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Executive Summary

Introduction

This report summarizes the results of an analyfgetential economic impacts of
reducing carbon emissions from transportation furethe eleven state northeast and
mid-Atlantic region® On a regional basis, the transportation sectaswats for about
one-third of all greenhouse gas (GHG) emissionarMe.00 percent of the
transportation fuel used in the region is impofteth outside the eleven states.

The results of the analysis suggest that the tiiango lower carbon fuels could provide
important energy security, climate change, and ecotn benefits in the region. For
example, electricity, advanced biofuels, and natyma are low carbon fuels not yet
widely used in the region for transportation. Adyral transition to one or more of these
fuels would reduce carbon emissions and thosehefr dtarmful pollutants, enhance
energy independence and reduce vulnerability emwings in imported petroleum, and
create jobs in the region. The primary purposénisfiteport is to assist states as they
evaluate the potential for implementing a regianehn fuels program that could reap
these benefits.

One of the policy tools under evaluation is a ragldow carbon fuel standard or clean
fuels standard (CFS), which is a fuel-neutral, retkased program that would require a
reduction in the overall carbon intensity (CI) bétregion’s transportation fuels over
time. Carbon intensity is a measure of GHGs ret#s®ughout a fuel’s full lifecycle,
including extraction, production, transport, contimrs and indirect effects, per unit of
energy produced. In simple terms, the program wawdk by assigning a Cl score for
all fuel pathways, calculating the average CI far &pplicable pool of fuels at the
beginning of the program, and establishing a taagetage CI value to be achieved by a
specified date.

This program would allow all fuels to compete basaedheir greenhouse gas impacts
and costs. It would create incentives for advamtésofuels and promote broader
deployment of other low carbon transportation figeish as electricity and natural gas.
By establishing a standard of performance for fusish a program could create
competition among producers leading to technoldgmevation, and would provide
industry with flexibility to employ the most costfective approaches for meeting
program requirements.

This analysis of the costs and benefits of a regjiolean fuels standardm®t designed
as a forecasof future economic conditions, fuel prices, Cl \veduor rates of innovation
and market penetration for low carbon fuels. Ratther study’s design recognizes the
significant uncertainties surrounding future valtesimportant factors, and constructs

! The eleven participating states are Connecticeta®are, Maine, Massachusetts, Maryland, New Hamgdkiew
Jersey, New York, Pennsylvania, Rhode Island anthdat.
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several “what if?” scenarios with assumptions desigto explicitly address key
uncertainties.

The results include modeled impacts on: (1) gasdimd diesel demand; (2) GHG
emissions; (3) fuel expenditures, delivery infrasture, and the vehicle mix; and (4)
macroeconomic factors such as employment, grossnagproduct, real disposable
personal income, and value-added changes by iydsesttor. Notably, the analysis did
not attempt to identify and quantify other likelffexts of the transition to cleaner fuels,
such as improved public health and reduced healéh @osts.

Although this economic analysis focused on theweatadn of a generic CFS that
achieves a specified Cl reduction in given timaqekrthe data and tools used in this
assessment may help in the evaluation of otheranogjthat achieve similar reductions
in the carbon intensity of fuels.

Key Findings
This analysis found that the program analyzed could

* reduce GHG emissions by introducing more low carfoefs into the
transportation sector;

* reduce gasoline and diesel use by 12 to 29 pe(édhto 8.7 billion gallons
annually) once the program is fully implemented,;

* enhance energy security by diversifying transpmmafuels away from those
produced from imported oil and toward domesticraléves such as advanced
biofuels, electricity and natural gas with morebteprices;

» achieve overall net savings on transportation ceben oil prices are high and
near parity at low oil prices; and

» achieve these goals with a small but positive impagobs, gross regional
product, and disposable personal income withindigeon.

Other important findings based on this analysifuihe:

* gasoline and diesel would continue as the domitransportation fuels in the
region for the next decade (providing from 80 top&rcent of fuel energy use
under low oil prices, and 73 to 81 percent of eperge under high oil prices);

» among the low carbon fuels evaluated, electricitywales the largest reductions
in petroleum energy use; and

» greater volumes of low carbon fuels are needed WHeralues are high; this
results in higher overall costs (for fuels, infrasture, and vehicles) to meet a
given target compared to using fuels with low Cues, but also greater
reductions in gasoline and diesel use and moréfisigmt benefits associated with
those reductions.

The most important variables driving the resultshef analysis include:
» the price of petroleum;
» the price of low carbon alternatives (fuel, infrasture and vehicles); and
» the carbon intensity of petroleum and low carbagisu
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A range of values were used to capture the unaeylyncertainties in these variables to
the extent feasible.

Methods and Data

NESCAUM analyzed a regional CFS that would acheu® percent reduction in the
carbon intensity of transportation fuels over ayg@s period. The participating states and
interested stakeholders provided considerablehhsig the appropriate design for this
study. Key data sources used in this analysis deddpeer-reviewed studies, government
sources, industry sources, reports, and databBsespture the range of uncertainty for
important variables, sources were surveyed foresthat could be used as reasonable
representations of lower- and upper-end valuesases where empirical studies were
limited, a range of estimates representing “optiicii@nd “pessimistic” boundary values
were developed by extrapolating related data.

The analysis evaluated the program’s effect onmalau of metrics including:
» gasoline and diesel demand,;
* GHG emissions;
» changes in fuel expenditures, delivery infrastrietand the number of advanced
vehicles in the fleet; and
* macroeconomic factors such as employment, grossnagroduct, disposable
personal income, and industry value-added.

Table ES-1presents the design features of three main cadshrction scenarios and

two sensitivity scenarios that were analyzed is study. The three core policy scenarios
each demonstrate a 10 percent Cl reduction ovgeafs (assumed to be 2013 to 2022).
In this analysis, it was assumed that the largehictions are made in the latter part of
the 10-year period. For the purposes of this stNdBGCAUM focused on three types of
potential low carbon fuel alternatives: advancexfu®ls, electricity and natural gas. Each
scenario depicts one fuel type more favorably asdimes that fuel will achieve 60
percent of the ClI reduction required in the scenbeing analyzed. The low-end range of
Cl scores and cost are applied to the preferrddriteach scenario. The other two low
carbon fuel types are each assumed to achiever2@rpef the reduction and are
assigned high-end CIl and cost values.

NESCAUM also evaluated other possible reductiomages—5 percent over 10 years
and 15 percent over 15 years—to explore the impidaty variables such as program
stringency, implementation schedule, and the aviithaof low cost, low CI fuels on
results. The 5 percent scenario assumes the hilofahe Cl and cost range for all three
fuel types. The 15 percent scenario assumes thehalhof the Cl and cost ranges for all
three. Together, these scenarios are intendeatader decision-makers with information
about the impacts of a regional clean fuels stahdader a wide range of potential
market responses to the program’s requirements.

All policy scenarios were compared to two businesstsual (BAU) reference cases. The
BAU is intended to represent the transportatiot fiugrket absent policy intervention
and provides a baseline against which to compar@npacts of a clean fuels program.
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This analysis employed two BAU cases, reflecting &md high oil price forecasts based
on the U.S. Energy Information Administratiosnual Energy OutloofAEQO) 2010.
These low and high oil price forecasts predict 2@2ail gasoline prices at $3.79 and
$5.50 per gallon, in nominal terms, respective\nother assumption that varies across
the BAU cases is the carbon intensity of gasolim @iesel. These are assumed to stay
constant in the low oil price BAU case and increaseually under high oil prices. The
Low and High Oil Price BAU cases also reflect diéfet rates of compliance with
existing regulations, including the federal Reneldtuel Standard and state Zero
Emission Vehicle programs.

Table ES-1. Policy Scenarios Evaluated

Design Features and Key Assumptions

10% Policy
Scenarios Contribution to Average Fuel Fuel, Availability of
10% CI Target Carbon Infrastructure, Regional
Intensity and Vehicle Costs Biomass
Biofuels Future
Biofuels 60% Low Low High
Electricity 20% High High n/a
Natural gas 20% High High n/a
Natural Gas Future
Natural gas 60% Low Low High
Biofuels 20% High High Low
Electricity 20% High High n/a
Electricity Future
Electricity 60% Low Low n/a
Biofuels 20% High High Low
Natural gas 20% High High Low
5% Scenario Contribution to
5% CI Target
Biofuels 33% High High Low
Electricity 33% High High n/a
Natural gas 33% High High Low
15%/ 15 Yr. Scenario | Contribution to
15% CI Target
Biofuels 33% Low Low High
Electricity 33% Low Low n/a
Natural gas 33% Low Low High

Note: “n/a” is not applicable, and refers to thetfthat no biomass was used for the productidhaiffuel

in the given scenario.

TheREMI Policy Insighimodel, a multi-state economic policy analysis tews used to
assess the macroeconomic impacts of these scenBn®sersion of the model used in

2 These prices, as well as other costs and benefitesented throughout this analysis, were adjustezal 2010
dollars using an implicit price deflator.
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this analysis covers the six New England states; B&rsey, New York, Delaware,
Maryland, Pennsylvania, and the District of Coluabi

Results

Impact on Transportation Fuel Diversity and Demand

This analysis suggests that a clean fuels progmandshift the composition of the
region’s transportation fuels from one totally doated by gasoline (blended with 10
percent conventional ethanol) and diesel to a rdmerse mix that includes new
advanced liquid biofuels, electricity and naturas grigures ES-landES-2show how
the fuel mix might change under the three corecgalcenarios with high and low oil
price assumptions. The program would have a sigifly greater impact on fuel
diversity with high oil prices.

It is important to note that under a 10 percenta@det, gasoline and diesel would remain
the dominant transportation fuels. Under low oites, at least 80 percent of fuel energy
still comes from petroleum fuels. Under high pricasleast 73 percent of fuel energy is
modeled to come from petroleum fuels when the X6gpe target is achieved. Based on
this result, a more stringent ClI target could fartanhance fuel diversity and price
stability goals.

Figure ES-1. Impact on Regional Transportation FueDiversity (Year 10)

Low Oil Price
4.5

4.0 5.5%
7.2% 2.4%
7.4%
139%
3.0 ——————— EEE— —
2
m
§ 2.5 _ _ —
;‘% 2.0
s < 94% | | —
(o4
86% 87%
15 80% I— -
1.0 — — —
05 Biofuels Energy M Natural Gas Energy
M Electricity Energy Petroleum Energy
0.0 T T T
BAU (No LCFS) Electricity Future Natural Gas Future Biofuels Future

These figures illustrate the inverse relationst@ieen the carbon intensity of a fuel and
the volumes of that fuel needed to achieve a givereduction target. For example, in
the Biofuels Future, biofuels actually accountdasmaller fraction of overall fuel energy
than in the other scenarios, but provide greatdrarareductions due to a much lower CI
value. Significantly fewer gallons of low CI biofisesuch as cellulosic ethanol, are
needed to achieve the same carbon reduction agwtiowal corn ethanol. Because the
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magnitude of many categories of costs and beraditelate with fuel volumes, this
relationship significantly impacts many of the résin the analysis.

Figure ES-2. Impact on Regional Transportation FueDiversity (Year 10)
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As shown inTable ES-2 this analysis suggests that a regional CFS aagldlt in
significant reductions in gasoline and diesel comstion compared to BAU over the 10-
year period. Combined gasoline and diesel use uhddrow Oil Price case is modeled
to decrease by 4 to 7 percent (14 to 23 billiotogal in the region relative to the BAU
forecast. Under the High Oil Price case, demandbctecrease by 8 to 13 percent (25 to

40 billion gallons).

Table ES-2. Gasoline and Diesel Demand under 10 Rent Reduction Scenarios (10-Yr. Totals)

Scenario
. . Electricity Future Natural Gas Future Biofuels Future
Combined Gas and Diesel Demand Y
Low Ol High Oil Low Qil High Oil Low Ol High Oil
Price Price Price Price Price Price
BAU Gasoline and Diesel Demand (Bgal) 337 315 337 15 3 337 315
Scenario Gasoline and Diesel Demand (Bgd) 314 275 323 290 323 286
Change in Gasoline and Diesel Demand (Bdal) -23 -40 -14 -25 -14 -29
Percentage Change from BAU -7% -13% -4% -8% -4% -9%

Since nearly all of the alternatives to gasoling diesel are assumed to be domestically
produced, a clean fuels program could provide ingmtrenergy security benefits in the
northeast and mid-Atlantic region. Further, if ttuest of alternatives to gasoline and
diesel are, as expected, more stable over timgrtigram would help protect consumers
of low carbon fuels from price volatility, which atacterizes the current transportation

fuel market.
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Table ES-3. Gasoline and Diesel Demand under 10 Rent Reduction Scenarios (Year 10)

Scenario
. . Electricity Future Natural Gas Future Biofuels Future
Combined Gas and Diesel Demand Y

Low Oill High Oil Low Qil High Oil Low Ol High Oil

Price Price Price Price Price Price

BAU Gasoline and Diesel Demand (Bgal) 33.1 30.3 133. 30.3 33.1 30.3
Scenario Gasoline and Diesel Demand (Bgd) 26.4 6 21. 29.1 24.1 28.7 24.0
Change in Gasoline and Diesel Demand (Bdal) -6.7 7 -8 -4.0 -6.1 -4.4 -6.2
Percentage Change from BAU -20% -29% -12% -209 -13%  -20%

GHG Emissions Reductions and Values

The transportation sector is the single largestcgoaf GHG emissions in the region,
accounting for 33 percent of the total GHG inventdihis analysis suggests that the CFS
could achieve significant GHG emission reductiaoesT this sectorFigures ES-3and
ES-4compares total lifecycle GHG emissions from tramigiion fuels under BAU and
the three policy scenarios over the initial 10 y@@gram period, under both High and
Low Oil Price cases. In 2022, when the 10 percedaiction target is achieved, estimated
GHG reductions range from 5 to 6 percent undet.tdwve Oil Price case and 7 to 9
percent under the High Oil Price case. A similaeleof annual GHG reductions would

be expected in subsequent years, assuming therd®np€l reduction target is in place.
These reductions would help participating statestragisting GHG emissions reduction

obligations.

Figures ES-3 and ES-4. Reductions in GHG Emissions
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The economic value of reducing (or avoiding futUgjG emissions is a subject of
active debate, due to the uncertainties aboutdblsiple magnitude and type of climate
impacts and also differing viewpoints on how tolaate emissions reductions occurring
at different points in time. In this analysis, vaduused for the “social cost of carbon,”
(SCC) range from nearly $24 per ton of carbon-egjeivt in 2013 on the low-end
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(increasing to $29 per ton in 2022) to approxima$dl07 per ton at the high-end (2013
through 2022%.

Based on these SCC values, the value of cumul@iV¥é emissions reductions for the
10 percent CI reduction at year 10 range from $2$2.5 billion under low SCC and
low oil prices. The range is $14 to $17 billionnghigh SCC and oil price assumptions.
The SCC values vary within these ranges dependirtg@scenario.

Net Program Costs and Benefits

Tables ES-4andES-5show the modeled cumulative change in expenditomes
transportation fuels, infrastructure, vehicles, pnojram administration resulting from
implementation of the various carbon reduction ades under the Low and High Oil
Price cases. For all scenarios, the costs of lobocefuels are less than the cost of the
gasoline and diesel they replace. However, thedioiction of these low carbon
alternatives requires investments in fuel delivefsastructure and alternative fuel
vehicle, which are also factored into the estimafdstal cost.

The program costs shown for a given scenario refitectotal for all three fuels, not just
the dominant fuel. Because of the inverse relahignbetween fuel Cl and required
volumes, the infrastructure and vehicle costs fgivan policy “future” may in fact be
dominated by a fuel other than the featured fuettiat scenario. For example, under the
Biofuels Future, a significant share of the infrasture and vehicle cost shown in the
tables are for electricity and natural gas, whiehassumed to have high Cl values and
high vehicle/infrastructure costs under this scen&@onsequently more vehicles and
refueling infrastructure will be needed to achiéve CI reduction target, and the cost for
a unit of carbon reduction is higher.

Net program benefits (or costs) are determineddmyparing the total cost for low carbon
alternatives to the benefits from reductions irhbgasoline and diesel purchases and
GHG emissions. This analysis suggests that the élesds program analyzed would
result in net benefits under all scenarios, evetueling the value of GHG reductions,
when oil prices are high. Depending on the scentte®cumulative savings over 10
years range from around $18 billion to $52 billiaithout GHG reductions, compared to
the High Oil Price BAU case. When the value of Gi¢@uctions is included in the net
benefit calculation, cumulative savings increas$26 billion to $55 billion under high

oil prices.

% The low-end value for social cost of carbon istfrolnteragency Working Group on Social Cost of
Carbon, United States Government (2018dcial Cost of Carbon (SCC) for Regulatory Impatalfsis
Under Executive Order 12866The discount rate for the low-end value is pat. The high-end SCC
value is from the Stern Review (2006), and useparbent discount rate.
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Table ES-4. Net Costs and Benefits,
Low Qil Price Case - 10 Year Totals (in Billions 020103$)
Electricity | VAUl | pisfiels | 5%,10 | 15%, 15
Future Gas Future Yr. Yr.
Future
Program Benefits:
Value of Reductions in
Gas & Diesel $50.6 $30.7 $30.3 $13.2 $30.0
Program Costs:
Low Carbon Fuel Costs $29.4 $19.6 $18.9 $8.70 8519
Infrastructure Investments $8.88 $4.94 $6.76 $1.9 $5.9
Incremental Vehicle Costs $13.4 $4.05 $17.4 $5.2 $3.0
Program Admin. Costs $0.243 $0.243 $0.243 $0.243 $0.316
Total Costs $52.0 $28.9 $43.3 $16.1 $29.0
Net Program Benefits
(Costs) w/o GHG
Reductions ($1.4) $1.8 ($13.0) ($2.9) $1.0
Net Program Benefits
(Costs) WITH GHG $3.3 - $(10.6 -
Reductions $0.7-%$6.7 $11.4 $3.9) -- --

Note: All estimates expressed in 2013 preselnegdbased on a 7 percent rate of discount. Rafnget o

benefits withGHG reductions are based on low- and high-end koa&t of carbon values. GHG values are

not calculated for the 5 percent and 15 percemeasss.

Table ES-5. Net Costs and Benefits,
High Oil Price Case - 10 Year Totals (in Billions 52010%)

Electricity Naé[;rsal Biofuels 5%, 10 Yr. 15%, 15
Future Future Yr.
Future
Program Benefits:
Value of Reductions in
Gas & Diesel $137 $87.2 $100 $104 $120
Program Costs:
Low Carbon Fuel Costs $62.3 $43.9 $42.8 $52.7 0549
Infrastructure Investments $14.1 $8.26 $9.8 $8.7 $9.9
Incremental Vehicle Costs $19.5 $5.75 $25.0 $248 $9.4
Program Admin. Costs $0.243 $0.243 $0.243 $0.243 $0.316
Total Costs $96.0 $58.2 $77.9 $85.9 $68.6
Net Program Benefits
(Costs) w/o GHG
Reductions $41 $29 $22 $17 $52
Net Program Benefits
(Costs) WITH GHG
Reductions $43 - $55| $34 - $49 $26 - $39 - -

Note: All estimates expressed in 2013 presentegahased on a 7 percent rate of discount. Ranget of

benefits withGHG reductions are based on low- and high-endakoost of carbon values. GHG values are

not calculated for the 5 percent and 15 percemases.




Economic Analysis of a Program to Promote Cleam$prtation Fuels Page ES-10

Under the Low Oil Price case, the scenarios shtweesmall net benefits or small net
costs relative to BAU, even when the value of Gle@uctions is excluded. The
exception is the Biofuels Future, which shows $illoh in net costs under low oll

prices, which falls to $4 to $11 billion in net t®svhen the SCC of GHG reductions are
included. These results suggest the price of @lnsore important determinant of the net
impact of a clean fuels program than the low carfio@hmix that might emerge to

comply with the program’s ClI reduction target. Tégs optimistic 5 percent scenario is
predicted to deliver lower net benefits, and thearaptimistic 15 percent scenario higher
net benefits than the three 10 percent reductienass.

Net reductions in transportation fuel expenditusdative to BAU would accrue jointly to
consumers of low carbon fuels, in the form of fe@/ings, and to low carbon fuel
producers, in the form of sales revenues. Consumeutd accrue savings from
purchases of the low carbon fuels that are prajetcidoe lower in cost, on average, than
gasoline and diesel, especially if oil prices aghhActual consumer savings would
depend on the retail prices set by producers f@rdarbon fuels.

Producers of low carbon fuels would increase regsrnrough sales of these products,
and could increase profits depending on market déraad their ability to pass through
costs. Since producers of different fuel types wadmpete to bring the most cost-
effective ClI reductions to the market, the retaitgs of low carbon fuels would be
strongly influenced by the lowest-cost produce€bfeductions.

Regulated companies would incur compliance and midtration costs. They would seek
strategies to achieve the lowest possible cospwiptiance with the requirements of a
clean fuels standard including: (1) direct purckaseproduction of advanced biofuels,
and/or (2) purchases of credits generated by tiheduaction of electricity, natural gas or
other alternative transportation fuels. Some lovbea fuels would provide CI reductions
at a lower cost than others. The cost of a credildvbe determined by the incremental
marginal cost of producing fuel that provides a oniCl reduction. Infrastructure
investments and the incremental cost of advanchities could also be bundled into the
value of program credits. Since the underlying ecoics of the market for low carbon
credits are so uncertain at this stage, this arsatigges not provide a quantitative estimate
of cost impacts on petroleum producers, or howdhogght translate into impacts on
retail gasoline and diesel prices.

Macroeconomic Impacts

Table ES-6summarizes the REMI modeling estimates of the namo¢s impacts on
employment, gross regional product, and real desiplespersonal income in the region

for the three policy scenarios under low and higlprace projections for year 10, when
the Cl reduction target is fully achieved. The ¢éablso displays the cumulative totals for
the 10-year program period, and results for thadbIb percent scenarios. These impacts
are relative to what would be expected withoutgregram in place.
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Table ES-6. Regional Macroeconomic Impacts

Year 10 10 Year Total
Low Oil High Oil Low Qil  High Oil
Type of Economic Impact Price Price Price Price
Jobs Retained or Generated (Total)
Electricity Future (10% CI reduction) 26,600 43,800
Natural Gas Future (10% CI reduction) 9,490 21,¥00
Biofuels Future (10% CI reduction) 41,300 50,7100
Biofuels, No In-Region Production (10%) 1,270 3,450 N/A
5% CI Reduction Scenario (10 Yr.) 24,300 76,900
15% CI Reduction Scenario (15 Yr.) 25,400 56,600
Gross RegionalProduct (Million 2010 $s)
Electricity Future (10% CI reduction) 3,080 4,90 2,400 28,700
Natural Gas Future(10% CI reduction) 2,120 3,930 ,31Q 17,100
Biofuels Future (10% CI reduction) 4,290 4,640 P02 27,700
Biofuels, No In-Region Production (10%) 2,220 2,280 8,370 11,300
5% CI Reduction Scenario (10 Yrs.) 1,570 4,500 4,830 24,800
15% CI Reduction Scenario (15 Yrs.) 3,800 6,620 14,700 33,770
Disposable Personal Income (Million 2010 $s)
Electricity Future (10% CI reduction) 1,400 3,2B0 ,660 14,700
Natural Gas Future (10% CI reduction) 950 1,620 2,200 7,240
Biofuels Future (10% CI reduction) 2,350 3,330 9,600 15,200
Biofuels, No In-Region Production (10%) -53.9 891 -2,580 1,34D
5% CI Reduction Scenario (10 Yr.) 1,040 4,130 2,180 16,100
15% CI Reduction Scenario (15 Yr.) 2,240 5,650 11,800 27,600

Source: NESCAUM analysis using REMI, 2011.

Employment

According to this analysis, the clean fuels progearalyzed would add jobs in the region
compared to BAU for all modeled scenarios. Moresjale projected under the High Oil
Price case. In year 10, when the clean fuels aekiavl0 percent Cl reduction target,
results of the REMI model show approximately 10,6©@0,000 incremental jobs
annually under the Low Oil Price case and 20,0080t000 under the High Oil Price
case, compared to BAU. The jobs calculated by tBBMRmodel include both part-time
and full-time jobs and simply reflect the numbepebple employed beyond BAU for a
given year. The annual values cannot be addedjfeqgbra cumulative change in the

number of jobs.
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Gross Regional Product

Gross regional product (GRP), a measure of thestatonomic output, increases under
all of the policy cases evaluated in this analgsimpared to BAU. Over the ten year
period analyzed, cumulative GRP in the region isreged to increase by $7.3 billion to
$20.2 billion under the Low Oil Price case and iy & to $28.7 billion under the High
Oil Price case.

Disposable Personal | ncome

Real disposable personal income (DPI), the amolincome that households have
available for spending and saving, is modeled ¢toeiase as a result of transportation fuel
cost savings under the program analyzed. Houseéhodane in the region would grow by
$2.2 billion to $9.6 billion under low oil pricesd by $7.2 to $15.2 billion under high oil
prices over the 10 years analyzed.

I mpact on Industry Sectors

The REMI modeling suggests that a CFS would have thoect and indirect economic
impacts on a range of industries within the reginect impacts are those associated
with industries involved in the development, mamtige and deployment of low carbon
fuels and infrastructure. Indirect affects accruéhiose industry sectors that attract
increased investment from disposable income thatrhes available through savings on
purchases of transportation fuels.

The utilities sector experiences the highest lef@ositive impacts, in terms of value-
added, across all three scenarios. This refledtemly increased levels of electricity and
natural gas sales for transportation purposesalbatproduction and installation of
infrastructure for fueling and charging. The coastion and manufacturing sectors also
realize strong positive direct impacts, for bothueaadded and jobs, across all policy
scenarios. These industries would experience pesmlue-added and job impacts
related to installing fuel delivery infrastructutmjilding and operating biofuel and biogas
production plants, and installing home charging fusding systems.

Health care and finance/insurance are the two segemerally found to experience the
most positive indirect impacts from the programlyzred. While no spending was
initially allocated to these industries in the a3& as a direct result of the program,
indirect benefits take place as households andhbsses retain more income or profit
from reduced expenditure on transportation andsntrese dollars elsewhere in the
economy. Because health care spending accouraisldoge portion of total spending in
the U.S. economy, REMI predicts that dollars madslable by a clean fuels program
will spur additional spending in that sector.

According to this analysis, some sectors would gpee negative impacts as a result of
the clean fuels program analyzed. Retail and wiatdéetsade are estimated to experience
net negative value-added and employment impacis.sBttor includes fuel wholesalers
as well as retail gasoline stations, which woulthbixely experience decreases in sales.
However, the negative impacts experienced by theleglle and retail trade industries
would not be limited to directly affected businessach as gas stations, because indirect
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effects of the program associated with commodiiggpchanges would affect other types
of retail and wholesale sales.

Although net impacts on the chemical manufactusector are estimated to be net
positive as a result of the program analyzed, withat broad industry classification, the
petroleum and coal products manufacturing sub-sécexpected to lose value-added
and jobs as well. For example, in 2022 (Year 1db,lpsses in petroleum manufacturing
will range from 150 jobs under low oil prices todB@bs under high oil prices. Reference
case levels of jobs in petroleum manufacturingestenated at 11,000, so these losses
represent under one-tenth to one-half of one péroespectively, relative to current
employment levels in that sub-sector.

It is important to note that value-added and empleyt impacts shown ihable ES-6

for the region already include these negative irtgpan the wholesale and retail trade
industries. In other words, despite the negativeaiats on these two industry sectors, the
netemployment, industry value-added, and income ingpaicthe program would still be
positive overall for the region.

Conclusion

This analysis suggests that an eleven-state rdgiteamn fuels program could achieve the
climate and energy goals articulated by the regi@overnors in their 2009
Memorandum Of Understanding, with positive impamikey macro-economic
indicators*

Such a program would increase fuel security andaedhe region’s reliance on imported
oil by encouraging a broader range of fuels to cetemn the transportation market. It
would reward cleaner and less expensive technaa@yid create competition among
producers that could stimulate investment, inn@vaéind broader deployment of low
carbon fuels. This would help protect consumersftbe price volatility of the global oil
market, and increase production of domesticallydpoed lower-carbon alternative fuels,
some of whose costs are expected to be lower anel steble over time than petroleum.
The results of this study indicate that the higherprice of gasoline and diesel, the
greater the savings would be for consumers.

This analysis suggests that a clean fuels staratand effectively reduce GHG
emissions from the transportation sector acrosseien and stimulate economic
growth. While the economic growth and jobs stimedglby the program are projected to
be relatively small within an economy projecteddtal $4.9 trillion in 2022, they are
positive under a wide range of possible marketoeses to the program'’s carbon
intensity reduction requirements.

* The governors’ Memorandum of Understanding caadeessed atww.nescaum.org/topics/low-carbon-
fuels
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1. INTRODUCTION TO THE NORTHEAST/MID-ATLANTIC
STATES’' CLEAN FUELS STANDARD

1.1. Background on Climate and Energy Policies in the Nwheast/Mid-
Atlantic States

The regional clean fuels standard (CFS) is a tramapon initiative being evaluated by a
coalition of 11 northeast and mid-Atlantic (NE/Msfates. The objectives of the CFS
include: (1) assisting states in meeting existiagusory obligations or other
commitments to reduce greenhouse gas (GHG) emgdi@nenabling greater fuel
security and reliability; (3) driving innovation olean energy technologies; (4) fostering
economic growth; and (5) providing opportunitiesctmsumers to reduce fuel costs. The
CFS is a fuel neutral, market-based program tlatires substituting lower carbon fuels
for gasoline and diesel to reduce the overall qaibtensity of the region’s
transportation fuels over time. Other jurisdictiamdNorth America that are currently
developing and/or implementing similar fuel stami$ainclude British Columbia,
California, Oregon, and Washington State. The EemogJnion is also developing
renewable fuel programs with specific GHG requiratae

All NE/MA states have statutory obligations or atkemmitments to achieve significant
reductions in GHG emissions and are taking stepsdoce these pollutants by
implementing energy efficiency, renewable energyl ather measures. The CFS is one
of many policies under consideration throughoutrdggon to meet climate action and
clean energy goals. By and large, these policidspangrams target those sectors of the
economy that generate the majority of GHG emissimtéuding electricity generation,
transportation, and buildings.

The participating states have a long history ofpewative action on environmental and
energy issues. For example, in 2008, 10 of theqiaating CFS states launched the
Regional Greenhouse Gas Initiative (RGGI), the iegpp-and-trade program in the U.S.
designed to reduce GHG emissions from large poveatg States are using revenues
from the sale of RGGI allowances to invest in difexenergy efficiency and renewable
energy programs. In addition, the majority of sdatethe region have standards with
binding requirements for increasing levels of reabl@ energy for electricity generation.
The NE/MA states are also exploring new approathesducing GHG emissions and
energy use in the transportation sector.

1.2. Strategies for Reducing NE/MA Transportation GHG Emissions

The transportation sector is the single largestcgaf GHG emissions in the NE/MA
region.Figure 1.1below shows that in 2007, transportation accoufae@3 percent of
the total GHG inventory in the region, roughly camgble to the combined emissions of

® The eleven states in the NE/MA region include: @amiicut, Delaware, Maine, Maryland, Massachusetts,
New Hampshire, New Jersey, New York, PennsylvaRimde Island, and Vermont.
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the residential, industrial, and commercial sec{@8spercent of total), or to emissions
from electricity generation (28 percent).

Figure 1-1. Greenhouse Gas Emissions (GHGs) by Sexcin NE/MA States, 2007

NE/MA Total GHGs by Sector, 2007
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Source Data: World Resources Institute, 203?@%

There are three primary ways to reduce GHG emisdimm automobiles and trucks: (1)
vehicle emissions and efficiency standards; (2icddns in vehicle miles traveled
(VMT); and (3) low carbon transportation fuels. THE/MA states are pursuing options
on all three fronts to reduce GHG emissions, irsgesnergy security, Spur economic
development, and provide savings to consumers. dfitiee participating CFS stafes
have opted into California’s Clean Cars programictviincludes the nation’s first GHG
standards for automobiles and Zero Emission Vehedeirements. These programs are
spurring the development of a host of low GHG tetbgies, such as hybrid-electric and
battery electric vehicles. These technologies esgepted to provide consumers with
significant fuel savings.

