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Demonstrations using GREET 1 & 2

» Vehicle Cycle — Battery Electric Vehicle (GREET 1 and 2)
— BEV 400 vs. BEV 200
— And comparison against all other powertrains

= Total Life Cycle - Plugin Hybrid Electric Vehicle (GREET 1 and 2)
— PHEYV 20 using US grid vs. California electrical grid
— And comparison against all other powertrains

» Vehicle and Total Energy Cycle - Plugin Hybrid Electric Vehicle (GREET . NET)
— Examine PHEV 40 using US and California grid
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Demonstrations — Vehicle Cycle, Vehicle Selection

» Use GREET 2, but make sure GREET 1 is open
= Select [Vehi_Inputs] Tab

= Select 1 — Passenger Cars

» Select 1 - Passenger Cars 1

» Press F9

Scenario Control Variables and Input Assumptions Related to Vehicle and its Components
. Selection of Vehicle Types for Simulation
1 W 1 - Passenger Cars

2 - Sport Utility Vehicles

3 — Pick-Up Trucks

When the "Passenger Cars" option is selected, select one of the following two vehicles for ICEVs
1 - Passenger Cars 1, 2 — Passenger Cars 2

VWhen the "Sport Utility Vehicles" option is selected, select one of the following two vehicles for ICEVs
1 -- Sport Utility Vehicles 1, 2 — Sport Utility Vehicles 2

When the "Pick-Up Trucks" option is selected, select one of the following two vehicles for ICEVs

[ & 7 1-Pick-Up Trucks 1, 2 — Pick-Up Trucks 2
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Demonstrations — Vehicle Cycle, Examine BEV Specs

» In GREET 2, look at [Car] Tab, check values

Scenario Control Variables and Input Assumptinns Related to PESSEHQEF Car and its Cnmpnnents
1. Specification of Total Vehicle Weight, pounds

ICEW: ICEW: HEV": HEW: PHEW": PHEW": EV: EV: FCW: FCW:

Conventional Lightweight Conventional Lightweight Convention Lightweight Conventional Lightweight Conventional Lightweight

Material Material Iaterial IMaterial  al Material IMaterial Material Material Material Iaterial

Paszenger Car 1 3183 2,692 3,429 2838 3,858 3121 4 150 3,287 3,644 2830
Pas=zenger Car 2 3170 2 476 HNIA #NIA HNIA #NIA HNIA HNIA HNIA HNIA

Selected Pagsenger car 3,183 2692 3,429 2,839 3,858 3,121 4150 3,287 3,644 2530

2. Vehicle Battery and Fluids Weight, pounds per vehicle
2.1) Battery Weight

ICEW: ICEW: HEW': HEW: PHEW": PHEV": EV: BV FCW: FCW:

Conventional Lightw eight Conventional Lightweight Convention Lightweight Conventional Lightweight Conventional Lightweight

Material Material Material Material al Material Material Material Material Material Material

Passenger Car 1 - Lead-Acid 36.0 234 221 14.4 21 14.4 221 14.4 21 14.4
Passenger Car 1 - Ni-MH 291 75.3 635.3 4952 28532 21623 105.6 G941
Passenger Car 1 - Li-len 43.2 365 341.9 2669 1,174.0 830.7 43.8 43.5
Pazsenger Car 2 - Lead-Acid 273 249 ] i ] ] i 0 ] 1]
Passenger Car 2 - Ni-MH 1] 0 0 1] 0 0 0 0
Passenger Car 2 - Li-len ] 0 0 ] 0 0 0 0
Selected Passenger Car - Lead-Acid 35.0 234 221 14.4 21 14.4 221 14.4 21 14.4
Selected Passenger Car - Ni-MH 89.1 5.3 635.3 4955 28532 21823 105.6 G4.1
Selected Passenger Car - Li-lon 43.2 36.5 341.8 266.9 1,174.0 880.7 48.8 43.5
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Demonstrations — Vehicle Cycle, Examine BEV Specs

= Goto GREET 1, [Inputs] Tab
= Click “Vehicles” button, or go to section 12 “Vehicle Operations”
» Check Rated All-Electric Range for BEVs

Petroleum MeOH & Ethanol Electric
Home
Matural Gas Hydrogen Bio Qil Pyrolysis
Scenario Control Variables and Input Assumptions
1. Key Options for Simulation
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Demonstrations — Vehicle Cycle, Examine BEV Specs

