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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.
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Outline Steps ICEV, HEV, PHEV, EV,
and FCV Scenarios




Types of powertrains in R&D GREET

ICEV

Internal combustion engine vehicle

HEV (Hybrid Electric Vehicle)

A vehicle with an internal combustion engine and a battery; this
vehicle cannot run on battery power alone

PHEV (Plug-in Hybrid Electric Vehicle)

A vehicle with an internal combustion engine and a battery; this
vehicle can run on battery power alone

BEV (Battery Electric Vehicle)
A vehicle the runs solely on battery power
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Main Outputs for
Light-duty Vehicles (LDVs)
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- A av — — General v Conditional Formatting v “H Insert ~ >~ OF ~ L0 I
R&D GREET 1 do A ==Zer B | B 9 : 0d @
. — - R ¢~ % 9 HZ, Format as Table v 2 Delete v v PO Add-i A ] |l
aste u ~ _ v oo ﬁ - = = = & 3= | - ‘ o — Ins nalyze
v g G0 30 7 Cell Styles ~ fiet] Format v &~ Data
Clipboard M~ Font s Alignment M Number M~ Styles Cells Editing Sensitivity Add-ins
RSELSIICEV W fx Select Fuels o~
1 Home Mﬂlt_s_ﬂl_w___lsmect a vehicle type from a pink drop downmeny _thepn press "Go" .
2 II Sl ICE Vehicles Go I S| Hybrid Vehicles (HEV) Go qSI Plug-in Hybrids (PHEV) I G I Performance-enhancing Fuels
3 Inputs I Select Fuels 4 Select Fuels 3 Select Fuels 7 © ] Selct Fuels
4 “SIDITCE Vehidles ™ ™™ Go DIRYbFAa VéniclesS (HEV) = DIPTug-in HYBridS (PHEV) = |
5 Back to Top | [Select Fusls cLEue I
6 CIDI ICE Vehicles I BEV and FCV GCI ICE Vehicles
7 WTPResults 1 | select Fuels co Select Fuels 60 | Select Fuels co |
- - I I S B .
8 WTW Changes Unit Selection Select units from a pink drop down menu for the Results
9 I Per Vehicle Distance Travelled Per Energy in Fuels I
10 I Energy Unit: | Biu Emission Unit: [g Energy Unit: | Biu Emission Unit: |g
11 Service Functional Unit:  mile Energy Functional Unit: '/mmBitu I
44 Btu/mile or Gallon/mile or g/mile Btu/mmBtu or Gallon/mmBtu or g/mmBtu
Vehicle Vehicle
45 |Item Feedstock Fuel Operation Total Feedstock Fuel Operation Total
46 |Total Energy 217 944 4 289 5,450 20,498 220,096 1,000,000 1,270,595
47 |Fossil Fuels 203 837 4,003 5,042 47,218 195,069 033,326 1,175,613
43 |Coal 19 30 0 49 4 492 6,898 0
49 Natural Gas 147 538 0 685 34,251 125,536 0
50  Pefroleum 36 269 4,003 4,308 8,474 62,635 933,326 N t ) p F9 t th
51 |Water Consumption 0.1 0.2 0 0 15 38 0 o e ® reSS O e n S u re e
52 |CO2 (w/ C in VOC & CO) -4 63 329 388 -839 14,592 76,702
53 |CH4 0.315 0173 0.015 0.503 73.544 40320 3.414 lt f R&D G R E ET t
54 |N20 0.000 0.012 0.004 0.016 0.066 2.787 0.911 resu S O a re u p O
55 |GHGs 6 71 330" 407 1,371 16,554 77,053
56 |VOC: Total 0.013 0.114 0.230 0.356 2.988 26.524 53.597
57 |CO: Total 0.026 0.043 2741 2810 6.071 10.068 639.104 d ate
58 |NOx: Total 0.039 0.071 0.082 0.193 9137 16.540 19.209
59 |PM10: Total 0.002 0.010 0.035 0.047 0.443 2.360 8.044
60 |PM2.5: Total 0.002 0.006 I 0.007 0.015 0.372 1.502 1.729 v
> Overview Inputs I Resuits | Petroleum Co_processing NG MeOH_FTD EtOH  Electric  Generation_mixes Bio, ** 4 b

