DOCKETED

Docket Number:

19-IEPR-04

Project Title:

Transportation

TN #:

229019

Document Title:

ARFVTP Benefits and Market Transformation Update

Description:

Presenter —Christopher Neuman

Filer:

Harrison Reynolds

Organization:

California Energy Commission

Submitter Role:

Energy Commission

Submission Date:

7/18/2019 9:05:36 AM

Docketed Date:

7/18/2019




i iNREL

NATIONAL RENEWABLE ENERGY LABORATORY

CEC ARFVTP Benefits and Market
Transformation Update

Presenter — Christopher Neuman

Chad Hunter, Margaret Mann, Christopher
Neuman, Dana Stright

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.



Overview / Introduction

e NREL was contracted in 2012 to assess annual benefits of
the ARFVTP for the California Energy Commission

o Benefits (annual and cumulative)
— GHG emissions
— Petroleum reductions
— Other pollutants

o Market transformation benefits
— Increased infrastructure
— Enhanced industry capability and know how
— Building upon success

o Based on funded projects by State of California, administered by the California
Energy Commission under the ARFVTP
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Project Classification

Fueling Infrastructure

o EVSE — Electric Vehicle Service Equipment (Chargers)
o Non-EVSE
— Biodiesel
— Natural and Renewable Gas
— E85 Ethanol
— Hydrogen
Vehicles
o) Light Duty BEVs and PHEVs
Electric Commercial Trucks
Gas Commercial Trucks
MD-HD Truck Demonstration
Manufacturing

O O O O

Fuel Production
o) Biomethane

o) Diesel Substitutes
o) Gasoline Substitutes

Petroleum fuel reductions are calculated differently for each category of project
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As of July 2019

EXPECTED BENEFITS PRELIMINARY
RESULTS



Cumulative Reductions to 2030.Preliminary.—July 2019

Cumulative Petroleum Reduction Cumulative GHG Reductions
(millions gallons) (thousand tonnes CO2e)
Fueling Infrastructure 975 3,653
Vehicles 547 4,287
Fuel Production 1,927 11,070
Grand Total 3,449 19,010
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Total Agreements and Approved Eunding. Amount — July 2019

. . Total Approved
Project Class Project Subclass Agreements Agreement
Amount

Fueling Infrastructure Biodiesel 3 $3.86M
E85 Ethanol 3 $6.35M

Electric Chargers 81 $90.46M

Hydrogen 37 $109.90M

Natural and Renewable Gas 59 $24.93M

Vehicles Electric Commercial Trucks 1 $4.00M
Light Duty BEVs and PHEVs 8 $28.05M

Manufacturing 14 $29.11M

MD-HD Truck Demonstration 46 $133.28M

NG Commercial Trucks 7 $80.46M

Fuel Production Biomethane 18 $70.71M
Diesel Substitutes 17 $57.00M

Gasoline Substitutes 12 $32.40M

Grand Total 305 $670.50M

Total agreements and funding levels for Benefit Categories

N 523550
Y 527 50N
I §150.11M

oM 40M 80M 120M 160M 200M 240M 280M 320M
Approved Agreement Amount
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Preliminary Annual Benefits Calculations.by.Subclass — July 2019
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Preliminary Annual Benefits Calculations.by.Subclass — July 2019

Petroleum Reduction Ghg Reduction (thousand
(millions gallons) tonnes COZ2e)
£zl Project Subcl 2019 2025 2030 2019 2025 2030
Category roject Subclass
Fueling Biodiesel 5.83 5.83 5.83 21.63 21.63 21.63
Infrastructure E85 Ethanol 13.09 13.92 13.92 39.62 42.13 42.13
Electric Chargers 3.57 4.90 4.90 27.06 37.11 37.18
Hydrogen 6.26 11.60 12.56 44 .34 82.19 89.01
Natural and Renewable Gas 26.95 33.71 33.71 62.05 85.51 85.51
Vehicles Electric Commercial Trucks 0.41 0.26 3.35 2.13
Light Duty BEVs and PHEVs 1.61 1.14 0.88 12.19 8.68 6.69
Manufacturing 9.43 38.18 48.92 79.60 336.55 437.64
MD-HD Truck Demonstration 0.81 1.47 1.25 6.07 10.57 9.29
NG Commercial Trucks 545 5.08 3.56 14.84 13.84 9.68
Fuel Biomethane 1.32 10.59 11.81 19.58 22.58 22.58
Production Diesel Substitutes 43.92 85.43 85.66 409.89 642.98 642.98
Gasoline Substitutes 4.08 147.71 37.94 13.50 608.57 18.80
Grand Total 122.72 359.82 260.94 753.73 1,914.47 1,423.13

e Seven Agreements have a life end date of 2030, two occur before the end of 2029.
Eighty-nine additional projects have a life end date of 2035.
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As of July 2019

