
program and these workgroups are making recommiengdatn elements of the program.
Looking ahead, the states in the region will needeich consensus on specific program
elements, develop the MOU, and promulgate reguratio

With regard to developments in technologies, im@etation of the proposed federal
RFS is expected to increase production of advahu#dels. However, in light of the
current uncertainty over the development of th@piction capacity, CARB has included a
technology review in the LCFS proposed regulatidhis review will allow for adjustment
of carbon reduction requirements if volumes of axbeal fuels are not sufficient to meet
LCFS requirements.

Conclusions

Achieving a 10 percent carbon intensity reductiothie Northeast and Mid-Atlantic
would result in annual emissions reductions onotiter of those reduced by the California
motor vehicle GHG standards and would exceed treseed from implementation of the
RGGI program. In the early years of an LCFS, caamgle could be achieved with moderate
volumes of advanced biofuels. With full implemeita of a 10 percent reduction in carbon
intensity — such as California is proposing to megjin 2020 — significant volumes of
advanced biofuels and substantial numbers of aé¢atschnology vehicles, or a mix of the
two approaches would be required. These volumasiwdnced fuel and numbers of
advanced technology vehicles, while aggressivenarénfeasible: Several programs
currently in place could facilitate compliance witle LCFS. Namely, the RFS, if
implemented as proposed, will result in substamptiatiuction capacity for advanced
biofuels. The RGGI and RPS programs will lower ¢aebon intensity of electricity in the
Northeast. The Zero Emission Vehicle Program coeddlt in the placement of 500,000
plug-in hybrids in the region. A number of conalits in the Northeast will also facilitate
compliance. Electricity generated in the Northeastlts in relatively low lifecycle GHG
emissions on average, and there is sufficient eteetricity capacity to support large
numbers of electric vehicles. The region also hdstntial quantities of feedstocks that
could be used to produce fuels for compliance withLCFS or alternatively for compliance
with the RPS and RGGI programs. In short, compganith the LCFS — while feasible —
will require substantial changes in the vehicle airel market. These changes will be a
critical component of the overall strategy to reelBHG emissions and mitigate the
potentially severe consequences of global warming.
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Report Organization

The remainder of this report is divided into fivaxgons: Chapter 1 provides an
overview and summarizes the current political aagllatory context. Chapter 2 provides an
overview of what an LCFS is. Chapter 3 explorefedint potential compliance scenarios for
an LCFS designed to achieve target reductionsenage carbon intensity for Northeast
transportation and heating fuels. Chapter 4 dessiilow the states might regulate the carbon
content of fuels in the Northeast. Chapter 5 prisséne results of an analysis of regional
feedstocks and fuels such as woody and agricultuoahass, electricity, and municipal solid

waste.
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1. INTRODUCTION

The Northeast States Center for a Clean Air FUNESCCAF) is a non-profit
organization that promotes clean air through sifiemesearch and policy developmént.
This report aims to help regulators and policy mskancluding state-level air pollution
control officials and state legislators—understarmt a low carbon fuel standard
(LCFS) is and what key issues are likely to ansthe implementation of an LCFS in the
Northeast. In this report, the region is define@itiser the Northeast (encompassing the
eight NESCAUM states of Connecticut, Maine, Massaelts, New Hampshire, New
Jersey, New York, Rhode Island, and Vermont) omibwtheastern and mid-Atlantic
regions. The mid-Atlantic states, for the purposethis report, include Delaware,
Maryland, and Pennsylvania. Throughout the textrefer either to the Northeast or
northeastern and mid-Atlantic regions, dependingvbith states are included in the
analysis described.

1.1. Background - The Importance of Transport Sector Emssions

Transportation emissions comprise approximatelpe@ent of total GHG
emissions. Figure 1-1 describes the contributiodiféérent sources to total U.S. GHG
emissions. Emissions associated with electricyegation have the largest volume,
transportation-related emissions are second, feltblay combustion of natural gas and
other fuels in industrial processes (EPA 2008).

® NESCCAF has a sister organization called NESCAUNIct stands for Northeast States for Coordinated
Air Use Management. NESCAUM is an associatiorhefdir pollution control programs in Connecticut,
Maine, Massachusetts, New Hampshire, New Jersay, Yek, Rhode Island, and Vermont. The work
conducted for this report was done by NESCCAF. dthert is also intended to support the NESCAUM
and mid-Atlantic states’ evaluation of a low carbioal 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 aonsscome from passenger
cars, heavy trucks, and buses. Clearly, reducin@@hhissions from vehicles and
transportation fuels is an essential componenhgfaoad-based effort to address
climate change. In addition, reducing transportatielated GHG emissions is important
from the standpoint of reducing the nation’s degee on petroleum.