® The nine states that have opted in to Californ@i&an Cars program are: Connecticut, Maine, Magja
Massachusetts, New Jersey, New York, Pennsylv&fiade Island, and Vermont.
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A second set of strategies aimed at transport&id® emissions are measures designed
to reduce VMT by providing effective alternativegh as expanded use of public
transportation, modal shifts in freight movement &smarter growth” strategies. The
Transportation Climate Initiative (TCI) — launchedJune 2010 by the environmental,
energy, and transportation agency heads from the¢ELMA states plus the District of
Columbia — is exploring policies and programs tprave the efficiency of the region’s
transportation systerh.

The CFS is a third major regional strategy, focusededucing GHG emissions from
transportation fuel use. The CFS requires redustionhe average carbon intensity (Cl)
of the regional transportation fuel mix through tlse of low carbon alternatives to
gasoline and diesel. Cl is a measure of GHG emmsgieleased throughout a fuel’s full
lifecycle — including extraction, production, trast, combustion, and indirect effects
such as emissions from land use change — per uatesgy produced. This program
allows diverse fuels to compete based on their @H&acteristics and relative costs.

The CFS is a performance standard that would creedmtives for advances in biofuels
and promote broader deployment of other low catbamsportation fuels such as
electricity and natural gas. The program would neguiansportation fuel providers to
meet a carbon intensity reduction target, eitheblending liquid low carbon fuels or
purchasing low carbon credits generated by alteméatels. Sales of fuel with carbon
intensity higher than the reduction target wouldeagate deficits; producers and
distributors of low carbon fuels could generatediteeby dispensing transportation fuels
with lower carbon intensity. Low carbon fuel produsand distributors could sell credits
to gasoline and diesel fuel suppliers to achieeepttogram’s Cl reduction requirements.

The low carbon fuel market could create competiiorong producers, driving
technological innovation, lower prices, and a mdikerse mix of transportation fuels.
This policy would provide the regulated industrytiwilexibility to determine which
compliance options meet program requirements nostteaffectively.

1.3. Organization of the Report

The remainder of this report is organized into Seetions (including supporting
documentation). Section 2 describes the purpofigecdinalysis as well as the data,
methods, and assumptions used to generate réSatgion 3 presents the cost and
benefit results for the core CFS policy scenarios sensitivity cases. Section 4 presents
and describes the results of the macroeconomic imgd the regional level. Section 5
includes references and appendices containing stipgpaocumentation.

" For more information on the Transportation Climiaiéiative, see:
http://www.georgetownclimate.org/state/files/T Cletiation.pdf

8 A full list of assumptions and detailed descripi@f the modeling tools used for the analysis are
included in the appendices to the report.
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2. DESCRIPTION OF THE NE/MA CFS ECONOMIC ANALYSIS

In April 2010, NESCAUM staff and the NE/MA statestiated an economic analysis to
gain insights about the potential GHG reductiohsnges in fuel use, costs, benefits, and
other impacts of a region-wide CFS. In the inighhses of the analysis, NESCAUM and
state staff compiled state-specific data, repddsabases, and other relevant information.
Subsequent phases of the analysis included: (Blal@wng region-specific tools for
estimating changes in energy use, conventionasp@mation fuels (i.e., gasoline and
diesel), low carbon fuels, and alternative vehiced related infrastructure; (2) creating
calculators to estimate the value of costs andflisr@ssociated with changes in fuel use
and other changes; and (3) preparing inputs foranding a regional macroeconomic
model.

Throughout 2010, the NE/MA states and NESCAUM leekkries of meetings, webinars,
and conference calls with stakeholders to disdussiésign of the economic analysis and
to brief stakeholders on potential data sourcesdf dssumptions, and methodologies. In
addition, stakeholder input was solicited througb formal requests for written

comment and in numerous discussions with individtekeholder groups.

This section provides an overview of data, assumptimethodologies, and modeling
tools used in the analysis. Detailed descriptidrth® data, methods, modeling tools, and
key assumptions can be found in the Appenditesspreadsheets that accompany this
report.

2.1. Purpose of the Analysis

This analysis is intended to provide decision-malard stakeholders in the NE/MA
states with information and insights about the fids®conomic impacts associated with
implementing a regional CFS. It is critical to nthat this analysis isot intended to be a
forecastof future economic conditions, fuel prices, ratégoovation, or market
penetration for low carbon fuels and alternativeioles. Rather, the study’s design
recognizes the significant uncertainties surrougdire values of important variables, and
constructs several “what if?” scenarios for achmgva 10 percent carbon intensity
reduction in a specified timeframe with featurest tddress key uncertainties.

This analysis provides quantitative or qualitatagtimates of the potential incremental
changes resulting from the CFS policy scenariasduding:

1. Demand for conventional and low carbon transpodatfuels including
gasoline, diesel, and conventional biofuels, ptws ¢arbon fuels such as
advanced biofuels, electricity, and compressedrabfias (CNG).

2. Fuel diversificationthe shift in the composition of the region’s tramtption
fuels from one dominated by gasoline (blended i@percent conventional
ethanol) and diesel to a broader mix that is likelynclude liquid biofuels,
electricity, and natural gas.

3. Fuel delivery infrastructurdor charging and fueling electric and natural gas
vehicles, and storing, blending, distributing, &neling liquid biofuels.
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4. Numbers and market penetration rates of alternatefeiclesincluding battery-
electric (BEVSs) and plug-in hybrid electric vehgl@PHEVS), light-, medium-,
and heavy-duty natural gas vehicles (NGVs), anxHilel vehicles (FFVs).

5. Changes in GHG emissiobased on total life-cycle analysis.

6. Distributive impacts on affected groypscluding regulated companies, fuel
consumers, producers of low carbon fuels (andedlatdustries), and state
governments.

7. Macro-economic impact#cluding annual changes in regional employment
levels, gross regional product, disposable persosaime, and industry value-
added.

2.2. Limitations of the Analysis

Due to the high level of uncertainty associatedhwiy factors determining CFS impacts,
some economic impacts remain outside the scogasinitial study. First, this analysis
does not provide an estimate of a least-cost patli@rgpathways) for CFS program
compliance. The possible range of fuel volumes edgthe relative cost-competitiveness
of different fuel types, innovation rates, infrastiure needs, and the actions of market
participants are too uncertain at this stage talaoha meaningful least-cost estimation
or a simulation of a potential CFS credit market.siich, the cost estimates provided in
this report reflect estimates of possible expemd#wand investments rather than precise
estimates of industry compliance costs. However stiady provides a discussion of
possible compliance strategies and how the cogstsest strategies might be estimated in
the future as better information becomes available.

Second, because this analysis does not projecahmetential low carbon fuel market

will develop or the costs or profits realized blymdssible market participants, it also
does not attempt to translate these market effieiisa quantitative estimate of the
possible effect of the program on the retail gasoéind diesel prices. Section 3, however,
provides qualitative discussion of the possibleantp of this program on consumers,
based on the cost assumptions used in the analysis.

Finally, an evaluation of the potential changeaimuality that might result from
implementing a CFS is beyond the scope of thisystMidny results of this analysis,
however, would be appropriate inputs to subseqamealtyses of air quality changes and
resultant public health effects, such as changesteria and hazardous air pollutant
emissions due to the program’s effects on the pramation fuel mix.

2.3. Data

This analysis relies on published data and estsfaben a variety of recent studies,
reports, and databases. Wherever possible, seléatadvere based on peer-reviewed
journal articles and other sources that have bekjest to public review and comment,
such as government reports. Sources were surveyedlies that could best the capture
the current range of uncertainty for key variabWile any number of alternative values
could be used for many of the variables in thidyais the intent was to choose values
that represent reasonable boundaries.
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The key data sources used in this analysis incldewere not limited to):

* Energy Information AdministratioAnnual Energy Outlook 20(@EO 2010);

» U.S. Environmental Protection Agency (EPR@gulatory Impact Analysis of the
Renewable Fuel Standardq10);

» California Air Resources Board (CARBjitial Statement of Reaso(iSOR) for
the Proposed Low Carbon Fuel Standard (2009);

» CARB Initial Statement of ReasofiSOR) for the Proposed Zero Emission
Vehicle (ZEV) Program (2008);

» National Renewable Energy Lab (NREL) estimates;

* U.S. Department of Energy (DOE) sources, includiregGreenhouse Gases,
Regulated Emissions, and Energy Use in Transpont#@REET) and VISION
models;

* Regional Economic Models, Inc. (REMI) Policy Insi§hdatabase;

* Innovative Natural Resource Solutioibmass Availability and Utilization In
the Northeastern United Stat€x008);

* U.S. EPA solid waste data;

* ISO-New England, New York ISO, and PJM Interconmzttbases;

» Cornell University energy crop estimates;

* U.S. Department of Agriculture agricultural data;

* Rutgers University/New Jersey Agricultural Extemsiervice (NJAES)
Bioenergy calculator©; and

* industry estimates.

In some cases, published data, studies and/or ieai@ridence were very limited for
certain variables due to the nascent state of roathe fuels and technologies included
in this analysis. For these variables, a rangestfnates representing “optimistic” and
“pessimistic” boundary values were developed byapdlating related data. For
example, given the lack of empirical evidence anitffrastructure needed to support
wide-scale charging of electric vehicles (EVs)geatimate of the number of public
charging stations needed to support a given nuibEY's was derived based on the
number of existing gasoline fueling stations. Téstimate was then adjusted upwards to
account for the fact that EVs have a more limitadinlg range than internal combustion
(ICE) vehicles and take longer to refuel, and tfeeserequire additional charging
opportunities.

Carbon intensity values for traditional (e.g., cethanol) and advanced biofuels (e.qg.,
cellulosic ethanol) were drawn primarily from madglestimates developed by U.S.
EPA and CARB. Carbon intensity scores for natueal were developed using DOE’s
GREET model, along with data from CARB and Lifeeyélssociates, a consulting firm
that evaluates lifecycle carbon intensity of vasiduel pathways. Electricity Cl values
were based on published data from U.S. EPA, theetgrids that supply electricity to the
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participating states (PJM Interconnect, ISO Newl&md, and New York ISO), and
analysis using the NE-MARKAL mod@l.

This analysis also relied heavily upon a modifiedsion of the VISION model,
developed by Argonne National Laboratory, to profjeemsportation-sector energy
demand under each selected scendndSION-Northeast (VISION-NE) characterizes
the fleet mix in future years by simulating the lexion of the fleet over time, as older
vehicles are retired and new vehicles enter thed.flEne model calculates total energy
demand for specific fuel types based on fleet aietldata for a start year, and AEO
projections for fuel economy and fuel price. VISIDNE then applies user-provided CI
values for each fuel to generate results for argsaenario, including fuel quantities,
vehicle numbers, GHG emissions, and the averagg@eantensity of transportation fuels
used in the region.

Price projections for conventional transportatioal$ (gasoline and diesel) came from
EIA’s Annual Energy Outlook 20(@EO 2010)** Estimates of the costs of producing
advanced biofuels, including feedstock, productang distribution costs, came
primarily from U.S. EPA, CARB, and NREL. Biogas prtion costs were
modifications of estimates provided by industrytiNal gas and electricity price
projections were from the AEO 2010.

A number of data sources on biomass availability emergy content were used to
develop a bioenergy database, the NE/MA Bioenei@gwlator, which generated low-
and high-end estimates of potential biofuel andj&soproduction in the regidhThese
data sources included: Integrated Natural Resdbobgtions, Rutgers University/New
Jersey Agricultural Extension Services, U.S. Dapartt of Agriculture, U.S. EPA, and
Cornell University.

® NE-MARKAL is the Northeast version of the Markelldcation model (MARKAL), an energy model.
NESCAUM developed NE-MARKAL by scaling down a nat# version of MARKAL that was
developed by U.S. EPA’s Office of Research and praent Http://www.nescaum.org/topics/ne-markal-
mode) For information on the MARKAL modeseelLoulou, R., G. Goldstein, and K. Noble, The
MARKAL Family of Models, Energy Technology Systemsalysis Programme (ETSAP), October 2004
(www.etsap.org

Y%A detailed description of the additional featuresated in VISION for purposes of the LCFS analysid
the modeling methodology is includedAppendix B

Y“The Annual Energy Outlook 20Harly Releas@rojects higher supply and lower prices for natges
than AEO 2010, due to a higher estimate of the ldpweent of domestic shale gas resources. As such,
many of the cost estimates for natural gas as aéon fuel would be lower if AEO 2011 values were
used (they were not available in the timeframehf &nalysis). However, any estimates of future
commodity supplies and prices are subject to snbataincertainty.

127 detailed description of the NE/MA Bioenergy Cdator is inAppendix A
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2.4. Methods and Key Assumptions

This section provides an overview of the method@®@nd analytic concepts used in the
analysis. More detailed descriptions of methodsjeting tools, and key assumptions are
provided in the Appendicés this report.

Economic impact estimates for the regional CFS wereerated by comparing policy
scenarios to reference cases that depict the “bssias-usual (BAU)” situation, i.e., “the
world without the CFS,” under low and high oil ggiprojections.

Each of the three main policy scenarios represefiture outcome in which low carbon
fuels, infrastructure, and alternative vehiclesa@mmercially available in quantities
sufficient to meet a 10 percent reduction in Cimpared to the BAU cases. Rather than
forecasting a single probable version of the futthis analysis addressed the
uncertainties about future fuel availability andts) infrastructure and vehicle needs,
consumer preferences, and broader economic comslitip evaluating multiple scenarios
with different boundary conditions (i.e., low- adgh-end estimates) built into each
scenario.

In addition to three core policy scenarios thatieaha 10 percent reduction in ClI of
transportation fuels, the analysis evaluated thegesitivity cases:
* ascenario that is less optimistic about fuel tetbgy and costs, and achieves a
five percent Cl reduction over 10 years;
» ascenario that is more optimistic about fuel tetbgy and costs, and achieves a
15 percent CI reduction over 15 years, and;
* a sensitivity case on the Biofuels Future, wheeertajority of advanced biofuels
are produced outside of, rather than within, théNM&region.

The design of the three main CFS policy scenamalstie sensitivity cases are described
in more detail later in this section. While moréreme future outcomes than those
represented in these scenarios are possible, sbesarios and sensitivity cases were
specifically designed to capture the range of uagaies on the most important
variables, using the best information currentlyikade.

2.4.1. Treatment of Key Variables

Each policy scenario included in this analysis satas compliance with a given carbon
intensity reduction target, achieved through a doation of different low carbon fuels,
fuel infrastructure, and alternative vehicles. doally address the uncertainty that
characterizes the key variables used in this aisalgach policy scenario includes low-
and high-end estimates for key variables. The land high-end values are intended as
reasonable outer boundaries for variables expaothdve the most significant influence
on results. These variables include:

» Cl values for conventional and low carbon fuelsThe CI values of low carbon
fuels determine the quantities of fuels neede@#ah a given CI reduction target.
Because the CFS target is intensity-based, a lolooduel with relatively higher
Cl will be needed in greater quantities, compaced low carbon fuel with a
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lower Cl value, in order to reach a given targetc&use Cl values determine the
guantities of low carbon fuels needed to reachvargtarget, they are the most
influential variable in determining the benefitdasosts associated with the fuels
themselves, as well as the costs of fuel deliveinastructure and the number of
alternative vehicles needed.

One of the key sources of uncertainty about whaeeded for compliance with a
CFS is how the carbon intensity of the referense daels — i.e., gasoline and
diesel — might change over time. The prevalendagtier-carbon intensity
crude oil (HCICO) in the NE/MA marketplace and irdethroughout the US, is
increasing as new, non-traditional sources of gradeh as oil sands, come
online. As described later in this section, thialgsis incorporates a wide range
of values for the carbon intensity of gasoline diebel over time.

Another source of uncertainty of the lifecycle Gldfissions, for biofuels in
particular, is the concept ofdirect land use chang@.UC). The issue of iLUC
refers to the risk that increased demand for bisfaauses market-induced
changes to land use, such as clearing of foresigshveould in turn cause an
increase in carbon emissions net of any GHG redngtachieved by reducing the
use of fossil fuels. The potential contributionldfIC to a lifecycle CI score for
biofuels is the current subject of extensive resdeand debate by the research
community and policymakers at the state, nationdliaternational levels. In
2010, for example, CARB assembled an Expert Workgto evaluate methods
and assumptions for modeling iLUC values and ptssibprovements to these
estimates in the futuré.The U.S. EPA and European Union have also devoted
significant resources to the analysis of iLUC.

» Costs of conventional and low carbon transportatiorfuels: The relative costs
of conventional transportation fuels (i.e., gasoland diesel) and low carbon
substitutes are important for determining overadl gelative expenditures on
transportation fuel under the CFS. If the cosbefdr carbon fuels is less than
that of conventional fuels on an energy equivabasis, overall expenditures on
transportation fuels would decline. Converselyovi carbon fuels are higher in
cost than conventional fuels, overall fuel expeamdis would increase under a
CFS. This analysis considers a range of possildts dor both conventional and
low carbon fuels to address this uncertainty.

» Effects of other energy and transportation policiesThe federal Renewable
Fuel Standard rule (RFS2) includes a provision umdech the U.S. EPA may
lower the volume requirements for advanced biofuebs given year. This
provision has been invoked to substantially redheerequired volumes in each
of the first two years of the federal program. Bessaof the reasonable likelihood
that the volume requirements could be adjustechagduture years, it is difficult

13 More information on the findings and recommendatiohthe CARB Expert Workgroup can be found
at: http://www.arb.ca.gov/fuels/Icfs/workgroups/ewg/exvorkgroup.htm
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to predict with certainty what effect this progranil have on total national
production of advanced biofuels volumes in a giseenario year. This analysis
attempts to capture the range of possible outcdoiy@ssuming that all RFS
volume requirements are met in the High Oil Priase; and using a more
conservative AEO estimate for total national RF&dpiction volumes for the
Low Oil Price case. Moreover, because RFS2 spsaifidy national production
requirements, it is difficult to determine wherele U.S. any RFS2 fuels will
actually be sold. The methodology by which saleRi6$2 advanced biofuels
were apportioned geographically (i.e., to the NE/kgion, California, and the
rest of the U.S.) in this analysis is describedetail later in this section.

The California Zero Emission Vehicle (ZEV) rule ia®s credits to carmakers on
a sliding scale based on specified vehicle perfogeadargets (i.e., driving range
and refueling time). For example, in the early geafrthe program, a battery-
electric vehicle with a range of over 100 miles Vdoearn three times as many
credits as a vehicle with a range of less than B&simSome manufacturers may
choose to deliver a relatively large number of lowange vehicles, while some
may choose to supply fewer of the high-range vekicThis flexibility in
compliance options makes it difficult to predicthvcertainty exactly how many
and what type of electric vehicles will be placedtie road in response to the
ZEV rule. This analysis assumes that all manufacsucomply using a “middle-
of-the-lr“oad” strategy consistent with analysis aartdd by CARB in its ZEV
report:

» Rate of expansion and cost of low carbon fuel stoge and delivery
infrastructure: An increase in the sale, distribution, and uslewfcarbon fuels
will require additional fuel storage and delivenyrastructure capacity. In the
case of biofuels, substantial infrastructure fa $korage, blending, and delivery
of ethanol and biodiesel is already in place inNiEgEMA states, and will require
expansion under the RFS2. However, greater infrestre expansion may be
needed if the CFS requires greater volumes of retthboth fuel types than what
would be expected under the RFS2. This is espgdrak if ethanol blends
greater than 15 percent are required for CFS camgdi> Any 85 percent
ethanol (E85) blends that enter the NE/MA fuel neaskould require a dedicated
refueling infrastructure. To support a large flekelectric vehicles,
improvements to delivery infrastructure such asgfarmers and charging
stations may be required. Additionally, smart métehnology may be helpful for
managing electric load from increased home chardimganded use of natural
gas would require upgrading current CNG fuelingiste, and building new
stations to accommodate the fleet. By varying assurates of infrastructure

14 California Air Resources Boardnitial Statement of ReasgrBroposed Zero Emission Vehicle
Program, 2008.

15 |n separate rulings in 2010 and 2011, U.S. EPAedhthe current 10 percent volume blend limit for
ethanol (E10) and replaced it with a blend liminofmore than 15 volume percent ethanol (E15) lfor a
model years 2001 and later.
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additions, this analysis addresses, to some detipeeglatively high uncertainty
as to how the fuel infrastructure might vary widspect to the volumes of
biofuels, electricity, and natural gas used, a3 asgthe number of alternative
vehicles needed.

* Market penetration rates and costs of alternative ghicles While compliance
with the CFS only requires changes in charactesgif transportation fuels,
these changes in turn imply a certain number eféditive vehicles entering the
marketplace to enable the deployment of variousl$eof low carbon
transportation fuels. For example, electricity cafy be used as a low carbon
transportation fuel if EVs are sold into the magkate in numbers consistent
with a given volume of electricity. This also hokige for NGVs. Consumer
preferences, the costs and attributes of altermatdhicles, fuel prices, and
charging/fueling station availability are all facddhat contribute to the
uncertainty surrounding the market penetrationltefaative vehicles. This
analysis explicitly addresses part of this uncatyaiby considering variability in
the types and incremental costs of these vehicteapared to conventional
vehicles.

» Social cost of carbon used to value estimated chagjin GHG emissionsThe
economic value of reducing (or avoiding future) GEI@issions is a subject of
active debate, due to the uncertainties aboutdlsiple magnitude and type of
climate impacts and also differing viewpoints omtto evaluate emissions
reductions occurring at different points in time this analysis, values used for
the “social cost of carbon,” (SCC) range from ng&24 per ton of carbon-
equivalent in 2013 on the low-end (increasing té $&r ton in 2022) to
approximately $107 per ton at the high-end (2018uph 2022)°

2.4.2.Modeling Tools Used in the Analysis

This analysis relied on a variety of established aew analytic tools and models. The
flowchart inFigure 2-1 shows the modeling tools used at each step iartagytic
process, and the relationship between the input®atputs from each analytic step.

In the first step in the analysis, tN&E/MA Bioenergy Calculatavas used to convert
state-level data describing the availability ofeliént types of biomass (e.g., woody
biomass, solid waste), energy content, and teclygaionversion efficiencies into low-
and high-end estimates of the potential produatidiniofuel and biogas using regional
resources!

'8 The low-end value for social cost of carbon isrolnteragency Working Group on Social Cost of

Carbon, United States Government (2018dcial Cost of Carbon (SCC) for Regulatory Impatalfsis

Under Executive Order 12866The discount rate for the low-end value is pat. The high-end SCC
value is from the Stern Review (2006), and useparbent discount rate.

" The NE/MA Bioenergy Calculator is described in mdetail inAppendix A
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These low- and high-end estimates of in-region fuetuction, along with CI values,
transportation energy demand, and fleet charatiteriwere key inputs to thélSION-NE
model, used in the next step in the analysis. VIENE — a modification of the national
VISION model created by Argonne National Lab — &dapted to better characterize
unique aspects of transportation fuel demand, \ehides traveled, and vehicle fleet
characteristics in the NE/MA stat¥s.

Figure 2-1. Modeling Tools Used in the CFS Economignalysis

Inputs

e State-level biomass availability
¢ Biomass energy content
e Conversion efficiency

¢ Cl value for each fuel pathway
e Transportation energy demand
e Current fleet and turnover

e LCFS reduction target

e Conventional fuel price per unit

e Low carbon fuel production cost per unit
e Infrastructure cost per unit

¢ Vehicle cost per unit

® Program admin cost per entity

e State macroeconomic data
e Population
¢ Industry composition

Modeling Tools

Outputs

e Low- and high-end annual estimates of:
- Advanced cellulosic ethanol
- Advanced diesel
- Biogas

e Changes in:
- Transportation energy use
- Conventional fuel demand
- Low carbon fuel demand
- GHG emissions
- Advanced vehicles and market share

e Conventional and low carbon fuel expenditures
® [nvestments in:
- Regional low carbon fuel production
- Fuel delivery/fueling infrastructure
- Advanced vehicles
® Program administrative costs
e Changes in state fuel tax revenue
® Value of GHG reductions

e Annual changes, by state, in:
- Employment
- Gross state product
- Industry value-added
- Disposable personal income

New features were added to VISION-NE to perforntelations of CFS compliance with
a given ClI reduction target. VISION-NE calculatésieges in carbon intensity, energy
demand, alternative vehicle penetration, fuel asd,associated GHG emissions based
on the ClI values provided for each reference cadgoalicy scenario. Results from these
calculations, comparing both reference cases to palicy scenario over the time period
2013 to 2022, become key inputs to @S Scenario Calculators.

18 VISION-NE and supporting data and assumptionsiaseribed irAppendix B
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The CFS Scenario Calculators are spreadsheetsahatch policy scenario and
sensitivity case, calculate the following resutisthe incremental impacts of the CFS:
(1) total quantities of, and expenditures on, cotie®al and low carbon fuels,
infrastructure, alternative vehicles, and prograiministration; (2) GHG emissions; and
(3) potential state fuel tax revenue changes. &tdations were done on an annual
basis. Net present values for streams of investraamd expenditures were discounted at
three and seven percent. Based on the outpute NEAMA Bioenergy Calculator, the
Scenario Calculators estimated the volume of lokaa fuel produced in the region as
well as the investments in feedstocks, productil, distribution of low carbon fuels.

The final step in the analysis involved evaluatimgcroeconomic impacts of a CFS on
the regional economy, using tREMI Policy Insigh{REMI) model. Key inputs to

REMI include the levels of investment in low carldoels, infrastructure, and vehicles
calculated by the scenario calculators, as weahdisators of which industries or sectors
would be directly impacted by these changes. Famgie, investments in building new
electric vehicle charging stations will directlypanct the electric utilities and other
providers of vehicle charging services that migistall those systems. REMI, in turn,
generates estimates of how such changes in investraed expenditure levels would
reverberate through the regional economy and aiégets of employment, gross
regional product, industry output, and disposaleles@nal income.

2.4.3.Design of Reference Cases

To arrive at the estimates of the incremental ingpatthe CFS, analytic results for the
policy scenarios and sensitivity cases were contp@révo reference cases representing
BAU (i.e., without the CFS).

The two references cases, the “Low Oil Price” adayh Oil Price,” share key
similarities. Specifically, both reference casesuase full compliance with many relevant
policies that will be in effect during some or allthe program period evaluated. These
policies include:

* Regional Greenhouse Gas Initiative (RGGI) and stateenewable energy
standards: These programs require reductions in carbon eomssnd increases
in renewable forms of generation in the electrisigtor, respectively.

Together, these programs have the effect of requbtim average ClI of electricity
over time.

» State biofuel requirements:Pennsylvania and Massachusetts have passed
requirements for minimum levels of biodiesel satetheir state$°

» Other Fuel Standards:Other jurisdictions are developing transportatioel f
GHG standards that will likely affect how much learbon fuel is available in
the market for the NE/MA states. Specifically, @ainia is currently

Regional Greenhouse Gas Initiative (RGGI) (2088gional Greenhouse Gas Initiative Model Rule.

20 (1) General Assembly of Pennsylvania (2008)use Bill No. 1202, Session of 208#d (2) Massachusetts
Department of Energy Resources (DOER) (2009). “Melsssetts Biofuels Mandate: Program Design
Decisions and Implementation Plan.” As of thisting, Massachusetts has not yet implemented itdatan
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implementing a low carbon fuel standard, which nexgua 10 percent reduction
in Clin gansportation fuels sold and used in foatiia over 10 years, beginning
in 2012:

There are also key differences in assumptions arttengeference cases. Important
exceptions to the assumption of full compliancehwveixisting regulations are the federal
RFS2 and ZEV programs. Compliance with the RFS2Z#M programs is assumed to
vary between the two reference cases, reflectingnpially higher investment in and
development of biofuel and vehicle technologiethenHigh Oil Price case that will
result from higher petroleum prices.

RFS and ZEV Assumptions

Advanced biofuels mandated by the federal RFS2 a&samed to contribute to the ClI
reductions required under the CFS program. The $¥fp@rates advanced ethanol into
two categories, “cellulosic ethanol” and “other adeed ethanol,” which must be 60 and
50 percent less carbon intensive than gasolinpeotisely. Additionally, the analysis
included “advanced diesel,” which must be 50 pertess carbon intensive than
conventional diesel fuel.

For the Low QOil Price reference case, projectedivas of cellulosic and advanced
ethanol were taken from EIA’'s AEO. The High Oil ¢&ricase assumed full compliance
with the EPA’s RFS High Ethanol case. The RFS ptaes for national volumes of
advanced diesel, which are more conservative thasetprojected in the AEO, were
used for both the Low and High Oil Price cases.

For both reference cases, sufficient volumes of Biefiels were assumed to be sold in
California to meet the CI reduction requirementshef California LCFS. The remaining
fuel was assumed to be distributed to the remaisiiatgs in volumes proportional to
each state’s sales share of gasoline and diesehiparison to the national total.

The ClI reductions resulting from advanced biofueéndated by the RFS, together with
the effects of any high-carbon crude oil (HCICOYJ aehicles sold under the ZEV
mandate, were used to estimate the BAU CI of thBMW¥Eregion’s transportation fuel
mix. Importantly, for the purpose of this analysiee CFS reduction targets were defined
relative to the baseline fuel, defined as gasadingiesel produced from non-HCICO
sources, not relative to the BAU fuel mikigures 2-2and2-3 show CI for gasoline,

BAU fuel mix, and the 10 percent target over they&@r program period. The difference
between the BAU CI and the 10 percent reductiogetarepresents the effective Cl
reductions attributable to the CFS program.

Zcalifornia Air Resources Board (CARB) (2009). Reeed Regulation to Implement the Low Carbon Fuel
Standard — Vols. | and 1l (Staff Report: Initiab&ment of Reasons (ISOR)). Retrieved April 23,®0rom

http://www.arb.ca.gov/fuels/lcfs/030409Icfs isorlModf.
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Figure 2-2. Business-as-Usual Carbon Intensity, Lo®il Price, and 10 Percent
Reduction Target for Gasoline
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Figure 2-3. Business-as-Usual Carbon Intensity, HigOil Price, and 10 Percent
Reduction Target for Gasoline
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The above assumptions that describe compliancetgtiRFS in turn influence the
policy scenario results. Specifically, the quaastof liquid biofuels shown for each of
the CFS policy scenarios represent volumes of blefaver and above those that would
be expected for RFS compliance alone and are addltfuels needed to meet the
requirements of the CFS CI reduction targets.

There are also differences in the assumptions wfthe RFS plays out within the three
10 percent CI reduction scenarios. In the Ele¢yriand Natural Gas Futures, the BAU
volumes of advanced biofuels are assumed to repaatrof the regional fuel mix under
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the CFS program, and any biofuels produced indlgeon are assumed to supplement
these volumes. However, in the Biofuels Futurefuats produced in the NE/MA are
assumed to repladkese BAU biofuels in order to capture the effedta developing
regional biofuels industry on local fuel markets.

It is important to note that because CFS is amsitg-based standard, the volume of
low-carbon fuels required will be inversely propomnal to the CI value of those fuels.
Thus, if fuels with very low CI values are availabit will require relatively smaller
volume of these fuels to produce a given reduahaaverage ClI. In contrast, higher CI
values require larger volumes of low carbon fuela¢hieve a given reduction in average
Cl.

Other differences in this analysis between the b High Oil Price reference cases
include: (1) price projections for conventionalnsportation fuels (gasoline, diesel, and
natural gas); and (2) Cl values for gasoline aedeli Both of these variables are
described in more detail below.

Low Oil Price Case

Under the Low OQil Price case, price projectionsdach fuel type are consistent with the
AEO 2010 “Reference” scenaribigure 2-4 shows projected fuel prices for 2013 to
2022. Gasoline and diesel prices are projectedaw gt a relatively low rate from

slightly over $3 per gallon for gasoline and dieae2013 to $3.59 for gasoline and $3.79
for diesel by 2022. In contrast, AEO’s price fongaressed natural gas is projected to
remain level, at approximately $1.79 per gallon-egsivalent throughout the period.

Figure 2-4. Projected Gasoline, Diesel, and Natur&bas Prices
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Source: AEO 2010. Note: Gas and diesel pricelsidie state and federal taxes.

As shown inTable 2-1below, under low oil prices the Cl values are asstito be 96.0
grams per per megajoule (g/MJ) and 94.0g/MJ foolgas and diesel fuel, respectively.
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Because higher-carbon sources of petroleum suoh sands or shale oil are more
expensive to develop than lower-carbon traditigedtoleum supplies, under low oil
prices, it was assumed that these high-Cl souragdittie effect on Cl in the NE/MA
market throughout the program period.