-
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Major Outputs for Medium and
Heavy-duty Vehicles (MHDVs)
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Energy Functional Unit: /mmBiu

[l Conditional Formatting v

Emission Unit:{g

Note: press F9 to ensure the

results of R&D GREET are up to
date

“H Insert ~

T Delete v

@ Format v
Cells

T il —_—
o YA A ==ge. o e
R&D GREET 1 s T $ v % 9 [ZFormatas Table v
TastE : U v i v v Ao — = = €= o= v
v - IH e 8 90 [ Cell Styles ~

Clipboard ~ Font = Alignment ] Number ~ Styles
Al vl Jx
1 Home WTW Results Menu Select a vehicle type from a pink drop down menu, then press "Go" I
2 I Heavy-Duty Vehicles
3 Inputs Select Heavy-Duty Vehicle Subcategory Go
4 I Select Fuels and Vehicle Technologies
5 Back to Top
6 WTP Results I Unit Selection: Select units from a pink drop down menu for the Results
7 l Per Vehicle Distance Travelled or Cargo Distance Transported Per Energy in Fuels
8 WTW Changes Energy Unit: | Biu Emission Unit/g Energy Unit: | Biu
9 | Service Functional Unit for Heavy-Duty Vans and Trucks: [mile
10 Senvice Functional Unit for Buses: mile
11 Well-to-Wheels Energy Consumption, Water Consumption, and Emissions of Heavy-Duty Vehicles — — — — —
12 CIDI Combination Long-Haul Trucks: Conventional and LS Diesel
13 Urea use in SCR (g/mile) Ei.?E.?-‘ Include urea-u: No DEF use (% of fuel consumption) 3.80
14 Btu/mile or Gallon/mile or g/mile Btu/mmBtu or Gallon/mmBtu or g/mmBtu

Vehicle Vehicle

15 |ltem Feedstock Fuel Operation Total| Feedstock Fuel Operation Total
16 |Total Energy 1,079 2,034 17,233 20,346 62,595 118,049 1,000,000 1,180,644
17 Fossil Fuels 1,009 2,002 17,233 20,244 58,557 116,164 1,000,000 1,174 721
18 Coal 95 46 0 142 5,527 2,694 0 8,221
19 |Natural Gas 732 1,349 0 2,081 42 462 78,301 0 120,763
20 Petroleum 182 606 17,233 18,021 10,568 35,168 1,000,000 1,045,737
21 |Water Consumption 0 0 0 0 19 5 0 23
22 |CO2 (w/ CinVOC & CQO) 89 132 1:355 1,583 5,157 7,635 79,070 91,862
23 |CH4 2 0 0 1.902 91.325 18.197 0.829 110.350
24 IN20 0 0 0 0.006 0.081 0.153 0.111 0.345
25 |GHGs 136 142 1;354' 1,641 7.900 8,219 79,125 95,244
26 \VOC: Total 0.064 0.065 0.104 0.233 3.717 3.762 6.044 13.523
27 | CO: Total 0.130 0.081 2.899 3.110 7.544 4725 168.225 180.493
28 NOx: Total 0.198 0.120 1.819 2137 11.503 6.945 105.582 124 031

-

< > e CESA M Animal_Feed EtOH-Diesel Additives QilGasCoallnfra Elecinfra HDV_TS
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How Would You Further Explore
On-Road (ICEVs, HEVs, PHEVs, EVs, and
FCVs) Vehicles Scenarios?
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On-road vehicle tabs in R&D GREET

Primary

Vehicles
Car_TS
LDT1_TS
LDT2_TS
MHDV_TS Some tabs are on
in R&D GREET 1 material impacts that

Some Secondary
All tabs
in R&D GREET 2

feed into vehicle-cycle
impact calculations,

Some Secondary while other tabs are
Results about vehicles or vehicle-
MHDV WTW cycle impact calculations

In R&D GREET 1
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On-Road Vehicle Scenarios
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Steps to model a scenario in R&D GREET 1

Go to the “Results” or "MHDV_WTW" Tab
Are the results for your scenario generated by default?