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

With the adoption of California’s Low Emission Vela (LEV) GHG standards,
the northeastern states have already put in plac@portant cornerstone of the region’s
strategy for reducing transportation-related GHGssions. The LCFS represents a
potentially important complement to this vehicleséd initiative. To evaluate its
potential contribution to an effective regionabséigy for reducing transport sector
emissions, state environmental officials need lzaddnpolicy-relevant research and
analysis. This study provides a technical basassess the merits and challenges of a
regional LCFS, and an initial evaluation of issaad factors that are specific to the
Northeast’s consideration of a regional LCFS.
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For example, the Northeast uses large volumessbfiéun space heating, and
given that heating fuel is similar to transportatfael, inclusion of heating fuel in the
scope of a regional LCFS in the Northeast presggtsficant GHG mitigation
opportunities. The possibility of incorporating heating oil intee Northeast's LCFS is
discussed in Chapters 3, 4, and 5.

This study has several principal objectives:

» Evaluates opportunities and challenges relatedegaoniplementation of an LCFS
for the region;

» Provides key insights for designing and implemenéin LCFS for the Northeast;
and

* Promotes and facilitates the adoption of a reglgreinsistent state program.

Additionally, this study builds on and adds to shubstantial research being
conducted on low carbon fuel options and relatdities by the California Air
Resources Board (CARB), the University of CalifarqUC Davis and UC Berkeley), the
U.S. Environmental Protection Agency (EPA), the &#an Provinces, and the European
Commission (CARB 2009; Wang 2005; EPA 2009; Cama®iarliament 2008; European
Commission 2008).

A number of important issues related to low carhais are not addressed in this
report. Among them, serious concerns over the @HiBsions associated with land-use
changes prompted by expanded biofuels productiga hat been researched as part of
this analysis. NESCCAF relied on existing inpateinissions modeling tools for the
analysis but did not conduct new research intoetlesues. Further, NESCCAF did not
conduct original research on potential impacts aewand air quality or biodiversity
from the increased use of biomass, mid-level ethlaleods, biodiesel, or other potential
environmental impacts directly or indirectly linkemthe region’s potential
implementation of an LCFS.

To garner expert advice in this effort, NESCCAFed a Project Advisory
Committee made up of representatives from the eggry community, industry,
academia, and environmental organizations. Therflitee has provided valuable input
and guidance at key junctures in NESCCAF's reseeffcnt.

1.2. Report Organization

The remainder of this report is divided into sixts@ns: Chapter 2 summarizes
the current political and regulatory context andatibes how an LCFS might be
structured. Chapter 3 explores different potemtahpliance scenarios for an LCFS
designed to achieve target reductions in averagmnoantensity for transportation and
heating fuels in the Northeast. Chapter 4 desciplssible approaches to regulating the
GHG content of fuels in the Northeast. Chaptergsents the results of an analysis of

" Throughout this report, “heating oil” refers tetillate fuel oil used for heating purposes. Thiserally
refers to No. 2 distillate oil and a very smallgetage of No. 6 fuel oil, which is used on a more
limited basis than No. 2. For a more detailed dpson of the use of heating oil in the Northeasfer to
Appendix C.
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local feedstocks such as woody and agriculturahbis, electricity, and municipal solid
waste and their potential production into low caribaels.
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2. WHAT IS ALOW CARBON FUEL STANDARD?

A Low Carbon Fuel Standard (LCFS) is a performapased standard designed
to reduce the GHG-intensity associated with th&pction, transport, and combustion of
transportation fuels. The only LCFS regulationhia world, adopted by the California
Air Resources Board and described in more detéoMgedefines transportation fuels as
those fuels used in passenger cars, trucks, amdamrehicles such as construction
equipment and boatsAn LCFS regulation requires a percentage redudtighe
intensity of GHGs emitted from the production arsé of transportation fuels, relative to
a baseline fuel. Because it is a performance-bsisediard, the LCFS is similar to other
fuels regulations that are currently in place, saglhe reformulated gasoline program —
which requires a percent reduction in the amouwnebicle smog-forming pollution
emitted relative to conventional gasoline. Whatingiishes a low carbon fuel standard
apart from other regulations is the requirement tbgulated entities conduct a full
lifecycle accounting of GHG emissions for fuelsukeged under the program.

In April of 2009, CARB adopted an LCFS that wilttece the intensity of
lifecycle GHG emissions associated with transpimmattuels 10 percent by 2020. The
program, when fully implemented, is expected tailtaa substantial GHG reductions
from the transportation sector. The State of Galih adopted the LCFS as an essential
component of a broader, integrated strategy faucied) GHG emissions under the
state’sGlobal Warming Solutions Act of 2008.B. 32). The overall goal of A.B. 32 is to
reduce California’s GHG emissions t01990 level20%0. To implement this
requirement, environmental regulators at CARB a&neetbping a Climate Change
Scoping Plan that “proposes a comprehensive sattmns designed to reduce overall
carbon emissions in California” (CARB 2008). Theofing Plan references California’s
LCFS as one of these actions, within a set of pnogrtargeting the transportation sector.
California’s actions and other recent initiativésed at reducing fuel-related GHG
emissions are discussed further in later sectibtisi®report.