Table 2-1. Carbon Intensity Values (g/MJ) for Conentional Gasoline and Diesel,
Low Oil Prices (2013 and 2022)

Low Oil Price
Fuel Type 2013 2022
Gasoline 96.0 96.0
Diesel 94.0 94.0

For gasoline and diesel substitutes in this refa¥erase under RFS2, national renewable
fuel sales projections from AEO2010 were used. loanbon fuels sold under the RFS2
requirements were assumed to be sold in suffisielumes in California to meet their
LCFS, and remaining low carbon RFS2 fuel volumesevdistributed in proportion to
gasoline sales in the other 49 states.

High Oil Price Case

Price projections for gasoline, diesel, and natgaal under this case were consistent with
the AEO 2010 “High Oil Price” scenaribigure 2-5shows that the AEO projects
gasoline and diesel prices to increase at a mugitehrate for this case than under the
Low Oil Price case, primarily due to stronger eaoimconditions and higher global
demand. Gasoline prices are projected to increase $3.66 per gallon to $5.49 per
gallon by 2022, while diesel prices are projectedge from $3.93 per gallon to $5.91 by
2022. AEO projections for natural gas prices are r@latively stable price of
approximately $1.84 per gallon gas-equivalent alrerl0 years, due to a projected
increase in supply of natural gas from shale gserves throughout the U.S.

As Table 2-2shows, under high oil prices, the average Cl \&alnghe regional fuel pool
are assumed to increase from 96.5 to 101 g/MJdsolgne and from 94.5 to 99.0 g/MJ
for diesel fuel from 2013 to 2022, reflecting aorigase in the economic viability and
market share of products derived from higher caibhtensity feedstocks. These
estimates reflect an assumption that the carbemsitly of petroleum increases 0.5 g/MJ
per year over the 2013 to 2022 timeframe.

For gasoline and diesel substitutes under RFSBnadtrenewable fuel sales consistent
with the volume requirements specified by U.S. EfPWer their RFS “High-Ethanol”
scenario were used in this reference ¢as®w carbon fuels sold under the RFS2
requirements were assumed to be sold in suffisielumes in California to meet their

% The “high-ethanol” scenario was one of two possitmpliance scenarios that EPA evaluated in its
2010 Regulatory Impact Analysis of the Renewablel Btandard. The other “low-ethanol” compliance
scenario featured lower quantities of advancedneth&).S. EPA (2010)Regulatory Impact Analysis:
Renewable Fuel Standard Programetrieved April 23, 2010, from
http://www.epa.gov/otag/renewablefuels/420r07004.pd




Economic Analysis of a Program to Promote Cleam$pmrtation Fuels Page 18

LCFS. Remaining low carbon RFS2 fuel volumes weés#ituted in proportion to
gasoline sales in the other 49 states.

Figure 2-5. Projected Gasoline, Diesel, and Natur&as Prices
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Table 2-2. Carbon Intensity Values (g/MJ) for Conentional Gasoline and Diesel,
High Oil Prices (2013 and 2022)

High Qil Price
Fuel Type 2013 2022
Gasoline 96.5 101
Diesel 94.5 99.0

2.4.4.Description of Key Assumptions

This economic analysis relies upon the use of thra policy scenarios depicting a
CFS program, each of which reflects a 10 perceme@uction in transportation fuels
relative to BAU over a 10-year time period. In adufi to the three policy scenarios
featuring a 10 percent Cl reduction, this analysitudes three sensitivity cases that vary
either the ClI reduction target and/or other keyagsions.

As stated earlier in this section, the policy scersaand sensitivity cases portrayed in this
analysis are not intended as forecasts or predd likely outcomes. Rather, each
scenario depicts a unique “what if?” trajectoryul technologies, infrastructure, and
consumer choices that illustrate how a given CF§etacould theoretically be met within
a specified timeframe. In addition, in each pobkcgnario, the factors most likely to
influence economic impacts vary, to account foruheertainties in these variables as
well as understand how sensitive results are tagdmin these variables.
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As described in Section 2.3.2.1 (Treatment of Utadety), the key factors that vary
across CFS policy scenarios and sensitivity ruolside:

e carbon intensity values;

* biomass availability for in-region production;

» prices for conventional and low carbon fuels;

» fuel infrastructure penetration rates and costs;

» alternative vehicle market penetration rates arstisc@nd

* Cl reduction targets and timeframes.

This section generally describes the data soum@sssumptions used for these
variables. The following section provides more deta how specific assumptions were
used in the policy scenarios and sensitivity cases.

Carbon Intensity

Carbon intensity values are the single most impbrariable in determining the
economic impacts of the CFS because they detertinéreolumes of low carbon fuels
needed to meet the reduction targetble 2-3shows the range of carbon intensity values
assigned to low carbon fuels in the various padicgnarios and sensitivities analyzed in
this study. For most of these fuels, the analysipleyed a low-end and high-end CI
estimate whenever possible to reflect current tiffees among published estimates of
fuels’ lifecycle GHG emissions.

U.S. EPA estimates were used for the low-end Glasfor the advanced biofuels,
including cellulosic ethanol and Fischer-Tropsobséi. These low-end CI values
generally reflect U.S. EPA’s estimates of best iids<C| attainable for these fuels by
2022, accounting for potential improvements in picitbn efficiencies and technologies
by industry.

The negative ClI values for cellulosic ethanol iatkicthat U.S. EPA expects electricity
generation to be a by-product of the ethanol prodo@rocess, and that because this
electricity is renewable it would, in turn, redube average carbon intensity of
electricity. This shows up as a credit in the kfee CI value for cellulosic ethanol.
Waste-based fuels in liquid and gaseous form hawer Cl values than those made from
virgin feedstocks, due to lower associated landGid& emissions.

The high-end CI values for cellulosic ethanol weased on U.S. EPA’s minimum
threshold GHG value for RFS eligibility, or 37.2v§12 CARB's estimate of the Cl for
conventional biodiesel is used as the high-endalilesfor this fuel. High-end CI values
for other fuels are “not applicable,” because theynot needed based on the design of
the scenarios (as explained further below).

% U.S. EPA requires that cellulosic ethanol musticedifecycle GHG emissions from gasoline by 60
percent to be eligible under the RFS. Based on EP3's assumed CI for conventional gasoline of 93
g/MJ, NESCAUM used a Cl value for cellulosic ethiaoio37.2 g/MJ.
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Table 2-3. Carbon Intensity Values for Low CarbonFuels (g/MJ), 2013 to 2022

Fuel Type Low-End High-End
Ethanol:

Cellulosic, Waste Feedstock -27.0 37.2

Cellulosic, Virgin Feedstock -9.0 37.2

Cellulosic Ethanol, Out-of-

Regiort* -18.0 37.2
Conventional Biodiesél 40.0 70.0
Advanced Diesel:

Fischer-Tropsch, Waste Feedstock 8.0 n/a
Fischer-Tropsch, Virgin Feedstodk 27.0 n/a
Natural Gas:

Conventional Natural Gas 68.0 78.0

Biogas, Waste Feedstock 11.0 n/a

Biogas, Virgin Feedstock 18.0 n/a
Electricity2°

80.5
decreasing to

High-end (2013 to 2022) n/a 75.0

57.0
decreasing to
Low-end (2013 to 2022) 55.0 n/a

Sources: U.S. EPA, CARB, Lifecycle Associates, BiEt6CAUM analysis, 2010.

The ClI value for natural gas varies considerabjjeteing on whether it is biogas, which
has a very low CI of between 11.0 and 18.0 g peoMa full lifecycle basis, or
conventional natural gas, which has a much higheel@tive to biogas, but is still a
viable low carbon transportation fuel in comparisomasoline or diesel. The
assumptions for the low- and high-end values fobo@a intensity of conventional natural
gas used in this analysis — 68.0 and 78.0 g/Mpeats/ely — reflect traditional natural
gas extraction and distribution methods, and netélcent development of shale gas
resource$’

% This refers to cellulosic ethanol produced outsideNE/MA region to meet RFS requirements; the-low
end Cl value of -18 reflects an even distributi@tween waste- and virgin-based feedstocks, which
approximates U.S. EPA’s estimates of the compasitfctbiomass resources available in the rest of the
u.S.

% Conventional biodiesel represented in this ansligsprimarily soy-based biodiesel. While wasteellas
biodiesel is generally considered to have a lowallie, estimates of the quantity of waste oils latég in
the NE/MA region foradditionalwaste-based biodiesel production are very low.

% Electricity Cl ranges shown above reflect 2013ieand 2022 values, respectively, and an adjustment
for an energy-economy ratio (EER) of 3.0. The nundfesignificant digits in the electricity Cl valse
reflects greater significant digits in the undentyiEER estimate.

27 As of this writing, there is little new publiclyailable empirical data on the full lifecycle GH@pacts

of natural gas derived from shale resources. Toenty published Howartét al.(2011) study on natural
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Electricity Cl values were based on average cadmission rates across the 11-state
NE/MA region, which spans two full power grids, I3@w England and the New York
ISO, and part of a third power grid, the PIM Intemcect?® These average emission rates
were adjusted to account for compliance with exgspolicies that reduce power sector
GHG emissions, including RGGI and state renewatéegy requirements. The ClI

value for electricity also reflects an “energy-ecoty ratio” (EER) of 3.0 for electric
vehicles, to account for the relative efficiencyiwivhich these vehicles use a unit of
delivered energy in comparison to an internal costibn enginé®

NE-MARKAL, a 12-state energy optimization model eowng the northeast and mid-
Atlantic region, was used to generate the estinaftésn-end electricity Cl. The low-end
electricity Cl value reflects constraints builtorfIE-MARKAL that represent full
compliance with RGGI and renewable energy requirgmand limit additions of new
carbon-intensive generation. The low-end estimb& @ g/MJ represents a starting ClI
value in 2013 that gradually declines to 55.0 gy 2022, due to the effects of RGGI
and renewable energy requirements.

The high-end CI value for electricity of 80.5 g/MJ2013 decreases to 75.0 g/MJ by
2022, and was based on a simplifying assumpti@3% to 40 percent increase in
average carbon intensity above the low-end CI rahlges is a likely to be a conservative
estimate that would likely result only if carbortensive generation resources (i.e., new
coal plants) were added to the regional mix, anB\s were charged primarily at times
of peak and intermediate demand, when less effigeneration units are dispatched and
carbon intensity is highéf.While this analysis did not rely upon an electyiclispatch
model to estimate these values, other studies asapgtch models have shown that
relying heavily upon marginal dispatch to meet EBvnénd could significantly increase
GHG emission§?

Low Carbon Fuel Prices
Table 2-4below lists the price assumptions used in thisyamafor conventional
transportation fuels — gasoline and diesel — amddarbon fuel alternatives in 2013

gas GHG lifecycle emissions, for example, evalulilesycle emissions using alternative GHG accaunti
methodologies but does not rely upon new empideddé.

%The mid-Atlantic portion of the PIM grid consisfsite states of New Jersey, Delaware, Maryland, and
most of Pennsylvania. On balance, the averagd €lkotricity for this sub-section of PIM is slight

lower than the PIJM-wide average, due to a relatikeher percentage in these states of lower CI
generation resources such as natural gas and numba@apared with a relatively higher percentageasi-
based generation in other areas within the PJM grid

% The influence of RGGI and state renewable enezgyirements on Cl is temporal—these programs are
assumed to reduce the ClI value of electricity avee.

30 Adjusting for an EER of 3.0 requires dividing #neerage electricity Cl value by 3.0.

31 In the northeastern U.S., units that serve matdiea during peak demand generally include single-
cycle natural gas turbines or back-up diesel geoexa

32 See, for example: McCarthy and Yang (2009). Deirgirng marginal electricity for near-term plug-indan
fuel cell vehicle demands in California: Impactsvahicle greenhouse gas emissiodisurnal of Power
Sourcesl95 (7): 2099-2109.
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and 2022° Gasoline and diesel prices under the Low Oil Peise reflect the AEO
2010 reference case forecast, whereas the gades®l prices used in the High Oil Price
case reflect AEO’s 2010 High Oil Price forecastjalihanticipates increasing demand
from developing countries and a decrease in petmolgupplies from traditional
producers’ No subsidies are included in these prices.

Table 2-4. Prices (and Costs) for Conventional andow Carbon Fuels, 2013 and 2022
(per unit basis)

: Low Oil Price High Oil Price
Fuel Prices
2013 ‘ 2022 2013 2022

Conventional Fuels:

Gasoline ($/gal) $3.05 $3.59 $3.66 $5.49

Diesel ($/gal) $3.12 $3.79 $3.93 $5.91
Low Carbon Fuels:

Natural gas ($/gge) $1.82 $1.81 $1.87 $1.82

Electricity, high-end ($/kWh) $0.18 $0.18 $0.18 $0.18

Electricity, low-end ($/kWh) $0.14 $0.14 $0.14 $0.15

Cellulosic ethanol, high-end ($/gal) $2.35 $2.35 $2.95 $2.95

Cellulosic ethanol, low-end, waste feedstock

($/gal) $0.62 $0.62 $0.65 $0.65

Cellulosic ethanol, low-end, virgin feedstock

($/gal) $1.35 $1.35 $1.70 $1.70

Fischer-Tropsch diesel ($/gal) $3.42 $3.42 $3.92 $3.92

Soy biodiesel ($/gal) $2.28 $2.28 $3.15 $3.15

Notes: Gasoline and diesel prices reflect fedamdl state taxes. Biofuel prices do not includerfed
production tax credits.

Natural gas price assumptions for the Low and HgiPrice cases were also taken from
the AEO 2010. AEQO’s estimates reflect the fact thateased supplies of natural gas, the
price of which has historically tracked closelyhwihat of petroleum, have essentially
resulted in many published forecasts of naturalpyees to reflect a “decoupling” from
petroleum prices for the foreseeable future. AE€dfore projects natural gas prices to
be relatively low in both the Low and High Oil Reicases (in comparison to historical
prices) and fairly constant except for a slightluhecprojected by 2022.

The low-end assumption for average retail eledyrigiices in the NE/MA states came
from AEO 2010, and is projected to be relativeleleover the timeframe of this
analysis, with prices at $0.14 per kWh in 2013, mxedeasing to $0.15 per kWh in 2022.
The high-end assumption for electricity prices, i$8.18 per kilowatt-hour (kWh)

33 While the comparison of conventional and low carheels within the VISION model is done on an
energy equivalent basis (e.g., in MJ), the caloutatised to generate estimates of low carbon hstbase
prices expressed in the units typically used inntlaeketplace for a given fuel type. Electricity
expenditures, for example, are calculated on adpkr kWh basis.

%Annual Energy Outlogik2010.
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throughout this same period, is a simplifying asgtiom that is intended to represent an
increase of roughly 20 to 30 percent over the lom-grice. Similar to the high-end
electricity Cl value, this is not a modeled estiengénerated by a formal electricity
dispatch analysis, but an approximation of highectacity prices associated with a
growing contribution by renewable and low-carbosortaces and/or higher electricity
prices associated with charging vehicles duringoglerof peak demand.

Biofuels prices used in this analysis, showi able 2-4, represent average production
costs rather than retail pric&sThe low-end costs, derived from U.S. EPA’s regulato
impact analysis of the RFS, reflect an optimissitreate of the costs of various inputs to
biofuel production — including feedstock and enzyeosts (in the case of cellulosic
ethanol), as well as the costs of production, partsand distribution activities — when
the industry is producing at full commercial scéddferences between production costs
and market prices will be determined by producersfits over and above the marginal
cost of production (if any), plus any taxes and#orcredits.

The high-end estimates for biofuel production coatge from $2.95 per gallon for
cellulosic ethanol in 2022 to $3.92 per gallonddwvanced diesel in 2022. These
estimates reflect similar distribution costs asltdve-end costs, but significantly higher
estimates for feedstock, transport, and productasts in comparison to the low-end
case. These estimates, derived from CARB value adjusted upwards by 30 percent
to account for the effect of higher petroleum castghe costs of feedstocks, production,
and transport.

Table 2-5provides a comparison of the prices of low carfumis and conventional fuel
prices on an energy-equivalent basis. As seen fnisrcomparison, low carbon fuel
prices are assumed to be lower than the most caflgaconventional fuel, with the
exception of high-end cellulosic ethanol and Fis€h@psch diesel costs in 2013, under
the Low and High QOil Price cases.

As noted earlier, values for biofuels representpotion costs and not final retail market
prices; final prices seen in the market will beedetined by the willingness-to-pay of
biofuel consumers.

% With the exception of soy biodiesel, low carboafbels included in this analysis are not yet pralic
and sold at commercial volumes; prices reflecticigi@ market supply and demand are not yet availabl
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Table 2-5. Prices (or Costs) for Low Carbon Fuel2013 and 2022
(gallon gas-equivalent basis)

_ Low Oil Price High Oil Price
Fuel Prices ($/gge)
2013 2022 2013 2022
Conventional Fuels:
Gasoline ($/gal) $3.05 $3.59 $3.66 $5.49
Diesel ($/gge) $2.74 $3.33 $3.45 $5.18
Low Carbon Fuels:
Natural gas ($/gge) $1.82 $1.81 $1.87 $1.82
Electricity, high-end ($/gge) $2.00 $2.00 $2.00 $2.00
Electricity, low-end ($/gge) $1.52 $1.59 $1.52 $1.64
Cellulosic ethanol, high-end ($/gge) $3.50 $3.50 $4.39 $4.39
Cellulosic ethanol, low-end, waste feedstock
($/gge) $0.92 $0.92 $0.97 $0.97
Cellulosic ethanol, low-end, virgin feedstock
($/gge) $2.01 $2.01 $2.53 $2.53
Fischer-Tropsch (F-T) diesel ($/gge) $3.14 $3.14 $3.60 $3.60
Soy biodiesel ($/gge) $2.17 $2.17 $2.99 $2.99

Notes: Assumptions values used in these calculafieclude: (1) An EER of 3.0 for electric vehilend
1.0 for natural gas vehicles; and (2) energy carién.67 for ethanol and 0.96 for F-T diesel in
comparison to conventional gasoline and diesghaats/ely.

Figure 2-6 graphs the cost per gallon of gas-equivalent limarclow-carbon fuels against
relative fuel ClI valuesThis comparison of cost and Cl values of fuels mtes a measure
of the relative cost-effectiveness of the clearsfesaluated, i.e., the effectiveness with

which a fuel type provides reductions in Cl relatto its cost.

The fuels that provide the most cost-effective mdidns in carbon intensity are found in
the lower-left hand corner of the chart. Theseduglich as waste-based cellulosic
ethanol, would be purchased in the greatest voldirstdo generate the lowest cost
reductions in carbon intensity. Then, the next ncost-effective fuels, such as soy
biodiesel, cellulosic fuels from virgin feedstocksd electricity, would be purchased.
While other factors besides cost-effectiveness damfluence the pattern of purchases of
low carbon fuels, the availability of cost-effeailow carbon fuels would provide
opportunities for lowering the cost of CFS comptian
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Figure 2-6: Relative Cost-Effectiveness of Low Cantn Fuels
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Fuel Infrastructure Needs and Costs

In addition to expenditures on low carbon fuelss #nalysis considers the incremental
costs of new infrastructure required to distribimese fuelsTable 2-6below displays
the assumptions for new infrastructure additiomgired to deliver the low carbon fuels
needed to meet the CFS reduction targets undenatieus scenarios. The general
approach used in these assumptions is to scaésinicture needs according to a
specified volume of low carbon fuels or a numbealtérnative vehicles (which
themselves are scaled to a specified volume ofckrivon fuel).

As of yet, there is little empirical experiencehaiving high levels of light-duty electric
and natural gas vehicles in the marketplace, sdelgeee of uncertainty surrounding the
level of infrastructure needed to accommodate liz@ging/fueling needs of these
vehicles is quite high. Moreover, published estaador the costs of individual
infrastructure elements, such as home charging,uenié somewhat limited, reflecting the
fact that there is not yet broad consumer demandrfmany manufacturers of these
components in the marketplace.
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Given the lack of empirical data for electricitydagas fueling needs, estimates of
electricity and natural gas fueling stations usethis analysis were derived using the
number of fueling stations for internal combustengine (ICE) vehicles as a starting
assumption. Currently in the US, there are 0.6&ilrgasoline stations per 1,000 ICE
vehicles®® Because electric vehicles have a more limitedeahgn ICEs, electric
vehicles are assumed to need a combination of lam@¢ublic charging options. This
analysis assumes that virtually all BEVs will useame charger, and that 25 percent (on
the low-end) to 33 percent (on the high-end) of emsrof plug-in electric vehicles will
also have a home charger. Public charging staicmassumed to be available initially at
the same ratio as ICE vehicles to gasoline statiwitk this ratio increasing by a small
rate each year (and at a greater rate in the mdrease than in the low-end case).

Another assumption for the low-end estimate oftelaty infrastructure was that “smart
meters” will be used to help optimize BEV charging,, 90 percent of charging is done
at times when unused capacity is available. In¢age, because of the assumption that
vehicle charging will be managed so as to avoidextending ground-level electricity
distribution infrastructure, no new transformers assumed to be needed.

In contrast, in the high-end estimate for eledlyiaifrastructure, the assumption was that
the time profile of vehicle charging is more mixédn in the low-end —i.e., 50 percent
of charging occurs during times of peak or interraeddemand, and 50 percent
occurring during times of available capacifyn this case, it was assumed that smart
meters are not used to manage charging, and asilg ggrades of ground-level
transformers are needed to accommodate home chafirehicles®

Natural gas fueling assumptions were also derigealguthe ratio of ICE fueling stations
to ICE vehicles as a starting point. While the agerrange of a natural gas vehicle is
closer to that of an ICE vehicle than that of an EWas assumed that at least twice the
ratio of conventional gasoline stations, plus hdueding kits for one-third of NGV
owners, are needed to adequately fuel NGVs. Thesergtions for natural gas fueling
infrastructure did not vary across scenarios, they were applied to all the policy
scenarios and sensitivity cases. The number oéimental NGVs varies considerably
across scenarios, however, so the total costdrastnucture for natural gas fueling also
vary accordingly.

% U.S. DOE Transportation Energy Data BoqR010). Available at:
http://cta.ornl.gov/data/download29.shtml

3" These assumptions for the low-end and high-enteofange of possible charging profiles are intende
to be consistent with the low-end and high-end &ugs for electricity. The low-end assumption of
optimal charging corresponds to the lower eleciri€il value, and the mixed charging profile corresgs
to the high-end of the electricity Cl range, whess| efficient, more carbon-intensive units areatisped

to meet charging demand.

3 According to several utilities, many of the existi25 kVa transformers are upgraded to 50 kVa #s pa
of utilities’ typical maintenance schedule, busthnalysis assumes that transformer upgrades \eeuld
additional to the baseline level of replacement mmaghtenance.
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This analysis assumed that the requirements dREf will result in significant additions
to biofuel blending and distribution infrastructunethe region even without the CFS.

The estimates of new biofuel infrastructure aneeissed costs used in this analysis

therefore represent infrastructure needs only iiuBls volumes that are incremental to
the RFS fuel volumes. Based on an assumptionhbatthanol “blendwall” is 15 percent,
all volumes of ethanol in excess of that limit wassumed to be E85. These volumes
were used to scale the number of new E85 fuelistesys required to deliver that fuel.

Table 2-6. Low Carbon Fuel Infrastructure Assumptians

Type of Low

Carbon Fuel Assumption

Low-end of Range

High-end of Range

Infrastructure
additions

Electricity

-Optimal charging
profile: (90% off-
peak; 10%
peak)/intermediate);
-100% BEVs and 259
PHEVs w/Level Il
chargers;

-Level Ill chargers at
0.65 per 1,000 BEVs,
increasing by 0.05/yr.
-1 smart meter per 3
BEVs;

-No new transformers

p PHEVs w/Level Il

Mixed charging profile
(50% off-peak; 50%
peak/intermediate);
-100% BEVs and 33% of

chargers;
-Level Ill chargers at 0.6
per 1,000 BEVs,
increasing by 0.5/yr.;
-No new smart meters;
-1 new transformer for
every 10 BEVs

Infrastructure
costs

-$2,200 per Level Il charger (installed);
-$92,000 per Level Ill charger(installed);
-$400 per smart meter in 2013, $200 by 2022;
-$5,000 per 50 kVa transformer upgrade

O

Infrastructure
additions

Natural gas

-1.3 NGV fueling stations per 1,000 NGVs;
-33% of NGV owners w/home fueling kits
-180 existing fueling stations upgraded

Infrastructure
costs

-$370,000 to upgrade

-$1 million per new fueling station;
-$5,300 per home fueling kit (installed)

fueling station;

Infrastructure
additions

-New ES85 stations based on E85 volumes
incremental to RFS fuels sold in the region

Infrastructure

Biofuels costs

-$0.19 per gal. ethang
-$0.15 per gal.
biodiesel

-$170,000 per E85

station (450,000 gal.)

[-$0.24 per gal. ethanol
-$0.15 per gal diesel
-$170,000 per E85 statio
(450,000 gal.)

Source(s): Various U.S. EPA, CARB, U.S.

DOE/Clé&ities, and industry publications (2008-2011).

Alternative Fudl Vehicle Market Penetration Rates and Costs
While the CFS program itself only requires changebe GHG properties of fuels,

certain low carbon fuel options such as electriaitg natural gas can be deployed only if
there are sufficient alternative fuel vehicleshe tharketplace to create demand for those
fuels. It is therefore reasonable to expect thahiaimum, some of the incremental costs

of these vehicles could be bundled into the costempliance with the CFS program.
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Table 2-7shows the incremental cost assumptions for altemnéuel vehicles. For
electric vehicles, this analysis used an increm@aist assumption of $0 per BEV on the
low-end and $5,000 per BEV on the high-end. Thedees apply over the full timeframe
of the analysis. The low-end value is intended bsundary that represents the highest
likely rate of innovation in battery technologyetkeby implying a rapid decrease in the
primary driver of the incremental purchase pric&Wt over that for comparable ICE
vehicles. Another factor with the potential to sigrantly mitigate incremental costs of
EVs are financing structures (e.g., battery legswgich fully amortize battery costs
such that consumers effectively pay for them asqfarehicle operating costs.

The high-end value of $5,000 per BEV was used asvarage over the timeframe to
represent a slower rate of innovation in battecht®logy than represented by the low-
end, but one that nonetheless brings down thernmanéal costs from a level of $15,000
in 2013 to $3,000 by 2020, for an effective weightwerage of $5,000 over the full
timeframe?°

The high-end value also assumes that the currdatdeincentives of $7,500 per EV
purchase expire as scheduled in 2011, whereaswhend of the range depicts a
continuation of federal incentives.

Natural gas vehicle incremental costs are $0 oiotlveend, representing a case where
market demand for NGVs increases such that manutastrealize economies of scale
production®

39 Better Place is one example of a company oper&tingilot programs with a business model based on
leasing EV batteries to consumers.

“° The proposed range for incremental battery cds$® o $5,000 is lower than current prices of $08,
per EV to reflect the fact that the majority ofesabccur later in the timeframe, allowing for eamies of
scale, learning curves, and advances in battehjtacture.

“Currently, the incremental cost of natural gas elekireflects limited production of these vehiatather
than more expensive vehicle components or labdscimscountries with more developed natural gas
vehicle markets, costs are significantly lowdrgée et al, 2010.)
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Table 2-7. Alternative Vehicle Assumptions

Type of Assumption Low-end of High-end of
Alternative Range Range
Vehicle
Incremental cost| $0 per BEV and $0 per PHEV;
Electric Vehicles PHEV $5,000 per BEV
(EVs) Market penetration 50% PHEVs; 50% 90% BEVs; 10%
BEVs PHEVs
Incremental costs| $0 per light-duty | $7,000 per light-
NGV; duty NGV,
Natural Gas $0 per medium $30,000 per
Vehicles (NGVs) and heavy-duty medium and
NGV heavy-duty NGV
Market penetration 1.0 NGV per ICE| 1.0 NGV per ICE
vehicle vehicle
Flex-fuel Vehicles| Incremental costs| $0 per FFV $100 per FFV
(FFVs) Market penetration 1.1 million FFVs per billion gallons E85

Biomass Availability for In-Region Low Carbon Fuel Production

An important objective of the CFS is to reducendgion’s reliance on imported fuels for
transportation and simultaneously encourage pramtucf low carbon fuels using
resources from within the NE/MA states. The redias significant biomass resources
from forest and agricultural residues, municipdicswaste, wastewater treatment
facilities, and landfills, which could be used asdstocks for producing biofuels, natural
gas, and/or electricity. In addition, new markeporunities for low carbon fuels could
encourage the development of an energy crop markkeé region on lands that are not
likely to support agricultural production.

NESCAUM developed the NE/MA Bioenergy Calculatoegiimate biomass resources
on an annual basis and potential low carbon fusdpction in the regioff The

calculator produces estimates of biomass avaitglaiigregated at the regional level
based on annual state-by-state biomass availabgiiynates. It translates these biomass
levels into quantities of low carbon fuel, includioellulosic ethanol, biogas, and diesel.
Because of the presence of many other programgaedtives for renewable electricity
generation from biomass (e.g., renewable energyin@gents), electricity from biomass
combustion or new waste-to-energy facilities wasimduded as one of the fuel types
likely to expand directly as a result of incentiy@evided the CFS.

**The NE/MA Bioenergy Calculator is based on a medifon of the Rutgers/New Jersey Agricultural
Extension Service (NJAES)Bioenergy Calculator©. phienary modification performed was to replace the
county-level biomass estimates for New Jersey stike-level annual biomass estimates for all of the
NE/MA states. Additional detail on the assumptiohthe NE/MA Bioenergy Calculator can be found in
Appendix Aincluding estimated quantities of biomass avdlitgton an annual basis for individual states
and the NE/MA region.
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The fuel conversion technologies modeled in theutator to generate these estimates
included: enzymatic hydrolysis (cellulosic ethantidnsesterification (soy biodiesel),
gasification (biogas), and Fischer-Tropsch (diesel)

Table 2-8displays a snapshot of values from the Bioenerdgulator. These values for
low- and high-end annual biomass availability ir1202022, and 2027 were applied in
the various policy scenarios and sensitivity aredy® estimate low carbon fuel
production in the region. The low-end of the rangygresents a conservative view of
biomass availability, where economic, policy, amdi@physical factors constrain the
annual biomass supply to relatively low levels amparison to the region’s physical
endowment levels. The high-end of the range reptesemore optimistic depiction of
actual biomass supply relative to physical endowrtearels, where stronger price signals
would promote more significant development of pasmesources.

It is important to note that in the low- and highdecases, estimates account only for
biomass supplies that would be potentially avadaolditional tobiomass currently
being supplied to existing markets (e.g., pulp,gvamd pellet production, existing
landfill gas operations). In other words, thesemti@s could be theoretically available
without significantly affecting other markets fapmass (assuming the current level of
demand from these other markets does not expand).

Depending on the type of biomass evaluated, arauglability was assumed to change
over time. Lignocellulosic biomass includes enexgyps and new forest growth, both of
which were assumed to grow in availability as sgeamincentives for renewable energy
and fuels take hold. Municipal solid waste resosyos the other hand, were assumed to
decline in availability as various states’ solidsteareduction initiatives further decrease
waste quantities. The availability of livestock amdstewater treatment solids and
wastewater gas were assumed to remain relativelstant over the timeframe of the
analysis.

Table 2-8. Annual Biomass Availability for Low Cartbon Fuel Production

Annual Biomass Availability
Fuel Conversion

Biomass Type

2013 2022 2027 Options
Low | High | Low | High | Low | High
Lignocellulosic Cellulosic ethanol
Biomass 3.4 9.1 13 27 13 27 F-T diesel
(million dry tons) Biogas

Cellulosic ethanol
1.9 4.5 15 3.7 15 3.7 | F-T diesel
Biogas

Municipal Solid Waste
(million dry tons)

Livestock/Wastewater
treatments solids 13 2.6 13 2.6 13 2.6 | Biogas
(million dry tons)

Landfill gas and
wastewater treatment 36 71 36 71 36 71 Biogas
gas (billion scf)
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Note: Waste grease and other bio-oils are exclébed this table because less than 20,000 dry ton-
equivalents are produced annually.

Other Key Assumptions

This section describes other assumptions usectiarihlysis that have a significant
influence on results.

Discount rates

The majority of public policies and private investmis generate costs and benefits that
occur at different periods in timBiscountingrefers to the method applied to express
these values occurring at different periods in seahwhat they are worth today, known
aspresent valueDiscounting is accomplished by multiplying thdueaof costs, benefits,
and impacts in future periods by a discount faddter applying the discount factor,
future values can be expressed as present values.

