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R&D GREET disclaimer

The R&D GREET effort at Argonne National Laboratory is supported by the Office of Energy Efficiency and
Renewable Energy, the Office of Fossil Energy and Carbon Management, the Office of Clean Energy Demonstration,
the Office of Technology Transitions, the Office of Nuclear Energy, and ARPA-E of the US Department of Energy
(DOE) under contract DE-AC02-06CH11357. The views and opinions expressed herein do not necessarily state or
reflect those of the US government or any agency thereof. Neither the US government nor any agency thereof, nor
any of their employees, makes any warranty, expressed or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights.

Argonne’s R&D GREET is to inform the life cycle analysis of technical community. Not all pathways and data in R&D
GREET are appropriate for use in circumstances where a high level of quantitative certainty or precision is required.
GREET is referenced in numerous independent state and federal compliance and incentive programs (including
solicitations, rulemakings, and tax incentives), but it is important to note that R&D GREET is not the version used by
any of these specific programs. Argonne does not warrant that use of R&D GREET is consistent with the
requirements of any particular regulatory or incentive program.
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GREET end-user licensing terms and conditions

Commercial use:
For commercial use, please contact www.anl.gov/partners.
Non-commercial use:

This license is based on the Creative Commons Attribution-Non Commercial 4.0 International Public License, with the following modified definition.
Non-Commercial means internal use (including use for internal business or operational purposes by for-profit entities), use by non-profit entities, or use
for United States federal, state, or local government purposes. Government purposes include work performed pursuant to a United States federal, state,

or local government funding agreement, and work performed by or on behalf of the United States federal, state, or local government. For purposes of
this Public License, the exchange of the Licensed Material for other material subject to Copyright and Similar Rights by digital file-sharing or similar
means is Non-Commercial provided there is no payment of monetary compensation in connection with the exchange.

Redistribution and use of the GREET software are permitted for non-commercial uses and provided that the following conditions are met:
1. Redistributions of the GREET software must retain the above copyright notice, this list of conditions, and the following disclaimer. Modification or
reverse compilation of the source code is not permitted.
2. Neither the names of UChicago Argonne, LLC or the Department of Energy nor the names of its contributors may be used to endorse or promote
products derived from this software without prior written permission.
3. The software redistribution, if any, must include the following acknowledgment: "This product includes software produced by UChicago Argonne, LLC
under Contract No. DE-AC02-06CH11357 with the Department of Energy.”
4. Any published results should indicate that the GREET software was developed by Argonne National Laboratory. If you publish results generated using
GREET you should identify the GREET software version number. If you publish results generated using input data other than the input data supplied
with the GREET software you must indicate that these results relied upon changed input data.

U § Daparwrge o

GREAT PLAINS -_—
gnearrians Argonne & ENERGY



Table of contents

1. Navigate in R&D GREET 2
2. Steps to Model a Scenario in R&D GREET 2

3. Example Scenarios
a. Modela 2017 SI-ICE Vehicle
b. Compare a 2022 SUV BEV and an 2022 SUV ICEV
c. Change the Materials Used in Vehicle Assembly
I. Increased Share of Recycled Steel
Il. Replace Steel with Aluminum

GREAT PLAINS [ T)(
& Emiams Argonne & ENTRGY



Navigate in R&D GREET 2
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Svync the Results Between
R&D GREET 1 and R&D GREET 2
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Main Categories of
Tabs in R&D GREET 2
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Main tabs in R&D GREET 2

Categories of Tabs in R&D GREET 2
* Materials
* Vehicle-related Details
* Impact Calculation Tabs for Vehicle Components
* Vehicle Fluids
* ADR (assembly, disposal, and recycling)
* Trailer Components
* Trailer Fluids
* Sum of all Vehicle-cycle Results
* Sum of Full Life-cycle Results
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Steps to Model a Scenario in R&D GREET 2
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Steps to model an LDV scenario in R&D GREET 2

Go to the “TEC_Results” Tab
Are the results for your scenario generated by default?

Go to the “Inputs (R&D GREET 1),” “Vehi_Inputs,” or “Mat_Inputs” Tab
Have | made the necessary changes on all these tabs?

If Yes, If No,
Make your changes and go to the Determine whether the changes are related
“TEC_Results” tab to see your to the vehicle/material type, vehicle
results fluids/processing, or battery

Dive into the formulas on the “TEC_Results” tab

Vehicle/material Type Vehicle Fluids/processing

Go to the “vehicle/material-specific” tab Go to “Vehi_Fluids,” “Vehi_ADR,”
“Vehi_Sum,” “Vehi_Comp_Sum,” or

Battery technology-specific tab

Go to one of the “Battery_Assembly/
Sum/Materials/Recycling” tab GREAT PLAINS Ty
/ /Recyeting s ‘ INSTITUTE Arggﬂ!ﬂﬁ& EN:RGY




Steps to model an MHDV scenario in R&D GREET 2

Go to the “MHDV_TEC_Results” Tab
Are the results for your scenario generated by default?

Go Through the Full LDV Chart and the “MHDV_Inputs” Tab
Have | made the necessary changes on all these tabs?

If Yes, If No,
Make your changes and go to the ~ Determine whether the changes are related to
“MHDV_TEC_Results” tab to see the material parameters, vehicle fluids/
your results processing, or battery

Dive into the formulas on the “MHDV_TEC_Results” tab

Material Parameters Vehicle Fluids/processing
Go to the “MHDV_Mat_Parameters” Go to the “MDHV _Fluids/Trailer_Fluids”
or “vehicle-specific” tab “MHDV_ADR/Trailer_ADR,” “MHDV_Sum?” or

MHDV_Comp_Sum/Trailer_Comp_Sum” tab
Battery

Go to the “MHDV_Battery_Sum” tab S Crparrers o
s ‘ GREAT PLAINS Arggﬁmsﬁ EN:RGY
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Vehicle Outputs
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Light-duty Vehicle Outputs
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1 Home WTW Results Menu ct a vehicle type from a pink drop down menu, then press "Go"
2 S| ICE Vehicles Go S| Hybrid Vehicles (HEV) Go S| Plug-in Hybrids (PHEV) Go
3 Inputs Select Fuels I f I oelect Fuels Select Fuels
4 SIDI ICE Vehicles CIDI Hybrid Vehicles (HEV) CIDI Plug-in Hybrids (PHEV)
5 Back to Top Select Fuels G0 Select Fuels Go Go
6 CIDI ICE Vehicles BEV and FCV A GCI ICE Vehicles
7 SIP e E Select Fuels co Select Fuels G0 | Select Fuels Go
8 WTW Changes Unit Selection Select units from a pink drop down menu for the Results
9 Per Vehicle Distance Travelled Per Energy in Fuels
10 Energy Unit: |Biu Emission Unit: '@ Energy Unit: |Biu Emission Unit: 'g
11 Service Functional Unit: ‘mile Energy Functional Unit:  mmBtu
43 Gasoline Vehicle: Gasoline
44 Btu/mile or Gallon/mile or g/mile Btu/mmBtu or Gallon/mmBtu or g/mmBtu
Vehicle Vehicle
45 |ltem Feedstock Fuel Operation Total Feedstock Fuel Operation Total
46 |Total Energy 217 044 4,289 5,450 50,498 220,096 1,000,000 1,270,595
47 |Fossil Fuels 203 837 4,003 5,042 47,218 195,069 933,326 1,175,613
48 |Coal 19 30 0 49 4 492 6,898 0 11,391
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55 |GHGs 6 71 330" 407 1,371 16,554 77,053 94 977
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59 |PM10: Total 0.002 0.010 0.035 0.047 0.443 2.360 8.044 10.847
60 |PM2.5: Total 0.002 0.006 0.007 0.015 0.372 1.502 1.729 3 602
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1 Home hicl from a pink drop down menu, then press "Go"
2 Sl Hybrid Vehicles (HEV) Go Sl Plug-in Hybrids (PHEV) G
3 Inputs Select Fuels Select Fuels °
4 CIDI Hybrid Vehicles (HEV) Go CIDI Plug-in Hybrids (PHEV) Go
5 Back to Top Select Fuels
‘ .

B BEV and FCV GCI ICE Vehicles
7 LI 230 Select Fuels 80 ] Select Fuels Go
8 WTW Changes ect units from a pink drop down menu for the Results
9 SI- EtOH FFV Per Energy in Fuels
10 SI- BtOH FFV nission Unit: /g Energy Unit: | Biu Emission Unit: '@
11 SI - MeQH FFV ctional Unit: mile Energy Functional Unit: immBiu
43 |Gasoline Vehicle: Gasoling s| - CNG Vehidle
- Sl - LNG Vehicle : Btu/mmBtu or Gallon/mmBtu or g/mmBtu
15 |1t °! - LPo Venide operation Total  Feedstock Fuel  Operation Total

em . . peration ota eedstoc ue peration ota

SI - Dedi. MeOH Vehicl
46 Total Energy eal. e venidle 4,289 5,450 50,498 220,006 1,000,000 1,270,595
47 |Fossil Fuels 51 - Dedi. EtOH Vehicle 4,003 5,042 47.218 195 069 033326 1175613
48 |Coal 19 30 0 49 4,492 6,898 0 11,391
49 Natural Gas 147 538 0 685 34,251 125,536 0 159,788
50 | Petroleum 36 269 4,003 4,308 8,474 62,635 933,326 1,004,435
51 |Water Consumption 0.1 0.2 0 0 15 38 0 53
52 |CO2 (w/ C in VOC & CO) -4 63 329 388 -839 14 592 76,702 90,455
23 |CH4 0.315 0.173 0.015 0.503 73.544 40.320 3.414 117.279
54 |N20 0.000 0.012 0.004 0.016 0.066 2 787 0.911 3.764
25 |GHGs 6 71 330" 407 1,371 16,554 77,053 94 977
56 VOC: Total 0.013 0.114 0.230 0.356 2 088 26 524 53 507 23 110
57 |CO: Total 0.026 0.043 2741 2810 6071 10.068 639.104 655.243
58 |NOx: Total 0.039 0.071 0.082 0.193 0137 16 540 19 209 44 886
59 |PM10: Total 0.002 0.010 0.035 0.047 0.443 2 360 8 044 10.847
60 [PM2.5: Total 0.002 0.006 0.007 0.015 0372 1 5072 1 729 3 607
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A B [ D E F G H J K L
1 Home WTW Results Menu Select a vehicle type from a pink drop down menu, then press "Go"
2 Sl ICE Vehicles Go Sl Hybrid Vehicles (HEV) Go Sl Plug-in Hybrids (PHEV) Go
3 Inputs Sl - Gasoline Select Fuels Select Fuels 'R
4 SIDI ICE Vehicles Go CIDI Hybrid Vehicles (HEV) Go CIDI Plug-i (PHEV) Go
5 Back to Top Select Fuels Select Fuels -
B CIDI ICE Vehicles BEV and FCV
. WTP Results Select Fusls Go Select Fuels Go ! 2
8 WTW Changes Unit Selection Select units from a pink drop down menu for the Results
9 Per Vehicle Distance Travelled Per Energy in Fuels
10 Energy Unit: |Biu Emission Unit: |g Energy Unit: |Biu Emission Unit:
11 Service Functional Unit: [ mile Energy Functional Unit:
43 | Gasoline Vehicle: Gasoline mBtu
44 Btu/mile or Gallon/mile or g/mile Btu/mmBtu or Gallon/mmBtu or g/mmBtu SET
Vehicle
45 |ltem Feedstock Fuel Operation Total Feedstock Fuel Op
46 |Total Energy 217 944 4,289 5,450 50,498 220,096 1,
47 |Fossil Fuels 203 a37 4,003 5,042 47 218 195,069
48 |Coal 19 30 0 49 4 492 5,898
49 |Natural Gas 147 538 0 685 34 251 125,536
50 |Petroleum 36 269 4 003 4 308 8,474 62,635 933,326
51 |Water Consumption 0.1 0.2 0 0 15 38 0 a3
52 |CO2 (w/ CinVOC & CO) -4 63 329 388 -839 14,592 76,702 90,455
53 |CH4 0.315 0173 0.015 0.503 73544 40.320 3.414 117.279
54 |N20 0 0.012 0.004 0.016 0.066 2.787 0.911 3.764
55 |GHGs 6 I 330" 407 1,371 16,554 7,053 94 977
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57 |CO: Total 0.026 0.043 2.741 2.810 6.071 10.068 639.104 655.243
58 |NOx: Total 039 0.071 0.082 0.193 9137 16.540 19.209 44 886
59 |PM10: Total 002 0.010 0.035 0.047 0.443 2.360 8.044 10.847
60 |[PMZ2.5: Total 0.002 0.006 0.007 0.015 0.372 1.502 1.729 3.602
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43 | Gasoline Vehicle: Gasoline
44 Btu/mile or Gallon/mile or g/mile WTP GHG ™mrr WTW GHG
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A B C D E F G H J K L N 0
1 |Scenario Control Variables and Input Assumptions Related to Vehicle and its Components
2 1. Selection of Vehicle Types for Simulation
3 | 1 1 -- Passenger Cars
4 2 — Sport Utility Vehicles
5 3 — Pick-Up Trucks
6
7 When the "Passenger Cars" option is selected, select one of the following two vehicles for ICEVs
8 | 1 1 -- Passenger Cars 1, 2 —- Passenger Cars 2
9
10 | When the "Sport Utility Vehicles” option is selected, select one of the following two vehicles for ICEVs
11 | 1 1 1 — Sport Utility Vehicles 1, 2 — Sport Utility Vehicles 2
12
13 | When the "Pick-Up Trucks" option is selected, select one of the following two vehicles for ICEVs
14 | 1 1 1 — Pick-Up Trucks 1, 2 — Pick-Up Trucks 2
15
16 2. Specification of Total Vi,hiﬂe Weight, Equnds
ICEV: HEV: PHEV: PHEV: EV: EV: FCV: FCV:
I Conventional | ICEV: Lightweight Conventional HEV: Lightweight Conventional Lightweight Conventional Lightweight Conventional Lightweight
17 Material Material Material Material Material Material Material Material Material Material
18 3,183 I 2 692 3,429 2 839 3.713 3,007 4 026 3,193 3,644 2930
.19 | | | |
20 3. Vehicle Battery and Fluids Weight, pounds per vehicle
21 |3.1) Battery Weight
ICEV: HEV: PHEV: PHEV: EV: EV: FCV: FCV:
Conventional ICEV: Lightweight Conventional HEV: Lightweight Conventional Lightweight Conventional Lightweight Conventional Lightweight
22 Material Material Material Material Material Material Material Material Material Material
23 Lead-Acid 36.0 234 22 1 14 4 221 14 4 22 1 14 4 22 1 14 4
24 Ni-MH 89 1 753 6353 4958 28532 21623 105.6 94 1
25 Li-lon 30.0 253 196.6 153 .4 1,049.7 7955 31.2 27.8
26
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Clipboard E¥ Font EY Alignment
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A B C D E
134|7.2) Energy Use of Vehicle Assembling, Disposal and Recycling: mmBtu per vehicle
135 0.287 | Paint Production
136 2.7591Vehicle Assembly - Painting
137 0.9901Vehicle Assembly - HVAC & Lighting
138 2 982 Vehicle Assembly - Heating
139 0.205]Vehicle Assembly - Material Handling
140 0.2731Vehicle Assembly - Welding
141 0.409]Vehicle Assembly - Compressed Air
142 1.496]Vehicle Disposal
143

ab |General V| [t Conditional Formatting v &H Insert v >, v ;? v LI .g
ce L] O
o D hd o L | o b
_ $ o 9 B Format as Table & Delete £ Add-ins  Analyze
— {_08 _EH @ Cell Styles v @ Format v 6) v Data
S Number EY Styles Cells Editing Sensitivity Add-ins
F G H J K L M N 0