The basic elements of the LCFS as required by CARBlescribed in the
following section.

2.1. Lifecycle assessment and calculation of average fuerbon
intensity

As mentioned above, a critical component of the §@-full lifecycle carbon
accounting. Accounting for lifecycle emissions meé#re standard includes all GHG
emissions associated with the production, storagesport, delivery, and combustion of
a given fuel. As an example, Figure 2-1 providgsahic depiction of the GHG
emissions that need to be accounted for as partifeficycle analysis for petroleum.

8 Fuels used in oceangoing vessels or aircraftegnelated internationally, and thus are not incluidetthe
scope of California’s LCFS.



Introducing a Low Carbon Fuel Standard in the Nedbt Page 2-2

A

A
. #Z‘ @ﬁ g
Tanker de\uer, F’lpehne Truck distributian

Qil extraction Qil refinery Storage Gas station Vehicle operation

Source: Wang and Delucchi 2005.

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

As can be seen in Figure 2-1, both “upstream” ataWhstream” emissions are
included in the lifecycle assessment. Thus, emissassociated with extraction of crude
oil; transport of the oil to a refinery; refinergtated emissions; emissions associated with
transporting the finished fuel to a wholesale disition facility; distribution to retail
outlets; and finally emissions associated with fi@hbustion in vehicles are included in
the baseline and in the calculation of fuel emissio

The GHG intensity of different fuels is typicallx@essed as full lifecycle
emissions per unit of energy content. The LCFSirequa percent reduction in the
carbon intensity of fuel, measured in £€yuivalent emissions per megajoule (MJ) of
energy (CQe/MJ), relative to the baseline fuel. It is impottéo note that an LCFS, like
other fuel regulations, does not cap total fuedtesd emissions—actual emissions will
depend on the total amount of fuel consumed, wimi¢birn depends on vehicle
efficiency and miles traveled. Rather, the LCFSthrthe amount of emissions generated
per unit of fuel energy used.

Figure 2-2 below illustrates the calculation of iagge fuel carbon intensity
(AFCI) for a mixture of fuels with different lifecye characteristics and sales volumes.
This calculation is central to implementing an LCHE3nce a weighted average AFCI is
calculated for all fuels sold in a given year, tlasult can be compared to a baseline
AFCI to determine whether overall targets for reaus in the intensity of fuel GHG
emissions have been met.

° This figure provides an illustration only. The sifie emissions sources that must be taken into@ucas
part of a similar analysis for other fuels will feif.
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Figure 2-2. Calculating Average Fuel Carbon Intengy (AFCI)

The California LCFS requires a gradual reductiothenGHG intensity of
gasoline and diesel between 2011 and 2020. Theeghaof the standards is shown in

Table 2-1.
Table 2-1. CARB LCFS Compliance Schedule
Carbon Gasoline and Carbon Intensity Diesel and
Intensity Fuels for Diesel and Fuels
for Gasoline Substituting for Fuels Substituting for
Year and Fuels Gasoline Substituting for Diesel
Substituting for % Reduction Diesel % Reduction
Gasoline (o/MJ)
(/M1
2010 Reporting Cnly
2011 95 61 0.25% S4 47 0.25%
2012 95 37 0.5% S 24 0.5%
2013 94 59 1.0% 93.76 1.0%:
2014 24 .41 1.5% 93.29 1.5%:
2015 9345 2.5% 92 34 2.5%
2018 9250 3.5% 51.40 3.5%
2017 91.06 5.0% 85 497 5.0%
20158 2062 E.5% B8B.55 G.5%
20149 2815 2.0% 87.13 5.0%
2020 and
subsequent 8627 10.0% 85.24 10.0%

WEArS

Source: CARB 2009; Proposed Regulation to Implernttemtow Carbon Fuel Standard.
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2.2. Political and Regulatory Context for Adoption of the LCFS

This section provides background information on hiog/LCFS forms a part of
an integrated strategy to reduce man-made GHG emsss

2.2.1.International Context

As early as 1992, international awareness of theymatential risks associated
with global warming led 160 countries, including tbnited States, to adopt a
Framework Convention on Climate Change with theedtabjective of achieving
“stabilization of greenhouse gas concentratiorthénatmosphere at a level that would
prevent dangerous anthropogenic interference Wwélclimate system” (UN 1992).

Toward this objective, signatories pledged to wiorktabilize greenhouse gas
emissions. A number of industrialized countriggia including the United States,
adopted the specific near-term goal of returning3>¢missions in 2000 to 1990 levels.
It subsequently became evident that most couninekiding the United States, were not
on track to meet this objective. In response,g@atb the Framework Convention
adopted the Kyoto Protocol in 1997, which includadyets and timetables for reducing
GHG emissions to specific levels for each countkg. of early 2003, 102 countries had
ratified or acceded to the Protocol. However, tmgédl States—citing economic
concerns—has not ratified the Kyoto Protocol.