MARKET TRANSFORMATION
PRELIMINARY RESULTS



Updated Market Transformation.Benefits Spatial

Legend Revised Area Aggregation

@  HRS Location
*  EVSE Location e Improved fidelity and
State Highway NHS

repeatability through the use of

Urban Area ] ) o )
[ InNoArea latitude/longitude utilization.
[ ]Bayarea

% ;:i:'::ﬂ":: e Urban areas were grouped via

metro area from a county
perspective.

I:I San Diego

e Addition of state highway
overlays to more efficiently
examine the benefits of
connecting cities.

* Removal of the concept of
generalized charger location with
improved knowledge of exact
position.
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Updated Market Transformation.Benefits EVSE

Level 2 Public chargers DC Fast Chargers

Urban Area Gasoline Stations
Before ARFVTP After ARFVTP Before ARFVTP After ARFVTP
Bay Area 1164 395 1,209 13 75
Los Angeles 2813 135 1,653 3 852
San Diego 599 107 1,029 1 26
Sacramento 378 80 450 1 49
Total 4954 717 4341 18 1002

* Los Angeles shows the greatest increase in both level 2 and DC fast chargers as a result of funding.

e Allincreases in EVSE shown are a direct result of Energy Commission funding.
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Updated Market Transformation.Benefits EVSE

BEV and PHEV Purchase Price Equivalent Benefit to Consumers due to the Service Rate
Associated with L2 and DCFC Stations
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Maximum benefit effect of increased charger availability
* Shows the maximum perceived benefit customers receive based on charger availability.

* These seemingly counterintuitive numbers aim to account for the range anxiety associated with
BEVs, which could potentially lead BEV drivers to forego a given trip exceeding their battery range.
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Updated Market Transformation.Benefits EVSE

Vehicle Purchase Price Equivalent Benefit to Consumers for Increased EVSE Availability by Urban

Area
Benefit of EVSE Availability (Before and After Change in the Benefit of EVSE Availability due
ARFVTP) to ARFVTP
Urban Area PHEV BEV Expected Value M:;:T:I:m Maximum Value
Before After Before After

ARFVTP  ARFVTP  ARFVTP  ARFVTP PHEV BEV PHEV BEV PHEV BEV
Los Angeles $14 $174 $8 $170 $159  $162 $78 $0  $233 $255
Bay Area $113 $385 $66 $226 $272  $160  $208 $0 $624  $526
San Diego $50 $421 $28 $236 $371  $208 $80 $0 $240 %218
Sacramento $58 $329 $33 $205 $270  $172 $63 $0 $188 $184

Note: Minimum benefit results assume B*V values of $500 for PHEVs and $0 for BEVs, and maximum benefit results assume B*V
values of $1500 for PHEVs and $1000 for BEVs (uniform distributions from NRC 2013 study)

Perceived Cost Reductions

* The benefits of increased public EVSE availability, monetized in the form of equivalent vehicle
purchase price, are shown above.

e Qverall in the state of California the effect of more PEV charger locations reduced the perceived cost
by $268/PHEV and $176/BEV.

e The effect was most apparent in San Diego where PHEVs which saw an overall perceived cost drop of
$371/PHEV this is due to the ratio of EVSE to conventional fueling stations.
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Updated Market Transformation.Benefits EVSE

Additional PHEVs and BEVs Deployed due to an Increase in Public EVSE Availability
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Vehicles Sold

* Total PEVs sold due to increased EVSE availability top 45K by 2022.
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Updated Market Transformation Future.HRS Work

New Work

* New methodologies are being
considered to better explain the
value created by an increase in
HRS.
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Area Classifications

0 Ineligible Area

[ Connector or Destination
I Market Initiation

I coverage Growth

[ capacity Growth

Note: City labels are ADJACENT to the indicated
city, to allow view of market map beneath
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San Jose |
= Y Fresno
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il .
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" Barbara iLos
' . Angeles
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Updated Market Transformation.Benefits Fuels

