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Summary of major modifications made to the Argonne GREET1_2016 model to
create the California-specific CA-GREET3.0 for use in the Low Carbon Fuel
Standard Program

The Low Carbon Fuel Standard program uses a “well-to-wheel” life cycle analysis (LCA)
to calculate the carbon intensity (ClI) of all transportation fuels. To determine each fuel
pathway’s ClI, the greenhouse gas (GHG) emissions from all steps in the fuel’s life cycle
are summed, adjusted to carbon dioxide equivalent (CO2e), and divided by the fuel’s
energy content in megajoules. Carbon intensity is expressed in terms of grams of CO:2
equivalent per megajoule (gCO2e/MJ).

The Cls are calculated using a modified, California-specific version of Argonne National
Laboratory’s GREET." This model is termed CA-GREET. The CA-GREET model uses
additional inputs from the OPGEE? and GTAP/AEZ-EF? models to calculate emissions
from crude oil and land use change, respectively. CARB staff modified Argonne’s
GREET1_2016 version to create CA-GREET3.0. This document provides details of
modifications made to GREET1_2016. Although most of this document consists of a
series of tables which compare changes made to Argonne’s version of the model, it also
includes details of fuel-related data and calculations which do not exist in Argonne’s
model. In addition, information is also included for comparison with the previous version
of the California model, CA-GREET2.0.

The following bulleted list highlights critical modifications of GREET1_2016 in creating
CA-GREET3.0. Complete details are provided in sections to follow.

e Unlike Tier 1 Calculators of the CA-GREET2.0 model, where user inputs were
specified in yellow cells of the T1 Calculator tab, CA-GREET3.0 does not include
this tab, but only the Region Selection tab. This tab allows user to select
feedstock, the electricity mix, crude basket, and natural gas production parameters
of the intended region.

e Electricity resource mixes for 26 subregions in U.S. are based on the U.S. EPA’s
Emissions & Generation Resource Integrated Database (eGRID 9t edition Version
2, which describes 2014 electrical generation mixes). Staff has incorporated these
resource mixes into the CA-GREET3.0 model in addition to a U.S average, User
Defined, Brazilian, and a Canadian electricity resource mix.

e Tailpipe emission factors from the use of California Reformulated Gasoline
(CaRFG) and ultra-low sulfur diesel (ULSD) are derived from 2010 California’s
Greenhouse Gas Inventory and the mobile source emission inventory from

' GREET refers to Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation Model.
2 OPGEE refers to the Oil Production Greenhouse Gas Estimator model.

3 GTAP/AEZ-EF refers to the Global Trade Analysis Project and Agro-Ecological Zone Emission Factor,
both models together used to calculate land use change emissions for crop-derived biofuels.
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EMFAC2011. For natural gas vehicles, tailpipe emission factors are calculated
using data from various sources and details are provided in Section 1.

o Staff added used cooking oil (UCO), tallow (animal fat), and distiller’s corn oil
(DCO) as pathway feedstocks for biodiesel and renewable diesel.

o Staff added cellulosic ethanol from corn fiber using Edeniq’s* process to the Tier 1
Simplified Cl Calculator for Starch and Corn-Fiber Ethanol that is based on CA-
GREETS3.0, though the corn fiber pathway is not included in the CA-GREET3.0
model.

e The baseline year of the LCFS program is 2010, as specified in the regulation. In
this version of CA-GREET, staff used outputs from the Oil Production Greenhouse
Gas Emissions Estimator (OPGEE)> Version 2.0b for calculating the carbon
intensity (Cl) of crude oil used in California refineries in 2010. Refinery efficiencies
and carbon intensities for California Reformulated Gasoline Blendstock for
Oxygenate Blending (CARBOB) and ULSD are calculated from the LP modeling
data for California-specific refineries provided by Argonne. The electricity mix and
NG production data used in CARBOB and ULSD reflect the 2010 baseline year.

e The regasification-processing step for liquefied natural gas (LNG) to compressed
natural gas (CNG) pathway in the previous CA-GREET2.0 model is eliminated for
LNG. LNG is gasified to CNG at the stations by utilizing the change of temperature
from sub-cold (about -270°F) to ambient temperature. However, the final
compression to CNG is included in the model.

o Staff used the 2006 IPCC GHG Inventory GuideError! Bookmark not defined.
Tier 1 default emission factors for N in N2O as percentage of N in N-fertilizer and
biomass (crop residues). The EFs are determined using Equations 11.1, 11.6, and
Table 11.3 from IPCCError! Bookmark not defined. resulting in a total (direct +
indirect) EF of 1.325% for N-fertilizer, and 1.225% for crop residues.
GREET1_2016 assumes 1.220% for Brazilian sugarcane and 1.225% for all other
biomass-based feedstocks for N in N20O as a percentage of N in N-fertilizer and
biomass.

e Changes made to the GREET1_2016 model related to propane and conventional
jet fuel are detailed in Section 11. The electricity mix and NG production data used
in conventional jet fuel reflect the 2010 baseline year.

4 https://www.edeniq.com/products/

5 El-Houjeiri, H.M., Vafi, K., Masnadi, M.S., Duffy, J., McNally, S., Sleep, S., Pacheco, D., Dashnadi, Z.,
Orellana, O., MacLean, H., Englander, J., Bergerson, J and A.R. Brandt. Oil Production Greenhouse Gas
Emissions Estimator (OPGEE) Model Version 2.0b, Nov 30th, 2017
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Section 1: Tailpipe Emission Factors

The Argonne version of the model uses federal standard requirements for tailpipe
emission factors for transportation vehicles. However, California standards require lower
tailpipe emissions compared to federal standards for all vehicles sold in the state. Also,
fuel specifications in California are different compared to federal fuel specifications.
These lead to different formulations and GHG emissions are therefore different compared
to federal GHG emissions included in the Argonne version of the model. To reflect
California-specific impacts, the CA-GREET3.0 version uses California-specific GHG
emission factors for all fuels for which data are available. If data are unavailable, federal
emission standards are used in the model.

a. Tailpipe Emission Factors for combustion of CaRFG, ULSD and conventional jet
fuel:

Tailpipe emission factors for California-specific CaRFG and ULSD are not
available in GREET1_2016 and these factors are shown in Table 1. The same
table includes emission factors for conventional jet fuel for aircraft refueled in
California.

i. Because 2010 is the baseline of the California LCFS, staff continue to use
emission factors from the 2010 data in California’s Greenhouse Gas
Inventory® and the mobile source emission inventory, EMFAC20117 to
calculate emission factors for CaRFG and ULSD.

ii. The tailpipe CO2 emission factor for CaRFG is calculated by converting and
allocating the carbon-content of CARBOB to COz2, and subtracting the
carbon emitted as CHa4. This is the same approach used in
CA-GREET2.0.

iii. The tailpipe CO2 EF for ULSD is calculated by converting the carbon-
content of ULSD to COz2, and subtracting the carbon emitted as CH4. This is
the same approach used in CA-GREET2.0.

iv. The tailpipe CO2 EF for conventional jet fuel is calculated by converting the
carbon-content of jet fuel to CO2, and subtracting the carbon emitted as
CHa4. CH4 and N20 EFs for jet fuel in CA-GREET3.0 represent the average
values from six different types of passenger aircraft and four different types
of freight aircraft (Table 2).

6 California Environmental Protection Agency, Air Resources Board, “2014 Edition of California’s 2000-2012
Greenhouse Gas Emissions Inventory Technical Support Document, (May, 2014),
http://www.arb.ca.gov/cc/inventory/doc/methods _00-12/ghg_inventory 00-

12_technical support document.pdf

7 California Environmental Protection Agency, Air Resources Board, EMFAC2011 and EMFAC2014.
http://www.arb.ca.gov/msei/categories.htm
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Table 1. Tailpipe Emission Factors from Combustion of CaRFG, ULSD, and Jet Fuel

Parameter CA-GREET2.0 GREET1_2016 CA-GREET3.0
Emission g/MJ Emission g/MJ
CHa4 0.14 CHg4 0.14°
CARBOB Not included 6
CO2 72.89 CO2 72.89
COze 73.94 COze 73.94
Emission | g/MJ Emission g/MJ
CHa4 0.03 CHg4 0.03°
uLsD? N,O 0.72 Not included N>O 0.728
CO2 74.10 CO2 74.10
COze 74.86 COze 74.86
Emission g/MJ Emission g/MJ
CHg4 8.45*10° CHa4 8.45*10°
Jet Fuel Not included N20 1.65*10 N2O 1.65*10
CO2 72.92 CO2 73.16
COqze 72.97 COze 73.21

Table 2. Tailpipe CH4 and N20 Emissions for different Aircraft

CHa4 N2O
(g/mmBtu) (g/mmBtu)

Passenger Aircraft, Single Aisle (SA) 0.112 0.220
Passenger Aircraft, Small Twin Aisle (STA) 0.067 0.130
Passenger Aircraft, Large Twin Aisle (LTA) 0.029 0.056
Passenger Aircraft, Large Quad (LQ) 0.027 0.053
Passenger Aircraft, Regional Jet (RJ) 0.147 0.288
Passenger Aircraft, Business Jet (BJ) 0.156 0.306
Freight Aircraft, Single Aisle (SA-F) 0.174 0.342
Freight Aircraft, Small Twin Aisle (STA-F) 0.096 0.188
Freight Aircraft, Large Twin Aisle (LTA-F) 0.047 0.092
Freight Aircraft, Large Quad (LQ-F) 0.037 0.072
Average 0.089 0.175

8 California Air Resources Board, “Detailed California-Modified GREET Pathway for Ultra Low Sulfur Diesel
(ULSD) from Average Crude Refined in California Version 2.1”, 2009.
http://www.arb.ca.gov/fuels/Icfs/022709Icfs_ulsd.pdf
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b. Tailpipe Emission Factors for Combustion of CNG and LNG

The emission factors for combustion of natural gas (CNG and LNG) in vehicles in CA-
GREET3.0 uses the same calculation methodology as used in CA-GREET2.0. The CO2
emissions for CNG and LNG presented in Table 3 from combustion are calculated based
on the carbon content of the fuel (assuming complete oxidation of VOC and CO to COz2).
Carbon emitted as CHa is subtracted from this calculation.

Table 3. Tailpipe Carbon Dioxide Emissions for CNG and LNG Vehicles

Parameters CA-GREET2.0 GREET1_2016 CA-GREET3.0
CNG 72.4% gC/gNG * 22.0 gNG/ft3 72.4% gC/gNG * 22.0 gNG/ft3 *
Tailbipe CO *44/12 gCO2/gC/ 983 Btu/ft3 * 44/12 gCO2/gC/ 983 Btu/ft® *
Calouieteq | 106 Btu/MMBtu 1076 Btu/MMBtu

= 58,853.58 gCO2/MMBtu = 58,853.65 gCO2/MMBtu
ggmeﬁrgfo n Correction for C as CHa: 57.23 gCO/MJ Correction for C as CHa:
Natural Gas (58,853.58 — (58,853.65 —
(see Fuel 203.31*44/16)/1055.06 = 203.31*44/16)/1055.06 =
Specs tab) 55.78 gCO2/MJ 55.78 gCO2/MJ

75.0% gC/gLNG * 1,621 75.0% gC/gLNG * 1,621
LNG gLNG/gal * 44/12 gLNG/gal * 44/12 gCO2/gC
Tailpipe CO2 | gCO2/gC/74,720 Btu/gal * /74,720 Btu/gal * 106
Calculated 1076 Btu/MMBtu Btu/MMBtu
from carbon = 59,089.51 gCO2/MMBtu 57.46 gCO2/MJ =59,089.51 gCO2/MMBtu
content of (correction for C as CHa: (correction for C as CHa:
Natural Gas (59,089.51 —207.23*44/16) (59,089.51 —207.23*44/16)
(see Fuel /1055.06 = /1055.06 =
Specs tab) 56.01 gCO2/MJ 56.01 gCO2/MJ

c. Methane and Nitrous Oxide Emissions from CNG and LNG for LDVs and
MDVs

Methane and nitrous oxide emissions from alternative fuel vehicles are estimated using
scale factors to adjust the fuel economy and emission factors of comparable gasoline and
diesel-fueled vehicles, a method utilized by Argonne National Laboratory, U.S. EPA?® and
Lipman and Delucchi (2002)."° The general formula used is given in

Equation 1: letters A through E in bold denote variables referred to in subsequent tables.

9 United States Environmental Protection Agency, “Climate Leaders Greenhouse Gas Inventory Protocol
Core Module Guidance: Direct Emissions from Mobile Combustion Sources”, EPA430-K-08-004, May 2008.
http://www.epa.gov/climateleadership/documents/resources/mobilesource guidance.pdf

0 Lipman, Timothy E., and Mark A. Delucchi. "Emissions of nitrous oxide and methane from conventional
and alternative fuel motor vehicles." Climatic Change 53, no. 4 (2002): 477-516.
http://rael.berkeley.edu/sites/default/files/very-old-site/Climatic_Change.pdf
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Equation 1. General Formula for Tailpipe Emission Factor Calculation

. L g species .
(A Species Emission Factor —m XB NG Vehicle Scale Factor%)

mi al Btu
X (CBaseline Fuel Economy gl X D NG Vehicle Scale Factor%) X E GGE (orDGE)% x10° MMB
—Fs ios Emission Fact g Species
= F Species Emission Factor o0

Scale factors for fuel economy are provided relative to gasoline for all light and medium
duty vehicles in

Table 4.

Table 5 and

Table 6 provide additional details of calculations for LDVs and MDVs which use NG as a
fuel. The lower heating value of U.S. Gasoline as given in the GREET Fuel Specs tab
(112,194 Btu/gal) is used to convert fuel economy to a fuel throughput basis.

Table 4. NG Vehicle Fuel Economy and Scale Factors by Vehicle Class for Light to
Medium Duty Vehicles

Baseline Fuel Fuel Economy
11
Light to Medium Duty Vehicles Economy Scale Factor Source
(relative to gasoline baseline vehicle) Equation 1 Equation 1
Factor C Factor D
\?;?]sss 2b Heavy-duty pickup trucks and 17.20 Same as gasoline ANL HDV, 2015.
Class 2a Light Duty Trucks (LDT2) 16.43 Same as gasoline LDT2_TS tab
Light Duty Trucks (LDT1) 20.06 Same as gasoline LDT1_TS tab
Gasoline Cars 26.08 Same as gasoline Cars_TS tab

" Argonne provides two references for the alternative fuel vehicle fuel economy scale factors in GREET: (1)
Norman Brinkman, Michael Wang, Trudy Weber, Thomas Darlington, “Well-to-Wheels Analysis of
Advanced Fuel/Vehicle Systems— A North American Study of Energy Use, Greenhouse Gas Emissions,
and Criteria Pollutant Emissions”, May 2005. https://greet.es.anl.gov/publication-4mz3qg5dw. (2) A.
Elgowainy, J. Han, L. Poch, M. Wang, A. Vyas, M. Mahalik, A. Rousseau, “Well-to-Wheels Analysis of
Energy Use and Greenhouse Gas Emissions of Plug-In Hybrid Electric Vehicles”, June 1, 2010.
https://greet.es.anl.gov/publication-xkdaqgyk
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Table 5. NG Vehicle Emissions and Scale Factors by Vehicle Class for Light to
Medium Duty Vehicles. Relative to Gasoline baseline vehicle (GGE = 112,194

Btu/gal)
Baseline NGV CH4 Baseline NGV N20
Light to Vehicle Scale Vehicle Scale
Mgﬂltl;m CHa (g/mi) Factor Source N20 (g/mi) Factor Source
Vehicles Equation 1 Equation 1 Equation 1 Equation 1
Factor A Factor B Factor A Factor B
Class 2b
Heavy-duty ANL HDV, ANL HDV,
pickup trucks 0.0209 1000 2015 0.0086 100 2015
and vans
Class 2a
Light Duty 0.0170 1000 LDT2 TS 0.041 100 LDT2 TS
Trucks tab tab
(LDT2)
Light Duty
Trucks 0.0126 1000 "DEETS 0.010 100 "DEETS
(LDT1)
Cars 0.0106 1000 Cars_TS tab 0.008 100 Cars_TS tab

Table 6. Light to Medium Duty NG Vehicle Emissions (from equation (1))

Light to Medium Duty NGV CH4 NGV N:20 NGV
Vehicles (relative to (g/MMBtu) NGV CH4 (9/MMBtu) NGV N:20
: . CHs and N:20
gasoline baseline (g/MJ) (g/MJ) (gCO2e/MJ)
vehicle) Equation 1 Equation 1 9Lz
Class 2b Heavy-duty 30.44 0.029 1.247 1.18E-03 1.07
pickup trucks and vans
Class 2a Light Duty
Trucks (LDT2) 23.66 0.022 5.765 5.46E-03 2.19
Light Duty Trucks
(LDT1) 20.24 0.019 1.619 1.53E-03 0.94
Cars 19.08 0.018 1.682 1.59E-03 0.93
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d. Methane and Nitrous Oxide Emissions from CNG and LNG for HDVs

The 2015 ANL HDV report' includes methane emission factors on a fuel throughput
basis, rather than per mile, for ten representative HDVs. Therefore, a scale factor
approach is used only for N2O emissions from HDVs in CA-GREET3.0. NG vehicle fuel
economy is provided in Btu/mile for these vehicles, eliminating the need for a scale factor
adjustment to this parameter.

Equations 2 and 3 are used to derive methane and nitrous oxide emission factors
respectively for heavy-duty vehicles using CNG as a fuel.

Equation 2. Heavy Duty Vehicles Methane Emission Factor Calculation

CH CH
(Tailpipe + Crankcase) CH, Emission Factor E2Te Vehicle CH, Emission Factor b

MMBtu NG MMBtu NG

Equation 3. Heavy Duty Vehicles Nitrous Oxide Emission Factor Calculation

N20
(A Baseline Vehicle N20 Emission Factor g — X B NG Vehicle Scale Factor %)

: (c NG Vehicle Fuel E Btu)x1o6 Btu
: enicle rue conomy mi MMBtu
= D Vehicle N20 Emission Fact g N20
= enicle mission ractor MMBtu
Table 7,
Table 8, and

Table 9 provide details of fuel economy, methane emissions, and nitrous oxide emissions
respectively for NG use in HDVs. Table 10 summarizes calculated emissions factors for
HD vehicles which use CNG as a fuel.

Table 7. NG Vehicle Fuel Economy by Vehicle Class for Heavy Duty Vehicles from
ANL HDV, 2015 Table 23

NGV Fuel

Heavy Duty Vehicles Economy
(Btu/mi)
Class 8b Combination long-haul trucks 23,586
Class 8b Combination short-haul trucks 23,206
Class 8b Heavy Heavy-Duty vocational vehicles 23,586

2 Argonne National Laboratory, “The GREET Model Expansion for Well-to-Wheels Analysis of Heavy-Duty
Vehicles” May 27, 2015, https://greet.es.anl.gov/publication-heavy-duty
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NGV Fuel
Heavy Duty Vehicles Economy
(Btu/mi)
Class 6 Medium-Heavy Duty vocational vehicles 20,312
Class 4 Light-Heavy Duty vocational vehicles 16,741
Class 8a Refuse trucks 31,737
Class 8 Transit Buses 39,466
Class 6 School Buses 21,763
Class 8 Intercity Buses 23,979

Table 8. NG Vehicle Methane Emissions for Heavy Duty Vehicles

- Crankcase
. Tailpipe CH4 NGV CH4
Heavy Duty Vehicles (o/MMBtu) (g/lvc|;|\|I|-I4Btu) (g/MMBtu)
Class 8b Combination long-haul trucks 49.0 59.5 108
Class 8b Combination short-haul trucks 45.0 54.5 99
Class 8b Heavy Heavy-Duty vocational
vehicles 45.0 54.5 99
Class 6 Medium-Heavy Duty vocational
vehicles 114.0 138.9 252
Class 4 Light-Heavy Duty vocational vehicles 114.0 138.9 252
Class 8a Refuse trucks 114.0 138.9 252
Class 8 Transit Buses 114.0 138.9 252
Class 6 School Buses 114.0 138.9 252
Class 8 Intercity Buses 45.0 54.5 99

Table 9. NG Vehicle Nitrous Oxide Emissions and Scale Factors by Vehicle

baseline vehicle)

Category for Heavy Duty Vehicles from ANL HDV, 2015 Table 23 (relative to diesel

Baseline
Heavy Duty Vehicles Vehicle N(S;::,ar;lezo NGV NzO
N20 E.F Factor (g/MMBtu)
(g/mi)
Class 8b Combination long-haul trucks 3.44E-04 25 0.004
Class 8b Combination short-haul trucks 3.81E-04 25 0.004
Class 8b Heavy Heavy-Duty vocational
vehicles 4.91E-04 25 0.005
Class 6 Medium-Heavy Duty vocational
vehicles 4.91E-04 25 0.006
Class 4 Light-Heavy Duty vocational vehicles 4.91E-04 25 0.007
Class 8a Refuse trucks 3.78E-04 25 0.003
Class 8 Transit Buses 4.01E-04 25 0.003
Class 6 School Buses 4.68E-04 25 0.005
Class 8 Intercity Buses 3.71E-04 25 0.004
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Table 10. Calculated Emission Factors for Heavy Duty NG Vehicles*

NGV CH4 NGV N20 NGV
. (g/MMBtu) | NGVCH: | (g/MMBtu) | NGV N.O
Heavy Duty Vehicles (Equation 2 (g/MJ) (Equation 3 (g/MJ) c(:Hégggll\"lllfj())
Result) Result) 9

Class 8b Combination 108 0.102 0.004 3.45E-06 2.56
long-haul trucks
Class 8b Combination 99 0.094 0.004 3.89E-06 2.35
short-haul trucks
Class 8b Heavy Heavy- 99 0.094 0.005 4.94E-06 2.35
Duty vocational vehicles
Class 6 Medium-Heavy 252 0.239 0.006 5.73E-06 5.97
Duty vocational vehicles
Class 4 Light-Heavy 252 0.239 0.007 6.95E-06 5.97
Duty vocational vehicles
Class 8 Refuse (rucks 252 0.239 0.003 2.82E-06 5.97
Class 8 Transit Buses 252 0.239 0.003 2 41E-06 5.97
Class 6 School Buses 252 0.239 0.005 5 10E-06 5.97
Class 8 Intercity Buses 99 0.094 0.004 3.67E-06 2.35

* Note that these emission factors are applied to both CNG and LNG vehicles.

Thus, the final EF for CNG
and LNG are distinguished from one another only by the distribution of vehicles.

e. Fuel Consumption-Weighted Average NGV Emission Factor
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Table 11 depicts the challenge of aligning the available data on California fuel consumption shares by NGV type with the
emission factors calculated above for the 13 Classes and subcategories available from ANL (nine HDVs and four light-to-
medium duty vehicles). The most descriptive and complete data set for NG fuel consumption in California that was
identified by staff is from the U.S. EIA." The EIA dataset contains nine distinctive vehicle categories; however, the most
recent data available is data year 2011. More recent 2014 CNG and LNG volumes used as transport fuel in California is
captured in the LCFS Reporting Tool (LRT); however, the vehicle categories are broad, distinguishing only between
vehicles of greater or less than 14,000 Gross Vehicle Weight Rating (GVWR) (Ibs.), and do not align well with the ANL

HDV Classes. These two sources were combined in order to estimate the proportion of fuel consumed by each vehicle
type, as described below and in

' U.S. Energy Information Administration, “Renewable & Alternative Fuels, Alternative Fuel Vehicle Data” website tool, Accessed on October 21,
2014. http://www.eia.gov/renewable/afv/users.cfm. See also vehicle category Definitions:
http://www.eia.gov/renewable/alternative transport vehicles/pdf/defs-sources-notes.pdf




Table 12 and Table 13.

Vehicle Class 4 to 8 all fall within the broad weight range defined as heavy-duty in the
LRT. These classes include not only a wide range of body types, engines, and pay loads,
but duty cycle was determined to play an important role in determining fuel economy — a
long-distance truck or intercity bus, for example, will achieve far greater efficiency than a
refuse truck or transit bus of similar size, weight and engine type. Figure 1 shows
comparison of vehicle categorization among data sources: EIA, EPA, GREET, and LRT of
LCFS.



Table 11. Alignment of Vehicle Categories in GREET (source of emission factors) and EIA AFV User Database
and LCFS Reporting Tool Database (source of fuel consumption shares)

LCES
MOVES 2014 Vehicle Categories GREET Vehicle Categories FPA GVWR Rating FPA GVWR (lbs) ~-Poring LA Vehicle  EIA Vehicle
Tool Vehicle Categories Tvpes
Categories
. Cars N/A IJ.ght & Light Duty Automobiles
Light Duty Tmucks IDT 1 IDT1&2 Up to 6,000 Medium Duty | GVWR < 8500 Other
Light Duty Trucks 1DT 2 IDT3&4 6,000 - 8,500 GVWR = lbs
Class 2b passenger trucks or ight commercial trucks Heavy-duty pickup trucks and vans HDV Class 2b 8.500 - 10,000 14,000 1bs | Medium Duty Trucks
Class 4 and 5 light heavy duty single unit short- or long-haul tmeks Light heavy-duty vocational vehicles HDV Class 4 14.000 - 16,000 8,501 Vans
Class 6 and 7 medmm heavy duty single unit short- or long-haul trucks Medmm heavy-duty vocational vehicles HDWV Class 6 19.500 - 26,000 <GVWR= Pickups
Clazs 6 and Class 7 schoolbuses Schoolbuses HDV Clazs 6or 7 19,500 - 33,000 26,000
Class 8 heavy heavy doty single nait short- or long-haul trucks Heavy heavy-duty vocational vehicles ~ HDWVClass &b = 60,000 Heavy Duty
Class 8 refuse trucks Refuse trucks HDV Class 8a 33,000 - 60,000 GVWR > Heavy Duty Trucks
Class 8 combination long-haul trucks Combination long-haul tucks HDV Class 8b = 60,000 14,001 |bs GVWR> Transit Buses
Class 8 combination short-haul tmcks Comibination short-haul tucks HDV Claz=s 8b = 60,000 26.000 Ibs School Buses
Class 8 transit buses Transit buses HDV Class 8a 33,000 - 60,000 ! Intercity Buses
Class 8 intercity buses Intercity buses HDV Class 8a 33,000 - 60,000




Figure 1. Comparison of Vehicle Categorization among Data Sources used in this Analysis
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Table 12. Adjustment of 2011 EIA Fuel Shares as a Proportion of LRT 2014 Fuel
Consumption by CNG heavy and Light-to-Medium Duty Vehicles

CNG Fuel Consumption by Adjustment
Vehicle Category CNG Fuel Consumption by Vehicle Type to CNG
[LCFS Reporting Tool Database, [EIA AFV User Database, 2011]: Shares for
2014]: this analysis
Fuel Composite
- E‘ Euel zuel EIA Vehicle T Consu c Fuel ti shares (EIA
E2o onsu >onsump ehicle Type mption onsumption | o oo es
dJo < mption | tion and GVWR Shares [EIA, .
>8 | (Msc | Shares (1,000 2011] as proportion
GGElyr) of LRT

Trucks (GVWR

>26,000) 7,392 7.00%

Trucks (8500 <

GVWR < 26,000) 3,201 3.03%

Transit Buses

(GVWR >26,000) 77,800 73.66%

School Buses

(GVWR >26,000) 4,700 4.45%

Intercity Buses

(GVWR >26,000) 395 0.37%

Vans (8500 <

GVWR < 26,000) 1,065 1.01%

Medium Duty

Pickups (8500 <

GVWR < 26,000) 2,754 2.61%

Light Duty Other

(GVWR < 8500

Ib.)* 5,834 5.52%

Light Duty

Automobiles **

(GVWR < 8500

Ib.) 2,483 2.35%

Sum total: 105,624

* Light Duty Other includes pickups, SUVs, trucks, light duty vans, minivans and a category of “other.’

** Light Duty Automobiles includes subcategories of compact, subcompact, mid-size, and full-size

passenger cars.



Table 13. 2011 EIA Fuel Consumption Shares of LNG Heavy and Light-to-Medium
Duty Vehicles

LNG Fuel Cogzl:;zxn by Vehicle LNG Fuel Consumption by Vehicle Type
[LCFS Reporting Tool Database, 2014]: [EIA AFV User Database, 2011]:
LRT Fuel Fuel . Fuel Fuel
Vehicle Consumption | Consumption EIAa\rfghéti;SVTRype Consumption Consumption
Category (Gallons) Shares (1,000 GGElyr.) Shares
Trucks (GVWR
> 0
§ 3 >26,000) 5,688 39.80%
=3 Trucks (8500 <
-~ 0, 0,
%\§ 2 55,045,693 100% GVWR < 26,000) 37 0.26%
ol Transit Buses 0
I (GVWR >26,000) 8,568 59.95%
Medium Duty o
2 § 3.§ — Pickups 0 0%
53 3 <2 0 0% Light Duty Other * 0 0%
3S°3V7 Light Duty 0 0%
Automobiles ** °
Sum total: 14,293

* Light Duty Other includes pickups, SUVs, trucks, light duty vans, minivans and a category of “other.”

** Light Duty Automobiles includes subcategories of compact, subcompact, mid-size, and full-size
passenger cars.

Alignment of vehicle types from the EIA classification within the LRT Categories was
straightforward, with the exception of three EIA vehicle types which span both LRT
Categories: Trucks (8500 < GVWR < 26,000), Vans (8500 < GVWR < 26,000) and
Pickups (8500 < GVWR < 26,000). Rationale for this choice is presented in the following
explanation of how EIA-LRT composite data is matched with ANL vehicle classes.

Table 14 details matching ANL emission factors with each composite vehicle category.
Two categories required averaging as no further distinction was possible among the fuel
volumes consumed by medium and heavy-duty trucks. While EIA’s public database did
not provide distinction among buses, data was provided to staff' to quantify fuel
consumption in school, transit and intercity buses.

Table 14. Emission Factors applied to each EIA Category and Composite Fuel
Share

EIA Vehicle Type and GVWR ANL Emission Factors
Trucks (GVWR >26,000) Average of Class 8a and 8b trucks (n=4)
Trucks (8500 < GVWR < 26,000) | Average Class 4 and 6 (n=2)
Transit Buses (GVWR >26,000) Class 8 Transit Buses

4 Personal email communication with EIA AFV User Database Collection Manager. May 15, 2015. PDF
saved as EIA_AFV_Bus-Fuel_05-15-2015.
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School Buses (GVWR >26,000) Class 6 School Buses
Intercity Buses (GVWR >26,000) | Class 8 Intercity Buses
Vans (8500 < GVWR < 26,000) Class 2b HD pickup/van
Pickups (8500 < GVWR < 26,000) | LDT2

Other (GVWR < 8500 Ib.) LDT1

Automobiles (GVWR < 8500 Ib.) Cars

Aligning the fuel consumption shares with the 13 vehicle categories in GREET required
careful consideration and judgement, specifically with regard to the following EIA Medium
Duty (MD) categories: MD Trucks, MD Vans, and MD Pickups which span a wide range of
GVWR (8,500 to 26,000 Ibs.). The average EF for Classes 4 and 6 Trucks (14,000 to
26,000 Ibs.) was designated to represent the EIA category of MD Trucks; Class 2b
(heavy-duty pickup trucks and vans, 8,500 to 10,000 Ibs.) was matched to EIA category of
Medium Duty Vans; and the EF for Light Duty Trucks_2 (up to 6,000 Ibs. GVWR) was
applied to the share of fuel consumed by pickups in EIA’s MD Pickups category. A
sensitivity analysis was performed to ensure that these choices were not a major factor in
determining the final EF representing CNG vehicles. Equation 4 was used to calculate a
consumption-weighted average emission factor.

Equation 4. Fuel Consumption-Weighted Average Vehicle Emission Factor
Calculation

o g species ,
Z (Emlsswn Factor; MMBw fuel consumption%; ]->

Where

i= fuel (CNG or LNG), and

Jj =Vehicle category (HDT, MDT, Transit Bus, School bus, Intercity bus, MD Vans, MD
Pickups, LDT2, LDT1, LD Other, Automobiles.

Table 15 details the results from fuel consumption weighted emission factors for CNG and
LNG vehicles in CA-GREET3.0.
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Table 15. Results for the Fuel Consumption-Weighted Average NGV Emission
Factor representing the California Fleet of CNG and LNG Vehicles in CA-GREET3.0

gCH4/MMBtu gN20O/MMBtu gCO2¢e/MJ
Category Fleet-
LRT Fleet- Fleet- ,
Vehicle | C2te90Y | yoignteq | CACIONY | ygignteq | Average | weighted Note
Category | 3Verage | . erage | 2Ver29¢ | average ehicle | average
CH4 CH N20 N,O CHszand | CHsand
) 2 N20 N20
Heavy ’
Duty 240.07 0.02 5.693 Based on ElA's
CNG Altern_atwe Fuel
Liaht & 203.31 0.307 4.90 Vehicle Data
. 2011. Same as
Med Duty | 20.980 1.744 0.990 CAGREET2 D
I-ie'\;sy Not available in
Duty LNG 207.23 0.003 4.91 GREET1_2016

Section 2: Electricity

The Argonne version of the model uses the 10-region North American Electric Reliability
Corporation (NERC) to develop region-specific GHG emissions for electricity generation.
In developing CA-GREET, however, CARB uses the U.S. EPA’s Emissions & Generation
Resource Integrated Database (eGRID)* to determine the impact of stationary electricity
use in fuel and feedstock production. The eGRID contains 26 subregions to capture
subregional variabilities in GHG emissions for electricity generation, and is used in fuel
pathway Cls to ensure consistency across all subregions, in and outside of the state.

The conversion to the 26 eGRID subregional mixes in CA-GREET3.0 was accomplished
by modifying the electricity resource mixes and subregions in the Fuel Prod_TS tab of
CA-GREET3.0 and the associated links to the Inputs tab. Staff also added U.S Average,
User Defined, Brazilian Average and Canadian Average mixes, in addition to the 26
eGRID subregions, for a total of 30 subregional electricity mixes. Note that the electricity
transmission and distribution loss factor for all North America regions (including all
subregions in the U.S. and Canada) in CA-GREET3.0 is assumed to be 6.5%, while the
same loss factor for Brazilian electricity is 8.1%.

To determine the CI of California average grid electricity used directly as a transportation
fuel (e.g., electricity used for EV charging or fixed guideway transit), the electricity
resource mix is based on the California Energy Commission (CEC) 2016 QFER data’®
(Table 19, also available in the Inputs tab of the model). The data and methodology used

'S United States Environmental Protection Agency, eGRID2014 9th edition Version 2.0:
https://www.epa.gov/energy/emissions-generation-resource-integrated-database-egrid

16 2016 California Total System Electric Generation data from California Energy Commission (CEC)
website, accessed 11/2017: http://www.energy.ca.gov/almanac/electricity data/total system power.html
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in determining the ClI of this pathway is documented in the Lookup Table Pathways
Technical Support Documentation.

As in CA-GREET2.0, staff selected average electricity resource mixes primarily due to the
uncertainty in determining a marginal resource mix accurately for each subregion. Itis
highly speculative to attempt to define and distinguish marginal electricity sources; for
example, natural gas has become increasingly common as a baseload power source,
hydroelectric capacity can vary with precipitation patterns, and though most areas
experience growth in electricity demand over time, individual sources of demand may
expire as new sources of demand are created. Staff determined that the simplest, most
equitable and defensible method is to apply the regional average across all pathways.

Summary of Changes to GREET1_2016 Electricity Parameters

i. GREET1 2016 allows users to choose between two sets of power plant emission
factors. The first set consists of GREET-calculated factors in the EF tab. The second
set is taken from the U.S. EPA and EIA emission factor database. For the LCFS fuel
pathways, only stationary electricity resource mixes in CA-GREET3.0 are
considered. Details of electricity emission factors incorporated in CA-GREEET3.0
are discussed below. Staff restructured the available GREET1_2016 regional
electricity resource mixes to allow fuel producers to use more representative
subregional electricity resource mixes to obtain a more representative Cl for the
subregion. Staff modified the Electric Tab in GREET1_2016 to enable calculation of
the regional combustion technology shares and power plant energy conversion
efficiencies to match the 26 subregions.

ii. Table 16 compares the subregion categories used in CA-GREET3.0 to the NERC
region categories used in GREET1_2016.
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Table 16. Comparison of Electricity Resource Mix Selections Available in the Three

Models

CA-GREET2.0 GREET1_2016 CA-GREET3.0
Electricity Mix Stationary Electricity Mix Stationary Electricity Mix Stationary
Use Use Use
1 u.S. 16 | SRTV 1 U.S. 1 u.S. 16 SRTV

Ave 2 ASCC Ave
2 User 17 | SRSO 3 FRCC 2 User 17 SRSO

Defined 4 HICC Defined

3 | CAMX | 18 | NEWE 5 MRO 3 | CAMX | 18| NEWE
4 | NWPP | 19 | NYUP 6 NPCC 4 | NWPP | 19 NYUP
5 | AZNM | 20| RFCE 7 RFC 5 | AZNM | 20 RFCE
6 | RMPA | 21 NYLI 8 SERC 6 | RMPA | 21 NYLI
7 | MROW | 22 | NYCW 9 SPP 7 | MROW | 22 | NYCW
8 | SPNO | 23| SRVC 10 | TRE 8 | SPNO | 23 SRVC
9 | SPSO | 24| FRCC 11 | WECC 9 | SPSO |24 FRCC
10 | ERCT | 25| AKMS 12 | CA 10 | ERCT | 25| AKMS
11| MROE | 26 | AKGD 13 | User Defined 11 | MROE | 26 AKGD
12 | SRMW | 27 HIOA 13 NERC regions 12 | SRMW | 27 HIOA
13| SRMV | 28 HIMS 13| SRMV | 28 HIMS
14 | RFCM | 29 | Brazilian 14 | RFCM | 29 | Brazilian
15 | RFCW 15| RFCW | 30 | Canadian

29 subregions 30 subregions

iii. eGRID Subregions Compared to NERC Regions

Table 17 compares eGRID subregions to subregions that are part of NERC regions.