Notwithstanding the federal government’s reluctandde 1990s to impose
mandatory limits on GHG emissions, many state andllleaders had become
sufficiently concerned about the issue of climdtange by the end of the 1990s to adopt
a range of measures aimed at reducing GHG emissitinis their jurisdictions. This
trend began with a few leading states in the eE880s, but has accelerated recently.
Between 2001 and 2008, over 30 states passed gelaten or executive orders
specifically aimed at addressing climate changev(B&09)° These policies include
comprehensive state action plans with quantita@itAs reduction targets, mandatory
GHG reporting requirements, and regulations lingitsmissions from a specific sector
such as electric power generation or transportation

2.2.2.Federal Efforts to Reduce Petroleum Consumption

Renewable Fuel Standard (RFYS)

The federal Renewable Fuel Standard (RFS), firgptadl in the Energy Policy
Act of 2005 and subsequently amended in the Enedgpendence and Security Act of
2007 (EISA), attempts to respond to energy secanty environmental concerns by
mandating a steady increase in the volume of reblewael included the U.S.
transportation fuel supply over the next decadeahdlf. The mandate was significantly
expanded under EISA, which requires 36 billion @adl of renewable fuels by 2022. In
May 2009, EPA issued a proposed rule for the RESpakt of that rule, EPA is required
to establish two general categories of renewalde éonventional biofuels (i.e., ethanol
derived from corn starch) and advanced biofuelsiddithe new rule, the federal RFS

10 Additionally, other states adopted measures tlaewot expressly aimed at climate change butlglear
were driven at least in part by the issue of glataiming.
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will account for direct emissions of GHGs and sligaint indirect emissions, such as
emissions from land use changes. All stages ofdndlfeedstock production and
distribution are to be included. Specific RFS pevgirequirements under current law are
summarized in Table 2-2.

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

Conventional Biofuels* Advanced Biofuels?
EISA Corn Corn Cellulosic Biofuel Other Advanced Biomass Based
Requirements Ethanol Ethanol (new o Biofuels Diesel
(existing expanded
facilities)™ facilities)
(\1/83“(;?) +13.4 +16 = 16.0 =40 -1.0
Volumes
Expected/
Required for Cor _ _
Ethanol and =150 =21.0
Advanced
Biofuels (10 Gal)
Total Volume 36 billion gallons annually
Year 2015 2022 2022 2012
GHG Baseline None 20% 60% 50% 50%
Reduction

Sources: EISA 2007, Renewable Fuels Associatioi®200

An analysis conducted by the Renewable Fuels AaBoni(RFA) estimates that
the RFS will allow as much as 13.4 billion gallmisorn ethanol per year to be
incorporated into transportation fuels without asgociated GHG reduction requirement
(RFA 2008). The remaining 1.6 billion gallons afrc ethanol subject to the mandate
must achieve at least a 20 percent reductionaylitle GHG emissions compared to
conventional gasoline. Use of an additional 2lidmlgallons of “advanced biofuels”
will be required by 2022. The RFS defines the t&aidvanced biofuels” to include:

" The estimates in Table 2-2 of corn ethanol galivage provided by the Renewable Fuels Association.
2 The number of gallons of advanced biofuels listefiable 2-2 is specified in the EISA legislation.

13 For corn ethanol produced in plants constructéat po the effective date of EISA, no reduction in
lifecycle GHG emissions are required. For corranti produced in plants where construction commence
after the effective date of EISA (or in plants that expanded after the effective date of EISA) @&cent
reduction requirement in lifecycle GHG emissiongeiguired.
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« Cellulosic biofuel derived from plant cellulose nhieellulose, or lignin*
» Ethanol derived from sugar or starch other tham starch;

» Ethanol derived from specified waste materials.(em@p residues,
vegetative waste, animal waste, food waste, yasteya

 Biomass-based diesel;

» Biogas (e.g., landfill gas, sewage waste treatrgas} derived from
renewable biomass;

« Butanol or other alcohols derived from renewabtaiass; and
e Other fuel derived from cellulosic biomass.

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

Importantly, the RFS does not impose any conssaintthe carbon intensity of
the non-renewable portion of the transportation foie, which will continue to account
for as much as 80 percent of all fuel use by thesport secto NESCCAF estimates
that under a best case scenario, the RFS will eettaasportation fuel-related GHG
emissions in the Northeast by 2.7 percent in 2620hus, the federal RFS could
complement efforts in the Northeast to achieve Gi@ssion reductions through an
LCFS.

2.2.3.Federal Fuel Economy Standards

In January 2009, the Administration approved a D&partment of
Transportation proposal to increase the fuel ecognoincars produced after 2011. In May
2009, the National Highway Traffic Safety Admingation and EPA jointly announced a
rulemaking to increase the fuel economy of passerays to 35 miles per gallon in 2016
and to regulate motor vehicle GHG emissions. Tardsrds will result in passenger car
GHG emissions nationwide in 2016 that are equivatestringency to the California
motor vehicle GHG standards.