144 g Lifetime VMT of a Vehicle, miles

ICEV: PHEV: EV: EV: FCV: FCV: I
Lightweight HEV: Conventional HEV: Lightweight PHEV: Conventional Lightweight Conventional Lightweight Conventional Lightweight I

145 ICEV: Conventional Material Material Material Material Material Material Material Material Material Material
146 173,151 173,151 173,151 173,151 173,151 173,151 173,151 173,151 173,151 173,151 I

143 9. Ratios of Fuel Economy of Chosen Conventional Vehicles Relative to Their Baseline Vehicles

) =
HEV:
Conventional PHEV: Conventional EV: Conventional FCV: Conventional
149 ICEV: Conventional Material Material Material Material Material
150 100% 09% 106% 105% 09%

151

152 10. Ratios of Fuel Economy of Lightweight Material Vehiclei Relative to Ttll‘eir Conventional Mater

HEV: Lightweight

PHEV: Lightweight

EV: Lightweight

FCV: Lightweight

153 ICEV: Lightweight Matenal Matenal Matenal Material Matenal
154 113% 114% 111% 112% 114%
155
156
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o A A ===y B § Jo ool P8
e v 9% 9 [ Formatas Table v TX Delete v [T] ~ v
rrrrrrrrrrrrr (s} Y7 Format as Table elete y
R&D GREET 2 J5 TRl N VR = = Add-ins  Analyze
= 90 -8 7 Cell Styles v fief] Format v &~ Data
Clipboard N Font I~ Alignment ¥ Number EY Styles Cells Editing Sensitivity Add-ins ~
Al v i Jx
A B C N 0] P Q R A
1 I A A A N A A A N A N A A A A A A A R R N A A A A A A A A A A A A A A A A A A A A A A A A AEEAA LA RRR
| |
2 COPYRIGHT NOTIFICATION
3
4 GREET® SOFTWARE
5
6 GREET 2 Model
Activate ? X .
Email contact: greet@anl.gov
gctiuate: AL EE AT T A A AT T R A A A A A A T A A A A A T A A R T A A A A A A A A T A A A T A AR A A A AR TR LA T A A AR A LA AR T LA A AL AR AT L AT L AL LR T A AL AL LA AL L L LA AL AR LA AL LR AT L ER T TR E R R dEd
| 17 UChicago Argonne, LLC ALL RIGHTS RESERVED
Manganese
Einﬁd;;fréa;icrete DISCLOSES MATERIAL PROTECTED UNDER COPYRIGHT LAW, AND FURTHER DISSEMINATION IS PROHIBITED WITHOUT
Silicon - CONSENT OF THE PATENT COUNSEL OF ARGONNE NATIONAL LABORATORY, EXCEPT AS NOTED IN THE “LICENSING
DITIONS™ NOTED BELOW.
' Mat—sum FEEEEEE T T T A AT TR A T A A A A A A T A R A A T A A R T A A A A A A A A T A A T A AR A A A A E A T A A AT E A AR A LA AR L LA A A A AR AT LA L AL LA T A AL AL LA T LA L L LA T LR LA AL LR AT LR R T TR R R dad
Vehi_Fluids
Battery_Assembly JAL LABORATORY, WITH A FACILITY IN THE STATE OF ILLINOIS, IS OWNED BY THE UNITED STATES GOVERNMENT, AND
| | Vphi=AlR CHICAGO ARGONNE, LLC UNDER PROVISION OF A CONTRACT WITH THE DEFARTMENT OF ENERGY .
terials R N N A A A A A N A A N A A A I A A A A A A A A A A A A A A A A A A AR AR A A AEARR R R
GOVERNMENT LICENSE
a was produced by UChicago Argonne, LLC under Contract No. DE-AC02-06CH11357 with the Department of Energy. During the
ercialization or such other time period specified by DOE, the Government is granted for itself and others acting on
-up, nonexclusive, irrevocable worldwide license in such copyrighted data to reproduce, prepare derivative works
llicly and display publicly, by or on behalf of the Government. Subsequent to that period the Government is granted
thers acting on its behalf a paid-up, nonexclusive, irrevocable worldwide license in such copyrighted data to v
Cancel tInputs Car SUV  PUT  Steel Clron WAI CAl Lead Nickel = Cobalt  Copper Zinc >
dnce
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VH1[J v| A A = —= |;‘ - EE’ |Genera| V| [l Conditional Formatting v &H Insert v 2. v ;? v EE ,_3
— $ v % 9 [ZFormatas Table v B Delete v ]~ O~
........ o __ (o) Y7 Format as Table elete .
u |8 M o ﬁ . = = = = 3= . . - Add-ins  Analyze
B =0 i Cell Styles v fE] Format~ & ~ Data
Clipboard = Font N Alignment Y] Number M Styles Cells Editing Sensitivity Add-ins ~
T15 v ol Jx A
A B C D E F G H J K L M N 0 P Q R a
1 Energy Use and Emissions of Well-to-Pump, Vehicle Cycle and Vehicle Operation '
2 1) Well-to-Pump, Vehicle Cycle and Vehicle Operation Energy Use and Emissions: Btu or g per mile
3 Energy Unit: Btu Emission Unit: g
ipm o o o = e S80VIGESURSHORGL N, Mile
5 IEasoline ehicle: CG and RFG, Conventional Material
6 el B dufmile or g/mile Percentage of each stage
Vehicle Vehicle
i i Cycle Vehicle Vehicle Cycle
7 ltem WTP : Credits WTP Cycle Operation Total Credits
8 Total energy 1,242 WTW GHG 0 20.5% 8.8% 70.7% 100.0% 0.0%
9 Fossil fuels 1,121 0 20.0% 8.6% 71.4% 100.0% 0.0%
10 Coal 75 ° ° 0 32 2% 67 8% 0.0% 100.0% 0.0% 1.000 1.609
11 Matural gas 714 emISSIOI‘lS 0 76.1% 23 9% 0.0% 100.0% 0.0%
12 Petroleum 331 0 7.5% 2 3% 90.3% 100.0% 0.0%
13 |Water consumption 0.224 l 0 83 8% 16.2% 0.0% 100 0% 0.0%
14 CO2 (VOC, CO, C02) 414 g Coze/ml 8 0 15.2% 8.0% 76.8% 100.0% 0.0%
15 |CH4 . S . ¥ 595 0 84 2% 13.4% 2.5% 100.0% 0.0%
16 N20 0004 s s 0 i2ide? 0 T Y 5.6% 22 8% 100 0% 0.0%
17 GHGs 33t:r|_ 451 0 8.2% 73.3% 100.0% 0.0%
18 \VOC: Total 0.230 0575 0 34 6% 42 1% 100.0% 0.0%
19 CO- Total 2 741 2 926 93 7% 100 0% 0.0% h’ l b 'l d
20 |NOx: Total 0.082 0.276 WTP GHG 29 8% 100.0% 0.0% SI ICE Ve IC e u' t an
21 |PM10: Total 0.035 0.063 55.0% 100.0% 0.0%
22 PM2 .5 Total 0.007 0.024 - 30.5% 100.0% 0.0% d M d f l d
23 | S0x: Total 0.002 0.190 - = ! 1.0% 100.0% 0.0% use In 2017 an ue e
24 |BC: Total 0.003 0.004 em|SS|0nS 59 2% 100.0% 0.0% .
25 0C: Total 0.002 0.005 37.0% 100.0% 0.0% b d f l I
26 |VOC: Urban 0.161 0.340 47 3% 100.0% 0.0% y e au t gaso Ine
27 |CO: Urban 1.919 1.933 _ 99 3% 100 0% 0.0%
28 |NOx: Urban 0.058 0.083 0 190 6.3% 69 4% 100.0% 0.0% v

4 G )

< VA Battery_Materials Anode LiMn204 Li_Chemicals Other_Cathodes Battery Recycling Vehi_Comp_Sum Vehi_Sum TEC_Results e =p
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Paste Bl B 7 U-lTiolane A — |§| — = — 5 $ v % 9 @ Format as Table v 2% Delete v v /O v Add-ins  Analyze
v B T - e <9 -0 [ Cell Styles v @ Format v &~ Data
Clipboard N Font ¥ Alignment I~ Number EY Styles Cells Editing Sensitivity Add-ins ~
Veh_Type_Option v Jx 1 A
' A B C D E F G H A
: (
2 Petroleum MeOH & Ethanol Electric Vehicles Car_TS Tab LDV1_TS Tab LDV2_TS Tab a
3 Home Results WTP
4 MNatural Gas Hydrogen Bio Ol Pyrolysis Vehicles Tab HDV_TS Tab HDV_WTW Tab
9 Fuel Economy
s Scenario Control Variables and Input Assumptions
7 1. Key Options for Simulation Link with GREET2
S 1.1) Target Yeardor SINURNQL, e e o o o o o o e ) . Reactivate GREET2 Links
9 e e e e o e _2{]22_ — . B Restore Time Series
10 Table Value Deactivate GREET2 Links
11 1.2) Point-Estimation or Probability-Estimation Option
12 Load Stochastic Toolkit ... To load the stochastic toolkit
L Load Stochastic Toolkit G)ad Stochastic Toolkit ... To unload the stochastic toolkit
14
. = . .
15 2. Vehicle Types for Simulation e e e e e e e e e e e e
16 | 1 + I Passenger Carsl_—— Light-Duty Trucks 1 (LDT1) (Sports utility vehicles [SUV]];'S - Light-Duty Trucks 2 (LDTZ2) (Pickup Truck [F
.1? | | | | | | | | | | |

18 3. Petroleum-Based Fuels | :

19 3.1) Petroleum R| 3 °
20 Petroleum 3.1.a) Share of crude oil sources N Ote *
21 Worksheet /M Basis of share of crude oil sources: 1 — El .
22 US.D ti . ; ; ;
this scenario iIs modeling a car

23 EIA projection 80.8%

24 Results User defined 0.0%

25 Used in calculation 80.8% o . n

26 API gravity 34.0 bu | lt | 2022

27 | BacktoTop S Content (wt %) 14

28 Average transporiation distances (mi) See T&D Flowcharis tab U0 G =

< > - Inputs [Results Petroleum Co_processing NG MeOH FTD  EtOH  Electric  Generation _mixes Bio_electrici > + 4@ >

U Daparprgey o

GREAT PLAINS
& Emiams Argonne & ENTRGY



File Home |Insert Draw Pagelayout Formulas Data Review View Automate Help
R&D GREET 1 vjio VAT A
E St
B I U~ i A -
Clipboard M= Font = Alignment Number Styles
C6 v i XV fx 0
A B C D E F G H I J K L M N O
1 Fuel Economy and Emission Rates of LDT1 Vehicles: Baseline Vehicles and New Vehicles
2
3 1) Fuel Economy and E n Rates of LDT1 Baseline Vehicles: gasoline-equivalent MPG and grams/mile emissions
4 (fuel economy is adjusted for g the EPA mpg-based method, and using 43%city/57%highway VMT split)
5 Model Yea
B Lag yea
7 Gasoline AValues from ¥ and for adjustments to distribution functions
8 Model year is ars earlier than simulated technology year
9 0.044 0.085 1.530 0.050 0.006 0.031 0.005 0.004 0.003 0.001 0.009 0.005
10 0.044 0.085 1.530 0.050 0.006 0.031 0.005 0.004 0.003 0.001 0.009 0.005
vocC VoC PM10 PM10 PM2.5| PM2.5
11 (Exhaust)| (Evap.) CcO NOx| (Exhaust)| (TBW)| (Exhaust)| (TBW) BC ocC CH4 N20
12 MY 1990 1.564 1.774| 25.201 4 396 0.027 0.031 0.024 0.004 0.005 0.013 0.262 0.077
13 MY 1995 0.937 1.766| 16.021 2911 0.019 0.031 0.016 0.004 0.003 0.009 0.157 0.056
14 |MY |2000 16.30 0.310 1.759 6841 1.427 0.010 0.031 0.009 0.004 0.002 0.005 0.052 0.034
15 MY 2005 17.30 0.117 0.130 4042 0.232 0.003 0.031 0.003 0.004 0.001 0.002 0.024 0.007
16 |MY 2010 20.06 0.075 0.120 3.027 0.107 0.004 0.031 0.003 0.004 0.001 0.002 0.016 0.007
17 MY 2015 20.06 0.074 0.116 2 882 0.103 0.006 0.031 0.005 0.004 0.003 0.002 0.016 0.005
18 MY (2020 26.54 0.044 0.085 1.530 0.050 0.006 0.031 0.005 0.004 0.003 0.001 0.009 0.005
19 MY (2025 26.86 0.031 0.076 0.984 0.025 0.004 0.031 0.004 0.004 0.003 0.001 0.006 0.005
20 |MY|2030 29.69 0.03 0.075 0.982 0.025 0.004 0.031 0.004 0.004 0.003 0.001 0.006 0.005
21 |MY|2035 32.33 0. 0.075 0.982 0.025 0.004 0.031 0.004 0.004 0.003 0.001 0.006 0.005
22 MY |2050 D.@ 0.073 0.971 0.024 0.004 0.031 0.004 0.004 0.003 0.001 0.005 0.005
23
24 tochastic simulations and for adjustments to distribution functions
25 n simulated technology year
26 1 0.006 2 545 0.035 0.003 0.031 0.003 0.004 0.002 0.000 0.091 0.001
27 31.04 0.141 0.006 2545 0.035 0.003 0.031 0.003 0.004 0.002 0.000 0.091 0.001
Model voc| voc ‘ PM10| PM10 PM2.5| wRMBsb| m== L ‘ ‘ ‘
a0 Vanr RMDACE | IEvhanety TIEvrarm ) i~ MiTiw| IEvhansat) ITDWAN | IEvhanst) I TDWAN i~ i pd W F | A2
< > e EFTS AgMining EF TS EF  WCF  Fuel Specs  Car TS | LDT1LTS | [DT2 TS  Vehicles
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Home Inputs Results

Gasoline LDT1: stochastic simulation distribi

Default values from times series or user input

Distribution Functions of Fuel Economy and Em

VOoC vocC

Model Year MPGGE| (Exhaust)| (Evap.)