In accordance with U.S. EPA’s guidance on besttjpex for economic analysis, this
analysis applied two alternative discount rates, 8 and 7 percefit.A three percent rate

is considered to be more reflective of the ratetath the public sector borrows, which
some economists consider to be the best reprementditsociety’s preferences for

valuing resources over time. The seven percenisaeloser approximation of returns

to private capital. Because there is considerapbate about which rate best reflects the
way that society values consumption over time, déiniglysis applies both rates and shows
results for each. The calculations for each ofstenarios show the values of all costs
and benefitbeforediscounting, as well as in present value terms dfszounting.

While varying the discount rate between 3 and €qudrin this analysis does
substantially change the absolute values of estidhetsts and benefits occurring at
different points in time, many of the relative t@aships between aggregate costs and
benefits and patterns across scenario results meroastant regardless of the discount
rate.

Program Administration

Implementation and enforcement of a CFS programldvaguire staff resources on the
part of the NE/MA states. This analysis assumetlititividual states will require from
one-half to two full-time employees (FTE) to admster the CFS, varying according to
each state’s fuel use, and that an average st&e&3t will be $150,000 (loadetf)In
addition, it is assumed that some administrativeviies would be regional in nature,
and would require an additional three FTESs, inérept four FTES by 2018.

*3U.S. EPA. Guidelines for Preparing Economic Analys@dfice of the AdministratarDecember 2010.
For a much more detailed discussion of alternatigeount rates and their application in economalysis
of environmental regulations, see Chapter 6 of BFA’s guidance document.
44 . .

A loaded annual cost for a full-time employee inlds annual salary plus the costs of overhead and
benefits.
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Regulated companies will also incur administratiests to demonstrate compliance with
the program. These costs were assumed to includasdtone full-time employee (FTE)
per regulated company, at a loaded cost of $200)@0E TE, for the duration of the
program. For analytical purposes, this study assuap@roximately 150 regulated
companies in the region.

Social Cost of GHG Emissions

The economic value of reducing (or avoiding futUejG emissions is a subject of
substantial uncertainty and debate. In this anglysilues used for the “social cost of
carbon” (SCC) ranged from nearly $24 per ton oboarequivalent in 2013 on the low-
end (increasing to $29 per ton in 2022) to $107t@eat the high-end (2013 through
2022)* These low- and high-end values for the social cbsarbon were applied to the
range of cumulative reductions in GHG emissionsreged for each of the scenarios and
sensitivity cases.

2.4.5.Design of CFS Policy Scenarios and Sensitivity Case

This section provides more detail on the distinigug features of the three main policy
scenarios: the “Electricity Future,” “Biofuels Fu&)’ and “Natural Gas Future.” These
scenarios share key commonalities. Each assumegsiaoce with a 10 percent Cl
reduction target over 10 years, 2013 to 2022, antributions toward CFS compliance
from three low carbon fuels: electricity, biofuedsid natural gas.

The CFS is expected to spur more rapid innovati@hdevelopment in fuels and vehicle
technologies than what would otherwise occur. Hawethis analysis does not attempt
to forecast which fuel pathways and technologieghtnilevelop first. The policy
scenarios were designed to show multiple posseullevpays to CFS compliance, and
equal probability was placed on each major fuektylaying a significant role in meeting
the program goals.

The analytic design used to characterize each soaepicts one of the three types of
low carbon fuels undergoing a more rapid rate ektment in technology (and an
accordingly lower range for the costs of that fitsljnfrastructure, and vehicles).

Table 2-9displays this analytic design, and maps the assangtiescribed in the
previous section to the appropriate scenariosekoh CFS policy scenario, the featured
fuel was assumed to provide a greater percentatie dbtal reductions in Cl, and be
available at the low-end of the Cl and cost ranges.nstance, in the “Biofuels Future,”
biofuels provide 60 percent of the reduction regghito meet the CFS target, and the ClI
values for biofuels and their costs are at the émas of their respective ranges. Natural
gas and electricity provide 20 percent each ohteded reduction under the Biofuels
Future, and values for their Cl and cost are ahtgb-end of their ranges. In addition, the
high-end of the availability range for in-regiorobiass production was used.

* The low-end range of values for social cost oboaris from: Interagency Working Group on Social
Cost of Carbon, United States Government (20B)cial Cost of Carbon (SCC) for Regulatory Impact
Analysis Under Executive Order 1286Bhe high-end SCC value is from the Stern Re\2006).
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Similarly, the “Electricity Future” assumes that gércent of the reductions come from
electricity, using the low-end of the CI range ébectricity. Natural gas and biofuels each
contribute 20 percent of the required reductionl, e fuels CI values are from the high-
end of the range. This scenario also assumes timaisfic end of the ranges for
electricity prices, optimized consumer chargingawetr that takes advantage of existing
electric generation capacity, and lower infrasuibetneeds and electric vehicle costs.

The “Natural Gas Future” assumes 60 percent of damge comes from natural gas, and
that the high-end of regional biomass and wasteuress is available for gasification

into biogas (which is commercially viable only ng scenario).This scenario also
assumes that the low-end of the natural gas fus| edrastructure, and vehicle cost
ranges all apply. The high-end of the CI and casges are applied to electricity and
biofuels in this scenario.

As with the Natural Gas Future, the Biofuels Futassumes that the high-end of biomass
and waste resources are available for low carbehpiwduction. In this scenario,
however, most of these resources are convertedam| cellulosic ethanol or diesel
fuel, rather than biogas. Additionally, costs ofauiced fuels and flex-fuel vehicles are at
the low-end of their estimated ranges. Electriaitg natural gas each provide 20 percent
of the reductions needed for compliance, and ardeted at the high-end of their
respective Cl and cost ranges.
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Table 2-9. Design of CFS Policy Scenarios, 10 Pent Cl Reduction in 10 Years

10 Percent Policy

Design Features and Key Assumptions

Scenarios Contribution Average Fuel, Availability of
Infrastructure, Biomass/Primary
to 10 Percent| Fuel Carbon .
Cl Target Intensity and Vehicle Types of Low C
Costs Fuel Produced
Electricity Future
Electricity 60% Low-end of Low-end of range n/a
range
Natural gas 20% High-end of High-end of Va
range range
i ; Low-end of range;
Biofuels 20% High-end of High-end of cellulosic ethanol and
range range S
soy biodiesel
Natural Gas Future
Electricity 20% High-end of High-end of n/a
range range
Natural gas 60% Low-end of ||\ end of range High-end of range;
range Biogas
Biofuels 20% High-end of High-end of Low-enq of range;
range range Cellulosic ethanol
Biofuels Future
Electricity 20% High-end of High-end of n/a
range range
Natural gas 20% High-end of High-end of Va
range range
High-end of range:
Biofuels 60% Low-end of Low-end of range CeIIu]osm ethanol, F-T|
range diesel, and soy

biodiesel

As described, each the three policy scenarioshd 0 percent Cl target blend together a
variety of low- and high-end assumptions about &ues, costs, and other variables;
thus, each of these scenarios is a “hybrid” thhtea®s the desired target through an
optimistic portrayal of one fuel technology comhdneith less optimistic portrayals of
the other two fuel technologies.

Table 2-10displays the assumptions used for two cases thrat developed to test the
sensitivity of the results to the possibility tladitthree fuel technologies develop together
in tandem, either quickly or slowly, rather thandifierent trajectories. The design of
these sensitivity cases is as follows:

* Five Percent, 10 Year scenarioAll three low carbon fuel technologies
contribute equally to reductions but develop dbaer pace of innovation. Cl
values are at the high-end, and costs remain dtigfneend of their estimated
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ranges throughout the study period. The achievaldget reduction level is set at
five rather than 10 percent, over the same 10yeframe.

» 15 Percent, 15 Year scenaricAll three low carbon fuel technologies contribute
equally, develop together at a rapid rate of intiona and have low CI values.
Their accompanying costs are at the low-end of {hassible ranges. A few low
carbon fuel technologies, such as gasificationgagpce “learning effects,” so
that investments in these technologies can be &mgrtized within 10 years. The
achievable target reduction level is set at 15qmdrcather than 10 percent, and

the timeframe is 15 rather than 10 years.

Table 2-10. Design of Sensitivity Cases, 5 and BB&rcent Reductions

Design Features and Key Assumptions

Sensitivity
Cases Contribution Average Fuel, Avalilability of
to Cl Target | Fuel Carbon | Infrastructure, Biomass/Primary
Intensity and Vehicle Types of Low C
Costs Fuel Produced
5%, 10 Year 33% from each High-end of High-end of n/a
Timeframe fuel range for all 3| range for all costs
(2013-2022) fuels
15%, 15 Year 33% from each) Low-end of | Low-end of range High-end of range;
(2013 to 2027) fuel range for all 3 for all costs 50% of resources for
fuels biogas and 50% for

cellulosic ethanol

3. RESULTS FROM CFS POLICY SCENARIOS AND
SENSITIVITY CASES

This section presents the results from the anabfsise CFS policy scenarios and
sensitivity cases described in Section 2, includ{fyychanges in gasoline and diesel
demand; (2) shifts in the composition of transpartaefuels; (3) changes in fuel
expenditures for conventional and low carbon fu@sinfrastructure additions and
associated costs; (5) number and cost of alteméti® vehicles; (6) changes in GHG
emissions and their estimated value; and (7) plessiipacts on industry, consumers,
low carbon fuel producers, and state government.e&llts reported are for the 11-state

NE/MA region.

Section 3.1 provides results for each of the thmae policy scenarios that model a 10
percent reduction by 2022: the Electricity Futuhe, Biofuels Future, and the Natural
Gas Future. Section 3.2 provides results of theigeity analyses, including scenarios
for 5 and 15 percent Cl target levels, as well aaration on the Biofuels Future that
assumes no new production of biofuels in the regi@nstated earlier in this report, these
scenarios are intended to bound a wide range aililplesoutcomes and should not be
viewed as forecasts of likely or expected outcomes.
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3.1. Results for 10 Percent CFS Policy Scenarios

CFS implementation results in a shift in the conmpas of regional transportation fuels
from one composed almost exclusively of gasolinengbed with 10 percent conventional
ethanol) and diesel to one that includes a greeitgyortion of low carbon fuels, such as
advanced liquid biofuels, electricity, and natgas. The next section describes changes
in gasoline and diesel demand under the BAU retereases and the three 10 percent
CFS policy scenarios.

All changes in fuel use due to the CFS progranpegsented as incremental to the Low
and High Oil Price reference cases, showing aduitiquantities of low carbon fuels
beyond those resulting from the RFS and ZEV progrdrat would be required to meet
the ClI reduction target. Similarly, changes in felgbenditures, vehicle costs, and
infrastructure investments represent the increnh@nizacts of the program beyond those
which would occur due to existing state and fedpedicies included in the reference
case assumptions.

3.1.1.Changes in Demand for Gasoline and Diesel

As described in Section 2.0 of this report, befmateulating the incremental effects of the
CFS, this analysis first estimated the BAU charigetemand for gasoline and diesel,
which include changes likely to occur in respors&etleral RFS and ZEV programs.

Compliance with the federal RFS2 program, the ZEMypam for light-duty vehicles,

and other existing policies is projected to resutiecreases in gasoline demand in the
Low Oil Price reference case. Projected fuel ulie éwen more significantly under the
High Oil Price reference case due to the RFS and, bht also as a response to higher
fuel prices and increased use of alternative vehiak they become more cost
competitive. While the RFS2 provides some volunfdsadiesel that are used as diesel
replacement, existing policies do less overallrmnmte use of alternative fuels in heavy-
duty vehicles. As a result, diesel demand is ptegeto increase somewhat under the
BAU over the 10-year program period, with a greaterease occurring under the Low
Oil Price case.

As shown inFigures 3-1through3-4, implementing the CFS policy scenarios is
projected to result in significant reductions irsgine and diesel consumption compared
to BAU over the 10-year period analyzed (2013 t82)0As summarized ifiable 3-1,
combined gasoline and diesel use under the Low @ik case is estimated to decrease
by 4 to 7 percent relative to BAU, which equateg&4do 23 billion gallons of fuel in the
region. Relative to the High Oil Price case, fust would decrease by 8 to 13 percent,
the equivalent of 25 to 40 billion gallons of gaseland diesel, over 10 years.
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Table 3-1. Gasoline and Diesel Demand under 10% Bection Scenarios (10 Yr. Totals)

Scenario
. Electricity Future Natural Gas Future Biofuels Future
Changes in Fuel Demand _ Y _ ) ) _ ) . ) .
Low Qill High Oil Low Qil High Oil Low Qill High Oil
Price Price Price Price Price Price
BAU Gas and Diesel Demand (Bgal) 337 315 337 315 7 33 315
Gas and Diesel Demand under CFS (Bgal) 314 275 323 290 323 286
Change in Gas and Diesel Demand under CFS
(Bgal) -23 -40 -14 -25 -14 -29
Percentage Change from BAU -7% -13% -4% -8% -4% -9%
Low Carbon Fuel Demand:
Electricity (GWh) 139,000 263,000 60,100 100,00 ,660 113,000
CNG (Billion gge) 9.8 16.9 6.2 13.4 9.7 16.4
Biofuels (Bgal) 4.6 8.9 4.6 8.8 0.3 8.9

Table 3-2presents the results for 2022, when the prograodvmeet the 10 percent Cl

reduction target. Gasoline and diesel use in th®mneare projected to decrease by 4.0 to
6.7 billion gallons under the Low Oil Price case &y 6.1 to 8.7 billion gallons under
the High Oil Price case in the final program yé&dnis represents a 12 to 20 percent
reduction in total gasoline and diesel demandixeddb the BAU case under low oil

prices and a 20 to 29 percent reduction under diigbrices. Similar annual reductions in
transportation fuel use would be expected in sullsgigyears, assuming the 10 percent

reduction target remains in place.

Table 3-2. Gasoline and Diesel Demand under 10% Bwection Scenarios (Year 10)

Scenario
. Electricity Future Natural Gas Future Biofuels Future
Changes in Fuel Demand : = _ ) , : ) : , :
Low Qill High Oil Low Qil High Oil Low Qill High Oil
Price Price Price Price Price Price
BAU Gas and Diesel Demand (Bgal) 33.1 30.3 33.1 330. 33.1 30.3
Gas and Diesel Demand under CFS (Bgal) 26.4 21.4 129 24.1 28.7 24.0
Change in Gas and Diesel Demand under CFS
(Bgal) -6.7 -8.7 -4.0 -6.1 -4.4 -6.2
Percentage Change from BAU -20% -29% -12% -209 -13%  -21%
Low Carbon Fuel Demand:
Electricity (GWh) 40,800 58,200 17,500 21,800 10,60 24,300
CNG (Billion gge) 2.8 3.7 1.8 3.7 2.8 3.5
Biofuels (Bgal) 1.3 1.9 1.3 1.9 0.6 1.9

The results displayed Figures 3-1and3-2 suggest that a significantly greater volume

of gasoline is displaced under the Electricity Fetuelative to the Low and High Oil
Price cases, than under the Biofuels and NaturalR&éures. This results from the fact
that electricity is assumed to have a relativeghhCI| value compared to those for
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biofuels and natural gas. A higher assumed CI meatsnore electricity must be used
to meet the carbon intensity target, which dispanere gasoline demand compared to
scenarios where fuels with lower assumed CIl vawesleployed in greater quantities.

Figures 3-1 and 3-2. Changes in Gasoline Demand wdl0 Percent CFS, 2013-2022
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Figures 3-3and3-4show a reduction in diesel demand over the 10-@&8 compliance
period for all three policy scenarios. In compami$o gasoline, there is a less pronounced
difference for projected diesel demand among theetpolicy scenarios, due to a
modeling assumption that many types of medium-teealy-duty vehicles are unsuitable
for electrification, given assumed technology depetent. As a result, displacement of
conventional fuels due to use of electric vehicsdargely projected to occur in the
gasoline sector.
Figures 3-3 and 3-4. Changes in Diesel Demand und&d Percent CFS, 2013-2022
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3.1.2.Changes in Fuel Diversity and Transportation EnergyUse

Fuel diversity refers to the range and availabtyuel types that serve a given energy
need. By inducing broader variety and greater gtiesof low carbon fuels, the CFS
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would increase the diversity of transportation fs@lirces in the regiofigures 3-5and
3-6illustrate projections of total energy consumptiongasoline and diesel, converted
based on energy content into common units of gliadrBtu.

Figures 3-5 and 3-6. Changes in Transportation Fuddiversity under 10 Percent CFS, 2022
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Under BAU, the region is still likely to be heavifgpendent upon petroleum-based fuels
in 2022, with about 94 percent of total energy froetroleum fuels, about five to six
percent from biofuels, and very small contributiérmsn natural gas and electricity (i.e.,
less than one percent of energy).

In all CFS policy scenarios evaluated, total enelgmand is estimated to decrease,
volumes of conventional transportation fuel israstied to decline, and fuel diversity are
projected to increase relative to BAU. All of theféects are greater under the High Oill
Price case. Fuel diversity in 2022 is estimateletgreatest under the Electricity Future,
with petroleum energy use ranging from 73 to 8@@et, and low carbon fuel use
relatively well-distributed across electricity, hiels, and natural gas. In the Biofuels and
Natural Gas Futures, low carbon fuel use includeslaer percentage of natural gas.
While the region would still be largely reliant uppetroleum fuels in 2022 with the CFS
in place, these results suggest that the CFS enddurage a market transformation that
would enable broader consumer choices and funticeease fuel diversity after 2022.

This figure also illustrates the inverse relatiapdbetween Cl values and the quantity of
low carbon fuels needed to meet a given reductiayet for Cl. If a fuel has a low CI
value, smaller quantities of that fuel are needeché¢et a given ClI reduction goal relative
to a fuel with higher Cl value. For example, asrsi the Biofuels Future scenario, only
very small volumes of biofuels with low ClI valuesich as cellulosic ethanol and F-T
diesel, are needed to meet the CI reduction tadgetomparison, larger quantities of
biofuels are used in the Electricity and Naturas Gature scenarios, because these
biofuels are assigned higher CI values in theseastes and thus provide lesser
reductions in carbon intensity.
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3.1.3.Changes in Expenditures on Transportation Fuels

The estimated changes in expenditures on transiporfaels resulting from
implementing a 10 percent CFS target over 10 yaa& similar to the trends in gasoline
and diesel demands in the three CFS policy scendescribed above.

Figures 3-7and3-8 (7 percent discount rate) aRtjures 3-9and3-10(3 percent
discount rate) present modeled results for thectffef the CFS on: (1) new expenditures
on low carbon fuels; (2) expenditures on gasolimé diesel; and (3) theetchange in

total expenditures on transportation fuels (i.gfetence between BAU expenditures and
total fuel expenditures under the CFS). These estisnare cumulative over the 10-year
period, 2013 to 2022.

Figures 3-7 and 3-8. Net Expenditures on Transportan Fuels (10-Yr. Totals)
(7 Percent Discount Rate)
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This analysis suggests that for each of the paagnarios, the value of the reductions in
gasoline and diesel purchases would exceed the whloew expenditures on low carbon
alternatives. Therefore, cumulative net expend#re transportation fuels would be
lower under the CFS than BAU over the 10-year geNghile this is true for both the
Low and High Oil Price cases, reductions in net &x@enditures increase with higher
gasoline and diesel prices.

Using a 7 percent discount rate, the cumulativesaeings on fuel expenditures range
from a low of $11.1 billion under the Natural Gasla@iofuels Futures (Low Oil Price
case) to a high of $74.7 billion under the Eledlyi€uture (High Oil Price case). This
result for the Electricity Future is consistentiwibe earlier finding that overall
reductions of gasoline and diesel fuel use aretgréathis scenario, so the value of
reduced expenditures on gasoline and diesel avegedsiter.
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Figures 3-9and3-10show a similar set of relationships among the valuew carbon
fuel purchases, the value of reductions in gasa@imekdiesel purchases, and net fuel
expenditures using a three percent discount rade/eder, the present value of net fuel
expenditures is greater when calculating at a laigount rate of 3 percent. Using a 3
percent discount rate, the projected values fofustsavings range from a low of $14.6
billion under the Natural Gas and Biofuels Fututesw Oil Price case), to a high of
$95.1 billion under the Electricity Future (Highl®irice case).

Figures 3-9 and 3-10. Net Expenditures on Transpaation Fuels (10-Yr. Totals)
(3 Percent Discount Rate)
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3.1.4.Low Carbon Fuel Infrastructure

New infrastructure would be needed to accommodatage, blending, and distribution
of the low carbon fuel volumes, and vehicle fuelesgimated for compliance with a CFS
target. In the case of electricity, infrastructoeeds consist of new public charging
stations and home chargers for EVs, smart metarsatage vehicle charging at home,
and in some cases, improvements to the electgatys distribution infrastructure (i.e.,
ground-level transformers).

For natural gas, CNG fueling stations throughoatrégion would require upgrading and
new CNG stations and home refueling systems woeddiio be built or installed.

Significant biofuel blending and delivery infrastture already exists in the region, but to
the extent that the CFS requires greater volumeshainol and biodiesel relative to

BAU, new biofuel storage and blending infrastruetwould be needed. In addition, if
ethanol volumes in any scenario are estimateddeezkU.S. EPA’s current blending
limit of 15 percent, this would require additiomayestments in fueling stations that
could accommodate E85 blends.
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Table 3-3below shows the quantities of low carbon fuelsneated for each policy
scenario and the corresponding level of infrastmgcinvestment this analysis suggests
would be needed to deliver these fuel volumes @disted at 7 percent).

Table 3-3. Low Carbon Fuel Volumes and Infrastructue Investments (10-Yr. Totals) (7
Percent Discount Rate)

Electricity Future

Natural Gas Future

Biofuels Future

Low Oil  High Oil | Low Oil  High Qil | Low Oil  High Qil
Price Price Price Price Price Price

Electricity Quantities (GWh): [ 139,000 263,000 | 60,100 100,000 | 61,600 113,000
Electric Infrastructure (2010$)

Vehicle Chargers $6.0B $9.4B $2.7B $3.7B $2.7B $4.1H

Smart Meters $0.3B $0.5B $0.0B $0.0B $0.0B $0.0 H

Grid Improvements $0.0 B $0.0 B $0.6 B $0.7B $0.6 B $0.8 H
Total Electric Infrastructure
(2010%): $6.3 B $9.9 B $3.2B $4.5B $3.3B $4.9 H
Natural Gas Quantities (Bgge): 9.8 16.9 6.2 13.4 9.7 16.4
NG Fueling Infrastructure
(20109%): $2.1B $3.1B $1.3B $2.9B $2.1B $2.9 H
Total NG Infrastructure
(20108%): $2.1B $3.1B $1.3B $2.9B $2.1B $2.9 H
Biofuel Volumes (Bgal): 4.6 8.9 4.6 8.8 0.3 8.9
Biofuel Infrastructure (2010%);

Blending and Distribution | $0.5B $1.1B $0.4B $0.9B $14B $2.0 H

E85 Fueling $0.0 B $0.1 B $0.0 B $0.0 B $0.0 B $0.0 H
Total Biofuel Infrastructure
(20108%): $0.5 B $1.1B $0.4 B $0.9 B $1.4B $2.0 H
Total Infrastructure (20103$): $8.9B $14.1B $4.9B $8.3B $6.8 B $9.8 H

Note: Totals may not equal sum due to roundingrentions.

As previously described, the greatest volumes sblyae and diesel are estimated to be
displaced in the Electricity Future. Logically, thalue of the infrastructure investment
required increases proportionally with the sizéhef market’s transition away from
petroleum fuels and towards new, low carbon alteres. Consequently, the cost of
infrastructure investments would be highest inElectricity Future, where the greatest
guantities of alternative fuel (electricity), aslings the largest amount of infrastructure
improvements are required.

In the Electricity Future, a nearly two-fold incseain required transportation-related
electricity exists between the Low Oil Price (ngd0,000 GWh) and High Oil Price
cases (over 260,000 GWh). Estimated electricityinislee Natural Gas and Biofuels
Futures is markedly lower, ranging from approxirha&®,000 GWh for both scenarios
in the Low Oil Price case to between 100,000 GWatgkal Gas Future) and 113,000
GWh (Biofuels Future) in the High Oil Price case.
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Of the three primary electricity infrastructure &ya components— vehicle chargers,
smart meters, and distribution grid enhancemetitgs-analysis estimates that costs for
vehicle chargers would constitute the largest portf the overall investments needed
for delivering electricity to EVs. Using a 7 perteliscount rate, cumulative investments
over 10 years for vehicle chargers range from adbapproximately $2.7 billion for the
Natural Gas and Biofuels Futures (under the LowRGite case) to $9.4 billion for the
Electricity Future (under the High Oil Price cade)all cases, vehicle charger
investments account for at least 80 percent of &datricity infrastructure investments;
in some instances, they account for as much ag@&®mpt of the estimated electricity
infrastructure needs.

Electricity infrastructure investments constitute single largest component of fuel
infrastructure needs under all of the CFS poli@nseios evaluated in this analysis. In
the Electricity Future, electricity infrastructurezestments are estimated to account for
71 percent of the cumulative $8.9 billion costsemithe Low Oil Price case, and 70
percent of the cumulative, 10-year $14.1 billiostsaunder the High Oil Price case. In
the Natural Gas and Biofuels Futures, investmengactricity infrastructure are
estimated at between 50 and 65 percent of theitdtaktructure investments. As a point
of comparison for this level of investment in etexty infrastructure, the system
operators of the three power grids serving the 8&tafes spend roughly $5.6 billion
annually on capacity and transmission improvememts, some of these investments
being directed towards development of smart gitinelogy and low-carbon renewables
such as wind powé?.

Required investments in natural gas fueling infragtire would also be significant.
Under the Low Qil Price case, natural gas investmare estimated to range from $1.3
billion in the Natural Gas Future to $2.1 billianthe Electricity and Biofuels Futures, or
roughly one-fifth of total infrastructure investmebnder the High Oil Price case,
investments in natural gas fueling are modeledsghtly larger piece of total
infrastructure investments in the Natural Gas aiwdugls Futures, at 35 and 30 percent,
respectively.

Natural gas infrastructure needs in the Natural Bdsre, ranging from $1.3 billion
(Low Qil Price case) to $2.9 billion (High Oil Pecase), are no higher, and in some
cases lower, than in the other scenarios. Thisestd the fact that the primary source of
natural gas assumed in this scenario is biogaatuaal gas substitute with a very low
assumed CI (11.0 to 18.0g CO2e/MJ). As a resuds, taitural gas would be needed to
meet that fuel’'s share of the target Cl reductf@ntin the other scenarios, and the
required infrastructure to support those volumexwordingly lower.

“*See annual reports from 1ISO-New England (2010 RegiBlectricity Outlook), NY ISO (2009 Annual
Report) and PJM Interconnect (Regional TransmisBiansion Plan 2010). Additional low-carbon
power generation beyond the levels required to iRE&EI and renewable energy standards could
potentially decrease the average CI of electricitievels below the low-end ClI value for electraitsed in
this analysis.
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Investments in new biofuels infrastructure areneated to be the lowest of the three
infrastructure systems, ranging from a low of #fildon for the Natural Gas Future to a
high of $2.0 billion for the Biofuels Future (undée High Oil Price case). This range
accounts for only 10 to 20 percent of total infrasture investments needed across the
three policy scenarios. This result is consistdttt the assumption that a CFS is more
likely to affect the composition of advanced bidfuia the region, but not drive
significant new biofuel volumes above and beyoraséhprojected for meeting the
federal RFS and other existing policies. Consedyethie CFS is not likely to create
incremental demand for expansive additions to mgdtiofuel delivery and blending
infrastructure.

In 2010, U.S. EPA raised the limit on the etharméhdwall” (the maximum volume of
ethanol allowed to be blended into gasoline) frddl15 percent. The volumes of
ethanol estimated for most scenarios do not extteetigher blendwall, with the
exception of the Electricity Future under highmmilces. In this case, the analysis
suggests a small volume of E85 would be used td theeCl target in that scenario.
However, because the incremental cost of FFVsiie tpw ($100 per vehicle on the
high-end), the costs of accommodating the increald&85 volumes has little impact on
the total cost of the scenario.

Table 3-4shows modeled fuel volumes and associated in@retsire investments using a
3 percent discount rate. Quantities of low carhgrd for each scenario are the same as
in the 7 percent case, but estimated infrastructiestment levels are larger in
magnitude, reflecting the effect of discountingdbwer rate. Total infrastructure
investments range from $6.3 to $17.1 billion usar@percent discount rate, compared to
a range of $4.9 to $14.1 billion with a 7 perceistdunt rate.
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Table 3-4. Low Carbon Fuel Volumes and Infrastructire Investments (10-Yr. Totals)
(3 Percent Discount Rate)

Electricity Future Natural Gas Future Biofuels Future
Low Oil  High Oil | Low Oil  High Qil | Low Oil  High Qil
Price Price Price Price Price Price
Electricity Quantities (GWh): | 139,000 263,000 | 60,100 100,000 | 61,600 113,000
Electric Infrastructure (2010%)
Vehicle Chargers $7.6B $11.4B | $348B $4.5B $3.4B $5.0B
Smart Meters $0.4 B $0.6 B $0.0B $0.0B $0.0B $0.0 B
Grid Improvements $0.0 B $0.0 B $0.7 B $0.9 B $0.7 B $1.0B
Total Electric Infrastructure
(2010%): $8.0B $12.0B | $4.1B $5.4 B $4.2 B $6.0 B
Natural Gas Quantities (Bgge): 9.8 16.9 6.2 13.4 9.7 16.4
Fueling Infrastructure (2010%$)f $2.6 B $3.7B $1.78B $3.7B $2.6 B $3.5B
Total NG Infrastructure
(2010%): $2.6 B $3.7B $1.7B $3.7B $2.6 B $3.5B
Biofuel Volumes (Bgal): 4.6 8.9 4.6 8.8 0.3 8.9
Biofuel Infrastructure (2010%);
Blending and Distribution| $0.7 B $1.3B $0.5B $1.18B $1.8B $258B
E85 Fueling $0.0 B $0.1 B $0.0 B $0.0 B $0.0 B $0.0 B
Total Biofuel Infrastructure
(2010%): $0.7 B $1.4B $0.5B $1.1B $1.8B $2.5B
Total Infrastructure (2010%): [ $11.3B $17.1B | $6.3B $10.2B | $8.6B $12.1B

Note: Totals may not equal sum due to roundingrerr

3.1.5.Changes in Alternative Vehicle Markets

As noted earlier, although the CFS does not diyeetjuire purchases of alternative

vehicles, demand for low carbon fuels may be lichitelevels below those needed for
compliance with the CFS unless there are sufficdternative vehicles in the
marketplace. This analysis considers three typéswotarbon fuels, two of which —

electricity and natural gas — imply greater mastedre for alternative vehicles. Biofuels,
on the other hand, are already in the fuel marketpht meaningful levels and generally
will not require alternative vehicle technologi€ther types of advanced low carbon
fuels may enter the marketplace, such as “drogwalrocarbon biofuels, which can also
be used in existing vehicles. However, modificasitm vehicles may be needed if and
when ethanol blends exceed certain levels to mgetem CFS target. For example,
ethanol volumes exceeding the current U.S. EPAdlemt of 15 percent would require
FFVs that can accommodate E85 or other high etHzlands.

A number of factors will determine the extent toiethelectric and natural gas vehicles
make inroads to the marketplace currently dominbtetCE vehicles, including: (1)
consumer preferences; (2) the incremental costi@iative vehicles relative to
comparable vehicles powered by ICEs; (3) vehickopmance; (4) fuel prices; and (5)
the availability of charging/fueling infrastructure
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In this analysis, the shares of conventional, glgatatural gas, and FFVs in the
marketplace by 2022 is determined by calculatimgrthmber of alternative vehicles of
the appropriate type needed to use the given emamgfgnt associated with a

corresponding volume of low carbon ffél.

Figures 3-11and3-12show the estimated fleet shares, as a percentajkevehicles on

the road, for each type of alternative vehicleathtBAU cases, as well as under the CFS
policy scenarios. In the BAU cases, the analysisvsithat alternative vehicles would
achieve at least a small percentage of overall irare even without CFS requirements,

especially when oil prices are high.

Figures 3-11 and 3-12. Fleet Shares of Conventiorahd Alternative Vehicles (Year 10)
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As would be expected, the shares of alternativevielgicles change significantly under
the CFS policy scenarios. Logically, fleet shameB¥'s is highest in the Electricity
Future scenario. By 2022, BEVs are estimated toenugk13 percent and plug-in hybrid
electric vehicles (PHEVS) 8 percent of the totghtiduty vehicle fleet in the High Oil

Price case.