14 According to the definition of “cellulosic biofu&lthe raw materials must be derived from “renewveabl
biomass,” which includes planted crops and croloesproduced on pre-existing agricultural land. (i.
land that was already cleared prior to the effectiate of the law); planted trees and tree redidue tree
plantations on non-federal, previously cleared jamimal waste material and animal byproductsslas
and pre-commercial thinnings from non-federal $tlends; biomass cleared from lands for the sole
purpose of protecting people, buildings, and publiastructure from risk of wildfire; algae; andparated
yard waste or food waste.

!> Thus, increases in use of high carbon fuels, ssduels derived from tar sands, to make diesel and
gasoline will not be addressed by the RFS.

%% This assumes that advanced biofuels are distdbexenly throughout the U.S. Additional informatio
on this estimation can be found in Chapter IV, ScenAnalysis.
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2.2.4.California’s Low Carbon Fuel Standard

In April 2009, the California Air Resources Boargpaoved the low carbon fuel
standard. CARB staff are now in the process ofesking comments on the regulation
and California anticipates finalizing the regulatioy the end of 2009. The LCFS
requires regulated entities to reduce the carbmmsity of California’s transportation
fuels by at least 10 percent in 2020.

California’s LCFS covers all gasoline and diesel fused by transportation
sources, with the exception of fuels used in asma#ind by ocean-going vessels. CARB
staff have released anitial Statement of Reasossapporting the program adoption.

Many of the entities regulated under the federabRFogram will also be
regulated under the California LCFS. In addititre 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 progneof regulatory and market
mechanisms to achieve quantifiable and cost-effecgductions of GHGs. Specifically,
under A.B. 32, CARB is required to:

» Establish a statewide GHG emissions cap for 202€gd on 1990
emissions;

* Adopt mandatory reporting rules for significant szmas of GHGs;

» Develop a plan for achieving emission reductionsfisignificant GHG
sources via regulations, market mechanisms, aret atttions;

* Adopt regulations by January 1, 2011 that achies®imum
technologically feasible and cost-effective redutsiin GHGSs, including
provisions for using both market mechanisms aretraditive compliance
mechanisms;

» Evaluate various factors relevant to the implem@eof a program to
reduce the state’s GHG emissions, including impact€alifornia’s
economy, the environment, and public health; edogttyveen regulated
entities; electricity reliability; and conformanagth other environmental
laws.

CARB'’s Scoping Plan further develops three intesed program components to
address the major factors that determine emissiotie transportation sector: (1) vehicle
technology, (2) fuels, and (3) vehicle use. The BG$-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 o similar to California’s;
like California they are also grappling with conteabout the sustainability and indirect
impacts of these policies—concerns that are inorghsbeing voiced by environmental
organizations and governments in other nationsecfip LCFS-related initiatives in
other countries include:
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» European Union: The European Commission has revised its Fuel Quali
Directive to include a required reduction in thfediycle GHGs associated
with fuels. The goal of this revision is to redube average GHG
intensity of transportation fuels used in Europeg&€cent 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, thaquiges 5 percent by
volume of all road transportation fuel to be renkledy 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 irtieaspassenger
vehicles by 2020.

Additional countries are actively examining thetausability and GHG impacts
of biofuels:

* Netherlands: The “Cramer Commission” report published in Jufé&
established sustainability principles and suggestiteria for biofuels
(Archer 2007).

* Germany: Germany’s federal environment agendyweltbundesamt
(UBA) is investigating the development of a susdditity certification for
biofuels in conjunction with the Institute for Eggrand Environmental
Research (IFEU) and the International Council oea@|Transportation
(ICCT) (UBA 2008).

2.2.7.Northeast State Climate Initiatives

The northeastern states have led the nation iblestang initiatives and
programs to address climate change. In 2001, tide@nce of New England Governors
and Eastern Canadian Premiers (NEG/ECP) adoptegi@al Climate Change Action
Plan (NEG/ECP 2001). The plan establishes an lingtiget for stabilizing aggregate
GHG emissions in New England, Quebec, New Brunsyhldva Scotia, Newfoundland,
and Prince Edward Island at 1990 levels by 20192®0, the NEG/ECP plan calls for
reducing emissions 10 percent below 1990 levels suibstantial further reductions (or
as much as 75 percent—80 percent) to be achievasequent years. In response to the
expected increase in regional emissions attribatttbthe transportation sector, the
regional plan and state specific plans target n@shas for reductions in vehicle miles
traveled (VMT) and fuel economy.