Most subregions are not individual states and most regions are not subregions. There
are a few exceptions. Alaska and Hawaii are states with their own NERC regions, but are
divided by subregions. Florida as a state has the same region (FRCC) and subregion
(FRCC). California is part of the WECC NERC region, but is its own subregion (CAMX).
The electricity resources mixes of U.S. average and 26 subregions are included in Table

18.

Table 17. eGRID Subregions Grouped by NERC Region

# Subregion :E;gn # Subregion :E;gn
1 AKGD ASCC 14 RFCM RFC

2 AKMS ASCC 15 RFCW RFC

3 ERCT TRE 16 SRMW SERC
4 FRCC FRCC 17 SRMV SERC
5 HIMS HICC 18 SRSO SERC
6 HIOA HICC 19 SRTV SERC
7 MROE MRO 20 SRVC SERC
8 MROW MRO 21 SPNO SPP

9 NYLI NPCC 22 SPSO SPP
10 NYCW NPCC 23 CAMX WECC
11 NEWE NPCC 24 NWPP WECC
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. NERC . NERC
# Subregion Region # Subregion Region
12 NYUP NPCC 25 RMPA WECC
13 RFCE RFC 26 AZNM WECC
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Table 18. Electricity Resources Mix of U.S. average and 26 eGRID Subregions (unit:

0/0)

Region | Coal Re%l?lual NG Nuclear | Hydro | Biomass | Wind | Solar thc:r?l-al Others

us 38.67 1.22 27.47 19.50 6.19 1.56 443 0.43 0.39 0.13
AKGD | 11.68 7.02 66.07 0.00 11.46 1.18 2.60 0.00 0.00 0.00
AKMS 0.00 8.69 10.31 0.00 78.29 0.50 2.20 0.00 0.00 0.00
AZNM | 21.25 0.04 39.07 | 23.56 6.44 0.42 1.79 4.59 2.83 0.01
CAMX 0.43 0.79 62.47 8.98 8.41 3.43 6.54 4.28 4.35 0.34
ERCT | 33.21 0.48 45.30 10.62 0.08 0.33 9.81 0.08 0.00 0.10
FRCC | 21.65 1.42 61.42 12.67 0.10 1.91 0.00 0.10 0.00 0.73
HIMS 1.59 60.79 0.00 0.00 3.30 3.63 13.85 | 0.53 8.91 7.40
HIOA 19.93 74.10 0.00 0.00 0.00 3.14 2.51 0.33 0.00 0.00
MROE | 71.28 1.39 10.47 0.00 5.04 4.71 6.91 0.00 0.00 0.21
MROW | 58.38 0.31 3.16 12.99 5.68 1.30 17.98 | 0.00 0.00 0.20
NEWE | 4.52 3.60 43.19 | 33.27 6.38 6.81 1.84 0.30 0.00 0.09
NWPP | 36.21 0.40 11.93 2.78 39.72 1.09 6.73 0.02 1.03 0.10
NYCW | 0.00 2.48 55.18 | 41.85 0.00 0.48 0.00 0.00 0.00 0.00
NYLI 0.00 11.23 84.00 0.00 0.00 4.18 0.00 0.59 0.00 0.00
NYUP 5.46 0.88 25.91 30.57 30.40 2.06 4.71 0.00 0.00 0.00
RFCE | 23.34 1.42 30.68 | 40.53 1.16 1.31 1.28 0.24 0.00 0.04
RFCM | 59.64 2.96 14.61 16.06 0.00 2.28 4.45 0.00 0.00 0.00
RFCW | 60.03 1.21 9.29 25.75 0.65 0.60 2.36 0.05 0.00 0.07
RMPA | 68.26 0.04 16.00 0.00 2.86 0.17 12.26 | 0.34 0.00 0.06
SPNO | 66.21 0.19 6.47 12.08 0.02 0.10 14.93 | 0.00 0.00 0.00
SPSO | 48.41 2.40 34.51 0.00 2.20 1.57 10.81 | 0.06 0.00 0.03
SRMV | 25.76 2.67 48.97 19.23 1.39 1.73 0.00 0.00 0.00 0.26
SRMW | 82.40 0.17 1.18 12.24 0.78 0.12 2.92 0.01 0.00 0.19
SRSO | 36.23 0.20 36.51 21.49 2.57 2.96 0.00 0.04 0.00 0.00
SRTV | 52.43 0.70 1479 | 23.03 7.92 1.09 0.02 0.01 0.00 0.00
SRVC | 31.67 0.86 20.76 | 42.16 1.27 2.92 0.00 0.25 0.00 0.1

iv. Modification of eGRID Subregion Data for California in CA-GREET3.0

Table 19 details how an eGRID subregion resource mix was modified to create a

California resource mix for use in CA-GREET3.0. Because GREET1_2016 does not

have the resource categories used in eGRID for “other fossil” and “other unknown fuel
purchased,” these percentages were allocated to the percentages of “Residual oil” and
“‘Natural gas,” respectively.
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Table 19. Modified California Average Grid Electricity Mix

Suectnetty CA-GREET2.0 CA-GREET3.0
Region Modified CAMX Modified CA Average Modified
(Data source) CAMX eGRID 2014 CAMX CEC 2016 | CA Average *
Coal 7.15% 0.43% 0.43% 4.13% 4.13%
Oil (Residual oil) 1.38% 0.79% 0.79% 0.01% 0.15%
Gas (Natural gas) 50.75% 62.47% 62.80% 36.48% 50.87%
Other fossil - - - 0.14% -
Biomass 2.62% 3.43% 3.43% 2.25% 2.25%
Nuclear 15.18% 8.98% 8.98% 9.18% 9.18%
Wind 3.05% 6.54% 6.54% 9.06% 9.06%
Solar 0.36% 4.28% 4.28% 8.11% 8.11%
Geo thermal 4.32% 4.35% 4.35% 4.38% 4.38%
Hydro 15.19% 8.41% 8.41% 11.87% 11.87%
other unknown fuel ) 0.33% ) 14.39% )
purchased
Total 100% 100% 100% 100% 100%
v Stationary .& tationar Transportation
Application: Traniy:;zr;[atlon S augea y a SS;)e atio

* This mix was used to determine the Cl of the CA-GREET3.0 Lookup Table Pathway for California Average
Grid Electricity supplied to electric vehicles.

In GREET1_2016, electricity resource mixes are further subdivided: GREET segregates
hydropower, wind, solar, and geothermal resource mixes in the category of “other”
electricity resource mixes. In CA-GREET3.0 the “other” electricity resources are labeled
as “other renewable resources.” Biomass is often considered renewable, but requires
combustion; nuclear involves no combustion, but is not renewable, so these two resource
mixes are not included in the “other” category. In GREET1_2016, wind, solar,
geothermal, and hydropower are located in a different set of tables in the Inputs and
Fuel_Prod_TS tabs. In CA GREET 3.0, the same convention regarding renewable
resource mixes is followed. An example of how the eGRID data is integrated into CA-
GREETS3.0 for the renewable resource mix is shown in Table 20.

Table 20. Other Resource Mixes Integrated into CA-GREET3.0

Electricit “ " CA-GREET3.0

G%rLeJ?:Lol:\ gzgno)flr:;hn::x CAMX “othl\:ir)’(’ Resource
Wind 6.54% 6.54% / 23.58% = 27.74%
Solar 4.28% 4.28% / 23.58% = 18.15%

Geothermal 4.35% 4.35% / 23.58% = 18.45%
Hydro 8.41% 8.41% / 23.58% = 35.67%
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Electricity “ ” CA-GREET3.0
Generation CAMX othe_r CAMX “other” Resource
Resource Mix .
Source Mix
Total 23.58% 100.00%

v. International Electricity Resource Mixes

The average electricity mix for Brazil and Canada are the only international resource
mixes included in CA-GREET3.0. These electricity mixes are incorporated in the
Fuel Prod_TS tab in addition to the 26 eGRID subregions.

Table 21 details the electricity mixes in Brazil and Canada. Brazilian Electricity Mix was
originally obtained from Empresa de Pesquisa Energética'” (Energy Research Company).
Canadian Electricity Mix was obtained from Statistics Canada 2015.18

Table 21. 2014 Brazil and Canada Electricity Resource Mix

. Brazilian 2014 data | Canadian 2014 data
Resource Mix (GREET1_2016 Category) For CA-GREET3.0" | For CA-GREET3.0"
Coal and Coal Products (Coal) 4.3% 11.5%
Oil Products (Residual Oil) 5.7% 0.4%
Natural Gas 13.0% 7.0%
Biomass 7.4% 0%
Nuclear 2.5% 17.7%
Hydro 65.2% 60.7%
Solar 0% 0.06%
Wind 2.0% 2.2%
Others 0% 0.39%

' The Empresa de Pesquisa Energética data was provided by UNICA on July 13, 2017 via email by Lais
Thosmas of UNICA office in Washington D.C

'8 Extracted from Statistics Canada on Jul 31, 2015. Table 127-0006 Electricity generated from fuels, by
electric utility thermal plants, annual (megawatt hour)
http://www5.statcan.gc.ca/cansim/a26?lang=eng&retrLang=eng&id=1270006&tabMode=dataTable&p1=-
1&p2=9&srchLan=-1. Also, Table 127-0007 Electric power generation, by class of electricity producer,
annual (megawatt hour).

http://www5.statcan.gc.ca/cansim/a26?lang=eng&retrLang=eng&id=1270007 &tabMode=dataTable&srchLa
n=-1&p1=-1&p2=9. Verified by (S&T)? Consultants Inc.
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Section 3: Fuel Specifications

Specifications (e.g., aromatics in diesel) for transportation fuels in California are different
compared to federal specifications. The CA-GREET3.0 model uses California fuel
specifications and changes made to the Argonne version of the model are detailed in

Table 22.
Table 22. Comparison of Fuel Properties and Specifications
Parameter CA-GREET2.0 GREET1_2016 CA-GREET3.0
N/A. GREET1_2016
119.54 MJ/gal tabulates U.S. gasoline
CARBOB 113,300 Btu/gal blendstock properties Same as CA-GREET2.0
2,767 g/gal (LHV = 116,090 Btu/gal),
but not CARBOB
115.82 MJ/gal 118.37 | MJ/gal
CaRFG 109,772 | Btu/gal 112,194 | Btu/gal Same as CA-GREET2.0
2,788 g/gal 2,836 g/gal
134.47 MJ/gal 136.62 | MJ/gal
Ultra-Low
Sulfur Diesel 127,460 Btu/gal 129,488 | Btu/gal Same as CA-GREET2.0
3,142 g/gal 3,206 g/gal

Specifications, especially heating values (HHV and LHV) and densities of gases in CA-
GREET3.0 are adjusted to reflect ambient temperature at 60°F and pressure at 1 atm, as
it is the standard reference condition used in commercial transactions by the oil and gas
industries; details are summarized in Table 23.

Table 23. Comparison of Specifications of Various Gases

Parameter CA-GREET2.0 GREET1_2016 CA-GREET3.0
Temperature 32°F, 1 atm 32°F, 1 atm 60°F, 1 atm
& Pressure
Specification | HHY. | LAV, | Density, | HHV, | LHV, | Density, | HHV, [ LHV, | Densiy,
p Btu/CF | Btw/CF | g/CF | Btu/CF | Btu/CF | g/CF | Btu/CF | Btu/CF | g/CF
NG 983 | 1089 | 220 983 | 1089 | 220 | 930 | 1030 | 208
Pure
962 | 1068 | 203 962 | 1068 | 203 | 910 | 1010 | 192
Methane
Gaseous 290 343 2.55 290 343 2.55 274 325 2.41
hydrogen
Carbon 56.0 56.0 53.0
Dioxide
Stillgas (in | ga) | 4044 | 203 982 | 1044 | 203 | 929 | 987 19.2
refineries)
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Additionally, temperature correction factors for ethanol and biodiesel volume at 60°F
(commercial transactions are reported at 60°F) are included in the Fuel_Specs tab of CA-
GREET3.0.

Specifically, for ethanol:
V@GOOF = V@ Tactual X (_0.0006301 X Tactual + 1.0378)

For biodiesel:
Vasor = Va Ty X (—0.00045767 X Tgeryq + 1.02746025)

where V is volume in gallons and T is for temperature in °F.

Section 4: Ethanol

CA-GREET3.0 uses most of the crop farming data from GREET1_2016; however,
parameters regarding ethanol production, co-production handling methods, N2O
emissions from biomass and fertilizer, transportation, etc. in CA-GREET3.0 are different.
For the LCFS, denaturant used is considered to be CARBOB which is the fossil
blendstock in finished gasoline. This section details changes to ethanol parameters in
CA-GREET3.0 compared to the Argonne model.

a. Calculation of Carbon Intensity for Denatured Ethanol

Given the supply of ethanol to the California market with a wide range of carbon
intensities, staff finds it appropriate to account for a representative Cl for ethanol when
denaturant is blended with anhydrous ethanol. The calculation for denaturant CI given
below is used to determine CI of denatured ethanol (Table 24). The 2.5% denaturant
blending is used as a ‘standard value’ in CA-GREET3.0.

Table 24. Comparison of Calculation of Carbon Intensity for Denatured Ethanol

Parameters CA-GREET2.0 GREET1 2016 CA-GREET3.0
Denaturant Content 2.50% 2.00% 2.50%
of Denatured Ethanol Petroleum tab®”’ Inputs tab Petroleum tab®’
(D-EtOH) (viv)
Net Denaturant
Contribution to CI 0.77 Not available 0.85

(gCO2e/MJ)

b. Corn Ethanol

Table 25 details differences between the three models for corn ethanol. The LCFS
program requires facility-specific inputs for energy, co-product and ethanol yields and
does not use industry-average values for these inputs. For chemical and enzymes, the
CA-GREET3.0 uses a weighted-average carbon intensity calculated from pathway
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applications certified using CA-GREET2.0 from 2016-2017. N20 emissions in CA-
GREET3.0 use IPCC (2006)" default values and are different from the Argonne model.
Enteric emissions credits are not considered and is the same approach used in CA-
GREET2.0.%

Table 25. Comparison of Parameters between the Three Models for Corn Ethanol

Parameter CA-GREET2.0 GREET1_2016% CA-GREET3.0
Farming 9,608 Btu/bu 2! 6,924 Btu/bu Same as GREET1_2016
energy
Inputs in g/bu
Inputs in g/bu N: 382.95
Fertilizer N: 423.3 P: 139.29
inputs P: 145.8 K: 146.41 Same as GREET1_2016
K: 151.3 CaCOs: 1,290.21
CaCO0a3: 1,149.9 Herbicide: 5.85

Insecticide: 0.01

Required to be input by
Ethanol yield applicants as part of 2.86 gal/bu 22
pathway CI certification.

Required to be input by applicants
as part of pathway CI certification.

2.02 gC0O2e/MJ based on use of

Y Required to be input by yeast, enzymes and chemicals and
east and .
Enzymes applicants as pgrt gf Included calculat_ed as average Cl from
pathway ClI certification. operational data from LCFS
applications (2016-2017).
Moisture 10% is based upon staff Required to be input by apolicants
content of pathway application 12% 23 as 9 t of path P Cl y rtpfp i
DDGS experience part of pathway CI certification.
DGS Yield Rgg;;irc?:nics) g‘: glapr;lto?y 5.63 bone dry Ibs/gal Required to be input by applicants

as part of pathway CI certification.

pathway CI certification.

9 IPCC 2006 N20 emissions from managed soils, and CO2 emissions from lime and urea application 2006
IPCC Guidelines for National Greenhouse Gas Inventories vol 4 (Hayama: IGES) chapter 11
http://www.ipcc-ngqip.iges.or.jp/public/2006gl/pdf/4 Volume4/V4 11 Ch11 N20&CO2.pdf

20 Summary of Expansions, Updates, and Results in GREET® 2016 Suite of Models. Systems Assessment
Group, Energy Systems Division, Argonne National Laboratory. ANL/ESD-16/21.
https://greet.es.anl.gov/files/summary-updates-2016

21 Wang, Michael Q., Jeongwoo Han, Zia Haq, Wallace E. Tyner, May Wu, and Amgad Elgowainy. "Energy
and greenhouse gas emission effects of corn and cellulosic ethanol with technology improvements and land
use changes." Biomass and Bioenergy 35, no. 5 (2011): 1885-1896.
http://www.sciencedirect.com/science/article/pii/S0961953411000298

22 Mueller, Steffen and Kwik, John, “2012 Corn Ethanol: Emerging Plant Energy and Environmental
Technologies”, UIC Energy Resources Center, (2013) Obtained from: http://ethanolrfa.org/page/-
[PDFs/2012%20Corn%20Ethanol%20FINAL.pdf?nocdn=1 Date accessed: 06-AUG-2014

23 Arora, Salil, May Wu, and Michael Wang. "Estimated displaced products and ratios of distillers’ co-
products from corn ethanol plants and the implications of lifecycle analysis." Biofuels 1, no. 6 (2010): 911-
922. https://greet.es.anl.gov/publication-corn-ethanol-displaced-products
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DGS Reduced
Enteric
Emissions
CREDIT

No reduced enteric
emissions credit.?*

-2,260 gCO2e/MMBtu

No reduced enteric emissions credit.

Drying
energy

For applicants who desire a
separate pathway to
account for separate DGS
streams (differentiated by
moisture content), meters
need to be installed to
account for drying energy.

11,141 Btu/gal
This value is obtained
by subtracting NG
energy used when a
facility is producing
dedicated dry and wet
DGS streams.

Required to be input by applicants
as part of pathway CI certification
using dedicated meters for NG used
for drying.

N in N20 as %

Disaggregated to account
for emissions from fertilizer

of NinN (1.325%) and crop residues 1.225%,26:27
fertilizer and | (1.225%) separately. Inputs Inputs tab Same as CA-GREET2.0
biomass tab. Tier 1 default EFs from
IPCC 2006.%5
H2SOs4, H2SO0s4,
grams/gal | User Defined grams/gal 4.65
Additional NHs, NHa,
Process grams/gal | User Defined grams/gal 17.82 2.02 gCO2e/MJ based on use of
Chemical NaOH NaOH yeast, enzymes and chemicals and
Inputs (User grams/gal | User Defined grams/gal 22.35 calculated as average Cl from
Defined CaO CaO operational data from LCFS
Values) grams/gal | User Defined grams/gal 10.66 applications (as of 12/11/2017).
Urea Urea
grams/gal | User Defined grams/gal | No Value

c. Sugarcane Juice-to-Ethanol

The Argonne version of the model only includes sugarcane juice to ethanol and does not
model the conversion of molasses (mostly uncrystallizable sucrose) to ethanol. CA-
GREET3.0 accounts for ethanol produced from both these feedstocks. All of the
agricultural inputs in CA-GREET3.0 are from the Argonne model. Ethanol production
inputs, transport, percentage of sucrose, molasses-related inputs are facility-specific and
are different compared to the Argonne model values. This section includes differences
between the three models and provides details of molasses modeling in CA-GREET3.0.

24 CA-GREET2.0 Supplemental Document and Tables of Changes, Date June 4, 2015:
https://www.arb.ca.gov/fuels/Icfs/ca-greet/ca-greet.htm

25 |PCC 2006 N20 emissions from managed soils, and CO2 emissions from lime and urea application 2006
IPCC Guidelines for National Greenhouse Gas Inventories vol 4 (Hayama: IGES) chapter 11
http://www.ipcc-ngqip.iges.or.jp/public/2006gl/pdf/4 Volume4/V4 11 _Ch11 N20&CO2.pdf

26 |PCC 2010 IPCC Expert Mtg. on HWP, Wetlands and Soil N2O (Geneva, October 2010) (available at
www.ipccnggip.iges.or.jp/meeting/pdfiles/1010 GenevaMeetingReport FINAL.pdf accessed September 17,

2014)

27 Frank, Edward D., Jeongwoo Han, Ignasi Palou-Rivera, Amgad Elgowainy, and Michael Q. Wang.
"Methane and nitrous oxide emissions affect the life-cycle analysis of algal biofuels." Environmental
Research Letters 7, no. 1 (2012): 014030. http://iopscience.iop.org/1748-9326/7/1/014030
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Electricity co-product credit and Table 26 provides details of parameters in the three
models for sugarcane ethanol.

Table 26. Comparison of Parameters for Sugarcane Ethanol

sugarcane straw
burned in the
field

the default Cl calculation
unless applicant provides
proof of the burning ratio,
which will be credited
back to the pathway.

proportioned based
on the percentage of
manual cutting field

Parameter CA-GREET2.0 GREET1_2016 CA-GREET3.0
For 65%
For 80% mechanized
mechanized harvesting:
N: 800.0 g/MT N: 925.40 g/MT harvesting: N: 1110.6
P: 300.0 P: 323.7 N: 1024.8 g/MT | g/MT
Fertilizer Inputs K: 1,000.0 K: 1,508.2 28 P:311.1
Lime: 5,200.0 Lime: 5,200.0 P:317.3 K:1,237.4
Herbicide: 45.0 Herbicide: 45.0 K:1,371.3 Lime: 5,200.0
Pesticide: 2.50 Pesticide: 2.50 Lime: 5,200.0 Herbicide:
Herbicide: 45.0 | 45.0
Pesticide: 2.50 | Pesticide:
2.50
Yield of 0.238 dry MT/MT 0.14 dry MT/MT Same as CA-GREET2.0
sugarcane straw sugarcane sugarcane
0.214 dry MT/MT
sugarcane. LCFS
A assumes emissions from | 0.019 dry MT/MT
mount of .
100% straw burning in sugarcane,

Same as CA-GREET2.0

kWh/gal EtOH

Electricity credit:

Required to be input by
applicants as part of
pathway CI certification.

-3.505 kWh/gal
EtOH,

This is a GREET
calculated value.

Required to be input by
applicants as part of pathway ClI
certification.

Lime (CaO) use
to produce
Ca(OH)z, for pH
adjustment in

Added to CA-GREET2.0,
T1 Calculator as a user
input. In Seabra et al.®
an input of 880 g/MT of
cane is used for adjusting

880 g/MT

880 g/MT 2

ethanol the sugar-rich juice pH
processing that is produced from
crushing cane.
. Same as GREET1_2016, with
T Sugarcang 2 _mlles by MDT, 10 truck transport to mill distance
ransportation Added HDD to T&D Tab | miles (User Input) by to be input by applicants as part
by HDD HDT in T&D Tab put by app P

of Cl certification.

28 VValues presented here include both baseline and supplemental fertilizer inputs. The baseline fertilizer
inputs are identical to CA-GREET2.0; the supplemental N input is based on the amount of collected and
burned straw; the supplemental P.Os and K20 inputs are based on the amount of collected straw.

29 Seabra, Joaquim EA, Isaias C. Macedo, Helena L. Chum, Carlos E. Faroni, and Celso A. Sarto. "Life
cycle assessment of Brazilian sugarcane products: GHG emissions and energy use." Biofuels, Bioproducts
and Biorefining 5, no. 5 (2011): 519-532.
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Parameter CA-GREET2.0 GREET1_2016 CA-GREET3.0

The applicant must include
truck transport distances from
the mill to the port, and ocean
T&D The applicant must Ocean Tanker tanker transport distances from
Ocean Tanker include transport distance | Transportation to the Brazilian port to a California
and Truck port. The formula which

. for ethanol transport from | United States: 7,416

Transportation : et ) assesses a back haul energy

. Brazil to California. miles . :
Distance charge and emissions impact to

ocean transport of ethanol from
Port in Brazil to a California Port
was added in the T&D tab.

d. Sugarcane Molasses-to-Ethanol

Sugarcane molasses is a byproduct of the finished or table sugar production process, and
is commonly used as a feedstock for ethanol production at most sugarcane-based sugar
and ethanol mills in Brazil. The sugarcane molasses-to-ethanol pathway parameters are
identical to the CA-GREET2.0 parameters in which upstream GHG impacts associated
with sugarcane farming, fertilizer and other agricultural inputs, straw burning, sugarcane
transport to the mill, and sugar production are apportioned by a calculated mass
allocation ratio. This ratio is determined from user inputs based upon allocation of
crystallizable and fermentable sugars in cane juice obtained from the sugarcane crush,
and made available for the production of finished or table sugar, production of standard
molasses, or made available for direct fermentation for the production of ethanol. The
mass allocation ratio represents the fraction of unconverted sugars in sugarcane juice
sent to sugar production that are made available for fermentation into ethanol. Hence,
only that fraction of upstream impacts associated with sugar production can be attributed
to sugarcane molasses-based ethanol production. Some GHG emissions associated with
raw sugar production are also attributed to the sugarcane molasses-based ethanol
pathway. This value in CA-GREET3.0 is 3,700 gCO2e/ton of cane.*®

e. Corn Stover Feedstock

To account for the removal of stover, the LCFS analysis attributes emissions from farming
energy and chemical inputs required to replace ‘harvested’ stover to the cellulosic
pathway and is the same approach used in CA-GREET2.0.%* Pathway applicants are
also required to limit indirect effects by demonstrating sustainable harvesting of stover
used in fuel production. N20O emissions rate from nitrogenous fertilizer is different in CA-
GREET models and this has been detailed in the corn ethanol section. For the LCFS, all
fuel producers are required to provide facility specific ethanol production and does not
consider the use of a default value for ethanol yield as is exists in the Argonne version of

30 Gopal, Anand R. and Daniel M. Kammen. "Molasses for ethanol: the economic and environmental
impacts of a new pathway for the lifecycle greenhouse gas analysis of sugarcane ethanol." Environmental
Research Letters 4, no. 4 (2009): 044005.
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the model. Ethanol production Table 27 provides a comparison of parameters for corn
stover used as feedstock for cellulosic ethanol between the three GREET models.

Table 27. Comparison of Parameters for Corn Stover to Ethanol

Parameter CA-GREET2.0 GREET1_2016 CA-GREET3.0
1.225%. Disaggregated to
L account for emissions from
N2O emissions: N | fertilizer (1.325%) and crop Same as CA-
inN20 as % of N | residues (1.225%) separately. 1.525% GREET2.0
in N fertilizer and | Tier 1 default EFs from IPCC
biomass 2006_Error! Bookmark not
defined.
Harvesting must be
. conducted appropriately to
Ki%f:::ggttffns limit indirect effects and Harvest and collection rate Same as CA-
corn stover sustainable harvesting of 31,3233 30% GREET2.0
stover needs to be
demonstrated.
Farming Energy Use:
192,500 Btu/ton collected
(100% Diesel Fuel). Note that
Energy Use and 233,592 Btu Diesel/dry ton in the ethanol tab, the stover
Ag Chemical transported, loader (4,200) is included and
inputs to replace N: 7,957 g/dry ton the ratio of stover harvested
chemicals transported, to stover collected and Same as
removed with P20s: 2,273.4 g/dry ton transported is 223,592 Btu/dt GREET1_2016
stover (Btu or transported, transported.
g/dry ton) K20: 13,640.6 g/dry ton Chemical Inputs (per ton
transported. transported):
N: 7,957.0 g/ton
P: 2,273.4 g/ton
K: 13,640.6 g/ton®*

3" Emery, Isaac R. "Direct and Indirect Greenhouse Gas Emissions from Biomass Storage: Implications for
Life Cycle Assessment of Biofuels." Order No. 3612988, Purdue University, 2013,
http://search.proquest.com/docview/15114531697accountid=26958 (accessed September 1, 2014).

32 Kwon, Ho-Young, Steffen Mueller, Jennifer B. Dunn, and Michelle M. Wander. "Modeling state-level soil
carbon emission factors under various scenarios for direct land use change associated with United States
biofuel feedstock production." Biomass and Bioenergy 55 (2013): 299-310.

33 Emery, Isaac R., and Nathan S. Mosier. "The impact of dry matter loss during herbaceous biomass
storage on net greenhouse gas emissions from biofuels production." biomass and bioenergy 39 (2012):
237-246. http://www.sciencedirect.com/science/article/pii/S0961953413000950

34 Zhichao Wang, Jennifer B. Dunn, Jeongwoo Han, and Michael Wang, Material and Energy Flows in the
Production of Cellulosic Feedstocks for Biofuels in the GREET Model, Argonne National Laboratory, 2013.
https://greet.es.anl.gov/publication-feedstocks-13
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Parameter CA-GREET2.0 GREET1_2016 CA-GREET3.0
205kWh/dry ton, Required to be
Ethanol Yield and . . Fuel_Prod_TS,® With the neq
Required to be input by - input by
Energy use for . assumed yield (85 gal/ton) .
applicants as part of pathway g 4 - applicants as part
Ethanol Cl certification this is equivalent to: of pathwav Cl
Production ' 2.412 kWh/gal of ethanol. pathway
certification.

85.0 gallons/dry ton %

f. Grain Sorghum to Ethanol

Due to the lack of representative and periodic updates to sorghum farming data
compared to corn farming from the United States Department of Agriculture, the National
Sorghum Producers Association provided the aggregated databased on their 2012 survey
of grain sorghum producers.®” Argonne National Laboratory reviewed the updated grain
sorghum data and deemed the data appropriate for use in CA-GREET3.0. Table 28
includes grain sorghum farming and sorghum ethanol production parameters compared
among three models.

3% Tao, L., D. Schell, R. Davis, E. Tan, R. Elander, and A. Bratis. NREL 2012 Achievement of Ethanol Cost
Targets: Biochemical Ethanol Fermentation via Dilute-Acid Pretreatment and Enzymatic Hydrolysis of Corn
Stover. No. NREL/TP-5100-61563. National Renewable Energy Laboratory (NREL), Golden, CO., 2014.

http://www.nrel.gov/docs/fy140sti/61563.pdf

3 Humbird, D., R. Davis, L. Tao, C. Kinchin, D. Hsu, A. Aden, P. Schoen et al. Process design and
economics for biochemical conversion of lignocellulosic biomass to ethanol. National Renewable Energy
Laboratory Technical Report NREL. TP-5100-47764, 2011. http://www.nrel.gov/docs/fy110sti/47764.pdf

37 National Sorghum Producers Carbon Intensity Calculations Based on 2015 SGS North America Report
and Supporting Documentation. March 30, 2017
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Table 28:

Comparison of Parameters for Grain Sorghum to Ethanol

Parameter

CA-GREET2.0

GREET1_2016

CA-GREETS3.0

16,741 Btu/bu includes:
Diesel fuel: 35.7%
Gasoline: 18.5%

10,302 Btu/bu includes:
Diesel fuel: 92.8% (including
92.2% diesel and 0.54% jet

NG: 45.7% and
Electricity: 0.1%

Farming energy Same as CA-GREET2.0 fuel)
Gasoline: 4.8%
NG: 1.6%

Electricity: 0.8%

All inputs in g/bu All inputs in g/bu All inputs in g/bu

N: 522.0 N: 522.4 N: 419.7
Fertilizer inputs | P: 123.2 P:123.5 P:101.8
K:19.0 K:19.4 K:20.2

Herbicide: 28.67 Herbicide: 28.67 Herbicide: 28.02

18,328 Btu/gal
Includes:
15,827 Btu/gal Natural

Process Energy

use for ethanol Required to be input by Required to be input by

production: applicants as part of o applicants as part of
Btu/gallon of pathway CI certification. (Bgti ‘7 ;?%éé)ri;?d %i%oéo/) pathway ClI certification.
ethanol 9 y, (1567
Required to be input by Required to be input by
Ethanol yield applicants as part of 2.81 gal/bu EtOH tab applicants as part of

pathway CI certification. pathway CI certification.

g. Corn Fiber to Ethanol

Staff added cellulosic ethanol from corn fiber process to the Tier 1 Simplified ClI
Calculator for Starch and Corn-Fiber Ethanol that is based on CA-GREET3.0, though the
corn fiber pathway is not included in the CA-GREET3.0 model.

The pathway inputs were developed based on Edeniq Corporation’s®® proprietary process
for the conversion of corn fiber to cellulosic ethanol. This process has an approved
pathway registration from the U.S. EPA under the Renewable Fuels Standard (RFS)
program. CA-GREET3.0 utilizes emission factors for cellulosic enzyme from the Argonne
version of the model and production volumes from corn fiber in facilities must conform to
verification guidelines required by the U.S. EPA.%*

Note that the system boundary of this pathway does not include the upstream corn
production process nor land use change (LUC) associated with corn ethanol; however, it
takes into account the enzyme (cellulose) use and the reduction in mass of co-produced
DGS. Other inputs of this pathway are assumed to be same as the corn starch ethanol
pathway.

38 https://www.edenig.com/products/

39 U.S EPA guideline for corn fiber ethanol to generate D3 RINs: https://www.gpo.gov/fdsys/pkg/CFR-2011-
title40-vol16/pdf/CFR-2011-title40-vol16-sec80-1426.pdf
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Section 5: Biodiesel and Renewable Diesel

CA-GREET3.0 uses most of the crop farming data from GREET1_2016; however,
parameters regarding biodiesel and renewable diesel production, co-production handling
methods, N20O emission from biomass and fertilizer, and transportation in CA-GREET3.0
were modified to reflect California-specific cases including some parameters which
require inputs from production facility as part of pathway ClI certification. CA-GREET3.0
also includes used cooking oil (UCO) to biodiesel and renewable diesel pathways which
are not available in the Argonne version of the model. For biodiesel and renewable diesel
transported from overseas to California, an ocean tanker (37,000 ton cargo payload) is
included for transportation of these fuels in CA-GREET3.0.

a. Soy Oil to Biodiesel (BD) or Renewable Diesel (RD)

Table 29 provides a comparison of changes between the three models for soybean
biodiesel and renewable diesel pathways.

Table 29. Comparison of Parameters for Soybean Oil to Biodiesel and Renewable

Diesel
Parameter CA-GREET2.0 GREET1_2016 CA-GREETS3.0
Mass of Soy 5'0.0 Ibs. soy/lb. soy oil. 21.3% soy oil.
Bean to Mass This value was changed Note there is no loss
. to be consistent with the s Same as CA-GREET2.0
of Soy Qil mass allocation of assumed for extraction in
Ratio 21041 | GREET1_2016
soybeans and soy oil.*®
Total energy: 3,687 Btu/lb.
soy oil.
Original data from
Soy Oil . National Oilseed .
Extraction Total energy: 3,687 Btu/lb. Processors Association?2 Total .erlgrgy. 3,073 Btu/lb.
soy oll soy oil.
Energy was subsequently
corrected due to errors in
the interpretation of the
original data.*®
Soy Oil Required to be input by Total energy: 1,213 Btu/lb, | Required to be input by
Transesterific- | applicants as part of which includes: applicants as part of pathway
ation Energy pathway ClI certification. - Natural gas (30.7%), Cl certification.

40 CA-GREET 2.0 assumed an average value of 20% oil in soybean and therefore, 20% of the GHG
emissions from soybean farming through extraction of soy oil are allocated to biodiesel.

41 CA-GREET 2.0 assumed an average value of 20% oil in soybean and therefore, 20% of the GHG
emissions from soybean farming through extraction of soy oil are allocated to renewable diesel.