MY 1990f 20. 1.114| 0545
MY 1905 20. 0668 0426
MY 20000 20 0203 0112
MY 2005 20. 0.144| 0.069
MY 20101 2080 0.115| 0.067
MY 2015 2130 0115 0067
MY 20201 2170 0.112| 0.067
MY 2025 21.70 0.112 0.067
MY 20301 21.70 0.112 0.067
MY 2035 21.70 0.112 0.067
MY 2050) 21.70 0.112 0.067

Diesel LDT1: stochastic simulation distributit

Default values from times series or user input

Distribution Functions of Fuel Economy and Em

MaAadal Vaar
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IIDEQE‘

VOC

IEvhanet)

VocC

IExvrarm )

[ 4

- b

v



Filee Home |Insert Draw Pagelayout Formulas Data Review View Automate Help |13 Comments | JElLECRe
R&D GREET 1 o oA A 2
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fiet] Format v &~
Clipboard | Font = Alignment Number Styles Cells Editing Sensitivity Add-ins ~
C6 v i XV fx 0 2
A B C D E F G H I J K L M N 0 P Q R 5 T U W W a
1 |[Fuel Economy and Emissign Rates of LDT2 Vehicles: Baseline Vehicles and New Vehicles .
2 Vé ] ] i ] ] L Home Inputs Results
3 1) Fuel Economy and E n Rates of LDT2 Baseline Vehicles: gasoline-equivalent MPG and grams/mile emissions
4 (fuel economy is adjusted for, g the EPA mpg-based method, and using 43%city/57%highway VMT split)
5 Model Yea
6 Lag yea
7 Gasoline LD T2//alues from E and for adjustments to distribution functions Gasoline LDT2: stochastic simulation distri
8 Model year j s earlier than simulated technology year
9 0.046 0.119 1.448 0.046 0.006 0.032 0.005 0.004 0.003 0.001 0.009 0.005 Default values from times series or user input
10 0.046 0.119 1.448 0.046 0.006 0.032 0.005 0.004 0.003 0.001 0.009 0.005 Distribution Functions of Fuel Economy and El
vocC VOoC PM10 PM10 PM2.5| PM2.5 vocC VOI
11 (Exhaust)| (Evap.) (o{0] NOx| (Exhaust)| (TBW)| (Exhaust)| (TBW) BC ocC CH4 N20 Model Year MPGGE| (Exhaust)| (Evap.
12 MY (1990 1.625 2164 24322 4.020 0.026 0.032 0.023 0.004 0.005 0.012 0.272 0.080 MY 1990f 1F. 1.239| 060
13 MY 1995 0.978 2.153| 15.519 2657 0.017 0.032 0.015 0.004 0.003 0.008 0.164 0.058 MY 19950 171 0794 048
14 |MY 2000 13.60 0.330 2.143 6.716 1.295 0.009 0.032 0.008 0.004 0.002 0.004 0.056 0.036 MY 20001 AF. 0518 030
15 MY 2005 1470 0127 0.183 3.880 0.215 0.003 0.032 0.003 0.004 0.001 0.001 0.025 0.008 MY 20051 1AF. 0211 0.08
16 MY 2010 16.43 0.079 0.163 2877 0.098 0.003 0.032 0.003 0.004 0.001 0.002 0.017 0.008 MY 2010 1730 0.143| 007
17 MY 2015 16.43 0.075 0.161 2706 0.093 0.006 0.032 0.005 0.004 0.003 0.002 0.016 0.005 MY 2015 1840 0142 007
18 MY (2020 19 46 0.046 0.119 1.448 0.046 0.006 0.032 0.005 0.004 0.003 0.001 0.009 0.005 MY 20200 1850 0140 007
19 MY (2025 20.02 0.033 0.108 0.943 0.025 0.004 0.032 0.004 0.004 0.003 0.001 0.006 0.005 MY 2025 19.50 0.140| 0.07
20 MY |2030 22 24 0.03 0.106 0.946 0.025 0.004 0.032 0.004 0.004 0.003 0.001 0.006 0.005 MY 20301 1950 0.140| 0.07
21 |MY|2035 24 37 0. 0.105 0.9438 0.025 0.004 0.032 0.004 0.004 0.003 0.001 0.006 0.005 MY 2035 19.50 0.140| 0.07
22 \MY|2050 D.Q 0.104 0.933 0.024 0.004 0.032 0.004 0.004 0.003 0.001 (0.006 0.005 MY 20500 1950 0.140] 0.07
23
24 tochastic simulations and for adjustments to distribution functions Diesel LDT2: stochastic simulation distribu
25 n simulated technology year
26 ] 0.007 2.386 0.030 0.003 0.032 0.003 0.004 0.002 0.000 0.096 0.001 Default values from times series or user input
27 23 .41 0.150 0.007 2.386 0.030 0.003 0.032 0.003 0.004 0.002 0.000 0.096 0.001 Distribution Functions of Fuel Economy and Ei
Model ‘ voc| voc ‘ PM10| PM10 PM2.5| PM2.5 = — —‘ l ‘ ‘ ‘ voc| VoI
a8 Vaar MPrrzE| IEvhanet) IEwvarn ) N MNv| iIEvihanetl ITRWN IEvhane#) I TRWAN I:If"’ nr mHA M2 Ma~Adal Vaar MPrrE IEvhanetli| (Evarn v
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G11 v ol Jx NOXx 2
A B C D E F G H I J K L M N 0 P Q R S T U V a
1 Fuel Economy and Emission Rates of Passenger Cars: Baseline Vehicles and New Vehicles .
2 ) Home Inputs Results
3 1) Fuel Economy and E on Rates of Passenger Cars Baseline Vehicles: gasoline-equivalent MPG and grams/mile emissiol
4 (fuel economy is adjust“ g aaabiading the EPA mpg-based method, and using 43%city/57%highway VMT split)
] Model Year
6 Lag yea
7 Gasoline Car: Values from non- or adjustments to distribution functions Gasoline Car: stochastic simul
8 Model year is ars earlier than ATe y
9 0.069 0.161 2. 741 0.082 0.004 0.031 0.003 0.004 0.002 0.001 0.015 0.004 Default values from times series or user input
10 0.069 0.161 2741 0.082 0.004 0.031 0.003 0.004 0.002 0.001 0.015 0.004 Distribution Functions of Fuel Ec
V(
vocC vocC PM10 PM10 PM2.5| PM25 (Exha
11 (Exhaust)| (Evap.) CcoO NOx| (Exhaust)| (TBW)| (Exhaust)| (TBW) BC ocC CH4 N20 Model Year MPGGE
12 | MY|1990 1.071 2.641 13.152 2.908 0.021 0.031 0.018 0.004 0.004 0.010 0.179 0.040 MY 1990 25. 10
13 ) MY|1995 0.658 2.626 9472 1.860 0.014 0.031 0.012 0.004 0.003 0.006 0.110 0.027 MY 1995 25. 0.8
14 | MY|2000 22 00 0244 2611 5791 0812 0.006 0.031 0.006 0.004 0.001 0.003 0.041 0014 MY 2000 25. 013
15 | MY|2005 23.40 0.115 0.166 3.871 0.203 0.002 0.031 0.002 0.004 0.000 0.001 0.022 0.006 MY 2005 25. 0.1
16 | MY|2010 26.08 0.074 0.164 2.986 0.090 0.002 0.031 0.002 0.004 0.001 0.001 0.016 0.006 MY 2010 2520 0.1
17 | MY|2015 26 16 0.069 0.161 2741 0.082 0.004 0.031 0.003 0.004 0.002 0.001 0.015 0.004 MY 2015 26.80 01
18 | MY|2020 29.80 0.040 0.114 1.466 0.039 0.004 0.031 0.004 0.004 0.003 0.001 0.008 0.004 MY 2020 28.40 0.1
19 | MY|2025 29.42 0.029 0.101 1.016 0.021 0.004 0.031 0.004 0.004 0.003 0.001 0.005 0.004 MY 2025 28.40 0.1
20 | MY |2030 33.07 0.029 0.099 1.011 0.021 0.004 0.031 0.003 0.004 0.003 0.001 0.005 0.004 MY 2030 26.40 0.1
21 | MY |2035 35.88 0.0 0.098 1.006 0.021 0.004 0.031 0.003 0.004 0.003 0.001 0.005 0.004 MY 2035 286.40 0.1
22 | MY [2050 4196 0. 0.096 0.993 0.020 0.004 0.031 0.003 0.004 0.002 0.001 0.005 0.004 MY 2050 2640 0.1
23
24 tochastic simulations and for adjustments to distribution functions Diesel Car: stochastic simulati
25 an simulated technology year
26 3 0.005 3.531 0.097 0.003 0.031 0.003 0.004 0.002 0.000 0.092 0.001 Default values from times series or user input
27 143 0.005 3.5931 0.097 0.003 0.031 0.003 0.004 0.002 0.000 0.092 0.001 l - — Distribution Functions of Fuel Ec v
I | I I | I | I I | I I I I i
< > = RNG PyrolysisIDL IBR Efuel Fuel Prod TS EFTS  AgMining EF.TS EF  WCF  Fuel Specs | Car TS | LDT1_ = + [ < o= >
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va V| A A = —= |;‘ - EEJ |Genera| V| [l Conditional Formatting v H Insert v 2. v 2? v
— j A R $ ~ 9% 9 % Format as Table v T% Delete v v ,O v
Uv iy v Ay Z|IE=E=E = B - —
v — 0 0 7 Cell Styles v fiet] Format v &~
Clipboard = Font = Alignment = Number = Styles Cells Editing
B3 v ol Jx 1
A D E F G H J K L
1 ssumptions Related to Vehicle and its Components
2 1. 56
3| [l
4
5
o 3
7 ~AI0N 15 ted, select one of the following two vehicles for ICEVs
8 | 1 1 — Passenger Cars 1, 2 — Passenger Cars 2
9
10 | When the "Sport Utility Vehicles” option is selected, select one of the following two vehicles for ICEVs
11 1 1 1 — Sport Utility Vehicles 1, 2 — Sport Utility Vehicles 2
12
13 | When the "Pick-Up Trucks" option is selected, select one of the following two vehicles for ICEVS
14 | 1 1 1 — Pick-Up Trucks 1, 2 — Pick-Up Trucks 2
15
16 2. Specification of Total Vehicle Weight, pounds
ICEV: HEV: PHEV: PHEV: EV: EV: FCV: FCV:
Conventional ICEV: Lightweight Conventional HEV: Lightweight Conventional Lightweight Conventional Lightweight Conventional Lightweight
17 Matenal Matenal Material Matenal Material Matenal Matenal Material Matenal Material
18 3,264 2 692 3,517 2,839 3,626 3,007 3,861 3,193 3,401 2,930
19
20 3. Vehicle Battery and Fluids Weight, pounds per vehicle
21 |3.1) Battery Weight
ICEV: HEV: PHEV: PHEV: EV: EV: FCV: FCV:
Conventional ICEV: Lightweight Conventional HEV: Lightweight Conventional Lightweight Conventional Lightweight Conventional Lightweight
22 Material Material Material Material Material Material Material Material Material Material
23 36.0 234 22 1 14 4 221 14 4 22 1 14 4 22 1 14 4
24 90.8 753 7161 495 8 26256 21623 1454 94 1
25 Li-lon 306 253 2216 153 4 966.0 7955 42 9 27.8
26
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‘] L1 AV - L. = jrawLw - W | = el | N ” Vv W W LY L C -

va V| A A = = |;‘ - EE; |General V| &l Conditional Formatting v &H Insert v > v 2? v EE ,_'a
- R o) w R L | R o
U . G A = = = = = _ $ o 9 B Format as Table %E Delete £ Add-ins  Analyze
59 -8 [iZ Cell Styles v fet] Format v &~ Data
Clipboard = Font = Alignment ] Number ¥ Styles Cells Editing Sensitivity Add-ins
197 v i fx
A B C D E F G H J K L M N 0
1 |Scenario Control Variables and Input Assumptions Related to Vehicle and its Components
2 1. Selection of Vehicle Types for Simulation a
3 | 2 1 -- Passenger Cars .
4 2 —- Sport Utility Vehicles Microsoft Excel X
5 3 — Pick-Up Trucks
B
7 When the "Passenger Cars" option is selected, select one of the foll
8 | 1 1 — Passenger Cars 1, 2 — Passe| .
9 € You have changed the type of vehicles. You must ensure the GREETT
10 |  When the "Sport Utility Vehicles" option is selected, select one of the Setting matches with this selection to have cor A results. Do you
11 | 1 1 1 — Sport Utility Vehicles 1, 2 — 5 . .
12 want to proceed? If you click the Cancel butto ell will use the
s |
13|  When the "Pick-Up Trucks" option is selected, select one of the follo™ default.
14 | 1 1 1 -- Pick-Up Trucks 1, 2 - Pick—U;h
15
16 2. Specification of Total Vehicle Weight, pounds | 0
ICEV: [ | FCV: FCV:

Conventional ICEV: Lightw Conventional Lightweight
17 Material M OK Cancel Material __Material
18 3.427 ] 3,566 3,639

19
20 3. Vehicle Battery and Fluids Weight, pounds per vehicle
21 |3.1) Battery Weight

ICEV: HEV: PHEV: PHEV: EV: EV: FCV: FCV:

Conventional ICEV: Lightweight Conventional HEV: Lightweight Conventional Lightweight Conventional Lightweight Conventional Lightweight