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

State Legislation or Plan Year Emission Reduction Targets
Enacted 2010 2020 2050
CT |Act Concerning CT Globy 2008 10% below 1990 80% below
Warming Solutions levels 1990 levels
ME | Actto Provide Leadership 2003 1990 levelg 10% below 199%%-80% belov
in Addressing the Threat levels 1990 levels
Climate Change
MA  |Global Warning Solution§ 2008 10-20% below| 80% below
Act 1990 levels 1990 levels
NH NEG/ECP Climate Change Action Plan Targets
NJ |Global Warming Respon; 2008 1990 levels 80% belowy
Act 2006 levels
NY State Energy Plan and, 2002 5% below | 10% below 199(
Final Impact Statement 1990 levels levels
PA | Climate Change Roadmi 2007 25% below 200q 80% below
emissions by 2042007 emissio
levels by 2050
RI Global Warming Solution Pending 20% below 1990 80% below
Act levels 1990 levels
VT NEG/ECP Climate Change Action Plan Targets

Sources: Various state climate change action plans

It is worth noting that the Massachus@®98 Global Warming Solutions Act
includes requirements for biofuels. Specificallystlegislation mandates the use of
2 percent biodiesel in transportation fuels by 2848 5 percent by 2015; it also provides
tax incentives for the production of cellulosicatbl. Additional actions to reach
Massachusetts’ aggressive emissions reduction golalse outlined in an implementing
plan that the state expects to release in 2009.

The above described efforts at the federal ané $&tatls to restrict passenger car
and light truck tailpipe emissions will result inlsstantial reductions in transportation
GHG emissions. These efforts, when combined with@RS to reduce the carbon
intensity of transportation fuels, and initiativesreduce miles driven each year will
bring the states and the federal government closire goal of reducing the impacts of
climate change. The LCFS is a critical componériis overall strategy.
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3. LOW CARBON FUEL VOLUME REQUIREMENTS

This chapter presents results from a NESCCAF aisabfstrategies that could be
used to achieve a 10 percent reduction in the geerarbon intensity of transportation
fuels in the eight NESCAUM staté5.NESCCAF considered several combinations of
low carbon fuels and calculated the volumes thghiribe required in order to meet a 10
percent LCFS by 2020. The results provide insigittsthe challenges and opportunities
that might result from the implementation of a Hdqent reduction in Average Fuel
Carbon Intensity (AFCI) in the Northed8tAn understanding of the volumes of different
types of fuels that might be required to complyhwah LCFS can inform key
programmatic decisions and help identify poterdtatacles to the successful
implementation of a low carbon fuels program.

Importantly, NESCCAF did not attempt to assesgébhanical feasibility or
market readiness of potential fuel types or LCF@mieance scenarios. Therefore, the
scenarios presented in this report should not teedgreted as recommendations or even
plausible projections; rather, they are illustratof the volumes of different types of fuels
that would be needed to comply with a specific oarimtensity (CI) reduction target
under an LCFS. Indeed, in some cases, the scemist volumes of advanced fuels or
vehicles that may greatly exceed likely prospeatscdbmmercialization.

It is also important to note that regulated ergiti@ght choose from an unlimited
number of possible combinations of fuel pathwaysamply with an LCFS.
Furthermore, the composition of the baseline fagls mechanisms for reducing AFCI,
and specification of certain carbon intensity valugll depend on a number of key
program decisions that may differ from the assuomstin this analysis. For these
reasons, it would be difficult to assign a meanshgfobability to a particular
compliance scenario. Instead, NESCCAF has chosélngtrate the scope of the
compliance challenge through simple boundary aealyand to present several example
scenarios that illustrate points of particular iegt — namely, the quantities of certain
substitute fuels that could be required to med percent reduction target.

As discussed earlier, the impact of a particulat fathway on AFCI depends on
both its Cl and its sales volume. For exampleél$ are available that achieve very low
carbon intensity levels, a regulated entity wowdechto supply a relatively small volume
to reduce their average CI. Alternatively, a regedeentity could choose to comply using
a larger volume of less advanced fuel. Using a lbropse to illustrate the interaction of
Cl and volume, Figure 3-1 shows the volume of eth#mat would be required to reduce
gasoline AFCI by 10 percent across a range of etfanvalues. Figure 3-2 shows a
similar effect for biodiesel on the diesel AFCI.tRohat these are idealized examples. In
practice, regulated entities would likely supplgaanbination of lower-Cl and higher-Cl
fuels.

" The eight NESCAUM states are Connecticut, Mainasséchusetts, New Hampshire, New Jersey, New
York, Rhode Island, and Vermont.

18 Average Fuel Carbon Intensity (AFCI) is the metried to determine compliance with a Low Carbon
Fuel Standard. A detailed explanation of the AR@Lric can be found in Chapter 2.
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Figure 3-2: Biodiesel Volume Required for 10 PercdrReduction in 2020 Diesel

3.1. Assumptions and Limitations of Analysis

AFCI, NESCAUM region

A critical question for policy makers concerns ghausibility of the assumptions
that underlie the compliance scenarios discusséudrchapter. As previously discussed,
the purpose of these scenarios is not to suggastithy are likely to be realized in the
2020 timeframe, but rather to illustrate the scdlthe challenge that would accompany a
10 percent AFCI reduction for both baselines inNlogtheast. Due to the pre-commercial
status of the technologies that have been eval@st@dtential low carbon substitutes, the
likelihood of achieving substantial ClI reductionsrh either baseline by 2020 remains
highly speculative.