42 Omni Tech International, 2010. Life Cycle Impact of Soybean Production and Soy Industrial Products.
Prepared for the United Soybean Board. http://biodiesel.org/reports/20100201 _gen-422.pdf (Accessed on
01/02/2018)

43 Chen, R,, Qin, Z., Han, J., Wang, M., Taheripour, F., Tyner, W., O’Connor, D., Duffield, J. 2018 (accepted
manuscript). Life cycle energy and greenhouse gas emission effects of biodiesel in the United States with
induced land use change impacts. Bioresource Technology. 251:249-258.
https://doi.org/10.1016/].biortech.2017.12.031
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Parameter CA-GREET2.0 GREET1_2016 CA-GREET3.0
- Electricity (4.6%),
- Methanol (64.7%).
For Tier 1 applications:
Sodium hydroxide: 2.42 g/lb.
BD
Chemical input data* Sodium Methoxide: 4.16 g/lb.
Sodium Hydroxide 0.44 Hydrochloric acid: 1.05 g/lb.
Soy Oil g/Ib.. BD _ Phqsphqric acid: 0.14 g/Ib.
Transesterific- | Required to be input by 188(1';”1 Methoxide Citric §C|d._0:0 9/lb.
ation applicants as part of . g/Ib._ _ Sulfuric acid: 1.89 g/lb. 3
Chemicals pathway Cl certification Hydrochloric acid 7.28 [All based on LCFS certified
) g/lb biodiesel pathways as of
Phosphoric acid: 0.29 g/lb | December 2017]
Citric acid: 0.33 g/Ib.
For Tier 2 applications:
Required to be input by
applicants as part of pathway
Cl certification.
Required to be input by
Glycerin Yield | 0.105 Ib. glycerin/lb. BD 0.11 Ib. glycerin/lb. BD applicants as part of pathway
Cl certification.
1,851 Btu/lb. RD which
RD Required to be input by includes: Required to be input by
Production applicants as part of - Natural gas (4.5%) applicants as part of pathway
Energy pathway ClI certification. - Electricity (5.1%) Cl certification.
- Hydrogen (90.4%)
The same allocation method
Sov Oil Sarr(;e_ a"é):a(gi%%?ﬂhgg_ Hybrid Allocation (mass l(JDScigrlcr)]dgcAt unZE]EJ:SO
B(i)g dielsel' ;?)(; oIiTat 22)% by ma.ss ' and energy) is used for (glycerin, free fatty acids,
Soymeal z:m d allocation 45 soybean Biodiesel and bottom distillates) must
Soy Oil Glycerin ét 4.93% by pathway based on energy | be entered by applicant.
Allocation energy aIIocétion of glycerin, not glycerin The current 4.93% allocation
[Glycerin]:[Glycerin+BD] and soybean meal factor for glycerin in the
) model is a place holder value
only.
Staff used the same Hybrid Allocation (mass Same allocation method
Soy Oil allocation method used in and energy) is used for used in CA-GREET2.0. Co-
Renewable CA-GREET1.8b. The the so bggn renewable products (propane, naphtha,
Diesel: allocation is: 20% soy oil diesely athwav based on and other distillates) must be
Soymeal and (mass allocation). ener pof o yane not entered by applicant. The
Soy Oil Propane allocation is 9y pd P b’ current 4.90% allocation
Allocation 4.90% on an energy Fr';gslane and soybean factor in the model is a place
basis. ' holder value only.

b. Tallow to Biodiesel (BD) or Renewable Diesel

44 The United Soybean Board (2010), “Life Cycle Impact of Soybean Production and Soy Industrial
Products”, Industry Publication, http://www.biodiesel.org/reports/20100201 gen-422.pdf

4 CA-GREET 2.0 assumed an average value of 20% oil in soybean and therefore 20% of the GHG
emissions from soybean farming through extraction of soy oil are allocated to renewable diesel.
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Most of the inputs to this pathway are facility-specific and require data related to biodiesel
or renewable diesel production. Table 30 compares the three models for parameters
related to tallow conversion to biodiesel or renewable diesel.

Table 30. Comparison of Tallow to Biodiesel and Renewable Diesel Parameters

Parameter CA-GREET2.0 GREET1_2016 CA-GREET3.0

Tallow collection and
transport included in T1
Calculator tab as part of
Collection and the tallow BD/RD

Transportation of | pathways. The BioOil tab Required to be input by
Unrendered details the energy and Not Included applicants as part of
Tallow for BD/RD | emissions from collection pathway ClI certification.

pathways and transportation of

tallow. T&D and T&D
Flowcharts also updated
accordingly.

Production from tallow as
a feedstock: Feedstock
use: 1.01 Ibs. tallow/Ib.
BD.

After allocation, the yield
is 1.044 Ibs. tallow/lb. BD

Tallow to BD Required to be input by
Yield: (Ibs. applicants as part of
tallow/lb. BD) pathway CI certification.

Required to be input by
applicants as part of
pathway CI certification.

Energy use for Biodiesel:

. . 1,213 Btu/lb.:*¢ Required to be input by
Trans:satltle?i‘zcation aR eql?c:;ictlst(;: . ela?tp(l)]; > - Natural gas (30.7%) applicants as part of
PR part of. - Electricity (4.6%) pathway Cl certification.
Energy Use pathway ClI certification. - Methanol (64.7%)
(Btu/lb. BD) e

Renewable Diesel Not specifically stated for

- Required to be input by Tallow. Required to be input by
Yield per Ib. of applicants as part of All BioOil-based RD applicants as part of
Tallow (Ibs. . . . s
pathway CI certification. Production: 1.17 Ib. oil/lb. | pathway CI certification.
tallow/lb. RD) RD

For all BioOil-based RD
Production energy use is

Renewable Diesel | Required to be input by 1851 Btu/lb.-

Required to be input by

Production applicants as part of applicants as part of
e - Natural gas (4.5%) P
(Btu/lb. RD) pathway CI certification. - Electricity (5.1%) pathway CI certification.
- Hydrogen (90.4%)
Tallow RD 0.059 Ibs. propane/lb. RD Not specifically stated for Required to be input by
Tallow. .
Propane co- (same as CA- applicants as part of

0.059 Ibs. propane/lb. RD

product yield GREET1.8b) 1,096 Btu propane/lb. RD

pathway CI certification.

46 opez, Dora E., Joseph C. Mullins, and David A. Bruce. "Energy life cycle assessment for the production
of biodiesel from rendered lipids in the United States." Industrial & Engineering Chemistry Research 49, no.
5 (2010): 2419-2432. http://pubs.acs.org/doi/abs/10.1021/ie900884x
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c. Used Cooking QOil to Biodiesel or Renewable Diesel

Used Cooking Qil (UCO) to biodiesel or renewable diesel pathways are not available in
GREET1_2016. CARB staff added UCO to CA-GREET as a feedstock for the production
of biodiesel and renewable diesel. Table 31 provides details of the inclusion of UCO in
CA-GREETS3.O0 for the production of biodiesel and renewable diesel.

Table 31. Comparison of Parameters for Used Cooking Oil used in Biodiesel and
Renewable Diesel

CA-GREET2.0
Parameter Data from CARB (2011)"7 GREET1_2016 CA-GREET3.0
unless otherwise noted

1. UCO collection and

transport
kl;g?;;atBe% 2. UCO Rendering for BD. Not available in

- This is a standard value of Same as CA-GREET2.0

Pathway in 1.018 Btu/lb. f c GREET1_2016
BioOil Tab ,018 Btu/lb. from CA-

GREET1.8b

3.UCOtoBD
UCO to RD 1. UCO collection and
Aggregated transport. Not available in )
Pathway in GREET1_2016 Same as CA-GREET2.0
BioOil Tab 2.UCOto RD

Energy content
(LHV) of UCO

9,214 Btu/lb. BioQil Tab,
Staff Calculation

Not available in
GREET1_2016

Same as CA-GREET2.0

Energy-based
allocation

Added to BioOil Tab

Not available in
GREET1_2016

Same as CA-GREET2.0

UCO used in BD
or RD
production

Added to BioOil Tab
G40=1.11 Ib./Ib. BD
H40 =1.17 Ib./lb. RD

Not available in
GREET1_2016

Required to be input by
applicants as part of
pathway CI certification
(composite yield based on
all feedstocks used in a
facility).

d. Distiller's Corn Oil to Biodiesel or Renewable Diesel

Table 32 compares inputs that have been changed between the three models for DCO
used in the production of biodiesel and renewable diesel.

47 California Air Resources Board, “Detailed California-Modified GREET Pathway for Biodiesel Produced in
the Midwest from Used Cooking Oil and Used in California”, June 30, 2011, Version 2.0.
http://www.arb.ca.gov/fuels/Icfs/2a2b/internal/15day-mw-uco-bd-rpt-022112.pdf
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Table 32. Comparison of Distiller’s Corn Oil Parameters for Biodiesel and
Renewable Diesel

Parameter CA-GREET2.0 GREET1_2016 CA-GREET3.0

Co-product

Allocation Displacement Marginal allocation Same as CA-GREET2.0
method

QOil Production

Total Energy used is
924.29 Btu/lb. oil:
- NG: 767 Btu/lb oil

- Electricity: 157 Btu/lb oil

266 Btu/Ib. oil using
electricity*®

Same as GREET1_2016

Oil Yield

0.03 gal oil/ gal ethanol

0.19 Ib/ gal ethanol
or 0.0247 gal/gal
ethanol (corn ethanol
density is 7.7 Ib/gal)

For Tier 1 applications:
0.03 gal oil/gal ethanol

For Tier 2 applications:
Required to be input by
applicants as part of pathway

ClI certification.

In the LCA of the corn ethanol pathway, DGS is considered a co-product and is modeled
as a credit using the displacement method in CA-GREET3.0. The DGS includes solids
and oil (DCO) as a composite mixture; thus, when DCO is extracted from DGS and used
as a feedstock in the production of biodiesel/renewable diesel, a debit is assessed in the
DCO pathway, which is a portion of the DGS co-product credit determined in the corn
ethanol pathway.

Conversion of DGS Credit (from ethanol pathway) to Debit in the DCO Pathway:
o Staff used the average DGS displacement credit (12.31 gC0O2e/MJ ethanol) and
average oil yield (0.236 Ib. oil/gal ethanol or 0.03 gal/gal) and the oil content of
DGS (4.2 percent by mass of composite DGS) from corn ethanol pathways
certified in 2016-17. Tier 1 applications will utilize this historical average data; Tier
2 applications must supply the site-specific information.

e. Canola (Rapeseed) QOil to Biodiesel or Renewable Diesel

Table 33 compares production inputs between the three models for Canola Oil used in
the production of biodiesel and renewable diesel. Noting that the calculation of canola
transportation in GREET1_2016 is missing a unit conversion from short ton to metric ton;
this issue has been corrected in CA-GREET3.0.

Table 33. Comparison of Inputs for Canola Oil to Biodiesel and Renewable Diesel

Pathways
Parameter CA-GREET2.0 GREET1_2016 CA-GREET3.0
Agricultural | Inputs in g/dry MT
Chemical | N:54,698.90 Same as CA-GREET2.0 Same as CA-GREET2.0
Inputs P: 15,298.90

48 Z. Wang, J. B. Dunn, J. Han, M. Q. Wang: Influence of corn oil recovery on life-cycle greenhouse gas
emissions of corn ethanol and corn oil biodiesel.
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Parameter CA-GREET2.0 GREET1_2016 CA-GREET3.0
K: 2,946.15
Herbicide: 300.0
Pesticide: 42.864°
1,238 Btu/lb. canola 1,316 Btu/lb. canola
Energy and Fuel Shares: Fuel Shares:
fuel shares | - 81.2% NG -79.3% NG Same as GREET1_2016
- 14.4% Electricity - 13.4% Electricity,
- 4.4% N-hexane*® - 7.3% N-hexane®°
Same as GREET1_2016.
Canola oil The 42.8% value in CA- _
mass 42.8% 47.3% ?.REETZ'O does not s_ptra]mfy
allocation if it was dry or wuet weight _
based. Argonne's calculation
includes 9% moisture.

Section 6: Hydrogen

The hydrogen pathways using steam methane reforming in CA-GREET3.0 assume that
feedstocks (fossil NG and biomethane) are transported from out-of-state to California
while the SMR hydrogen production occurs in California. The hydrogen pathways using
electrolysis method use the California eGRID mix while Argonne’s GREET1_2016 uses
U.S. average electricity. Detailed explanation and calculations are provided in the
Hydrogen section in the “CA-GREET3.0 Lookup Table Pathways — Technical Support
Documentation” included as part of the 2018 LCFS regulatory amendments.

Table 34 compares inputs in the three models for hydrogen produced in central steam
methane reforming plants.

Table 34. Central Hydrogen Plant Parameters (North American NG to Hydrogen)

Parameter CA-GREET2.0 GREET1_2016 ' CA-GREETS3.0

: _CA -T2
NG Transportation to | Pipeline 100% - 750 | b 006 1009 - 680 mi | Pipeline 100% - 1,000 mi

Hydrogen Plant mi
Hz Compression Energy 93.9% 90.7% Same as GREET1_2016
Efficiency

4% Hao Cai, Jeongwoo Han, Amgad Elgowainy, and Michael Wang, “Draft Argonne National Laboratory
Research Note: Updated Parameters of Canola Biofuel Production Pathways in GREET” Canola Council of
Canada (CCC), 2013. Development of Aggregated Regional GHG Emission Values for Canola Production
in Canada. Final Report.

50 Hao Cai, Jeongwoo Han, Amgad Elgowainy, and Michael Wang, “Parameters of Canola Biofuel
Production Pathways in GREET”, September 2015. https://greet.es.anl.gov/publication-canadian-canola

51 Amgad Elgowainy, Jeongwoo Han, and Hao Zhu, “Updates to Parameters of Hydrogen Production
Pathways in GREET”, October 7, 2013, Argonne National Laboratory https://greet.es.anl.gov/publication-
h2-13
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Section 7: Petroleum Products

California’s stringent fuel specifications require additional processing of crude to produce
finished fuels or fuel blendstocks compared to fuels produced from refineries which meet
federal fuel specifications. Accordingly, for California Reformulated Gasoline Blendstock
for Oxygenate Blending (CARBOB) and Ultra-Low Sulfur Diesel (ULSD), CA-GREET3.0
uses California-specific refinery modeling to calculate refining emissions for the
production of these fuels. The OPGEE 2.0b model is used to calculate crude oil recovery
and transport emissions in CA-GREET3.0.
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a. Upstream crude extraction carbon intensity

Table 35 details compares input values for California crude in the three models.

Table 35. Comparison of California Crude Oil Properties

Parameters

CA-GREET2.0

GREET1_2016

CA-GREET3.0

Cl of Recovery
Energy Efficiency,
Total Energy, and

Shares of
Processing Fuels

Using OPGEE 1.0 Crude
Oil Cl of 11.98 gCO2e/MJ

N/A

Using OPGEE 2.0b Crude Oil
Cl of 12.17 gCOze/MJ

API gravity
Average of Crude
to Refineries

25.16

Not included for
CA

Same as CA-GREET2.0

Sulfur Content of
Average Crude to
Refineries (wt %)

1.36 wt.%

Not Included for
CA

Same as CA-GREET2.0

Refinery Heavy
Product Yield
(MMBtu of MMBtu
of total refinery
products)

11%

Not Included for
CA

Same as CA-GREET2.0

Added Complexity
Index

13.83

Not Included for
CA

Same as CA-GREET2.0

Added California
Crude Oil Sources

Added California crude oil
sources to Inputs tab.
Source: OPGEE 1.0

Not Included for
CA

Added California crude oil
sources to Inputs tab. Source:
OPGEE 2.0b

Modified T&D
Flowchart for
Conventional
Crude Oil for Use
in California
Refinery

Modified T&D Flowcharts
Source: OPGEE 1.0

Not Included for
CA

Modified T&D Flowcharts
Source: OPGEE 2.0b
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b. Transportation of Conventional Crude for Use in CA Refineries

Transportation of crude to California refineries is from the OPGEE 2.0b model and is
different compared to the Argonne model which uses U. S. average data. Table 36
compares parameters for transportation of conventional crude among three models.

Table 36. Parameters for Transportation of Conventional Crude for use in CA

Refineries
Parameters CA-GREET2.0 GREET1_2016 CA-GREET3.052
10.99% of the total
conventional crude used
Domestic. Alaska in CA refineries is Ocean Tanker, 28.8%, Same as CA-
’ transported by ocean 3,900mi GREET2.0
tanker for 2,364 mi and
pipeline (3.72%) 800 mi
28.9% DIRECT
Co'?ft’imjzﬂg’ 48 | Pipeline: 37.73%, 100 mi T;ﬁgﬁggﬁ:%”;gﬁt' Same as CA-
g Rail: 0.08%, 2,000 mi p ind sen GREET2.0
States directly for distribution
from refineries)
R . 0
Imported from_Non Ocean Tanker: _40.4 %, Ocean Tanker: 40.2%, Same as CA-
North America 3,709 mi 10 762mi GREET2.0
Countries Pipeline: 3.2%, 38 mi ’ '
Imported from Pipeline: 1.6%, 900 mi o) Dl : Same as CA-
Canada and Mexico Rail: 5.5%, 800 mi 2.1% Pipeline, 885 mi GREET2.0

c. California Reformulated Gasoline Blendstock for Oxygenate Blending (CARBOB)
Refining/Processing

Table 37 compares refining parameters for gasoline blendstock between the three
models. Parameters such as energy inputs, refining efficiency and refinery operational
details for the production of CARBOB have been updated based on aggregated linear
programming (LP) modeling results for California-specific refineries. For detailed
explanation and calculation, refer to the CARBOB section in the “CA-GREET3.0 Lookup
Table Pathways — Technical Support Documentation” included as part of the 2018 LCFS
regulatory amendments.

Table 37. Comparison of CARBOB Refining/Processing Parameters

Parameters CA-GREET2.0 | GREET1 2016 | CA-GREET3.0
CARBOB Energy 89.0% 88.74% 53 88.64%
Efficiency ) ) )

52 Crude transport to CA is the same as in CA-GREET2.0, which is estimated by OPGEE

5 Amgad Elgowainy, Jeongwoo Han, Hao Cai, Michael Wang, Grant S. Forman , Vincent B. Divita, and.
"Energy Efficiency and Greenhouse Gas Emission Intensity of Petroleum Products at U.S. Refineries” May
2014. https://greet.es.anl.gov/publication-energy-efficiency-refineries.
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Parameters CA-GREET2.0 GREET1_2016 CA-GREET3.0
Total Energy Input for 1,123,630 1,126,838 1,128,160
CARBOB Production Btu/MMBtu Btu/MMBtu Btu/MMBtu

d. Calculation of Carbon Intensity for California Reformulated Gasoline (CaRFG)

The Argonne GREET1_2016 model does not include CaRFG as a finished fuel which is
included in CA-GREET3.0. Table 38 provides details of inputs used to calculate Cl for

CaRFG.
Table 38. Comparison of Calculation of Carbon Intensity for CaRFG
P y
Parameters CA-GREET2.0 GREET1 2016 CA-GREET3.0
Ethanol Content of 0/ 6 o Same as CA-
CaRFG (v/v) 9.50% 9.80% GREET2.0
Ethanol Content of o Same as CA-
CaRFG (MJ/MJ) 6.82% N/A GREET2.0
In 2010, 95% non-CA corn
ethanol (58.62 g CO2e/MJ) and
2010 Average 5% CA corn ethanol (46.41 g N/A Same as CA-
Ethanol CI + ILUC CO2e/MJ) + 2014 ILUC value ( GREET2.0
19.8 g CO2/MJ (EtOH tab)
=77.81 g CO2e/MJ
2010 Baseline
CARBOB CI 99.78 gCO2e/MJ N/A 101.43 gCO2e/MJ
CaRFG Tailpipe CH4 Emission: o
Tailpipe CHq 0.0004 (Ethanol) + 0.0056 o 8913330"&”/9“}' | Sggg§$§§'
(CARBOB) = 0.006 gCH4/MJS LTI gL '
CaRFG Tailpipe N2O o )
Tailpipe NzO Emissions: 0.0002 (Ethanol) + | ggﬁzsﬁz'gfm | SSEEE%COA

0.0031 = 0.0033 gN20/MJ ©

Table 39 compares transport and distribution parameters for CARFG between the three

models.
Table 39. Comparison of T&D of CA Reformulated Gasoline
Parameters CA-GREET2.0 GREET1_2016 CA-GREET3.0
80% of the total CA-RFG is
transported by pipeline for 50
CA-RFG miles to blending terminal and . Same as CA-
Transportation | 20% by HDD truck direct from Does not include CA-RFG GREET2.0
the refinery gate to fueling
stations
CA-RFG . . Same as CA-
Distribution HDD Truck for 50 miles Does not include CA-RFG GREET2.0
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e. California Ultra-Low Sulfur Diesel (ULSD) Refining/Processing, Transportation and
Distribution

Table 40 compares refining parameters for ULSD between the three models. For detailed
explanation, refer to the ULSD section in the “CA-GREET3.0 Lookup Table Pathways —
Technical Support Documentation” included as part of the 2018 LCFS regulatory
amendments.

Table 40. Comparison of ULSD Refining Parameters

Parameters CA-GREET2.0 GREET1_2016 CA-GREET3.0
ULSD Refining Energy
Efficiency (weighted 88.0% 90.91% 85.87%
average)
Total Energy Input for 1,136,398 Btu/MMBtu | 1,099,962 Btu/MMBtu | 1,164,551 Btu/MMBtu
ULSD Production fuel throughput fuel throughput fuel throughput

Table 41 compares transport and distribution parameters and values for ULSD among
three models.

Table 41. Comparison of T&D Parameters for ULSD

Parameters CA-GREET2.0 GREET1_2016 CA-GREET3.0
80% of the total ULSD is
ULSD rt]:iﬁ‘g:ﬁg%‘fgﬂg‘i’ng"f:r'm?n;‘?rai% 95% by pipeline, 150 mi Same as CA-
. o i .
Transportation 20% by HDD truck direct from the 5% by rail, 250 mi GREET2.0
refinery gate to fueling stations

ULSD : o . Same as CA-

Distribution HDD Truck for 50 miles 100% by HDDT, 30 mi GREET2.0

Section 8: Renewable Natural Gas

Argonne’s GREET1_2016 includes a COz credit to the RNG pathway for avoided flaring
and subsequently debits the pathway for combustion of RNG in an internal combustion
engine. The LCFS however, uses a different approach. For the life cycle analysis, flaring
of RNG is considered as the baseline and no credits or debits accrue to the pathway for
COg2 attributable to RNG. Only GHG emissions from processing, transport and final
compression before delivery to the CNG vehicle are considered in the life cycle of RNG
from landfills. Table 42 compares differences between the three models for renewable
natural gas.

CA-GREET3.0 Supplemental Document and Tables of Changes Page 32 of 51



Table 42. Comparison of Renewable Natural Gas Parameters

Parameters

CA-GREET2.0

GREET1_2016

CA-GREETS3.0

Landfill Gas to
LNG: Extraction
and Processing

A column was added to
distinguish Extraction
(recovery) and Processing
energy and emissions for
landfill gas to LNG.

Extraction and
Processing are
combined in a single
“Production” stage.

A column was added to
distinguish Extraction (recovery)
energy and emissions for landfill
gas to LNG.

Transmission
from
RNG site to LNG
Plant or CNG
delivery site

A column was added to
allow for transportation of
RNG by pipeline. Distance
in miles must be input by
applicant requesting
pathway certification.

Not Included

A column was added to allow for
transportation of RNG by
pipeline. Distance in miles must
be input by applicant requesting
pathway certification.

Landfill Gas CH4
Leakage
during Processing

1% of feed

2% of feed 27

Same as CA-GREET2.0.

Section 9: Fossil Natural Gas

Methane leakage factors for fossil natural gas in CA-GREET3.0 reflect values in
GREET1_2016. An error in CH4 Venting and Leakage value of 74.6 g CH4/mmBtu NG in
GREET1_2016 is corrected in CA-GREET3.0 to reflect the correct value of 46.7 g
CH4/mmBtu NG. Natural gas transmission and distribution emission factors in CA-
GREET3.0 are different compared to the Argonne model since the CA-GREET3.0 model
uses California specific values for natural gas transmission and distribution. Details are
provided in the natural gas section in “CA-GREET3.0 Lookup Table Pathways —
Technical Support Documentation” included as part of the 2018 LCFS regulatory
amendments. Table 43 compares processing parameters for shale-derived natural gas
between the three models.
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Table 43. Comparison of Methane Leakage for Shale-Derived Natural Gas

Para- CA-GREET2.0 GREET1_20165 CA-GREET3.0555
meter
NA-NG Processing CH4 Venting & Processing CH4 Venting &
Process Leakage: 23.71 gCH4/MI8IBtu Leakage: 23.24 gCH4/MI8IBtu Same as GREET1_2016
CHg4 per CHg4 per CHg4 per
Stage MMBIU NG Stage MMBIU NG Stage MMBIU NG
Transmission & Transmission & Transmission &
Storage Venting 81.189 Storage Venting 74.55 Storage Venting 46.7
NA-NG & Leakage & Leakage & Leakage
T&D Distribution Distribution Distribution
Venting and 63.635 Venting and 17.699 Venting and 17.699
Leakage Leakage Leakage
Total 144.82 Total 118.49 Total 90.64

Table 44 Comparison of transport distances for fossil natural gas between the three

models.

Table 44.Comparison of NG Pipeline Transportation Energy Intensity and Transport

Distances
Parameters CA-GREET2.0 GREET1_2016 CA-GREET3.0
DisfaI\Fr)::lénf?om Pipeline distance to
. stationary combustion 375 miles Same as CA-GREET2.0
NG Fields to ; )
sources is 680 miles.
end use
phpeline | Pipeline distance to
. . CNG stations is 1,000 750 miles Same as CA-GREET2.0
California miles
CNG Stations
Pipeline . Input pipeline transport
Distance to Applicant mgst report To U.S LNG Plant: 50 miles distance as part of
transport distance L
LNG Plants pathway application

54 Andrew Burnham, Jeongwoo Han, Amgad Elgowainy, and Michael Wang. “Updated Fugitive Greenhouse
Gas Emissions for Natural Gas Pathways in the GREET™ Model”, Argonne National Laboratory, October
2013. https://greet.es.anl.gov/publication-ch4-updates-13

5 A. Burnham, J. Han, A. Elgowainy, M. Wang, “Updated Fugitive Greenhouse Gas Emissions for Natural
Gas Pathways in the GREET1_2014 Model”, (October 3, 2014) https://greet.es.anl.gov/publication-
emissions-ng-2014

%6 Staff notes that natural gas throughput is affected by LHV of NG. As a result, these parameters are
slightly different than the reference due to different natural gas LHVs and densities used between GREET1
2013 and GREET1 2014 compared to CA-GREET3.0.
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For NG liquefaction, based on applicant information, CA-GREET3.0 considers NG used in
processing is combusted in an internal combustion engine. The Argonne GREET model
assumes NG combustion in a large turbine.

For the Transportation and Distribution of LNG, CA-GREET3.0 considers transport using
HDD truck and requires user specific input of transport distance from liquefaction facility
to LNG dispensing station in CA. GREET1_2016 considers it is transported 50% by
barge (520 miles) and 50% by rail (800 miles) to the bulk terminal, and distributed 100%
by HDD truck (30 miles) to the refueling station.

Section 10: Propane

Table 45 below compares changes in CA-GREET3.0 with GREET1_2016 for LPG
transport. For detailed explanation of the Propane pathway analysis, refer to the Fossil
Propane section in the “CA-GREET3.0 Lookup Table Pathways — Technical Support
Documentation” included as part of the 2018 LCFS regulatory amendments.

Table 45. Comparison of Parameters for Propane

Parameters CA-GREET2.0 GREET1_2016 CA-GREET3.0

LPG Transport from LPG plant to | LPG Transport from LPG

bulk terminal plant to bulk terminal: N/A. It
e Barge 6% - 520 mi is assumed LPG is distributed
e Pipeline 60% - 400 mi from LPG plant directly to
LPG Propane exempt e Rail 34% - 800 mi stations in CA.
Transport | from the regulation. . .
P I LPG Distribution from bulk LPG T&D to stations in CA
terminal to stations e Truck 100% - 200 mi

e Truck 100% - 30 mi
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Section 11: Conventional Jet Fuel

The conventional jet fuel pathway in GREET1_2016 reflects the U.S. average jet fuel
production. The CA-GREET3.0 model however, includes parameters to reflect
conventional jet fuel produced in CA refineries.

a. Feedstock recovery

Table 46 compares the subtotal Cls of the feedstock recovery process for the
conventional jet fuel in two models: GREET1_2016 uses U.S. average crude recovery,
whereas CA-GREET3.0 uses the OPGEE 2.0b Crude Oil CI.

Table 46. Comparison of Emissions from Crude Oil Recovery used in Conventional
Jet Fuel Production

CA-GREET2.0 GREET1_2016 CA-GREET3.0

Feedstock (crude oil) | Did not consider jet fuel

recovery, gCO2e/MJ in the regulation. 10.26 12.17

b. Jet fuel refining

Table 47 compares the energy efficiency, loss factor, energy inputs, intermediate
energy use, and emissions from on-site hydrogen production using steam methane
reforming. Both GREET1_2016 and CA-GREET3.0 use Linear Programming (LP)
results provided by Argonne; however, GREET1_2016 data represent the U.S.
average scenario, whereas CA-GREET3.0 data represent CA refineries producing
conventional jet fuel (based on aggregated LP modeling results for California-specific
refineries). The carbon intensity for Conventional Jet Fuel was evaluated for the
baseline year of 2010, the same as for CARBOB and ULSD.
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Table 47. Comparison of Jet Fuel Production Inputs

CA-GREET2.0 GREET1_2016 CA-GREET3.0

Energy efficiency D'dig(ithg?gzggif;‘fuel 95.3% 94.9%
External Energy Input (Btu/MMBtu of conventional jet fuel)

Crude 1,008,900 999,147

Residual oil 10,036 12,009

Natural gas 24,061 39,145

Electricity N/A 1,598 2,251

Hydrogen 4,285 910

N-butane 56 147

GTL 0 49
Intermediate products combustion (Btu/MMBtu of conventional jet fuel)

Pet coke 2,683 2,645

Refinery still gas N/A 31,292 40,885

Non-combustion emissions from on-site H2 SMR (gCO2e/MMBtu of conventional jet fuel)

| N/A

288

584

c. Jet fuel transportation and distribution

Table 48 compares mode, share, and distance of the jet fuel transportation and
distribution. In CA-GREET3.0, jet fuel is distributed directly from the refinery in CA to

the airports instead of being transported to the blending terminal.

Table 48. Comparison of Jet Fuel Transportation and Distribution

]
g CA-
g GREET2.0 GREET1_2016 CA-GREET3.0
a
S D
S o , istance Assuming pipeline
B c M h )
g5 ¢ colr?ls(ij dr;(r)t'et ode Share (miles) transportation to large
S5 €| fuelin thje Tanker 4% 1,300 airports/fuel terminal:
® 0 © | requlation Barge 48.5% 200
] 9 ' Pipeline 46.4% 110 Pipeline (100%) - 110 miles
= Rail 5.1% 490
c
2% Did not Assuming truck
22 consider jet : transportation from fuel
o= o -
E< fuel in the Truck 100% - 30 miles terminal to small airports:
g ] regulation. Truck 20% - 200 miles
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Introduction

This document provides details of the CA-GREET3.0 Lookup Table Pathways for the
following fuels:

e California Reformulated Gasoline Blendstock for Oxygenate Blending (CARBOB)
e California Ultra-low Sulfur Diesel (ULSD)
e Compressed Natural Gas
e Propane
e Electricity
o California average grid electricity supplied to electric vehicles (ELCG)
o Electricity that is generated from 100 percent solar or wind supplied to
electric vehicles in California (ELCR)
o Electricity supplied under the time-of-use provision with a Cl based on
curtailment probability (ELCT)
e Hydrogen
0 Compressed H2 produced in California from central SMR of North
American fossil-based NG (HYF)
o0 Liquefied H2 produced in California from central SMR of North American
fossil-based NG (HYFL)
0 Compressed Hz produced in California from central SMR of biomethane
(renewable feedstock) from North American landfills (HYB)
o0 Liquefied Hz produced in California from central SMR of biomethane
(renewable feedstock) from North American landfills (HYBL)
0 Compressed H2 produced in California from electrolysis using California
average grid electricity (HYEG)
o Compressed H2 produced in California from electrolysis using solar- or
wind-generated electricity (HYER)

This document provides the input values and assumptions related to calculation of
carbon intensities determined using CA-GREET3.0 for each of the pathways included in
the Lookup Table.
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Section A. California Reformulated Gasoline Blendstock for Oxygenate Blending
(CARBOB)

. Pathway Summary

California Reformulated Gasoline Blendstock for Oxygenate Blending (CARBOB)
pathway carbon intensity includes greenhouse gas emissions from the following life
cycle stages: crude oil recovery from all domestic and oversea sources, crude
transport to California for refining, refining of the crude to gasoline blendstock in
California refineries, transport to blending racks and distribution of the finished fuel,
and tailpipe emissions’ from final combustion in a vehicle. Based on the updated
CA-GREETS3.0, the carbon intensity (Cl) of CARBOB is calculated to be 101.43
gCO2e/MJ of CARBOB as shown in Table A.1.

Table A.1. Summary Table of CARBOB CI

Component Total CI*
gCOze/MJ
Crude Recovery and 1217
Crude Transport '
Refining 14.92
CARBOB Transport 0.41
Tailpipe Emissions 73.94
Total CI 101.43

* Individual values may not sum to the total due to rounding

Il. Pathway Assumptions, Details, and Calculation

1. Crude QOil Recovery and Transport to California:

Crude oil recovery for the year 2010 is based on the Oil Production Greenhouse Gas
Emission Estimator (OPGEE) model, version 2.0b.? The Cl is calculated to be 12.17
gCO2e/MJ.

2. CARBOB Refining:

' Tailpipe emissions are determined for California reformulated gasoline (90 percent CARBOB and 10
percent ethanol by volume) and allocated to the blendstock on an energy basis.

2 El-Houjeiri, H.M., Vafi, K., Masnadi, M.S., Duffy, J., McNally, S., Sleep, S., Pacheco, D., Dashnadi, Z.,
Orellana, O., MacLean, H., Englander, J., Bergerson, J and A.R. Brandt. Oil Production Greenhouse Gas
Emissions Estimator (OPGEE) Model Version 2.0b, Nov 30th, 2017
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To calculate carbon intensity of refinery product streams for the Greenhouse Gases,
Regulated Emissions, and Energy Use in Transportation (GREET®) model, Argonne
National Laboratory (ANL) contracted with Jacobs Consultancy Inc. to develop a
refinery linear programming (LP) model for evaluation of the petroleum refining process.
The LP model represents process-based refinery operations, material flows, prices, and
responses to changes in petroleum product specifications. The model maximizes
refinery profit by determining the optimal volumetric throughput and utility balance
among various processes under given market and technical conditions. The modeling
results were validated against propriety data from 43 individual refineries in the U.S. in
2012. The validated models were also compared to the 2010 refinery statistical data
available from the U.S. Energy Information Administration (EIA), and little difference
was observed at the Petroleum Administration for Defense District (PADD) level.

From the LP modeling results, product-specific efficiency, the efficiency of producing an
end product, should be calculated to estimate the emissions associated with each
product. The product specific efficiency can be calculated as energy in an end product
divided by energy associated with the production of the end product. Usually, the
production of an end product takes one or more processes. The energy associated with
the production of the end product is estimated from aggregating energy consumed in
the processes of the pathways. Because many processes produce multiple output
streams, the energy consumed in these processes is allocated to the output streams by
the energy values of the output streams. Note that the LP model provides the volumetric
and mass flow rates of individual process units in a given refinery. The energy flow rates
of gaseous and solid streams are calculated using their heating values. The energy flow
rates of liquid streams are calculated using a heating value regression formula by its
API gravity. More detailed information relating to model development, refinery and unit
efficiency calculation and allocation methodology used in this study is presented by
Elgowainy et al.3

For the LCFS, ANL disaggregated PADD 5 data* and provided weighted average data
for California refineries from the validated LP model. ANL included energy inputs,
refining efficiency and refinery operational details for the production of CARBOB and
these are shown in Table A.2.

Maijor inputs of CARBOB refining include crude oil, heavy unfinished oils, butane,
blendstocks, natural gas, hydrogen and electricity. Heavy unfinished oils (e.g., vacuum
gas oil) can be purchased from less complex refineries and processed in more complex
refineries with deep conversion units (such as coker, hydrocrackers, etc.). Gasoline
blendstocks (such as butane, reformates, alkylates, etc.) can also be purchased from
other facilities to meet the gasoline specification depending on market conditions,
refinery capacities, etc. NG is used to provide heat and electricity via combustion or to

3 Amgad Elgowainy, Jeongwoo Han, Hao Cai, Michael Wang, Grant S. Forman , Vincent B. Divita, and.
"Energy Efficiency and Greenhouse Gas Emission Intensity of Petroleum Products at U.S. Refineries”
May 2014. https://greet.es.anl.gov/publication-energy-efficiency-refineries

4 PADD 5 includes California, Arizona, Nevada, Hawaii, Oregon, Alaska and Washington.
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generate hydrogen via steam methane reforming. When combusted, NG is mixed with
refinery off gases from process units. A portion of the hydrogen used in the refinery is
purchased from external sources.

From the LP modeling, the total energy input for CARBOB is calculated to be 1,128,160
Btu for every 1,000,000 MMBtu of finished product. This translates to a refining
efficiency calculated as 1,000,000/1,128,160 and reported as 88.64% in Table A.2.

The energy inputs are derived from various inputs based on the LP modeling results
and include:

e Crude: This is the quantity of crude-derived feedstock used in the production
of CARBOB. From Argonne’s modeling, a weighted-average California
refinery uses 750,105 Btu of crude to produce 1,000,000 Btu of CARBOB.

e Additional external energy inputs are derived from purchased
feedstock/blendstock, which include residual oil (as a surrogate for purchased
unfinished oil and heavy products), natural gas, electricity, hydrogen, butane
and other blendstock. The subtotal of these inputs makes up the remaining
1,128,160 - 750,105 = 378,055 Btu of input energy.

e During CARBOB refining, intermediate products such as pet coke and
refinery still gas are combusted to provide additional energy to the refining
process. Since these intermediates are generated from the input crude and
other purchased energy, they do not contribute to the total energy input.
However, their combustion contributes to the final Cl for CARBOB. Table A.3
provides the emission factors (EFs) used in the calculation of GHG emissions
from combustion of these intermediate products.

e A portion of purchased NG is used to produce H2 in an on-site steam
methane reforming (SMR) reactor. The CO: released in the SMR is
considered as non-combustion emissions from NG and is included in the final
Cl for CARBOB.

e Forthe LCFS, since Crude Oil Recovery and Transport to California and the
CARBOB Refining processes are calculated for the 2010 base year, the NG
production and electricity mix data in the calculation have been adjusted to
reflect 2010 values which were also applied in previous model version CA-
GREET2.0.
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Table A.2. Refining Parameters Used in CARBOB Refining ClI Calculations

Parameter Value Unit Note

This is CA specific CARBOB refining energy

CR':EE::B efficiency (weighted average). Although the
Ener g 88.64 % reference reports PADD-level results, same
nergy calculation methodology applies to CARBOB
Efficiency

produced in California refineries.