Go to the “Inputs” Tab
Are the changes | want to make altered on this tab?

If No,

If Yes
’ Go to the fuel-specific/vehicle-

Make your changes and go to the

“Results” tab to see your results specific tabs for the fuel/vehicle you

want to model

Dive into the formulas on the “Results” tab

Vehicle Operation Inputs Fuel and Feedstock
Go to the “Vehicles” tab Go to the “Fuel-specific” tab
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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,” and “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 s ‘ GREAT PLAINS - Argonne s 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
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2 COPYRIGHT NOTIFICATION
3 Inputs Results
4 GREET® SOFTWARE
5
E GREET 1 Model Petroleum Ethanol Natural Gas MeOH & RNG
7
8 Email contact: greet@anl.gov : . Pyrolysis Integrate:
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10 © COPYRIGHT 2017 UChicago Argonne, LLC ALL RIGHTS RESERVED
11
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U . L. AL — = = = — ) ¢~ % 9 HZ Format as Table Tx Delete v v O~ Add-ins | Analyze
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8 0 7 Cell Styles ~ fif] Format ~ &~ Data
Clipboard I~ Font N Alignment M Number Y Styles Cells Editing Sensitivity Add-ins b
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A B C D E F G H J K

1

2 Petroleum MeOH & Ethanol Electric Vehicles Car_T5Tab LDV1 TS Tab LDV2 TS Tab

3 Home Results WTP

- Matural Gas Hydrogen Bio OQil Pyrolysis Vehicles Tab HDV_T5 Tab HDV_WTW Tab

5 Fuel Economy

& Scenario Control Variables and Input Assumptions

7 1. Key Options for Simulation Link with GREET2

8 1.1) Target Year for Simulation

9 2022 Restore Time Series Reactivate GREET? Links

10 Table Value _ .

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

12 Load Stochastic 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 [ Light-Duty Trucks 2 (LDT2) (Pickup Truck [PUT])

17

13 | 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 AP gravity 34.0 18.17" 26.5 26.5 31.8

27 || BacktoTop S Content (wt %) 1.4 29 1.9 22 23

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

29

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

31 AP gravity 42 48 32.0

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

E? "I‘II_‘:!_!E..‘ﬂI'|.4.__I_.._. | o R

> Overview Inputs | Results Petroleum Co_processing NG MeOH_FTD EtOH Electric Generation_mixes Bio *= + ! 4@ >
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1
2 Petroleum MeOH & Ethanol Electric Vehicles Car_TSTab LDV1_TS Tab LDV2_TS Tab n
3 Home Results WTP
- Natural Gas Hydrogen Bio Qil Pyrolysis Vehicles Tab HDV_TS Tab HDV_WTW Tab
5 Fuel Economy
s Scenario Control Variables and Input Assumptions
7 1. Key Options for Simulation Link with GREET2
8 1.1) Target Year Sialio— ——— ——— —— — . .
g r‘ 2022 Restore Time Series Reactivate GREET2 Links
-1[_'] I I I I I I I Tab|e ‘u’alue ) )
11 1.2) Point-Estimation or Probability-Estimation Option Deactivate GREET2 Links
12 Load Stochastic Toolkit . To load the stochastic toolkit
13 Load Stochastic Toolkit Unload Stochastic Toolkit ... To unload the stochastic toolkit
14

. - . .
16 1 41 -- 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 a0 8% 6.6% 5.0% 1.9% 2.3%

26 API gravity 340 181 26.5 265 38

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 API gravity 42 48 32.0

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

33 -
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s60 12. Vehicle Operations

12.1) Share of Alternative Fuel in Conventional fuel and Alternative Fuel Blend: Volumetric Percentaae
BSI1 (Boosted Spark Ignition) or MM (Multi-mode) fuel blend level selection
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10. Electric Generation