We also note that the scenarios presented herede=xpbtential technologies for
heavy-duty vehicles that are currently under dgualent, such as medium-duty plug-in
hybrid trucks. A number of these vehicles are alyeoperating in pilot programs, and

commercial-scale deployment may be possible inréuears. Their usefulness in

complying with an LCFS depends on many of the sank@owns regarding grid mix,
vehicle specifications, and user behavior thatyapplight-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 EMSRIHEVS in use in the
NESCAUM states by 2020, representing 9 to 17 pemkthne total light-duty vehicle
fleet. Achieving these fleet penetration levelsldoequire annual sales on the order of
12 to 36 percent of the total market by 2020. Gitiext no grid-connected electric-drive
vehicles are currently available for sale in siguaifit numbers, these market penetration
rates are very optimistic. For comparison, Toyota&t mainstream hybrid (the Prius)
first went on sale in 1997; Toyota now offers sigdals of hybrids that together
comprise 12 percent of Toyota’s annual sales. S0enarios assume penetration rates for
both EVs and PHEVs that match or far exceed Togdtgbrid sales trajectory for the
entire fleet (all manufacturers) by 2020.

While these sales numbers are unlikely, they aténconceivable. Many
automakers have announced ambitious product ptaregdizanced vehicles that, if
aggressively implemented, could signal an unpregedeshift in the makeup of the U.S.
light-duty fleet. As examples, GM has announcethglto offer the Volt (a PHEV with a
40-mile all-electric range) for sale in 2010. Taybias announced plans to deploy 300
PHEVs worldwide in 2010. Chrysler is considerindeatst two EV models for release in
2010. Mitsubishi plans to introduce an electribicke with a range of 100 miles in 2010.
Nissan has announced a pure electric car for fleé#®10 and for sale to retail
consumers in 2012. Numerous variables will affetial EV and PHEV sales, including:
gasoline prices, tax credits, availability of majelehicle performance, federal and state
incentives or mandates, the availability of “smaittarging infrastructure, among other
factors.

If these optimistic sales volumes were to be redlin the Northeast's fleet, they
would represent a substantial increase in elettritdmand, on the order of 14,000 GWh
for the less aggressive scenarios and 22,000 GWhédamore aggressive scenario. This
represents 4 percent and 7 percent, respectiviegtad electricity consumption in the
NESCAUM region in 2005. If these vehicles were dgearexclusively when extra
electricity capacity exists, such as nighttime,ddditional demand could likely be met
without the need for new generating capacity inréggon. However, because some of
this demand would be served by coal plants, chgngimen extra capacity exists may not
provide the lowest possible carbon intensity vdrdransportation electricity. The
assumptions used in this analysis to charactenzedle of electricity as a low carbon
transportation fuel are discussed in Section 31Bisfchapter and in more detail in
Chapter 5 and Appendix A.

3.1.2.Biofuels

Our scenarios assume 0.9 to 1.5 billion gallonsdvianced ethanol (with carbon
intensities of 0 to 48 g/MJ) and 710 to 840 millgedlons of advanced biodiesel in 2020
(with carbon intensities of 20 to 47 g/MJ). Thestumes are in addition to the 1.75
billion gallons of new and advanced ethanol and i24lon gallons of advanced
biodiesel that NESCCAF estimates could be soltiérégion due to mandates in the
federal Renewable Fuels Standard (RFS2). For cosgua according to industry
estimates 460 million gallons of biodiesel andhilBon gallons of corn ethanol were
produced in the U.S. in 2007 (National BiodieseaB&b2009; Renewable Fuels
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Association 2009). No advanced, low carbon ethanbiodiesel is currently being
produced in large quantities - although a numbgaromising technologies are under
development, such as: production of biodiesel fedgae, production of paraffins from
wood, conversion of cellulosic feedstocks for etflgamoduction, and other innovative
approaches. Considering the pre-commercial stdttieese advanced biofuel
technologies, the volumes envisioned in the compéascenarios (and perhaps even the
volumes called for under RFS2) are highly optinisiowever, it is plausible that some
of the advanced biofuels which are currently urdarelopment will be available in
significant quantities by 2020.

3.1.3.0ther Key Assumptions

In all scenarios presented in this report, we agsamenergy economy ratio
(EER) of 4.0 for EVs and 2.4 for PHEVs, and we assthat the federal RFS will result
in 1.3 billion gallons of cellulosic ethanol (dedith as achieving a 60 percent carbon
intensity reduction from the gasoline baseline)) &fllion gallons of “advanced”
ethanol (defined as achieving a 50 percent lowdyaraintensity than gasoline), and 200
million gallons of “new” corn ethanol (20 perceatMer carbon intensity than gasoline)
delivered in the Northeast by 2020.