22 Material Material Material Material Material Material Material Material Material Material
23 Lead-Acid 23.5 35.0 36.0 23.8 36.0 23.8 36.0 238 36.0 23.8
24 Ni-MH 90.8 103.5 859.8 637.9 3,040.0 28271 109.0 103.5
25 Li-lon 30.6 34.8 262.0 194 .4 1,117.3 1,039.1 34.7 33.0

26
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va v| I = — |;‘ %3/_‘ 5 EEJ |General v| ﬁ Conditional Formatting v &H Insert  ~ > v g? v EE ,_3
— $ v % 9 [ZFormatasTable v X Delete v [+ O~
________ e S __ (s) 17 Format as Table elete y
U v Hiv & ﬁ . = |E| = = 3= . - Add-ins  Analyze
v < — <9 -0 7 Cell Styles ~ fit] Format ~ &~ Data
Clipboard = Font = Alignment ] Number = Styles Cells Editing Sensitivity Add-ins ~
C104 Jx 2
_AA B E F G H J K L M N 0
101 5.5] Li-ion Battery Cathode Material
102| HEV 2 M C111, 3 LFP: Hydrothermal, 4 LFP: Solid State, 5. NMC622, 6. NMC811, 7. NCA, 8 NMC532, 9. NMC95
103| PHEV 2 MO,"Z"NMC111, 3.LFP: Hydrothermal, 4. LFP: Solid State, mmNNGH2%e6. NMC811, 7. NCA, 8. NMC532, 9. NMC95
1D4| EV 2 MO, 2. NMC111, 3.LFP: Hydrothermal, 4. LFP: Solid Stateg 5. NMC622, 6. NMC811, 7. NCA, 8. NMC532, 9. NMC95
105 FCV 1 . LMO, 2. NMC111, 3 LFP: Hydrothermal, 4. LFP: Solid State, 5. NMBEE. NMC811, 7. NCA, 8. NMC532, 9. NMC95
106
2
107 5.6) Battery Specific Power 3
108 i Li-lon Li-lon specific power by type (W/kg)
109 4 Wilb Wikg Wilb LMO NMC111 LFP NMC622 NMC811 NCA NMC5H32 NMC95
110 HE 363 2378 1.079 2.050 2378 2 221 2 421 2 484 2438 2419 2507
111 FCV 363] 2513 1,140 1,890 2513 2342 2 565 2 635 2 584 2 558 2677
112
113|5.7) Battery Specific Energy Li-ion Battery Specific Energy (Wh/kg)
114 Li-lon PHEV: 35-mile
115 Wh/lb Whikg Wh/lb LMO NMC111 NMCB522 NMC811 NCA NMC532 NMC95 LMO
116 PHEV 24 174 79 141 165 137 173 181 177 171 187
117 EV 65 29 177 80
118
119 6. Key Input Parameters for FI
120/6.1) Fluids Replacements During Lifetime of Vehicle
Power Steering Transmission Windshield
121 Engine Ol Fluid Brake Fluid Fluid Powertrain Coolant Fluid Adhesives
122 44 0 4 1 4 22 0
123
124 5'.2] Ratio of Waste to Product when Fluids is Disposed
Power Steering Transmission Windshield

125 Engine Oil Fluid Brake Fluid Fluid Powertrain Coolant Fluid Adhesives
126 66.7% 66.7% 66.7% 66.7% 66.7% 0.0% 66.7%
127
128 7. GREET Default Kev Assumptions for Vehicle Assemblv
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File Home Insert

P iy . A
P = — (| General v| [} Conditional Formatting v “H Insert ~ D v Vv 1] I
R&D GREET 1 Jo A A === B | | 2 00 @
= — v % 9 [ Formatas Table v T Delete v [T]v O~
s I L 0 77 Format as Table elete F
Paste B I U+ ¢ & ﬁ - = = = &= 5= y . Add-ins  Analyze
MRS 4 <8 =3 7 Cell Styles v fiet] Format v &~ Data
Clipboard = Font = Alignment K Number Y Styles Cells Editing Sensitivity Add-ins e
N15 v Jx A

A B C D E F G H J K a

1 I

2 Petroleum MeOH & Ethanol Electric Car_T5Tab LDV1 TS Tab LDV2_TS Tab

3 Home Results WTP

g Natural Gas Hydrogen Bio Qil Pyrolysis Vehicles Tab HDV_TS Tab HDV_WTW Tab

s Scenario Control Variables and Input Assumptions

7 1. Key Options for Simulation Link with GREET2

8 1.1) Target Year for Simulation Reactivate GREET? Links

9 2022

10 : .

11 1.2) Point-Estimation or Probability-Estimation Option Deactivate GREET2 Links

12 ic Toolkit . To load the stochastic toolkit

13 Load Stochastic Toolkit Unload Stochastic Toolkit ... To unload the stochastic toolkit

14

. - . .

15|2. Vehicle Types for Simulation

16 1 1 - Passenger Cars; 2 -- Light-Duty Trucks 1 (LDT1) (Sports utility vehicles [SUV]); 3 - Light-Duty Trucks 2 (LDT2) (Pickup Truck [PUT])

17

1g 3. Petroleum-Based Fuels

19 3.1) Petroleum Recovery Options

20 Petroleum 3.1.a) Share of crude oil sources

21 Worksheet 1 Basis of share of crude oil sources: 1 — EIA projection, 2 — User defined

22 U.5. Domestic Canada (Qil Sands) Canada (Conv. Crude) Mexico Middle East Lati

23 EIA projection 80.8% 6.6% 5.0% 1.9% 2.3%

24 Results User defined 0.0% 100.0% 0.0% 0.0% 2.3%

25 Used in calculation 80 8% 6 6% 5.0% 1.9% 2. 3%

26 API gravity 340 181 265 26 5 318

27 | BacktoTop S Content (wt %) 1.4 2.9 1.9 2.2 2.3

28 Average transportation distances (mi) See T&D Flowcharts tab 1,708 1,708 797 14,596

29

30 U.5. Domestic crude Shale Qil (Bakken) Shale Qil (Eagle Ford) Rest of U.5. domestic crude

31 AP gravity 42 48 32.0

32 Vol. Share (%) 8.7% 8.0% 83.3%

E? N A L e ™ e 0 PN '
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VHM v| A A |Z| = — - EE’ |Genera| V| [l Conditional Formatting v
. $ v % 9 [ZFormatas Table v
........ I (6) +7 Format as Table
U~viiv v Ay = === 3= H- - )
v G0 =0 7, Cell Styles v
Clipboard [E¥ Font N Alignment I~ Number M~ Styles
NavinputsZoomVehicles Voot Jx 12. Vehicle Operations
A B C D E F G

860
861
862
863
864
865
866
867
8658
869
870
871
872
873
874
875
876
877
878
879
880
881
862
883
864
885

866
887
888
889

12. Vehicle Op_berations

12.1) Share of Alternative Fuel in Conventional fuel and Alternative Fuel Blend: Volumetric Percentaae
B5SI1 (Boosted Spark Ignition) or MM (Multi-mode) fuel blend level selection

- d =11l

&H Insert  ~ >~ g?v LI 3

&2 Delete - i /O i Add-ins  Analyze
Cells Editing Sensitivity Add-ins
H

2.0%| Share of gasoline by volume added in EtOH as denaturant
2.0%| Share of gasoline by volume added in EtOH as denaturant
2.0%| Share of gasoline by volume added in EtOH as denaturant

Isobutanol 2 2—-20%, 3—-30%
ARHC 2 2--20%, 3-30%
MeOH 2 2--20%, 3--30%
Vehicles Methanol in FFV fuel BS.D‘@
Worksheet Methanol in dedicated vehicle fuel 90.0%
Ethanol in low-level blend of gasoline and athanoll 10.0%
Ethanol in FFV fuel BS.U‘@
Results Ethanol in dedicated vehicle fuel 85.0%
Butanol in FFV fuel 100.0%
Back to Top F_T diesel in CIDI fuel 1[10_[}‘@
Biodiesel in CIDI fuel 20.0%
Renewable diesel in CIDI fuel 100.0%
Renewable gasoline in 51 fuel 100.0%
Ethanol in EtOH-diesel 10.0%|
Additives in EtOH-diesel 1.0%
Isobutanol in BSI (gasoline) fuel 20.0%
ARHC (Aromatics-rich hydrocarbon fuel) in BSI {gasoline) fuel 20.0%
Methanol in MM {gasoling) fuel 20.0%
Isoalkane in MCCI fuel 20.0%
FAE (Fatty alky! ether) in MCCI fuel 20.0%
FAFE (Fatty acid fusel esters) in MCCI fuel 20.0%
Renewable digsel in MCCI fuel 10.0%
12.2) Type of Gasoline or Diesel for Alternative Fuel Blends
Share of Gasoline out of Gasoline and Blendstncﬁ
Gasoline for methanol blend 0.0%
Gasnline for lnw-level ethanaol hlend 0 (1%

> e+ Inputs Results Petroleum Co_processing NG MeOH_FTD EtOH Electric Generation_mixes
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File Home Insert