Fleet share for NGVs is actually highest in thef&ads Future (High Oil Price case),
which is also the scenario with the highest useabfiral gas (16.4 billion gallons of gge).
In all scenarios, including the BAU cases, the nandf additional FFVs required in the

marketplace is very small.

In general, fleet shares of alternative vehiclesesmtimated as higher across the BAU and
all policy scenarios in the High Oil Price casecassumers seek substitutes for gasoline-
fueled venhicles. It is notable, however, that rdigss of the CFS policy scenario,
conventional vehicles continue to dominate ovdladt composition throughout the

" For additional information on the VISION modelinfjthe vehicle fleet, se&ppendix B
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study period. Except for the Electricity Future,emtoil prices are assumed to be high,
the market share of conventional vehicles in 20@2schot fall below 80 percent.

Table 3-5provides the cumulative number of incremental aliéve vehicles and the
costs of purchasing vehicles under the CFS potieparios by 2022, under a 7 percent
discount raté® These alternative vehicle numbers are incremémtile alternative
vehicles that would be purchased anyway, witho&tGRS, under the BAU reference
cases.

As expected, the number of incremental EVs (i.&y8and PHEVs combined) is

highest under the Electricity Future scenario. Bbth5 million EVs under the Low Oil
Price and the 7.3 million EVs under the High OilcBrcase are higher than the analogous
vehicle levels for either the Natural Gas or Bidéueuture scenarios. As described in
Section 2.0, the incremental cost of EVs in thenseio is assumed to be zero, so total
incremental vehicle costs in the Electricity Futare driven primarily by the cost of
NGVs, equaling $13.4 billion in the Low Oil Pricase, and $19.5 billion in the High Oil
Price case.

Table 3-5. Incremental Alternative Vehicles and Cds (Year 10)
(7 Percent Discount Rate)

Natural Gas
Electricity Future Future Biofuels Future
High High
Numbers of Alternative Vehicles and | Low Oil  High Qil | Low Oil o]] Low Oil o]]
Incremental Costs Price Price Price Price Price Price
BEVs (Thousands): 3,690 5,390 1,250 1,620 1,250 009
PHEVs (Thousands): 1,300 1,900 1,310 1,700 1,320 8901,
Total No. of EVs (Thousands): 5,000 7,290 2(®5 3,320 2,570 3,680
BEV Incremental Cost (Billion 2010$): $0.0B $0.085 $4.0B $5.8B $4.1B $6.4B
PHEV Incremental Cost (Billion 2010%): $0.0B $RO0 $0.0 B $0.0B $0.0 B $0.0B
Total EV Incremental Cost
(Billion 2010%): $0.0 B $0.0B $4.0B $5.8H $4.1B $6.4 B
LD NG Vehicles (Thousands): 2,390 3,240 1,550 3,260 2,350 3,060
M/HD NG Vehicles (Thousands): 129 155 80 164 129 515
Total No. of NGVs (Thousands): 2,520 3,400 B® 3,430 2,500 3,300
LD NG Vehicle Incremental Cost (Billion
2010%): $11.4B $16.3B $0.0 B $0.0 B $109B  $15.5(B
M/HD NGVs Incremental Cost (Billion
2010%): $2.4B $3.1B $0.0B $0.0B $2.4B $3.1B
Total NGV Incremental Cost
(Billion 2010%): $13.4B $19.4B $0.0B $0.0B $13.3B $18.6B
Total No. of Alternative vehicles
(Thousands) 7,500 11,000 4,100 6,80D 6,10 7,000
Total Incremental Cost (Billion 2010%): $13.8 $19.5B $4.0 B $5.8B| $17.4B $25.0B

“8 The numbers of incremental alternative vehiclegennhe policy scenarios differ from total fleetsh of
alternative vehicles, because some vehicles achased in the absence of the LCFS. In additidal to
fleet share figures reflect vehicle retirements.
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In the Natural Gas Future, the number of incremdeNa is estimated at roughly one-
half of those under the Electricity Future, at &lion under the Low Oil Price case, and
3.3 million under the High Oil Price case. The nembf NGVs in this scenario is also
lower than under the Electricity Future, at 1.6limil and 3.4 million NGVs,

respectively, under the Low and High Oil Price saJéis results from the assumption
that biogas with very low CI values dominates theural gas quantities estimated for this
scenario. Consequently, less natural gas and fis@&fs are projected to be needed than
in the Electricity Future, which depicts the useraire conventional natural gas with a
substantially higher assumed ClI value.

In the Biofuels Future, although the numbers ohld&¥s and NGVs are roughly
comparable to those under the Natural Gas Futegptal incremental cost of
alternative vehicles is the highest of all threensgios, ranging from $17.4 billion (Low
Oil Price case) to $25.0 billion (High Oil Pricesed. This result stems from the
assumption that the incremental cost of both EMEN@GVs are at the high-end of their
respective cost ranges in this scenario.

Due to the low penetration of E85 in all scenaribhs,number of FFVs is zero in all
scenarios, except for the Electricity Future urtderHigh Oil Price case. Due to the
assumption that even the high-end incrementalafasiese vehicles is low ($100 per
vehicle), these costs add up to just over $40 onijlivhich is a negligible percentage of
the total incremental vehicle costs of $19.5 hillio that scenario.

3.1.6.Changes in GHG Emissions

A key objective of the CFS is to reduce transpmitatelated GHG emissions by
lowering the carbon intensity of transportationl fuged, relative to the BAU. Because
the CFS is an intensity-based standard, not a gaissions, in theory, total GHG
emissions could increase under a CFS if increasieel quantities used outweigh the per
unit improvements in GHG intensity achieved und@rs. However, as noted in the
introduction, the CFS is intended as one of threeary strategies to address GHG
emissions from the transportation sector. Withatite vehicle efficiency measures and
VMT strategies in place, a CFS would result in ddogoreductions in GHG emissions as
well as intensity reductions.

Figures 3-13and3-14show the magnitude of modeled reductions in GHGssimns, in
million metric tons of C@-equivalent (MMT CQe), for BAU and the three policy
scenarios under the Low and High Oil Price casespectively.

Under BAU, GHG emissions in the Low Oil Price catat at approximately 403 MMT
in 2013 and are estimated to remain relativelylstdiyoughout the 10-year period.
Under the Natural Gas and Biofuels Futures, GHGssimns are estimated to decline by
seven percent relative to BAU (Low Oil Price case)376 MMT in 2022. The

Electricity Future provides slightly lower reduai® to 380 MMT in 2022, or 6 percent
from BAU in the Low Oil Price case. This scenarisfaaller impact on GHG reductions
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stems from fuel price effects calculated in the NS model, based on historical trends
of consumer driving behavior relative to fuel prfé®ue to the high efficiency and low
cost of electricity as a transportation fuel, cansts are actually projected to drive
further on average when using this technology ikedb more expensive fuels, slightly
increasing energy demand and emissions.

Under BAU in the High Oil Price case, GHG emissistest at 395 MMT in 2013, and
are expected to decline slightly in the middle geafrthe program before ending at 391
MMT in 2022. This dynamic is attributable to thesasption, described in Section 2.0,
that the average CI of petroleum is higher in sftenario. Due to the assumption of
rising carbon intensity for petroleum fuels in tHigh Oil Price case, all three scenarios
project greater GHG reductions relative to BAU tivathe Low Oil Price case. The
Biofuels and Natural Gas Futures indicate a nirregye reduction from BAU GHG
emissions in 2022, to 355 MMT. Again, the Electgidtuture would provide slightly
smaller emission reductions than the other twoates, with an estimated 362 MMT of
GHG emissions in 2022.

Figures 3-13 and 3-14. Changes in GHG Emissions uad10 Percent CFS, 2013-2022
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As discussed earlier in this report, the econoralaer of reducing (or avoiding future)
GHG emissions is a subject of substantial uncegtafrange of values are used for the
social cost of carbon in this analysis. On the kv, a value of nearly $24 per ton of
carbon-equivalent in 2013 (increasing to $29 perinc2022) is used. On the high-end,
the SCC value is $107 per ton, which applies tdileime period of 2013 through
2022.>° These low- and high-end values for the social obsarbon were applied to the
range of cumulative reductions in GHG emissionsresed for the 10-year period.

“9 Argonne National Laboratory cites the historiehtionship of these effects as a two percent as&én
VMT for a 10 percent reduction in fuel cost/mile.

** The low-end value for social cost of carbon isxfiBocial Cost of Carbon (SCC) for Regulatory Impact
Analysis Under Executive Order 128@fy the Interagency Working Group on Social CdsTarbon, U.S.

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
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Figures 3-15and3-16show the estimated value of the cumulative GHG c&duas for

the Low and High QOil Price cases, respectively. filghest values of GHG reductions in
the Low and High QOil Price cases correspond tdlioéuels and Natural Gas Futures,
which are modeled to provide the largest overallGamissions reductions. In the
Biofuels and Natural Gas Futures, the cumulativeeraf GHG reductions using the
low-end SCC value is about $2.5 billion in the L@ Price case. Given the nearly four-
fold difference in the low- and high-end estimétasthe SCC, the high-end value is
significantly higher, at $9.1 billion for the Biddls Future and $9.6 billion for the Natural
Gas Future under the Low Oil Price case. In thehK{ Price case, the low- and high-
end values of carbon emissions reductions for ib&Bls Future are $4.4 billion and
$17 billion, respectively; for the Natural Gas Fetuthe low- and high- end values are
$4.6 billion and $18 billion, respectively.

Because the Electricity Future would provide smiadieerall GHG emissions reductions,
this scenario correspondingly shows a lower valueduced carbon emissions. In the
Low Oil Price case, the low- and high-end valugs@blG reductions are $2.1 billion
and $8.1 billion, respectively; in the High Oil &icase, the low- and high-end values
are $3.6 billion and $14 billion, respectively.

Figures 3-15 and 3-16. Value of GHG Emission Reduohs under 10 Percent CFS (10-Yr. Total)
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3.1.7.Net Program Costs and Benefits

This section provides a summary of the net benafitscosts of the three 10 percent
policy scenariosTables 3-6and3-7 show the cumulative change in expenditures on
transportation fuels, infrastructure, vehicles, pnoyram administration resulting from
implementing the various CFS scenarios under tive &iod High Oil Price cases. For all

Government (2010). The low-end value is discoumtetthree percent. The high-end SCC value is fran th
Stern Review (2006), and is discounted at zerogmrc
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scenarios, the costs of low carbon fuels are egtitn@® be less than expenditures on the
gasoline and diesel they replace. However, thediiction of these low carbon
alternatives requires investments in fuel delivefsastructure and alternative fuel
vehicles, which are also factored into the estisiafgotal cost.

Table 3-6. Net Costs and Benefits for CFS Scenarios
Low Qil Price Case (10 Yr. Total) (in Billions of 210%)

Electricity Natural Biofuels
Future Gas Future
Future
Program Benefits:
Value of Reductions in Ga|
& Diesel $50.6 $30.7 $30.3
Program Costs:
Low Carbon Fuel Costs $29.4 $19.6 $18.9
Infrastructure Investments| $8.88 $4.94 $6.76
Incremental Vehicle Costs| $13.4 $4.05 $17.4
Program Admin. Costs $0.243 $0.243 $0.243
Total Costs $52.0 $28.9 $43.3
Net Program Benefits
(Costs) w/o value of GHG
Reductions ($1.4) $1.8 ($13.0)
Net Program Benefits
(Costs) WITH value of $3.3 - $(10.6 —
GHG Reductions $0.7-$6.7| $11.4 $3.9)

Note: All estimates expressed in 2013 presentegahased on a 7 percent rate of discount.

Table 3-7. Net Costs and Benefits for CFS Scenarios
High QOil Price Case (10 Yr. Total) (in Billions 0f2010%)

Electricity Natural Biofuels
Future Gas Future
Future
Program Benefits:
Value of Reductions in Gas
& Diesel $137 $87.2 $100
Program Costs:
Low Carbon Fuel Costs $62.3 $43.9 $42.8
Infrastructure Investments| $14.1 $8.26 $9.8
Incremental Vehicle Costs| $19.5 $5.75 $25.0
Program Admin. Costs $0.243 $0.243 $0.243
Total Costs $96.0 $58.2 $77.9
Net Program Benefits
(Costs) w/o value of GHG
Reductions $41 $29 $22
Net Program Benefits
(Costs) WITH value of
GHG Reductions $43-$55| $34-349 | $26 - $39

Note: All estimates expressed in 2013 presentegahased on a 7 percent rate of discount.
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The program costs shown for a given scenario riefitectotal for all three low carbon
fuels, not just the prevalent low carbon fuel. Bessaof the inverse relationship between
fuel Cl values and required fuel volumes, the istinacture and vehicle costs for a given
policy “future” may in fact be dominated by a fuher than the featured fuel for that
scenario. For example, under the Biofuels Futusgaificant share of the infrastructure
and vehicle cost shown in the table are for eleityrand natural gas, which are assumed
to have high CI values and high vehicle/infrastnoetcosts under this scenario.
Consequently more vehicles and refueling infrastmacwill be needed to achieve the ClI
reduction target, and the cost for a unit of cartemtuction is higher.

Net program benefits (or costs) are determineddoyparing the total cost for low carbon
alternatives to the benefits from reductions irhbgasoline and diesel purchases and
GHG emissions. This analysis suggests that thev@itd result in net benefits under all
scenarios, even excluding the value of GHG reduastiavhen oil prices are high.
Depending on the scenario, the cumulative savings D0 years range from around $18
billion to $52 billion, without GHG reductions, cgrared to the High Oil Price case.
When the value of GHG reductions is included intbebenefit calculation, cumulative
savings are estimated to increase to $26 billiddb® billion under high oil prices.

Under the Low Oil Price case, the scenarios shaweesmall net benefits or small net
costs relative to BAU, even when the value of Gle#@uctions is excluded. The
exception is the Biofuels Future, which shows $ill®oh in net costs under low oil
prices, which falls to $4 to $11 billion in net ¢®@svhen GHG reductions are included.
These results suggest the price of oil is a moponant determinant of the net impact of
CFS than the low carbon fuel mix that might emeoyeomply with the program’s Cl
reduction target.

3.1.8.Impacts on Affected Entities

As described in thMethodssections, the first step in an economic analysigoténtial
regulations is to account for impacts, i.e., nate@nd benefits resulting from a policy
relative to what would have happened in the absehtiee policy. Next, the analysis
determines distributive impacts, i.e., how net €@std benefits are distributed among
affected groups such as industries, consumersy@avernment. In addition, the analysis
should generally distinguish true economic costkl@mefits from what economists refer
to as “transfer payments,” which represent direginpents from one entity to another,
but do not usually change net economic welfafEhe next section provides a
guantitative and qualitative discussion of therdbstion of costs and benefits among
affected groups, i.e., industry, consumers, fuetipcers, and state governments.

*IFor example, taxes are generally considered todimple transfer payment from taxpayers to the
government sector, rather than a cost or beneditvév¥er, if changes in taxes also create distortiona
impacts that affect the level of investment or gfdeg in an economy, then they can also result stscor
benefits that change overall economic activity.
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Industry

For petroleum producers and distributors that cteldegulated under the CFS, the cost
of compliance is expected to be the sum of: (1¥ipeing or purchasing new low carbon
biofuels and blending these biofuels into exisfung) products, and/or (2) purchasing
credits that represent reductions in carbon intgfsom non-liquid fuels sold into the
market by other producers (i.e., natural gas ateteutilities).

Many petroleum companies have substantial expegignpurchasing and blending
biofuels into existing fuel products. Some are entlly developing advanced biofuels (or
own substantial investments in other companiesglsa). While this analysis provides
estimates of the cost of new low carbon liquid bé$, as well as the accompanying fuel
infrastructure needed to deliver those fuels, édoot attempt to estimate whether or to
what degree regulated companies will rely upon ipasig and blending biofuels as a
strategy for CFS compliance, versus purchasingtsrédm other low carbon fuel
producers, such as electric or gas utilities.

Petroleum companies are expected to pursue whickewgpliance strategy, or
combination of strategies, results in the lowestsgae cost of complying with CFS
requirements. However, given the significant uraiaties associated with important
determinants of the supply and cost of low carhaisf such as the ClI values assigned to
biofuels and other low carbon fuels, the timinggommercial viability of key fuel and
vehicle technologies, consumer preferences, anlegneonditions, a least-cost
optimization assessment of possible compliancengtivould not provide meaningful
insights at this stage.

For these reasons, this analysis does not estimamost of industry compliance or its
potential impacts on retail gasoline and diesalgsi While both are beyond the scope of
this analysis, the assumptions for petroleum grexeds and possible low carbon fuel
prices and costs described in Section 2 highlightexpectation that many low carbon
fuels could be lower in price or comparable in eiic petroleum-based fuels. Regardless
of petroleum companies’ ability to pass through eompliance costs to customers for
liquid fuels, based on this analysis, at minimumese consumers who switch to natural
gas and electric vehicles have an opportunity ve sabstantially on transportation fuel
expenditures.

In addition to the costs of producing or purchadow carbon fuels and/or credits,
regulated companies will incur administration castdemonstrate compliance with the
program. These costs are assumed to include payiegst one full-time employee

(FTE) per regulated company, at a loaded cost 00 F®O0 per FTE, for the duration of
the program. Based on the assumption of 150 reggiaampanies in the region, the total
costs to industry for program administration artineeted at $30 million per year
(undiscounted). The net present value of theses aa&r 10 years ranges from $225
million to $264 million, under seven and three petadiscount rates, respectively. These
costs could certainly vary across individual comeanhowever, depending on the level
of compliance needed.
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Consumers

The net reductions in transportation fuel expemdguelative to BAU will accrue to
certain groups of consumers, in the form of fueirsgs. Based on the price estimates for
low carbon fuels used in this analysis, consumérs switch to natural gas and electric
vehicles would likely accrue substantial savingsuei costs and experience less price
volatility than those who continue to use petroleomsed fuels blended with biofuels.

The effects of the program on retail gasoline aledal prices are indeterminate at this
point. Ultimately, these impacts will depend on tlost structure of participants in the
market for low carbon fuels, their ability to passany costs into credit prices, and the
ability of petroleum producers to pass through emypliance cost¥ It is also expected
that overall demand for petroleum products wouldide with BAU price increases in
the absence the CFS program, and the ability obleeim producers to pass through
costs may decline as demand falls.

Low Carbon Fuel Producers

Producers of low carbon fuels will increase revenineough sales of low carbon fuels,
and could capture increased profits as well, dejpgnoh market demand and their ability
to pass through costs. Because it is expectegtbdticers of different fuel types will
compete to supply the most cost-effective Cl reidast the market for low carbon fuels
will be strongly influenced by the lowest-cost puodrs of Cl reductions, as well as the
market price for petroleum-based fuels.

State Governments

There are two categories of possible fiscal impantstate governments associated with
implementing the CFS: (1) states would incur cést@administering and enforcing the
CFS program; and (2) in the absence of adjustmerasrrent fuel tax schedules to
incorporate low carbon fuels, some states coulel tesenues from fuel taxes on gasoline
and diesel fuels, as sales of these products @eclin

The costs to states for program administrationearidrcement could be deferred by
raising revenue through the program, such as thraugurcharge of credit value. An
initial estimate of total costs to states for adstaring the regional CFS is $18 million
(seven percent discount) to $21 million (three petdiscount) over the 10-year period,
or $1.8 to $2.1 million per year. These estimatesbased on the assumption that
individual states will require from one-half to tviudl-time employees (FTE), varying
according to each state’s fuel use, and that arageestate FTE cost will be $150,000
(loaded)>® In addition, some administrative activities woblel regional in nature, and
would require an additional three FTEs, increasinfpur FTEs by 2018.

*2The price elasticity of demand for gasoline, whiefiects the sensitivity of demand from consuniers
response to a change in gasoline prices, will dedfisubstitutes for gasoline become availableglaé
being equal.

*3A loaded annual cost for a full-time employee intes annual salary plus the costs of overhead and
benefits.



Economic Analysis of a Program to Promote Cleam$pmrtation Fuels

Page 55

Losses in state tax revenue could occur if stadasodl make adjustments to current tax
schedules to account for the shift in fuel use tolwanew fuel types. Many states already
have tax rates in place for alternative liquid & élut only a few have tax rates set for
natural gas when used as a transportation fuedli@ie NE/MA states, only
Pennsylvania has a full schedule of tax rateslfafdhe low carbon fuels, including
electricity, evaluated in this report.

As shown inTable 3-8 with a 7 percent discount rate, BAU state furlrevenues range
from nearly $81 billion to just over $85 billion ew10 years, depending on the High or
Low Oil Price case. Assuming no change to exissitage fuel tax structures, potential
losses in state tax revenues vary with the poleynario, in accordance with the
underlying changes in gasoline and diesel demandh@wn in Section 3.1.1). Because
the volume of gasoline and diesel displaced isdsghnder the Electricity Future, the
corresponding potential tax revenue losses arehadg®st, ranging from $3.4 to $6.3
billion, or 4 percent and 7 percent of BAU revenaesr the 10-year period, respectively.
Under the other scenarios, the reductions in gdslaesel use are lower, thus possible
tax revenue losses are also lower, ranging frorar2gmt to 4 percent of BAU revenues.
The potential loss of revenue shown in Table 3-@ld@apply only if those states
currently without a tax structure for alternativelaw carbon fuels choose not to

implement one.

Table 3-8. Potential Changes in State Fuel Tax Rewees (10-Yr. Totals)
(7 Percent Discount Rate)

Scenario
Electricity Future Natural Gas Future Biofuels Future
Low Oil  High Oil | Low Oil  High Oil | Low Qil  High Qil
Price Price Price Price Price Price
BAU Fuel Tax Revenue (2010%) $85.1B $80.9B | $85.1B $80.9B | $85.1B $80.9B
Scenario Fuel Tax Revenue (2010%$):$81.7B $74.6B | $83.4B $77.6B | $82.7B $77.0B
Change in Fuel Tax Revenue
(2010%): -$3.4B -$6.3 B -$1.7B -$3.3B -$2.4B -$3.9B
Percentage Change from BAU: -4% -7% -2% -4% -2% -5%

Applying a 3 percent discount rate, asable 3-9 results in a higher estimate of
potential reductions in fuel tax revenues over &rg, ranging from $2.3 billion on the
low-end to $7.9 billion at the high-end, or 2 percand 8 percent of BAU, respectively.
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Table 3-9. Potential Changes in State Fuel Tax Rewees (10-Yr. Totals)
(3 Percent Discount Rate)

Scenario
Electricity Future Natural Gas Future Biofuels Future
Low Oil  High Qil | Low Oil  High Oil | Low Oil  High Qil
Price Price Price Price Price Price

BAU Fuel Tax Revenue (2010%) $99.7B  $945B [ $99.7B $945B | $99.7B $945B

Scenario Fuel Tax Revenue (2010%$):$95.1B $86.6 B | $97.4B $90.4B | $96.5B $89.6 B
Change in Fuel Tax Revenue

(2010%): -$4.6 B -$7.9B -$2.3B -$4.1 B -$3.2B -$4.9B
Percentage Change from BAU: -5% -8% -2% -4% -3% -5%

3.2. Results for Five Percent and 15 Percent Sensitiviknalyses

In order to understand the sensitivity of the CE&®mic impacts to the CI reduction
target and the timeframe for compliance, this asialincluded sensitivity cases designed
to test the influence of those variables. In additio the two scenarios presented below,
the analysis included a sensitivity case in whithiafuels volumes are produced
outside the region. Fuel quantities and vehicle lmens for this sensitivity are identical to
those in the Biofuels Future listed above; howetlex,macroeconomic impacts
associated with locating all production facilit@stside the region differ from those
associated with the Biofuels Future, and are ptesen Section 4.

3.2.1.Five Percent Target, 10-Year Scenario

As described in Section 2.2.2, the 5 percent, Hi-geenario is a sensitivity case
intended to represent a less optimistic view of &wailability and technology innovation
in comparison to the 10 percent scenarios. As sadhjs scenario, the high end of the
range for fuel Cl values, fuel costs, and increraewnthicle costs are assumed. The
program’s Cl reduction target is less ambitiousttiee 10 percent target, requiring only
a 5 percent reduction for transportation fuels dkiersame timeframe (2013 to 2022).
Another difference is that this scenario refleetatively even contributions of the three
low carbon fuel types, rather than having a sirfigid provide the majority of the
contributions to the CI reductions.
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Table 3-10. Comparison of 10 Percent and 5 PerceStenarios (10-Yr. Totals)
(7 Percent Discount Rate)

10 Percent 5 Percent, 10-
Natural Gas Year Scenario
Electricity Future Future Biofuels Future
Low High Low High Low High Low High
o]] o]] o]] (o]] o]] o]] (o]] o]]
Price Price Price Price Price Price Price Price
Total Gas and Diesel Demand (Bgal) 314 27b 323 290 323 286 331 285
Reductions from BAU (Bgal) 23 40 14 25 14 9 2 6 30
Percentage Reduction from BAU -7% -13% -4% -8% -4% -9% -2% -109%4
Value of Reductions from BAU
(Billions of 2010%) -$50.6 -$137 -$30.7 -$87.p -$80| -$100 -$13.2 -$104
Electricity Demand (GWh) 139,000 263,000 60,100 ,000| 61,600| 113,000 21,900 116,0P0
Cost of Electricity (Billions of
2010%) $12.2 $25.1 $6.6 $11.8 $6.9 $13)4 $2{3 $1B.8
CNG Demand (Billion gge) 9.8 16.9 6.2 13.4 9.7 164 3.5 17.1
Cost of CNG (Billions of 2010%$) $10.8 $20.4 $6.¢ 51 $10.8 $19.7 $3.7 $20.9
Biofuels Demand (Bgal) 4.6 8.9 4.6 8.8 0.3 8.9 1.7 9.0
Cost of Biofuels (Billions of
20103%) $6.5 $16.8 $6.1 $16.4 $1.3 $9.Y $2/7 $18.1
Net Fuel Expenditures (Billions of
2010%) -$21.2 -$74.5 -$11.1 -$43.B -$1114  -$57.2 45%| -$51.1

As shown inTable 3-10above, an outcome of the use of the higher-endu@e for low
carbon fuels is that relatively more low carbonl feeneeded in the 5 percent, 10-year
scenario, in comparison to the 10 percent polienados, even to reach a less stringent
Cl reduction target. This effect is especially enitdin the High Oil Price case, where
volumes of biofuels and natural gas, respectivelgeed those needed in any of the 10
percent scenarios. Similarly, the electricity nekotethe 5 percent, 10-year scenario
exceeds the electricity demand in all of the caricyp scenarios except for the Electricity
Future.

A beneficial outcome of the need for larger quaagibf low carbon fuels in this case is
that higher volumes of gasoline and diesel arelatgpl, which in turn reduces gasoline
and diesel expenditures and partially offsets tghdr costs incurred for low carbon
fuels, vehicles, and infrastructure.

As would be expected, fewer GHG reductions would@e under a CFS with a 5 percent
reduction targetigures 3-17and3-18show that, under the 5 percent, 10-year scenario,
GHG emissions would still decrease from BAU leugjsl7.3 to 86.2 million metric

tons, under the Low and High Oil Price cases, resgdy. In comparison, however, the
10 percent scenarios would achieve reductions tlemBAU GHG levels of roughly 85

to 153 million metric tons, under the Low and High Price cases, respectivelyThese

¥ Based on an average of the GHG reductions adneshitee 10 percent scenarios.
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reductions are greater than in the five percenyeldy scenario by a factor of five under
the Low Oil Price case and nearly a factor of tmder the High Oil Price case.

Figures 3-17 and 3-18. Transportation GHG Emissionfor 5 Percent and 10 Percent
CFS Targets (10-Yr. Totals)
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3.2.2.15 Percent Target, 15-Year Scenario

As also described in Section 2.2.2, the 15 perdéntjear scenario is a sensitivity case
intended to represent a more optimistic outcommmparison to the 10 percent
scenarios. As such, this case is designed arounel opdimistic assumptions for
technology innovation rates and fuel and (relatéichstructure and vehicle) costs than
under the 10 percent scenarios. In accordancetwglscenario representing an
optimistic view of low carbon fuel development amdiilability, the low end of the range
for fuel Cl values, fuel costs, and incrementaligiehcosts all apply.

In this scenario, the program’s Cl reduction taigehore ambitious than the 10 percent
target, requiring a 15 percent reduction for tramtgiion fuels. However, this scenario
also reflects a timeframe that is five years lortgeachieve the deeper reduction
requirements, i.e., 2013 to 2027. And as is the oathe 5 percent, 10-year scenario,
another difference is that this scenario refleelatively even contributions toward the CI
reduction from the three low carbon fuel typesheathan a situation where a single low
carbon fuel dominates.

Because the 15 percent scenario is designed to stimpliance over a 15-years rather
than 10 years, some of the differences betweehQrend 15 percent results simply
reflect the effects of this longer timeframe. Frample, as seen ifiable 3-11below,
under the 15 percent, 15-year scenario, total gdsieesel demand is estimated at over
487 billion gallons under the Low QOil Price cased @26 billion gallons under the High
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Oil Price case. Both of these demand levels aretéi®percent higher than under the 10
percent scenarios.

Table 3-11. Comparison of 10 Percent and 15 Perce@GFS Scenarios
(7 Percent Discount Rate)

10 Percent 15 Percent, 15-
Electricity Natural Gas Biofuels Euture Year
Future Future
Low High Low High Low High Low High
o]] o]] o]] o]] o]] o]] o]] o]]
Price Price Price Price Price Price Price Price
Total Gas and Diesel Demand (Bgal) 314 27pb 323 290 323 286 487 426
Reductions from BAU 23 40 14 25 14 29 19 43
Percentage Reduction from BAU -7T% -13% -4% -8% -4% -9% -4% -9%
Value of Reductions from BAU
(Billions of 2010$) -$50.6 -$137f  -$30.y -$87)p -8$8Q -$100 -$30.0 -$120
Electricity Demand (GWh) 139,000 263,000 60,100 ,000| 61,600| 113,000 149,000 247,000
Cost of Electricity (Billions of
2010%) $12.2 $25.1 $6.6 $11.8 $6.9 $13|4 $12.3 B2p.
CNG Demand (Billion gge) 9.8 16.9 6.2 13.4 9.7 1644 8.8 20.1
Cost of CNG (Billions of 2010%) $10.8 $204  .$6| $15.7 $10.8 $19.7 $7.2 $17.5
Biofuels Demand (Bgal) 4.6 8.9 4.6 8.8 0.3 8.4 -25 8.6
Cost of Biofuels (Billions of 2010$ $6.5 $36.] $6.1 $16.4 $1.3 $9.7 -$0.3 $8.1
Net Fuel Expenditures (Billions of
20109%) -$21.2| -$745 -$11.1 -$43B -$114 -$57.2 10:$ | -$71.3

The most notable outcome of the 15 percent, 15s@amario is that quantities of low
carbon fuels needed to meet the 15 percent targ@rdy somewhat higher than in the 10
percent scenarios, and not 50 percent higher.duiome results from the fact that the
low-end of the CI values is assumed forlad carbon fuels represented in this scenario;
thus, fewer low carbon fuels are needed, in redaiBvms, to meet the higher CI reduction
target.

Total fuel costs in the 15 percent scenario are idkatively in line with the fuel
expenditure levels for the 10 percent scenariospitkethe longer implementation
timeframe, as the costs for low carbon fuels is #uenario are assumed at the low-end
of their range.

In the case of biofuels, expenditures in the 15g@rscenario under low oil prices are
actually negative at $0.3 billion. This is becausehis scenario, advanced biofuel
volumes are negative, at 2.5 billion galldassthan what would is estimated for the

BAU Low Oil Price case. This is because in thissec®, there is assumed to be greater
availability of biofuels with very low CI values,hich in the volumes projected under the
RFS are more than sufficient to meet the carbansity reduction targets of the
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program. Therefore, the carbon intensity reduafjoals can be met using only modest
volumes of advanced biofuels.

While total net expenditures on low carbon fuelsae negative (i.e., represent savings
relative to BAU) under the 15 percent, 15-year acemas they are for the 10 percent
scenarios, the savings on low carbon fuels undgisttenario are also proportionally
lower. This reflects not only the influence of tbev-end CI values, but also the longer
timeframe — the present value of expenditures andarbon fuels reflects that these
investments are discounted over 15 years insted@ géars.