CARBOB Refining: External Energy Inputs (Including Feedstocks and Process Fuels) for
1,000,000 Btu of finished product

Crude oil 750,105 Btu Crude input for the production of CARBOB

As a surrogate for purchased unfinished oil and

Residual oil 138,330 Btu
heavy products.

A portion of purchased natural gas is converted into
H2 by on-site SMR (see Intermediate Products Non-
combustion Emissions section below) while the rest

ETEL EE SR e is mixed with fuel gases and combusted to produce
heat and electricity (see Intermediate Products
Combustion section below).

Electricity 4,953 Btu From grid.

Hydrogen 2,533 Btu Purchased from external vendor.

Purchased butane is used mainly as a blendstock
Butane 77,161 Btu for gasoline. Assumes butane refining requires 1/3
of gasoline refining energy.

Other purchased blendstock (alkylates, reformates
and natural gasoline) produced elsewhere.

B S B Assumes blendstock refining requires 2/3 gasoline
refining energy.
Total 1,128,160 Btu Total external energy input of 1,128,160 Btu for

1,000,000 Btu of CARBOB production
CARBOB Refining: Intermediate Products Combustion for 1,000,000 Btu of finished product

Since the FCC coke is an intermediate product
derived from the external inputs (crude oll,
unfinished oil, heavy products, etc.), on-site

Pet Coke 19,855 Btu combustion of the FCC coke does not contribute to
the total energy inputs. The emission factor of pet
coke combustion in an industrial boiler (stationary
application) is 101.66 gCO2e/MJ (Table A.3).

Refinery still gas is a mix of purchased natural gas
and internally produced fuel gas. Since refinery still
gas is derived from the external inputs, on-site
combustion of the refinery still gas does not
contribute to the total energy inputs. The emission
factor of refinery still gas combustion in an industrial
boiler (stationary application) is 54.69 gCO2e/MJ
(Table A.3).

Refinery Still

Gas 94,100 Btu
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Parameter Value Unit Note
CARBOB Refining: Intermediate Products Non-combustion Emissions for
1,000,000 Btu of finished product

On-site Steam
Methane 1113 gCo> CO2 emission from the on-site SMR, which converts
Reformer ’ a portion of purchased NG into Ha.
(SMR)

The CI of refining in CA-GREET3.0 is 14.92 gCO2e/MJ.

Table A.3. Emission Factors for Petroleum Coke and Refinery Still Gas
as Refinery Intermediate Products

Pet Coke Refinery Still Gas
Combustion Technology Industrial Boiler Industrial Boiler

VOC, g/MMBtu 0.47 2.54

CO, g/MMBtu 23.95 22.21

CH4, g/MMBtu 1.25 1.06

N:20, g/MMBtu 0.86 0.75

CO2, g/MMBtu 106,933 57,409
Emission Factor, gCO2e/MJ intermediate product 101.66 54.69

3. CARBOB Transport and Distribution:

Transportation: CARBOB is transported to the blending terminal and is blended with
ethanol. 80% is assumed to be transported by pipeline for 50 miles to a blending
terminal and 20% is blended at the refinery and distributed 50 miles by Heavy Duty
Diesel (HDD) truck (emissions for HDD distribution is accounted in the distribution step).

Distribution: Finished gasoline is distributed to gas stations and is assumed to be a total
of 50 miles by HDD Truck.

4. Tailpipe Emissions:

Since CARBOB is a blendstock and not a final finished fuel, vehicle tailpipe emissions
represent the portion of California Reformulated Gasoline (CaRFG) emissions allocated
to CARBOB. The tailpipe emissions are based on CARB’s EMFAC 2010 model® and
results are shown in Table A.4:

5 California Air Resources Board. May 2014. California’s 2000-2012 Greenhouse Gas Emissions
Inventory Technical Support Document. State of California Air Resources Board. Air Quality Planning and
Science Division. https://www.arb.ca.gov/cc/inventory/doc/methods 00-12/ghg_inventory 00-

12 technical support document.pdf
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Table A.4. Tailpipe Emissions from CARBOB

GHG

CHs4
N20
CO:

Total

Tailpipe GHG from gasoline
vehicles, g/MMBtu gCOze/MJ
5.87 0.14
3.22 0.91
76,904.65 =589
78,010.83 73.94

A comparison of refinery process details and pathway Cl for CARBOB between CA-
GREET2.0 and CA-GREET3.0 is provided in Table A.5.
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Table A.5. Comparison of Cls and Refining Details for CARBOB
Production between CA-GREET2.0 and CA-GREET3.0

CARBOB CA-GREET2.0 CA-GREET3.0 Difference
Electricity source 3-CAMX Mix
1) Crude Recovery
Source (feedstock production) OPGEE default
Efficiency 92.58% 90.42%
Cl, gCOze/MJ 11.98 12.17 0.19
2) Crude Refining to CARBOB
Source (fuel production) CA Crude
Efficiency 89% 88.64%
Residual oil 24.9% 36.6%
Diesel fuel 0.0% 0.0%
Gasoline 0.0% 0.0%
Share of other Natural gas 37.40% 22.6%
energy inputs LPG 8.01% 0.0%
(excluding crude)  Ejectricity 3.5% 1.31%
Hydrogen 26.2% 0.7%
Butane 0.0% 20.4%
Blendstock 0.0% 18.4%
Feed loss 0.0% 0.0%
Cl, gCOze/MJ 13.45 14.92 1.46 6
3) CARBOB Transport
80% pipeline to plending terminal, 50 50
miles
. ZQ% on-site blending anq 0 0
distributed by HDD truck, miles
Distributed by HDD Truck, miles 50 50
Cl, gCOze/MJ 0.41 0.41 0.00
4) Tailpipe Emissions 73.94 73.94 0.00
Methane (CH4), g/MJ 0.14 0.14
N20, g/MJ 0.91 0.91
CO2, g/MJ 72.89 72.89
Total Cl, gCO2e/MJ 99.78 101.43 1.65

6 Mainly due to improved data quality and refined resolution of the LP models.
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Section B. California Ultra Low Sulfur Diesel (ULSD)
. Pathway Summary

The California Ultra-low Sulfur Diesel (ULSD) pathway carbon intensity assessment
includes greenhouse gas emissions from the following well-to-wheel life cycle stages:
crude oil recovery from all domestic and overseas sources, crude transport to California
for refining, refining of the crude to ultra-low sulfur diesel in California refineries,
transport to blending racks and distribution of the finished fuel, and tailpipe emissions
from final combustion of the fuel in a vehicle. Based on the updated CA-GREET3.0
model, the life cycle Carbon Intensity (CI) of California ULSD is calculated to be 100.95
gCO2e/MJ as shown in Table B.1.

Table B.1. Summary Table of California ULSD CI

Aggregated Impact g::lglz 27“75
Crude Recovery and 12.17
Crude Transport
Crude Oil Refining 13.58
ULSD Transport 0.34
Tailpipe Emissions 74.86
Total CI 100.95

* Individual values may not sum to the total due to rounding

Il Pathway Assumptions, Details, and Calculation

1. Crude QOil Recovery and Transport to California:

Crude oil recovery for the year 2010 is based on the updated Oil Production
Greenhouse Gas Emission Estimator (OPGEE) model, version 2.0b.? The ClI for this
phase of the life cycle assessment is calculated to be 12.17 gCO2e /MJ.

2. ULSD Refining:

To calculate carbon intensity of refinery product streams for the Greenhouse Gases,
Regulated Emissions, and Energy Use in Transportation (GREET) model, Argonne
National Laboratory (ANL) contracted with Jacobs Consultancy Inc. to develop a
refinery linear programming (LP) model for evaluation of the petroleum refining process.
The LP model represents process-based refinery operations, material flows, prices, and
responses to changes in petroleum product specifications. The model maximizes
refinery profit by determining the optimal volumetric throughput and utility balance
among various processes under given market and technical conditions. The modeling
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results were validated against propriety data from 43 individual refineries in the U.S. in
2012. The validated models were also compared to the 2010 refinery statistical data
available from the U.S. Energy Information Administration (EIA), and little difference
was observed at the Petroleum Administration for Defense District (PADD) level.

From the LP modeling results, product-specific efficiency, the efficiency of producing an
end product, should be calculated to estimate the emissions associated with each
product. The product specific efficiency can be calculated as energy in an end product
divided by energy associated with the production of the end product. Usually, the
production of an end product takes one or more processes. The energy associated with
the production of the end product is estimated from aggregating energy consumed in
the processes of the pathways. Because many processes produce multiple output
streams, the energy consumed in these processes is allocated to the output streams by
the energy values of the output streams. Note that the LP model provides the volumetric
and mass flow rates of individual process units in a given refinery. The energy flow rates
of gaseous and solid streams are calculated using their heating values. The energy flow
rates of liquid streams are calculated using a heating value regression formula by its
API gravity. More detailed information relating to model development, refinery and unit
efficiency calculation and allocation methodology used in this study is presented by
Elgowainy et al.?

For the LCFS, ANL disaggregated PADD 5 data and provided weighted average data
for California refineries from the validated LP model. ANL included energy inputs,
refining efficiency and refinery operational details for the production of ULSD and these
are shown in Table B.2.

Major inputs of ULSD refining include crude oil, heavy unfinished oils, butane, natural
gas, hydrogen and electricity. Heavy unfinished oils (e.g., vacuum gas oil) can be
purchased from less complex refineries and processed in more complex refineries with
deep conversion units (such as coker, hydrocrackers, etc.). Butane as a blendstock can
also be purchased from other facilities to meet the ULSD specification depending on
market conditions, refinery capacities, etc. NG is used to provide heat and electricity via
combustion or to generate hydrogen via steam methane reforming. When combusted,
NG is mixed with refinery off gases from process units. A portion of the hydrogen used
in the refinery is purchased from external sources.

From the LP modeling, the total energy input for California ULSD is calculated to be
1,164,551 Btu for every 1,000,000 MMBtu of finished product. This translates to a
refining efficiency calculated as 1,000,000/1,164,551 and reported as 85.87% in Table
B.2. The energy inputs are derived from various inputs based on the LP modeling
results and include:

e Crude: This is the quantity of crude-derived feedstock used in the
production of ULSD. From Argonne’s modeling, a weighted-average
California refinery uses 978,161 Btu of crude to produce 1,000,000 Btu of
ULSD.

CA-GREET3.0 Lookup Table Pathways — Technical Support Documentation Page 11 of 45



e Additional energy inputs are derived from purchased feedstock and
include residual oil (as a surrogate for purchased unfinished oil and heavy
products), natural gas, electricity, hydrogen and butane. The subtotal of
these inputs makes up the remaining 1,164,551 - 978,161 = 186,390 Btu
of the input energy.

e During ULSD refining, intermediate products such as pet coke and refinery
still gas are combusted to provide additional energy to the refining
process. Since these intermediates are generated from the input crude
and other purchased energy, they do not contribute to the total energy
input. However, their combustion contributes to the final Cl for ULSD.
Table A.3 provides the emission factors (EFs) used in the calculation of
GHG emissions from combustion of these intermediate products.

e A portion of purchased NG is used to produce H2 in an on-site steam
methane reforming (SMR) reactor. The CO: released in the SMR is
considered as non-combustion emissions from NG and is included in the
final Cl for ULSD.

e For the LCFS, since Crude Oil Recovery and Transport to California and
the ULSD Refining processes are calculated for the 2010 base year, the
NG production and electricity mix data in the calculation have been
adjusted to reflect 2010 values which were also applied in previous model
version CA-GREET2.0.
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Table B.2. Refining Parameters Used in ULSD Refining Cl Calculations

Parameter Value

ULSD Refining
Energy 85.87
Efficiency

Unit

%

Note

This is CA specific ULSD refining energy efficiency
(weighted average). Although the reference reports
PADD-level results, same calculation methodology
applies to ULSD produced in California refineries.

ULSD Refining: External Energy Inputs (Including Feedstocks and Process Fuels) for

Crude oil 978,161
Residual oil 38,877
Natural gas 133,541

Electricity 6,878

Hydrogen 6,721

Butane 373
Total 1,164,551

Btu

Btu

Btu

Btu

Btu
Btu

Btu

1,000,000 Btu of finished product

Crude input for the production of ULSD.

As a surrogate for purchased unfinished oil and
heavy products.

A portion of purchased natural gas is converted into
H2 by on-site SMR (see Intermediate Products Non-
combustion Emissions section below) while the rest
is mixed with fuel gases and combusted to produce
heat and electricity (see Intermediate Products,
Combustion section below).

From grid.

Purchased from external vendor.
Purchased.

Total external energy input of 1,164,551 Btu for
1,000,000 Btu of ULSD production in California.

ULSD Refining: Intermediate Products Combustion for 1,000,000 Btu of finished product

Pet Coke 7,076
Refinery Still 115.219
Gas

Btu

Btu

Since the FCC coke is an intermediate product
derived from the external inputs (crude oll,
unfinished oil, heavy products, etc.), on-site
combustion of the FCC coke does not contribute to
the total energy inputs. The emission factor of pet
coke combustion in an industrial boiler (stationary
application) is 101.66 gCO2e/MJ (Table A.3).

Refinery still gas is a mix of purchased natural gas
and internally produced fuel gas. Since refinery still
gas is derived from the external inputs, on-site
combustion of the refinery still gas does not
contribute to the total energy inputs. The emission
factor of refinery still gas combustion in an industrial
boiler (stationary application) is 54.69 gCO2e/MJ
(Table A.3).

ULSD Refining: Intermediate Products Non-combustion Emissions for

On-site Steam
Methane
Reformer

(SMR)

2,856

gCOz2

1,000,000 Btu of finished product

CO2 emission from the on-site SMR, which converts
a portion of purchased NG into Ha.
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The CI for ULSD refining is calculated from CA-GREET3.0 to be 13.58 gCO2e/MJ.

1. ULSD Transport and Distribution:

Transportation: After refining, ULSD is transported to the distribution terminal. The
assumed transport route is 80% by pipeline for 50 miles, and 20% is directly transported
by truck to a filling station (50 miles considered in distribution leg).

Distribution: Finished diesel is distributed from a diesel terminal to filling stations and
this distance is assumed to be 50 miles by HDDT.

2. Tailpipe Emissions:

The tailpipe emissions are based on CARB’s EMFAC 2010 model® and results are
shown in Table B.3:

Table B.3. ULSD Tailpipe Emissions

Tailpipe GHG Emissions from

GHG Diesel-fueled Vehicles gCOze/MJ
(gCO2e/MMBtu)

CH4 1.39 0.03

N20 2.56 0.72

CO: 76,068.43 74.10

Total 79,866.31 74.86

A comparison of refinery process details and pathway CI for ULSD between CA-
GREET2.0 and CA-GREET3.0 is provided in Table B.4.
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Table B.4. Comparison of Cls and Refining Details for ULSD Production between
CA-GREET2.0 and CA-GREET3.0

ULSD

Electricity source
1) Crude Recovery
Source (feedstock production)
Efficiency
Cl, gCO2e/MJ
2) Crude Refining to ULSD
Source (fuel production)

Efficiency
Residual oil
Diesel fuel
Gasoline
Share of other Natural gas
energy inputs
(excluding crude) LPG
Electricity
Hydrogen
Butane
Feed loss
Cl, gCO2e/MJ

3) ULSD Transport

80% pipeline to blending terminal,
miles
20% on-site blending and
distributed by HDD truck, miles

Distributed by HDD Truck, miles
Cl, gCOze/MJ
4) Tailpipe Emissions
Methane (CH4), g/MJ
N20, g/MJ
CO2, g/MJ
Total Cl, gCO2e/MJ

CA-GREET2.0

CA-GREET3.0
3-CAMX Mix

OPGEE default

92.58% 90.42%
11.98 12.17
CA Crude

88% 85.87%
24.9% 20.8%
0.0% 0.00%
0.0% 0.00%
37.40% 71.7%
8.01% 0.0%
3.5% 3.7%
26.2% 3.6%
0.0% 0.2%
0.0% 0.0%
14.83 13.58
50 50
0 0
50 50
0.34 0.34
74.85 74.86
0.03 0.03
0.724 0.724
741 74.1
102.01 100.95
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Section C. Compressed Natural Gas

. Pathway Summary

The North American fossil natural gas (NG) to compressed natural gas (CNG) pathway
includes the life cycle stages depicted in Figure C.1. The fossil NG used as feedstock is
modeled as an average unit of gas withdrawn from commercial pipelines, and reflects
the shares of North American NG supply obtained from shale formations (50.2%) and
from conventional fossil natural gas wells (49.8%).”

Pipeline

Fiamo
1]
a
-

NG Processing

: i I —— Transmission
Tttt

W BN
[

Compression (or
Liguefaction) for
Refueling

End Use in California
Transportation

Figure C.1. Life Cycle Compressed Natural Gas Production and Use
(Courtesy of Argonne National Lab)

Based on the CA-GREET3.0 model, the carbon intensity (Cl) of Compressed Natural
Gas is calculated to be 79.03 gCO2e/MJ and is detailed in Table C.1.

7 U.S. Energy Information Administration. Annual Energy Outlook 2015. Table: Oil and Gas Supply. Case:
Reference case, Data year 2014. (accessed Oct, 2017) http://www.eia.gov/beta/aeo/#/?id=14-
AEO2015&cases=ref2015
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Table C.1. Summary Table of Compressed Natural Gas ClI

Total CI*

Pathway Stage gCOze/MJ
Natural Gas (NG) Recovery 6.05
NG Processing 3.25
NG Transport 5.86
NG Compression 3.14
Tailpipe Emissions 60.73
Total CI 79.03

* Individual values may not sum to the total due to rounding

Il. Pathway Details, Assumptions, and Calculations

Extracted NG is processed to meet pipeline specifications e.g., for methane content,
heating value, and contaminant concentration. About 90% of fossil natural gas used in
California is imported from natural gas basins stretching from western Canada to Texas,
and 10% is produced in-state.® Figure C.2 shows sources of NG imported into
California and their pipeline transmission linkages. For processed NG imported via
pipeline to California, staff estimated a weighted average distance of approximately
1,200 miles however, due to lack of detailed data for intra-state supplied NG, an overall
weighted transport distance of 1,000 miles was assumed for NG from all sources of NG
used in California for the production of Compressed Natural Gas.

8 California Energy Commission http://www.energy.ca.gov/almanac/naturalgas data/overview.html
(accessed 02/07/2018)
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Figure C.2. Sources of Natural Gas Imported to California

Western Canadian

Sedimentary Basin

Natural Gas Resource Areas and Pipelines

1. ANG

2. El Paso

3. Kern River

4. Mojave

5. Northwest

6. NOVA

7. Paiute

8. PG&E

9. PG&E GT - NW
10. SoCalGas

11. SDG&E
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14. Southern Trails
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@ Hub

Map Mot to Sease

(from California Energy Commission?®)

Methane Leakage assumptions from extraction to final distribution in CA-GREET3.0 are
the same as Argonne GREET1_2016 and detailed in Table C.2.

9 Natural gas resource areas and interstate pipelines into California from California Energy Commission

website (accessed 02/07/2018)

http://www.energy.ca.gov/almanac/naturalgas datalinterstate pipelines.html
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Table C.2. Methane Leakage Assumptions

CHa4 leakage rate for each stage in

11
conventional NG and shale gas pathways'’ CH. leakage
Stage Convsguonal Shale gas Convsguonal Shale gas
4 tu ol. %
g CH4/MMBtu NG Vol. %
Re°°"ery\',§r“’tﬁg'e“°" e 0.5 118 0.00% 0.06%
R°°°"e’3(,;mf;;°"er CH. 0.0 24 0.00% 0.01%
Recovery - Liquid Unloading 0 0
CHa Venting 9.0 9.0 0.04% 0.04%
Well Equipment - CHs 134.9 134.9 0.65% 0.65%
Venting and Leakage
Processing - CH4 Venting 26.2 26.2 0.13% 0.13%

and Leakage

Transmission and Storage -
CHa4 Venting and Leakage (g 46.7 46.7 0.23% 0.23%
CH4/MMBtu NG/1000 miles)

Distribution - CH4 Venting

0, 0
and Leakage 17.7 177 0.09% 0.09%

Total 1.14% 1.21%

Table C.3 provides detailed Cl calculations for the fossil NG pathway'? using CA-
GREET3.0. For NG recovery and processing, efficiency (expressed in percentage)
represents the ratio of energy content in the output product over total energy input
(including feedstock and process fuels). The table also lists fuels used in NG recovery
and processing and provides a breakdown of the individual shares (expressed in
percentage) used in these operations. Feed loss and flared gas during processing are
also listed in the table. The table includes GHG emissions (expressed as Cl in g/MJ) for
each step from recovery to final use in transportation. Table C.3 also includes details of
Cl calculations for this pathway using factors and inputs in CA-GREET2.0 to provide a
comparison of changes and related impacts relative to CA-GREET3.0.

0 Burnham, A. Updated Fugitive Greenhouse Gas Emissions for Natural Gas Pathways in the
GREET1_2016 Model. Table 3, Page 6. October 2016. Retrieved October 2017.
https://greet.es.anl.gov/publication-updated-ghg-2016

" CA-GREET3.0 — Input Tab

12 Clark, et al. Life-Cycle analysis of Shale Gas and Natural Gas. December 2011. Retrieved October
2017. https://greet.es.anl.gov/publication-shale gas
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Table C.3. Compressed Natural Gas Pathway Cls
(comparison of Cl CA-GREET2.0 and CA-GREET3.0)

Fossil NG CA-GREET2.0 CA-GREET3.0 Difference
Conv;rétlonal Shale NG Conv;rétlonal Shale NG
Electricity source 3-CAMX Mix
Share of NG supply 77.20% 22.80% 49.78% 50.22%
1) NG Recovery
Efficiency 97.18% 97.07% 97.50% 97.62%
@ Residual oil 0.88% 0.81% 1.00% 1.00%
§ Diesel 9.71% 8.87% 11.00% 11.00%
E_ % Gasoline 0.88% 0.81% 1.00% 1.00%
g = NG 77.23% 76.43% 86.00% 86.00%
E Electricity 0.88% 0.81% 1.00% 1.00%
» Feed loss 10.41% 12.28% Included in NG as process fuel

Natural Flared,

Btu/MMBtu 8,370 8,292 10,486 10,327
Cl, gCO2e/MJ 3.98 6.05 2.07"
2) NG Processing
Efficiency 97.35% 97.35%
@ Residual oil 0.0% 0.0%
§ Diesel 0.9% 1.0%
E_ 2 Gasoline 0.0% 0.0%
g b= NG 90.07% 96.0%
E Electricity 4.5% 3.0%
» Feed loss 4.5% 0.0%
Cl, gCO2e/MJ 3.38 3.25 -0.13
3) NG Transport
Pipeline Miles 1,000 1,000
Cl, gCO2e/MJ 8.17 5.86 -2.31"4
4) Compression
Efficiency 97% 97%
Cl, gCO2e/MJ 3.25 3.14 -0.11
g)Jj‘"pipe E e, 60.69 60.73 0.04
Total Cl, gCO2e/MJ 79.46 79.03 -0.43

'3 Mainly due to the increased NG flaring during recovery.

4 Due to lower updated NG transmission leakage rate.
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Tailpipe emissions for CNG vehicles are calculated using emission factors from the
Argonne GREET 1 2016 model for Methane (CHa4) and Nitrous Oxide (N20). For COg, it
is calculated based on Carbon in NG. Results of the tailpipe emissions are shown in

Table C.4:

Table C.4. Summary of Tailpipe GHG Emissions from Compressed Natural Gas

Vehicles'
Tailpipe GHG from
GHG Compressed Natural Tailpipe Cl, gCO2e/MJ
Gas, g/MMBtu

CHa 203.28 4.82

N20 0.46 0.13

CO: 58,853.65 55.78

Total 64,073.17 60.73

> CA-GREET3.0 — NG Tab
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Section D. Propane

Pathway Summary

Propane (also termed Liquefied Petroleum Gas or LPG) is a co-product from the
refining of crude oil and is also extracted during natural gas and crude oil recovery.
It is a flammable mixture of hydrocarbon gases predominantly propane and butane.
At atmospheric pressures and temperatures, propane will evaporate and is therefore
stored in pressurized steel tanks. As a motor vehicle fuel, LPG is composed
primarily of propane with varying butane percentages to adjust for vaporization
pressure. Less than 3% of propane produced in the U.S. is currently used as a
transportation fuel.®

Data from the Energy Information Administration'” indicates that in PADD 5, 25% of
propane is produced from natural gas sources and 75% from refineries. Also,
propane produced in the PADD 5 region exceeds propane used in California for all
uses."”” The propane pathway therefore assumes propane used in transportation is
produced in-state and delivered 200 miles by heavy-duty truck to end-users or retail
stations within California.

Based on the updated CA-GREET3.0 model, the carbon intensity (Cl) of propane is
calculated to be 83.38 gCO2e/MJ and is detailed in Table D.1.

'6 California Energy Commission, accessed Oct 2017:
http://www.energy.ca.gov/drive/technology/propane.html

7 U.S. Energy Information Administration. Petroleum & Other Liquids, Supply and Disposition, West
Coast (PADD 5), Annual 2014, accessed Oct. 2017.
https://www.eia.gov/dnav/pet/pet sum snd d r50 mbbl a cur-2.htm
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Table D.1.

Pathway Stage

Feeds Inputs from NG
NG Recovery
NG Processing
NG Transmission
Feeds Inputs from Crude
Crude Recovery
Crude Transport
Propane Refining from NG
Propane Refining from Crude
Non-Combustion Emissions
Propane Transport
Propane Storage
Tailpipe Emissions
Total CI

Summary Table of Propane CI

Total CI*
Cl, gCO2e/MJ Cl, gCO2e/MJ gCO2e/MJ
from 100% NG from 100% (weighted based
source crude source  25/75 ratio of the
sources)
6.03 1.51
3.24 0.81
0.27 0.07
6.50 4.88
1.36 1.02
3.06 0.77
10.20 7.65
0.79 0.43 0.52
1.13 1.13 1.13
0.0 0.0 0.0
65.03 65.03 65.03
79.55 84.65 83.38

* Values may not sum to total due to rounding

Pathway Details, Assumptions, and Calculations

Since propane is recovered from both natural gas and crude sources, the production
step includes contributions from both sources and is detailed below. Since 25% is
produced from natural gas sources and 75% from crude sources, the Cls are
proportionally weighted for the total propane produced.

1. Propane (from Natural Gas) Recovery, Processing, and Transport:

The propane recovery process from NG sources is assumed to be the same as the NG
recovery process detailed in the fossil NG pathway in Section C. The clean, processed

gas is pipelined 50 miles (assumed) to a LPG plant.'®

Total Cl of all three steps for propane production from NG sources: NG recovery
(1.51g/MJ), NG processing (0.81g/MJ), and NG transport by pipeline (0.07g/MJ) is
calculated to be 2.39 g/MJ (all with 25% allocation).

2. Propane (from Crude) Recovery, Processing and Transport:

'8 The loss factors during the NG transportation are different between a CNG plant (1000 mi pipeline) and

a LPG plant (50 mi pipeline).
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U.S. crude source is used where Cl from crude extraction is 4.88 gCO2e/MJ and CIl from
crude transportation is 1.02 gCO2e/MJ. These reflect 75% allocation for propane
produced from crude sources. The total carbon intensity for propane production from
crude sources is calculated to be 5.89 gCO2e/MJ.

3. Propane Refining (from NG and Crude):

The energy efficiency and fuel used (with corresponding shares) of propane refining
from NG and crude sources is detailed in Table D.2. After allocation, the carbon
intensity of propane refining (from NG sources) is calculated to be 0.77 gCO2e/MJ and
propane refining (from crude sources) at 7.65 gCO2e/MJ as shown in Table D.2.

Table D.2. Propane Refining Parameters *

NG sources Crude sources
Energy Efficiency 96.5% 89.5%
Energy Use Btu/MMBtu
Diesel 363 113,436
Natural Gas 34,819 47,674
Electricity 1,088 3,177
Hydrogen 7,610
Butane 65,169
Cl results af?er 25/75 0.77 7.65
allocation

* Values may not sum to total due to rounding

4. Propane Non-combustion Emissions

CI from non-combustion emissions is calculated to be 0.20 g/MJ for propane derived
from NG sources. The non-combustion emissions for propane produced from crude
sources is calculated to be 0.32 g/MJ. Both these values reflect a 25/75 percent
allocation for propane sourced from these two sources. Total emissions from non-
combustion emissions is calculated to be 0.52 gCO2ze /MJ.

5. Propane transport:

Propane transport distance is assumed to be 200 miles by HDD truck to LPG stations
and shown in Table D.3. The GHG emissions from transport is calculated to be 1.13
gCOz2e /MJ
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Table D.3. Propane Transport and Distribution

Transport and distribution Mileage Cl*
mode g gCO2¢e /MJ
Distribution by Heavy Duty 200 miles 1.13

Diesel Truck
* Values may not sum to total due to rounding

6. Tailpipe Emissions:

Tailpipe emissions from the use of propane in light duty propane vehicles are calculated
using values from the Argonne GREET1_2016 model for Methane (CH4) and Nitrous
Oxide (N20). For COg, it is calculated based on Carbon in propane and shown in Table
D.4. Total tailpipe emissions calculations are shown in Table D.5.

Table D.4. Summary of Tailpipe CO2 Emissions from Propane Vehicles

Parameter Value
MPGGE (_Miles per Gasoline 23 4
Equivalent Gallon)
Total Propane Use, Btu/mile 4,795
CO: in Propane, grams CO:z/mile 326.3
Convert to gCO2/MMBtu 68,052.7

Table D.5. Summary of Tailpipe GHG Emissions from Propane Vehicles'

Tailpipe Emissi_ons for cr*
GHG Propga}rl\lneMv;thL:cles gCO2e/MJ
CH4 3.18 0.075
N20 1.59 0.45
CO: 68,052.7 64.50
Total 68,607.25 65.03

* Values may not sum to total due to rounding

9 CA-GREET3.0 - Results Tab, LPGV section
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Section E. Electricity
. Pathway Summary

There are three pathways for electricity supplied to electric vehicles in the Lookup Table
and they are summarized in Table E.1 and E.1.a with calculated pathway Cls.

Table E.1. Electricity Lookup Table Pathways

Fuel

Pathway Fuel Pathway Description Total CI
gCOz2e/MJ
Code
ELCG California average grid electricity supplied to electric vehicles (subject 93.42
to annual updates)
Electricity that is generated from 100 percent solar or wind supplied
ELCR . ) . o 0.00
to electric vehicles in California
ELCT California Time-of-Use (TOU) Pathways (subject to annual updates) EEE
E.1.a below

The time-of-use carbon intensity values consider the grid-average carbon intensity, the
percent of zero-Cl electricity generated for a given time interval, and the probability of
curtailment from wind and solar occurring. In this way, time-of-use carbon intensities
are lower for periods with high curtailment.

Table E.1.a. Summary of Carbon Intensities for Each Time of Use Window for
Electricity Generated in 2017

CALCULATED TOU CARBON INTENSITY (gCO2e/MJ)
TOU WINDOW Quarters
Q1 Q2 Q3 Q4
12:01 AM — 1:00 AM 95.69 103.32 101.96 96.61
1:01 AM —2:00 AM 95.01 104.94 102.09 96.85
2:01 AM — 3:00 AM 94.76 102.23 100.94 96.40
3:01 AM —4:00 AM 93.85 102.03 100.42 96.27
4:01 AM —5:00 AM 93.84 102.19 99.88 96.41
5:01 AM - 6:00 AM 97.13 99.84 99.71 94.99
6:01 AM — 7:00 AM 97.33 89.51 98.02 93.79
7:01 AM — 8:00 AM 86.07 64.23 101.38 87.41
8:01 AM - 9:00 AM 57.07 37.43 78.83 86.05
9:01 AM — 10:00 AM 45.16 28.98 59.11 72.83
10:01 AM — 11:00 AM 47.82 17.79 51.06 72.97
11:01 AM — 12:00 PM 50.41 13.43 30.20 70.29
12:01 PM - 1:00 PM 51.86 14.27 34.66 68.29
1:01 PM —2:00 PM 58.30 21.60 41.52 69.29
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2:01 PM - 3:00 PM 60.19 27.63 54.34 73.24
3:01 PM - 4:00 PM 57.02 47.92 66.70 70.53
4:01 PM - 5:00 PM 67.18 57.44 85.88 80.72
5:01 PM - 6:00 PM 89.19 85.82 90.28 91.63
6:01 PM - 7:00 PM 96.73 93.86 94.07 94.04
7:01 PM - 8:00 PM 98.33 101.16 97.62 95.16
8:01 PM - 9:00 PM 98.45 101.77 98.22 95.41
9:01 PM - 10:00 PM 98.66 100.57 98.68 95.55
10:01 PM - 11:00 PM 98.16 103.22 99.75 95.74
11:01 PM — 12:00 AM 93.31 103.53 102.05 96.18
*Based on curtailment data for year 2017 and subject to updates.
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Il. Pathway Details, Assumptions, and Calculations
A. California average grid electricity supplied to electric vehicles (ELCG)

The California electricity generation mixes in CA-GREET3.0 are based on the Total
System Electric Generation published by the California Energy Commission (CEC) for
the 2016 data year.?° California electricity resource mix was used for both feedstock and
power generation: the weighted carbon intensity (Cl) of the feedstock mix is calculated
to be 16.67 gCO2e/MJ, and the Cl of the power generation is calculated to be 76.75
gCO2e/MJ.?!

Based on the updated CA-GREET3.0 model, the CI of average California Electricity is
calculated to be 93.42 gCO2e/MJ and is detailed in Table E.2.

According to the U.S. Energy Information Administration (EIA),?? of the 262 plants in the
U.S. that generated electricity using fuel resources categorized as “unspecified,” 135
reported using natural gas, biogas, and/or land fill gas. Additionally, of the 21 plants in
California that generated electricity using fuel sources categorized as “unspecified,” 13
reported using natural gas and/or biogas. Therefore, natural gas was used as a
surrogate for “Unspecified” fuel category in the CA-GREET3.0. Additionally, “Other
Petroleum” in the CEC 2016 was treated as “Residual Oil” in the calculation.

The calculation of emission factors was based on different combustion technologies and
their energy conversion efficiencies of each fuel type (Table E.3). For example, residual
oil-fired power plants use three combustion technologies: boiler, internal combustion
engine, and gas turbine. In California, the shares of these three technologies are
72.4%, 15.5%, and 12.1%, respectively. Furthermore, the energy conversion
efficiencies of these three technologies are 33.9%, 39.0%, and 27.6%, respectively.
The combustion technology shares and their energy conversion efficiencies were
calculated using aggregated data from EIA.2> Complete details are available in
Argonne’s 2013 report.?*

20 2016 California Total System Electric Generation data from California Energy Commission (CEC)
website, accessed 11/2017: http://www.energy.ca.gov/almanac/electricity data/total system power.html

21 Assumes an average transmission loss from power lines is 6.5% for the U. S. from GREET 1 2016

22 U.S. Energy Information Administration. List of plants for other, United States, all sectors, 2014.
https://www.eia.gov/electricity/data/browser/#/topic/1?agg=2,0,1&fuel=00g&geo=g&sec=g&freq=A&datec
ode=2014&rtype=s&pin=&rse=0&maptype=0&Itype=pin&ctype=linechart&end=2016&start=2014

23 U.S. Energy Information Administration. Form EIA-923 detailed data, accessed 2017.
http://www.eia.gov/electricity/data/eia923

24 Hao Cai, Michael Wang, Amgad Elgowainy, Jeongwoo Han. Updated Greenhouse Gas and Criteria Air
Pollutant Emission Factors of the U.S. Electric Generating Units in 2010. 2013.
https://greet.es.anl.gov/publication-electricity-13
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Table E.2. Summary of Cl for California Average Grid Electricity Supplied to
Electric Vehicles *

. . Feedstock Production Power Generation
Electricity Energy
Resources Inputs, Emission Contribution to Emission Contribution to
Mix Btu/MMBtu Factor, Cl, Factor, Cl,
gCO2e/MMBtu = gCO2e/MMBtu = gCO22/MMBtu  gCO2e/MMBtu
Re%‘f:“a' 0.15% 4714 14,366 67.72 85,336 402.29
Natural Gas 50.87% ** 1,130,708 13,686 15,475 59,492 67,269
Coal 4.13% 127,364 5,362 682.90 100,712 12,827
Biomass 2.25% 434,367 3,001 1,303 1,110 482.12
Nuclear 9.18% 24117 2,284 55.09 0 0
Hydro 11.87% 126,907 0 0 0 0
Geothermal 4.38% 46,805 0 0 0 0
Wind 9.06% 96,886 0 0 0 0
Solar PV 8.11% 86,771 0 0 0 0
Subtotal 100% 17,584 80,980
Tailpipe 0 0
Emissions
Total Cl, gCO2e/MMBtu 98,564
Total Cl, gCOze/MJ 93.42

* Values may not round to sum due to rounding.