Summary of Fuel Production Projects and Annual Outputs

Fuel
Project # Awardee Product Displacing Funding ($M) OQutput Units:
ARV-10-016  City of San Jose Biomethane MNatural Gas $1.90 146,000 DGE
ARV-10-026  Clean World Partners LLC Biomethane MNatural Gas $1.32 507,826 DGE
ARV-12-021  Environ Strategy Consultants Inc. Biomethane  Natural Gas .21 1.000 DGE
ARV-10-023 G4 Insights Inc. Biomethane Natural Gas 51.23 1,085,682 DGE
ARV-12-031  Blue Line Transfer Inc. Biomethane Natural Gas $2.59 117,124 DGE
ARV-10-052 CR&R Incorporated Biomethane Natural Gas £452 865,000 DGE
ARV-10-053  Pixley Biogas LLC Biomethane  Natural Gas B4.67 761,729 DGE
ARV-10-040  Northstate Rendering Co Inc. Biomethane MNatural Gas $5.46 370,000 DGE
ARV-10-003 SMUD (formerly Eurisko Scientific) Biomethane  Natural Gas $1.79 1,000 DGE
ARV-11-021  Clean World Partners Biomethane MNatural Gas $6.00 394 477 DGE
ARV-14-028  City of San Mateo Biomethane Natural Gas $2.45 160,000 DGE
ARV-14-037  City of Napa Biomethane  Natural Gas £3.00 328,000 DGE
ARV-14-029  Colony Energy Partners Tulare LLC Biomethane  Natural Gas §5.00 2,870,000 DGE
ARV-15-054  City of Petaluma Biomethane Natural Gas £3.00 57.000 DGE
ARV-15-067  Quantitative BioSciences Inc. Biomethane Natural Gas £2.00 180,000 DGE
ARV-16-028 CR&R Incorporated Biomethane MNatural Gas $3.10 966,482 DGE
ARV-16-XXX California Bioenergy LLC Biomethane MNatural Gas $3.05 500,000 DGE
ARV-16-XXX Anaheim Energy LLC Biomethane  Natural Gas 53.08 2,490,000 DGE
ARV-17-009  County Sanitation Districts of Los Angeles County  Biomethane  Natural Gas $2.50 761,000 DGE
ARV-16-027  City of Manteca Biomethane Natural Gas $1.62 140,000 DGE
ARV-18-020  City of Roseville Biofuels Biomethane Natural Gas $3.00 668,700 DGE
ARV-18-XXX East Bay Municipal Utility District Biomethane  Natural Gas $1.82 1.000 DGE
ARV-18-XXX Monterey Regional Waste Management District Biomethane  MNatural Gas £3.00 12,000,000 DGE
ARV-18-XXX Califonia Grinding, Inc. Biomethane MNatural Gas $3.00 5,190,000 DGE
ARV-19-XXX _ Five Points Pipeline LLC Biomethane Natural Gas $4.53 12,046,817 DGE
ARV-19-XXX Technology & Investment Solutions LLC Biomethane Natural Gas £2.00 947,000 DGE

New Fuels Projects

e Six new biomethane projects were proposed, the addition of these projects marks a 50% increase expected output,
and 30% increase in total funding.

e Two new biodiesel projects were proposed, the addition of these projects marks a 3% increase expected output, and
6% increase in total funding.

e Two new ethanol project were proposed, the addition of these projects marks a 15% increase expected output, and
31% increase in total funding.
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Updated Market Transformation.Benefits Fuels

Market Transformation Fuel Production GHG Reductions by Fuel Type Market Transformation Fuel Production Petrol Fuel Reductions by Fuel Type
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0, 1 1 1 . . .
= 48.4% Increase in biomethanes GHG reductions = 27.9% Increase in biomethanes petroleum reductions
= 7.3%Increase in biodiesel GHG reductions *  1.4% Increase in biodiesel petroleum reductions
0, H H . .
=  8.4% Increase in ethanol GHG reductions = 2.8% Increase in ethanol petroleum reductions
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Updated Market Transformation.Benefits Summary