R&D GREET 1 VHM V| A A |Z| = — . EE’ |Genera| V| i Conditional Formatting v &H Insert v >~ 2? v %E F—'a
__ . — . 0 y . = . .
. U .l . o A — = = = = ) $ o 9 BZ Format as Table %E Delete £ Add-ins  Analyze
T <9 -0 7 Cell Styles v fiet] Format v &~ Data
Clipboard = Font = Alignment N Number Styles Cells Editing Sensitivity Add-ins A
NavinputsZoomVehicles Voo Jx 12. Vehicle Operations ~
. A B C D UEM...U S F — H
896 Diesel for Isoalkane diesel blend 100.0%
897 Diesel for FAE (Fatty alkyl ether) diesel blend 100.0%
898 Diesel for FAFE (Fatty acid fusel esters) diesel blend 100.0%
899 Share of LSD out of LSD and CD
900 Diesel for Fischer-Tropsch diesel blend 190.90@
901 Diesel for biodiesel blend 100.0%
902 Diesel for renewable diesel blend 100.0%
903 Diesel for EtDH-diesel blend 1DD.D‘1’?H
904
905 12.3) Key Parameters for Grid-Connected (Plug-in) Hybrid Electric Passenger Vehicle Technologies
906 12.3.a) Rated All Electric Range (RAER) [miles]
907 PHEVs — e s == = |(Mote: PHEVs with RAER longer than or equal to 30 miles are series hybrid while PHEVs with RAER shc
908 BEV 300
909 12.3.b) Grid-Connected (Plug-in) HEV and EV charger efficiency
910 85.0%
911
912 12.4) Efficiency Improvement
913 12.4.a) Boosted Spark Ignition (BSI)
014 Generic case Isobutanol ARHC MeOH
915 Relative Engine Efficiency Increase 4 0% 4 57% 1.86% 12.39%
016 Powertrain Losses 20% 20% 20% 20%
917 Relative Vehicle Efficiency Increase 3.2% 3.7% 1.5% 9 9%
918 Fuel Economy Increase Relative to Gaseoling ICEV 3.3% 3.8% 1.5% 11.0%
919 12.4.b) MultiMode (MM)
920 Generic case MeOH
921 Relative Engine Efficiency Increase 4 0% 24 39%
922 Powertrain Losses 20% 20%
923 Relative Vehicle Efficiency Increase 3.2% 19.5%
924 Fuel Economy Increase Relative to Gaseolineg ICEV 3.3% 24.2%
025
> = Inputs Results Petroleum Co _processing NG MeOH FTD EtOH Electric Generation _mixes Bio electrici o 1 I 4@ >
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File Home Insert Draw Pagelayout Formulas Data Review View Automate Help
R . . A
- = —(__|» b |General V| fEf| Conditional Formatting v &H Insert ~ > v 5Y v LI [ 3
R&D GREET 1 o A ===/ @ oo (@
Y - v 9 Format as Table ~ X Delete ~ v v .
Paste = B 7 U« T, o A = = = = 5= y $ %o 9 @ & /O Add-ins  Analyze
oo N T - S <0 -9 [i7 Cell Styles ~ @ Format v &~ Data
Clipboard B Font = Alignment ] Number | Styles Cells Editing Sensitivity Add-ins ~
AD1290 v i Jx A
A B C D E F G H I J K L M N 0 P Q R < T U v W
1 Fuel Economy and Emission Rates of LDT1 Vehicles: Baseline Vehicles and New Vehicles n
2 o ] ] ] ] ] o Home Inputs Results
3 1) Fuel Economy and Emission Rates of LDT1 Baseline Vehicles: gasoline-equivalent MPG and grams/mile emissions
4 (fuel economy is adjusted for on-road performance using the EPA mpg-based method, and using 43%city/57%highway VMT split)
5 Model Year 2022
6 Lag vear 0
7 Gasoline LDT1: Values from non-stochastic simulations and for adjustments to distribution functions Gasoline LDT1: stochastic simulation distribi
8 Model year is 0 years earlier than simulated technology year
9 26 54 0.044 0.085 1.530 0.050 0.006 0.031 0.005 0.004 0.003 0.001 0.009 0.005 Default values from times series or user input
10 26.54 0.044 0.085 1.530 0.050 0.006 0.031 0.005 0.004 0.003 0.001 0.009 0.005 Distribution Functions of Fuel Economy and Em
Model vocC vocC PM10 PM10 PM2.5| PM25 vocC voc
11 Year MPGGE| (Exhaust)| (Evap.) CcoO NOx| (Exhaust)| (TBW)| (Exhaust)| (TBW) BC ocC CH4 N20 Model Year MPGGE| (Exhaust)| (Evap.)
12 MY|1990 16.60 1.564 1.774| 25201 4 396 0.027 0.031 0.024 0.004 0.005 0.013 0.262 0.077 MY 1990 20 1.114| 0545
13 'MY|1995 16.20 0.937 1.766 16.021 2911 0.019 0.031 0.016 0.004 0.003 0.009 0.157 0.056 MY 1995 20 0668 0426
14 'MY|2000 16.30 0.310 1.759 6.841 1.427 0.010 0.031 0.009 0.004 0.002 0.005 0.052 0.034 MY 2000 20 0203 0112
15 |MY|2005 17.30 0.117 0.130 4.042 0.232 0.003 0.031 0.003 0.004 0.001 0.002 0.024 0.007 MY 2005 20 0.144| 0.069
16 MY|2010 20.06 0.075 0.120 3.027 0.107 0.004 0.031 0.003 0.004 0.001 0.002 0.016 0.007 MY 2010  20.80 0.115| 0.067
17 'MY|2015 20.06 0.074 0.116 2.882 0.103 0.006 0.031 0.005 0.004 0.003 0.002 0.016 0.005 MY 20150 21.30 0115 0.067
18 MY|2020 26.54 0.044 0.085 1.530 0.050 0.006 0.031 0.005 0.004 0.003 0.001 0.009 0.005 MY 20200 21.70 0112 0.067
19 MY|2025 2686 0.031 0.076 0.984 0.025 0.004 0.031 0.004 0.004 0.003 0.001 0.006 0.005 MY 2025 2170 0.112 0.067
20 |[MY|2030 29 69 0.031 0.075 0.982 0.025 0.004 0.031 0.004 0.004 0.003 0.001 0.006 0.005 MY 2030 21.70 0.112 0.067
21 MY |2035 3233 0.031 0.075 0.982 0.025 0.004 0.031 0.004 0.004 0.003 0.001 0.006 0.005 MY 2035 21.70 0.112 0.067
22 MY 2050 37 67 0.030 0.073 0971 0.024 0.004 0.031 0.004 0.004 0.003 0.001 0.005 0.005 MY 2050f 2170 0.112 0.067
23
24 Diesel LDT1: Values from non-stochastic simulations and for adjustments to distribution functions Diesel LDT1: stochastic simulation distributic
25 Model year is 0 years earlier than simulated technology year
26 31.04 0.141 0.006 2545 0.035 0.003 0.031 0.003 0.004 0.002 0.000 0.091 0.001 Default values from times series or user input
27 31.04 0.141 0.006 2545 0.035 0.003 0.031 0.003 0.004 0.002 0.000 0.091 0.001 Distribution Functions of Fuel Economy and Em
Model voc| voc ‘ PM10| PM10 PM2.5| PM2.5 ‘ ‘ ‘ ‘ voc| voc
a0 Vamr RMDACE | IEvhansty TIEvram ) i~ Mitiv| IEvhanst) ITRDWAN | IEvhanst) I TDVAN = F il i ™LA M2 RMadal Vasar RADCE IEvhanatl| IEuwam ) v
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A v — — Percentage  ~ Conditional Formatting ~ &M Insert v v Ov v o[ ()
R&D GREET 1 Jo A A == g Pecetwe o] B v & 2R 00 [@;
S ae - W o) W b4 W L | W W
Paste B I U+ v e Ay = = = = 5= v $ %o 9 iFormatasTable & Delere - Add-ins  Analyze
¥ g N - - {__[;';H _';93 @ Cell Styles v @ Format v &~ Data
Clipboard = Font = Alignment N Number EY Styles Cells Editing Sensitivity Add-ins A
C1295 v i Jx =@INDEX($T1295:$X1305,ROW(B1295) -@ROW($T1295:$X1305)+1,MATCH(BEV_AER,BEV_VMT_AER,0)+1) A
A B G D E F G H I J K L M N 0 P Q R S T U v W X Y
1282 MY |2030 MY 2030
1283 MY |2035 MY 2035
1284 MY | 2050 MY 2050
1285
1286 Battery electric Vehicle (BEV | EV) Model year is 0 years earlier than simulated technology year
1287 Fuel Economy (MPGGE) —
1288 429 5% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 00% 1000% 0.0% 0.0% 0.0% 0.0% Default values from times series or user input 459 9% 445.5%' 429 5% 2388.1%
1289 429 5% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 00% 100.0% 0.0% 0.0% 0.0% 0.0% 459 9% 4455% 4295% ISBBJ%
RAER[mi]
Model VoC vocC PM10| PM10 PM25| PM2.5 Model
1290 Year MPGGE | (Exhaust) NOx | (Exhaust)| (TBW)|(Exhaust) Year 150 200 300 400
1291 MY | 1990 300.0% MY | 1990
1292 MY | 1995 300.0% MY 1995
1293 MY | 2000 400.0% MY | 2000
1294 MY | 2005 400.0% MY 2005
1295 MY |2010 36579 MY 2010
1296 MY |2015 352 8% 0.0% 0.0% 0.0% 0.0% 0.0%| 100.0% 0.0%| 100.0% 0.0% 0.0% 0.0% 0.0% MY 2015 352 8% 352 8%
1297 MY |2020 429 5% 0.0% 0.0% 0.0% 0.0% 0.0%| 100.0% 0.0%| 100.0% 0.0% 0.0% 0.0% 0.0% MY 2020 459 9% 445 5%| 429.5%| 388.1%
1298 MY |2025 454 8% 0.0% 0.0% 0.0% 0.0% 0.0%| 100.0% 0.0%| 100.0% 0.0% 0.0% 0.0% 0.0% MY|2025 474 1% 472 1% | 454.8% | 408.2%
1299 MY |2030 411.0% 0.0% 0.0% 0.0% 0.0% 0.0%| 100.0% 0.0%| 100.0% 0.0% 0.0% 0.0% 0.0% MY 2030 441 1% 426 8% | 411.0%| 3791%
1300 MY |2035 423 5% 0.0% 0.0% 0.0% 0.0% 0.0%| 100.0% 0.0%| 100.0% 0.0% 0.0% 0.0% 0.0% MY 2035 443 4% 429 1%| 423.5%| 378.4%
1301 MY 2050 399.6%] 0.0% 0.0% 0.0% 0.0% 0.0%| 100.0% 0.0%] 100.0% 0.0% 0.0% 0.0% 0.0% MY | 2050 420.5% 417 5%| 399.6%| 367 1%
1302
1303 Hydrogen Fuel-Cell Vehicle (FCV) Model year is 0 years earlier than simulated technology year
1304
1305 203.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 00% 100.0% 0.0% 0.0% 0.0% 0.0% Default values from times series or user input
1306 203.0% 0.0% 0.0% 0.0% 0.0% 00% 1000% 00% 1000% 0.0% 0.0% 0.0% 0.0%
Model VOC voC PM10| PM10 PM25| PM25
1307 Year MPGGE | (Exhaust)| (Evap.) NOx| (Exhaust)| (TBW)|(Exhaust)
1308 MY | 1990
1309 MY | 1995
< > = Efuel Fuel Prod TS EF TS AgMining EF TS __EF Fuel Specs  Car TS LDTLTS D72 TS Vehicles  Up = + : < o= >
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A GREE.T2 Recently Financial Logical Text Date & Lookup & Math & More Name G Use in Formula ¥ ‘g Trace Dependents A Error Checking Watch Calculation 62
Function v Used v~ v v v Time > Reference~ Trigv Functions~  Manager BZ Create from Selection E’( Remove Arrows Window  Options v
Function Library Defined Names Formula Auditing Calculation A
F9 v Ix =HLOOKUP ($B%$3, $N$5: $R$6,2, FALSE) /HLOOKUP ($D$4, $N$9: $R$10,2,FALSE) *Vehi_ Sum!L318
A B C D F G H J K L M N 0 P Q R
1 |Energy Use and Emissions of Well-to-Pump, Vehicle Cycle and Vehicle Operation
2 1) Well-to-Pump, Vehicle Cycle and Vehicle Operation Energy Use and Emissions: Btu or g per mile
3 Energy Unit: Biu Emission Unit: g
4 Service Functional Unit: mile Per Vehicle Distnace Travelled
5 |Gasoline Vehicle: CG and RFG, Conventional Material Energy Unit Btu mBtu J kd
4] Btu/mile or g/mile Percentage of each stage 1.000 0.001 1055 1.055 0.C
Vehicle Vehicle
Vehicle Vehicle Cycle Vehicle Vehicle Cycle
7 |ltem WTP Cycle Operation Total Credits WTP Cycle Operation Total Credits Emission Unit g mg kg Ib
8 Total energy 1,131 587 4179 5,896 0 19 2% 9 9% 70.9% 100 0% 0.0% 1.000 1000 0.001 0.002 0.
9 Fossil fuels 1,012 538 3,900 5,450 0 18.6% 9.9% 71.6% 100.0% 0.0% Functional Unit mile km
10 Coal 48 143 0 190 0 25.0% 75.0% 0.0% 100.0% 0.0% 1.000 1.609
11 Natural gas 668 267 0 934 0 71.5% 28 5% 0.0% 100.0% 0.0%
12 | Petroleum 297 128 3,900 4,326 0 6.9% 3.0% 90.2% 100.0% 0.0%
13 'Water consumption 0.220 0.040 0.000 0.261 0 84 5% 15.5% 0.0% 100.0% 0.0%
14 |CO2 (VOC, CO, C02) 57 37 321 415 0 13.8% 8.9% 77.2% 100.0% 0.0%
15 |CH4 0.476 0.088 0.009 0.573 0 83.1% 15.4% 1.5% 100.0% 0.0%
16 [N20 0.012 0.001 0.005 0.018 0 66.5% 6.1% 27.4% 100.0% 0.0%
17 |GHGs 75 40 322 437 0 17 1% 9 2% 73.7% 100 0% 0.0%
18 'VOC: Total 0.123 0.334 0.129 0.587 0 21.0% 57.0% 22.0% 100.0% 0.0%
19 | CO: Total 0.067 0.115 1.530 1.713 0 3.9% 6.7% 89.3% 100.0% 0.0%
20 |NOx: Total 0107 0.042 0.050 0.199 0 53 9% 21.2% 25.0% 100 0% 0.0%
21 |PM10: Total 0.012 0.013 0.037 0.062 0 18.9% 21.5% 59.6% 100.0% 0.0%
22 |\PM2.5: Total 0.008 0.007 0.009 0.024 0 33.2% 28.5% 38.3% 100.0% 0.0%
23 | S0x: Total 0.028 0.092 0.002 0.122 0 23.3% 75.2% 1.6% 100.0% 0.0%
24 BC: Total 0.001 0.000 0.004 0.005 0 20.3% 4 4% 75.3% 100.0% 0.0%
25 |0C: Total 0.002 0.001 0.002 0.004 0 40.9% 12.5% 46.6% 100.0% 0.0%
26 |VOC: Urban 0.066 0.210 0.090 0.367 0 18.0% 57.4% 24 6% 100.0% 0.0%
27 |CO: Urban 0.012 0.002 1.071 1.085 0 1.1% 0.2% 98.7% 100.0% 0.0%
28 INOx: Urban 0018 0.005 0.035 0.058 0 30 9% 9 0% 60.1% 100 0% 0.0%
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R&D GREET 2 g @ ,? A @ a g ™ @ Define Name ~ E'*y_-. Trace Precedents l7f\ Show Formulas j% E

= . 0 .
Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name G Use in Formula ¥ ‘g Trace Dependents [I\}’/ Error Checking Watch Calculation
Function v Used v v v v Timev Reference~¥ Trig¥ Functions~¥ = Manager BZ Create from Selection F;{ Remove Arrows v Window  Options ¥
Function Library Defined Names Formula Auditing Calculation A
F9 v fx =HLOOKUP($B%$3,$N$5:$R$6,2,FALSE) /HLOOKUP ($D%4,$N$9:$R$10,2,FALSE) *Vehi_ Sum!L318 &
— o A B C D E F G H | J K L M N 0 P Q R a
185rE‘J, Conventional Material
18T = = —-_——-— Btu/mile or g/mile Percentage of each stage
Vehicle Vehicle
Vehicle ki cle Vehicle Vehicle Cycle
187 Item WTP Cycle CZG G H G WTP Cycle  Operation Total Credits
188 Total energy 1,190 911 36.5% 27 9% 35.5% 100.0% 0.0% °
189 Fossil fuels 945 823 . o 35.5% 30.9% 33.6% 100.0% 0.0% C2 G — WTW + ve h I C le
190 Coal 352 226 em ISSIons 36.9% 23.6% 39.5% 100.0% 0.0%
191 | Natural gas ars 476 36.7% 30.4% 32 8% 100.0% 0.0%
192 | Petroleum 18 121 . 12.2% 84 2% 3.6% 100.0% 0.0% l
193 Water consumption 0.198 0.079 2 15 g CO e/m | le 71 5% 28 5% 0.0% 100.0% 0.0% CyC e .
194/ C0O2 (VOC, CO, CO2) 140 o8 2 P 70.5% 29 5% 0.0% 100.0% 0.0%
195/ CH4 0.294 0.212 ] 58.0% 42 0% 0.0% 100.0% 0.0%
196/ N20 0.003 0.002 0.000 we= () (3 0 58.5% 41 5% 0.0% 100.0% 0.0%
197 GHGs 149 66 DI_ 215 I 0 69 5% 30.5% 0.0% 100.0% 0.0%
198 VOC: Total 0.017 0.338 0.000 =0 ] 4 8% 95 2% 0.0% 100.0% 0.0%
199/ CQ: Total 0.060 0.151 0.000 0.212 0 28 4% 71.6% 0.0% 100.0% 0.0%
200 NOx: Total 0.106 0.070 0.000 0176 ] 60.3% 39.7% 0.0% 100.0% 0.0%
201 PM10: Total 0.015 0.022 0.031 0.069 0 22 4% 32 1% 45.5% 100.0% 0.0%
202 | PM2_5: Total 0.009 0.010 0.004 0.023 0 38.2% 43 7% 18.1% 100.0% 0.0%
203 | 50x: Total 0.089 0.280 0.000 0.369 0 24 1% 75.9% 0.0% 100.0% 0.0%
204 |BC: Total 0.000 0.000 0.000 0.001 0 34 1% 32 9% 33.0% 100.0% 0.0%
205 0C: Total 0.002 0.001 0.001 0.004 0 58 4% 26.0% 15.7% 100.0% 0.0% = =
206 VOC: Urban 0.001 0.210 0.000 0.211 ] 0.5% 99 5% 0.0% 100.0% 0.0% SUV BEV bu I lt a nd used In
207 | CO: Urban 0.013 0.003 0.000 0.016 0 81.7% 18.3% 0.0% 100.0% 0.0%
208 NOx: Urban 0.027 0.005 0.000 0.032 ] 83 4% 16.6% 0.0% 100.0% 0.0% 2022
209 PM10: Urban 0.003 0.001 0.022 0.026 0 12.0% 2.0% 86.0% 100.0% 0.0%
210/ PM2.5: Urban 0.003 0.000 0.003 0.006 0 43 6% 7 3% 49 1% 100.0% 0.0%
211 50x: Urban 0.027 0.004 0.000 0.031 ] 86.1% 13.9% 0.0% 100.0% 0.0% =
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R&D GREET 2 @ L@ L? LA L@ E @ &) Define Name ~ E]‘;g Trace Precedents [7f\ Show Formulas j@ ‘:'