Isobutanol
ARHC
MeOH

Methanol in FFV fuel

Methanol in dedicated vehicle fuel

Ethanol in low-level blend of gasoline and ethanol|
Ethanol in FFV fuel

Ethanaol in dedicated vehicle fuel

Butanol in FFV fuel

FT diesel in CIDI fuel

Biodiesel in CIDI fuel

Renewable diesel in CIDI fuel

Renewable gasoline in S fuel

Ethanol in EtOH-diesel

Additives in EtOH-diesel

Isobutanol in BSI1 (gasoling) fuel

ARHC (Aromatics-rich hydrocarbon fuel) in B3I (gasoline) fuel
Methanaol in MM (gasoline) fuel

Isoalkane in MCCI fuel

FAE (Fatty alkyl ether) in MCCI fuel

FAFE (Fatty acid fusel esters) in MCCI fuel
Renewable digsel in MCCI fuel
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Share of gasoline by volume added in EtOH as denaturant
Share of gasoline by volume added in EtOH as denaturant
Share of gasoline by volume added in EtOH as denaturant

100.0%

20.0%
100.0%

1.0%
20.0%
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VHM V| A A |§| = — - gg |General V| [Ef] conditional Formatting v &H Insert ~ > v 2? v %5 ,_
S o . 5 = . 5
U Ll AL — = = — — _ $ ~ 9% 9 B Format as Table % Delete jo, Add-ins | Analyze
v N T - N <9 -0 7 Cell Styles v @ Format v &~ Data
Clipboard = Font = Alignment S Number EY Styles Cells Editing Sensitivity Add-ins ~
NavinputsZoomElectric Voo Jx 10. Electric Generation ~
A B C D E F G H
BYY LIEsel Tor FAFE (Famy acld TUSel eslers) aiesel biena | TUU UYo |
899 Share of LSD out of LSD and CD
900 Diesel for Fischer-Tropsch diesel blend 100.0%
901 Diesel for biodiesel blend 100.0%
902 Diesel for renewable diesel blend 100.0%
903 Diesel for EtOH-diesel blend 100.0%
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 50 Mote: PHEVs with RAER longer than or equal to 30 miles are series hybrid while PHEVs with RAER. sk
908 BEVs 300
909 12.3.b) Grid-Connected (Plug-in) HEV and EV charger efficiency " o = w——— —
910 85.0%
911
912 12.4) Efficiency Improvement
913 12.4.a) Boosted Spark Ignition (BSI)
914 Generic case Isobutanol ARHC MeOH n
915 Relative Engine Efficiency Increase 4 0% 4. 57% 1.86% 12.39%
916 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 Gaseoline 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 Gaseoline ICEV 3.3% 24 2%
925
926 13. GREET Default Key Assumptions for Well-to-Pump Activities
1098 13.18) Hydrogen Production Efficeincies
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m— N = —(__|» ab |General V| [El] Conditional Formatting v &H Insert ~
10~ A === 2
R&D GREET 1 e o $ v~ 9% 9 @ Format as Table v % Delete  ~
HotE 5 I U ~ i Mo A — = = &= 3= "
v < N T - . <2 -9 7 Cell Styles v @ Format v
Clipboard = Font M= Alignment = Number = Styles Cells
Y5 v i fx
A B C D E F G H I J K L M N 0 P Q
1 |Fuel Economy and Emission Rates of LDT1 Vehicles: Baseline Vehicles and New Vehicles
- Home
3 1) Fuel Economy and Emission Rates of LDT1 Baseline Vehicles: gasoline-equivalent MPG and grams/mile emissions
4 (fuel econgmucis adiusted for on-road performance using the EPA mpg-based method, and using 43%city/57 %highway VMT split)
o Model Year 2017
6 Lag yeall 5
T Gasoline L . Vd'l'ﬂ'!s from non-stochastic simulations and for adjustments to distribution functions
8 Model year is 5 years earlier than simulated technology year
9 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
10 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
Model VocC vocC PM10 PM10 PM2.5| PM2.5
11 Year MPGGE| (Exhaust)| (Evap.) CO NOx| (Exhaust)| (TBW)| (Exhaust)| (TBW) BC ocC CH4 N20
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
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
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
15 MY 2005 17.30 0117 0.130 4 042 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 0.031 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 0.031 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 37 67 0.030 0.073 0.971 0.024 0.004 0.031 0.004 0.004 0.003 0.001 0.005 0.005
23
24 Diesel LDT1: Values from non-stochastic simulations and for adjustments to distribution functions
25 Model year is 5 years earlier than simulated technology year
26 2554 0.211 0.006 4 946 0.089 0.003 0.031 0.003 0.004 0.002 0.000 0.135 0.001
27 25 54 0.211 0.006 4 946 (0.089 0.003 0.031 0.003 0.004 0.002 0.000 0.135 0.001
Model voc| voc ‘ PM10| PM10[ PM2.5| PM25 ‘ ‘ ‘ e
0 Vasr RMDECC | IEvhansd) (= TET ] M MMiw| IEvhans+) ITDWN| IEvhanst) I TDWAN =i M ™LA M2
< > = PyrolysisIDL IBR E_fuel Fuel Prod_.TS EF.TS AgMining_EF.TS EF  WCF  Fuel Specs  Car_TS | LDT1TS
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Gasoline LDT1: stochastic simulation distribi