Summary of Market Transformation GHG Reductions

GHG Reductions
{10° Tonnes CO.e] 2013 214 2015 2048 20T 2018 201% 2020 2021 2022 2023 2024 2025 2026 2027 2028 2028 2030
Vehicle Price Reductions | High 181 281 305 337 EY 422 475 539 531 627 647 aa7 8a7 708 N 758 a7 g20
Low 102 154 1682 172 184 195 208 222 232 242 252 291 271 23 291 a0z 332 328
ZEV Industry Experience | High - 24 52 82 12 15 18 Iz 25 28 3 24 aF 40 43 45 48 51
Low - 28 58 B 13 16 20 24 T 3 34 T 41 44 47 50 53 56
Mext Generation Trucks High - - - - - 378 757 1,135 1,513 1513 1513 1,513 1513 1513 1,513 1.513 1513 1513
Low - - - - - 18 a5 L] 71 1 Eil 71 Ell 71 Eil T 1 71
Mext Generation Fugls High - - - - LT 738 1,142 1,383 1,628 1822 2173 2.3 2393 2483 2,548 264 272 270
Low - - - - - - ] 185 235 342 407 431 543 575 598 618 638 680
Tatal High 181 283 310 245 746 1,554 23482 3.084 3755 4080 4385 4518 4830 4724 4833 4857 5081 5114
Low 102 156 168 181 186 229 353 424 618 628 783 250 028 aro 1,008 1,033 1,073 1112
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Updated Market Transformation.Benefits Summary

Summary of Market Transformation Petroleum Reductions

Petrol Redections (Milion DGE/GGE) 2013 2014 2015 2@ 2017 2018 2010 a0z0 2021 2022 2023 2024 2025 20268 2027 2028 2020 2020
Wehicle Price Reductions High 215 a7 8.6 0.3 285 536 62 4 714 406 g3+ 044 101 108 115 121 128 135 141
Low 124 18.5 18.7 21.2 23.2 255 282 ana 337 3.3 8T 4141 4315 458 432 0.8 53.0 554
ZEW Industry Expensncs High - 0.4 08 12 17 22 28 33 8 45 5.1 a7 63 T0 T8 82 88 24
Low - 0.3 o7 12 17 21 27 32 a7 43 49 5.5 61 67 T3 T8 &5 21
Next Generation Trucks High - - - - - 645 128 1892 258 258 258 258 258 258 258 258 258 258
Low - - - - - 28 &1 77 10 10 10 10 10 10 10 10 10 10
Next Generation Fuels High - - 02 4.8 T2 137 187 27 238 263 283 281 285 280 306 315 321 323
Low - - - - oo i2 17.8 344 49 54 a0 =] i T3 T4 73 Ta 78
Total High 215 340 are 6.9 118 258 g2 485 581 a14 41 656 agT are aa3 T0B 723 732
Low 121 120 205 225 240 a4 538 Ta1 ar 106 113 123 131 136 140 144 148 153
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EXPECTED BENEFITS
METHODOLOGY



Energy Commission Provided.Data

e Al We assume lifespan of
infrastructure is 50 years
o Project start and end date and vehicles is 16 years
o Project status (to exclude cancelled) unless otherwise specified

o New fuel (feedstock) and replaced fuel type (for GHG reductions)
o Project class and subclass
Fuel Production
o Project subclass (to identify energy density of replaced fuel)
o Fuel production throughput
Vehicles
o Replaced vehicle and fuel type (for VMT and FE)
o Number of vehicles
EVSE

o Number of charge points by type (i.e., L1 commercial, L2 commercial,
L2 residential, DCFC)

Non-EVSE Infrastructure
o Fuel production throughput
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Electricity Dispensed per Charge Point. from EVI-Pro

e The EVI-Pro model uses 2012 California Household Travel Survey to
determine number and type of EVSE required to support California’s
EV adoption goals

 EVI-Pro outputs projected utilization of charging stations by location
and type: electricity throughput (avg kWh/plug/year) is used to
calculate benefits of EVSE

e Equivalent electric miles are obtained by dividing the electricity
dispensed by the average efficiency of electric vehicles, 0.25 kWh/mile

EVSE type (level and Average electricity throughput Equivalent electric miles per
location) (kWh) per charge point per year charge point per year
Shared L1 846 3,383
Shared L2 3,987 15,948

Residential MUD L2 2,773 11,093

Public DCFC 16,922 67,690
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BACK UP

e History of Data Process and PostgreSQL model
e Petroleum Reduction Calculations

e GHG Reduction Calculations

e CAVISIONVv2.1

 Updated Feedstock Carbon Intensities
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History of Data Process and PostgreSQL model

e Excel Model, started calculations in early 2012
o Complexity, versioning, integrity, updates