** In the CA-GREET3.0 model, all undefined energy resources are assumed to be from natural gas. This
value represents the sum of the reported natural gas used in the electricity mix (36.48%) and the
undefined energy categories (14.39%), as the total share of natural gas (50.87%) in the CA Electricity
Resources Mix.

Examples of calculation in Table E.2:

For Natural Gas (NG) Feedstock Production, the NG energy input is

50.87%
48.12% x (1 - 6.5%)

x 10°Btu/MMBtu = 1,130,708 Btu/MMBtu;

where:

Power generation share of NG = 50.87%;
Loss in electricity transmission = 6.5%; and

Power Plant Energy Conversion Efficiency (see Table E.3) =

1
(6.4%=+32.0%) + (3.3%+32.8%) + (89.2%+51.1%) + (1.1%+34.4%)

= 48.12%
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The contribution of NG to the feedstock production Cl is:

1,130,708 Btu/MMBtu
10°Btu/MMBtu

x 13,686 gC0,e/MMBtu

= 15,475 gC0O,e/MMBtu, or 14.67 gCO,e/M]
where:

EF of NG use in power plant = 13,686 gCO2e/MMBtu
(Cl value of the “Natural Gas for Electricity Generation” pathway in the NG tab).

Similarly, for Natural Gas in Electricity Production, the NG energy input is
1,130,708 Btu/MMBtu.

The contribution of NG to the power generation Cl is:

1,130,708 Btu/MMBtu
106Btu/MMBtu

%X 59,492 gC0,e/MMBtu

= 67,269 gCO,e/MMBtu, or 66.93 gCO,e/M]
where:
EF of Electricity generation from NG (see Table E.3) =
[(634.09 gCO2/kWh X 6.4%) + (618.63 gCO2/kWh x 3.3%)
+ (397.29 gCO2/kWh x 89.2%) + (589.89 gC02/kWh X 1.1%)]
X 48.12% % 293.07 kWh/MMBtu

= 59,492 gC02/MMBtu
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Table E.3. Summary of Combustion Technology Shares and Energy Conversion
Efficiencies for California Average Grid Electricity Supplied to Electric Vehicles

Emission Factors of Combustion Power Plant
Combustion Technology Shares for Energy
Technologies, a Given Plant Fuel Conversion
gCO2e/kWh Type Efficiency
Residual Oil-Fired Power Plants
Boiler 859.07 72.4% 33.9%
Internal Combustion Engine 746.84 15.5% 39.0%
Gas Turbine 1,053.94 12.1% 27.6%
Weighted Average 33.65%
Natural Gas-Fired Power Plants
Boiler 634.09 6.4% 32.0%
Simple-cycle gas turbine 618.64 3.3% 32.8%
Combined-cycle gas turbine 397.29 89.2% 51.1%
Internal Combustion Engine 589.89 1.1% 34.4%
Weighted Average 48.12%
Coal-Fired Power Plants
Boiler 990.33 100.0% 34.7%
IGCC 985.78 0.0% 34.8%
Weighted Average 34.70%
Biomass Power Plants
Boiler 16.76 100.0% 22.6%
IGCC 28.69 0.0% 34.8%
Weighted Average 22.60%
B. Electricity that is generated from 100 percent solar or wind supplied to

electric vehicles in California (ELCR)

For electricity that is generated from 100 percent solar or wind and supplied to electric
vehicle charging, the pathway Cl is 0.0 g/MJ.

C. California Electricity supplied under the time-of-use provision with a Cl
based on curtailment probability (ELCT)

1. Description of time-of-use CIl scores:

The time-of-use carbon intensity is calculated based on the probability that curtailment
occurs in relation to renewable electricity generation. Due to the increased use of
otherwise curtailed renewable electricity, the TOU Cl may be incremental to other
credits. In this way, there is no double counting of emission reductions that are credited
using TOU CI values due to EV charging or electrolytic hydrogen production. To remain
algorithmically neutral, a set of carbon intensities for time-of-use windows are generated
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which may be used to claim additional emission reductions due to EV charging and
electrolytic hydrogen production that takes place during these times to minimize
curtailment.

2. Calculation of average carbon intensity for electricity from non-zero CI
sources:

To avoid double counting and to keep time-of-use charging incentives consistent with a
grid-average carbon intensity approach, values are first calculated to determine the
average carbon intensity for electricity not coming from wind and solar for each time-of-
use window. This calculation assumes that when average wind and solar generation is
added to generation from other sources, the average carbon intensity for that time-
period still equates to the published grid-average ClI, 93.42 gCO2e/MJ in 2017:

Clgrid average

TOU . W+S
(1 _ Generationggy >

i lotal
Generationgyy;

CIOthET —

Where:
CI2theT is the average carbon-intensity attributed to generation coming from non-
zero Cl sources during a given time-of-use (TOU) window;

cl9riaaverage is the calculated annual grid-average carbon intensity;

Generation',7 is the total generation from wind and solar for a given time-of-use
window as given by the California Independent System Operator;

GenerationT9t* is the total generation in California for a given time-of-use-
window as given by the California Independent System Operator.

Generation profiles for each hour are based on the California ISO production and
curtailment report.2s The CI25"¢" value is used to represent the average carbon intensity
of electricity not procured from zero-Cl sources. If EV charging load is shifted to a
specific time interval, and there is not curtailment, additional generation will be required.
This additional generation is assumed to be equivalent to the average generation profile
during that time interval that is not met by zero-Cl fuels. CI results for non-zero
generation are shown in Table E 4.

Table E.4. Calculated Cl values for non-zero ClI electricity generated in 2017

CALCULATED NON-ZERO CI FOR 2017 GENERATION (gCO2¢e/MJ)
TOU WINDOW Q1 Q2 Q3 Q4
12:01 AM — 1:00 AM 99.56 106.14 103.08 98.76

25 http://www.caiso.com/Documents/HistoricalProduction-CurtailmentDataNowPosted-ISOWebsite.html
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1:01 AM - 2:00 AM 99.71 106.31 103.22 98.98

2:01 AM - 3:00 AM 99.61 106.22 103.08 98.91
3:01 AM - 4:00 AM 99.56 105.81 102.65 98.69
4:01 AM - 5:00 AM 99.17 104.68 102.00 98.55
5:01 AM - 6:00 AM 98.59 103.24 100.99 98.19
6:01 AM —7:00 AM 98.42 106.25 101.33 97.96
7:01 AM - 8:00 AM 104.21 121.35 110.81 103.32
8:01 AM - 9:00 AM 117.84 138.56 126.49 119.94
9:01 AM - 10:00 AM 128.36 148.56 134.54 133.12
10:01 AM — 11:00 AM 133.46 154.15 136.82 137.95
11:01 AM - 12:00 PM 135.43 155.97 137.21 138.82
12:01 PM - 1:00 PM 136.61 155.84 136.16 138.59
1:01 PM - 2:00 PM 135.71 155.19 134.03 136.85
2:01 PM - 3:00 PM 132.13 153.92 131.86 131.47
3:01 PM - 4:00 PM 124.92 150.36 128.74 118.88
4:01 PM - 5:00 PM 112.31 143.86 124.43 106.09
5:01 PM - 6:00 PM 103.02 132.74 116.70 99.47
6:01 PM —7:00 PM 99.21 115.56 106.52 97.31
7:01 PM - 8:00 PM 98.33 104.91 101.29 97.37
8:01 PM —9:00 PM 98.45 103.38 100.87 97.53
9:01 PM - 10:00 PM 98.66 103.80 101.34 97.67
10:01 PM - 11:00 PM 98.99 104.66 101.97 97.96
11:01 PM — 12:00 AM 99.38 105.66 102.61 98.40

3. Calculation of Wind and Solar Curtailment Probability:

As credits generated from TOU pathways are in addition to other credits, the calculation
depends directly on to the probability that curtailment for wind and solar has occurred
for a given time period.

To determine the carbon intensity affiliated with a given time-of-use window, the percent
of time that curtailment occurs is calculated based on historic data for each quarter.

# of Curtailment Occurences

%Curtailment = , :
Total Possible Curtailment Occurences

where the curtailment percent is based on the number of recorded intervals for which
curtailments occurred for a given time-of-use window compared to the total number of
time intervals that occurred.

Table E.5 shows how these values compare for 2017 generation data.
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Table E.5. Curtailment and possible curtailment intervals for 2017

NUMBER OF 5-MINUTE

INTERVALS WHERE TOTAL NUMBER OF 5-MINUTE

CURTAILMENT OCCURRED INTERVALS
HOUR* Q1 Q2 Q3 a4 Qi Q@2 Q3 Q4
1 42 29 12 24 1092 1092 1104 1104
2 51 14 12 24 1092 1092 1104 1116
3 52 41 23 28 1080 1092 1104 1104
4 62 39 24 27 1092 1092 1104 1104
5 58 26 23 24 1092 1092 1104 1104
6 16 36 14 36 1092 1092 1104 1104
7 12 172 36 47 1092 1092 1104 1104
8 188 514 94 170 1092 1092 1104 1104
9 557 797 416 312 1092 1092 1104 1104

10 700 879 619 500 1092 1092 1104 1104
11 693 966 692 520 1092 1092 1104 1104
12 678 998 861 545 1092 1092 1104 1104
13 670 992 823 560 1092 1092 1104 1104
14 616 940 762 545 1092 1092 1104 1104
15 588 896 649 489 1092 1092 1104 1104
16 587 744 532 449 1092 1092 1104 1104
17 434 656 342 264 1092 1092 1104 1104
18 145 386 250 87 1092 1092 1104 1104

19 27 205 129 37 1092 1092 1104 1104
20 39 40 25 1092 1092 1104 1104
21 17 29 24 1092 1092 1104 1104
22 34 29 24 1092 1092 1104 1104
23 9 15 24 25 1092 1092 1104 1104
24 66 22 6 25 1092 1092 1104 1104

* Hours correspond to the time windows shown in Tables E.1.a and E.4.

4. Calculation of TOU CI

The final carbon intensity calculation due to time-of-use charging behaviors is
determined using the curtailment percent and the carbon intensity associated with non-
zero Cl electricity. This calculation gives the average carbon intensity likely to occur
from shifting charging to a specific time-of-use window:

Clroy = (1 — %Curtailment) X C[%flljer

Where Cl;,y is the carbon intensity that may be used for incremental credit generation
for charging at a given time-of-use window. Because this carbon intensity will only be

CA-GREET3.0 Lookup Table Pathways — Technical Support Documentation Page 34 of 45



lower than the grid-average for periods likely to have substantial curtailment, this
method allows additional credit generation for shifting charging behaviors to times when
low-carbon electricity would otherwise be unused, incentivizing additional emission
reductions. The emission benefits from time-shifting to a specific interval are shown in
Table E.6.

Table E.6. Emission savings that may be realized due to shifting charging to

specific time intervals

EMISSION SAVINGS (gCO2ze/MJ)

HOU
1

O© oo NOO OGP~ WN

R* Q1
-2.3
-1.6
-1.3
-0.4
-0.4
-3.7
-3.9
7.3
36.4
48.3
45.6
43.0
41.6
35.1
33.2
36.4
26.2
4.2
-3.3
-4.9
-5.0
-5.2
-4.7
0.1

Q2 Q3
-9.9 -8.5
-11.5 -8.7
-8.8 -7.5
-8.6 -7.0
-8.8 -6.5
-6.4 -6.3
3.9 -4.6
29.2 -8.0
56.0 14.6
64.4 34.3
75.6 42.4
80.0 63.2
79.1 58.8
71.8 51.9
65.8 39.1
45.5 26.7
36.0 7.5
7.6 3.1
-0.4 -0.7
-1.7 -4.2
-8.4 -4.8
-7.1 -5.3
-9.8 -6.3
-10.1 -8.6

Q4
-3.2
-3.4
-3.0
-2.9
-3.0
-1.6
-0.4
6.0

7.4
20.6
20.4
23.1
25.1
241
20.2
22.9
12.7

1.8
-0.6
-1.7
-2.0
-2.1
-2.3
-2.8
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Section F. Hydrogen

. Pathway Summary

There are six hydrogen pathways in the Lookup Table and they are summarized in
Table F.1 with calculated Cls.

Fuel
Pathway
Code
HYF
HYFL

HYB

HYBL

HYEG

HYER

Table F.1. Hydrogen Lookup Table Pathways

Pathway Description

Compressed Hz produced in California from central SMR of North
American fossil-based NG

Liquefied Hz produced in California from central SMR of North
American fossil-based NG

Compressed H2 produced in California from central SMR of
biomethane (renewable feedstock) from North American landfills

Liquefied Hz produced in California from central SMR of biomethane
(renewable feedstock) from North American landfills

Compressed Hz produced in California from electrolysis using
California average grid electricity

Compressed Hz produced in California from electrolysis using solar-
or wind-generated electricity

CA-GREET3.0 Lookup Table Pathways — Technical Support Documentation

Total Cl
gCOz2e/MJ

121.43

173.42

103.36

155.34

164.02

10.48
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The six hydrogen pathways have the pathway characteristics as detailed in Table F.2.

Table F.2. Summary of Production Details and Transport Modes for the Six
Lookup Table Hydrogen Pathways

Fuel Pathway

HYF

. HYFL HYB HYBL HYEG HYER
Code:
NG to Gaseous H2 | Gaseous H:
I Biomethane  Biomethane from from
P . Gaseous NG to Liquid . . .
rocess: I - H, from SMR to Gaseous to Liquid Hz electrolysis electrolysis
Hz from SMR from SMR (grid (wind/solar
SMR L o
electricity) electricity)
Feedstock . , Biomethane = Biomethane
Types: Fossil NG Fossil NG from Landfills = from Landfills Water Water
Water Water
Feedstock . o . . delivery delivery
Transport: Pipeline Pipeline Pipeline Pipeline infrastruc- infrastruc-
ture ture
Process NGand G anggig RNGand  RNGand Grid Wind or
Fuel: Grid Electricity Grid Grid Electricity Solar
’ Electricity Electricity Electricity Electricity *
Compress
. ed - Compressed - Compressed = Compressed
ATk gaseous [l [ gaseous H2 Liguie/fita gaseous Hz gaseous H2
H>
Tupe Tanker Tube Trailer Tanker
Fuel Trailer Trailer (assumes Trailer
Transport (assumes N/A N/A
(assumes 4 0.4 ton (assumes 4
Mode 0.4 ton ton capacity) capacity) ton capacity)
capacity) pacity pacity pacity
Regasifica-
chon and N/A Yes N/A Yes N/A N/A
ompress-
ion:%6

* Pathway HYER assumes California average grid electricity is used at the refueling station for
compression and dispensing. Electrolyzer load is met by zero-Cl wind or solar energy.

The Cls for each of these pathways is dependent upon specific input parameters in

worksheets of the CA-GREET3.0 model. The ClI results by life cycle stage are detailed
in Table F.3 for each hydrogen pathway.

26 Regasification and compression is necessary for liquid hydrogen customers demanding 600+ kg of
Hydrogen per day.
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Table F.3.

Fuel Pathway
Code:

Process
Description:

NG Recovery

NG
Processing
NG or RNG
Transport

LFG

Recovery

LFG
Processing

H:
Production

H:
Production

Non-
Combustion

Liquefaction

H2 Transport

Gaseous H:
Compression
and
Precooling
Liquid H2
Storage

Total CI

Summary of Cl Results by Life Cycle Stage for Hydrogen Pathways

HYF

NG to
Gaseous H2
from SMR

6.07
3.31

5.50

20.44

64.09

11.10

10.93

121.43

27 Assumes CAMX grid electricity is used for compression and dispensing at refueling stations.
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HYFL

NG to Liquid
Hz from

SMR

6.07

3.31

5.50

20.44

64.09

71.01
2.06

0.95

173.42

HYB
Biomethane
to Gaseous

H2 from
SMR

9.47

0.79

42.85

20.44

7.78

11.10

10.93

103.36

HYBL

Biomethane
to Liquid H2
from SMR

9.47
0.79
42.85

20.44

7.78

71.01
2.06

0.95

155.34

HYEG

Gaseous H2

from
electrolysis

(grid
electricity)

153.54

10.48

164.02

HYER

Gaseous H2
from
electrolysis
(wind/solar
electricity)

10.48%7

10.48
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Il. Pathway Details, Assumptions, and Calculations

A. Compressed H:z produced in California from central SMR of North American
fossil-based NG (HYF)

This pathway uses fossil natural gas as feedstock and California average grid electricity
(CAMX). From a central reforming station, hydrogen is assumed to be transported by
heavy-duty diesel-fueled tube trailers to refueling outlets throughout the State for a
distance of 100 miles. The tube pressure is stepped up to 7,000 psi for transport to
refueling stations. Once the tube trailer arrives at the refueling station, this pathway
assumes a “trans-fill” method for the transfer of gaseous hydrogen loaded tube trailer to
the hydrogen storage unit at the refueling station. Once the gaseous hydrogen has
been delivered to the refueling station storage unit, it must undergo further compression
and precooling to -40°C (also -40°F) before it can be dispensed into a vehicle. The final
discharge pressure for hydrogen fuel is estimated to range between 10,000 and 12,000
psi. Only electrical energy is assumed to be consumed for compression and pre-
cooling of the gaseous hydrogen. Table F.3 details inputs and assumptions for this
Lookup Table pathway.

Table F.3. Summary of Input Parameters for Compressed H2 produced in
California from central SMR of North American fossil-based NG (HYF)

Parameter Value
Plant Central
Feedstock Natural Gas
Process Fuel Natural Gas and Grid Electricity
Finished Fuel Gaseous Hydrogen
Share of Hydrogen Production 100% Central
Production Efficiency 72%
Gaseous hydrqg_en Compression 90.7%
Efficiency
Electric Generation Mix (Feedstock) 1-U.S. Ave. Mix
Electric Generation Mix (Fuel Prod) 3-CAMX Mix
Share of Feedstock as Feed 83%
NG Transport by Pip.eline to Central Plant 1,000
(miles)

Gaseous Hydrogen Bulk Terminal to
Refueling Station (miles)
Cargo Payload for Hydrogen Transport
(tons)

100

0.4 28

28 Assumed capacity of a tube trailer carrying hydrogen fuel from Bulk Terminal to Refueling Station.
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B. Liquefied Hz produced in California from central SMR of North American

fossil-based NG (HYFL)

This pathway uses fossil natural gas used as feedstock and grid-average electricity. It
is identical to the gaseous hydrogen from fossil natural gas pathway with the addition of
the liquefaction step, and the transport of liquid hydrogen to the dispensing station
followed by re-gasification and compression. Staff assumes that the liquid hydrogen
produced at a central plant will be transported to refueling stations by 4-ton heavy-duty

diesel tanker trailers over a distance of 100 miles.

Some natural gas is expended to

boil-off hydrogen before recovery and some hydrogen is also lost due to boil-off. The
liquid hydrogen is re-gasified and stored on site as compressed gaseous hydrogen.
The compression and precooling requirements prior to dispensing are the same as

described in the gaseous hydrogen pathway.

Table F.4 details inputs and assumptions for this Lookup Table pathway.

Table F.4. Summary of Input Parameters for Liquefied H2 produced in California
from central SMR of North American fossil-based NG (HYFL)

Parameter

Plant
Feedstock
Process Fuel
Fuel
Share of Hydrogen Production
Production Efficiency
Hydrogen Liquefaction Efficiency
Boil-Off Effects of liquid Hydrogen
Duration of Storage (days)
Recovery Rate for Boil-Off Gas
Electric Generation Mix (Feedstock)
Electric Generation Mix (Fuel Production)

Share of Feedstock as Feed

NG Transport by Pipeline to Central Plant
(miles)

Liquid Hydrogen Truck Transport from
Terminal to Refueling Station (miles)
Cargo Payload for Hydrogen Transport
(tons)

Gaseous hydrogen Compression
Efficiency

Value

Central
Natural Gas
Natural gas and Grid Electricity
Liquid Hydrogen
100% Central
72%

71%
0.30%

5
80%
1-U.S. Ave. Mix
3-CAMX Mix
83%

1,000
100
429

90.7%

29 Assumed capacity of a tanker carrying hydrogen fuel from Bulk Terminal to Refueling Station.
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C. Compressed H:z produced in California from central SMR of biomethane
(renewable feedstock) from North American landfills (HYB)

This pathway is analogous to the fossil NG to gaseous hydrogen pathway discussed
above with the exception that the feedstock includes renewable natural gas sourced
from landfills. Staff assumes a transport distance of 1,600 miles® for renewable
biomethane sourced from landfills in North America. The upgrading of biogas to
biomethane assumes energy use to be similar to energy use in landfill to biomethane
pathways certified in the LCFS program from January 2016 through August 2017.

All the hydrogen production, transport and dispensing parameters are the same as
detailed in the pathway for gaseous hydrogen from fossil natural gas.

Biomethane Required to Produce Renewable Hydrogen

Since only part of the total gas input is used as feedstock (i.e., biomethane is converted
to finished hydrogen), and the balance is fossil NG used as process energy (i.e.,
combusted to produce steam), it is critical to establish upstream quantity of biomethane
required per unit of hydrogen produced. LHV-based calculations using CA-GREET3.0
with attendant efficiencies indicate a total of 1.371 MMBtu of NG is required to produce
1 MMBtu of hydrogen. Thus, in order to be considered renewable hydrogen, of the total
amount of NG required, 1 MMBtu per MMBtu H2 must be biomethane and the remaining
0.371 MMBtu is assumed to be from fossil NG. Applicants who use this pathway to
report hydrogen use in transportation must provide evidence of equivalent quantities of
biomethane for quantities of hydrogen (1 to 1 on an energy basis, or 0.126 MMBtu
(HHV) RNG per kg H2) reported to generate credits in the LCFS program.

Table F.5 details inputs and assumptions for this Lookup Table pathway.

Table F.5. Summary of Input Parameters for Compressed H2 produced in
California from central SMR of biomethane (renewable feedstock) from North
American landfills (HYB)

Parameter Value
Plant Central
Feedstock Biomethane from Landfills
Process Fuel Biomethane and Grid Electricity
Finished Fuel Gaseous Hydrogen
Share of Hydrogen Production 100% Central
Production Efficiency 72%
Gaseous hydrogen Compression Efficiency 90.7%
Electric Generation Mix (Feedstock) 1-U.S. Ave. Mix
Electric Generation Mix (Fuel Prod) 3-CAMX Mix

30 Represents average transport distance for biomethane from LCFS pathways.
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Share of Feedstock as Feed 83%
Biomethane Transport by Pipeline to Central

: 1,600
Plant (miles)
Gaseous Hydrogen Bulk Terminal to Refueling 100
Station (miles)
Cargo Payload for Hydrogen Transport (tons) 0.4

CA-GREET3.0 Lookup Table Pathways — Technical Support Documentation Page 42 of 45



D. Liquefied Hz produced in California from central SMR of biomethane
(renewable feedstock) from North American landfills (HYBL)

This pathway is analogous to the liquid hydrogen pathway from fossil NG. Assumptions
related to upstream biomethane are identical to the gaseous hydrogen from biomethane
pathway (HYB) with the exception of additional steps to produce liquid hydrogen,
transporting liquid hydrogen to the dispensing station followed by re-gasification and
compression. Table F.6 details inputs and assumptions for this Lookup Table pathway.

Applicants who use this pathway to report hydrogen dispensed for transportation use to
generate credits in the LCFS program must provide evidence of equivalent quantities of
biomethane for quantities of hydrogen reported: 1 MMBtu/MMbtu, or 0.126 MMBtu
(HHV) of biomethane per kg of hydrogen.

Table F.6. Summary of Input Parameters for Liquefied Hz produced in California
from central SMR of biomethane (renewable feedstock) from North American
landfills (HYBL)

Parameter Value
Plant Central
Feedstock Biomethane from Landfills
Process Fuel Biomethane and Grid Electricity
Fuel Liquid Hydrogen
Share of Hydrogen Production 100% Central
Production Efficiency 72%
Hydrogen Liquefaction Efficiency 71%
Boil-Off Effects of liquid Hydrogen 0.30%
Duration of Storage (days) 5
Recovery Rate for Boil-Off Gas 80%
Electric Generation Mix (Feedstock) 1-U.S. Ave. Mix
Electric Generation Mix (Fuel Production) 3-CAMX Mix
Share of Feedstock as Feed 83%
Biomethane Transport by Pipeline to 1600
Central Plant (miles) ’
Liquid_Hydrogen Trpck Trar_Isport_from 100
Terminal to Refueling Station (miles)
Cargo Payload for Hydrogen Transport 4
(tons)
Gaseous hydrt_)g_en Compression 90.7%
Efficiency
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E. Compressed Hz produced in California from electrolysis using California

average grid electricity (HYEG)

The feedstock for this production process is primarily water and electricity in the only
energy used in the production of hydrogen. There are no transport emissions since the
hydrogen is produced on-site. Dispensing parameters are the same as detailed in the
pathway for gaseous hydrogen from fossil natural gas. Inputs to the CA-GREET3.0

model are detailed in Table F.7.

Table F.7. Summary of Input Parameters for Compressed H2 produced in
California from electrolysis using California average grid electricity (HYEG)

Parameter Value
Feedstock Water
Process Fuel Califorrg?eft:iigi-teverage
Fuel Gaseous Hydrogen
Share of Hydrogen Production On-site
Share of Feedstock 100% Electrolysis
Production Efficiency 66.8%
Gaseous Compression Efficiency 90.7%
Electric Generation Mix (Feedstock) 3-CAMX Mix
Electric Generation Mix (Fuel Prod) 3-CAMX Mix
Fraction Electricity Used for Gaseous 100%

Hydrogen Compression and Precooling
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F. Compressed H:z produced in California from electrolysis using solar- or
wind-generated electricity (HYER)

The feedstock for this production process is the same as the gaseous hydrogen
produced by electrolysis using grid-average electricity. Dispensing parameters are the
same as detailed in the pathway for gaseous hydrogen from fossil natural gas. Inputs to
the CA-GREET3.0 model are detailed in Table F.8. The applicant must provide
evidence of renewable electricity generation from solar or wind to correspond to
hydrogen dispensed (as fuel in transportation) being reported in the LCFS program. For
this pathway, 50 kWh of renewable electricity is consumed to produce one kilogram of
hydrogen. Evidence to support appropriate quantities of renewable electricity to
correspond to hydrogen dispensed being claimed must be provided on an on-going
basis in order to be eligible to generate credits in the LCFS program.

Table F.8. Summary of Input Parameters for Compressed H2 produced in
California from electrolysis using solar- or wind-generated electricity

Compressed H2 produced in
California from electrolysis

Input Details using solar- or wind-
generated electricity
Feedstock Water
Process Fuel Solar or Wind_ (_Benerated
Electricity
Fuel Gaseous Hydrogen
Share of Hydrogen Production On-site
Share of Feedstock 100% Electrolysis
Production Efficiency 66.8%
Gaseous Compression Efficiency 90.7%

Share of Renewable Electricity 100%
Electric Generation Mix (Feedstock) 100% renewable
Electric Generation Mix (Fuel Prod) 100% renewable

Electric Generation Mix (Compression) 3-CAMX Mix
Fraction Electricity Used for gaseous 100%

Hydrogen Compression and Precooling

CA-GREET3.0 Lookup Table Pathways — Technical Support Documentation Page 45 of 45



This Page Left Intentionally Blank



CALIFORNIA

AIR RESOURCES BOARD

Tier 1 Simplified CI
Calculator Instruction
Manual

March 6, 2018

Starch and Corn Fiber Ethanol ¢ Sugarcane-derived Ethanol ¢
Biodiesel and Renewable Diesel ® LNG and L-CNG from North
American Fossil Natural Gas ¢ Biomethane from North
American Landfills




Tier 1 Simplified ClI Calculator Instruction Manual

Starch and Corn Fiber Ethanol

A. Introduction

This document provides detailed instructions for the use of the Simplified Cl Calculator for
Tier 1 Starch and Corn Fiber Ethanol pathway applications. This Calculator is to be used
to calculate the carbon intensity (ClI) for ethanol produced from corn, sorghum, and/or
corn fiber (if applicable using Edeniq’s’ process). Each required specific input in the
Calculator has been numerically labeled (i.e., 1.1, 1.2 etc.) so that users can follow the
sequence and enter information as required.

Download the Simplified Cl Calculator here:
http://www.arb.ca.qov/fuels/Icfs/ca-greet/ca-greet.htm

The Calculator has been automated to perform Cl calculations using factors from the
CA-GREET3.0 model. The Calculator replaces the existing Tier 1 Calculator and the
operational data template in pathway application packages. Applicants are required to
add facility information and verifiable monthly feedstock, operational energy use, fuel
production and co-product data, and transport distances used in calculating the Cl of
Starch and Corn Fiber Ethanol pathways. All inputs selected and input by the
applicant are subject to verification unless specifically exempted.

The Calculator also includes additional reference material such as greenhouse gas
emissions factors used in CA-GREET3.0 and reference fuel specifications. Also
included with the Calculator is a detailed breakdown of the calculations used to
determine the final Cl of each fuel pathway.

The applicant may only enter values or make selections in input fields designated by
CARSB for user input/selection, and may not change any other values or fields in the
Calculator.

B. Definition

Conditional Default - A conservative input value option calculated by CARB staff.
Pathway applicants may select a conditional default input value if their operations meet
the conditions specified for such a value in this Instruction Manual. Because each
conditional default value must be based on reasonable assumptions and be sufficiently
conservative to encourage use of site-specific values when feasible, conditional default

' A proprietary technology licensed by Edeniq, Inc. enabling the conversion of corn fiber into ethanol

in situ during the traditional process of converting corn starch to ethanol via fermentation. The U.S.
Environment al Protection Agency has approved the use of the Edeniq process for generation of D3
Cellulosic RINs. The Edeniq pathway certified by the EPA can be found here:
https://www.epa.gov/sites/production/files/2015-08/documents/2014-16413.pdf
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values are subiject to initial validation during the pathway certification process to confirm
that the specified conditions are met, but are not subject to subsequent annual
verification.

C. Color Legend Used in the Calculator

The Calculator uses the following color legend to differentiate required inputs, calculated
values, etc., described below:

Yellow Cells require user input

Light Blue Cells show ClI results

Green Cells show the calculation button
Gray Cells are calculated values

D. Calculator Overview

The following table provides an overview of the tabs used in the Simplified Cl
Calculator.

Table D.1. Overview of Tabs used in the Simplified Cl calculator

Tab Name Description

Summary worksheet. Contains an overall summary of the information
entered in the “EtOH” tab of the Calculator and calculated Cls and

EtOH Summary corresponding ethanol volumes. If desired, a conservative margin of
safety may be added to the calculated Cl in this tab in order to establish the
final Cl, pursuant to section 95488.4(a) of the regulation.

Main calculation worksheet. Contains an overview of the calculated Cls for a

given pathway, and the main components of the Calculator with fields requiring

user inputs and those calculated by the sheet. Calculations in grayed out cells
EtOH . . .

are automatically calculated but dependent on input to yellow cells in the

corresponding sections of the Calculator. This tab also includes a detailed

sample ClI calculation (cells B77 through K111).

Reference worksheet. Contains emissions factors from the CA-GREET3.0

SRS model used in calculation of carbon intensities.
Reference worksheet. Contains specifications of fuels, global warming
Fuel_Specs : . .
potentials of greenhouse gases, land use change and unit conversion.
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E. EtOH tab

The EtOH tab contains the main ClI calculation worksheet which consists of the
following major components:

Pathway Summary and Estimated CI

Section 1. Applicant Information

Section 2. Feedstock Production Data for Starch Ethanol Production
Section 3. Fuel Production Energy Consumption and Fuel Transport Data
Section 4. CI Calculation Details

All Cl values are calculated based on relevant site-specific inputs which have to be
entered in the respective input fields. Only after all site-specific inputs for a given
facility have been entered, the calculated Cls will represent the pathway Cls for the
various streams as detailed in this tab and the EtOH Summary tab. Details for
entering data in all required fields is detailed below. As provided, the EtOH tab has
blank values for all applicant-specific inputs and specific input selections (i.e., eGRID
subregion) are set to one of the available options in the pull-down menus. Applicants
must replace input cell values only for those fields which are applicable to the ethanol
plant. Selection of inputs (i.e., eGRID subregion) must be appropriate to the fuel
production pathway.
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Section 1. Applicant Information

Begin by selecting the EtOH tab and entering information regarding the company, the
fuel production facility and the feedstock production location.

Table E.1. List of input fields for Section 1 of the simplified Cl calculator

Field Name Description

Registered name of the company.
1.1 Company Name Example “ABC Company, LLC” or “ABC
Company, Inc.”

Enter U.S. EPA Company ID. If not available,
contact CARB staff for LCFS Company ID.

1.2. Company ID
- Enter the Company’s Facility ID. If not
1.3. Facility 1D available, contact CARB for LCFS Fagility ID.

1.4. Ethanol Production Location Enter City and State for ethanol production

Electricity mix for feedstock; set to single
1.5. Electricity Mix Region for Feedstock value: “1-U.S Ave Mix” and cannot be changed
by the applicant

If available data is less than 24 months, select
“Yes”, else “No”, and click “Calculate”. If
“Provisional”, input available months of

1.6. Provisional Pathway? operational data starting in Month 1 of the
Calculator (minimum three months of
operational data required to meet provisional
requirements).
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Section 2: Feedstock Production Data for Starch Ethanol Production

The following table lists the fields used in Section 2 of the calculator. Additional details
are provided below Table E.2.

Table E.2. List of input fields for Section 2 of the simplified Cl calculator

Field Name Description

Label for all 24 months for which data inputs

ol LS5 DETE] are required. No inputs are required for 2.1.

Input monthly total beginning corn inventory
data (in bushels) in this field for all 24 months
of operation. The input must be in bushels
(with 15 percent standard moisture). If

2.2. Beginning Corn Inventory alternate approaches are used to inventory
corn, applicant must provide conversion factor
used to report inventory in bushels. Additional
details for feedstock production are provided
below this table.

Monthly corn used data (in bushels) is
2.3. Corn Used (Calculated) automatically calculated in section 2.3. No
inputs are required for this field.

Input monthly total corn data (in bushels)
purchased in this field for all 24 months of
operation. If alternate approaches are used to
inventory corn, applicant must provide
conversion factor used to report inventory in
bushels.

Input monthly total ending corn inventory data
(in bushels) in this field for all 24 months of
operation. If alternate approaches are used to

2.5. Ending Corn Inventory inventory corn, applicant must provide
conversion factor used to report inventory in
bushels. Click “Select” (green button) in cell
J29 after completing Field 2.5.

2.4. Corn Received

Field 2.6 provides three options for corn
transport in a drop down menu: 1) Conditional
Default for corn transport outside of CA; 2)

2.6. Corn Transport Data Category Conditional Default for corn transport to CA;
and 3) User-Defined for corn transport.
Applicant must select one of these options and
click “Select” (green button) in cell J29.

2.7. Corn Transport from Collection Center Field 2.7 is designated for corn transport.
to Ethanol Plant (Monthly weighted Additional details for feedstock transport are
average) provided below this table.
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2.7a Corn Transported

2.7.b By HDDT, miles

2.7.c Corn Transported

2.7.d By Rail, miles

2.8. Beginning Sorghum Inventory

2.9. Sorghum Used (Calculated)

2.10. Sorghum Received

2.11. Ending Sorghum Inventory

2.12. Sorghum Transport Data Category

2.13. Sorghum Transport from Collection
Center to Ethanol Plant (Monthly weighted
average)

2.13.a Sorghum Transported

Tier 1 Simplified Cl Calculator Instruction Manual
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Input the monthly total quantity of corn (in
bushels) transported by HDD Truck to the
Ethanol Plant if “User Defined” is selected. If
option 1) or 2) is selected in field 2.6, no user
input is required for this field. Additional details
for corn transport are provided below this
table.

Input monthly weighted average transport mileage

if applicant selects “User Defined” option in field
2.6. If option 1) or 2) is selected in field 2.6, no
user input is required for this field. Additional
details for corn transport are provided below this
table.

Input the monthly total quantity of corn
(bushels) transported by rail to the Ethanol
Plant if “User Defined” is selected. If option 1)
or 2) is selected in field 2.6, no user input is
required for this field. Additional details for

corn transport are provided below this table.

Input monthly weighted average transport
mileage if applicant selects “User Defined”
option in field 2.6. If option 1) or 2) is selected
in field 2.6, no user input is required for this
field. Additional details for corn transport are
provided below this table.

Same as field 2.2 if sorghum is used as a
feedstock. Additional details for feedstock
production are provided below this table.

Monthly sorghum used data in this field will be
automatically calculated. No inputs are
required for this section.

Same as field 2.4 if sorghum is used as a
feedstock.

Same as field 2.5 if sorghum is used as a
feedstock.

Same as field 2.6 if sorghum is used as a
feedstock. Click the “Update” button in cell
R29 after choosing an option in field 2.12.