Default values from times series or user input
Distribution Functions of Fuel Economy and Em

MY
MY
MY
MY
MY
MY
MY
MY
MY
MY
MY

vocC voC

Model Year MPGGE| (Exhaust)| (Evap.)
19901 20. 1.114] 0545
19951 20 0668 0426
2000 20 0.203] 0.112
20050 20 0144 0069
2010 20.80 0.115] 0.067
20150 21.30 0.115] 0.067
20200 2170 0.112] 0.067
2025 21.70 0.112 0.067
2030 21.70 0.112 0.067
2035 21.70 0.112 0.067
20500 2170 0.112 0.067

Diesel LDT1: stochastic simulation distributic

Default values from times series or user input
Distribution Functions of Fuel Economy and Em
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R&D GREET 2 s L __ $ v % 9 B Format as Table v % Delete v v O
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v 0 >0 7 Cell Styles v fiet] Format v &~
Clipboard M= Font = Alignment | Number = Styles Cells Editing Sensitivity
Al Vool Jx Scenario Control Variables and Input Assumptions Related to Vehicle and its Components
A B C D E F G H J K L
1 |Scenario Control Variables and Input Assumptions Related to Vehicle and its Components
2 1-Salection.of Mahicl esfor Sinulation .
3 1 1 — Passenger Cars
4 2 — Sport Utility Vehicles
5 3 — Pick-Up Trucks
6 | | | | | | |
T 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 Ulility Vehicles" option is selected, select one of the following two vehicles for ICEVs
1 \ 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 11—4%%WTmMSL2nHmUpﬁmm2
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 Material Material Material Material Material Material Material Material Material Materia
18 3,183 2,692 3,429 2,639 3,713 3,007 4,026 3,193 3,644 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 Materia
23 Lead-Acid 36.0 234 221 14 4 221 14 4 22 1 14 4 221 14 4
24 Ni-MH 891 753 635.3 4958 2,853.2 2.162.3 105.6 94 1
25 Li-lon 30.0 25.3 196.6 153.4 1,049.7 795.5 31.2 27.8
26 | | [ | || |
< > el Vehi_Inputs Mat_Inputs Car SUV  PUT  Steel Clron W.AI CAl Lead Nickel  Cobalt  Copper  Zinc Magnesium
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g el . ) S — ) $ o 9 BZ Format as Table % Delete jo, Add-ins  Analyze
v @ N - - - %B _EH @ Cell Styles v @ Format v 6) v Data
Clipboard = Font = Alignment = Number | Styles Cells Editing Sensitivity Add-ins ~
Al v Jx Scenario Control Variables and Input Assumptions Related to Vehicle and its Components