4. REGIONAL ECONOMIC IMPACTS

This section presents the key findings of the me@paomic impact analyses for each of
the policy scenarios examined, the Electricity,UMalt Gas and Biofuels Futures. Results
for the sensitivity case on the Biofuel Futuresnse® are also presented. The results in
this section are aggregation of state-level maaoeaic results, and as such, can be

interpreted as a snapshot of how the CFS couldadhtpa regional economy as a whole.

4.1. The REMI Model

TheREMI Policy Insighimodel, a multi-state economic policy analysis tews used to
assess the macroeconomic impacts of the CFS. Thmrnef REMI used in this analysis
covers the six New England states, New Jersey, Xaw, Delaware, Maryland,
Pennsylvania, and the District of Columbia. REMlisderlying methodology captures
how direct changes resulting from a policy (suclelanges in income or expenditures by
households, businesses, and institutions) affexta@uic growth and create further
feedbacks throughout the economy.

4.2. Methodology

In the macroeconomic modeling phase of the CFSyaisalthe categories of direct
changes resulting from the CFS relative to the Bdidcussed in Sections 3.1.1 through
3.1.5) include: (1) net expenditures on fuel; (@)vrdemand for low carbon fuel
production and infrastructure; (3) new demand mstallation of low carbon
infrastructure; and (4) investor-owned utility reves.

The economic impact of each low carbon policy sderan the region is described in
terms of annual changes compared to BAU for tHeviehg economic measures:
* Employment the number of jobs, by industry;
* Gross Regional Produet the total value of goods and services produgeallb
industry in the region;
» Personal Disposable Incometotal real after-tax income available for speigdi
or saving; and
* Industry Value-added a specific industry’s contribution to the grosgional
product.
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4.3. Results for the 10 Percent CFS Reduction Target

4.3.1.CFS Employment Impacts

This section presents and evaluates the estimatptbgment impacts of the CFS policy
scenarios relative to the Low and High Oil PriceUB#cenarios. In each year evaluated,
REMI was used to estimate the number of jobs cdeateetained for the BAU reference
cases and the CFS policy ca3e§he values ifTable 4-1represent the differences
between the BAU and the CFS scenario annual emm@oiy/forecasts in year 1 (2013),
year 5 (2017) and year 10 (2022) of the programcesthe REMI model’s concept of
employment does not distinguish between full- aad-pme employment, or account for
the duration of a job, the results do not refleaohalative changes over the 10-year
period (known as “job-years®. 1t is also important to note that these estimegpsesent
netemployment impacts, so a positive value may reftdziosses in some industries that
are outweighed by gains in other industries (acé versa).

Table 4-1presents two measures of employment, the absdiffiéeence from the BAU
and the percentage change. The results includedjobsly created or retained by the
program (i.e., plant engineers, construction waslaerd electrical component
manufacturing jobs) and indirect or induegdployment. Indirect employment impacts
occur in industries that supply or otherwise suppw directly impacted industries and
all subsequent business-to-business activity. lad@nployment results from changes in
consumer demand as the effects of wage increasedustries that supply low carbon
fuels and related needs are realized. These waggases in turn support new
employment in other industries not necessarilyteelao the direct requirements of the
program.

Under the High Oil Price case, there are largeitipesemployment impacts estimated
across all policy scenarios and years than undekdfv Oil Price caselhis relates to

the fact that the CI of gasoline is increasingh High Oil Price case, which requires
larger reductions and greater quantities of lovibearfuels and infrastructure across all
policy futures. Job creation is shown to increageeeially in the latter years of the
program, reflecting that, as the CFS CI reductargét begins to have greater effect over
time, the program creates more demand for goods@mwites. All of the policy

scenarios show positive net employment impactsday $ of the program.

The Biofuels Future stimulates the highest numbgjsbs in year 10, followed by the
Electricity and Natural Gas Futurdde Biofuels Future depicts the highest level of lo
carbon fuel production occurring within the regiarich accounts for the high level of
jobs in years 5 and 10, at which time new producgiants and supporting industries
would be fully ramped up.

5 REMI does not distinguish between jobs that cutyesxist and would otherwise end (such as sherhte
construction), but are retained as a result optlogram, versus new jobs.

%5 Annual job levels can be converted into estimafdsll-time equivalent workers using data from the
National Income and Product Accounts publishedheyldS Bureau of Economic Analysis; however, that
analysis was not conducted as part of this study.
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Table 4-1. Yearly Employment Impacts by CFS Policyscenario
2013 2017 2022
(Year 1) (Year 5) (Year 10)
Low Qil | High Oil | Low Oil | High Oil | Low Qil | High Oil
Type of Economic Impact Price Price Price Price Price Price
Jobs Retained and Generated
(Total)
Electricity Future -456 11,400 14,500 43,400 26,600 43,800
Natural Gas Future 14 187 1,110 6,590 9,490 21,700
Biofuels Future 948 565 23,600 43,900 41,300 50,700
Biofuels Future, Out-of-
Region -2,040 -8,410 -274 -80 1,270 3,650

It is worth noting that, by year 5, the Electrickyture produces nearly as many job
impacts as the Biofuels Future under the High @dd°case. This is a result of the
assumption that, under the Electricity Future,absts of producing fuels in-region are
significantly higher than in the other scenariosisimpacts the economy in two ways:
(1) biofuel producers are spending more on eachadifiiel they produce; and (2) labor-
intensive industries involved with fuel productimtrease their revenues.

The Natural Gas Future has very modest jobs impactsmparison to the other two
policy scenarios. For example, in year 5, jobstexda the Natural Gas Future are only
about 16 percent of those created under the Eddygtand Biofuels Future in the High
Oil Price case. Although jobs in the Natural GatuFeiare much higher by year 10, at
nearly 9,500 under the Low QOil Price and almos0@@,under the High Qil Price case,
these are still less than half of those under therascenarios. These results stem from
the fact that the Natural Gas Future includes Sgmt quantities of biogas, which is a
fuel with a very low CI value. Consequently, theeall volumes of low carbon fuels
needed to meet the target are relatively low, acarresponding investments in fuel
purchases, production, and infrastructure.

The Biofuels Future, Out-of-Region sensitivity casedels a future that relies heavily on
biofuels, but assumes that the preponderance séthuls are produced outside the
region, rather than within the NE/MA states. Agault, this scenario shows significantly
lower but still positive job impacts, falling fronmearly 51,000 net new jobs under
Biofuels Future (High Oil Price case), to less thaenth of that, or nearly 3,700 jobs.

This depicts an outcome where jobs involved indind and operating biofuel
production plants as well as many of the upstrezrs supporting the biofuel industry
(e.g., biomass suppliers) would be located outfidaegion. Table 4-1illustrates that
the overall employment impact of any of the CFShades would be very small in
magnitude relative to the BAU, which depicts a oegivith an average annual regional
employment of roughly 40 million jobs. Consequenthe CFS is shown to have a
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positive but modest change in the overall laborkaiain the participating states,

regardless of scenario.

4.3.2.CFS Impacts on Gross Regional Product
This section summarizes the estimated effectseoCiRS on Gross Regional Product

(GRP), a measure of the value of all goods andas\produced in the regional

economy.Table 4-3provides estimates of changes in the value of gaod services
purchased directly to comply with the CFS and thiei® of other consumer goods and
services that are purchased because of the avigjlabiadditional income realized from
net fuel savings’ Because GRP is a monetary value and represeluw affdollars over
time, the 10-year cumulative value is relevanttfis metric.Table 4-2presents two
measures of GRP: the absolute differences from B#d,the percentage change.

Table 4-2. Gross Regional Product Impacts by CFS Roy Scenario (Millions 2010$)

2013 2017 2022
10 Year Sum
(Year 1) (Year 5) (Year 10)
Low Oil High Oil Low Oil High Oil Low Oil High Oil Low Oil High Oil

Type of Economic Impact Price Price Price Price Price Price Price Price
Gross Regional Product (Million 2010
$s)

Electricity Future -35.7 443 945 2,940 3,080 4,920 12,900 28,700

Natural Gas Future 8.4 187 396 1,350 2,120 3,930 7,310 17,100

Biofuels Future -188 -336 1,570 2,910 4,290 4,640 20,200 27,700

Biofuels Future, Out-of-Region -298 -630 559 1,120 2,220 2,280 8,370 11,300

Each of the policy scenarios realizes a positiyeaat on GRP by year 5 of the program.
Small losses in GRP relative to the BAU are expexe in the first year of the program
under the Biofuels and Electricity Futures duehie flact that in year 1, the benefits
associated with reduced expenditures on gasolidei@sel do not yet outweigh the costs
of low carbon fuel purchases and infrastructurestments. This effect is not observed
in the Natural Gas Future because CNG is less sigethan the other fuels on an
energy-equivalent basis, and thus generates nstiowar savings from the outset.

These results suggest that the CFS could havemosiive overall effect on the region’s
economy. In the High Oil Price scenario, the curniveaGRP benefits for the three core
scenarios range from $17.1 billion for the Nat@alks Future to $28.7 billion in the
Electricity Future over the 10-year period analyz&slwith employment, the percentage
change suggests that the potential impacts of aat&Small relative to the magnitude of
the regional economy. For example, the averageammpact across scenarios under
High Oil Prices by 2022 is $2.6 billion, which isgligible relative to the BAU forecast
of a $4.9 trillion regional economy in that year.

" The latter category of purchases is often refetweas “induced” spending.
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Similar to the impacts on jobs, the GRP resultgherBiofuels Future, Out-of-Region
sensitivity case show that producing low carborsfuathin the region is preferable for
the regional economy compared to importing thesésfirom other parts of the U.S. The
GRP impacts of the Out-of-Region sensitivity casgge from $8.4 to $11.3 billion, less
than half the GRP benefits of the Biofuel Future.

4.3.3.CFS Impacts on Real Personal Disposable Income

This section evaluates the estimated impacts ofa@nal CFS on personal disposable
income (PDI), a measure of the total after-tax meavailable for spending or saving by
the region’s residents. Real PDI is nominal persort@me adjusted for inflation. As
shown inTable 4-3 similar to the impacts of the program on othetriog like
employment, the estimated effects of the CFS olonadjPDI are extremely small in
absolute terms.

Table 4-3. Real Personal Disposable Income Impadty CFS Policy Scenario (Million 2010%)

2013 2017 2022
10 Year Sum
(Year 1) (Year 5) (Year 10)
Low Oil High Oill Low Oil High Oill Low Oil High Oill Low Oil High Oill

Type of Economic Impact Price Price Price Price Price Price Price Price
Disposable Personal Income
(Million 2010 $s)

Electricity Future -62.6 -241 -80.9 1,400 1,400 3,230 3,660 14,700

Natural Gas Future -7.6 -56.3 -4.7 424 950 1,620 2,200 7,240

Biofuels Future -91.4 -643 493 1,360 2,350 3,330 9,560 15,200

Biofuels Future, Out-of-Region -177 -658 -456 -21.1 -53.9 891 -2,580 1,340

In some cases negative values occur in the eaals\a# the program, reflecting the fact
that despite nominal personal income gains, sicgmfi demand on labor and capital
markets could bid up costs in the short-term assalt of the CFS. The quick injection of
demand into these markets has the effect of rawilcgs across a broad range of
consumer product categories. Consequently, whiteminal terms residents in the
region experience higher incomes, in real termsrtb@me is worth slightly less than
under the BAU. Over time, the benefits accruingdaseholds outweigh this price effect
and residents realize gains on a nominal and esasb

Under the Biofuels Future, the results show a dedh real PDI in year 1 of the
program. As the stimulus increases under the Hig?ize case, the price effect is
compounded, causing a more exaggerated declimaifPDI. By year 5, the net
household expenditure benefits and increased defadpital and labor begin to
outweigh the price effect in the early years.
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In the High Oil Price case, only the Biofuels Fetudut-of-Region sensitivity shows a
PDI decline in real terms by year 5. The Biofual$ufe scenario remains the most
effective at stimulating real PDI, and on a cumutabasis, this scenario depicts
increases in real PDI across the region by overffilibn. These results suggest
important economic opportunities associated witrettgping and maintaining biofuel
production capacity within the region.

Again, effects on PDI for the Natural Gas Future moderate in comparison to the other
scenarios. The 10-year sum of $2 to 7 billion uritderLow and High Oil Price cases,
respectively are substantially less than for thexticity and Biofuels Futures. This result
is due to the fact that, with a lower level of istreent in natural gas fuels needed to meet
the reduction target, the savings on gasoline asktpurchases occurring in this
scenario are also lower, thus net benefits to P®less pronounced.

4.3.4.Impacts by Industry Group

The REMI model represents 70 distinct industry gates based on the North American
Industry Classification Systeffi Table 4-4highlights the ten industry sectors estimated
to benefit most significantly from a CFS, or a mewil basis? In each of the policy
scenarios analyzed, impacts included industriesctlyr affected by the CFS, such as
manufacturing and construction, and those affeictédectly, such as health care.
Industries that experience indirect impacts from@#S reflect the typical areas where
consumers and business would most likely spenddigposable income that becomes
available through savings on transportation fuels.

The utilities sector was estimated to experieneehighest level of positive impacts, in
terms of value-added, across all three scenarius.réflects not only increased levels of
electricity and natural gas sales by utilities, &isb the production and installation of
infrastructure for fueling and charging.

Construction and manufacturing sectors were alsasho realize strong positive direct
impacts, for value-added and jobs, across all palocenarios. These industries would

8 The NAICS is a system developed by the U.S. Depamt of Commerce to track industry data and
economic performance.
%9 Industries were ranked according to value-addetuthe High Oil Price case.
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Table 4-4.Top Ten Industry Sectors with Estimated Positive C5 Impacts (Year 10)

Value Added, 2022 Jobs, 2022
(Million 2010 $s) (Total)
Low Qil | High Oil | Low Oil | High Oil

Scenario Industry Price Price Price Price

Electricity

Future Utilities 2,695 3,743 4,709 6,548
Construction 1,046 1,318 13,847 17,333
Health Care 272 1,288 3,756 17,226
Finance and Insurance 245 918 737 2,845
Real Estate 154 736 496 2,493
Manufacturing 592 528 3,825 4,069
Information 157 429 367 1,012
Technical Services 265 411 2,682 4,065
Waste Services 140 300 1,178 2,438
Forest and Agr. Services 146 182 18,696| 22,942

Natural Gas

Future Utilities 1,586 2,643 2,773 4,627
Construction 671 1,058 9,000 14,126
Health Care 163 861 2,257 11,517
Technical Services 426 671 4,630 7,187
Finance and Insurance 169 661 509 2,029
Manufacturing 454 630 2,935 4,839
Real Estate 96 492 329 1,683
Information 101 297 239 706
Other Services 44.9 214 1,488 6,852
Accqmmodatlon and Food 349 128 1,045 3.690
Services

Biofuels Future Utilities 27.7 36.0 74.1 96.3
Construction 20.0 22.6 445 501
Manufacturing 29.7 20.0 201 165
Forestry and Agr. Services 5.90 7.32 958 1,179
Technical Services 5.58 5.69 97.7 98.3
Real Estate 1.02 3.82 3.72 21.0
Waste Services 2.24 2.98 26.2 31.7
Transportation and Warehousing 3.07 2.74 26.4 21.7
Accqmmodatlon and Food 0.720 256 26.7 83.6
Services
Information 0.772 1.65 3.74 7.66

Biofuels Future,

Out-of-Region Utilities 2.05 2.66 3.58 4.66
Health Care 0.063 0.932 0.951 12.5
Construction 0.659 0.776 8.69 10.2
Finance and Insurance 0.095 0.671 0.270 2.08
Technical Services 0.314 0.357 3.28 3.69
Manufacturing 0.991 0.333 4.24 1.89
Information 0.087 0.277 0.200 0.664
Accommodation and Food 0022| 0126| 0689 361
Services
Waste Services 0.028 0.045 0.266 0.687
Management of Companies 0.058 -0.018 0.161 -0.058
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experience positive both value-added and job ingpaatated to installing fuel delivery
infrastructure, building and operating biofuel ddgas production plants, and installing
home charging and fueling systems.

The health care and finance/insurance sectorharevo industries generally found to
experience the most positive indirect impacts ftbenCFS, though the ordering changes
by scenario. While no direct spending associatéld implementing the CFS was

initially allocated to these industries in the as&, indirect benefits take place as
households and businesses retain more incomedbt) and invest those dollars
elsewhere in the economy. Because health care ispgeaiccounts for a substantial
proportion of total spending in the region’s ecolyonllars made available by the CFS
will spur further spending in that sector.

The forestry and agricultural services sector lvasesof the highest job impact rankings,
with an estimated range of nearly 19,000 to 23j066 by year 10, as employees in this
industry sector support the high level of low carlfiwel production in the region.
However, this industry’s value-added is not neadysignificantly affected by the CFS.
This is likely because this sector involves manthefinputs to biofuel and biogas
production, but is a labor-intensive commodity istiy with low value-added associated
with its products, such as waste biomass. The betihze-added associated with the
manufacturing of biofuels and biogas is capturethexmanufacturing sector, which
ranks higher for value-added.

Estimates of the economic impacts on industriescégl by the CFS are not universally
positive, as some sectors would be likely to exgrexe a decline in sales revenuksble
4-5below shows the impacts in 2022 (Year 10) for the industries — retail and
wholesale trade — that are estimated to experieataegative value-added and
employment impacts as a result of the CFS. The egadé and retail trade industries
directly affected by the program would include fuélolesalers as well as retail gasoline
stations; both would likely experience a decreassales as a result of the CFS.
However, the negative impacts experienced by theleglle and retail trade industries
would not necessarily be limited to directly affsttousinesses, such as terminal
operators or retail gasoline stations.
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Table 4-5. Top Industry Sectors with Negative CFSrhpacts (Year 10)

Value Added, 2022 Jobs, 2022
(Million 2010 $s) (Total)
Low Oil | High Oil | Low Oil | High Oil
Scenario Industry Price Price Price Price
Electricity Wholesale
Future Trade -707 -1,380 -2,930 -5,690
Retail Trade -2,270 -4,341| -28,337| -54,077
Natural Gas | Wholesale
Future Trade -432.3 -993 -1,759 -4,050
Retail Trade -1,343 -3,045| -16,723| -37,938
Wholesale
Biofuels Future | Trade -399 -1,029 -1,687 -4,277
Retail Trade -1,584 -3,375| -19,819( -42,094

The negative impacts to the wholesale and retadietindustries also include indirect
effects of the program associated with commoditgepchanges. The indirect effects
begin with a general rise in commodity prices whielcreases the purchasing power of
households. In the REMI system, a significant pathe household budget is spent on
goods and services provided by the retail sectqgrarh of the negative impacts Trable
4-5 are accounted for by this decrease in househeddspg on a broad array of retail
goods and servicés.

In addition, although net impacts on the chemicahuofacturing sector are estimated to
be net positive as a result of the CFS, within tratid industry classification, the
petroleum and coal products manufacturing sub-séxfarojected to experience negative
impacts on both value-added and jobs. For exampk)22 (year 10), job losses in
petroleum and coal manufacturing are estimatednige from 150 jobs under low oil
prices to 560 jobs under high oil prices. In relatierms, however, these losses represent
a very small fraction (i.e., one-tenth to one-lwdlbne percent, respectively) relative to
the current employment level of 11,000 jobs ingle&roleum and coal manufacturing
sub-sector.

It is important to note that value-added and empleyt impacts reported in Section 4.3.1
for the region are inclusive of the negative impawt the wholesale and retail trade and
petroleum and coal manufacturing industries. Dedpié negative impacts on these two
industry sectors, the nemployment and value-added impacts of the CFp@siive
overall for the region.

®9n each of the scenarios, the industries respanilolbuilding and operating new low carbon fuel
infrastructure experience a significant increasédeémand. Each of these industries, in turn, dependhe
services of other industries to operate. When demand is channeled to these secondary or indirectl
impacted industries, as a consequence of supplgamand economics, the price of what the industry
produces increases. Because the directly impauotiedtries are linked to a broad array of industrighen
direct spending increases, there is a generalaseri prices throughout the economy.
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4.4. Results for Five Percent and 15 Percent CFS Reduch Targets

This section compares the macroeconomic impactharges in employment, gross
regional product, and real disposable personahnece- for the 5 percent, 10-year and
15 percent, 15-year scenarios.

The macroeconomic results for the sensitivity casegenerally reflective of the
patterns seen in the scenario results describédraarthis report. For example, because
of the high ClI values for the fuels in the five gamt, 10—year scenario, reaching this
target requires very high levels of low carbon $u@nd correspondingly high
expenditures on fuels and fuel production, infradtrre, and alternative vehicles in spite
of its lower CI reduction target. For some macroeenic metrics, this scenario has as
significant or even larger impacts on the regi@wnomy than the 10 and 15 percent
scenarios, even though the latter scenarios areatstl to achieve greater GHG
reductions.

Similarly, the volumes of low carbon fuels, relaggenditures, and fuel production that
take place in the NE/MA states are higher in th@dfsent, 15-year scenario. than in the
three 10 percent scenarios. As a result, the pesitipacts on the regional economy
under the 15 percent scenario are, generally spgakigher whenever fuel volumes are
higher as well.

Table 4-6below presents total jobs generated and retainddruhe five and 15 percent
Cl targets evaluated in this analysis during thelfyear of the program, when the
impacts are peaking. Notably, the largest employrmepacts in the final year of the
program are 76,000 in the five percent scenarieutite High Oil Price case, which
requires the highest levels of low carbon fueldsTé partly attributable to the fact that
this scenario displaces a high level of gasolirstdiasel, thereby generating high levels
of fuel savings to consumers. Consumers in turnépiegese savings on goods and
services from relatively labor-intensive industrigdich in turn spurs an increase in
employment levels.

Table 4-6. Comparison of Employment Impacts for 3ercent and 15 Percent Scenarios

Final Year of Program
(2022 or 2027)

Scenario or Sensitivity Case

Low Oil High Oil
Price Price
Jobs Retained and Generated (Total)
5%, 10 Year Scenario 24,297 76,008
15%, 15 Year Scenario 25,379 56,641

The 15 percent scenario requires less low carbelnoiuan annual basis than the average
of the 10 percent scenarios; however, this scenakies place over a longer timeframe
and relative to the 10 percent scenarios, the feeddw carbon fuels in the last few

years of the program was significantly greater.hdigfuel levels and a longer timeframe
are the primary reasons the 15 percent scenaribighsr employment impacts than the
10 percent scenarios in some cases.
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Table 4-7compares changes in GRP (summed across all NE/&tasstfor all of the
scenarios for year 10 of the program, as well asutative impacts over the full program
time horizon. The 15 percent, 15-year scenaridtma$ighest overall impact on GRP in
the final year of the program and cumulatively,giag from nearly $15 billion to $34
billion, under the Low and High Oil Price casespectively. Changes in cumulative
GRP for the five percent, 10-year scenario ardively low, at $4.8 billion to nearly $25
billion under the two reference cases, respectivehs somewhat muted effect on GRP,
in spite of high low carbon fuel volumes estimaitethis scenario, is probably
attributable to the fact that production of fueidhe region is at the lower end of the
range in this case, thus overall levels of produrctire relatively lower in comparison.

Table 4-7. Comparison of Gross Regional Product f& Percent and 15 Percent Scenarios

Final Year of Program 10- or 15-Year Sum
Scenario/Sensitivity Case (2022 or 2027)
Low Qil High Oil Low Qil | High Oil
Price Price Price Price
Gross State Product (Million 2010 $s)
5%, 10-Year Scenario 1,567 4,495 4,833 24,764
15%, 15-Year Scenario 3,796 6,624 14,739 33,720

Table 4-8compares changes in real DPI (summed across aMNEtates) for all
scenarios for year 10 of the program, as well asutative impacts over the full program
time horizon. Again, the 15 percent scenario is@ssed with the highest cumulative
DPI effects over the full timeframe, ranging fromanly $12 billion to $28 billion in
comparison to the two reference cases. The 5 pescenario shows the next highest
cumulative income effect in the High Oil Price caase$16.0 billion, which probably
results from high levels of consumer fuel savingthis case. Under the Low Oil Price
case, the average of the 10 percent scenarioshighexr income effect ($5.1 billion)
than the 5 percent scenario, because consumegsaasie higher.

Table 4-8. Comparison of Real Disposable Personalcome,
5 Percent and 15 Percent Scenarios

Final Year of Program 10- or 15-Year Sum
Scenario or Sensitivity Case (2022 or 2027)
Low Oil High Oil Low Qil | High Oil
Price Price Price Price
Disposable Personal Income (Million 2010 $s
5%, 10-Year Scenario 1,041 4,125 2,182 16,069
15%, 15-Year Scenario 2,242 5,645 11,796 27,610
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Appendix A: Description of the Northeast/Mid-Atlantic Bioenergy
Calculator

A key objective of the economic analysis of the MB/CFS was to assess the potential
for biomass resources located in the region todeel in the production of low carbon
fuels. In order to estimate low carbon fuel protucin the region, NESCAUM
developed the NE/MA Bioenergy CalculafdfThis Appendix provides an overview of
the calculator, describes the data and methodstagpzherate a range of estimates for
low carbon fuel production in the region, and exaow these estimates were used in
the economic analysis.

A.1. Overview of the NE/MA Bioenergy Calculator

NESCAUM developed the NE/MA Bioenergy Calculatoegiimate the potential
production of low carbon fuels from biomass researnocated in the NE/MA states. The
objectives of the calculator were to: (1) assessypes, quantity and distribution of
biomass resources across the region; (2) make asisuns about the availability of these
resources for the production of low carbon fued};determine likely conversion
technologies for producing fuel and match theskrelogies to appropriate biomass
types; and (4) calculate levels of low carbon farelduction from in-region resources to
correspond with policy scenarios represented irClR8 economic analysis.

NESCAUM adapted the New Jersey Bioenergy Calculatated by Rutgers State
University/New Jersey Agricultural Experiment Statito catalog the region’s biomass
endowment and calculate potential low carbon fuetipction based on that
endowmenf?Changes to the New Jersey calculator for the pesposthis study
included: replacing New Jersey-specific biomasa #ath those describing biomass
resources for each NE/MA state; editing the caiegand types of biomass; modifying
the filters that screen out biomass type; revisimggfuel conversion factors; and adding a
new type of low carbon fuel (i.e., biogas, a ndtges substitute). Even with these
modifications, however, the calculation methodadsgand overall design of the
calculators are similar to the Rutgers model.

Biomass feedstocks in the NE/MA calculator ared#d into five categories.
Lignocellulosic biomasmcludes energy crops, agricultural crop residuesdy

biomass and yard wast®golid wasteaefers to the organic portion of municipal solid
waste (MSW), i.e. waste paper, food waste, and veooapsBio-oils includes both oil
crops (e.g., soybean) and waste gre@sieer wastencludes agricultural livestock waste
and wastewater treatment facility (WWTF) biosolital biogas, as well as methane gas
produced from landfill wastes.

®Rutgers New Jersey Agricultural Experiment StafliidAES) (2010).Bioenergy Calculator.
http://bioenergy.rutgers.edu/biomass-energy-pa#niaes-bioenergy-calculator.xls
62 [|hi

Ibid.
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A.2. Data and Methods

Using a variety of data sources to quantify eadbgmy of biomass in every NE/MA
state, NESCAUM generated low-end and high-end eséisthat represent the likely
boundaries of annual biomass availability in trgioe during the ten- to fifteen-year
time period (i.e., 2013 to 2027) evaluated in tf&@conomic analysis. NESCAUM
developed a wide range to reflect the significarteutainties that will determine actual
biomass availability.

As described in Section 2 of this report, the lavd-ef the range represents a
conservative view of biomass availability in thgio®, where economic, policy, and/or
biophysical factors constrain the annual biomagplsuo relatively low levels, in
comparison to the region’s physical endowment vEhe high-end of the range
represents a more optimistic depiction of actuahtass supply relative to physical
endowment levels. It is important to note that ahothe low- and high-end cases,
estimates account only for surplus biomass supfiieswould be potentially availabie
addition tobiomass currently supplied to existing markets.(g@uglp, paper, and pellet
production, existing landfill gas operations).

Annual biomass estimates can be found in eacheo$tdite worksheets of the NE/MA
Bioenergy Calculator. The state estimates are ggtgd in the “NE-11 Availability”
worksheet of the calculator. Low-end and high-emdual availability are also calculated
in this sheet.

Energy Crops

Energy crop estimates were provided by Dr. Peteodiéary at Cornell Universit? The
estimates build off state-level estimates of energy potential from the U.S. EPA RFS2
Regulatory Impact Analysi¥. Adjustments to U.S. EPA’s estimates include treafs
more recent land use and land cover data, andawti@al approach at a finer scale of
detail. For example, in the Woodbury estimateslispaacels (less than 5 acres) were
generally considered unsuitable for energy cropebigment. In addition, a regression
analysis based on actual crop yields was useditoas bioenergy feedstock yields. For
Newﬁ\s(ork, energy crop data from the New York SRemewable Fuels Roadmap were
used:

Because energy crops are currently not grown imifsignt quantities in the NE/MA
region, it was assumed that energy crop produetioud be zero for the first two years

3 Woodbury, Peter (2010). Unpublished estimatesiefgy crop biomass by state. Cornell University.
64 U.S. Environmental Protection Agency (EPA) (20R2gulatory Impact Analysis: Renewable Fuel
Standard Program. Retrieved April 23, 2010, from
http://www.epa.gov/otag/renewablefuels/420r07004.pd

% pace Law School Energy and Climate Center. (2R@)ewable Fuels Roadmap and Sustainable
Biomass Feedstock Supply for New York Stég¢ev York State Energy Research and Development
Authority (NYSERDA), the New York State DepartmafitEnvironmental Conservation (NYSDEC), and
the New York State Department of Agriculture andrkéss. Retrieved April 4 from
http://www.nyserda.org/publications/renewablefusdsimap/
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of the CFS (i.e., 2013 and 2014) and would ramp\ey the life of the program as
producers plant energy crops in response to progreemtives.

For the low-end availability case, NESCAUM assurttet 50 percent of the energy
crops are available annually for fuel productiotihw the region. In the high-end case,
100 percent was considered to be available forgtmduction on an annual basis.

Woody Biomass

Estimates of annual woody biomass availability waegved from a 2008 study
conducted by Innovative Natural Resource Solutibh§; (INRS), as well as other state
studies and daf8.NESCAUM applied initial filters to INRS estimatead assumed that
50 percent of forest residues, sawmill and secgnaidlf residues, and urban wood and
25 percent of new forest growth could be consid@recemental to demand from

existing markets. After applying the initial avdiibty filters, for the low-end availability
case, it was assumed that 50 percent of the rengambody biomass resources would be
available for fuel production; for the high-end #akility case, 100 percent of remaining
woody biomass resources were assumed to be aeaitatfiuel production.

Agricultural Crop Residues

Agricultural crop estimates were also based on petaided in the 2008 INRS study. It
was assumed that 50 percent of agricultural cregglues would remain available after
meeting demand in existing markets. In the low-awailability case, it was assumed that
50 percent of the remaining agricultural crop resglwould be available for fuel
production; for the high-end availability case, J#¥cent of the remaining resources
were assumed to be available for fuel production.

Municipal Solid Waste (MSW)

Estimates of total MSW destined for landfill bytstavere based on BioCycle’s “The
State of Garbage in Americ&”To determine the portion of the waste composed of
biomass, U.S. EPA estimates of the average peenfayard waste, waste paper, food
waste, and wood scraps in a unit of MSW were agpbehe total MSW quantiti€®.It
was assumed that one-half of food waste and wo@gs@nd one-third of yard waste
would be available after increases in compostirdy@ther recycling program levels. In
the low-end availability case, 50 percent of th&WV resources were assumed to be
available for fuel production; for the high-end gafaility case, 100 percent of resources
were directed towards fuel production.

% Innovative Natural Resources Solutions (INRS) L({2008). Biomass Availability and Utilization in the
Northeastern United Stateortheast States for Coordinated Air Use Managémen

67 Simmons, Phiet al. (2008). The State Of Garbage In Ameri&ioCycle: Journal of Composting &
Organics Recycling9: 22

% U.S. Environmental Protection Agency (EPA) (20B®2gulatory Impact Analysis: Renewable Fuel
Standard Program Retrieved April 23, 2010, from
http://www.epa.gov/otag/renewablefuels/420r07004.pd
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Waste paper recycling rates are assumed to incoxasdime, thus lowering waste paper
availability. In the high-end availability casecyeling rates increase from 70 to 80
percent; in the low-end availability case they @age to 100 percent recycling, and waste
paper is not assumed to be available for fuel prtoda.