» Goto GREET 1, [Inputs] Tab
» Click “Vehicles” button, or go to section 12 “Vehicle Operations”
» Check Rated All-Electric Range for BEVs (make it 200)

12. Vehicle Operations
12.1) Share of Alternative Fuel in Conventional fuel and Alternative Fuel Blend: Volumetric Percentage
BSI (Boosted Spark Ignition) or MM (Mutti-mode) fuel blend level selection

Izobutanol 2--20%, 3-30%
ARHC 2-20%, 3-30%
MeOH 2-20%, 3-30%

Vehicles Methanol in FFV fuel BE0%]
Warksheet Methanol in dedicated vehicle fuel 80.0%
Ethanol in low-level blend of gasoline and ethandl| 10.0% 2.0%| Share of gasoline by volume added in EtOH as denaturant
Ethanol in FFV fuel 85.0%) 2.0%| Share of gasoline by volume added in EtOH as denaturant
Ethanolin dedicated vehicle fuel 85.09%) 2.0%| Share of gasoline by volume added in EtOH as denaturant
Butanol in FFV fuel 100.0%
FT diesel in CIDI fuel 100.0%
Biodiesel in CIDI fuel 20.0%)
Renewable diesel in CIDI fuel 100.0%
Renewable gasoline in SI 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 (gasoline) fuel| 20.0%
Isoalkane in MCCI fuel 20.0%
FAE (Fatty alkyl ether) in MCCI fuel 20.0%
FAFE (Fatty acid fusel esters) in MCCI fuel| 20.0%
Renewable diesel in MCCI fusl 10.0%

12.2) Type of Gasoline or Diesel for Alternative Fuel Blends
Share of Gasoline out of Gasoline and Blendstock

Gasoline for methanol blend 0.0
Gasoline for low-level ethanol blend| 0.0%]
Gasoline for high-level ethanol blend 0.0%)
Gasoling for butanol blend| 0.0%
‘Gasoline for renewable gasoline blend 0.0%
Gasoline for lsobutanol blend 0.0%

Gasoline for ARHC blend| 0.0% a

Gasoline for Methanol-gasoline blend 0.0%
Diesel for Isoalkane diesel blend 100.0%
Diesel for FAE (Fatty alkyl ether) diesel blend 100.0%
Diesel for FAFE (Fatty acid fusel esters) diesel blend 100.0%
Share of LSD out of LSD and CD

Diesel for Fischer-Tropsch diesel blend| 100.0°
Diesel for biodiesel blend| 100.0%
Diesel for renewable diesel blend| 100.0%
Diesel for EtOH-diesel blend 100.0%

12.3) Key Parameters for Grid-Connected (Plug-in) Hybrid | sctric Passenger Vehicle Technologies
(Note: PHEVs with RAER longer than or equal to 30 miles are series hybrid while PHEV's with RAER shorter than 30 miles are power-spit hybrid.)

RIEUINIC | 7

NATIONAL LABORATORY | 1948-2021

T, U3 DEPARTMENT OF  Argonne National Laberatory
EN ERGY U.S, Department of Energy |al
managed by UChicago Argo



Demonstrations — Vehicle Cycle, Examine Vehicle Cycle Results

= Goto GREET 2, [Vehi_Sum] Tab
=  Examine Results
= Focus on BEV Results

1.7) EV: Conventional Material

mmbBtu or grams per vehicle lifetime

Total (No

Components ADR Batteries Fluids Credits)

Total energy 65.634 14 416 95 238 2824 178111
Fossil fuels 56058 12,545 63.616 27858 15713
Ceoal 22243 3.007 23.853 0.095 45202
Matural gas 2735 9549 427 2.071 &7 666
Petroleum 8.530 0052 11.032 0.800 20264
VWater consumption 7,371 731 12,845 29 21,003
coz 4278 4324 ar4 8383 6,061,561 82,340 11,297 218
Coz2 WOC, CO, CO2) 4 316,239 831,150 6,082 924 167 461 11,447 234
CH4 10,557 587 2,300,628 27 530.581 465 440 40,958.636
MNZ20 182.366 22148 173,138 4158 381.850
GHGs 4 720,270 955 755 6,995 338 182 596 12,853 950

7 RO T e Argonne & 75




Demonstrations — Vehicle Cycle, Change BEV Specs

= Goto GREET 1, [Inputs] Tab
= Click “Vehicles” button, or go to section 12 “Vehicle Operations”
» Change Rated All-Electric Range to 400 for BEVs