Numerous additional assumptions bear directly endiéssign and outcomes of
most scenario projections. When evaluating seftyitio multiple variables, the number
of potential scenarios can quickly become imprattic simulate and to interpret. For
the purpose of the scenario discussions presemtidsichapter, we chose to “lock in”
certain assumptions in order to facilitate commariamong scenarios. This should not
be taken as a recommendation of a specific poltpn. The benefits and drawbacks to
each approach are explored in detail in Chapter 4.

' The energy economy ratio (EER) is a measure oétleegy efficiency of an electric drive vehicle
relative to a baseline conventional vehicle. Hédined as the distance an EV will travel dividgdthe
distance a reference vehicle will travel for a giwnount of energy. For example, an EV with EER of
will travel four times farther than a conventionahicle using the same amount of energy. A more
detailed description of EER is found in Section.B.&f this chapter.
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Table 3-1. Summary of Key Assumptions Common to AlBcenarios

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-Sta8CAUM Region
Electric vehicle (EV) Energy Economy Ratio (EER) 14,
Plug-in hybrid-electric vehicle (PHEV) EER 24

3.2. Scenario Descriptions

This section describes three gasoline and two dioesepliance scenarios. Two
important points bear repeating here. First, nud where advanced biofuels are
envisioned, these fuels could in theory be deriveoh a variety of different feedstocks,
such as woody biomass or municipal solid wastegudifferent production processes.
Any number of combinations of advanced fuels cgil@ an average carbon intensity
value equivalent to those illustrated here for digalar biofuel. Secondly, as noted
previously, NESCCAF did not study the technicabkfbgity or market readiness of
advanced or emerging biofuel technologies. Ratharscenario analysis is intended only
to illustrate the quantities of various types dalfuthat would be required to meet a 10
percent AFCI reduction target.

3.2.1.Baseline

Regulators may choose to define the baseline fueisn one of several ways. In
order to simplify the discussion and interpretatwdnhe scenarios in this report, and to
avoid pre-supposing the outcomes of ongoing palisgussions, NESCCAF opted to
assume idealized baseline fuel mixes for both gasaind diesel. The region’s gasoline
has contained increasing percentages of ethambgalexclusively produced from corn
feedstocks using conventional methods) since tlasgsout of MBE in the middle of
this decade. Depending on regulators’ approacklecsng a baseline year and defining
the composition of the baseline fuel mix, the “dem& baseline may in fact include up
to 10 percent ethanol by volume. Therefore, dependn the CI value assigned to this
ethanol, the gasoline baseline CI could vary wibheyear. For the purpose of this
analysis, NESCCAF assigned baseline ethanol alGéa 96.7 gC@e/MJ, which is
equivalent to that of gasoline blendstock (RBOBYdhsequence of this assumption is
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that the precise volume of ethanol in the baselmes not affect the baseline carbon
intensity.

For diesel fuel, the Northeast’s fuels mix has geghwith each recent year as
sulfur limits have been phased in, first for higlywgesel, then for nonroad diesel, and
potentially in the future for fuel oil used for hieg. This is significant because low-
sulfur diesel has a higher carbon intensity thagsdmnventional diesel fuel. This is
mainly due to the energy consumed in the de-saHition process. Thus, as with
gasoline, the precise year and composition fobtseline fuel will affect the baseline
carbon intensity from which reductions are souflgin, as with the gasoline baseline,
NESCCAF opted to model an idealized baseline diestlthat meets the ultra-low-
sulfur diesel (ULSD) standard currently in place igghway diesel, and to assume that
this fuel would be used for all distillate markatgshe baseline and scenario years. While
this will result in a lower ClI value, it will simffy the interpretation of the scenarios; in
addition, it may be an advisable policy approactrater to avoid any conflict between
important de-sulfurization programs and an LCFS.

The scenarios in this report incorporate severpbimant assumptions about the
federal RFS. First, all scenarios in this reposuase that the Northeast receives a
proportional share, based on population, of theaded biofuels required nationally
under the RFS. If the several types of fuel masutidly the RFS are disproportionately
distributed to one region of the county (e.g.h# Northeast were to get more or less than
its proportional share of the national supply ang type of biofuel), the result could be
to increase or decrease the impact of the RFSeoretiion’s AFCI. Second, we assume
that the RFS-mandated advanced biofuels will bensernially available in substantial
volumes within the next decade. While biofuel pretibn technologies have made
promising advances, it is far from certain thastheypes of fuels will be commercialized
so quickly. Finally, we assume that no additiorfelrmyes are made to the RFS between
its adoption in 2007 and our target scenario y¢2080. Given the above assumptions,
NESCCAF estimates the impact of the RFS in the id@st 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 lasdéliels mix and 2020
business-as-usual projected fuels mix are sumnihbew in Table 3-2.

Table 3-2. Fuel and Fleet Volumes for Baseline ar8lusiness-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 (x1076) 28 36