Waste Grease

Waste grease estimates are based on the Northeasa$s Regional Program’s “U.S.
Biofuel Production Potential Calculatdt’Because waste grease resources are already
utilized for fuel production in the NE/MA regior,was assumed that these resources
would continue to be available on an annual b#&sithe low-end availability case, 50
percent of waste grease was assumed be availalflesfgroduction; for the high-end
availability case, 100 percent of resources arectid towards fuel production.

Livestock and Waste Water Treatment Facility (WWTF) Wastes

Livestock waste and bedding calculations were bagsdd.S. Census Bureau and U.S.
Department of Agriculture data. Biosolid and gaargities from WWTFs were

estimated based on population figures from the Gehsus Bureau. Fifty percent of
these resources are assumed to be availablerftatives such as on-site gas capture for
electricity production. In the low-end availabilityase, 50 percent of the remaining waste
resources are assumed to be available for fuelptamh; for the high-end availability
case, 100 percent of resources are directed toviaetlproduction.

Landfill Gas

Estimates of available methane gas from landfidserbased on data from U.S. EPA’s
Landfill Methane Outreach PrografhOnly 50 percent of the methane that would be
produced from existing waste in landfills that UERA considers to be candidates for
new methane capture systems was included in tHgsasdt was assumed 25 percent of
the methane gas from landfills would be availablef@iel production in the low-end
availability case and 50 percent would be avail&éduel production in the high-end
availability case.

A.3. Conversion of Biomass Resources to Low Carbon Fuel

Figure A-1 depicts a range of existing and develgpechnologies for converting
biomass into low carbon fuels of different typeslythose biomass conversion
pathways for transportation fuels that could subiifor gasoline and petroleum, and
thus could directly benefit from a CFS program, avieccluded in the analysf$.
Therefore, for the purposes of the CFS economitysisaavailable biomass resources
were assumed to be used in the production of bi®fareas a substitute for natural gas.

% Antares Group, Inc. (2007).S. Biofuel Production Potentidlational Biomass Regional Program.
Retrieved July 23, 2010 from http://www.nrbp.orglapes/2007-08/US_Biofuel_Production_Potential.xls.
0 U.S. Environmental Protection Agency (EPA) (201a-P0Landfill Methane Outreach Program

Landfill and Project Databasavailable athttp://www.epa.gov/Imop/projects-candidates/indaxlh

" Electricity generation from biomass was not coesid as a pathway in the NE/MA economic analysis
of the LCFS. Due to numerous policies in the NE/Btates that incentivize electricity generation from
biomass (e.g., RGGI, renewable portfolio standaiit# difficult to attribute electricity generati from
biomass to an LCFS.
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Conversion factors and methodologies used werentiiken the New Jersey Bioenergy
Calculator, and can be found in the “Conversionl@stbworksheet of the NE/MA
Bioenergy Calculator. Conversions from biomas®te ¢tarbon fuel are made on each of
the state worksheets and aggregated in the “NEvHllability” worksheet.

Figure A-1. Existing and Advanced Biomass ConversioTechnologies

BIOMASS CONVERSION
RESOURCES TECHNOLOGIES END END USE
PRODUCT
a
(. . \ THERMAL
Lignocellulosic ]\
Biomass \ APPLICATIONS Residential/
. . Thermal Commercial/
VVOULYy BIOMES > ( DIRECT COMBUSTION Loads/ Industrial
L]
Yard Waste * Rankine (steam) cycle Erocess Thermal
eat
\ ® Enerav crons / e CHP
/7 N\ \_ Residential/
Solid Wastes Commercial/
"\A‘;i\?vmass in [ THERMOCHEMICAL ) :gl‘é‘étsrtlgﬁ‘\'/
— 3| - Gasification-IC engine Electricity 4 —
*C&D wood W/CHP z
*Food Wastes
* BIGCC
*Pyrolysis
Bio-oils bl /
* Waste Grease
® Aaricultural /BIOCHEMCIAL \ .
*Anaerobic digester H Advanced
Other Wastes 1 Diesel
® Biogas from * Landfill
BB * Enzymatic Hydrolysis Cellulosic
\(Fermentatiom / Ethanol

I:l Existing Feedstock/ I:l Developing Feedstock/

Technology Technology

Source: Adapted from Rutgers New Jersey Agricullir@eriment Station, 20186.

A.4. Role of NE/MA Bioenergy Calculator Results in CFS Eonomic
Analysis
Biomass availability (low or high) for conversiamlow carbon fuels was tailored to the

three core CFS policy scenarios and to the seitgitiases in accordance with the design
and intent of the scenarios.

2 Rutgers New Jersey Agricultural Experiment StafiddAES) (2007).Assessment of Biomass Energy
Potential in New JerseyPrepared for: The New Jersey Board of Publititlés. Retrieved April 23, 2010
from http://bioenergy.rutgers.edu/biomass-energy-pafnjaes-biomass-assessment-finalreport. pdf
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In the Biofuels Future, high biomass availabilitgssassumed for all solid feedstocks for
the production of either cellulosic ethanol or RiscTropsch diesel. Biomass resources
were allocated at a ratio of 4 tol for the produtif ethanol and diesel, respectively,
based on the current ratio of gasoline to diedeksa the region. Diesel was also
assumed to be produced with the available wastesgresing trans-esterification
conversion technology.

In the Natural Gas Future, high biomass availahilias assumed for all feedstocks
appropriate for conversion to biogas. Solid wastiés moisture content greater than 50
percent were assumed to be converted to a naasaudstitute using anaerobic
digestion. Solid wastes with moisture content teas 50 percent were assumed to be
converted using thermal gasificatiGhin both cases, biogas and landfill gas were
assumed to be converted into a substitute for abgas.

In the Electricity Future, low biomass availabilityas assumed for the production of
liquid and gaseous fuels. For the purposes ofahysis, regional biomass resources
were not directed towards electricity generatione@o numerous policies in the NE/MA
states that already provide incentives for eleityrigeneration from biomass (e.qg.,
renewable portfolio standards), it would be difftdo credit new biomass-based
electricity generation to a CFS.

Table A-1 below summarizes how the assumptions regardinguagability of biomass
resources vary by scenario and sensitivity casieadrCFS economic analysis.

Table A-1. Bioenergy Assumptions Used in CFS Policycenarios

Scenario Biomass Availability for | Biomass Availability for
Biofuel Production Biogas Production
Biofuels Future High-end for lignocellulosigc N/A

(10% CFS Target) | biomass, solid waste, and
waste grease
Natural Gas Future | Low-end for waste grease High-end for

(10% CFS Target) lignocellulosic, solid
waste, and other waste

Electricity Low-end for all biomass | N/A

Future(10% CFS categories

Target)

Pessimistic Future | Low-end for N/A

(5% CFS Target) lignocellulosic, solid waste

and waste grease
Optimistic Future | High-end for lignocellulosi¢ High-end for WWTF and
(15% CFS Target) | biomass, solid waste, and | landfill gas

waste grease

3 The “Energy Content” worksheet in the NE/MA Bioege Calculator contains information on the
moisture content of each biomass resource.
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Appendix B: Description of VISION-NE Model and Analysis

NESCAUM'’s economic analysis of the NE/MA CFS evadisathree core policy
scenarios, each of which depicts compliance wipexified target for the average
carbon intensity (ClI) of transportation fuels. NES@M developed a customized version
of the VISION model to calculate the volumes of loarbon fuels and related
technologies (e.g., alternative vehicles) neededdst the target under each of these
compliance scenarios. This appendix describes t860ON-NE model and how it was
used to generate estimates of low carbon fuel vegymumbers of alternative vehicles,
and the overall change in energy use under eatttedhree policy scenarios.

B.1. Description of the VISION Model

The VISION model was developed by Argonne Natidradloratory to estimate the
potential energy use, oil consumption, and carboisgon impacts of advanced light-
duty and heavy-duty vehicle technologfés/ISION starts with a base-year vehicle fleet,
and enables the user to specify sales sharesfferetit vehicle types (e.g., battery-
electric vehicles) in subsequent years. The modahtains a detailed annual profile of
the fleet as it retires aging vehicles while introthg new vehicles according to user
inputs. The model calculates energy demand aneqieg) fuel consumption for each
vehicle and fuel type based on vehicle fleet siebjcle efficiency, and vehicle miles
traveled (VMT).

VISION’s core methodology is well suited to the de®f the CFS economic analysis
due to its ability to model the introduction of ngehicle technologies over time, and
determine associated changes in energy use. Mahg @iiternative vehicle technologies
considered in the CFS economic analysis, suchtssrpalectric and plug-in hybrid
vehicles, are included in the original VISION madether parameters related to the use
or impacts of these technologies, such as vehifiteemcy and fuel price, are highly
customizable and able to accommodate the rangesahgptions selected for this
analysis. NESCAUM made a series of changes to \&@efault assumptions for the
purposes of this analysis. In addition, the copabdities of the VISION model were
expanded by integrating a number of CFS-specificutators. All changes and additions
are highlighted and documented within the modgdi®adsheet; the most significant of
these are described below.

B.2. NESCAUM Modifications to VISION

To accommodate the specific needs of the CFS edoraamlysis, NESCAUM made
numerous changes and additions to the core VISI@Net the modified version is
hereafter referred to as VISION-NE. VISION contaamsapproximation of the national
vehicle fleet, which was scaled to the 11-stateNM&fegion based on gasoline and
diesel consumption data from the Energy Informafdministration’s State Energy
Data System (SEDS). Scaling factors from SEDS wWate also developed and applied

" The basic VISION model and accompanying documimtatre available on the Argonne National
Laboratory websitehttp://www.transportation.anl.gov/modeling_simubaiiVISION/
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to off-road diesel and No. 2 distillate heating éitiditional alternative fuel types were
made available to certain medium-duty and heavy-dehicles, and the model was
expanded to account for multiple types of biofuels.

A key addition to the core VISION model is a sewkrage Fuel Carbon Intensity
(AFCI) calculators which evaluate the overall Chi@nsportation fuels used in the
region for each scenario year from 2013 to 202¢hEe-ClI calculator uses Cl and
energy demand for each fuel type to determine teeage Cl of the entire regional fuel
mix for a single year. To allow greater flexibility modeling the effects of different
vehicle combinations, the calculators were designadake separate AFCI
determinations for the gasoline and diesel sectors.

VISION-NE also includes an array of inputs enabling user to specify CI for each fuel
type. For convenience, input selectors were boiitttoose between low, default, and
high CI values corresponding to reference casepahdy scenario assumptions;
however, the VISION-NE model can accept any usecisigd Cl values.

In addition to providing CI inputs for alternatifigels such as electricity and advanced
biofuels, VISION-NE accepts alternative valuestfa Cl of petroleum fuels, enabling
the user to simulate scenarios where high carbiensity crude oil plays an increasing
role in the regional fuel mix.

B.3. Characterization of CFS Reference Cases

As a prerequisite to assessing the economic implaatsould result from the CFS,
VISION-NE was used to determine average fuel Cltatal energy use for two
reference cases. Each reference case represeantilamithout the CFS, otherwise
known as “business-as-usual,” (BAU) and providesiat of comparison for the results
of the policy analyses. NESCAUM'’s economic analygsissiders two reference cases to
account for key uncertainties about future fossgl forices, technology innovation, and
other factors. Both reference cases used in theg€BSomic analysis reflect the Energy
Information Administration’s Annual Energy Outlo¢kEO) 2010 characterization of
the base vehicle fleet, and assume complianceothigr existing federal and state
policies that affect transportation fuels and viefsicwith a few exceptions.

The Low Oil Price case assumes that gasoline asgdietain their initial carbon
intensity values of 96g/MJ and 94g/MJ, respectivedyile the High Oil Price case
assumes that increased development of non-conmahpetroleum resources causes
carbon intensity to rise by 0.5g/MJ in each sudeegzrogram year.

S EPA’s Renewable Fuel Standard (RFS2), Californi@w Carbon Fuel Standard, the Regional
Greenhouse Gas Initiative (RGGI), the CaliforniacZEmission Vehicle (ZEV) mandate as adopted in
several NE/MA states, federal Corporate Averagd Enzenomy (CAFE) standards, and state renewable
energy and fuel requirements are included in tfer@ace cases. Compliance with two of these palicie
varies by reference case; the High Oil Price refesecase assumes less than full compliance with the
volume requirements for advanced ethanol under ER&newable Fuel Standard (RFS2), and that three
times the minimum number of vehicles required urilerZEV standard are sold in the NE/MA region.
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To determine the Cl impacts of existing policiescalators were added to project
regional sales volumes of biofuels under EPA’s Reie Fuel Standard (RFS2) and
electric vehicles under California’s Zero Emissiéehicle (ZEV) program, especially as
it applies to NE/MA states that have adopted thiggam under Section 177 of the Clean
Air Act. The RFS2 fuel volume calculator assumésgher demand for advanced
biofuels in California due to that state’s existi@FS program, and apportions a
throughput-weighted fraction of the remainder te Northeast/Mid-Atlantic region. The
ZEV calculator allows the user to simulate regiaeaes of battery electric and plug-in
hybrid vehicles associated with individual stagdoption of the California ZEV rule.

Based on user inputs for volumes of RFS2 fuelsepation of ZEV vehicles, and CI of
petroleum fuels, VISION-NE calculates annual rafieeecase estimates of: (1) new sales
and total stock for each vehicle type; (2) totargy use for each fuel type; and (3)
average CI for the gasoline and diesel sectors.

B.4. Characterization of CFS Policy Scenarios

Three policy scenarios were developed, each oftwdssumed compliance with a
specified Cl reduction target. Each policy scenatescribed in detail in Appendix C,
reflects a future in which one of three primary loarbon fuel types (electricity, natural
gas, and liquid biofuels) provides a majority (&bgent) of compliance with the
specified CFS target. In each scenario, “optimigtawver) Cl and cost values were
assumed for the featured fuel, and “pessimistiajh@r) values for the other two fuels.

To model these scenarios in VISION-NE, Cl inputsewaodified by assigning a lower
value to the featured fuels and a higher valu@eoother fuels. VISION-NE was then
used to calculate the volume of each fuel requiveathieve the reduction target for each
scenario.

For each program year and fuel sector, the referease average Cl value was compared
to the reduction targets to determine the increaieatiuctions necessary for compliance
with the CFS. Each of the three compliance techgiefowere assigned a share of those
reductions, with 60 percent of the difference pded by the dominant low-carbon fuel
type and 20 percent each provided by the othelddwecarbon fuel types in each year.
The VISION-NE fleet share inputs were modified stitdit the effective Cl reduction for
each fuel type would match the scenario targeaaheear.

In addition to the primary scenario characteristicsistraints on sales shares were
introduced for specific vehicle types to refle&ely market behavior. Specifically, sales
shares for electric vehicles, plug-in hybrids, &G vehicles were each constrained
such that they could not fall below their propantia the previous year. In addition,
vehicle sales shares were not allowed to fall betwir reference-case values. Given that
many heavy-duty vehicle types, such as long-hagks, are expected to be less
compatible with electrification or use of naturalsgthe use of electricity as a
replacement for diesel was limited to only ceri@asses of medium-duty vehicles.
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Finally, the use of compressed natural gas wasddrtio medium-duty and select heavy-
duty vehicles, such as city transit buses.

Results from VISION-NE are reported on an annualdyand also aggregated over the
duration of the program where appropriate. The ggsavas repeated for each of the
three policy scenarios and the results for eacle wempared to the two reference cases,
applying the appropriate ClI values for the low carlfuels in each scenaribable B-1
summarizes the key inputs to and outputs from VMENE. The inputs listed represent
all the modifications to VISION-NE defaults requdrto replicate the policy scenarios
constructed for this analysis.

Table B-1. Key VISION-NE Inputs and Outputs
Inputs Outputs

- Selected reference case and CFS | - Total energy and volume demand for
policy scenario gasoline, diesel, biofuels, natural gas,
biogas, and electricity

- Reduction target and schedule
- Vehicle stock and sales for

- Reference carbon intensity values fgrconventional gasoline and diesel
gasoline and diesel vehicles, BEVs, PHEVs, CNGVs

- Carbon intensity values for electricity,- Average fuel carbon intensity and
conventional natural gas, biogas, and| percentage reduction

liquid biofuels pathways
- Scenario carbon dioxide equivalent
- Sales share of battery-electric, plug-jremissions

hybrid, and CNG vehicles
- Change in gasoline and diesel usage
- Energy share of battery electric, plug-energy demand, carbon intensity, and
in hybrid, and CNG vehicles replacing carbon dioxide equivalent emissions
diesel relative to the reference case

- Sales volume for each of the liquid
biofuels pathways




Economic Analysis of a Program to Promote Cleam$pmrtation Fuels Page C-1

Appendix C:

Summary of Key Assumptions
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Table C-1. Electricity Future Scenario — 10% Targég 10 Yrs.
Category Assumptions Source(s)

Reduction Target in
Carbon Intensity (ClI)

--10% by 2022

NESCAUM analysis, 2011.

Compliance
Contribution by Fuel

Type

--60% electricity; 20% natural gas; 20% biofuel

NESJM analysis, 2011

General Reference
Case

--Interaction with EPA Renewable Fuel Standard BSR):
-California receives sufficient volumescedlulosic ethanol to
meet its LCFS target
-Northeast/Mid-Atlantic (NE/MA) region reiges a portion
of the remainder based on size of NE/MA fuarket,
relative to the US market minus California

--Interaction with other reference case policiesfpams:
-Full compliance with Regional Greenhouses Gritiative
(RGGI) and state renewable energy requerdgs)
-Full compliance with state biofuel mandate
-Full compliance with California Low Carbé&iel
Standard (LCFS)

--Reference Case Biofuels CI: (gg&per megajoule (MJ)):
-RFS-compliant cellulosic ethanol:
37.2 gC@/MJ (2013 to 2022);
-RFS-compliant advanced ethanol:
46.5 gCe/MJ (2013 to 2022);
-RFS biodiesel:
46.0 gCe/MJ (2013 to 2022);

NESCAUM analysis, 2011.

RGGI and various state mandates.

NESCAUM analysis, 2011.
CARB LCFS ISOR, 2009.

EPA RFS2 RIA, 2010.




Economic Analysis of a Program to Promote Cleam$pmrtation Fuels

Page C-3

Electricity Future Scenario — 10% Target

Category Assumptions Source(s)
--Reference Case Fuels CI. (g&er megajoule (MJ)):
-Gasoline:
96.0 gC&/MJ (2013 to 2022); NESCAUM analysis based on
-Diesel: 2009 NESCCAF report, 2011.

Low Oil Price Case
(Reference Case A

94.0 gC@/MJ (2013 to 2022)

--Projections of energy demand (2013-2022):
-Calculated in VISION-NE, based on the LE8ergy
Information Administration’s (EIA) Annu&nergy
Outlook (AEO) 2010

--Interaction with other policies/programs:
-Full compliance with zero-emission vehi&V)
mandate
-Volumes of advanced ethanol reflect lasstfull
compliance with RFS2 requirements;
-Volumes of advanced biodiesel reflect RS2
compliance

--Prices for Reference Case Fuels (converted t0R01

-Gasoline:
Weighted-average price for all gradesiuding
federal, state, and local taxes;
$3.05/gal (2013) to $3.59/gal (2022);

-Diesel:
Diesel fuel for on-road use, inclugliederal and state
taxes;
$2.77/gal (2013) to $3.37/gal (2022)

NESCAUM analysis based on EIA AEO and
Argonne National Laboratory, 2011.

CARB ZEV ISOR, 2008.

EIA AEO, 2010.

EPA RFS2 RIA, 2010.

NESCAUM analysis, 2011,
EIA AEO, 2010.
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Electricity Future Scenario — 10% Target

Category Assumptions Source(s)
--Reference Case Fuels ClI (g&&(per megajoule (MJ)):
-Gasoline:
96.5 gCe/MJ (2013) to 101 gCe/MJ (2022);
-Diesel: NESCAUM analysis, 2011.

94.5 gC&/MJ (2013) to 99.0 gCe/MJ (2022);
-Conventional natural gas (natural gasReterence
Case Fuel in the High Oil Price case fedam- and heavy-
duty vehicles): EIA AEO, 2010.

73.0 gC@/MJ (2013-2022)

--Projections of energy demand (2013-2022)

-Calculated in VISION-NE based on EIA AEQLD High NESCAUM analysis, 2011;
Oil Price Case EIA AEO, 2010.

--Interaction with other policies/programs:
-Three times minimum compliance level of
zero-emission vehicle (ZEV)

High Oil Price Case
(Reference Case B

mandate NESCAUM analysis 2011,
-Volumes of advanced ethanol reflect full CARB ZEV ISOR, 2008.
compliance with RFS2 requirements;

-Volumes of advanced biodiesel reflect RHS?2 EPA RFS2 RIA, 2010.
compliance

--Prices for Reference Case Fuels (converted t0R01

-Gasoline:
$3.66/gal (2013) to $5.49/gal (2022);

-Diesel: NESCAUM analysis, 2011;
$3.50/gal (2013) to $5.26/gal (2022); EIA AEO, 2010.

-Compressed natural gas:
$1.87 (2013) to $1.82 per gallon a$gjine-equivalent

(gge) (2022)
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Electricity Future Scenario — 10% Target

Category

Assumptions

Source(s)

Low Carbon Fuel
Carbon Intensity (ClI
Values

--High ClI values are applied to all biofuels:
-Gasoline substitutes:
Waste-based cellulosic ethanol: 3De/MJ;
Virgin cellulosic ethanol: 37.2 gg&IMJ;
RFS-compliant cellulosic ethanol:B33CQe/MJ
-Diesel substitutes:
Soy-based biodiesel: 70.0 g€MJ;

--Low CI values are applied to electricity and highvalues are
applied to natural gas:

-Electricity:
80.5 (2013) to 75.0 g@dMJ (2022) for 10% of electric
vehicle (EV) charging load;
57.0 (2013) to 55.0 gg#dMJ (2022) for 90% of EV
charging load

-Natural gas:
Conventional: 78.0 gG&MJ (2013-2022)

NESCAUM analysis, 2011.
EPA RFS2 RIA, 2010.

NESCAUM analysis based on
NE-MARKAL, 2011.

GREET, 2010.
CARB LCFS ISOR, 2009.
Lifecycle Associates, 2009.
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Electricity Future Scenario — 10% Target

Category

Assumptions

Source(s)

NE/MA Bioenergy
Avalilability

--Low-end of biomass availability estimates for NE&
region applied

--Biomass is used exclusively for biofuel produntiwith
production limited by biomass availability

--No biogas is used; only conventional naturaligassed

Rutgers Univ./New Jersey Agricultural Extensic
Service, 2010; USDA 2010; state and other
sources for biomass estimates.

NESCAUM analysis, 2011.

NESCAUM analysis, 2011.

Low Carbon Fuel
Production Costs

-- No subsidies included in costs; High Oil Priese feedstock
and production costs increased by 45% and 25pectsely above

Low Oil Price levels; converted to 2010$

--High-end cost applied to biofuel (converted td.@®):

- Low Oil Price Case (Reference Case A):
Waste-based cellulosic ethanol: $2&5
Virgin cellulosic ethanol: $2.35/gal.
Waste-based biodiesel: $3.42/gal.;
Soy-based biodiesel: $2.28/gal.;
Cellulosic biodiesel: $3.42/gal;

-High Oil Price Case (Reference Case B):
Waste-based cellulosic ethanol: $285
Virgin cellulosic ethanol: $2.95/gal.
Waste-based biodiesel: $3.92/gal.;
Soy-based biodiesel: $3.15/gal.;
Cellulosic biodiesel: $3.92/gall

NESCAUM analysis, 2011.

NESCAUM analysis, 2011.

EPA RFS2 RIA, 2010.

CARB LCFS ISOR, 2010.

NESCAUM analysis based on
EPA RFS2 and EIA AEO, 2011.

NESCAUM analysis based on
CARB LCFS and EIA AEO, 2011.

N
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Electricity Future Scenario — 10% Target
Category Assumptions Source(s)
--High-end cost for natural gas and low-end cosefectricity:
Low Carbon Fuel -Compressed natural gas (from thermal gasibn or EIA AEO, 2010.

Production Costs
[continued]

biogas): $1.87 (2013) to $1.82 per gallon
of gas-equivalent (gge) (2022);
-Electricity: $0.137/kWh (2013) to $0.14%/k (2022)

NESCAUM analysis based on EIA AEO, RTO
and other sources, 2011.

Biofuel Calculations

--Low carbon fuels replace RFS2 fuels when carbptensity is
lower than EPA threshold GHG requirement; lovatal
volumes of biofuel due to lower CI of CFS fuels

--Ethanol blendwall:
-Sufficient proportion of fleet can use BEugl by 2022;
-All volumes greater than E15 blendwall B85 for use in
flex-fuel vehicles (FFV)

--Biofuel infrastructure costs for storage, blemgiand
distribution:
-Waste-based ethanol: $0.24/gal.;
-Virgin ethanol: $0.24/gal.;
-Biodiesel: $0.15/gal.;
-E85: $172,000 per 450,000 gal. station

--Biofuel vehicle market penetration and costs:
-1.14 million FFVs per billion gallons oBE;
-$100 incremental FFV cost

NESCAUM analysis, 2011.

NESCAUM analysis, 2011.
EPA E15 waivers, 2010-1.

EPA RFS2 RIA, 2010.

CARB LCFS ISOR, 20009.

NESCAUM analysis based on
VISION-NE, 2011.
EPA RFS2 RIA, 2010.
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Electricity Future Scenario — 10% Target

Category Assumptions Source(s)
--Carbon intensity of electricity for vehicle charg: , ) )
-High electricity CI applies to 10% of EYiarging load; NESCAUM analysis based on industry and util
-Low electricity Cl applies to 90% of EVanging load estimates, 2011.
--Charging and grid infrastructure needs:
-100% of battery electric vehicle (BEV) osva and 25% of )
plug-in hybrid electric vehicle (PHEV) oens have a NESCAUM analysis, 2011.
Level I home charger;
-0.65 Level Il public chargers per 1,008\& in 2013, ,
increasing 0.05 per year; Transportation Energy Data Book, 2008.
-Smart meters used to manage chargingr(@viery 3 , . ) )
BEVs), but no new transformers needed Various utility and industry estimates, 2010.
Electricit --Charging and grid infrastructure costs:
1y -$2,200 per Level Il private charger (fuihgtalled); , ,
Calculations NESCAUM analysis based on AeroVironment

-$92,000 per Level Il public charger (fulhstalled);
-$400 per smart meter in 2013; $200 in 2022

--EV attributesand costs:

-Attributes:
50% BEVs, 50% PHEVs in the NE/MA i@gi
Heavy-duty vehicles are not eleadfi
Medium-duty vehicle electrificatiosmpetration limited
to 10% BEV, 50% PHEV,
Gasoline replacement energy econaty (EER): 3.0;
Diesel replacement EER: 2.7;
Approximately 2.4 mi/kWh

-Costs:
$0 incremental cost per BEV (20120@2);
$0 incremental cost per PHEV (2012082)

Nissan, and utility estimates, 2011.

NESCAUM analysis based on industry estimat
2011.

CARB LCFS ISOR, 20009.

NESCAUM analysis, 2011.
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Electricity Future Scenario — 10% Target
Category Assumptions Source(s)
--Natural gas fueling infrastructure penetratiod ansts:
-Infrastructure penetration: NESCAUM analysis, 2011; based on DOE
1.3 public fueling stations per 1,0@ural gas vehicles Transportation Energy Data Book, 2008.
(NGV);
180 existing fueling stations upgtie accept NGV in NESCAUM analysis, 2011.
NE/MA states;
1/3 of NGV owners have a home natgeal charger;
-Costs:
$373,000 to upgrade an existing CN@8ihg station to CARB LCFS ISOR, 20009.
accept NGV,
Natural Gas $1,014,000 per new compressed nagiasa(CNG)
Calculations fueling station; “FuelMaker Phill” home charger, available

Home natural gas charger: $400 itstah and $4,900
capital cost

--NGV attributes and costs:

-Attributes:
Gasoline replacement EER: 1.0;
Diesel replacement EER: 0.9;

-Costs:
$7,000 incremental cost for lightyddMGVs;
$30,000 incremental cost for meditm@aly-duty
NGVs

through PlumbersStock.com, 2011.

CARB LCFS ISOR, 20089.

DOE Alt. Fuels Data Center, 2010.
NREL, 2010.
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Electricity Future Scenario — 10% Target

Category

Assumptions

Source(s)

Program
Administration

--State government program administration:
-$150,000 per full-time state employee (FTE
-4 |largest states by fuel consumption nexjRistate-level
FTEs each (NY, PA, NJ, MA);
-2 medium-sized states require 1 statelleEVEs each
(MD, CT);
-5 smallest states require 0.5 state-IEV&Ss each (NH,
ME, DE, RI, VT);
-Regional-level administration requiresT&s until 2017,
increasing to 4 thereafter

--Regulated entity program administration:
-$200,000 per FTE
-150 regulated entities;
-1 FTE per regulated entity

NESCAUM analysis, 2011.

Value of GHG

Emission Reductions

--Social cost of carbon dioxide emissions:
-Low-end:
$23.87/ton (2013) to $28.87/ton (2022); &%count rate
-High-end:
$106.52/ton (2013 to 2022); 0% discourd rat

Interagency Working Group, 2010.

Stern Review, 2006.
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Table C-2. Natural Gas Future Scenario — 10% Targe 10 Yrs.

Category

Assumptions

Source(s)

Reduction Target in
Carbon Intensity (ClI)

--10% by 2022

NESCAUM analysis, 2011.

Compliance
Contribution by Fuel

Type

--60% natural gas; 20% electricity; 20% biofuel

NESCAUM analysis, 2011.

General Reference
Case

--Interaction with EPA Renewable Fuel Standard BSR):
-California receives sufficient volumescedlulosic ethanol to
meet its LCFS target
-Northeast/Mid-Atlantic (NE/MA) region reiges a portion
of the remainder based on size of NE/MA fuarket,
relative to the US market minus California

--Interaction with other reference case policiesfpams:
-Full compliance with Regional Greenhouses Gritiative
(RGGI) and state renewable energy requerdgs)
-Full compliance with state biofuel mandate
-Full compliance with California Low Carbé&iel
Standard (LCFS)

--Reference Case Biofuels Cl: (gg&per megajoule (MJ)):
-RFS-compliant cellulosic ethanol:
37.2 gCe@/MJ (2013 to 2022);
-RFS-compliant advanced ethanol:
46.5 gCe/MJ (2013 to 2022);
-RFS biodiesel:
46.0 gCe/MJ (2013 to 2022);

NESCAUM analysis, 2011.

RGGI and various state mandates.

NESCAUM analysis, 2011.
CARB LCFS ISOR, 2009.

EPA RFS2 RIA, 2010.
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Natural Gas Future Scenario — 10% Target
Category Assumptions Source(s)

Low Oil Price Case
(Reference Case A)

--Reference Case Fuels CI: (g&&(per megajoule (MJ)):
-Gasoline:
96.0 gCe@/MJ (2013 to 2022);
-Diesel:
94.0 gC@/MJ (2013 to 2022)

--Projections of energy demand (2013-2022):
-Calculated in VISION-NE, based on the LESergy
Information Administration’s (EIA) Annu&nergy
Outlook (AEO) 2010

--Interaction with other policies/programs:
-Full compliance with zero-emission vehi&V)
mandate
-Volumes of advanced ethanol reflect lasstfull
compliance with RFS2 requirements;
-Volumes of advanced biodiesel reflect RS2
compliance

--Prices for Reference Case Fuels (converted t0R01

-Gasoline:
Weighted-average price for all gradesiuding
federal, state, and local taxes;
$3.05/gal (2013) to $3.59/gal (2022);

-Diesel:
Diesel fuel for on-road use, inclugliederal and state
taxes;
$2.77/gal (2013) to $3.37/gal (2022)

NESCAUM analysis based on
2009 NESCCAF report, 2011.

NESCAUM analysis based on EIA AEO and
Argonne National Laboratory, 2011.

CARB ZEV ISOR, 2008.

EIA AEO, 2010.

EPA RFS2 RIA, 2010.