™ P ress Fg 12. Vehicle Operations
12.1) Share of Alternative Fuel in Conventional fuel and Alternative Fuel Blend: Volumetric Percentage
85| (Boosted Spark lgnition) or MM (Mult-mode) fuel blend level selzction
Isobutanol 2-20%, 3-30%
ARHC 2-20%, 3-30%
WeOH 2-20%, 3-30%
Vehicles Wethanol in FFV fuel B5.0%|
Worksheet Wethanol in dedicated vehicle fug| 90.0%]
Ethanol in low-level blend of gasoline and ethand| 10.0% 2.0%| Share of gasoine by volume added in EtOH as denaturant
Ethanol in FFV fuel 85.0%) 2.0%| Share of gasoine by volume added in EtOH as denaturant
Ethanol in dedicated vehicle fuel 85.0%] 2.0%| Share of gasoine by volume added in EtOH as denaturant
Butanol in FFV fue| 100.0%|
FT diesel in CIDI fuel 100.0%]
Biodiesel in CIDI fuel 20.0%)
Renewable diesel in CIDI fug| 100.0%|
Renewable gasoine in Sl fuel 100.0%|
Ethanol in EtOH-diese| 10.0%|
Additives in EtOH-diesel 1.0%]
Isobutanol in 55| (gasoline) fue| 20.0%
ARHC (Aromatics-rich hydrocarbon fuel) in 55| (gasoline) fuel 20.0%
Wethanol in MM (gasoline) fuel 20.0%
Isoalkane in MCC fuel 20.0%
FAE (Fatty alkyl sther) in MCC fuel 20.0%
FAFE (Fatty acid fusel esters) in MCCI fuel 20.0%
Renewable diesel in MCCI fuel 10.0%

12.2) Type of Gasoline or Diesel for Alternative Fuel Blends
Share of Gasolne out of Gasoline and

‘Gasoline for methanol blend 0.0°
Gasoline for low-level ethanol blend 0.0%
Gasoline for high-level ethanol blend| 0.0%
‘Gasoline for butanol blend 0.0%
‘Gasoline for renewable gasoline blend 0.0%
‘Gasoline for Isobutanol blend| 0.0%
‘Gasoline for ARHC blend| 0.0%
‘Gasoline for Methanol-gasoline blend 0.0%
Diesel for Iscalkane diesel blend 100.0%|

Diesel for FAE (Fatty alkyl ether) diesel blend 100.0%

Diesel for FAFE (Fatty acid fusel esters) diesel blend 100.0%| .

Share of LSD out of LSD and CD/|

Diesel for Fischer-Tropsch diesel blend| 100.0°
Diesel for biodiesel blend| 100.0%)
Diesel for renewable diesel blend| 100.0%|
Diesel for EtOH-diesel blend 100.0%8

12.3) Key Parameters for Grid-Connected (Plug-in) Hybrid ric Passenger Vehicle Technologies

(Note: PHEV's with RAER longer than or equal to 30 miles are series hybrid while PHEVS with RAER shorter than 30 miles are power-splt hybrid.)
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Demonstrations — Vehicle Cycle, Examine Vehicle Cycle Results

7%, U3 DEPARTMENT OF  Argonne Nt
(2 ENERGY ‘%5

= Goto GREET 2, [Vehi_Sum] Tab
=  Examine Results

= Focus on BEV Results

jonal Laboratory is a
nt of Energy laboratory
UChicago Argonne, LLT.

1.7) EV: Conventional Material

mmBtu or grams per vehicle lifetime

Total (No
| Components ADR Batteries Fluids Credits)
| Total energy 65.619 14,416 83.6598 2.8024 188,757
-|Fossil fuels 58.089 12.649 74652 2769 148.159
| Coal 22254 3.007 19.5996 0.05% 45,355
i|Matural gas 27304 9549 44 450 2.071 83.385
‘| Petroleum 2.531 0.082 10,196 0.800 19,4159
i| Water consumption 7,370 73 10,2759 35 18,436
icoz 42784 &74 833 5316925 82,340 10,552,580

COZ 0WOC, CO, COZ) 4 318,270 881,150 5,334,443 167,451 10,895 324
CH4 10,556.381 2300628 25043504 465 440 35,170,433
| NZ20 181.6596 22143 147.087 41583 355.125
| GHG= 4 720,078 955,755 8,172 518 182 5596 12,030,945
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Demonstrations — Vehicle Cycle, Examine Vehicle Cycle Results