* PostgreSQL
o Migrated to PostgreSQL for reproducibility, consistency and
integrity
o Several Iterations the since 2014
o 2016 developed query chain model mapping from Excel Model
o 2017 Refined Model; simplified and de-normalized schema
— Query Chain
— Lookups
— Timestamp functions/triggers

o SQL archived in GitHub > reproducibility and portability
(backups)

o 2019 Updated model using data from CEC

e Results & Reporting
o Tableau
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Petroleum Reduction Calculations

(millions.of.gallons)

Fuel Production

petroleum_reduction = fuel _production_throughput * pct_operation / 1000000

Percent operation (of given year) is based calculated assuming operation begins nine months

before project end date, and ramps up over 3 years [vehicles have no ramp up period]

Vehicles

petroleum_reduction = vmt_per_year[vehicle type, replaced fuel]l * vmt_depreciation[vehicle
type, replaced fuel] / fuel_economy[vehicle type, replaced fuel]l * number_of vehicles *
pct_operation / 1000000

VMT, VMT depreciation and fuel economy are

from the CA VISION model

EVSE

petroleum_reduction = emiles/fuel_economy[LDA, GAS] * pct_operation / 1000000

emiles = level_one_comm_charge_points * (3383) + level two_comm_charge_points * (15948) +
level _two_res_charge points * (11093) + dc_fast_charge_points * (67690)

Number of charge points are multiplied kWh/chargepoint/year
from NREL's EVI-Pro model and divided by vehicle’s efficiency

Non-EVSE Infrastructure

petroleum_reduction = fuel _production_throughput * pct_operation / 1000000
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GHG Reduction Calculations

ghg reduction (kg CO2e) = ghg differential (g CO2e/MJ) *
petroleum_reduction (gal) * energy density (MJ/gal) / 1000

e ghg differential is based on the difference in carbon
intensity of the replaced fuel (e.g., gasoline or diesel) and
the alternative fuel, where values come from LCFS Fuel
Pathway Table and CA/ANL GREET models

o Mapped by fuel feedstocks

o Used carbon intensities from CEC database
(Agreements_combined) when specified

e energy_density is based on values from CA GREET v2.0,
for the displaced fuel [~*115.8 MJ/gal gasoline; ~135.5
MJ/gal diesel]
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CA VISION v2.1

Released Feb..201.7 Table 2: Vehicle Categories in the PVM and HDV Modules

g

EMFAC Vehicle D  \/*/%  Description
LDA PVM Light-Duty Automobiles (i.e. Passenger Cars)
LDT1 PVM Light-Duty Trucks (0-3,750 Ibs GVWR)
LDT2 PVM Light-Duty Trucks (3,751-5,750 Ibs GVWR)
MDV PVM Medium-Duty Trucks (5,751-8,500 Ibs GVWR)
. uUBUS PVM Urban Buses

CA VISION provi des: SBUS PVM  School Buses
OBUS PVM Other Buses

) F u e I e Co n o my LHD1 HDV Light-Heavy-Duty Trucks (GVWR 8501-10000 Ibs)
LHD2 HDV Light-Heavy-Duty Trucks (GVWR 10001-14000 Ibs)

1 1 T6 A HDV  Medium-Heavy Duty Diesel Agriculture Truck
° V M T a n d V MT d e p rec I atl O n X Medium-Heax Duttz Diesel QQA International Registration Plan Truck
.. T8 CAIRP heavy HDV' with GVWR>26000 Ibs

(] N OX a n d P M 2 . 5 e m |SS | O n S T6 CAIRP small HDV m:gléw§2ggou0t§ IIJblsseI CA International Registration Plan Truck
T6 instate construction HDV Medium-Heavy Duty Diesel instate construction Truck with
heavy GVWR>26000 Ibs
T6 instate construction HDV Medium-Heavy Duty Diesel instate construction Truck with

P H t t h -f- d . smlall GVWR<=26000 Ibs . . .

rOJ ec S m u S ave S p eCI Ie . T6 instate heavy HDV Medium-Heavy Duty Diesel instate Truck with GVWR=>26000 Ibs
. . T6 instate small HDV Medium-Heavy Duty Diesel instate Truck with GYWR<=26000 Ibs

e Re P laced vehicle ty pe (frO m i St) === T600S heavy HDV  Medium-Heavy Duty Diesel Out-of-state Truck with GVWR>26000 Ibs
T6 OOS small HDV Medium-Heavy Duty Diesel Out-of-state Truck with GVWR<=26000 Ibs