NESCAUM analysis, 2011,
EIA AEO, 2010.
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Natural Gas Future Scenario — 10% Target

Category Assumptions Source(s)
--Reference Case Fuels Cl (g&&(per megajoule (MJ)):
-Gasoline:
96.5 gC&/MJ (2013) to 101 gCe/MJ (2022);
-Diesel: NESCAUM analysis based on
94.5 gCg@/MJ (2013) to 99.0 gCe/MJ (2022); VISION-NE and other sources, 2011.

-Conventional natural gas (natural gasReterence

Case Fuel in the High Oil Price case fediam- and heavy-

duty vehicles): EIA AEO, 2010.
73.0 gC@/MJ (2013-2022)

--Projections of energy demand (2013-2022)
-Calculated in VISION-NE based on EIA AEQ1D High NESCAUM analysis, 2011.
Oil Price Case EIA AEO, 2010.

High Oil Price Case

(Reference Case B --Interaction with other policies/programs:

-Three times minimum compliance level afoczemission

vehicle (ZEV) mandate NESCAUM analysis 2011,
-Volumes of advanced ethanol reflect folinpliance with CARB ZEV ISOR, 2008.
RFS2 requirements;

-Volumes of advanced biodiesel reflect RS2 EPA RFS2 RIA, 2010.
compliance

--Prices for Reference Case Fuels (converted t0R01

-Gasoline:
$3.66/gal (2013) to $5.49/gal (2022);

-Diesel: NESCAUM analysis, 2011,
$3.50/gal (2013) to $5.26/gal (2022); EIA AEO, 2010

-Compressed natural gas:
$1.87 (2013) to $1.82 per gallon a$gjine-equivalent

(gge) (2022)
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Natural Gas Future Scenario — 10% Target
Category Assumptions Source(s)

Low Carbon Fuel
Carbon Intensity (ClI)
Values

--High ClI values are applied to all biofuels:
-Gasoline substitutes:
Waste-based cellulosic ethanol: De/MJ;
Virgin cellulosic ethanol: 37.2 gg&IMJ;
RFS-compliant: 37.2 g@&MJ
-Diesel substitutes:
Soy-based biodiesel: 70.0 g€MJ;

--High ClI values are applied to electricity and I@values are
applied to natural gas:

-Electricity:
80.5 (2013) to 75.0 g@dMJ (2022) for 50% of electric
vehicle (EV);
charging load;
57.0 (2013) to 55.0 g@&dMJ (2022) for 50% of EV
charging load

-Natural gas:
Conventional: 68.0 gG&MJ (2013-2022)
Waste-based biogas: 11.0 g&J1J (2013-2022)
Virgin thermal gasification: 18.0 ggIMJ (2013-2022)

NESCAUM analysis, 2011.
EPA RFS2 RIA, 2010.

NESCAUM analysis based on
NE-MARKAL, 2011.

GREET, 2010.
CARB LCFS ISOR, 2009.
Lifecycle Associates, 20009.
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Natural Gas Future Scenario — 10% Target
Category Assumptions Source(s)

NE/MA Bioenergy
Availability

--High-end of biomass availability estimates for/NERA
region applied

--Biomass is used exclusively for biogas production

--Additional reductions beyond biomass availabikitgt with
conventional natural gas

--Lowest CI fuel available is assumed to be usest fe.qg.,
waste-based biogas is used before biogas from#hgasification

Rutgers Univ./New Jersey Agricultural Extensic
Service, 2010; USDA 2010; state and other
sources for biomass estimates.
NESCAUM analysis, 2011.

NESCAUM analysis, 2011.

NESCAUM analysis, 2011.

bn

Low Carbon Fuel
Production Costs

-- No subsidies included in costs; High Oil Priese feedstock
and production costs increased by 45% and 25peotively
from Low Oil Price levels; converted to 2010$

--High-end cost applied to biofuel (converted td.@9):

-Low Oil Price Case (Reference Case A):
Waste-based cellulosic ethanol: $2&5
Virgin cellulosic ethanol: $2.35/gal.
Waste-based biodiesel: $3.42/gal.;
Soy-based biodiesel: $2.28/gal.;
Cellulosic biodiesel: $3.42/gal;

-High QOil Price Case (Reference Case B):
Waste-based cellulosic ethanol: $285
Virgin cellulosic ethanol: $2.95/gal.
Waste-based biodiesel: $2.95/gal.;
Soy-based biodiesel: $3.15/gal.;
Cellulosic biodiesel: $3.92/gal.

NESCAUM analysis, 2011.

NESCAUM analysis, 2011.
EPA RFS2 RIA, 2010.

CARB LCFS ISOR, 2010.

NESCAUM analysis based on
EPA RFS2 and EIA AEO, 2011.

NESCAUM analysis based on
CARB LCFS and EIA AEO, 2011.
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Natural Gas Future Scenario — 10% Target
Category Assumptions Source(s)
EIA AEO, 2010.

Low Carbon Fuel
Production Costs
[continued]

--Low-end cost for natural gas and high-end cosetlectricity:
-Compressed natural gas: $1.82 (2013) #®1Hder gallon
of gas-equivalent (gge) (2022);
-Electricity: $0.18/kWh (2013 to 2022)

NESCAUM analysis based on EIA AEO,
RTO, and other sources, 2011.

Biofuel Calculations

--Low carbon fuels replace RFS2 fuels when cariptensity is
lower than EPA threshold GHG requirement; lovadal
volumes of biofuel due to lower CI of CFS fuels

--Ethanol blendwall:
-Sufficient proportion of fleet can use LBl by 2022;
-All volumes greater than E15 blendwall B85 for use in
flex-fuel vehicles (FFV)

--Biofuel infrastructure costs for storage, blemgiand
distribution:
-Waste-based ethanol: $0.24/gal.;
-Virgin ethanol: $0.24/gal.;
-Biodiesel: $0.15/gal.;
-E85: $172,000 per 450,000 gal. station

--Biofuel vehicle market penetration and costs:
-1.14 million FFVs per billion gallons o8E;
-$100 incremental FFV cost

NESCAUM analysis, 2011.

NESCAUM analysis, 2011.
EPA E15 waivers, 2010-1.

EPA RFS2 RIA, 2010.
CARB LCFS ISOR, 2009.
NESCAUM analysis based on

VISION-NE, 2011.
EPA RFS2 RIA, 2010.
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Natural Gas Future Scenario — 10% Target

Category Assumptions Source(s)
--Carbon intensity of electricity for vehicle charg: _ _ _
-High electricity Cl applies to 50% of EMiarging load; NESCAUM analysis based on industry and util
-Low electricity Cl applies to 50% of EVanlging load estimates, 2011.
--Charging and grid infrastructure needs:
-100% of battery electric vehicle (BEV) osva and 1/3 of .
plug-in hybrid electric vehicle (PHEV) oens have a NESCAUM analysis, 2011.
Level I home charger;
-0.65 Level lll public chargers per 1,008\Bs in 2013,
increasing 0.5 per year; Transportation Energy Data Book, 2008.
-1 new 50 kVa ground-level transformer resetbr every
10 BEVs Various utility and industry estimates, 2010.
Electricity --Charging and grid infrastructure costs:
Calculations -$2,200 per Level Il private charger (fulhgtalled);

-$92,000 per Level Il public charger (fulhstalled);
-$5,000 per 50 kVa transformer

--EV attributesand costs:

-Attributes:
50% BEVs, 50% PHEVs in the NE/MA r@gi
Heavy-duty vehicles are not eleadfi
Medium-duty vehicle electrificatioenmetration limited
to 10% BEV, 50% PHEV;
Gasoline replacement energy econatiy (EER): 3.0;
Diesel replacement EER: 2.7
Approximately 2.4 mi/kWh

-Costs:
$5,000 incremental cost per BEV (2612022)
$0 incremental cost per PHEV (2012082)

NESCAUM analysis based on AeroVironment
Nissan, and utility estimates, 2011.

NESCAUM analysis based on industry estimat
2011.

CARB LCFS ISOR, 2009.

NESCAUM analysis, 2011.
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Natural Gas Future Scenario — 10% Target
Category Assumptions Source(s)
--Natural gas fueling infrastructure penetratiod ansts:
-Infrastructure penetration:
1.3 public fueling stations per 1,0@ural gas vehicles NESCAUM analysis, 2011; based on DOE
(NGV); Transportation Energy Data Book, 2008.
180 existing fueling stations upgdtie accept NGV in
NE/MA states; NESCAUM analysis, 2011.
1/3 of NGV owners have a home natgeal charger;
-Costs:
$373,000 to upgrade an existing CN@lihg station to
accept NGV; CARB LCFS ISOR, 2009.
$1,014,000 per new compressed nagiasa(CNG)
fueling station;
Natural Gas Home natural gas charger: $400 itedtah and $4,900 “FuelMaker Phill” home charger, available
Calculations capital cost through PlumbersStock.com, 2011.

--NGV attributes and costs:

-Attributes:
Gasoline replacement EER: 1.0;
Diesel replacement EER: 0.9;

-Costs:
$0 incremental cost for light-duty M§
$0 incremental cost for medium-/heduyy
NGVs

CARB LCFS ISOR, 2009.

NESCAUM analysis, 2011.
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Natural Gas Future Scenario — 10% Target

Category Assumptions Source(s)

--State government program administration:
-$150,000 per full-time state employee (FTE
-4 |largest states by fuel consumption nexjRistate-level
FTEs each (NY, PA, NJ, MA);
-2 medium-sized states require 1 statetlEVEs each (MD, CT);
-5 smallest states require 0.5 state-IEV&s each (NH, ME, DE,

RI, VT);
Pro_gram_ _-Reglor?al-level administration requiresTEs until 2017, NESCAUM analysis, 2011.
Administration increasing to 4 thereafter

--Regulated entity program administration:
-$200,000 per FTE;
-150 regulated entities;
-1 FTE per regulated entity

--Social cost of carbon dioxide emissions:

-Low-end: Interagency Working Group, 2010.
Value of GHG | 453 87100 (2013) to $28.87/ton (2022); @i¥count rate
Emission Reductions “High-end:

$106.52/ton (2013 to 2022); 0% discoure rat Stern,et al, 2006.
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Table C-3. Biofuel Future Scenario — 10% Target, A Yrs.

Category

Assumptions

Source(s)

Reduction Target in
Carbon Intensity (ClI)

--10% by 2022

NESCAUM analysis, 2011.

Compliance
Contribution by
Fuel Type

--60% biofuel; 20% electricity; 20% natural gas

NESJM analysis, 2011.

General Reference
Case

--Interaction with EPA Renewable Fuel Standard BSR):
-California receives sufficient volumescedlulosic ethanol to
meet its LCFS target
-Northeast/Mid-Atlantic (NE/MA) region reiges a portion
of the remainder based on size of NE/M& fmarket,
relative to the US market minus California

--Interaction with other policies/programs:
-Full compliance with Regional Greenhouses Ghitiative
(RGGI) and state renewable energy requergs)
-Full compliance with state biofuel mandate
-Full compliance with California Low Carb&wuiel
Standard (LCFS)

--Reference Case Biofuels CI: (gg&per megajoule (MJ)):
-RFS-compliant cellulosic ethanol:
37.2 gC@/MJ (2013 to 2022);
-RFS-compliant advanced ethanol:
46.5 gCe/MJ (2013 to 2022);
-RFS biodiesel:
46.0 gCe/MJ (2013 to 2022);

NESCAUM analysis, 2011.

RGGI and various state mandates.

NESCAUM analysis, 2011.
CARB LCFS ISOR, 2009.

EPA RFS2 RIA, 2010.




Economic Analysis of a Program to Promote Cleam$pmrtation Fuels Page C-21
Biofuel Future Scenario — 10% Target
Category Assumptions Source(s)
--Reference Case Fuels CI: (g&&(per megajoule (MJ)):
-Gasoline:
96.0 gCg@/MJ (2013 to 2022); NESCAUM analysis based on
-Diesel: 2009 NESCCAF report, 2011.

Low Oil Price Case
(Reference Case A)

94.0 gC@/MJ (2013 to 2022)

--Projections of energy demand (2013-2022):
-Calculated in VISION-NE, based on the LESergy
Information Administration’s (EIA) Annu&nergy
Outlook (AEO) 2010

--Interaction with other policies/programs:
-Full compliance with zero-emission vehi(Z&V)
mandate
-Volumes of advanced ethanol reflect lasstfull
compliance with RFS2 requirements;
-Volumes of advanced biodiesel reflect RS2
compliance

--Prices for Reference Case Fuels (converted t60£01

-Gasoline:
Weighted-average price for all gradgesiuding
federal, state, and local taxes;
$3.05/gal (2013) to $3.59/gal (2022);

-Diesel:
Diesel fuel for on-road use, inclugliederal and state
taxes;
$2.77/gal (2013) to $3.37/gal (2022)

NESCAUM analysis based on EIA AEO and
Argonne National Laboratory, 2011.

CARB ZEV ISOR, 2008.

EIA AEO, 2010.

EPA RFS2 RIA, 2010.

NESCAUM analysis, 2011,
EIA AEO, 2010.
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Biofuel Future Scenario — 10% Target

Category Assumptions Source(s)
--Reference Case Fuels Cl (g&(er megajoule (MJ)):
-Gasoline:
96.5 gC&@/MJ (2013) to 101 gC@/MJ (2022);
-Diesel: )
94.5 gC&@/MJ (2013) to 99.0 gCB/MJ (2022); NESCAUM analysis, 2011.

-Conventional natural gas (natural gasReterence
Case Fuel in the High Oil Price case fediam- and heavy-

duty vehicles): EIA AEO, 2010.
73.0 gCe@/MJ (2013-2022)
--Projections of energy demand (2013-2022) ) _
-Calculated in VISION-NE based on EIA AEO1D High NESCAUM analysis, 2011;
Oil Price Case EIA AEO, 2010.
High Oil Price Case| --Interaction with other policies/programs:
(Reference Case B -Three times minimum compliance level afczemission )
vehicle (ZEV) mandate NESCAUM analysis, 2011,

-Volumes of advanced ethanol reflect full CARB ZEV ISOR, 2008.

compliance with RFS2 requirements;
-Volumes of advanced biodiesel reflect RIRS2
compliance

EPA RFS2 RIA, 2010

--Prices for Reference Case Fuels (converted t0£01
-Gasoline:
$3.66/gal (2013) to $5.49/gal (2022); _
-Diesel: NESCAUM analysis, 2011;
$3.50/gal (2013) to $5.26/gal (2022); EIA AEO, 2010.
-Compressed natural gas:
$1.87 (2013) to $1.82 per gallon asgjine-equivalent

(gge) (2022)
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Biofuel Future Scenario — 10% Target
Category Assumptions Source(s)

--Low CI values are applied to all biofuels:
-Gasoline substitutes:

-Diesel substitutes:
Soy-based biodiesel: 40.0 g€MJ;

Low Carbon Fuel
Carbon Intensity (ClI)
Values

-Electricity:
vehicle (EV) charging load;

charging load
-Natural gas:

Waste-based cellulosic ethanol: -2JICQe/MJ;
Virgin cellulosic ethanol: -9.0 g@&MJ;
RFS-compliant cellulosic ethanol: . 4§CQe/MJ

Waste-based cellulosic diesel: 8.Qg&MJ;
Virgin cellulosic diesel: 27.0 gG&IMJ
--High ClI values are applied to electricity andumat gas:

80.5 (2013) to 75.0 g@dMJ (2022) for 50% of electric

57.0 (2013) to 55.0 g@@MJ (2022) for 50% of EV

Conventional: 78.0 gG&MJ (2013-2022)

NESCAUM analysis, 2011.
EPA RFS2 RIA, 2010.

NESCAUM analysis, 2011.
EPA RFS2 RIA, 2010.

NESCAUM analysis based on
NE-MARKAL, 2011.

GREET, 2010.
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Biofuel Future Scenario — 10% Target
Category Assumptions Source(s)

NE/MA Bioenergy
Availability

--High-end of biomass availability estimates for/NEA
region applied

--Biomass is used exclusively for liquid biofuels

--No biogas is used; only conventional naturaligassed to
meet 20% natural gas contribution

--Lowest CI fuel available produced in region iswsed to be
used first (e.g., waste-based cellulosic ethenosed before
virgin cellulosic ethanol, before RFS ethanol)

Rutgers Univ./New Jersey Agricultural Extensia
Service, 2010; USDA 2010; state and other sou
for biomass estimates.
NESCAUM analysis, 2011.

NESCAUM analysis, 2011.

NESCAUM analysis, 2011.

Low Carbon Fuel
Production Costs

--No subsidies included in costs; Reference Cafestock
and production costs increased by 45% and 25pectsely;
converted to 2010%

--Low-end cost applied to biofuel (converted to @P)t

-Low Oil Price Case (Reference Case A):
Waste-based cellulosic ethanol: $@&i2
Virgin cellulosic ethanol: $1.35/gal.
Waste-based biodiesel: $3.42/gal.;
Soy-based biodiesel: $2.28/gal.;
Cellulosic biodiesel: $3.42/gal;

-High OIl Price Case (Reference Case B):
Waste-based cellulosic ethanol: $@&5
Virgin cellulosic ethanol: $1.70/gal.
Waste-based biodiesel: $0.65/gal.;
Soy-based biodiesel: $3.15/gal.;
Cellulosic biodiesel: $3.92/gal.

NESCAUM analysis, 2011.

NESCAUM analysis, 2011.

EPA RFS2 RIA, 2010.

CARB LCFS ISOR, 2010.

NESCAUM analysis based on EPA RFS2 and B

AEO, 2011.

NESCAUM analysis based on CARB LCFS and

EIA AEO, 2011.

n
[ces




Economic Analysis of a Program to Promote Cleam$pmrtation Fuels Page C-25
Biofuel Future Scenario — 10% Target
Category Assumptions Source(s)
--High-end cost applied to natural gas and elatyric EIA AEO, 2010.

Low Carbon Fuel
Production Costs
[continued]

-Compressed natural gas (from thermal gasién or
biogas): $1.87 (2013) to $1.82 per gatibgas-equivalent

(9ge) (2022);
-Electricity: $0.18/kWh (2013 to 2022)

NESCAUM analysis based on EIA AEO,
RTO, and other sources, 2011.

Biofuel Calculations

--Low carbon fuels replace RFS2 fuels when carbtenisity is
lower than EPA threshold GHG requirememér total
volumes of biofuel due to lower CI of CRls

--Ethanol blendwall:
-Sufficient proportion of fleet can use BEuBI by 2022;
-All volumes greater than E15 blendwall BB5 for use in
flex-fuel vehicles (FFV)

--Biofuel infrastructure costs for storage, blemgiand distribution:

-Waste-based ethanol: $0.19/gal.;
-Virgin ethanol: $0.19/gal.;

-Biodiesel: $0.15/gal.;

-E85: $172,000 per 450,000 gal. station

--Biofuel vehicle market penetration and costs:
-1.14 million FFVs per billion gallons oBE;
-$0 incremental FFV cost

NESCAUM analysis, 2011.

NESCAUM analysis, 2011.
EPA E15 waivers, 2010-1.

EPA RFS2 RIA, 2010.
CARB LCFS ISOR, 2009.
NESCAUM analysis based on

VISION-NE, 2011.
NESCAUM analysis, 2011.
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Biofuel Future Scenario — 10% Target

Category Assumptions Source(s)
--Carbon intensity of electricity for vehicle charg:
-High electricity CI applies to 50% of EViarging load; , .
L . . NESCAUM analysis based on industry and
- 0
Low electricity Cl applies to 50% of EVantging load utility estimates, 2011,
--Charging and grid infrastructure needs:
-100% of battery electric vehicle (BEV) osva and 1/3 of .
plug-in hybrid electric vehicle (PHEV) oens have a NESCAUM analysis, 2011.
Level I home charger;
-0.65 Level Il public chargers per 1,008\& in 2013, .
increasing 0.5 per year: Transportation Energy Data Book, 2008.
-1 new 50 kVa ground-level transformer rezktbr every Various utility and industry estimates, 2010.
10 BEVs
--Charging and grid infrastructure costs:
Electricity -$2,200 per Level Il private charger (fuihgtalled); .
Calculations -$92,000 per Level lll public charger (fuihstalled); NESCAUM analysis based on

-$5,000 per 50 kVa transformer

--EV attributesand costs:

-Attributes:
50% BEVs, 50% PHEVs in the NE/MA r@gi
Heavy-duty vehicles are not eleadfi
Medium-duty vehicle electrificatioenetration limited
to 10% BEV, 50% PHEYV;
Gasoline replacement energy econatg (EER): 3.0;
Diesel replacement EER: 2.7;
Approximately 2.4 mi/kWh

-Costs:
$5,000 incremental cost per BEV (20612022);
$0 incremental cost per PHEV (2012082)

AeroVironment, Nissan, and utility
estimates, 2011.

NESCAUM analysis based on industry
estimates, 2011.

CARB LCFS ISOR, 20089.

DOE, 2010.
NESCAUM analysis, 2011.
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Biofuel Future Scenario — 10% Target
Category Assumptions Source(s)
--Natural gas fueling infrastructure penetratiod ansts:
-Infrastructure penetration:
1.3 public fueling stations per 1,0@0ural gas vehicles NESCAUM analysis, 2011; based on DOE
(NGV); Transportation Energy Data Book, 2008.
180 existing fueling stations upgidte accept NGV in
NE/MA states;
1/3 of NGV owners have a home natgsaasl charger; NESCAUM analysis, 2011.
-Costs:
$373,000 to upgrade an existing CN&ifg station to
accept NGV; CARB LCFS ISOR, 2009.
$1,014,000 per new compressed nafiaa(CNG)
fueling station;
Natural Gas Home natural gas charger: $400 itsttah and $4,900 “FuelMaker Phill” home charger, available
Calculations capital cost through PlumbersStock.com, 2011.

--NGV attributes and costs:

-Attributes:
Gasoline replacement EER: 1.0;
Diesel replacement EER: 0.9;

-Costs:
$7,000 incremental cost for lightydNGVs;
$30,000 incremental cost for meditmaaly-duty
NGVs

CARB LCFS ISOR, 20089.

DOE Alt. Fuels Data Center, 2010.
NREL, 2010.
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Biofuel Future Scenario — 10% Target

Category

Assumptions

Source(s)

Program
Administration

--State government program administration:
-$150,000 per full-time state employee (FTE
-4 largest states by fuel consumption nexjRistate-level
FTEs each (NY, PA, NJ, MA);
-2 medium-sized states require 1 state-lEVES each
(MD, CT);
-5 smallest states require 0.5 state-IEV&s each (NH,
ME, DE, RI, VT);
-Regional-level administration requiresTHES until 2017,
increasing to 4 thereafter

--Regulated entity program administration:
-$200,000 per FTE;
-150 regulated entities;
-1 FTE per regulated entity

NESCAUM analysis, 2011.

Value of GHG

Emission Reductions

D

--Social cost of carbon dioxide emissions:
-Low-end:
$23.87/ton (2013) to $28.87/ton (2032 discount rate
-High-end:
$106.52/ton (2013 to 2022); 0% distcate

Interagency Working Group, 2010.

Stern,et al, 2006.
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Table C-4. 5% and 15% Target Sensitivity Cases

Sensitivity Case

Assumptions

Source(s)

5% Target;
10 Years (2013-2022)

--5% reduction target in carbon intensity: 33% bel§; 33%
electricity; 33% natural gas

--High ClI values are applied to all biofuels:
-Gasoline substitutes:
Waste-based cellulosic ethanol: De/MJ;
Virgin cellulosic ethanol: 37.2 gg&IMJ;
RFS compliant: 37.2 gg€iMJ
-Diesel substitutes:
Soy-based biodiesel: 70.0 g&MJ

--High ClI values are applied to electricity andumat gas:

-Electricity:
80.5 (2013) to 75.0 g@£dMJ (2022) for 50% of
electric vehicle (EV) charging load;
57.0 (2013) to 55.0 g@&dMJ (2022) for 50% of EV
charging load

-Natural gas:
Conventional:
78.0 gCe@/MJ (2013-2022)

--Low-end of biomass availability estimates for NE& region
applied

--Biomass is used exclusively for biofuel produstiap to
1/3 threshold

NESCAUM analysis, 2011.

NESCAUM analysis, 2011.

EPA RFS2 RIA, 2010.

NESCAUM analysis, 2011.

NESCAUM analysis, 2011.

NESCAUM analysis based on
NE-MARKAL, 2011.

GREET, 2010.
Rutgers University/New Jersey Agricultural
Extension Service, 2010; USDA 2010; state ar]
other sources for biomass estimates.

NESCAUM analysis, 2011.

d
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Sensitivity Case

Assumptions

Source(s)

5% Target;
10 Years (2013-2022)

--No biogas is used; only conventional naturaligassed to
meet natural gas contribution

--High-end cost applied to biofuel (converted td.@9):
-Reference Case A (Low Oil Price Case):
Waste-based cellulosic ethanol: $2&5
Virgin cellulosic ethanol: $2.35/gal.
Waste-based biodiesel: $3.42/gal.;

-Reference Case B (High Oil Price Case):
Waste-based cellulosic ethanol: $285
Virgin cellulosic ethanol: $2.95/gal.
Waste-based biodiesel: $2.95/gal.;

--High-end cost for electricity:
-Electricity: $0.18/kWh (2013 to 2022)

--Biofuel infrastructure costs for storage, blemgiand
distribution:
-Waste-based ethanol: $0.24/gal.;
-Virgin ethanol: $0.24/gal.

--Biofuel vehicle market penetration and costs:
-$100 incremental FFV cost

--Carbon intensity of electricity for vehicle charg:
-High electricity Cl applies to 50% of EViarging load;
-Low electricity Cl applies to 50% of EVanging load

NESCAUM analysis, 2011.

EPA RFS RIA, 2010.

CARB LCFS ISOR, 2009.
NESCAUM analysis based on EPA
RFS2 and EIA AEO, 2011.
NESCAUM analysis based on
CARB LCFS and EIA AEO, 2011.
NESCAUM analysis based on EIA AEO,
RTO, and other sources, 2011.

EPA RFS2 RIA, 2010.

EPA RFS2 RIA, 2010.

NESCAUM analysis based on industry
and utility estimates, 2011.
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Sensitivity Case

Assumptions

Source(s)

5% Target;
10 Years (2013-2022)

--Charging and grid infrastructure needs:
-100% of battery electric vehicle (BEV) osva and 1/3
of plug-in hybrid electric vehicle (PHEW)vners have a
Level Il home charger;
-0.65 Level Il public chargers per 1,00B\& in 2013,
increased 0.5 per year,
-1 new 50 kVa ground-level transformer resetbr every
10 BEVs

--EV attributes and costs:
-Costs:
$5,000 incremental cost per BEV (2612022);

--NGV attributes and costs:
-Costs:
$7,000 incremental cost for lightyndNGVs;
$30,000 incremental cost for meditmaaly-duty
NGVs

NESCAUM analysis, 2011.

Transportation Energy Data Book, 2008.

Various utility and industry estimates, 2010.

NESCAUM analysis based on AeroVironment
Nissan, and utility estimates, 2011.

DOE Alt. Fuels Data Center, 2010.
NREL, 2010.

15% Target;
15 Years (2013-2027)

--15% reduction target in carbon intensity: 33%flad; 33%
electricity; 33% natural gas

--Prices for Reference Case A Fuels (converte@1®):
-Gasoline:
$3.05/gal (2013) to $3.74/gal (2027)
-Diesel:
$2.77/gal (2013) to $3.49/gal (2027)

--Prices for Reference Case B Fuels (converte@10%):
-Gasoline
$3.66/gal (2013) to $5.63/gal (2027)
-Diesel:
$3.50/gal (2013) to $5.50/gal (2027)

NESCAUM analysis, 2011.

NESCAUM analysis based on EIA AEO, 2011

NESCAUM analysis based on EIA AEO, 2011
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Sensitivity Case

Assumptions

Source(s)

15% Target;
15 Years (2013-2027)
“Optimistic” Scenario

--Low CI values are applied to all biofuels:

-Gasoline substitutes:
Waste-based cellulosic ethanol: -ZJICQe/MJ;
Virgin cellulosic ethanol: -9.0 g@&MJ;
RFS compliant: 37.2 g@&MJ

-Diesel substitutes:
Soy-based biodiesel: 40.0 g€/M1J
Waste-based cellulosic diesel: 8.Qg&IMJ
Virgin cellulosic diesel: 27.0 gG&IMJ

--Low CI values are applied to electricity and matwas:

-Electricity:
80.5 (2013) to 75.0 gg¥dMJ (2018-2027) for 90% of
electric vehicle (EV) charging load;
57.0 (2013) to 55.0 gg¥dMJ (2018-2027) for 10% of
EV charging load

-Natural gas:
Conventional: 68.0 gG&MJ (2013-2027)
Waste-based biogas: 11.0 g&JJ (2013-2027)
Virgin thermally gasified 18.0 g@&iMJ (2013-2027)

--High-end of biomass availability estimates for/NERA
region applied:
-Biomass is used for biofuel and biogagipabion, split
evenly and limited by 33% threshold ormbass
availability

NESCAUM analysis, 2011.

EPA RFS2 RIA, 2010.

NESCAUM analysis based on
NE-MARKAL, 2011.

GREET, 2010.
CARB LCFS ISOR, 2009.
Lifecycle Associates, 2009.

New Jersey Agricultural Extension Service, 201
USDA 2010; state and other sources for biom3g
estimates.

NESCAUM analysis, 2011.

0;
ss



Economic Analysis of a Program to Promote Cleam$pmrtation Fuels

Page C-33

Sensitivity Case

Assumptions

Source(s)

15% Target;
15 Years (2013-2027)

--Low-end cost applied to biofuel (converted to @bt
-Low Oil Price Case (Reference Case A):
Waste-based cellulosic ethanol: $@&2
Virgin cellulosic ethanol: $1.35/gal.
Waste-based biodiesel: $3.42/gal.;

-High Oil Price Case (Reference Case B):
Waste-based cellulosic ethanol: $@&5
Virgin cellulosic ethanol: $1.70/gal.
Waste-based biodiesel: $0.65/gal.;

--Low-end cost for electricity:
-Electricity: $0.137/kWh (2013) to $0.14%/k (2027)

--Biofuel infrastructure costs for storage, blemgiand
distribution:
-Waste-based ethanol: $0.19/gal.;
-Virgin ethanol: $0.19/gal.

--Biofuel vehicle market penetration and costs:
-$100 incremental FFV cost from 2013-2022;

--Carbon intensity of electricity for vehicle charg:
-High electricity Cl applies to 10% of EViarging load;
-Low electricity Cl applies to 90% of EVanging load

EPA RFS2 RIA, 2010.

CARB LCFS ISOR, 2009.

NESCAUM analysis based on EPA RF$

and EIA AEO, 2011.
NESCAUM analysis based on CARB
LCFS and EIA AEO, 2011.

NESCAUM analysis based on EIA AEC
RTO, and other sources, 2011.

EPA RFS2 RIA, 2010.

NESCAUM analysis, 2010.

NESCAUM analysis based on industry
and utility estimates, 2011.
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Sensitivity Case

Assumptions

Source(s)

15% Target;
15 Years (2013-2027)
“Optimistic” Scenario

--Charging and grid infrastructure needs:
-100% of battery electric vehicle (BEV) osve and 1/3
of plug-in hybrid electric vehicle (PHEW@)vners have a
Level I home charger;
-0.65 Level Il public chargers per 1,00B\& in 2013,
increased 0.5 per year,
-1 new 50 kVa ground-level transformer resktbr every
10 BEVs

--EV attributes and costs:
-Costs:
$5,0000 incremental cost per BEV @€1.2022);
$0 incremental cost per BEV after202

--NGV attributes and costs:
-Costs:
$7,000 incremental cost for lightydNMGVs;
$30,000 incremental cost for meditmaaly-duty
NGVs;
$0 per NGV after 2022

NESCAUM analysis, 2011.
Transportation Energy Data Book, 2008.

Various utility and industry estimates,
2010.

DOE, 2010.
NESCAUM analysis, 2011.

NESCAUM analysis, 2011.

NESCAUM analysis, 2011.

10% Target;
10 Years (2013-2022)
No biofuel production
in NE/MA states

--10% reduction target in carbon intensity: 60%fia; 20%
electricity; 20% natural gas

-- 2/3 of biofuel distribution costs occur in NE/MA&gion
--Biofuel Production Costs equal to those in bitifature
--50% of out-of-region biofuels are virgin, 50% weabased

--Out-of-region biofuels have same CI as biofuatsiffe,
-18 gCQe/MJ

NESCAUM analysis, 2011.

NESCAUM analysis, 2011.

NESCAUM analysis, 2011.

EPA RFS2 RIA, 2010.