= Goto GREET 2, [Vehi_Sum] Tab
= Examine Results (BEV 200; can do the same for BEV 400)
= Graph below based on results in [Vehi_Sum] tab

‘ Vehicle-Cycle Energy Consumption
200
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Demonstrations — Life Cycle, Examine Life Cycle Results

= Goto GREET 2, [TEC_Results] Tab
= Examine Results (BEV 200; can do the same for BEV 400)
= Graph below based on results in [TEC _Results] tab
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Demonstrations — Vehicle Cycle, Change PHEV Battery Size

= Goto GREET 2, [Car] Tab
= Click “Vehicles” button, or go to section 12 “Vehicle Operations”
= Change Li-lon Battery weights of PHEV to 7 and 4 kWh

= Press F9
4.2) Passenger Car Battery Size in Peak Battery Energy (Hi lications), kWh
Ni-MH' Li-lon
PHEV: Conventional Material 18’ 18
PHEYV: Lightweight Material 1T 11
EV: Conventional Material 28 28
EV: Lightweight Material 17 17
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Demonstrations — Total Life Cycle, Examine Electrical Grid Specs

(%) ENERGY (75

= Goto GREET 1, [Inputs] Tab
= Click “Electric” button, or go to section 10 “Electric Generation”

» Check Electricity Generation Mix
» Should be 1 for US Grid Mix

10. Electric Generation
10.1) GREET-Calculated or User-Inputted Emission Factors for Power Plants

Electric R 1 — GREET-calcua

Worksheet 2 — Emission f3sto
10.2) Electricity Generation Mix

10.2.a) Selection of Electricity Generation Mix for Transportation Use
WMix for transportation use
Mix for stationary use
Back to Top

actors via emission factors in EF Sheet
EPA and ElA database in g/kWh

1 U5 Mix

2 ASCC Mix

3 FRCC Mix

4 HICC Mix

5 MRO Mix

6 NPCC Mix

7 RFC Mix

& SERC Mix

9 SPP Mix

10 TRE Mix

11 WECC Mix

12 CA Mix

13 User Defined Mix
14 NG Power Plants

- VTRE(10) = 15 Coal Power Plants
" ‘ 18 Nuclear Power Plants
ASCC (2] LY 17 Hydro Power Plants
g HIECE) (U.S.EPA) 18 NGCC Turbine

15 Geothermal

iR, Argonne &|75
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Demonstrations — Vehicle Cycle, Examine PHEV Specs

» Goto GREET 1, [Inputs] Tab
» Click “Vehicles” button, or go to section 12 “Vehicle Operations”
» Check Rated All-Electric Range for PHEVs (make it 20)

12. Vehicle Operations

12.1) Share of Fuelin C fuel and ive Fuel Blend: ric Percentane
BSI (Boosted Spark Ignition) or MM (Multi-mode) fuel blend level selection
Isobutanol 2--20%, 3-30%
ARHC! 2-20%, 3-30%
MeOH 2-20%, 3-30%
Vehicles Wethanol in FFV fuel 85 0°
Worksheet Methanol in dedicated vehicle fuel| 90.0%%]
Ethanol in low-level blend of gasoline and ethanol| 10.0% 2.0%| Share of gasoline by volume added in EtOH as denaturant
Ethanol in FFV fuel 85.0%%] 20%| Share of gasoline by volume added in EtOH as denaturant
Ethanol in dedicated vehicle fuel 85.0%%] 20%| Share of gasoline by volume added in EtOH as denaturant
Butanal in FFV fuel 100.0;
FT dieselin CIDI fuel| 100.0¢
Biodiesel in CIDI fuel 20.0%)
Renewable dieselin CIDI fuel 100.0%
Renewable gasoline in SI fuel 100.0%
Ethanol in EtOH-diesel 10.0%)
Additives in EtOH-diesel 1.0%
Isobutanol in BS! {gasoline) fuel 20.0%
ARHC (Aromatics-rich hydrocarbon fuel) in BSI {gasoline) fuel 20.0%
Methanol in MIA (gasoline) fuel 20.0%
Isoalkane in MCCI fuel 20.0%
FAE (Fatty alkyl ether} in MCCI fugl 20.0%
FAFE (Fatty acid fusel esters) in MCCI fuel| 20.0%
Renewable diesel in MCCI fuel 10.0%