A B C D E F G H J K L M N 0
86 |5.3) Battery Size in Peak Battery Energy (High Energy Applications), kWh
87 Ni-MH Li-lon
88 PHEV: Conventional Material 15 15
89 PHEV: Lightweight Material 12 12
90 EV: Conventional Material 84 84
91 EV: Lightweight Material 64 64
92
93 |5.4) Battery Replacements During Lifetime of Vehicle
04 Lead-Acid Ni-MH Li-lon
95 ICEV 2
96 HEV 2 0 0
97 PHEV 2 0 0
98 EV 2 0 0
99 FCV 2 0 0
100
102 § HEV 2 1. LMO, 2. NMC111, 3.LFP: Hydrothermal, 4. LFP: Solid State, 5. NMCB22, 6. NMC811, 7. NCA, 8. NMC532, 9. NMCEI
103 1 PHEV 2 1. LMO, 2. NMC111, 3.LFP: Hydrothermal, 4. LFP: Solid State, 5. NMC622, 6. NMC811, 7. NCA, 8. NMC532, 9. NMC95
104 . EV 2 1. LMO, 2. NMC111, 3.LFP: Hydrothermal, 4. LFP: Solid State, 5. NMC622, 6. NMC811, 7. NCA, 8. NMC532, 9. NMC95
105§ FCV 2 1. LMO, 2. NMC111, 3 LFP: Hydrothermal, 4. LFP: Solid State, 5. NMC622, 6. NMC811, 7. NCA, 8 NMC532, 9 NMC95
106 e
107 5.6) Battery Specific Power
108 MNi-IMH Li-lon Li-lon specific power by type (W/kg)
109 Wk Wb Wikg Wb LMO NMC111 LFP NMCE22 NMC811 NCA NMCS532 NMC95
110 HEV 80 363 2,378 1,079 2,221 2378 1,982 2,421 2,484 2,438 2,419 2,527
111 FCV 800’ 363[ 2,708 1,228 2917 2708 2227 2 761 2,839 2,788 2,759 2,893
112
113|5.7) Battery Specific Energy Li-ion Battery Specific Energy (Wh/kg)
114 Ni-MH Li-lon PHEV: 35-mile
115 thk% Wh/lb Whikg Wh/lb LMO NMC111 LFP NMCE22 NMC811 NCA NMC532  NMC95 LMO
14R DUENS [ A 4174 T0 175 157 4124 107 170 1RR 1E7 4107

< > = Vehilnputs  Mat|nputs Car SUV  PUT  Steel Clron WAl CAl Lead Nickel =~ Cobalt Copper Zinc  Magnesium > t+ I 4@ >
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Obtain Life Cycle Impacts of SUVs with
Different Powertrains



Powertrains

Model a 2022 Sport Utility Vehicle (SUV) with the

Following Powertrains: ICEV, HEV, PHEV (50-mi
range), BEV (400-mi range), FCV (Gaseous Hydrogen)
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Veh_Type_Option v Jx 1 A
| A B C D E F G H e

1 0
2 Petroleum MeOH & Ethanol Electric Vehicles Car TS Tab LDV1 TS Tab LDV2_TS Tab
3 Home Results WTP
. Natural Gas Hydrogen Bio Qil 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
L 1.1) Target YearJor SINURNQL, s e o o o o o o o i . Reactivate GREET2 Links
9 e e e e o e _2{]22_ — . B Restore Time Series
10 Table Value Deactivate GREETZ2 Link

. . . - . . . eactivate inks
11 1.2) Point-Estimation or Probability-Estimation Option
12 oad Stochastic Toolkit ... To load the stochastic toolkit
13 Load Stochastic Toolkit d 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 N .
20 Petroleum 3.1.a) Share of crude oil sources Ote °
21 Worksheet Basis of share of crude oil sources: 1 — El
22 U.5. Domestic O o o os .
23 EIA projection 80.8% th | Nari IS M d l| N g N
24 [ Results ] User defined 0.0% S Sce a O O e a
25 Used in calculation 80.8% . .
= SUV built in 2022
27 | BacktoTop S Content (wt %) 14 u I I n
28 Average transporiation distances (mi) See T&D Flowcharis tab
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BEV AER v i Jx 300 A
A B C D E F G H A