2 . y 0o, | .
Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name G Use in Formula ] Trace Dependents [\}’/ Error Checking Watch Calculation g:ﬁ
. . : . . } B
Function v Used v h ¥ v Timev Reference~¥ Trig¥ Functions~¥ = Manager B Create from Selection F;{ Remove Arrows ~ Window  Options v
Function Library Defined Names Formula Auditing Calculation A
F9 v fx =HLOOKUP($B%$3,$N$5:$R$6,2,FALSE) /HLOOKUP ($D%4,$N$9:$R$10,2,FALSE) *Vehi_ Sum!L318 &
. U B C D E F G H I J K L M M 0 P Q R a
185rE‘J, Conventional Material
1™ =— == = = - Btu/mile or g/mile Percentage of each stage
Vehicle Vehicle
- Cycle Vehicle Vehicle Cycle
187 ltem o Total Credits WTP Cycle Operation Total Credits
188 Total energy Vehlc"e CyCIe GHG 3,260 0 36.5% 27.9% 35.5% 100.0% 0.0%
189 Fossil fuels 2,664 0 35.5% 30.9% 33.6% 100.0% 0.0%
190 | Coal = - 954 0 36.9% 23 6% 39.5% 100.0% 0.0%
191 Natural gas emissions 1,566 0 36.7% 30.4% 32.8% 100.0% 0.0%
192 Petroleum 144 0 12 2% 84 2% 3.6% 100.0% 0.0%
193 |Water consumption 1 p 0277 0 71.5% 28 5% 0.0% 100.0% 0.0% .
194/ C0O2 (VOC, CO, C02) 66 g Coze/mlle 198 0 70.5% 29 5% 0.0% 100.0% 0.0%
195|CH4 i : . 0.506 0 58.0% 42 0% 0.0% 100.0% 0.0%
196 | N20 0.003 o = 0.00° 0.000 0.005 0 58 5% 41.5% 0.0% 100.0% 0.0%
197 |GHGs 149I_ BEI 0 215 0 69 5% 30.5% 0.0% 100.0% 0.0%
198 VOC: Total 0.017 =033 0.000 0.354 0 4 8% 95.2% 0.0% 100.0% 0.0%
199 CO: Total 0.060 0.151 0.000 0.212 0 28 4% 71.6% 0.0% 100.0% 0.0%
200 NOx: Total 0.106 0.070 0.000 0.176 0 60.3% 39.7% 0.0% 100.0% 0.0%
201 PM10: Total 0.015 0.022 0.031 0.069 0 22 4% 32 1% 45.5% 100.0% 0.0%
202 PM2.5: Total 0.009 0.010 0.004 0.023 0 38.2% 43 7% 18.1% 100.0% 0.0%
203 SOx: Total 0.089 0.280 0.000 0.369 0 24 1% 75.9% 0.0% 100.0% 0.0%
204 BC: Total 0.000 0.000 0.000 0.001 0 34 1% 32 9% 33.0% 100.0% 0.0%
205 OC: Total 0.002 0.001 0.001 0.004 0 58 4% 26.0% 15.7% 100.0% 0.0% b 'l d d -
206 VOC: Urban 0.001 0.210 0.000 0.211 0 0.5% 99 5% 0.0% 100.0% 0.0% SUV BEV u' t a n use In
207 CO: Urban 0.013 0.003 0.000 0.016 0 81.7% 18.3% 0.0% 100.0% 0.0%
208 NOx: Urban 0.027 0.005 0.000 0.032 0 83 4% 16.6% 0.0% 100.0% 0.0% 2022
209 PM10: Urban 0.003 0.001 0.022 0.026 0 12.0% 2.0% 86.0% 100.0% 0.0%
210 PM2.5: Urban 0.003 0.000 0.003 0.006 0 43 6% 7.3% 49 1% 100.0% 0.0%
211 SOx: Urban 0.027 0.004 0.000 0.031 0 86.1% 13.9% 0.0% 100.0% 0.0% -
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SUVICEV

Model a 2022 Sport Utility Vehicle (SUV) Internal
Combustion Engine (ICEV) Using Gasoline in R&D
GREET
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Cradle-to-Grave (C2G) GHG Emissions
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Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name G Use in Formula d Trace Dependents A, Error Checking Watch Calculation
Function v Used v v v v Timev Referencev Trigv Functionsv = Manager B7j Create from Selection ., Remove Arrows v Evaluate Formula Window  Options ¥
Function Library Defined Names Formula Auditing Calculation ~
AD18 v o Jx A
A B C D E F G H J K L M N 0 P Q R a
1 Energy Use and Emissions of Well-to-Pump, Vehicle Cycle and Vehicle Operation .
2 1) Well-to-Pump, Vehicle Cycle and Vehicle Operation Energy Use and Emissions: Btu or g per mile
3 Energy Unit: Btu Emission Unit: g
= _—e e == o= == s ViGS Fudgtiopal Upll mile Per Vehicle Distnace Travelled
5 asoline Vehicle: CG and RFG, Conventional Material Energy Unit Btu mBtu J kJ
g I T e mm mm =R == == == == == Btu/mile or g/imile Percentage of each stage 1.000 0.001 1055 1.055 0.C
Vehicle Vehicle
Vehicle e bicls cle Vehicle Vehicle Cycle
7 ltem WTP Cycle ; WTP Cycle Operation Total Credits
8 Total energy 1,131 o287 C2G G H G 19.2% 9.9% 70.9% 100.0% 0.0% .
9 | Fossil fuels 1,012 538 18.6% 9.9% 71.6% 100.0% 0.0% CZG — WTW h l
10 Coal 48 143 emissions 25.0% 75.0% 0.0% 100.0% 0.0% - + ve IC e
11 |Natural gas 668 267 71.9% 28.9% 0.0% 100.0% 0.0%
12 Petroleum 297 128 . 6.9% 3.0% 90.2% 100.0% 0.0%
13 Water consumption 0.220 0.040 437 g CO e/m | le 84 5% 15 5% 0.0% 100 0% 0.0% CyCle
14 |CO2 (VOC, CO, C0O2) aof 37 2 . 13.8% 8.9% 77.2% 100.0% 0.0%
15 |CH4 0.476 0.088 0 83.1% 15.4% 1.5% 100.0% 0.0%
16 |[N20 0012 0.001 0005 mem  w—f) (Gl 0 66 5% 6.1% 27 4% 100 0% 0 0%
17 |GHGs 75 40 322 43?' 0 17.1% 9.2% 73.7% 100.0% 0.0%
18 VOC: Total 0.123 0.334 0.129 0.3 0 21.0% 57.0% 22 0% 100.0% 0.0%
19 |CO: Total 0.067 0.115 1.530 1.713 0 3.9% 6.7% 89.3% 100.0% 0.0%
20 |NOx: Total 0.107 0.042 0.050 0.199 0 93.9% 21.2% 25.0% 100.0% 0.0%
21 PM10: Total 0.012 0.013 0.037 0.062 0 18.9% 21.5% 59.6% 100.0% 0.0% °
22 PM2.5: Total 0.008 0.007 0.009 0.024 0 33.2% 28.5% 38.3% 100.0% 0.0% SUV ICEV bu | lt a nd used
23 | S0x: Total 0.028 0.092 0.002 0.122 0 23.3% 75.2% 1.6% 100.0% 0.0%
24 BC: Total 0.001 0.000 0.004 0.005 0 20 3% 4 4% 75 3% 100 0% 0 0% °
25 0OC: Total 0.002 0.001 0.002 0.004 0 40.9% 12.5% 46.6% 100.0% 0.0% In 2022
26 |\VOC: Urban 0.066 0.210 0.090 0.367 0 18.0% 57 .4% 24 6% 100.0% 0.0%
27 |CO: Urban 0.012 0.002 1.071 1.085 0 1 1% 0.2% 98 7% 100 0% 0 0%
28 INOx: Urban 0.018 0.005 0.035 0.058 0 30.9% 9.0% 60.1% 100.0% 0.0% v
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GHG Emissions from Producing the
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2022 SUV BEV 2022 SUV ICEV
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f)'c Z %E é 7 K 6 a @ (= &) Define Na ﬁ Z ',\_;—? é m E 6 a . &) Define Na

. . } +. Use in For — . i
Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name C Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More Mame G Vse in For

Function v Used v v v v Timev Referencev Trigv Functionsv¥  Manager B Create fro Function v Used v v ol v Timev Referencev Trig~ Functions~  Manager B2 Create fro

Function Library Defined Names Function Library Defined Nameq

Jfx~  =HLOOKUP($B$3,$N$5:$R$6,2, FALSE)/HLOOKU : Jx

———A—— D A B [ D E I G

893, EV, Conventional Material : : Energy Use and Emissions of Well-to-Pump, Vehicle Cycle and Vehicle Operation

86 Btu/mile or g/mile Percentage 1) Well-to-Pump, Vehicle Cycle and Vehicle Operation Energy Use and Emissions: Btu or g per mile
) Energy Unit: Btu Emission Unit: g

velnan — - - OGP FUCtORRL UN g,

[ ]
Cycle Vehicle Gasoline Vehicle: CG and RFG, Conventional Material
87 ltem Ve h I C le Cyc le Credits Cycle Op : L, /i Percentage

%'33? g o Vehicle

Vehicle cycl
30A4°/° Credits Cycle O
84.2‘;; Total energy 0 9%

i [ ] [ ]
s GHG emissions 72 0%
ig:ggﬁ Natural gas 28 5%

Petroleum : 3.0%
i Water consumption 40 g COze/m | le
y i

88 Total energy

89 Fossil fuels C C
GHG emissions
91 Natural gas

92 Petroleum

93 Water consumption 66 g Coze/m i le

=

94 CO2 (VOC, CO, C02)
95 CH4 _ _
96 N20 0.003 mmm -Q.DOL.
97 GHGs 149|_ 66
98 VOC: Total 0.017 -0
99 CO: Total 0.060 0.151
PO0 NOx: Total 0.106 0.070
P01 PM10: Total 0.015 0.022
P02 PM2.5: Total 0.009 0.010
P03 SOx: Total 0.089 0.280
P04 BC: Total 0.000 0.000
P05 OC: Total 0.002 0.001
P06 VOC: Urban 0.001 0.210
P07 CO: Urban 0.013 0.003
P08 NOx: Urban 0.027 0.005
P09 PM10; Urban 0.003 0.001
P10 PM2.5: Urban 0.003 0.000
P11 SOx: Urban 0.027 0.004

15.5%
0//
3220/: CO02 (VOC, CO, C02) 8 a0
; CH4

; 410 15.4%
;;:(750;2 N20 0.012 6.1%
5 GHGs £ | 9.2%
43.7% VOC: Total 0. 123w m— = 57.0%
75.9% CO: Total 0.067 0.115 6.7%
32 9% NOx: Total 0.107 0.042 21.2%
26.0% PM10: Total 0.012 0.013 21.5%
99 5% PM2.5: Total 0.008 0.007 28.9%
18.3% SOx: Total 0.028 0.092 75.2%
16.6% BC: Total 0.001 0.000 4.4%
2 0% OC: Total 0.002 0.001 12.5%
7 3% VOC: Urban 0.066 0.210 57.4%
13.9% CO: Urban 0.012 0.002 0.2%
S MNOx: Urban 0.018
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How Do The Opportunities for Emission
Mitigation for the Production of Major
Vehicle Materials Affect the Vehicle Cycle
Impacts of Vehicles?
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Increase the Share of Recycled Steel
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Scrap vs recycled materials

Scrap
Untreated material

Recycled
Obtained from the treatment of
scrap
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BEV Recycled Steel

Model a 2022 Sport Utility Vehicle (SUV) Battery

Electric Vehicle (BEV) Made with 100% Recycled

Steel and Virgin Aluminum Produced with 100%
Hydropower Electricity
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Why replace a vehicle’s steel with aluminum?

Pros of Replacing Steel with Aluminum Challenges/Cons of using Aluminum

* Aluminum is lighter than steel * Virgin aluminum production is
* Lighter vehicles have an improved highly energy intensive
fuel economy and consume less fuel * Most energy comes from fossil
over the vehicle’s lifetime sources - highly carbon intensive
* Most of the aluminum in vehicles is
Virgin

Therefore, renewable energy is needed to decarbonize virgin

aluminum production

GREAT PLAINS T,
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Aluminum background

Virgin Aluminum Production Involves

* Mining and extraction of bauxite ore

* Processing of bauxite to produce aluminum hydroxide

* Conversion of aluminum hydroxide to aluminum oxide
(alumina)

* Hell-Heroult process, involving the reduction of
alumina through electrolysis (with carbon anodes) to
pure aluminum metal

80-90% of the life cycle GHG emissions of aluminum

production come from the electrolysis process due to its
high energy intensity
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Aluminum options and associated applications for vehicles
in R&D GREET

Wrought Aluminum
Used as an aluminum sheet, which could be stamped
making the vehicle’s body out of aluminum

Extruded or Forced Aluminum Products
Used in the interior body

Cast Aluminum
Used primarily in engine blocks
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A av = (— O General v/ [El Conditional Formatting v ¢H Insert v > v LY~ N I 3
R&D GREET 1 o A A =EE=- B | . | z -z 00 [@
Paste Bl B 7 U-lTiolane A — |§| — = — 5 $ v % 9 @ Format as Table v 2% Delete v v /O v Add-ins  Analyze
v B T - e <9 -0 [ Cell Styles v @ Format v &~ Data
Clipboard N Font ¥ Alignment I~ Number EY Styles Cells Editing Sensitivity Add-ins ~
Veh_Type_Option v Jx 1 A
' A B C D E F G H A
: (
2 Petroleum MeOH & Ethanol Electric Vehicles Car_TS Tab LDV1_TS Tab LDV2_TS Tab a
3 Home Results WTP
4 MNatural Gas Hydrogen Bio Ol Pyrolysis Vehicles Tab HDV_TS Tab HDV_WTW Tab
9 Fuel Economy
s Scenario Control Variables and Input Assumptions
7 1. Key Options for Simulation Link with GREET2
S 1.1) Target Yeardor SINURNQL, e e o o o o o o e ) . Reactivate GREET2 Links
9 e e e e o e _2{]22_ — . B Restore Time Series
10 Table Value Deactivate GREET2 Links
11 1.2) Point-Estimation or Probability-Estimation Option
12 Load Stochastic Toolkit ... To load the stochastic toolkit
L Load Stochastic Toolkit G)ad Stochastic Toolkit ... To unload the stochastic toolkit
14
. = . .
15 2. Vehicle Types for Simulation e e e e e e e e e e e e
16 | 1 + I Passenger Carsl_—— Light-Duty Trucks 1 (LDT1) (Sports utility vehicles [SUV]];'S - Light-Duty Trucks 2 (LDTZ2) (Pickup Truck [F
.1? | | | | | | | | | | |