12.2) Type of Gasoline or Diesel for Alternative Fuel Blends
Share of Gasoling out of Gasoline and Blendstock
Gasoline for methanol blend

Gasoline for low-level ethanol blend| 0.0%)
Gasoline for high-level ethanol blend 0.0%]
Gasoline for butanel blend 0.0%
Gasoline for renewable gasoline blend| 0.0%
Gasoline for Isobutanol blend| 0.0%
‘Gasoline for ARHC blend| 0.0%
‘Gasoline for Methanol-gasoline blend 0.0%
Diesel for Isoalkane diesel blend 100.0%
Diesel for FAE (Fatty alkyl sther) diesel blend 100.0%
Diesel for FAFE (Fatty acid fusel esters) diesel blend 100.0%
Share of LSD out of LSD and CD

Diesel for Fischer-Tropsch diesel blend 100.1
Diesel for biodiesel blend| 100.0%]
Diesel for renewable diesel blend| 100.0%

Diesel for EtOH-diesel blend 100.098

Rassenger Vehicle Technologies

(Note: PHEV's with RAER longer than or equal to 30 milss are series hybrid whils PHEVs with RAER shorter than 30 mies are power-splt hybrid.)

Argonne &

NATIONAL LABORATGRY

75

1948-2021

PN (D ENERGY (75 ey




Demonstrations — Total Life Cycle, Examine Total Energy Cycle
Results with US Grid

= Goto GREET 2, [TEC_Results] Tab
=  Examine Results
= Focus on PHEV Results

Grid-Connected 5l PHEV: CG and RFG, Conventional Material
Btu/mile or g/imile
Vehicle Vehicle

Item WTP Cycle Operation Total
Total energy 1,030 638 2621 4 288
Fossil fuelz ooh a7l 2388 3,844
Coal 168 189 141 453
MNatural gas 549 279 158 986
Petroleum 169 102 2,050 2,381
Water consumption 0.185 0.061 0.000 0.246
COz WVOC, CO, COZ) &1 41 172 293
CH4 0353 0.106 0.005 04750
MNZ20 0.007 0.0 0.003 0.011
GHGs 94 45 172 311
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Demonstrations — Total Life Cycle, Change Electrical Grid
Assumption

= Goto GREET 1, [Inputs] Tab

= Click “Electric” button, or go to section 10 “Electric Generation”
» Change Electricity Generation Mix to 12 (California Mix)

= Press F9

10. Electric Generation
10.1) GREET-Calculated or User-Inputted Emission Factors for Power Plants
Electric s A — eReeT-calculated e emission factors in EF Sheet
Worksheet issi d El& databasze in g/kWh

Back to Top

10.2) Electricity Generation Mix
10.2.a) Selection of Electricity Generation Mix for Transportation Use
Mix for transportation use
Mix for stationary use

1 LS. Mix

2 ASCC Mix

3 FRCC Mix

4 HICC Mix

5 MRO Mix

& NPCC Mix

7 RFC Mix

& SERC Mix

S SPP Mix

10 TRE Mix

| 11lwECC Mx

12 CA Mix

13 User Defined Mix
14 NG Power Plants

= TRE(10) o 15 Coal Power Plants
Wy ‘ 18 Muclear Power Plants
ASCC (2) Y 17 Hydro Power Plants
=g HICC (4) (U.S. EP&) 18 NGCC Turkine

1% Geothermal
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Demonstrations — Total Life Cycle, Examine Total Energy Cycle
Results with California Grid

» Goto GREET 2, [TEC_Results] Tab
=  Examine Results
=  Focus on PHEV Results

Grid-Connected Sl PHEV: CG and RFG, Conventional Material
Btu/mile or gimile
Vehicle Vehicle

ltem WTP Cycle Operation Total
Total energy 928 638 2821 4 1886
Fossil fuels Trd a7a 2,342 3,685
Coal 30 185 26 266
Matural gas 60 279 226 1,065
Petroleum 164 102 2083 2304
Water consumption 0.191 0.061 0.000 0.253
COZ WOC, CO, COZ) 62 41 172 274
CH4 0.344 0.106 0.005 0.454
MZ0 0.007 0.001 0.003 0.011
GHGs 74 45 172 iy
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Questions?

greet@anl.gov
Visit

Contributors: Jarod Kelly, Rakesh lyer, Siddharth
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