Field 2.13 is designated for sorghum transport.
No inputs are required for this section.
Additional details for feedstock transport are
provided below this table.

Same as field 2.7.a if sorghum is used as a
feedstock.
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Same as field 2.7.b if sorghum is used as a

2.13.b By HHDT, miles feedstock.

Same as field 2.7.c if sorghum is used as a

2.13.c Sorghum Transported feedstock.

Same as field 2.7.d if sorghum is used as a

2.13.d By Rail, miles feedstock.

Input monthly total Dry Distiller Grains
inventory data (in tons) in this field for all 24
months of operation. If facility does not

2.14. Dry DG Beginning Inventory produce dry DGS, the applicant must enter
zero in Fields 2.14-2.19. Additional details
regarding coproducts are provided below this
table.

Monthly total Dry Distiller Grains produced
2.15. Dry Distiller Grains Produced data (in tons) under section 2.15 will be
(Calculated) automatically calculated. No inputs are
required for this field.

Input monthly Total Dry Distiller Grains sales

2.16. Dry Distiller Grains Sales data (in tons) for all 24 months of operation.

Input monthly Total Dry Distiller Grains ending
2.17. Dry DG Ending Inventory inventory data (in tons) for all 24 months of
operation

Input monthly weighted average moisture
content (in percentage) for dry DGS for all 24

2.18. Moisture Content months of operation. Moisture measurements
must utilize an industry standard moisture
measurement protocol.

Input monthly total drying energy data (MMBtu
of NG expressed in HHV) for all 24 months of
operation. Dedicated meters must be installed
to quantify natural gas used for drying DGS. If
alternate measurement units are used to
quantify natural gas use, applicant must
provide conversion factor used to report NG

2.19. Drying Energy

use in HHV.
2.20. Modified DG Beginning Inventory Same as field 2.14 but for Modified DGS.
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2.21. Modified Distiller Grains Produced

(Calculated)

2.22. Modified Distiller Grains Sales

2.23. Modified DG Ending Inventory

2.24. Moisture Content

2.25. Drying Energy

2.26. Wet DG Beginning Inventory

2.27. Wet Distiller Grains Produced
(Calculated)

2.28. Wet Distiller Grains Sales

2.29. Wet DG Ending Inventory

2.30. Moisture Content

2.31. Syrup Beginning Inventory

2.32. Syrup Produced (Calculated)

2.33. Syrup Sales

2.34. Syrup Ending Inventory

Tier 1 Simplified Cl Calculator Instruction Manual
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Same as field 2.15 but for Modified DGS.

Same as field 2.16 but for Modified DGS

Same as field 2.17 but for Modified DGS

Same as field 2.18 but for Modified DGS

Same as field 2.19 but for Modified DGS

Same as field 2.14 but for Wet DGS.

Same as field 2.15 but for Wet DGS.

Same as field 2.16 but for Wet DGS

Same as field 2.17 but for Wet DGS

Same as field 2.18 but for Wet DGS

Input monthly total syrup inventory data (in
tons) in this field for all 24 months of operation.
If facility does not produce syrup, the applicant
must input zero in Fields 2.31-2.35.

Monthly total syrup produced data (in tons) in
field 2.32 will be automatically calculated. No
inputs are required for this field.

Input monthly total syrup sales data (in tons)
for all 24 months of operation.

Input monthly total syrup ending inventory data
(in tons) for all 24 months of operation.
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Input monthly weighted average moisture
content (in percentage) for syrup for all 24

2.35. Moisture Content months of operation. Moisture measurements
must utilize an industry standard moisture
measurement protocol.

Input monthly total Corn/Sorghum Oil
inventory data (in Ibs.) in this field for all 24

2.36. Beginning Oil Inventory months of operation. If facility does not
produce corn or sorghum oil, the applicant
must enter zero for Fields 2.36-2.39.

Monthly total oil produced data in field 2.36 will
2.37. Oil Produced (Calculated) be automatically calculated. No inputs are
required for this field.

Input monthly total Corn/Sorghum Qil sales

2.38. Oil Sales data (in Ibs.) for all 24 months of operation.
Input monthly total Corn/Sorghum Qil ending
2.39. Ending Oil Inventory inventory data (in Ibs.) for all 24 months of

operation.

Co-product Yield (dry matter basis, expressed
in Ibs./gallon of ethanol) data in field 2.40 will
be automatically calculated. No inputs are
required for this field.

2.40. Co-product Yield (Calculated)

Input monthly total beginning undenatured
ethanol inventory data (in gallons at 60F.) for

2.41. Beginning Undenatured Ethanol all 24 months of operation. Additional details
for ethanol production are provided below this
table.

Input monthly total denatured ethanol sales
2.42. Denatured Ethanol Sales data (in gallons at 60F) for all 24 months of
operation.

Input monthly total undenatured ethanol sales
2.43. Undenatured Ethanol Sales data (in gallons at 60F) for all 24 months of
operation.

Input monthly total undenatured ethanol
2.44. Ending Undenatured Ethanol ending inventory (in gallons at 60F) for all 24
months of operation.

Monthly total undenatured ethanol produced
2.45. Undenatured Ethanol Produced data (in gallons at 60F) in this field will be
(Calculated) automatically calculated. No inputs are
required for this field.

Field 2.46 includes options for denaturant data
category in a drop down menu: 1) Denaturant
as Standard Value; and 2) User-Defined
Denaturant. Applicant must select one of

2.46. Denaturant Data Category
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these options and click the “Update
Denaturant” green button in cell AX30. Data
must be input in this section only if the user-
defined option is selected; monthly total
quantity of denaturant used (in gallons at 60F)
must be input in this field for all 24 months of
operation.

Input monthly total cellulosic enzyme inventory
data (in Ibs.) in this field for all 24 months of

2.47. Beginning Cellulosic Enzyme operation. Additional details for inputs related
to corn fiber ethanol production are provided
below this table.

Input monthly total cellulosic enzyme purchase

2.48. Cellulosic Enzyme Purchase data (in Ibs.) for all 24 months of operation.

Monthly total cellulosic enzyme use data (in
Ibs.) in field 2.49 will be automatically

2.49. Cellulosic Enzyme Use (Calculated) calculated. No inputs are required for this

field.

Input monthly total cellulosic enzyme ending
2.50. Ending Cellulosic Enzyme inventory (in Ibs.) for all 24 months of

operation.

Input monthly average corn fiber percentage data

2.51. Corn Fiber Allocation . . .
in this section.

Monthly total undenatured corn fiber ethanol
production (in gallons at 60F) will be
automatically calculated in this field to
correspond to value in field 2.51. No inputs

2.52. Undenatured Corn Fiber Ethanol are required for this field. Only the quantity of

(Calculated) ethanol produced from corn as feedstock (not
including ethanol quantity attributable to
sorghum, if used as a feedstock) is used to
calculate total quantity of corn fiber ethanol in
this field.

Additional Details for Section 2

Feedstock Production (Fields 2.2 to 2.5 for corn and 2.8 to 2.11 for sorghum)

For feedstock production, enter data for site-specific inputs for feedstock (corn or sorghum)
inventory to enable calculation of quantity of feedstock used in ethanol production. Cells
which are grayed out are calculated values and do not require applicant input. The
applicant must enter monthly totals for corn or sorghum received (as purchased) in
bushels and total monthly beginning and ending corn or sorghum inventory in bushels.
The monthly totals must be inclusive of moisture (15% moisture and not to be reported on
a dry basis). If corn or sorghum inventory is not quantified in bushels, the applicant must
convert to bushels using a conversion factor of 56 Ibs./bushel before reporting in these
input cells.

Feedstock Transport (Fields 2.7 and 2.13)
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The monthly weighted average transport distance for feedstock transported by truck
and/or rail must be entered for corn in the corresponding input fields. The calculator
offers a conditional-default and a user-defined option for corn transport. For ethanol
production facilities in one of nine corn growing states as specified by Argonne National
Lab (ANL) known as “corn belt states” (South Dakota, Minnesota, lowa, Nebraska, lllinois,
Michigan, Ohio, Indiana, and Wisconsin)? a conditional default value of 80 miles by HDD
truck transport is available for selection. (Click the green “Update” field after selecting
one of the two conditional default options to see the pre-populated conditional value.) If
the applicant selects this option (and is appropriate based on physical location of the
ethanol production facility), transport distance will be subject to one-time validation during
initial certification. For ethanol plants located in California, a conditional default selection
will include 50 mile by HDD truck transport and 1,400 mile by rail transport to California.

If an ethanol production facility located in California uses this option, transport distance
will be subject to one time validation during initial certification. Applicants selecting one of
the conditional default options do not need to enter any data in fields 2.7a-d or 2.13a-d,
respectively. For applicants who elect to use the user-defined option, inputs will be
subject to initial validation and periodic verification.

To facilitate calculation of monthly weighted average transport distance, staff suggests a
calculation methodology as detailed below. The monthly weighted average for each
mode (feedstock transport in a given month may include more than one mode of
transport) is included in the cell for corn transport for a given month. This methodology is
suggested for use in the Calculator sheet, because it clearly derives the calculation of the
weighted average transport distance for each month.

Actual feedstock sourcing and corresponding mode of transport and miles transported

Modes of Transport
Truck Miles Rail Miles
100,000 50 100,000 1,200
200,000 150
200,000 800
100,000 200
50,000 1,000

oi~N|lo|la|s|lw|Nn]o

Weighted average distance and corresponding quantities to be used for monthly reporting of feedstock

300,000 117 450,000 778

Example in sheet above:

Entry 1 For the month, the facility received 100,000 bushels by a mode which included 50 miles by truck followed by 1200 miles by rail

Entry 2 For the month, the facility also received 200,000 bushels by truck only with a transport distance of 150 miles

Entry 3 For the month, the facility also received 200,000 bushels by rail only with a transport distance of 800 miles

Entry 4 For the month, the facility also received 100,000 bushels which included 200 miles by rail.

Entry 5 For the month, the facility also received 50,000 bushels using only rail transport for a distance of 1000 miles

For these scenarios, the facility shall report 300,000 bushels with a weighted average distance of 117 miles by HDD truck, 450,000 bushels with a weighted average distance of 778 miles by rail.

2 Shapouri et al. USDA July 2002 - “The Energy Balance of Corn Ethanol: An Update” —Table 2 - Extracted
May 2017

Tier 1 Simplified Cl Calculator Instruction Manual Page 11 of 65
Starch and Corn Fiber Ethanol



For transport of feedstock, applicants must calculate the appropriate mileage for each
mode of transport as described below. For rail transport, mileage must be based on the
rail network maps from either BNSF Railway? or Union Pacific.* For facilities which are
not directly located on the BNSF or Union Pacific rail network, applicants may use a
publicly available web-based driving distance estimator for the distance between the
facility and the nearest rail depot. Truck transport distance between two points may be
determined using a publicly available web-based driving distance estimator.

The same approach for sorghum feedstock transport must be used in completing the
appropriate fields if sorghum is used as a feedstock for ethanol production.

Co-products (Fields 2.14 to 2.40)

These fields contain input information related to reporting quantities of co-product
produced during ethanol production. The co-products include distillers’ grains solubles,
distillers’ corn oil/sorghum oil, and corn syrup. The Calculator allows producers to
account for co-product streams of dry, modified and wet distillers’ grain solubles.
Facilities must include only streams applicable to their production cycles over the 24
months for which data is submitted. Facilities which report dry or modified DGS co-
product steams will be required to report monthly total drying energy by installing
dedicated energy meters in their facilities. Meters must record energy use for the entire
duration in which dryers are utilized to dry DGS and all records to demonstrate energy
use for drying must be electronically archived.

Note: If co-product streams or other energy sources are used for drying, the applicant
must declare it in the supplemental documentation. The Simplified Cl Calculator is not
capable of estimating GHG emissions when energy sources other than natural gas are
used for drying energy. Applicants may be required to use a Tier 2 approach using the
CA-GREET3.0 model and it is recommended that they consult staff regarding the
appropriate method of accounting for this parameter in the application.

Inputs for all co-product inventory streams must be reported in tons except for distillers’
corn oil/sorghum oil which must be reported in pounds (Ibs.). Energy use must be
reported in MMBtu using higher heating values (HHV).

For inputting co-product quantities, the applicant must include monthly total quantities for
all co-products detailed in the input sheet. For all DGS reporting:

e Monthly beginning dry DGS inventory;
e Monthly DGS sales;

3 BNSF railway system: http://www.bnsf.com/customers/where-can-i-ship/

4 Union Pacific system: https://www.up.com/aboutup/usguide/index.htm
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¢ Monthly ending inventory;

¢ Monthly weighted average moisture content;

e Monthly total drying energy, consistent with the metering requirements listed
above for dry and modified DGS streams if applicable to the facility.

For the corn syrup and distillers’ corn oil (DCO) co-product streams, the required inputs
are similar. Moisture content for corn oil is set to a standard value of 1% and does not
require an input. For corn syrup, monthly weighted average moisture content must be
reported in the appropriate field.

Ethanol Production (Fields 2.41 to 2.52)

For ethanol production, the applicant must input (at volumes standardized at 60F):

Monthly beginning inventory for undenatured ethanol;

Monthly total denatured ethanol sales;

Monthly total undenatured ethanol sales;

Monthly ending undenatured ethanol inventory;

For monthly denaturant volumes (gallons), the sheet offers two options:
Standard Value or User-Defined. If user selects Standard Value denaturant, a
value of 2.5% is used as denaturant volume blended with ethanol. If User-
Defined denaturant is selected, monthly total denaturant values (in gallons at
60F) must be input in field 2.46. Click the green “Update Denaturant” button
after selecting either the Standard or User-Defined option.

Facilities which have incorporated a Corn Fiber Ethanol Process
(Fields 2.47 to 2.52)

For facilities which utilize the Edeniq process for conversion of corn-fiber to cellulosic
ethanol, the calculator includes fields labeled under the heading, “Cellulosic Ethanol
Production”. These include fields from 2.47 through 2.52. Applicants must input monthly
beginning inventory of cellulosic enzymes, monthly total cellulosic enzyme purchases,
and monthly total ending cellulosic enzyme inventories (all enzyme quantities to be
reported in Ibs.). Under the Federal RFS program administered by the Environmental
Protection Agency (U.S. EPA), Edeniq is required to demonstrate, upon initiation of
cellulosic fiber ethanol production, percentage of cellulosic ethanol production attributable
to their proprietary process. Applicants must input this value in the corn fiber allocation
percentage?® field (i.e., 2.51) and all entries must remain the same until updated as part of
the periodic validation required under the RFS program.

The RFS program requires facilities approved for D3 RINs to demonstrate, at periodic
intervals (i.e., every 500,000 gallons or one year, whichever is more frequent), that

5 This value is used to calculate cellulosic ethanol production and is subtracted from total ethanol production
to enable attribution of starch ethanol to other streams in the ethanol plant.
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cellulosic volumes produced meet or exceed the originally certified level for a given
facility. CARB will adopt this same requirement as a condition of pathway certification. At
the time of initial registration, applicants must provide a copy of the RFS approval for the
facility. Ongoing reports® must be submitted to CARB staff periodically as required by the
RFS program. If any periodic demonstration shows that the cellulosic converted fraction
is lower than previously calculated, all cellulosic volumes reported after the previous
certification will be updated to reflect lower production volumes, and credits generated by
the applicant will also be adjusted downward to reflect the lower production quantities of
cellulosic ethanol. Credit adjustments will be retroactive to the prior period when a similar
demonstration was completed for this facility.

6 Link to section 80.1426 of RFS code: https://www.epa.qgov/sites/production/files/2015-08/documents/2014-
16413.pdf
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Section 3: Fuel Production Energy Consumption and Fuel Transport Data

Table E.3 lists the fields in Section 3 of the calculator.

Table E.3. List of Input Fields for Section 3 of the Simplified Cl Calculator

Field Name

3.1. Electricity Mix Region for Fuel

3.2. NG Use

3.3. Electricity Use from grid

3.4. Electricity from Co-located Solar or Wind

3.5. Finished Fuel Transport

3.5.a. By Rail

3.5.b. By HDD Truck

3.6. Enter Electricity Generation Emission
Factor (gCO2e/kWh)

Additional Details for Section 3

Tier 1 Simplified Cl Calculator Instruction Manual
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Description

Choose the electricity mix corresponding to the zip
code for the region where the ethanol plant is
located. The Calculator includes 26 eGRID zone
mixes, Brazilian average mix, Canadian average
mix and User Defined Mix included in the pull
down menu. For facilities in the U. S., select one
of 26 eGRID zones available for the U. S. These
are selected based on zip code of the upgrading
facility location. After selecting an electricity mix
option, click on “Calculate CI” in Cell BI30. If
user-defined mix is selected, input is required for
electricity mix emission factor and is detailed in
Field 3.6.

Input monthly total natural gas consumption
data (in MMBtu HHV) for all 24 months of
operation. Additional details for energy
consumption are provided below this table.

Input monthly Electricity use (in kWh) from
utility grid for all 24 months of operation.

Monthly total electricity from Solar or Wind
data must be input for all 24 months of
operation.

Field 3.5 is designated for finished Fuel
Transport and Distribution. Additional details
for finished fuel transport are provided below
this table.

Input distance (in miles) by rail transport from
the Ethanol plant to California.

Input distance (in miles) by HDD truck from the
Ethanol plant to California.

If User-Defined is selected in Field 3.1, consult
with CARB staff and input an emission factor
for user-defined electricity mix in cell BK29.
Data sources for User Defined electricity
mixes must be documented in the
Supplemental Documentation attached with
the Simplified CI Calculator.
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Energy Consumption (Fields 3.2 to 3.4)

The applicant must input applicable energy inputs in this section. The applicant must
input monthly total natural gas usage from utility invoices (in MMBtu reported as higher
heating value). The applicant must also input monthly total electricity purchased from the
grid from utility invoices (in kWh). If renewable electricity from solar generation or wind
power is available for use by the ethanol production facility, appropriate monthly total
electricity dedicated for use by the facility must be input in Field 3.4. Renewable
electricity must meet the requirements for such power as detailed in section 95488.8(h)(1)
in the regulation.

Fuel Transport (Field 3.5)

For transport of finished fuel to California, applicants must input the appropriate transport
distance by HDD truck and rail transport as applicable. Emissions from transport modes
are additive to reflect all legs of transport of finished fuel to California.

Note: For applicants who expect to use various combinations of transport modes to ship
fuel to California, staff suggests calculating the Cls for each combination and inputting the
combination with the highest Cl in the Simplified CI Calculator, to prevent unintentional
exceedance of the pathway Cl. The supplementary documentation provided with the
application must include the Cls for each of the anticipated combinations and highlight the
combination used in the Calculator.

Emission Factors and COe Calculation Details

Applicant inputs are matched to corresponding emission factors (in CO2e) derived from
the CA-GREET3.0 model. Total GHG emissions are calculated for each discrete input

and all emissions are summed, including ones for standard inputs, beneath Sections 2

and 3.

Section 4. CI Calculation Details

This section contains an example pathway CI calculation with a detailed breakdown of all
calculations used for Cl determination based on information entered by the user and
applicable reference data.
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Tier 1 Simplified CI Calculator Instruction Manual

Sugarcane-derived Ethanol

A. Introduction

This document provides detailed instructions for the use of the of the Simplified Cl
Calculator for Tier 1 Sugarcane-derived Ethanol pathway applications. This Calculator is
to be used to calculate a composite carbon intensity (Cl) for Sugarcane-derived Ethanol
from sugarcane-based juice and/or molasses feedstocks in Brazil. Each required
specific input in the Calculator has been numerically labeled (i.e., 1.1, 1.2 etc.) so that
users can follow the sequence and enter information as required.

Download the Simplified Cl Calculator here:
https://www.arb.ca.gov/fuels/Icfs/ca-greet/ca-greet.htm

The Calculator has been automated to perform Cl calculations using factors from the CA-
GREET3.0 model. The Calculator replaces the existing Tier 1 Calculator and the
operational data template in pathway application packages. Applicants are required to
add facility information and verifiable monthly feedstock, operational energy use, fuel
production and co-product data, and transport distances used in calculating the Cl of
Sugarcane-derived Ethanol. The Calculator is designed to work independently of the CA-
GREET3.0 model, but will still require operational and production data from the mill to be
entered for the previous 24-months which includes at a minimum, two sugarcane harvest
cycles of at least 9-month duration each. All inputs selected and input by the
applicant are subject to verification unless specifically exempted.

B. Color Legend Used in the Calculator

The Calculator uses the following color legend to differentiate required inputs, calculated
values, etc., described below:

Yellow Cells require user input

Light Blue cells show Cl results

Green Cells show the calculation button
Gray Cells are calculated values
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C. Calculator Overview

The following table provides an overview of the main tabs used in the calculator.

Table C.1. Overview of tabs used in the Simplified Cl Calculator

Tab Name Description

Summary worksheet. Contains an overall summary of the
information entered in the “Calculator” tab of the Calculator and the
calculated CI for Sugarcane-derived Ethanol. If desired, a
conservative margin of safety may be added to the calculated Cl in
this tab in order to establish the final Cl, pursuant to section
95488.4(a) of the regulation.

Summary

Main calculation worksheet that contains fields requiring user input, as
well as some parameters calculated by the worksheet. The end
product of this worksheet is a calculation of a composite ClI for a
sugarcane-based ethanol pathway. Calculations in light gray and light
blue cells are automatically calculated but dependent on user input
provided in the yellow cells. This tab also includes a detailed sample
Cl calculation illustrating the aggregation of impacts. Some input
fields have a drop down list of options for the user to select.

Calculator

Reference worksheet. Contains greenhouse gas emissions factors
EF Tables (EF) from the CA-GREET3.0 model used in calculation of carbon
intensities. No user interface is necessary in this tab.

Generalized worksheet for the development of the EF’s for GHG
impact assessments, and aggregation of well-to-wheels impacts. The
factors are developed from CA-GREET3.0 or other equivalent
models. No user interface is necessary in this tab.

EF General

Reference worksheet for Cl Calculations. Includes emissions factors
Fuel_Specs derived from CA-GREET3.0 model, standard values, and assumptions
related to the Calculator. No user interface is necessary in this tab.

D. Calculator tab

The “Calculator” tab includes pathway inputs used to calculate the ClI for sugarcane-
derived ethanol. Site-specific parameters must be input/selected by the applicant for
all applicable fields in the worksheet. The Calculator tab requires that the applicant
provide facility information, feedstock information, operational energy use data, fuel
and co-product production data, feedstock and finished fuel transport distances for
each mode of transport offered, and other pertinent information such as the level of
mechanized harvesting implemented over the harvest cycle, and the amount of surplus
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cogenerated electricity exported to the grid. The Calculator tab consists of the
following major components:

Pathway Summary and Calculated Cl (gCO2e/MJ)

Section 1: Applicant & Mill Specific Information

Section 2: Finished Fuel Transport Information

Section 3: Monthly Feedstock, Fuel, and Co-Product Production Data
Section 4: Calculation of Production Yields and Mass Allocation Ratio
Section 5: Verify Fuel and Co-Product Production Information

Emissions Factor- based Aggregated Cl Impact Determination for Sugarcane
Juice Feedstock

e Emissions Factor- based Aggregated Cl Impact Determination for Sugarcane
Molasses Feedstock

e Aggregated Cl Calculations

Pathway Summary and Calculated CI (gCO2e/MJ)

A summary of Cls for juice and molasses-derived ethanol, average yields and volumes of
ethanol produced from each of the two feedstocks and a composite Cl is provided in this
section. Although Cls are disaggregated between juice and molasses derived ethanol
streams, for certification, only a composite CI will be available for a given plant for all
sugarcane-derived ethanol. No user interface is required for this section.
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Section 1: Enter Applicant & Mill Specific Information

In this section, input applicant and mill specific information. Details are provided in Table

D.1.

Tier 1 Simplified Cl Calculator Instruction Manual

Table D.1. List of input fields for Section 1 of the Simplified Cl Calculator

Field Description

1.1 Company Name

1.2 Company or Facility ID

1.3 Mill Location

1.4 Mill State/Country

1.5 Harvest Cycle(s)

1.6 Provisional Application?

1.7 Credit for Export of Net Surplus
Cogenerated Electricity

1.8 Electric Transmission and
Distribution Loss

1.9 Regional Electric Mix
(Feedstock/Fuel)

1.10 Choose Applicable Burn Area

Evaluation for Cane Farms, then Click

"SELECT" button

Sugarcane-derived Ethanol

Value

Registered name of the company. Example “ABC
Company, LLC” or “ABC Company, Ltda.”

Input U.S. EPA Company and Facility ID’s. If not
available, contact CARB for LCFS Company and
Facility ID’s.

Input mill location (Fazenda, Township, City)

Input State and Country (eg., Sao Paulo, Brazil )

Input period for which harvest data is valid
(eg., January 2015 to December 2017)

Select “Yes” if Provisional, or “No” if not “Provisional”.
Click the “SELECT” button after filling out Field 1.6.

Select “Yes” if surplus cogenerated electricity is
exported to the grid or “No” if no electricity is exported
from the production facility. Click the “SELECT”
button after filling out Field 1.6.

Standard value and fixed at 8.1% for Brazil. No input
required.

29-Brazilian Mix (Standard for Brazil).
required.

No input

Choose from drop-down menu based on location;
Standard for Sao Paulo State, or Standard for Non-
Sao Paulo States.

Additional details are provided below Table D.1.
Click the “SELECT” button after making a selection.
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1.11 Reference Year(s) for Burn Area Cell shows the harvest year(s) for which the Burn
Evaluation (Calculated) Area Evaluation is valid. No input required.

Field 1.12 will appear gray with standard mechanized
harvesting credits if either of the standard options are
selected in Field 1.10. No input required.

1.12 Applicable Mechanized
Harvesting Credit (Calculated)

Additional Details for Section 1:
Fields 1.10 and 1.11

The choice of mechanized harvesting is used to proportionally offset the impact from
straw burning emissions, and is based on the percentage of mechanized harvesting on
applicant owned, leased, and/or partnership sugarcane farms. The applicant may
select one of two options for mechanized harvesting for sugarcane sourced for their
facility:

a) Standard for Sao Paulo State, or
b) Standard for Non-Sao Paulo States

In the Field 1.10 drop-down menu selection, select “Standard for Sao Paulo State” if
the ethanol plant/sugar mill sources all of its sugarcane from the State of Sao Paulo,
for which a standard mechanized harvesting level of 80 percent is applied.

Select “Standard for Non-Sao Paulo States” if the ethanol plant/sugar mill sources all
of its feedstock from non-Sao Paulo States, for which a standard mechanized
harvesting level of 65 percent is applied. Click the “SELECT” button after making the
selection to clear the previous value. Selecting either of these options exempts
verification of mechanized harvesting levels implemented at applicant-sourced
sugarcane farms during initial validation, and on-going periodic verification reviews of
this parameter.
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Section 2: Enter Fuel Transport Information

This section requires only input of fuel transport modes and distance. Many of the
parameters in this section are derived from input data in Section 3. These are
calculated parameters based on user-provided specific information in Section 3.

Details are included in Table D.2 below.

Table D.2. List of input fields for Section 2 of the Simplified ClI Calculator

Field Description

2.1 Anhydrous Ethanol Volume Transported by
Truck (dry gal) (Calculated)

2.2 Anhydrous Ethanol Transport Distance (km)
by Truck to Port

2.3 Anhydrous Ethanol Ocean Transport Route to
California

2.4 Anhydrous Ethanol Transport Distance by
Ocean Tanker to California (km)

2.5 Ethanol Transport Distance by Truck from
California Port to Terminal (miles)

2.6 Ethanol Transport Distance by Truck from
California Terminal to Refueling Station (miles)

Tier 1 Simplified Cl Calculator Instruction Manual
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Value

This field lists the ethanol volume
transported by HDD Truck direct to Port.
It is derived from Section 3, Field 3.18,
Cell S59, and does not require a user
input here.

Transport distance of ethanol from
production facility to port by HDD truck.

Select an intended shipping route for
ethanol transport by Ocean Tanker from
a port in Brazil to California. Three
choices are offered in a pull-down menu:
“Via Panama Canal’; “Via Strait of
Magellan”; or “Via Cape Horn.”

Input transport distance to California Port
from Brazilian Port (km).

Standard distance of 40 miles and does
not require user input.

Standard distance of 50 miles and does
not require user input.
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Section 3: Enter Monthly Feedstock, Fuel, and Co-Product Production Data

Section 3 requires the applicant to enter inputs related to monthly feedstock inventory
and transport, ethanol and sugar production, and electricity cogenerated or procured
from the grid. The input data must span 24 months inclusive of two sugarcane harvest
cycles of at least 9-month duration each. For provisional pathway applications, a
minimum of 3-months data will be considered. An explanation of the fields in this

section is described in Table D.3.

Table D.3. List of input fields for Section 3 of the Simplified Cl Calculator

Field Description

3.1 Production Data (Monthly)

3.2 Cane Sourced from Applicant-owned
Farms (Propria Farms)

3.3 Transport Distance of Cane Sourced
from Applicant-Owned Farms (weighted
average)

3.4 Cane Purchased from Partnership
Farms (Terceiros Farms)

3.5 Transport Distance of Cane Sourced
from Partnership Farms (weighted
average)

3.6 Total Sugarcane Procured (Calculated)

3.7 Filter Cake Transport & Distribution
Distance (Calculated)

3.8 Amount of Externally Acquired or
Purchased Bagasse'

Value

Entry to designate 24-month data requirements.
No input is required for this field.

Input monthly total quantity of sugarcane
sourced from applicant-owned (Propria)
sugarcane farms (metric tonnes).

Enter monthly weighted average sugarcane
transport distance by HDD Truck to mill from
applicant-owned farms (km).

Enter monthly total quantity of sugarcane
sourced from partnership (Terceiros) sugarcane
farms (metric tonnes).

Enter monthly weighted average sugarcane
transport distance by HDD Truck to mill from
partnership farms (km)

Total sugarcane sourced by the mill from
applicant-owned and partnership farms (metric
tonnes). This is a calculated value and does not
require an input.

This field includes filter cake transport distance
to the fields and is a calculated standard value
(cane transport plus two miles). No user input
necessary.

Input monthly total quantity of additional
sugarcane bagasse sourced from external
sources for cogeneration (metric tonnes). Input
required only if additional bagasse is sourced
from external sources or intra-mill transfer.

" Includes externally acquired biomass (cane straw, wood chips, etc.) for use in the biomass boilers.
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3.9 Amount of Electricity Generated from
Externally Acquired or Purchased Bagasse
(Calculated)

3.10 Amount of Externally Acquired or
Purchased Molasses

3.11 Amount of Ethanol Produced from
Externally Acquired or Purchased
Molasses

3.12 Amount of Purchased Electricity from
the Grid

3.13 Surplus Electricity Cogenerated and
Exported

3.14 Juice Allocated to Sugar Production
(weighted average)

3.15 Fraction Sucrose Entering Sugar
Production (monthly weighted average)

3.16 Anhydrous Ethanol Production
(Reported at 20 C / 68 F)

3.17 Moisture Content (Anhydrous
Ethanol)

3.18 Adjusted Anhydrous Ethanol
Production (Calculated)

3.19 Hydrous Ethanol Production
(Reported at 20 C / 68 F)

3.20 Moisture Content (Hydrous Ethanol)

3.21 Adjusted Hydrous Ethanol
Production (Calculated)

3.22 Amount of Finished/Table Sugar
Produced

3.23 Total Ethanol Production (Reported
at 20 C / 68 F) (Calculated)

Tier 1 Simplified Cl Calculator Instruction Manual
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This is a calculated parameter and is dependent
upon the physical properties of steam exiting the
generator (kWh). Input is not required for this
field.

Input monthly total quantity of sugarcane
molasses sourced from external sources for
ethanol production purposes (metric tonnes).

Input monthly total quantity of ethanol produced
from externally purchased or acquired molasses
(m®).

Input monthly total electricity purchased from the
public grid (kWh).

Input monthly total surplus, cogenerated
electricity exported from the mill (kWh).

Input monthly weighted average share (%) of
sugarcane juice allocated to finished sugar
production.

Input monthly weighted fraction of sucrose
(fermentable or crystalline sugars) in juice that
enters the sugar production process (tonne per
metric tonne cane). Values must be verifiable
from batch laboratory samples, and values
recorded in enterprise production systems (ATR
or TRS). See additional details below Table D.3.

Input monthly total volume of anhydrous ethanol
produced (m?3).

Input monthly weighted average moisture content
(%) in anhydrous ethanol produced.

Anhydrous ethanol produced less calculated
ethanol from externally acquired molasses (m?).
Additional details are provided below Table D.3.

Input monthly total volume of hydrous ethanol
produced (m?3).

Input monthly weighted average moisture content
(%) in hydrous ethanol produced.

Hydrous ethanol produced less calculated
ethanol from externally acquired molasses (m3).
No user input necessary. Additional details are
provided below Table D.3.

Input monthly total quantity of finished or table
sugar produced (metric tonnes).

Monthly total volume of anhydrous and hydrous
ethanol produced (m®). This is a calculated
value and does not require user input.
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Additional Details for Section 3:
Field 3.15

The amount of sucrose (which is a proxy for crystalline and fermentable sugars in
sugarcane juice) in the juice entering the sugar production process is not the same as the
amount of sucrose in the juice measured after the sugarcane crush (ART). This is
because some process losses associated with pre-treatment, and dilution of the juice may
occur prior to the juice entering the sugar production process. These losses have been
estimated to be approximately one percent of the total amount of sucrose. Therefore, if
the amount of sucrose measured at the crush is 0.15 or 15 percent, the mill can expect
the amount of sucrose at sugar production to be approximately 0.14 or 14 percent. This
value is commonly recorded in enterprise production systems as ATR or TRS (or total
reduced sugars after losses). The monthly weighted average value is referred in the
Calculator as the “eta_j” parameter.

Field 3.18 and 3.21

If ethanol is produced from externally-sourced molasses, the quantity of ethanol produced
is split equally between adjusted ethanol production calculated in fields 3.18 and 3.21.
The adjustment subtracts half of the ethanol produced from externally-sourced molasses
from the anhydrous ethanol produced, and the other half from hydrous ethanol produced.

Section 4: Calculation of Production Yields and Mass Allocation Ratio

Section 4 in the Calculator worksheet uses the fuel ethanol production yields from juice
and molasses and calculates the mass allocation ratio (used to attribute upstream
GHG impacts from sugarcane farming and transport to molasses derived ethanol). To
calculate yields, mill-specific parameters need to be input. These parameters are
called the Gopal-Kammen Model Parameters and are illustrated and discussed in
Table D.4 below. Once these parameters are input, the Cl Calculator uses an iterative
process to calculate yields of ethanol from each feedstock using total production
quantities of ethanol and finished sugar, as well as the mass allocation ratio. Details of
the inputs required are described in Table D.4. Other calculated parameters and
outputs are discussed in Table D.5.

The Simplified Cl Calculator requires that the “Solver” Add-in functionality be installed
into the version of Microsoft Excel run by the applicant. Instructions to install the Add-
in function are provided below.

INSTRUCTIONS TO INSTALL "SOLVER” ADD-IN FUNCTIONALITY

1. Click or go to "File" in the Header Menu

2. Click or Select "Options" on the far Left Side Menu

3. A new window "Excel Options" opens up. Select "Add-ins" on the Left Side
Menu.
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4. In the Dialogue Box Select "Solver Add-in" either in the "Active Application," or
"Inactive Application Add-ins." Click OK.

5. If you don’t see the "Solver Add-in," do the following:

6. At the Bottom of the Dialogue Box, Select or Manage "Excel Add-Ins" from the
Drop-down Menu. Then Select "Go."

7. An "Add-Ins" Window will Open. In the Window, Select or Check the Box for
"Solver Add-in," and the Box for "Analysis ToolPak." Then Click OK.

8. Go to the Excel Header Menu and select "Data." The "Solver" function is
located at the far right in the "Analyze" box.

Table D.4. Description of Calculator Worksheet Inputs for Section 4

G-K Model Parameter Description

eta_j is a monthly weighted average parameter
assigned to the fraction of sucrose in the juice that
enters the finished sugar or ethanol production
4.1 nj (tonnes of fermentable sugars in process. Due to some process losses associated with
juice/tonne of cane) (Calculated) pre-treatment and pH adjustment, eta_j is not the
same as the amount of sucrose measured after the
cane crush, or at the gate. No user input is

necessary.
4.2 ns (tonnes of sucrose in final eta_s, this is the fraction of sucrose that enters sugar
sugar/tonne of sucrose into sugar production and is converted into finished sugar. Itis a
factory) (Calculated) calculated parameter, and no user input is necessary.

This is the ratio of the amount of sucrose in molasses
per tonne of sugarcane that is available for conversion
(fermentation) to ethanol. Itis a calculated parameter,
and no user input is necessary.

eta_e represents the conversion efficiency of a sugar
molecule into ethanol. Assuming “sucrose” is a
simple C6 sugar, the theoretical conversion efficiency
of sugar is 0.51. In reality, this efficiency is in the
range 0.43-0.48. It is a calculated parameter, and no
user input is necessary..

4.3 Sucrose in molasses (tonnes sucrose
in molasses/tonne of sugarcane)
(Calculated)

4.4 ne (dry tonnes of EtOH/tonne of
fermentable sugars into distillery)
(Calculated)

4.5 LHV of anhydrous Ethanol LHV of ethanol (mmBtu/dry ton). This is a standard
(MMBtu/dry ton EtOH) value and no user input is necessary.