® Re p | a Ced fu e | ty p e ( GAS' DS L' T6 Public HDV  Medium-Heavy Duty Diesel Public Fleet Truck
T6 utility HDV Medium-Heavy Duty Diesel Utility Fleet Truck

E LE' PH EV’ HY D' CNG , NG ) T6TS HDV  Medium-Heavy Duty Gasoline Truck

T7 Ag HDV Heavy-Heavy Duty Diesel Agriculture Truck

[ N eW fu e I ty p e (fro m I ist a bove) E’, gﬁ:glz HDV :eavy—Heavy Duty D!esel CA Internat!onal Reg!strat!on Plan Truck

: HDV eavy-Hegvy Duty Diesel CA International Registraticn Plan

construction Construction Truck
T7 NNOOS HDV Heavy-Heavy Duty Diesel Non-Neighboring Out-of-state Truck
T7 NOOS HDV Heavy-Heavy Duty Diesel Neighboring Out-of-state Truck
T7 other port HDV Heavy-Heavy Duty Diesel Drayage Truck at Other Facilities
T7 POAK HDV Heavy-Heavy Duty Diesel Drayage Truck in Bay Area
T7 POLA HDV Heavy-Heavy Duty Diesel Drayage Truck near South Coast
T7 Public HDV Heavy-Heavy Duty Diesel Public Fleet Truck
T7 Single HDV Heavy-Heavy Duty Diesel Single Unit Truck
T7 single construction HDV Heavy-Heavy Duty Diesel Single Unit Construction Truck
T7 SWCV HDV Heavy-Heavy Duty Solid Waste Collection Truck
T7 tractor HDV Heavy-Heavy Duty Diesel Tractor Truck
T7 tractor construction HDV Heavy-Heavy Duty Diesel Tractor Construction Truck
T7 utility HDV Heavy-Heavy Duty Diesel Utility Fleet Truck
T71S HDV Heavy-Heavy Duty Gasoline Truck

PTO HDV Power Take Off
NATIONAL RENEWABLE ENERGY LABORATORY



Updated Feedstocks€Canbonintensities

(for GHG Reduction Calculations)

Gasoline

AVG California Gasoline Blend

97 (A)

Diesel

AVG California Diesel

100 (A)

LCFS carbon intensity of conventional fuels has been updated — changes all of the GHG
reductions of fuel pathways even if alternative fuel carbon intensity is the same

Biodiesel rapeseed transesterification 40 (C)
Biodiesel used cooking oil (UCO) transesterification, where "cooking" is required 22 (B)
Biodiesel tallow transesterification 35 (B)
Biodiesel 90% UCO, 10% soy 25 (B)
Biodiesel 50% Soy, 40% Corn, 10% UCO 42 (B)

32 (B)

Ex: Given alternative feedstock of UCO -- 29 (,0)

ghg_differential = Diesel C/ — UCO Biodiesel Cl = 100 — 22 80 (8)

=78 g CO2e/MJ
ghg reduction = 78*135.5*petroleum_reduction/1000

CNG 75% NG, 25% Dairy Gas

CNG 50% dairy waste, 50% wood waste

CNG LFG to LNG, with 90% liquefacton efficiency

CNG waste water treatment AD w/CCS

LNG North American NG delivered via pipeline; liquefied in CA using liquefaction with 90% efficiency
LNG dairy digester Biogas to LNG liquefied in CA using liquefaction with 90% efficiency

LNG 70% LNG, 30% Dairy Biogas

NATIONAL RENEWABLE ENERGY LABORATORY

(A) CARB. 2015. LCFS Final Regulation Order, LCFS
Compliance Schedule (Tables 1 and 2),
https://www.arb.ca.gov/regact/2015/Icfs2015/Icfsfin
alregorder.pdf

(B) CARB. 2017. LCFS Pathway Certified Carbon
Intensities, Fuel Pathway Table
https://www.arb.ca.gov/fuels/Icfs/fuelpathways/path
waytable.htm

(C) CARB. 2015. CA-GREET 2.0 (Tier 1 or 2)

(D) ANL. 2016. GREET.net model v1.3.0.13107

(E) CARB. 2012. Final Regulation Order. Table 6.
Carbon Intensity Lookup Table for Gasoline and Fuels
that Substitute for Gasoline. Sacramento. 107pp.
http://www.arb.ca.gov/fuels/Icfs/lu_tables 11282012
.pdf

(F) ANL. GREET. version 2012r2. Modified pathways
(G) S&T2 Consultant. GHGenius. Modification for the
Transportation Energy Futures project
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