903 | Diesel for EtOH-diesel blend| 100.0%]
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]
o907 PHEVs a0 blote: P er than or equal to 30 miles are series hybrid while PHEVs with RAER st
908 BEVs 300 [ ~ |
909 12.3.b) Grid-Connected (Plug-in) HEV and EV charger efficiency 150
910 85.0%| 5qg
911
912 12.4) Efficiency Improvement
913 12.4.a) Boosted Spark Ignition (BSI)
914 Isobutanol ARHC MeOH
915 Relative Engine Efficiency Increase 4 57% 1.86% 12.39%
916 Powertrain Losses 20% 20% 20%
917 Relative Vehicle Efficiency Increase 3.7% 1.5% 9.9%
918 Fuel Economy Increase Relative to Gaseoline ICEV 3.6% 1.5% 11.0%
919 12.4.b) MultiMode (MM) .
920 MeOH|
921 Relative Engine Efficiency Increase -
922 Powertrain Losses °
923 Relative Vehicle Efficiency Increase P H EV: 5 O— m I ra n ge
924 Fuel Economy Increase Relative to Gaseoline ICEV
925

026 13. GREET Default Key Assumptions for Well-to-Pump Activities BEV: 400— m | Fan ge
1098 13.18) Hydrogen Production Efficeincies

1099 13.18.a) Central Plant H2 Production Efficiencies

1100 Source

1101 Gaseous H2

1102 NA NG feedstock NETL Model

4 @ [ 4
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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 on 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 0.0 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.b 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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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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v fx 1
A D E F G H J K L
ssumptions Related to Vehicle and its Components
H
io‘ected: select one of the following two vehicles for ICEVs
| 1 1 — Passenger Cars 1, 2 — Passenger Cars 2
When the "Sport Utility Vehicles" option is selected, select one of the following two vehicles for ICEVs
1 1 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
| 1 1 1 — Pick-Up Trucks 1, 2 — Pick-Up Trucks 2
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
Matenal Matenal Material Matenal Material Matenal Matenal Material Matenal Material
3,264 2,692 3,917 2,839 3,626 3,007 3,861 3,193 3,401 2,930
3. Vehicle Battery and Fluids ht, pounds per vehicle
3.1) Battery Weight
ICEV: HEV: PHEV: PHEV: EV: EV: FCV: FCV:
Conventional ICEV: Lightweight Conventional HEV: Lightweight Conventional Lightweight Conventional Lightweight Conventional Lightweight
Material Material Material Material Material Material Material Material Material Material
36.0 234 22 .1 14 .4 221 14 .4 22 1 14 .4 22 1 14 .4
90.8 753 716.1 4958 26256 21623 1454 94 1
Li-lon 30.6 25.3 221.6 153.4 966.0 795.5 42 9 27.8
F || | _I
< > I_VE'hi_'”PUtS Mat_Inputs Car SUV  PUT  Steel Clron  WAI C.Al Nickel  Cobalt Copper Zinc Magnesium
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- L =M1 1dl =

‘] L1 AV - L. = jrawLw - W | = el | N ” Vv W W LY L C -

|General V| [l Conditional Formatting v “H Insert v > v 2? v o L(dh)-

o VJAA === 22 - (10 L=
U L o A R $ v 9% 9 @ Format as Table v TX Delete ~ v ,O v Add-ins  Analyze
~ Bafeel  ap w ~ = = = &= == = -
- %H _EH @ Cell Styles v @ Format v &~ Data
Clipboard N Font I~ Alignment ¥ Number EY Styles Cells Editing Sensitivity Add-ins ~
197 v Jx A
A B C D E F G H J K L M N 0 A
1 |Scenario Control Variables and Input Assumptions Related to Vehicle and its Components
2 1. Selection of Vehicle Types for Simulation
3 | 2 1 -- Passenger Cars .
4 2 —- Sport Utility Vehicles Microsoft Excel X
5 3 — Pick-Up Trucks
6
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 - sport Utility Vehicles 1, 2 - S . .
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
< > e Vehilnputs  Mat Inputs Car SUV  PUT Steel Clron WAl CAl Lead Nickel Cobalt Copper Zinc  Magnesium > + I 4@ >