4.6 Choose ms (tonnes of sucrose in final ms represents the purity of the finished sugar product.
sugar/tonne of final sugar product) Input value for facility weighted average over

24 months of production. The user may choose the
“User Defined” option in Cell E77 and then input a Site
Specific value in Cell F77, or choose Standard Value
in Cell E77. After choosing either option (and entering
a user-defined value if the User-Defined option was
selected), click F9 to update the sheet. The User-
Defined input must be described in the Supplementary
Documentation attached with the Simplified ClI

Calculator.
4.7 Choose mm (tonnes of fermentable mm represents the amount of fermentable sugars in
sugars in standard molasses/tonne of standard molasses per tonne of standard molasses.
standard molasses) Input value for facility weighted average over

24 months of production. The user may choose the
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4.8 Modeled ethanol production (dry gal)
(Calculated)

4.9 Adjusted reported ethanol production
number (dry gal) (Calculated)

4.10 Differences between modeled and
adjusted reported ethanol production
numbers (dry gal) (Calculated)

4.11 Modeled finished sugar production
(metric tonnes) (Calculated)

4.12 Reported finished sugar production
(metric tonnes) (Calculated)

4.13 Differences between modeled and
reported finished sugar production
(metric tonnes) (Calculated)

4.14 Mass Allocation Ratio (Calculated)

“User Defined” option in Cell E78 and then input a Site
Specific value in Cell F78, or choose Standard Value
in Cell E78. After choosing either option (and entering
a user-defined value if the User-Defined option was
selected), click F9 to update the sheet. The User-
Defined input must be described in the Supplementary
Documentation attached with the Simplified ClI
Calculator.

This is a calculated value, and is used as a check
between reported and modeled values. It is based
upon the yield of ethanol determined in the G-K table
(Cells F85 and G85). Additional details are provided
below Table D.4. No user input is necessary.

This is a calculated value and is used to compare
modeled ethanol production quantities with input data
provided by the applicant. Additional details are
provided below Table D.4. No user input is
necessary.

This is a calculated value, and is based upon the
difference of the modeled and adjusted reported
ethanol production numbers. The objective is for this
value to be zero. This cell will report an imbalance
when a “Solver” solution cannot be found. Additional
details are provided below Table D.4. No user input is
necessary.

This cell is a calculated value based upon the yield of
finished sugar predicted in the G-K parameters table
(Cell F81).

This cell is a calculated value based upon the monthly
weighted average finished sugar production numbers
reported by the applicant.

This is a calculated value based on the differences
between the modeled and reported production values
of finished sugar production. The objective is set for
this value to be near zero. This cell will report an
imbalance when a “Solver” solution cannot be found.
No user input is necessary.

Ratio used to apportion upstream GHG emissions
associated with sugarcane production, harvest,
transport, filter cake transport, and sugar production to
molasses-based ethanol. This is a calculated value,
and no user input is necessary.

Once the G-K parameters are input in Section 4, the sugarcane juice-to sugar share
(Field 3.14) and the reported 24-month finished sugar and ethanol production data are
utilized to compare modeled production quantities of finished sugar and ethanol, and to
calculate fuel yields and the mass allocation ratio. This is accomplished as detailed
below:
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1. Select "Data" from the spreadsheet header menu above. Then Click the "Solver"
icon menu above to the far right of the Header. A “Solver Parameters” window
opens up. Ensure that the "Set Objective" refers to cell $E$89, and is set to a
value of 0.0.

2. The variable cells “eta_s” and “eta_e” must be specified in the next sub-window
entitled “By Changing Variable Cells.” Do not change any of the constraints
defined in the “Subject to the Constraints” window (0.38 > eta_e < 0.48, and eta_s
<=0.99). Cell F91 must include an input with a constraint less than or equal to
1.0.

3. Check box “Make Unconstrained Variables Non-Negative.” Choose “GRG
Nonlinear” for the Solving Method. Then Click the "Solve" button at the bottom.

4. The Solver will go through several iterations to find a solution. A new window
"Solver Results" will open up. Solver will display the message that a solution has
been found, and all constraints and optimality conditions have been satisfied.
Choose to keep the Solver Solution.

5. Click OK. The mass allocation ratio has been calculated to determine upstream
impacts.

6. If a solution has not been found, then check the data in Section 3 and Section 4 for
accuracy until a solution has been found, and all constraints and optimality
conditions have been satisfied. Use the imbalance between modeled and reported
production quantities of ethanol and finished sugar to refine the parameters.

7. If a solution has not still been found, then check the juice shares in Field 3.14
(fraction juice allocated to sugar production), and the amount of sucrose in Field
3.15 that enters sugar production (fraction of sucrose in the cane juice that enters
sugar production). The level of sucrose (eta_j), input 4.1, could be lower due to
process losses even if measured higher at the gate or after the cane crush.
Process losses must be empirically determined. The juice shares allocate the juice
between finished sugar and ethanol production. Therefore if the output cannot be
matched, the juice shares may be checked to boost the output of finished sugar or
ethanol.

Additional details for Table D.4 calculated parameters.

Field 4.10 “Difference between reported and modeled” should be a calculated value of
zero (0.0). If a non-zero number exists in this cell, the Solver is alerting the applicant to a
constraint in output that cannot be increased or decreased as a result of the G-K
parameters and production data entered. For example, Cell E89 may indicate that a
difference of 100,000 gallons of ethanol exists between the reported production quantities
and the modeled quantity from each feedstock.

Field 4.11 “Modeled finished sugar production (metric tonnes)” shows the modeled
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quantity of finished sugar based on the G-K parameters and the data entered in

Section 3. If this quantity does not match the reported finished sugar production number
(Section 3, Field 3.22), then it is an indication that some of the parameters could be
incorrect leading to an imbalance in the modeled quantities obtained from the material
balance.

Field 4.14. “Mass Allocation Ratio” is used to apportion upstream GHG emissions
associated with sugarcane production, harvest, transport, filter cake transport, and sugar
production to the molasses-based ethanol pathway. A well-to-tank CI for each feedstock
is calculated, but the composite Cl is the Cl that will be used for reporting fuel volumes
and periodic verification. This Cl is depicted in the value for field “Composite Cl,
gCO2e/MJ” shown in the block “Pathway Summary and Calculated CI” at the top of the
Calculator worksheet. The Composite Cl can also be calculated or updated by clicking on
the “Calculate CI” button (green) in Section 4 of the Calculator worksheet. Clicking or
selecting this button has the same effect as launching the Data Solver function in the
worksheet.

General Note- The applicant should note that if information in the Section 3 table is
changed (for example, if the monthly sugarcane throughput, or the measured sucrose
level entering the sugar production process was to be lowered) after a “Solver” solution
has been found, it will likely result in an imbalance in ethanol volume produced being
reported in Cell E89 of the Calculator worksheet. In this case, the applicant must repeat
the steps in Section 4, and find a new solution utilizing the “Solver” function. If any other
non-production information is changed that warrants a new calculation of the Cl value
(for example, if the transport distance parameters were to be changed), then the Cl value
will be updated automatically, or may be updated by pressing the F9 function key.

The next block in the Calculator worksheet (Section 5) presents a summary of fuel yields
from each feedstock, as well as a summary of modeled finished sugar, ethanol production
from each quantity of feedstock, and surplus cogenerated electricity exported to the public
grid (Table D.6) for the 24-month or 3+ month (provisional pathway) periods. While the
parameters in this block are calculated parameters, the applicant should verify the
accuracy of the model with actual production data (see Section 3).

Section 5: Verify Fuel and Co-Product Production Information

Section 5 does not require any user input, but presents the intermediate results of the
Simplified CI calculator if the monthly production data has been entered correctly and the
model has been executed without error. A discussion of each calculated parameter is
provided in Table D.5.
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Table D.5. List of calculated fields for Section 5 of the Calculator worksheet

Field Description

5.1 Amount of Ethanol Produced from
Sugarcane Juice (Calculated)

5.2 Sugarcane Juice-to-Ethanol Yield
(Calculated)

5.3 Amount of Ethanol Produced from
Molasses (Calculated)

5.4 Molasses-to-Ethanol Yield (Calculated)

5.5 Total Ethanol Volume Produced
(Calculated)

5.6 Total Amount of Finished Sugar Produced
(Calculated)

5.7 Net Surplus Cogenerated Electricity
Exported (Calculated)

5.8 Net Electricity Credited to Pathway
(Calculated)

5.9 Electricity Co-Product Credit (Molasses
Feedstock) (Calculated)

5.10 Electricity Co-Product Credit (Cane Juice
Feedstock) (Calculated)

5.11 Composite Electricity Co-Product Credit
(kWh/gal) (Calculated)

Value

Ethanol produced from sugarcane juice
feedstock (dry gal). No user input is
necessary.

Yield of ethanol from sugarcane processed at
the mill (dry gal per wet metric tonne) from
cane juice feedstock. No user input is
necessary.

Ethanol produced from sugarcane molasses
feedstock (dry gal). No user input is
necessary.

Yield of ethanol from sugarcane processed at
the mill (dry gal per wet metric tonne) from
molasses feedstock. No user input is
necessary.

Total ethanol produced from cane juice and
molasses (dry gal). No user input is
necessary.

Calculated quantity of finished sugar
produced at the mill; it should match the total
production input based on 24-month data
(metric tonnes). No user input is necessary.

Net (of purchases) amount of surplus
cogenerated electricity exported, in kWh. No
user input is necessary.

Net amount of surplus cogenerated electricity
credited to the pathway (kWh) after allocation
between co-products. No user input is
necessary.

Net amount of surplus cogenerated electricity
credited to the pathway (kWh) per gallon of
ethanol produced from Molasses feedstock.
No user input is necessary.

Net amount of surplus cogenerated electricity
credited to the pathway (kWh) per gal ethanol
produced from Sugarcane juice feedstock.
No user input is necessary.

Total electricity co-product credit calculated
based on a weighted average of electricity
generated from molasses and juice-based
production processes. No user input is
necessary.

A final composite fuel pathway Cl is determined based upon the 24-month production
parameters entered in Section 3 of the Calculator worksheet (see “Pathway Summary
and Calculated Cl (gCO2e/MJ)” block at the top of the worksheet).
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Emissions Factor (EF)-based Aggregated Cl Impact Determination for Sugarcane Juice
Feedstock

For each aggregated impact associated with the well-to-wheels assessment, emissions
factors have been developed that enable the determination of the GHG impacts per
metric tonne of feedstock, or per gallon of finished ethanol produced (macroscopic
factors). The GHG impacts are then divided by the energy value of the finished fuel
produced to give the Cl impact of the aggregated component of each feedstock-based
pathway. These factors were developed for each feedstock, and in this section the ClI for
the pathway based on sugarcane juice feedstock is determined. The CI of the sugarcane
juice-based feedstock is combined with the Cl of sugarcane molasses-based feedstock
(see below) to determine a composite CI for all ethanol produced and reported in the
section entitled “Pathway Summary and Calculated Cl (gCO2e/MJ).”

Emissions Factor (EF)-based Aggregated Cl Impact Determination for Sugarcane
Molasses Feedstock

For each aggregated impact associated with the well-to-wheels assessment, emissions
factors have been developed that enable the determination of the GHG impacts per
metric tonne of feedstock, or per gallon of finished ethanol produced (macroscopic
factors). The GHG impacts are then divided by the energy value of the finished fuel
produced to give the Cl impact of the aggregated component of each feedstock-based
pathway. These factors were developed for each feedstock, and in this section the ClI for
the pathway based on sugarcane molasses feedstock is determined. The CI of the
sugarcane molasses-based feedstock is combined with the Cl of sugarcane juice-based
feedstock (see above) to determine a composite Cl for all ethanol produced and reported
in the section entitled “Pathway Summary and Calculated Cl (gCO2e/MJ).”

Aggregated CI Calculations (for each feedstock)

This section contains a detailed breakdown of the calculations used for the Cl
determination based on user inputs and applicable reference data in this calculator.
Calculations are based upon emissions factors directly adopted from the draft CA-
GREET3.0 model proposed for adoption. The Cl Calculations provide an aggregation of
each GHG impact that results from application of agricultural inputs, crop harvesting,
transport to fuel production facility, fuel production, transport and distribution of the fuel,
and assessments of co-product credits. The CI Calculations further provide an overview
of the contribution to the composite Cl, by feedstock.

Footnotes

Footnotes are included below the Cl Calculations for user reference.
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Tier 1 Simplified CI Calculator Instruction Manual

Biodiesel and Renewable Diesel

A. Introduction

This document provides detailed instructions for the use of the Simplified CI Calculator for
Tier 1 Biodiesel (BD) and Renewable Diesel (RD) pathway applications. This Calculator
is to be used to determine the carbon intensity (Cl) for either BD or RD produced from
multiple feedstocks, including soy oil, canola oil, corn oil, used cooking oil (UCO), and
tallow/animal fat. Each required specific input in the Calculator has been numerically
labeled (i.e., 1.1, 1.2 etc.) so that users can follow the sequence and enter information as
required.

Download the Simplified ClI Calculator here:
https://www.arb.ca.gov/fuels/Icfs/ca-greet/ca-greet.htm

The Calculator has been automated to perform Cl calculations using factors from the
CA-GREET3.0 model. The Calculator replaces the existing Tier 1 Calculator and the
operational data template in pathway application packages. Applicants are required to
add facility information and verifiable monthly feedstock, operational energy use, fuel
production and co-product data, and transport distances used in calculating the Cl of
BD and RD. All inputs selected and input by the applicant are subject to
verification unless specifically exempted.

This Calculator also includes additional reference material such as greenhouse gas
emissions factors used in CA-GREET3.0 and reference fuel specifications. Also
included with the Calculator is a detailed breakdown of the calculations used to
determine the final CI of each fuel pathway.

The applicant may only enter values or make selections in input fields designated by
CARB for user input/selection, and may not change any other values or fields in the
Calculator.

B. Color Legend Used in the Calculator

The Calculator uses the following color legend to differentiate required inputs, calculated
values, etc., described below:

Yellow Cells require user input

Light Blue Cells show ClI results

Green Cells show the calculation button
Gray Cells are Calculated Values
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C. Calculator Overview

The following table provides an overview of the tabs used in the Simplified ClI

Calculator.

Table C.1. Overview of Tabs used in the Simplified ClI Calculator.

Tab Name

BD RD
Summary

Soy Oil, Canola
QOil, Tallow,
Corn Oil, UCO

BD-Production,
RD-Production

EF Table

References

Fuel_Specs

Description

Summary worksheet. Contains an overall summary of the information entered in
the “Soy Oil”, “Canola”, “Corn Qil”, “UCQO?”, and “Tallow” tabs for feedstock
production, and the “BD-Production” and “RD-Production” tabs for finished fuel
production. This tab also includes calculated Cls and corresponding fuel
volumes for the various streams. The tab includes a toggle for user to select
either biodiesel or renewable diesel. If desired, a conservative margin of
safety may be added to the calculated Cls in this tab in order to establish final
Cls, pursuant to section 95488.4(a) of the regulation.

These sheets contain fields requiring user inputs for feedstocks (used in biofuel
production), calculated values dependent on user inputs to yellow cells in the
corresponding sections of the calculator, and other information from CA-
GREETS3.0. These tabs also include CI calculation details for each
corresponding feedstock in the respective tab. Only a single tab each is
provided for Soy Qil and Canola Oil used as feedstocks. For UCO and Tallow,
three separate tabs for each feedstock are provided in the Calculator. These
are labeled UCO1, UCO2, and UCO2 for the three UCO tabs and Tallow1,
Tallow2, and Tallow3 for the three Tallow tabs.

These sheets include user inputs for BD or RD production processes,
respectively. These include fields requiring user inputs and those calculated by
the sheet. Calculations in grayed out cells are automatically calculated but
dependent on input to yellow cells in the feedstock and fuel production tabs of
the Calculator. Additional information in these tabs is from CA-GREET3.0
required in calculating pathway Cls for BD or RD. These tabs also include ClI
calculation details.

Contains greenhouse gas emissions factors from the
CA-GREET3.0 model used in calculation of carbon intensities.

This sheet details standard inputs in the Calculator for both soybean and
canola farming for BD and RD. These inputs are not subject to change by
the applicant. The sheet also contains loss factors related to the production
of biodiesel and renewable diesel.

Contains specifications of fuels, global warming potentials of greenhouse
gases, carbon and sulfur ratios of pollutants, unit conversions, and other
information used in calculation of Cls for BD or RD.
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D. Calculator Details— Feedstock Tabs: Soy Qil, Canola, Tallow, UCO, and Corn
Oil

The feedstock tabs contain the input worksheets for all the feedstocks listed above.
This section provides details for the Soy QOil tab only. The other feedstock tabs are
similar. The Soy Oil tab consists of the following major components (applies generally
to ALL feedstock categories above with minor differences for the UCO and Tallow
tabs):

e Section 1. Applicant Information for Soy Oil Production
e Section 2. Information for Soy Oil Production
e Section 3. Feedstock Inputs

Section 1: Applicant Information for Soy Oil Production

Begin by selecting the appropriate feedstock tab and entering the company and facility
information, including the location of the feedstock processing facility. Details for entering
data in all required fields are provided below.

Table D.1. List of input fields for Section 1 of the Simplified ClI Calculator.

Field Name Description

Registered name of the company.
1.1. Company Name Example “ABC Company, LLC” or
“ABC Company, Inc.”

Enter U.S. EPA Company ID. If not

1.2. Company ID available, contact CARB for LCFS
Company ID.
Enter the Company’s Facility ID. If not

1.3. Facility ID available, contact CARB for LCFS
Facility ID.

1.4. Soy Oil Production Enter City, State, and Country from where

Location Soy QOil is sourced.
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Section 2: Information for Soy Oil Production

Table D.2 lists the details of fields in Section 2 of the Soy Qil tab.

Table D.2. List of input fields for Section 2 of the Simplified ClI Calculator.

Field Name

2.1. Select Source of
Feedstock

2.2. Specify source of
Soybean

2.3. Specify GHG Emission
Factor of Soybean Farming,
gCO2e/ton

2.4. Select Oil Extraction

2.5. Enter Oil Extraction GHG
Emission Factor, gCO:e/lb. oil

Tier 1 Simplified Cl Calculator Instruction Manual

Description
Field 2.1 (for soybean production) includes two
choices in a pulldown menu: U.S. or User-
Defined. If U.S. sourced soybean is selected,
standard inputs are applied and no additional
inputs are required for soybean farming. If
User-Defined is selected, click on “Calculate”
and Fields 2.2 and 2.3 will appear.

If user-defined is selected in field 2.1, input
source of Soybeans in field 2.2 (i.e., country).

If user-defined is selected in field 2.1, consult
CARSB staff to develop emission factors for
soybean farming in gCOe2/ton for the specific
region and input in Field 2.3. Click on
“Calculate” to update the sheet. Data sources
for the User-Defined emission factors must be
documented in the Supplemental
Documentation attached with the Simplified CI
Calculator.

Note: Since farming is not applicable for
UCO and Tallow, this option is not available
on the tabs for these feedstocks.

Field 2.4 provides option to select either
Standard or User-Defined oil extraction for Soy
Oil. If standard is selected (applies for U. S.
Facilities only), no additional input is required
for oil extraction. Click on “Calculate” after
either selection. For facilities electing to use
User-Defined, consult with CARB staff to
develop emission factor for oil extraction and
input the emission factor in field 2.5. Note:
UCO and Tallow tabs have an option for
Standard or User-Defined rendering energy
in lieu of oil extraction energy. Standard
applies only to rendering facilities in the U. S.
All facilities outside the U. S. must choose the
User-Defined option. Facilities in the U. S.
which can demonstrate site-specific rendering
energy may elect to use the User-Defined
option.

This field is available for input only if User-
Defined is selected in field 2.4. If User-Defined
is selected in field 2.4, consult CARB staff to
develop emission factors for oil extraction in
gCOe2/Ib. oil for the specific region and input in
field 2.5. Data sources for the User-Defined

Biodiesel and Renewable Diesel
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2.6. Enter Oil Extraction Oil
Extraction Energy, Btu/lb. oil

emission factors must be documented in the
Supplemental Documentation attached with the
Simplified CI Calculator.

This field is available for input only if User-
Defined is selected in field 2.4. If User-Defined
is selected in field 2.4, consult CARB staff to
develop an oil extraction energy factor in Btu/lb.
oil for the specific region and input in field 2.6.
Data sources for the User-Defined oil extraction
energy must be documented in the
Supplemental Documentation attached with the
Simplified CI Calculator.

Section 3: Feedstock Inputs

Table D.3 lists the fields used in Section 3 of the Soy Qil tab in the Calculator.

Table D.3. List of input fields for Section 3 in the Soy Oil Tab of the Simplified ClI

Field Name

3.1. Monthly Data

3.2. Beginning
Feedstock Inventory

3.3. Oil Received

3.4. Oil Used
(Calculated)

3.5. Ending Feedstock
Inventory

3.6. Moisture Content

3.7. Weighted average
of oil transported by
HDD Truck

3.8. Weighted average
of oil transported by
Ocean Tanker

Tier 1 Simplified Cl Calculator Instruction Manual

Calculator

Description

This is a label for all 24 months for which data inputs are required.
No inputs are required for field 3.1.

Input monthly beginning feedstock inventory data (in Ibs.) in field 3.2.
Additional feedstock production details are provided below Table
D.3.

Input monthly total feedstock purchased (in Ibs.) in this field for all 24
months of operation.

Monthly feedstock used (in Ibs.) is automatically calculated in field
3.4. No inputs are required for this Field.

Input monthly total feedstock ending inventory (in Ibs.) in this field for
all 24 months of operation.

Input monthly weighted average moisture content (in percentage) for
feedstock in this field for all 24 months of operation. Utilize an
industry standard moisture measurement protocol to report weighted
average moisture.

Input monthly total feedstock transported by HDD truck (in Ibs.) and
monthly weighted average transport distance (in miles) by this mode
in field 3.7. Additional feedstock transport details are provided below
Table D.3.

Input monthly total feedstock transported by Ocean Tanker (in Ibs.)
and monthly weighted average transport distance (in miles) by this
mode in field 3.8.

Biodiesel and Renewable Diesel
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3.9. Weighted average Input monthly total feedstock transported by rail (in Ibs.) and monthly

of oil transported by weighted average transport distance (in miles) by this mode in field
Rail 3.9.

3.10. Weighted average Input monthly total feedstock transported by barge (in Ibs.) and

of oil transported by monthly weighted average transport distance (in miles) by this mode
Barge in field 3.10.

Additional details for Feedstock-Specific tab, Section 3
Feedstock Inputs (Fields 3.2-3.6)

For feedstock inputs, enter data for site-specific inputs for feedstock inventory to
enable calculation of quantity of feedstock used in biofuel production. Cells which are
grayed out are calculated values and do not require applicant input. The first input
field is the monthly beginning inventory of feedstock (in Ibs.). Input monthly totals for
feedstock received (as purchased) in Ibs. and total monthly ending feedstock inventory
in Ibs. The monthly total quantities must be inclusive of moisture and not reported on a
dry basis. The inventory data are used to determine the total feedstock used for
biofuel production.

Feedstock Transport (Fields 3.7-3.10)

Given the likelihood that a batch of feedstock transport may entail more than one
mode of transport, staff suggests a calculation methodology detailed below. The
example detailed is for Soy QOil transported to a biomass-based diesel production
facility. The same suggested approach could be used for all feedstocks used in by a
production facility.

The example lists five different batches of Soy Oil delivered to a biomass-based diesel
facility. The Table provides details of individual transport modes for each batch
received at the facility. The suggested calculation methodology includes direct
transport by a single mode of transport, and also transport which includes more than
one mode of transport to ship feedstock from the source to the biomass-based diesel
production facility.
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Actual soyoil (Ibs.) transported by corresponding mode of transport and miles transported

Modes of Transport
Truck Miles Rail Miles Barge Miles
100,000 50 100,000 1,200
200,000 150
200,000 800
100,000 200 100,000 250
50,000 1,000

O|IN[o|ja|h[wW[N]| =

Weighted average distance and corresponding quantities to be used for monthly reporting of feedstock

300,000 117 450,000 778 100,000 250

Example in sheet above:

Entry 1 For the month, the facility received 100,000 |bs. by a mode which included 50 miles by truck followed by 1200 miles by rai
Entry 2 For the month, the facility also received 200,000 Ibs. by truck only with a transport distance of 150 miles

Entry 3 For the month, the facility also received 200,000 Ibs. by rail only with a transport distance of 800 miles

Entry 4 For the month, the facility also received 100,000 Ibs. which included 200 miles by rail followed by 250 miles by barge
Entry 5 For the month, the facility also received 50,000 Ibs. using only rail transport for a distance of 1000 miles

For these scenarios, the facility shall report 300,000 Ibs. of soy oil with a weighted
average distance of 117 miles by HDD truck, 450,000 Ibs. of soy oil with a weighted
average distance of 778 miles by rail and 100,000 Ibs. of soy oil with a weighted average
distance of 250 miles by barge.

For transport of feedstock, applicants must calculate the appropriate mileage for each
mode of transport as described below. For rail transport, mileage must be based on
the rail network maps from either BNSF Railway' or Union Pacific.? For facilities which
are not directly located on the BNSF or Union Pacific rail network, applicants may use
a publicly available web-based driving distance estimator for the distance between the
facility and the applicable rail depot. Truck transport distance between two points may
be determined using a publicly available web-based driving distance estimator. Barge
transport distance must be calculated using a reputable online mapping system,
reported in miles.® Nautical miles calculated by the online mapping system must be
converted to miles using the conversion factor of 1 nautical mile/1.152 miles.*

' BNSF railway system: http://www.bnsf.com/customers/where-can-i-ship/

2 Union Pacific system: https://www.up.com/aboutup/usguide/index.htm

3 Example of an online nautical distance mapping system: https://www.marinetraffic.com/en/voyage-
planner

4 Nautical miles to miles conversion factor source: http://www.metric-conversions.org/length/uk-nautical-
miles-to-miles.htm
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E. Calculator Details — BD Production Tab

The “BD-Production” tab contains the CI calculation worksheet for biodiesel production
consisting of the following major components:

e Section 1. Application Information, Pathway Summary, and Estimated ClI
e Section 2. Information for Biodiesel Production (FAME)
e CJ Calculation Details

All Cl values are calculated based on relevant site-specific inputs entered into the
respective input fields. After all site-specific inputs for a given facility have been
entered, the calculated Cls will represent the pathway Cls for the various streams as
detailed in this tab and the “BD RD Summary” tab. Details for entering data in all
required fields are included below.

Section 1: Application Information, Pathway Summary, and Estimated CI

Table E.1 includes fields requiring inputs related to applicant, facility location. This
section also provides a summary of pathway Cls corresponding to inputs in the
feedstock tabs and the BD-Production tab. All Cl values are calculated based on
relevant site-specific inputs which have to be entered in the respective input fields.
Only after all site-specific inputs for a given facility have been entered will the
calculated Cls represent the pathway Cls for the various streams as detailed in this
tab.

Table E.1. List of input fields for Section 1.0 of the Simplified CI Calculator.

Field Name Description

Registered name of the company.
1.1. Applicant Example “ABC Company, LLC” or
“ABC Company, Inc.”

Enter City, State, and Country of BD

1.2. Facility Location production facility.

Field to include a summary of the BD
1.3. Pathway Summary pathways such as “soy oil and tallow to
BD".

This section of the calculator contains the calculated CI results for BD pathways. The
final results are displayed here after the data are entered and the user clicks the
“Calculate” button.
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Section 2: Information for Biodiesel Production (FAME)?®
The following table lists the fields used in Section 2 of the calculator.

Table E.2. List of input fields for Section 2 of the Simplified Cl Calculator

Field Name Description

Choose the electricity mix corresponding to the zip code
for the region where the BD production facility is located.
The Calculator includes 26 eGRID zone mixes, Brazilian
average mix, Canadian average mix and User Defined

2.1. Regional Electricity Mix included in the pull down menu. For facilities in the

Mix for Fuel U. S, select one of 26 eGRID zones available for the U.
S. These are selected based on zip code of the fuel
production facility. After a selection, click the “Calculate”
button. Additional electricity mix details are provided
below Table E.2.

This field is highlighted only if “User-Defined Mix” is
selected in field 2.1. This field requires input of emission
factor for electricity mix corresponding to the location of
the BD production facility. Consult with CARB staff to
develop a user-defined emission factor for electricity mix.
Data sources for User-Defined electricity mixes must be
documented in the Supplemental Documentation
attached with the Simplified CI Calculator.

2.2 Enter GHG EF of
Electricity Mix,
gCOz2e/kWh

Choose the source of crude mix from the pulldown menu
based on location of BD production facility. After a
selection, click the “Calculate” button. [f selection is

2.3. Regional Crude Mix “U. S. Average Crude”, no additional input is required. If
selection is “User Defined Crude”, consult with CARB
staff to develop emission factor for crude and input in
Field 2.4.

5 FAME: Fatty Acid Methyl Esters (FAME) through a transesterfication process by mixing fats and oils with
an alcohol and a catalyst to create a reaction that produces biodiesel and other
co-products.
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2.4. Enter GHG EF of
Crude Sources,
gCO2e/MMBtu of Crude

2.5. Regional Natural
Gas (NG) Source

2.6. Enter GHG EF of NG
Sources, gC0O2e/MMBtu
of NG

2.7. Monthly Data

2.8. Beginning Biodiesel
Inventory (Gallons @
60°F)

2.9. Biodiesel Produced
(Calculated) (Gallons @
60°F)

2.10. Ending Biodiesel
Inventory (Gallons @
60°F)

2.11. Biodiesel Sales
(Gallons @ 60°F)

Tier 1 Simplified Cl Calculator Instruction Manual
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This field is highlighted only if “User-Defined Crude” is
selected in field 2.3. This field requires input of emission
factor for crude corresponding to the location of the BD
production facility. Consult with CARB staff to develop a
user-defined emission factor for crude. Data sources for
user-defined crude mixes must be documented in the
Supplemental Documentation attached with the Simplified
ClI Calculator.

Choose the source of NG from the pulldown menu based
on location of BD production facility. If selection is “U. S.
Average NG”, no additional input is required. If selection
is “User-Defined NG”, consult with CARB staff to develop
emission factor for NG and input in Field 2.6. After a
selection, click the “Calculate” button.

This field is highlighted only if “User-Defined NG” is
selected in field 2.5. This field requires input of emission
factor corresponding to the location of the BD production
facility. Consult with CARB staff to develop a site-specific
emission factor for natural gas. Data sources for User-
Defined NG mixes must be documented in the
Supplemental Documentation attached with the Simplified
ClI Calculator.

Label for all 24 months for which data inputs are required.
No inputs are required for field 2.7.

Input monthly beginning inventory data for BD (gallons at
60°F) for all 24 months of operation.

Monthly fuel produced data (gallons at 60°F) in this field
will be automatically calculated. No inputs are required
for this field since these are calculated from inputs in
fields 2.8 through 2.11.

Input monthly total ending inventory for BD (gallons at
60°F) in this field for all 24 months of operation.

Input monthly total sales data of BD (gallons at 60°F) in
this field for all 24 months of operation.
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2.12. NG Use from Utility
Invoices, (MMBtu in
HHV)

2.13. Electricity Use
from Utility Invoices
(kWh)

2.14. Alternate Fuel Use

2.14.a. Alternate Fuel
GHG Emission Factor

2.14.b. Conversion
Factor from HHV to
LHV

2.15. Beginning
Methanol Inventory

2.16. Methanol Used
(Calculated)

2.17. Methanol
Purchased

2.18. Ending Methanol
Inventory

Tier 1 Simplified Cl Calculator Instruction Manual
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Input monthly total NG consumption data (MMBtu, HHV)
in this field for all 24 months of operation.

Input monthly total electricity use (in kWh) in this field for
all 24 months of operation.

If another fuel source is used for fuel production, input
monthly total use (Ibs.) in field 2.14 for all 24 months of
operation. If the alternate fuel is a co-product, monthly
entries must match the entries in the respective co-
product input field.

Consult with CARB staff to develop an appropriate
emission factor (gCOze/lb.) for the alternate fuel and input
in Field 2.14.a. Alternate fuel sources and data sources
used in calculating emission factors must be described in
detail in the Supplemental Documentation submitted with
the Simplified CI Calculator. This description must at a
minimum identify the alternative fuel and the source.

Consult with CARB staff to develop an appropriate
conversion factor from HHV to LHV for the alternate fuel
and input in Field 2.14.b. Alternate fuel sources and data
sources used in this conversion factor must be described
in detail in the Supplemental Documentation submitted
with the Simplified CI Calculator.

Input monthly inventory data for methanol (in Ibs).

Monthly methanol used data in this field will be
automatically calculated. No inputs are required for this
field.

Input monthly total methanol purchased data (in Ibs.) in
this field for all 24 months of operation.

Input monthly total methanol ending inventory (in Ibs.) in
this field for all 24 months of operation.
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2.19. Distillate Bottoms
Production (moisture
corrected)

2.19.a. Energy
Density Factors for
Coproducts (Btu/lb.,
LHV)

2.20. Free Fatty Acids
Production (moisture
corrected)

2.21. Glycerin
Production (moisture
corrected)

Tier 1 Simplified Cl Calculator Instruction Manual

Biodiesel and Renewable Diesel

Input monthly total distillate bottoms production (in Ibs.) in
this field for all 24 months of operation. To ensure co-
product credit, appropriate evidence of end-use of the co-
product must be demonstrated in the Supplemental
Documentation submitted with the Simplified ClI
Calculator. If part or all of the distillate bottoms are used
as process fuel, co-product credit will not be offered.

Consult with CARB staff to develop the appropriate
energy density factor for distillate bottoms, free fatty acids
and other co-products, as applicable, for co-product credit
(Btu/lb. for LHV). Enter it in Field 2.19.a. below the
monthly inputs. To ensure co-product credit, appropriate
evidence of end-use of all co-products must be
demonstrated in the Supplemental Documentation
submitted with the Simplified CI Calculator. Co-product
credit will not be offered for any co-products used as a
process fuel, and the energy density value for each co-
product used as a process fuel must be input as zero.

Input monthly total free fatty acids production (in Ibs.) in
this field for all 24 months of operation. To ensure co-
product credit, appropriate evidence of end-use of the co-
product must be demonstrated in the Supplemental
Documentation submitted with the Simplified ClI
Calculator. If part or all of the free fatty acids are used as
process fuel, co-product credit will not be offered.

Monthly total glycerin produced (in Ibs.) must be input in
this field for all 24 months of operation. To ensure co-
product credit, appropriate evidence of end-use of all co-
products need to be demonstrated in the Supplemental
Documentation submitted with the Simplified ClI
Calculator. If part or all of the glycerin is used as process
fuel, co-product credit will not be offered.
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2.22. Other Co-products
(Specify here)

2.23. Biodiesel
Transportation

2.23.a. By HDD Truck
to port/ rail yard

2.23.b. By HDD Truck
to blending terminal

2.23.c. By Rail

Monthly total “other” co-product production (in Ibs.) must
be input in this field for all 24 months of operation. Enter
the name of the “other” co-product above the monthly
inputs in cell P21. To ensure co-product credit,
appropriate evidence of end-use of all co-products need
to be demonstrated in the Supplemental Documentation
submitted with the Simplified CI Calculator. If part or all
of the “Other” co-product is used as process fuel, co-
product credit will not be offered.

No inputs are required for field 2.23. Additional biodiesel
transportation details are provided below Table E.2.

Input miles transported by HDD truck from BD production
facility to either a port or rail yard for further transport.

Input miles transported by HDD truck to final blending
terminal.

Input miles transported by rail to blending terminal. The
point of origin for rail transport is either from a loading
dock at the BD production facility or a point where BD is
transported from the production facility by HDD truck to a
railyard (as described in field 2.23.a).

Input miles transported by Ocean Tanker to a blending

2.23.d. By Ocean
Tanker

terminal. The point of origin for ocean transport is either from
a loading dock at the BD production facility or a point where
BD is transported from the production facility by HDD truck to

2.23.e. By Barge

Tier 1 Simplified Cl Calculator Instruction Manual
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a port (as described in field 2.23.a).

Input miles transported by barge to blending terminal. The
point of origin for barge transport is either from a loading
dock at the BD production facility or a point where BD is

transported from the production facility by HDD truck to a port

(as described in field 2.23.a).
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Additional details for BD Production Tab, Section 2

Electricity Mix (field 2.1)

The applicant must select a regional electricity mix for biodiesel production from
Electricity Mix Region for Fuel’. The dropdown menu consists of 30 subregions (26
from the U.S based on eGRID 2014 version 2%, one from Brazil, one from Canada, one
representing the U.S average, and one for User-Defined region’).

Biodiesel Transportation (field 2.23)

For transport of finished fuel to California, applicants must input the appropriate
transport distance by HDD truck, by Rail, by Ocean Tanker and by Barge, as
applicable. Emissions from transport modes are additive to reflect all legs of transport
of finished fuel to California.