18 3. Petroleum-Based Fuels | :

19 3.1) Petroleum R| 3 o
20 Petroleum 3.1.a) Share of crude oil sources N Ote L
21 Worksheet /M Basis of share of crude oil sources: 1 — El .
22 us. D fi 0 M M M
this scenario Is modeling a car

23 EIA projection 80.8%

24 Results User defined 0.0%

25 Used in calculation 80.8% o o

26 API gravity 34.0 b |lt N 2022

27 | BacktoTop S Content (wt %) 14 u

28 Average transporiation distances (mi) See T&D Flowcharis tab U0 G =

< > - Inputs [Results Petroleum Co_processing NG MeOH FTD  EtOH  Electric  Generation _mixes Bio_electrici > + 4@ >
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R&D GREET 1 vjio VAT A
E St
B I U~ i A -
Clipboard M= Font = Alignment Number Styles
C6 v i XV fx 0
A B C D E F G H I J K L M N O
1 Fuel Economy and Emission Rates of LDT1 Vehicles: Baseline Vehicles and New Vehicles
2
3 1) Fuel Economy and E n Rates of LDT1 Baseline Vehicles: gasoline-equivalent MPG and grams/mile emissions
4 (fuel economy is adjusted for g the EPA mpg-based method, and using 43%city/57%highway VMT split)
5 Model Yea
B Lag yea
7 Gasoline AValues from ¥ and for adjustments to distribution functions
8 Model year is ars earlier than simulated technology year
9 0.044 0.085 1.530 0.050 0.006 0.031 0.005 0.004 0.003 0.001 0.009 0.005
10 0.044 0.085 1.530 0.050 0.006 0.031 0.005 0.004 0.003 0.001 0.009 0.005
vocC VoC PM10 PM10 PM2.5| PM2.5
11 (Exhaust)| (Evap.) CcO NOx| (Exhaust)| (TBW)| (Exhaust)| (TBW) BC ocC CH4 N20
12 MY 1990 1.564 1.774| 25.201 4 396 0.027 0.031 0.024 0.004 0.005 0.013 0.262 0.077
13 MY 1995 0.937 1.766| 16.021 2911 0.019 0.031 0.016 0.004 0.003 0.009 0.157 0.056
14 |MY |2000 16.30 0.310 1.759 6841 1.427 0.010 0.031 0.009 0.004 0.002 0.005 0.052 0.034
15 MY 2005 17.30 0.117 0.130 4042 0.232 0.003 0.031 0.003 0.004 0.001 0.002 0.024 0.007
16 |MY 2010 20.06 0.075 0.120 3.027 0.107 0.004 0.031 0.003 0.004 0.001 0.002 0.016 0.007
17 MY 2015 20.06 0.074 0.116 2 882 0.103 0.006 0.031 0.005 0.004 0.003 0.002 0.016 0.005
18 MY (2020 26.54 0.044 0.085 1.530 0.050 0.006 0.031 0.005 0.004 0.003 0.001 0.009 0.005
19 MY (2025 26.86 0.031 0.076 0.984 0.025 0.004 0.031 0.004 0.004 0.003 0.001 0.006 0.005
20 |MY|2030 29.69 0.03 0.075 0.982 0.025 0.004 0.031 0.004 0.004 0.003 0.001 0.006 0.005
21 |MY|2035 32.33 0. 0.075 0.982 0.025 0.004 0.031 0.004 0.004 0.003 0.001 0.006 0.005
22 MY |2050 D.@ 0.073 0.971 0.024 0.004 0.031 0.004 0.004 0.003 0.001 0.005 0.005
23
24 tochastic simulations and for adjustments to distribution functions
25 n simulated technology year
26 1 0.006 2 545 0.035 0.003 0.031 0.003 0.004 0.002 0.000 0.091 0.001
27 31.04 0.141 0.006 2545 0.035 0.003 0.031 0.003 0.004 0.002 0.000 0.091 0.001
Model voc| voc ‘ PM10| PM10 PM2.5| wRMBsb| m== L ‘ ‘ ‘
a0 Vanr RMDACE | IEvhanety TIEvrarm ) i~ MiTiw| IEvhansat) ITDWAN | IEvhanst) I TDWAN i~ i pd W F | A2
< > e EFTS AgMining EF TS EF  WCF  Fuel Specs  Car TS | LDT1LTS | [DT2 TS  Vehicles
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Home Inputs Results

Gasoline LDT1: stochastic simulation distribi

Default values from times series or user input

Distribution Functions of Fuel Economy and Em

VOoC vocC

Model Year MPGGE| (Exhaust)| (Evap.)

MY 1990f 20. 1.114| 0545
MY 1905 20. 0668 0426
MY 20000 20 0203 0112
MY 2005 20. 0.144| 0.069
MY 20101 2080 0.115| 0.067
MY 2015 2130 0115 0067
MY 20201 2170 0.112| 0.067
MY 2025 21.70 0.112 0.067
MY 20301 21.70 0.112 0.067
MY 2035 21.70 0.112 0.067
MY 2050) 21.70 0.112 0.067

Diesel LDT1: stochastic simulation distributit

Default values from times series or user input

Distribution Functions of Fuel Economy and Em
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A av — — General v Conditional Formatting v & Insert v v O v H|N [(dh)-
o VA A = = (=% ab, | | E g &H 2. vz =5 _:||]1|_
L L AL = = = = = _ $ % 9 (7 Format as Table X Delete jo, Add-ins | Analyze
- B %H _E'H @ Cell Styles @ Format v &~ Data
Clipboard = Font = Alignment S Number EY Styles Cells Editing Sensitivity Add-ins ~
Al v i Jx
A B C N 0 P Q R A
1 | .l AR A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AR A AL A A A A EA A A A EEA A LA A A EAEA LA EAEAEAAAAEAEAEAAALAAEAEEEAARAEEAA AR ER R ER R AR R R R A&
2 COPYRIGHT NOTIFICATION
3
4 GREET® SOFTWARE
5
. GREET 2 Model
Email contact: greet@anl.gov
o 17 UChicago Argonne, LLC ALL RIGHTS RESERVED
DISCLOSES MATERIAL PROTECTED UNDER COPYRIGHT LAW, AND FURTHER DISSEMINATION IS PROHIBITED WITHOUT
CONSENT OF THE PATENT COUNSEL OF ARGONNE NATIONAL LABORATORY, EXCEPT AS NOTED IN THE “LICENSING
JITIONS™ NOTED BELOW.
PUT
Steel {AL LABORATORY, WITH A FACILITY IN THE STATE OF ILLINOIS, IS OWNED BY THE UNITED STATES GOVERNMENT, AND
| | Clron HICAGO ARGONNE, LLC UNDER. PROVISION OF A CONTRACT WITH THE DEPARTMENT OF ENERGY .
W'AI A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AR A A A A A A A A A AR EEAA LA A A EAEAA LA EAEAEEAAEEAEAAALAEAEEEAARAEERAA AR ERR AR AR R R R A&
CAl
Lead GOVERNMENT LICENSE
Nickel
C[Jbalt R A N N R A A A A A A A A A A A A A A A A A A A A AN A A A A AEARAET AR
Copper
Zinc a was produced by UChicago Argonne, LLC under Contract No. DE-AC02-06CH11357 with the Department of Energy. During the
Magnesium arcialization or such other time period specified by DOE, the Government is granted for itself and others acting on
Glas_s _ -up, nonexclusive, irrevocable worldwide license in such copyrighted data to reproduce, prepare derivative works
Vehi_Plastics ] ) ] ] ]
Rubber licly and display publicly, by or on behalf of the Government. Subsequent to that period the Government is granted
Platinum hers acting on its behalf a paid-up, nonexclusive, irrevocable worldwide license in such copyrighted data to v
Cancel tInputs Car SUV  PUT  Steel Clron WAI CAl Lead Nickel  Cobalt Copper Zinc N = + § 4= )
ance
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va v| I = — |;‘ %3/_‘ 5 EEJ |General v| ﬁ Conditional Formatting v &H Insert  ~ > v g? v EE ,_3
— $ v % 9 [ZFormatasTable v X Delete v [+ O~
T — __ () 17, Format as lable elete y
u - |8 M o ﬁv E|E|E = 3= . . - Add-ins  Analyze
v < — 0 0 7 Cell Styles ~ fit] Format ~ &~ Data
Clipboard = Font = Alignment ] Number = Styles Cells Editing Sensitivity Add-ins ~
C104 Jx 2
_AA B E F G H J K L M N 0
101 5.5] Li-ion Battery Cathode Material
102, HEV 2 M C111, 3 LFP: Hydrothermal, 4 LFP: Solid State, 5. NMC622, 6. NMC811, 7. NCA, 8 NMC532, 9. NMC95
103, PHEV 2 MO, LT 11y 3.LFP: Hydrothermal, 4. LFP: Solid State, 5. NMC622, 6. NMC811, 7. NCA, 8. NMC3532, 9. NMC95
1D4| EV 2 ﬂ MOg 2. NMC111, 3.LFP: Hydrothermal, 4. LFP: Solid State, 5. NMC622, 6. NMC811, 7. NCA, 8. NMC532, 9. NMC95
105, FCV MO, 2. NMEHT'S.LFP: Hydrothermal, 4. LFP: Solid State, 5. NMC622, 6. NMC811, 7. NCA, 8. NMC532, 9. NMC95
106
107 5.6) Battery Specific Power 2
108 Li-lon Li-lon specific power by type (W/kg)
109 4 Wb Wikg Wb LMO NMC111 LFP NMCE22 NMC811 NCA NMCS532 NMC95
110 HEV| > 363 2,378 1,079 2,050 2378 2,221 2,421 2,484 2,438 2,419 2,527
111 FCV 363] 2,513 1,140 1,890 2513 2,342 2,565 2,635 2,584 2,558 2677
112 7
113|5.7) Battery Specific Energy g Li-ion Battery Specific Energy (Wh/kg)
114 Ni-MH Li-lon PHEV: 35-mile
115 Wh/lb Wh/kg Wh/lb LMO NMC111 LFP NMCE22 NMC811 NCA NMC532  NMC95 LMO
116 PHEVY 5 24 174 79 141 165 137 173 181 177 171 187
117 EV 65 29 177 80
118
119 6. Key Input Parameters for Fluids
120/6.1) Fluids Replacements During Lifetime of Vehicle
Power Steering Transmission Windshield
121 Engine Ol Fluid Brake Fluid Fluid Powertrain Coolant Fluid Adhesives
122 44 0 4 1 4 22 0
123
124 5'.2] Ratio of Waste to Product when Fluids is Disposed
Power Steering Transmission Windshield

125 Engine Oil Fluid Brake Fluid Fluid Powertrain Coolant Fluid Adhesives
126 66.7% 66.7% 66.7% 66.7% 66.7% 0.0% 66.7%
127
128 7. GREET Default Kev Assumptions for Vehicle Assemblv
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|General V| [l Conditional Formatting v “H Insert v > v %? v

viio AT AT = = |§\ v 2
________ R $ v % 9 @Fr:)vrma’[asTal:)IrerV EDelete v v ,Ov
HT T A & g ﬁ A E E E E _’_ A -
<3 -0 [i7 Cell Styles v fiet] Format v &~
Clipboard 5 Font ~ Alignment S Number EY Styles Cells Editing Sensitivity
Al v i Jx
A B C N 0
1 | .l AR A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AR A AL A A A A EA A A A EEA A LA A A EAEA LA EAEAEAAAAEAEAEAAALAAEAEEEAARAEEAA AR ER R ER R AR R R R A&
2 COPYRIGHT NOTIFICATION
3
4 GREET® SOFTWARE
5
6 | GREET 2 Model
? X
Email contact: greet@anl.gov
17 UChicago Argonne, LLC ALL RIGHTS RESERVED
Overv.ew
DISCLOSES MATERIAL PROTECTED UNDER COPYRIGHT LAW, AND FURTHER DISSEMINATION IS PROHIBITED WITHOUT
o P CONSENT OF THE PATENT COUNSEL OF ARGONNE NATIONAL LABORATORY, EXCEPT AS NOTED IN THE “LICENSING

. JITIONS™ NOTED BELOW.

SUV AR E R E AR A A A A A R A A R A A A A A R A A A A A R A R R A A A AR A A A AR A A A A A A R AR A A A AT AR AR A A AR AL E A AR E AR A AL EAREEEAE AL EEALELAEREREAEAR LA REEAR R AR AR ER AR AR ®

PUT

Steel {AL LABORATORY, WITH A FACILITY IN THE STATE OF ILLINOIS, IS OWNED BY THE UNITED STATES GOVERNMENT, AND
| | Clron HICAGO ARGONNE, LLC UNDER. PROVISION OF A CONTRACT WITH THE DEPARTMENT OF ENERGY .