Note: For applicants who expect to use various combinations of transport modes to ship
fuel to California, staff suggests calculating the Cls for each combination and inputting the
combination with the highest ClI in the Simplified CI Calculator to prevent unintentional
exceedance of the pathway Cl. The supplemental documentation provided with the
application must include the Cls for each of the anticipated combinations and highlight the
combination used in the Calculator.

ClI Calculation Details

This section contains an example pathway CI calculation with a detailed breakdown of
all calculations used for Cl determination based on information entered by the user
and applicable reference data. These calculations are included below section 2 in the
BD production tab.

F. Calculator Details — RD Production Tab

The “RD-Production” tab contains the Cl calculation worksheet consisting of the following
major components:

e Section 1. Application Information, Pathway Summary, and Estimated ClI
e Section 2. Renewable Diesel Production Data (via Hydrotreating)
e Section 3: Cl Calculation Details

All Cl values are calculated based on relevant site-specific inputs entered in the

6 “Emissions & Generation Resource Integrated Database (eGRID)” - U.S EPA, extracted 02-2017:
https://www.epa.gov/energy/emissions-generation-resource-integrated-database-egrid

7 Applicants must consult CARB staff to develop emission factors for User-Defined electricity.

Tier 1 Simplified Cl Calculator Instruction Manual Page 45 of 65
Biodiesel and Renewable Diesel



respective input fields. After all site-specific inputs for a given facility have been
entered, the calculated Cls will represent the pathway Cls for the various streams as
detailed in this tab and in the “BD RD Summary” tab. Details for entering data in all
required fields is detailed below.

Section 1: Applicant Information, Pathway Summary, and Estimated Cl

Table F.1 includes fields requiring inputs related to applicant, facility location. This
section also provides a summary of pathway Cls corresponding to inputs in the
feedstock tabs and the RD-Production tab. All Cl values are calculated based on
relevant site-specific inputs which have to be entered in the respective input fields.
Only after all site-specific inputs for a given facility have been entered, the calculated
Cls will represent the pathway Cls for the various streams as detailed in this tab.

Table F.1. List of input fields for Section 1.0 of the Simplified Cl Calculator.

Field Name Description

Registered name of the company.
1.1. Applicant Example “ABC Company, LLC” or
“ABC Company, Inc.”

Enter City, State, and Country of RD

1.2. Facility Location production facility.

Field to include a summary of the RD
1.3. Pathway Summary pathways such as “soy oil and tallow to
RD”.

Section 2: Renewable Diesel Production Data (via Hydrotreating)
The following table lists the fields used in Section 2 of the calculator.

Table F.2. List of input fields for Section 2 of the Simplified Cl Calculator

Field Name Description

Choose the electricity mix corresponding to the zip code for the
region where the RD production facility is located. The
Calculator includes 26 eGRID zone mixes, Brazilian average mix,
Canadian average mix and User Defined Mix included in the pull

Al et ety Al down menu. For facilities in the U. S., select one of 26 eGRID

7 e zones available for the U. S. These are selected based on zip
code of the fuel production facility. After a selection, click the
“Calculate” button. Additional electricity mix details are provided
below Table F.2.
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2.2. Enter GHG EF of
Electricity Mix, gCO2e/kWh

2.3. Regional Crude Mix

2.4. Enter GHG EF of Crude
Sources, gC0O2e/MMBtu of
Crude

2.5. Regional Natural Gas
(NG) Source

2.6. Enter GHG EF of NG
Sources, gC02e/MMBtu of
NG

2.7. Monthly Data

2.8. Beginning Renewable
Diesel Inventory (Gallons @
60°F)

2.9. Renewable Diesel
Produced (Gallons @ 60°F)
(Calculated)
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This field is highlighted only if “User-Defined Mix” is selected in
field 2.1. This field requires input of emission factor for electricity
mix corresponding to the location of the RD production facility.
Consult with CARB staff to develop a user-defined emission
factor for electricity mix. Data sources for User-Defined
electricity mixes must be documented in the Supplemental
Documentation attached with the Simplified CI Calculator.

Choose the source of crude mix from the pulldown menu based
on location of RD production facility. After a selection, click the
“Calculate” button. If selection is

“U. S. Average Crude”, no additional input is required. If
selection is “User Defined Crude”, consult with CARB staff to
develop emission factor for crude and input in Field 2.4.

This field is highlighted only if “User-Defined Crude” is selected in
field 2.3. This field requires input of emission factor for crude
corresponding to the location of the RD production facility.
Consult with CARB staff to develop a user-defined emission
factor for crude. Data sources for user-defined crude mixes must
be documented in the Supplemental Documentation attached
with the Simplified Cl Calculator.

Choose the source of NG from the pulldown menu based on
location of RD production facility. If selection is “U. S. Average
NG”, no additional input is required. If selection is “User-Defined
NG”, consult with CARB staff to develop emission factor for NG
and input in Field 2.6. After a selection, click the “Calculate”
button.

This field is highlighted only if “User-Defined NG” is selected in
field 2.5. This field requires input of emission factor
corresponding to the location of the RD production facility.
Consult with CARB staff to develop a site-specific emission factor
for NG. Data sources for User-Defined NG sources must be
documented in the Supplemental Documentation attached with
the Simplified CI Calculator.

Label for all 24 months for which data inputs are required. No inputs
are required for field 2.7.

Input monthly beginning inventory data for RD (gallons at 60°F)
for all 24 months of operation.

Monthly fuel produced data (gallons at 60°F) in this field will be
automatically calculated. No inputs are required for this field
since these are calculated from inputs in fields 2.8 through 2.11.
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2.10. Ending Renewable
Diesel Inventory (Gallons @
60°F)

2.11. Renewable Diesel
Sales
(Gallons @ 60°F)

2.12. NG Use from Utility
Invoices

2.13. Electricity Use from
Utility Invoices

2.14. Alternate Fuel Use

2.14.a. Alternate Fuel
GHG Emission Factor

2.14.b. Conversion
Factor from HHV to LHV

2.15. Hydrogen Use

2.16. Light Hydrocarbon
Production

Tier 1 Simplified Cl Calculator Instruction Manual

Input monthly total ending inventory data for RD (gallons at 60°F)
in this field for all 24 months of operation.

Input monthly total sales data of RD (gallons at 60°F) in this field
for all 24 months of operation.

Input monthly total NG consumption data (in MMBtu, HHV) in this
field for all 24 months of operation.

Input monthly total electricity use (in kWh) in this field for all 24
months of operation.

If another fuel source is used for fuel production, input monthly
total use (Ibs.) in field 2.14 for all 24 months of operation. If the
alternate fuel is a co-product, monthly entries must match the
entries in the respective co-product input field.

Consult with CARB staff to develop an appropriate emission
factor (gCO2e/Ib.) for the alternate fuel and input in Field 2.14.a.
Alternate fuel sources and data sources used in calculating
emission factors must be described in detail in the Supplemental
Documentation submitted with the Simplified CI Calculator. This
description must at a minimum identify the alternative fuel and
the source.

Consult with CARB staff to develop an appropriate conversion
factor from HHV to LHV for the alternate fuel detailed in 2.14 and
input this value in Field 2.14.b. Alternate fuel sources and data
sources used in this conversion factor must be described in detail
in the Supplemental Documentation submitted with the Simplified
ClI Calculator.

Input monthly Hydrogen use (in cubic feet) from grid data in this
field for all 24 months of operation.

Input monthly production for light hydrocarbon production (in
MMBtu, HHV.) in this field for all 24 months of operation. To
ensure co-product credit, appropriate evidence of end-use of the
co-product must be demonstrated in the Supplemental
Documentation submitted with the Simplified CI Calculator. If
part or all of light hydrocarbons are used as process fuel, co-
product credit will not be offered.

Biodiesel and Renewable Diesel
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Consult with CARB staff to develop an appropriate conversion
factor from HHV to LHV for the light hydrocarbon stream detailed
in 2.16 and input this value in Field 2.16.a. Alternate fuel
sources and data sources used in this conversion factor must be
described in detail in the Supplemental Documentation submitted
with the Simplified Cl Calculator.

2.16.a Conversion Factor
from HHV to LHV for cell
J51

Input monthly production for renewable naphtha production (in
gallons) in this field for all 24 months of operation. To ensure co-
product credit, appropriate evidence of end-use of the co-product
must be demonstrated in the Supplemental Documentation
submitted with the Simplified ClI Calculator. If part or all of the
renewable naphtha is used as a process fuel, co-product credit
will not be offered.

2.17. Renewable Naphtha
Production

Consult with CARB staff to develop the appropriate energy
density factor for renewable naphtha, renewable propane, jet fuel
or other fuel co-products, as applicable, for co-product credit
(Btu/lb. for LHV). Enter itin Field 2.17.a. below the monthly
inputs. To ensure co-product credit, appropriate evidence of
end-use of all co-products must be demonstrated in the
Supplemental Documentation submitted with the Simplified ClI
Calculator. Co-product credit will not be offered for any co-
products used as a process fuel, and the energy density value for
each co-product used as a process fuel must be input as zero.

2.17.a. Energy Density
For Other Co-Products
(Btu/gal) in LHV

Input monthly production for renewable propane production (in
gallons) in this field for all 24 months of operation. To ensure co-
product credit, appropriate evidence of end-use of the co-product
must be demonstrated in the Supplemental Documentation
submitted with the Simplified CI Calculator. If part or all of the
renewable propane is used as a process fuel, co-product credit
will not be offered.

2.18. Renewable Propane
Production

Input monthly production for jet or other fuel production (in
gallons) in this field for all 24 months of operation. Enter the
name of the “other” co-product above the monthly inputs in cell
M25. To ensure co-product credit, appropriate evidence of end-
use of the co-product must be demonstrated in the Supplemental
Documentation submitted with the Simplified CI Calculator. If
part or all of the jet (or other fuel) is used as a process fuel, co-
product credit will not be offered.

2.19. Jet Fuel or Other

2.20. RD Transportation No inputs are required for field 2.20.

Input miles transported by HDD truck from RD production facility
to either a port or rail yard for further transport. Additional RD
transportation details are provided below Table F.2.

2.20.a. By HDD Truck to
portl/yard

2.20.b. By HDD Truck to

blending terminal Input miles transported by HDD truck to final blending terminal.
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Input miles transported by rail to blending terminal. The point of
origin for rail transport is either from a loading dock at the RD

2.20.c. By Rail production facility or a point where RD is transported from the
production facility by HDD truck to a railyard (as described in field
2.20.a).

Input miles transported by Ocean Tanker to a blending terminal.
The point of origin for ocean transport is either from a loading

2.20.d. By Ocean Tanker dock at the RD production facility or a point where RD is
transported from the production facility by HDD truck to a port (as
described in field 2.20.a).

Input miles transported by barge to blending terminal. The point
of origin for barge transport is either from a loading dock at the

2.20.e. By Barge RD production facility or a point where RD is transported from the
production facility by HDD truck to a port (as described in field
2.20.a).

Additional details for RD Production Tab, Section 2

Electricity Mix (field 2.1)

The applicant must select a regional electricity mix for renewable diesel production
from Electricity Mix Region for Fuel’. The dropdown menu consists of 30 subregions
(26 from the U.S based on eGRID 9t edition version 2,® one from Brazil, one from
Canada, one representing the U. S. average, and one for User-Defined region?®).

Renewable Diesel Transportation (field 2.20)

For transport of finished fuel to California, applicants must input the appropriate
transport distance by HDD truck, by Rail, by Ocean Tanker and by Barge, as
applicable. Emissions from transport modes are additive to reflect all legs of transport
of finished fuel to California.

Note: For applicants who expect to use various combinations of transport modes to
ship fuel to California, staff suggests calculating the Cls for each combination and
inputting the combination with the highest Cl in the Simplified Cl Calculator. The
supplemental documentation provided with the application must include the Cls for
each of the anticipated combinations and highlight the combination used in the
Calculator.

ClI Calculation Details

8 “Emissions & Generation Resource Integrated Database (eGRID)” - U.S EPA, extracted 02-2017:
https://www.epa.gov/energy/emissions-generation-resource-integrated-database-egrid

® Applicants must consult CARB staff to develop emission factors for User-Defined electricity.
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This section contains an example pathway CI calculation with a detailed breakdown of
all calculations used for Cl determination based on information entered by the user

and applicable reference data. These calculations are below Section 2 in the RD
production tab.

Tier 1 Simplified Cl Calculator Instruction Manual Page 51 of 65
Biodiesel and Renewable Diesel



Tier 1 Simplified Cl Calculator Instruction Manual

LNG and L-CNG from North American Natural Gas

A. Introduction

This document provides detailed instructions for the use of the Simplified CI Calculator for
Tier 1 North American Natural Gas pathway applications. This Calculator is to be used to
calculate the carbon intensity (Cl) for Liquefied Natural Gas (LNG) and Liquefied and
subsequently Compressed Natural Gas (L-CNG) from North American natural gas. Each
required specific input in the Calculator has been numerically labeled (i.e., 1.1, 1.2 etc.)
so that users can follow the sequence and enter information as required.

Download the Simplified Cl Calculator here:
https://www.arb.ca.gov/fuels/Icfs/ca-greet/ca-greet.htm

The Calculator has been automated to perform CI calculations using factors from the
CA-GREET3.0 model. The Calculator replaces the existing Tier 1 Calculator and the
operational data template in pathway application packages. Applicants are required to
add facility information and verifiable operational energy use and fuel production data,
and transport distances used in calculating the Cl of NA NG pathways. All inputs
selected and input by the applicant are subject to verification unless specifically
exempted.

This Calculator also includes additional reference material such as greenhouse gas
emissions factors used in CA-GREET3.0 and reference fuel specifications. Also
included with the Calculator is a detailed breakdown of the calculations used to
determine the final Cl of each fuel pathway.

The applicant may only enter values or make selections in input fields designated by
CARSB for user input/selection, and may not change any other values or fields in the
Calculator.

B. Color Legend Used in the Calculator

The Calculator uses the following color legend to differentiate required inputs, calculated
values, etc., described below:

Yellow cells require user input

Light Blue cells show ClI results

Green Cells show the calculation button
Gray Cells are calculated values
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C. Calculator Overview

The following table provides an overview of the tabs used in the Simplified ClI
Calculator.

Table C.1. Overview of Tabs Used in the Simplified ClI Calculator

Tab Name Description

Summary worksheet. Contains an overall summary of the information
entered in the “NA NG” tab of the calculator and calculated Cls for NA

NA NG Summary NG to LNG and L-CNG. If desired, a conservative margin of safety
may be added to the calculated Cl in this tab in order to establish the final
Cl, pursuant to section 95488.4(a) of the regulation.

Main calculation worksheet. Contains the main components of the calculator
with fields requiring user inputs and those calculated by the sheet.
Calculations in grayed out cells are automatically calculated but dependent on
input to yellow cells in the corresponding sections of the calculator. This tab
also includes CI calculations using inputs in this tab. See more detailed
instructions below.

NA NG

EF Table Reference worksheet. Contains greenhouse gas emissions factors from
the CA-GREET3.0 model used in calculation of carbon intensities.
Reference worksheet. Contains specifications of fuels (i.e., HHV, LHV,
density, carbon ratio), global warming potentials of greenhouse gases,
unit conversions, tailpipe emissions, LNG boil-off emissions and other
information used in calculating Cls.

Reference

D. NA NG tab

The “NA NG” tab contains the main CI calculation worksheet and consists of the
following major sections:

e Section 1. Applicant Information for Fossil LNG Production
e Section 2. Information for Fossil LNG Production
e Section 3. Cl Calculation Details
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Section 1. Applicant Information for Fossil LNG Production

The following table lists the fields used in Section 1 of the NA NG tab.

Table D.1. List of Input Fields for Section 1 of the Simplified Cl Calculator

Field Name Description

Registered name of the company. Example “ABC

el (O PEGR bR Company, LLC” or “ABC Company, Inc.”

Enter U.S. EPA Company ID. If not available, contact

1.2. Company ID CARB for LCFS Company ID.

- Enter the Company’s Facility ID. If not available, If not
U (711 available, contact CARB for LCFS Facility ID.
1.4. LNG Liquefaction Facility

Location Location of the liquefaction facility (Street, City, State).

If available data is less than 24 months, select “Yes”,
else “No”. If the application is for a provisional
pathway, input available months of operational data
starting in Month 1 (minimum three months of
operational data required to meet provisional
requirements).

1.5. Provisional Pathway?

Location of LNG dispensing location (Street, City,
State). For multiple stations, calculate a centroid
location based on a weighted average of fuel
dispensing stations to which LNG is supplied. See
additional details for Field 2.7.b. below Table D.2.

1.6. LNG Dispensing Station(s)
Location

Location of L-CNG station in California (Street, City,
State). For multiple stations, calculate a centroid
location based on a weighted average of fuel
dispensing stations to which L-CNG is supplied. See
additional details for Field 2.7.b. below Table D.2.

1.7. L-CNG Dispensing
Station(s) Location
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Section 2. Information for Fossil LNG and L-CNG Production

Table D.2. provides details of inputs for Fossil LNG and L-CNG pathways. Additional
details are included below Table D.2.

Table D.2. List of Input Fields for Section 2 of the Simplified CI Calculator.

Field Name

2.1. Select Regional

2.2,

2.3.

2.4.

2.5.

2.6.

2.7.

Tier 1 Simplified Cl Calculator Instruction Manual

Electricity Mix for LNG
Production

Monthly Data

NG from NG purchase
invoices

LNG Production from
Production Log

NG as process fuel
(Calculated)

Electricity from Utility
Invoices

LNG Transport and
Distribution

2.7.a. Select to affirm
LNG delivery trucks
are equipped with Boil-
Off Recovery

Description

Choose the electricity mix corresponding to the zip code for the
region where the liquefaction plant is located. The Calculator
includes 26 eGRID zone mixes, Brazilian average mix, Canadian
average mix and User Defined mix included in the pull down
menu. For facilities in the U. S. select one of 26 eGRID zones
available for the U. S. If processing facility is located outside the
U.S., select “User Defined Mix”. After selecting an electricity mix
option, click the “Calculate” button. If “User Defined Mix” is
selected, consult with CARB staff to develop an emission factor
for the user defined mix to be input in field 2.8. Data sources for
User Defined electricity mixes must be documented in the
Supplemental Documentation attached with the Simplified ClI
Calculator.

Label for all 24 months for which data inputs are required. No
inputs are required for field 2.2.

Input monthly total fossil NG sourced from a pipeline (or other) in
MMBtu from utility invoices (reported in HHV) for 24 months of
operation in field 2.3. The input includes fossil NG used as
process fuel and liquefied to LNG.

Input monthly total LNG produced in gallons (reported at ambient
temperature) for 24 months in field 2.4.

This field calculates NG used as process fuel using inputs in fields
2.3 and 2.4. No user input is required for this field.

Input monthly total electricity use from the grid in kWh for 24
months in field 2.6.

This field serves as a label for LNG transport and distribution
section. No input is required for field 2.7.

If trucks transporting LNG are equipped to recover “Boil-Off”,
select “Yes” else “No” in field 2.7 .a.

Page 55 of 65

LNG and L-CNG from North American Natural Gas



2.7.b. Enter Transport
Distance from
Liquefaction Plant to
station

Input distance from liquefaction facility to the intended LNG or L-
CNG dispensing station in California in field 2.7.b. Additional
details are included below Table D.2.

If “User Defined Mix” is selected in field 2.1, consult with CARB
staff to develop a user defined mix GHG emissions factor and
input in this field in field 2.8. Data sources for User Defined
electricity mixes must be documented in the Supplemental
Documentation attached with the Simplified ClI Calculator.

2.8. Specify GHG Emission
Factor for Electricity Mix

After all data are input in Section 2, click the “Calculate” button (cell H21-121) to calculate
pathway Cls for the LNG and L-CNG pathways.

Additional Details for Section 2

Transport of LNG to dispensing facility (Field 2.7.b)

Driving distance between any two locations may be determined using a publicly available
web-based driving distance if fuel is dispensed at a single station. If multiple dispensing
facilities are utilized, a volume weighted average transport distance based on 24 months
of sales records must be used for LNG distribution to fueling facilities. Alternatively, the
applicant could choose to use a more conservative value, such as the distance to the
farthest fueling facility, in order to minimize the risk of exceeding the certified Cl as a
result of changes in the supply chain.

Section3. CI Calculation Details
This section contains an example pathway CI calculation with a detailed breakdown of all

calculations used for Cl determination based on information entered by the user and
applicable reference data.
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Tier 1 Simplified CI Calculator Instruction Manual

Biomethane from North American Landfills

A. Introduction

This document provides detailed instructions for the use of the Simplified CI Calculator for
Tier 1 Landfill Gas (LFG) to Renewable Natural Gas (RNG) pathway applications. This
Calculator is to be used to calculate the carbon intensity (Cl) for Compressed Natural
Gas, Liquefied Natural Gas (LNG) and Liquefied and Subsequently Compressed Natural
Gas (L-CNG) from North American landfills. Each required specific input in the Calculator
has been numerically labeled (i.e., 1.1, 1.2 etc.) so that users can follow the sequence
and enter information as required.

Download the Simplified ClI Calculator here:
https://www.arb.ca.gov/fuels/Icfs/ca-greet/ca-greet.htm

The Calculator has been automated to perform Cl calculations using factors from the
CA-GREET3.0 model. The Calculator replaces the existing Tier 1 Calculator and the
operational data template in pathway application packages. Applicants are required to
add facility information and verifiable monthly feedstock, operational energy use, fuel
production and co-product data, and transport distances used in calculating the Cl of
Biomethane from North American landfills. All inputs selected and input by the
applicant are subject to verification unless specifically exempted.

This Calculator also includes additional reference material such as greenhouse gas
emissions factors used in CA-GREET3.0 and reference fuel specifications. Also
included with the Calculator is a detailed breakdown of the calculations used to
determine the final CI of each fuel pathway.

The applicant may only enter values or make selections in input fields designated by
CARB for user input/selection, and may not change any other values or fields in the
Calculator.

B. Color Legend Used in the Calculator

The Calculator uses the following color legend to differentiate required inputs, calculated
values, etc., described below:

Yellow cells require user input

Light Blue cells show ClI results

Green Cells show the calculation button
Gray Cells are calculated values
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C. Calculator Overview

The following table provides an overview of the tabs used in the Simplified ClI
Calculator.

Table C.1. Overview of Tabs Used in the Simplified ClI Calculator

Tab Name Description

Summary worksheet. Contains an overall summary of the information
entered in the “LFG” tab of the calculator and calculated Cls for landfill

LFG Summary gas to CNG, LNG, and L-CNG. If desired, a conservative margin of
safety may be added to the calculated Cl in this tab in order to establish
the final Cl, pursuant to section 95488.4(a) of the regulation.

Main calculation worksheet. Contains the main components of the calculator

with fields requiring user inputs and those calculated by the sheet.

Calculations in grayed out cells are automatically calculated but dependent on
LFG . ; . . ;

input to yellow cells in the corresponding sections of the calculator. This tab

also includes CI calculations using inputs in this tab. See more detailed

instructions below.

Reference worksheet. Contains greenhouse gas emissions factors from

SEs the CA-GREET3.0 model used in calculation of carbon intensities.
Reference worksheet. Contains specifications of fuels (i.e., HHV, LHV,
density, carbon ratio), global warming potentials of greenhouse gases,

Reference . . S - . ey
unit conversions, tailpipe emissions, LNG boil-off emissions and other
information used in calculating Cls.

D. LFG tab

The “LFG” tab contains the main CI calculation worksheet and consists of the following
major sections:

e Section 1. Applicant Information

e Section 2. Biomethane Production Data

e Section 3. CNG, LNG, and L-CNG Production and Transport Data
e Section 4. CI Calculation Details
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Section 1. Applicant Information for Biomethane Production

The following table lists the fields used in Section 1 of the LFG tab.

Table D.1. List of Input Fields for Section 1 of the Simplified Cl Calculator

Field Name Description

Registered name of the company. Example “ABC

1.1. Company Name Company, LLC” or “ABC Company, Inc.”

Enter U.S. EPA Company ID. If not available, contact CARB

1.2. Company ID for LCFS Company ID.

- Enter the Company’s Facility ID. If not available, contact
st el I CARB for LCFS Facility ID.

1.4. Landfill Location Location of the Ianflll. Example: “AAA Landfill in
Sacramento , CA

o Lol e meien Aol Location of the liquefaction facility (Street, City, State).

Location

Location of California CNG dispensing station (Street, City,
1.6. CNG Dispensing Station(s) State). For multiple stations, use Bakersfield as the
Location endpoint (the Standard Station Centroid location). See

additional details for Field 2.13.a. below Table D.2.

Location of LNG dispensing station (Street, City, State).
For multiple stations, calculate a centroid location based
on a weighted average of fuel dispensing stations to which
LNG is supplied. See additional details for Field 3.6.b.
below Table D.3.

Location of L-CNG station (Street, City, State). For
multiple stations, calculate a centroid based on a weighted
average of fuel dispensing stations to which L-CNG is

1.7. LNG Dispensing Station(s)
Location

1.8. L-CNG Dispensing Station(s)

Location supplied. See additional details for Field 3.6.b. below
Table D.3.
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Section 2. Biomethane Production Data

The following table lists the fields used in Section 2 of the LFG tab. Additional details

are included below Table D.2.

Table D.2. List of Input Fields for Biogas Processing

Field Name

2.1. Select Regional
Electricity Mix for
Biomethane

2.2. Provisional Pathway?

2.3. Monthly Data

2.4. Inlet LFG Extraction
Flow, (metered)

2.5. Methane Content
(% Methane)

2.6. Facility Use of Utility
Sourced NG

2.7. Facility Use of Diesel

Tier 1 Simplified Cl Calculator Instruction Manual

Description

Choose the electricity mix corresponding to the zip code for the
region where the landfill biogas upgrading plant is located. The
Calculator includes 26 eGRID zone mixes, Brazilian average mix,
Canadian average mix and User Defined Mix included in the pull
down menu. For facilities in the U. S., select one of 26 eGRID
zones available for the U.S. If upgrading facility is located outside
the U.S., select “User Defined Mix”. For facilities which use
biogas for electricity production, choose the user defined
electricity option in field 2.1. After selecting an electricity mix
option, click the “Calculate” button. If “User Defined Mix” is
selected, consult with CARB staff to develop an emission factor
for the user defined mix to be input as detailed in field 2.14. Data
sources for User-Defined electricity mixes must be documented in
the Supplemental Documentation attached with the Simplified ClI
Calculator. Additional details are included below Table D.2.

If there is less than 24 months of available data, select “Yes”,
otherwise choose “No”. If the application is for a provisional
pathway, input available months of operational data, starting in
Month 1 (minimum three months of operational data required to
meet provisional requirements).

Label for 24 months for which data inputs are required. No inputs
are required for field 2.3.

Input monthly dry biogas flow data for 24 months of operation.
Specific requirements detailed below Table D.2.

Input monthly weighted average methane concentration data
(measured in dry biogas) for 24 months of operation. Specific
requirements detailed below Table D.2.

Input monthly total buyback fossil natural gas use from a pipeline
source (or other) in MMBtu from utility invoices (reported in HHV)
for 24 months of operation. If buyback gas is used to boost Btu of
biomethane to meet pipeline specifications, do not include this
quantity of NG in this field (monthly basis). This will be input
separately in Field 2.10. See additional details below Table D.2.

Input monthly total diesel use (in gallons at ambient temperature)
for 24 months in this field.

Biomethane from North American Landfills
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2.8. Facility Use of
Propane (LPG)

2.9. Facility Use Electricity
from Grid

2.10. Buy Back fossil NG
to boost Btu prior to
pipeline injection

2.11. Propane used to
boost Btu prior to pipeline
injection

2.12. Biomethane injected
into pipeline (metered)

2.13. NG pipeline
Transmission

2.13. a. From
upgrading facility
to CNG Station

2.13. b. From
upgrading facility
to LNG plant

2.14. Specify GHG
Emission Factor for
Electricity Mix

“Calculate” Button

Input monthly total propane use (in gallons at ambient
temperature) for 24 months in this field. If propane is used to
boost Btu of biomethane to meet pipeline specifications, do not
include this quantity of propane in this field (monthly basis). This
will be input separately in Field 2.11.

Input monthly total electricity use from the grid in kWh from utility
invoices for 24 months in this field. If biogas-derived electricity is
generated on-site, input metered quantity of electricity in this field
in addition to ensuring emission factor for user defined mix is
included in Field 2.14.

Input monthly total quantity of buyback fossil NG (in MMBtu,
HHV) in field 2.10 if NG is used to boost biomethane energy
content to meet pipeline specification. This quantity is not used in
Cl calculations. Subtract this quantity of fossil NG when reporting
pipeline injected biomethane in field 2.12.

Input monthly total quantity of propane (in gallons at ambient
temperature) in field 2.11 if propane is used to boost biomethane
energy content to meet pipeline specification. This quantity is not
used in Cl calculations. Subtract this quantity of propane when
reporting pipeline injected biomethane in field 2.12.

Input monthly total biomethane injected into the pipeline in MMBtu
(as HHV) for 24 months in field 2.12. The quantity must be
supported by the installation of utility grade meters. Subtract
monthly total fossil NG or propane blended with biomethane to
meet pipeline specifications from the injected quantity (in MMBtu).

This field includes a label for NG pipeline transmission and does
not require an input.

Input distance from biogas processing facility to the intended
CNG station in California in field 2.13.a. If fuel is sent to multiple
stations, use the Standard Station Centroid of Bakersfield as the
endpoint. Additional details below Table D.2.

Input distance from biogas processing facility to the liquefaction
facility in field 2.13.b. This is required only if the pathway
application includes LNG and L-CNG pathways. Additional
details below Table D.2.

If “User Defined Mix” is selected in field 2.1, consult with CARB
staff to develop a user defined GHG emissions factor and input in
this field in cell M26. Data sources for User-Defined electricity
mixes must be documented in the Supplemental Documentation
attached with the Simplified CI Calculator.

After all data in Section 2 are entered, click the “Calculate” button
(cell G22) in Section 2 to calculate Cl for the CNG pathway.

Additional Details for Section 2 and Table D.2

Using biogas to generate electricity for biogas upgrading (Field 2.1)

Although the Calculator can accommodate facilities which use biogas to generate
electricity for biogas upgrading, applicants must declare the use of on-site electricity
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generation and consult CARB staff prior to submission of a pathway application. A
dedicated meter to quantify biogas-derived electricity in kWh must be used to report use
of this electricity in the Calculator sheet.

Inlet raw biogas sourced from the landfill (Field 2.4)

Requires a dedicated flow measurement system with temperature measurement to
enable reporting of gas flow at 1 atm. pressure and 60°F (dry gas flow corrected for
moisture) to account for monthly total raw biogas volume sourced from the landfill
collection system. The flow measurement system must be calibrated per manufacturer’s
requirement and scaled to measure the entire range of potential flow of biogas.
Measurement must be continuous and all data must be electronically archived (manual
recording is not acceptable). The direct metering of the quantity and percentage methane
concentration of biogas captured from the landfill or digester are not used in Cl
calculations, but rather as a check to ensure that total biomethane sales do not exceed
the biogas quantity sourced from the landfill. If biogas is used for electricity generation,
applicant must report metered quantity of biogas used for electricity generation and
metered quantity of electricity generated on-site.

Methane content (% Methane in Field 2.5)

Input monthly weighted average methane concentration (dry gas basis). Methane
measurement must be recorded every 15 minutes (at a minimum) with instrumentation
capable of electronic archival (manual recording will not be acceptable). The methane
measurement system requires calibration per manufacturer’s requirement and scaled to
measure the entire potential range of methane concentration in the biogas.

Dedicated metering of buyback NG and propane (Field 2.6 and 2.8)

For landfill gas upgrading facilities which use buyback natural gas (NG) or propane to
boost the Btu of biomethane prior to pipeline injection (to meet pipeline specifications),
dedicated metering must be installed to substantiate quantities of NG or propane used for
this purpose. If dedicated metering is not installed or not verifiable, all NG and propane
reported in fields 2.10 and 2.11 respectively, will be added to NG and propane reported in
fields 2.6 and 2.8 respectively (and considered used for upgrading biogas).

Biomethane injected into the pipeline (Field 2.12)

The monthly total quantity of biomethane input in field 2.12 must correspond to the
quantity of biomethane (in MMBtu) injected into the pipeline. However, since this quantity
may include NG or propane blended with biomethane to meet pipeline specifications, the
use of any non-renewable gas must be explicitly disclosed through invoices. The quantity
entered in field 2.12 would include only the biomethane quantity; any fossil inputs must be
subtracted from the actual quantity injected into the pipeline that was purchased by the
local utility or other party. Staff believes that this reporting is most consistent with
quantities reported for RIN generation under the RFS, which is based on the Btu of the
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pipeline quality biogas after treatment, and prior to any blending with non-renewable fuel
or injection into a pipeline.

Note: ClI calculations for biomethane are performed on a net MMBtu injected by
subtracting all fossil inputs (including quantities used in a flare, thermal oxidizer, or biogas
processing) from renewable biomethane (in MMBtu) injected into the pipeline.

Pipeline transport distance for renewable natural gas (Fields 2.13.a and 2.13.b)

For pipeline transport distance from a biogas processing facility to a CNG dispensing
station or to a liquefaction facility, driving distances between the two locations may be
determined using a publicly available web-based driving distance. For RNG to CNG
pathways which use multiple dispensing stations, staff used fuel sales data for Q1 and
Q2, 2017 and calculated a volume weighted Standard Station Centroid, which was found
to be just below Bakersfield. Based on the centroid approach, applicants using multiple
dispensing stations may use driving distance from a landfill in the U.S. or Canada to
Bakersfield, CA as the pipeline transmission distance in the Simplified Cl Calculator (or
Tier 2 if applicable). Alternatively, the applicant could choose to use a more conservative
value, such as the distance to the farthest fueling facility, in order to minimize the risk of
exceeding the certified Cl as a result of changes in the supply chain.
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Section 3. CNG, LNG and L-CNG Production and Transport Data

Table D.3. provides details of inputs for LNG and L-CNG pathways. Additional details are

included below Table D.3.

Table D.3. List of Input Fields for Section 3 of the Simplified CI Calculator.

Field Name

3.1. Select Regional
Electricity Mix for LNG
Production

3.2. NG from NG purchase
invoices

3.3. LNG Production from
Production Log

3.4. NG as process fuel
(Calculated)

3.5. Electricity from Utility
Invoices

3.6. LNG Transport and
Distribution

3.6.a. Select to affirm
LNG delivery trucks
are equipped with Boil-
Off Recovery

3.6.b. Enter Transport
Distance from
Liquefaction Plant to
station

Tier 1 Simplified Cl Calculator Instruction Manual

Description

Choose the electricity mix corresponding to the zip code for the
region where the liquefaction plant is located. The Calculator
includes 26 eGRID zone mixes, Brazilian average mix, Canadian
average mix and User Defined Mix included in the pull down
menu. For facilities in the U. S. select one of 26 eGRID zones
available for the U. S. If the liquefaction facility is located outside
the U. S., select the “User Defined Mix”. After selecting an
electricity mix option, click the “Calculate” button. If “User
Defined Mix” is selected, consult with CARB staff to develop an
emission factor for the user defined mix to be input in field 3.7.
Data sources for User-Defined electricity mixes must be
documented in the Supplemental Documentation attached with
the Simplified Cl Calculator.

Input monthly total fossil NG sourced from a pipeline source (or
other) in MMBtu from utility invoices (reported in HHV) for 24
months of operation in field 3.2. The input includes fossil NG
used as process fuel and liquefied to LNG. Renewable attributes
to support renewable biomethane dispensed must be provided to
verifier during on-site audit.

Input monthly total LNG produced in gallons (reported at ambient
temperature) for 24 months in field 3.3.

This field calculates NG used as process fuel using inputs in fields
3.2 and 3.3. No user input is required for this field.

Input monthly total electricity use from the grid in kWh for 24
months in field 3.5.

This field serves as a label for LNG transport and distribution
section. No input is required for field 3.6.

If trucks transporting LNG are equipped to recover “Boil-Off”,
select “Yes” else “No” in field 3.6.a.

Input distance from liquefaction facility to the intended LNG or L-
CNG dispensing station in California in field 3.6.b. Additional
details are included below Table D.3.
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If “User Defined Mix” is selected in field 3.1, consult with CARB
staff to develop a user defined GHG emissions factor and input in
this field in cell U28. Data sources for User-Defined electricity
mixes must be documented in the Supplemental Documentation
attached with the Simplified CI Calculator.

3.7. Specify GHG Emission
Factor for Electricity Mix

After all data are input in Section 3, click the “Calculate” button
“Calculate” Button (cell T22) to calculate pathway Cls for the LNG and L-CNG
pathways.

Additional Details for Section 3

Transport of LNG to dispensing facility (Field 3.6.b)

Driving distance between any two locations may be determined using a publicly available
web-based driving distance if fuel is dispensed at a single station. If multiple dispensing
facilities are utilized, a volume weighted average transport distance based on 24 months
of sales records must be used for LNG distribution to fueling facilities. Alternatively, the
applicant could choose to use a more conservative value, such as the distance to the
farthest fueling facility, in order to minimize the risk of exceeding the certified Cl as a
result of changes in the supply chain.

Section 4. CI Calculation Details
This section contains an example pathway CI calculation with a detailed breakdown of all

calculations used for Cl determination based on information entered by the user and
applicable reference data.
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