W'AI A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AR A A A A A A A A A AR EEAA LA A A EAEAA LA EAEAEEAAEEAEAAALAEAEEEAARAEERAA AR ERR AR AR R R R A&

CAl

Lead GOVERNMENT LICENSE

Nickel

C[:]balt R A N N R A A A A A A A A A A A A A A A A A A A A AN A A A A AEARAET AR

Copper

Zinc a was produced by UChicago Argonne, LLC under Contract No. DE-AC02-06CH11357 with the Department of Energy. During the

Magnesium arcialization or such other time period specified by DOE, the Government is granted for itself and others acting on

Glas_s _ -up, nonexclusive, irrevocable worldwide license in such copyrighted data to reproduce, prepare derivative works

Vehi_Plastics ] ) ] ] ]

Rubber licly and display publicly, by or on behalf of the Government. Subsequent to that period the Government is granted

Platinum hers acting on its behalf a paid-up, nonexclusive, irrevocable worldwide license in such copyrighted data to
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ﬁ S 0, A © Q 8 &) Define Name E'a_;_-, Trace Precedents |7f1 Show Formulas ?Ia :?
- . r' . L]
A GREE.T 2 Recently Financial Logical Text Date & Lookup & Math & More Name G Use in Formula ¥ ‘g Trace Dependents A Error Checking Watch Calculation
Function v Used ~ v v ¥ Timev Reference~ Trigv Functions~  Manager BZ Create from Selection E’( Remove Armows v @ Evaluate Formula Window  Options ~
Function Library Defined Names Formula Auditing Calculation A
U222 v oo ﬁc
A B C D E F G H
1 |Scenario Control Variables and Input Assumptions Related to Vehicle Materials
2 1. Material Compostion for Vehicle Components
3 |1.1) Material Composition for Each Component, % by wt
PHEV: PHEV:
HEV: Conventional HEV: Lightweight Conventional Lightweight
4 ICEV: Conventional Material ICEV: Lightweight Material Material Matenial Material Material
5 Body
6 Steel 64 9% 9 4% 64 9% 9.0% 64 9% 8.7%
7 Aluminum Sheet (Automotive) 1.8% 4.2% 1.8% 4.0% 1.8% 3.9%
8 Aluminum Extrusion (Automotive) 1.1% 2.6% 1.1% 2.5% 1.1% 2.4%
9 Cast Aluminum 0.2% 0.0% 0.2% 0.0% 0.2% 0.0%
10 Copper/Brass 2.2% 2.8% 2.2% 2.7% 2.2% 2.6%
11 Zinc 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
12 Magnesium 0.0% 0.7% 0.0% 0.6% 0.0% 0.6%
13 Glass Fiber-Reinforced Plastic 0.9% 0.0% 0.9% 0.0% 0.9% 0.0%
14 Glass 4 5% 9.5% 4 5% 9.2% 4.5% 8.9%
15 Carbon Fiber-Reinforced Plastic 0.0% 39.6% 0.0% 42 0% 0.0% 43.8%
16 Average Plastic 22 2% 23.8% 22 2% 22 9% 22 2% 22 2%
17 Rubber 1.8% 2 8% 1.8% 2.7% 1.8% 2 6%
18 Others 0.5% 4.6% 0.5% 4.4% 0.5% 4.3%
19 | |Powertrain System (Including BOP)
20 Steel 35.2% 54.8% 48.4% 61.1% 51.2% 63.1%
21 Stainless Steel 0.0% 3.5% 0.0% 3.0% 0.0% 2.7%
22 Cast iron 0.5% 5.3% 24 2% 4.6% 22 8% 41%
23 Aluminum Sheet (Automotive) 2 9% 1.1% 0.0% 1.5% 0.0% 1.7%
24 Aluminum Extrusion (Automaotive) 1.8% 0.6% 0.0% 0.9% 0.0% 1.0%
25 Cast Aluminum 24 5% 17.7% 14 5% 15.2% 13.7% 13.7%
26 Copper/Brass 7.7% 3.8% 2.5% 3.0% 2.7% 3.2%
27 Magnesium 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
28 Glass Fiber-Reinforced Plastic 2.5% 0.0% 0.0% 0.0% 0.0% 0.0%
< > s Vehilnputs Matlnputs Ccar Suv PUT Steel Clron WAl CAl Lead Nickel ~ Cobalt Copper Zinc  Magnesium > + I 4@ >
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g (2] (Al [©

8

R&D GREET 2

— gy e v e - - =

@ Define Name ~

©

G Use in Formula v

B Recently Financial Logical Text Date & Lookup & Math & More Name
Function v Used v~ hd ¥ v Time > Reference~ Trigv Functions~  Manager B Create from Selection
Function Library Defined Names
F238 v ﬁc
A B C

218
219 4. Key Input Parameters for Material Use
220 4.1.a) Share of Virgin and Recycled Materials Used in Vehicle, % by wt

E]‘eg Trace Precedents [7;‘1 Show Formulas :1
0y . -60
1] Trace Dependents A, Error Checking Watch
.[*'_;.( Remove Arrows v Evaluate Formula Window
Formula Auditing
D E F

221 U 4 | o | T4 W 1 [=] (=Ta =] Recycled Material Scrap Material
222 Steel T3.5“7u| 26.4% 0.0%
223 Aluminum Extrusion (Non-Automotive A e T 01 29.9% 31.1%
224 Aluminum Sheet (Nnn—AutnmﬂtiveT 20.3% 23.2% 56.5%
225 Aluminum Foil {Non—AummntiveT 20.3% 23.2% 56.5%
226 Aluminum Extrusion (AummutiveT 26.8% 16.2% 57.0%
227 Aluminum Sheet (AutumutiveT 50 4% 0.0% 49 6%
228 Cast Aluminum 20.0%' 80.0% 0.0%
229 Lead 0.0% 100.0% 0.0%
230 Nickel 56.0% 44 0% 0.0%
231 Magnesium 47 9% 52.1% 0.0%
232
233 11.h) Recycling Rate for End of Life Recycling LCA Method
234 Recycling Rate at End of Life
235 |Steel 96.0%
236 |Aluminum Extrusion (Non-Automotive) 91.0%
237 |Aluminum Sheet (Non-Automotive) 91.0%
238 [Aluminum Foil {(Non-Automotive) 91.0%
239 [Aluminum Extrusion (Automotive) 91.0%
240 |Aluminum Sheet (Automotive) 91.0%
241 |Cast Aluminum 91.0%
242 |Lead 99 .0%
243 |Nickel 80.0%
244 | (Magnesium 70.0%
245
246 EI.1.c) Recycling Allocation Method Selection .
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g (2] (Al [©

— gy e v e - - =

E @ &) Define Name ~

EL, Trace Precedents /7 Show Formulas — 1o

. _ o . L&D
A GREE.T 2 Recently Financial Logical Text Date & Lookup & Math & More Name G Use in Formula ¥ ‘g Trace Dependents A Error Checking Watch Calculation 62
Function v Used v~ v v v Time > Reference~ Trigv Functions~  Manager BZ Create from Selection E’( Remove Arrows Evaluate Formula Window  Options v
Function Library Defined Names Formula Auditing Calculation A
F238 vl Jx A
A B D E F G H A
218
219 4. Key Input Parameters for Material Use
220 4.1.a) Share of Virgin and Recycled Materials Used in Vehicle, % by wt
221 Recycled Material Scrap Material
222 Steel 26.4% 0.0%
223 Aluminum Extrusion {Non-Automotive I 29 9% 31.1%
224 Aluminum Sheet (Nnn—AutnmﬂtiveT 20.3% 23.2% 56.5%
225 Aluminum Foil {Non—AummntiveT 20.3% 23.2% 56.5%
226 Aluminum Extrusion (AummutiveT 26.8% 16.2% 57.0% .
227 Aluminum Sheet (AutumutiveT 50 4% 0.0% 49 6%
228 Cast Aluminum 20.0%' 80.0% 0.0%
229 Lead 0.0% 100.0% 0.0%
230 Nickel 56.0% 44 0% 0.0%
231 Magnesium 47 9% 52.1% 0.0%
232
233 11.h) Recycling Rate for End of Life Recycling LCA Method
234 Recycling Rate at End of Life
235 |Steel 96.0%
236 |Aluminum Extrusion (Non-Automotive) 91.0%
237 |Aluminum Sheet (Non-Automotive) 91.0%
238 [Aluminum Foil {(Non-Automotive) 91.0%
239 [Aluminum Extrusion (Automotive) 91.0%
240 |Aluminum Sheet (Automotive) 91.0%
241 |Cast Aluminum 91.0% a
242 |Lead 99 .0%
243 |Nickel 80.0%
244 | (Magnesium 70.0%
245
246 EI.1.c) Recycling Allocation Method Selection . =
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Recently Financial Logical Text Date & Lookup & Math & More

Function v Used ~ v v v Time~ Reference~ Trig~ Functions v~

L234 v

A
218

Function Library

Jx

B

219 4. Key Input Parameters for Material Use

MName

@ Define Name ~

G Use in Formula v

Manager Ejoj Create from Selection

Defined Names

E,

4 Trace Precedents [7;‘1 Show Formulas

q‘c‘j Trace Dependents A, Error Checking

F;( Remove Arrows v Evaluate Formula

Formula Auditing

220/4.1.a) Share of Virgin and Recycled Materials Used in Vehicle, % by wt
221 — o mm mmm mm wes e we wes e srOlMalEOEl L m  eeanCiyrled latgral Scrap Material
222 Steel 0.0% 100.0% I 0.0%
023 Aluminum Extrusion (Non-Automotive) T o T T T T e e e o T T T T T "o 31.1%
224 Aluminum Sheet (Nnn—AutnmntiveT 20.3% 23 2% 56.5%
225 Aluminum Foil (Nnn—AutnmntiveT 20.3% 23 2% 56.5%
226 Aluminum Extrusion {AutnmutiveT 26.8% 16.2% 57.0%
227 Aluminum Sheet {AummutiveT 50.4% 0.0% 49 6%
228 Cast Aluminum 20.0%' 80.0% 0.0%
229 Lead 0.0% 100.0% 0.0%
230 Nickel 56 0% 44 0% 0.0%
231 Magnesium 47.9% 92.1% 0.0%
232
233 11.h) Recycling Rate for End of Life Recycling LCA Method
234 Recycling Rate at End of Life
235 |Steel 96.0%
236 |Aluminum Extrusion (Non-Automotive) 91.0%
237 |Aluminum Sheet (Non-Automotive) 91.0%
238 |Aluminum Foil (Non-Automotive) 91.0%
239 [Aluminum Extrusion (Automotive) 91.0%
240| [Aluminum Sheet (Automotive) 91.0%
241 |Cast Aluminum 91.0%
242 |Lead 99.0%
243 |Nickel 80.0%
244 | |Magnesium 70.0%
245
246 11.::] Recycling Allocation Method Selection
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= —a =g -y - = -y — g v vy v vy -y - - = el i

@ [@ {‘? [A [@ g @ &) Define Name E]b Trace Precedents Vh Show Formulas :1 T

L L . ‘ - . L&D
Recently Financial Logical Text Date & Lookup & Math & More Name G Use in Formula ~ g Trace Dependents A Error Checking Watch Calculation i
Function v Used v v v v Time ™ Reference¥ Trigv Functionsv  Manager BZ Create from Selection F;{ Remove Arrows v Evaluate Formula Window  Options ¥
Function Library Defined Names Formula Auditing Calculation ~
B382 v i Jx 2 A
B C D E F G H

376
377 4.9) Selection of Method for Estimating Energy Use for PGMs
378 | 1 th African mine 1 | 1 — Weight based energy ¢
379 merican mine 2 -- Market value based en¢
380
351 4.10.a) Selection of Wrought Aluminum Electric Generation Mix for A a ction: Hall-Heroult Process (Aluminum Smelting)
382] 2 ﬂ‘ US national grid mix
383 |1 - NA smelter mix
384| |5 3 -- US smelter mix
385 3 4 — US market-weighted mix
386 5 — European smelter mix
387/ |4 6 -- Chinese smelter mix
388| |5 7 — Japan aluminum mix
389 |6 8 — Korea aluminum mix
390 |+ 9o 100% wind mix
391 g 10 -- 100% hydro mix
392 1 = User defined mix
303 pud
304 4 10 a Reduction: Hall-Heroult Process (Aluminum Smelting)
395 | 11 1 — US national grid mix
396 e 2 — NA smelter mix
397 3 -- US smelter mix

= £ US maretyoigted Note: default electric generation mix for

401 |4.10.c) Electric Generation Mix mina Reduction: Hall-Heroult Process (Aluminum Smelting)
402

aluminum smelting is NA smelter mix

US market-weighted Eurpoean Chinese
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- =l ATY - - - - g — Y ny v ey -, - -

g @ "? A @ a 5 ...] <ﬂ @ Define Name ~ E'x_;_-, Trace Precedents W\ Show Formulas :l —
R&D GREET 2 ' T e 5 . -69
. v I
e Recently Financial Logical Text Date & Lookup & Math & More Name G Use in Formula d Trace Dependents A Error Checking Watch Calculation
Function v Used v v v v Time ™ Reference¥ Trigv Functionsv  Manager BZ Create from Selection F;{ Remove Arrows v @ Fvaluate Formula Window  Options ¥
Function Library Defined Names Formula Auditing Calculation ~
B395 v i Jx
A B C E F G H
593
394 4.10.b) Selection of Cast Aluminum Electric Generation Mix for Alumina @: Hall-Heroult Process (Aluminum Smelting)
305] 2 — O ational grid mix
396 |1 — NA smelter mix
397| | o 3 — US smelter mix
398 3 - U.‘a‘.madset—waigmid mix
399 4 ——Eerﬂaﬁne_d mix_
400 | gus
401 | 4 Process (Aluminum Smelting)
402 Wrought Aluminum
US market-weighted Eurpoean Chinese
403 US Mix NA smelter mix US smelter mix mix smelter mix  smelter mix
404 |Petroleum 0.3% 0.0% 0.0% 0.4% 1.4% 0.0%
405 |NG 38.5% 2. 7% 10.4% 11.2% 1.8% 0.0%
406 |Coal 20.6% 16.9% 35.9% 19.5% 6.0% 90.0%
407 |Biomass 0.3% 0.0% 0.0% 0.0% 0.0% 0.0%
408 |Nuclear 18.9% 0.4% 1.4% 1.3% 9 5% 0.0%
409 |Hydro 21.5% 78.4% 52.3% 67 .6% 61.7% 10.0%
410 |Others 0.0% 1.6% 0.0% 0.0% 19.6% 0.0%
411
412 4.11) Selection of Method for Estimating Material and Energy Use for Cobalt
413 | 1 1 — Weight based allocation
414 2 — Market value based allocation
415
416 5. GREET Default Key Assumptions for Material
4175.1) Energy Use of Steel: mmBtu per ton of material product
418 0.117 Iron Ore Extraction and Processing (per ton of lron Ore)
419 16.003 Coke Production (per ton of Steel)
rRalal M Jl‘mﬂ:_.l.__:__ e e b e =L ™A N
< > e Matlnputs Ccar SUV PUT Steel Clron WAl CAl Lead Nickel = Cobalt Copper Zinc Magnesium  Glass  Vehil = + : <@ >
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408 |Nuclear 0.0% 0.1% 0.0% 0.0% 0.5% 20.3% 0.5% 1.4%
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187 |ltem . Total Credits WTP Cycle Operation Total Credits
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189 Fossil fuels 3,737 0 41.3% 19.6% 39.1% 100.0% 0.0%
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201 PM10: Total 0.025 0.023 0.031 0.079 0 31.6% 29.0% 39.4% 100.0% 0.0%
202 PM2.5: Total 0.014 0.009 0.004 0.027 0 52.4% 32.4% 15.2% 100.0% 0.0% o o
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210/ PM2.5: Urban 0.004 0.000 0.003 0.007 0 56.0% 5.3% 38.6% 100.0% 0.0%
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