Maintain these settings throughout the rest of the
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Fuel Cycle GHG Emissions for an Internal
Combustion Engine Vehicle (ICEV)
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= e = = LT W el E oy UL . LIl L Ld AREVIEWV VIEW =19 dALE nisl® ¥ - = =1 20idie -
PO — — General v Conditional Formatting ¥ & Insert v v Oy~
Jio WA A = == ab, | & g < 2. v 7 %E ._'3
T W D A W L W W
L. e A - = — — _ $ o 9 B Format as Table % Delete jo, Add-ins | Analyze
T - 0 =8 7 Cell Styles v fiet] Format v &~ Data
Clipboard = Font = Alignment = Number ~ Cells Editing Sensitivity Add-ins 'S
RNAVGASCRFG Voo Jx Gasoline Vehicle: Gasoline ~
A B [ Q D E F G H J K L M N 0 Fy
1 Home WTW Results Menu ect a vehicle type from a pink drop down menu, then press "Go" .
2 ICE \(ehicleS, o o Go Sl Hybrid Vehicles (HEV) Go 5l Plug-in Hybrids (PHEV) G Performance-enhancing Fuels
3 Inputs Sl - Gasoline Select Fuels Select Fuels © )| Selct Fuels
4 DITCE Vehicles = ™= Go CIDI Hybrid Vehicles (HEV) = CIDI Plug-in Hybrids (PHEV) -
5 Back to Top Select Fuels Select Fuels -
B CIDI ICE Vehicles BEV and FCV GCI ICE Vehicles
7 I ST Select Fuels Go 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 Unitpll s = s
11 — o — — sernvice Functional Unit:  mile Energy Functional Unit: [MJ
4!_Easoline Vehicle: Gasoline ———
4 = = == == == Btu/mile or Gallon/mile or g/mile Btu/MJ or Gallon/MJ or g/MJ
Vehicle Vehicle
45 |ltem Feedstock Fue ) Total Feedstock Fuel Operation Total
46 Total Energy 282 h l 7107 48 209 048 1.204
47 Fossil Fuels 264 Ve IC e 6,576 45 185 885 1,114
48 | Coal " 63 4 7 0 11
49 |Natural Gas d 893 32 119 0 151
50 |Petroleum Fee StOCk operatlon 5,619 8 59 885 952
51 |Water Consumption . . 0 0 0 0 0
e a N xA GHG emissions 506 e 14 73 86
53 |CH4 . 0.653 0.070 0.038 0.003 0111
54 |N20 m— ) () ey = @80 = == ()F 0.000 0.003 0.001 0.004 . "
55 GHGs 8 93 431 531 1 16 73 90 b l d d
56 |VOC: Total f— l].'ﬂ'l?l_ =07 L 0T L 0.003 0.025 0.032 0.060 ICEV SUV u' t a n use In
57 |CO: Total : 0.006 0.010 0.488 0.504 2 22 .
58 |NOx: Total 0.009 0.016 0.017 0.042 d f I d b g l
59 PM10: Total 0.000 0.002 0.006 0.009 O a n ue e y aso I ne
60 |PM2.5: Total = = 0.000 0.001 0.002 0.003 v
< >« | Results I Petrg sing EtOH Electric Generation_mixes Bio_electricity Hydroger == + { <« «=m >
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LT a Vi Fel]E Ay L L LIl a Ld L eV IEVV VISV ~ALTLC dALE mil=l®
A v = —(__|» ah |Genera| V| [l Conditional Formatting v &H Insert v 2. v ;? v
Jo A A =E==we B
L __ $ + % 9 B Format as Table v 2% Delete v v DOv
(B| I U~ iy Ov Av = == & 3= (- - —
v < G0 o 7 Cell Styles ~ fiet] Format v &~
Clipboard = Font = Alignment = Number ] Cells Editing
RNAVGASCRFG v Jx Gasoline Vehicle: Gasoline
A B e 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 S| Plug-in Hybrids (PHEV) G
3 Inputs Sl - Gasoling Select Fuels Select Fuels ° 'R
4 SIDI ICE Vehicles Go CIDI Hybrid Vehicles (HEV) Go CIDI Plug-in Hybrids (PHEV) Go
5 Back to Top Select Fuels Select Fuels -
6 CIDI ICE Vehicles BEV and FCV GCI ICE Vehicles
7 LI 230 Select Fuels Go Select Fuels 80 ] 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: |g Energy Unit: |Biu Emission Unit: [g

11

Service Functional Unit: mile

43 |Gasoline Vehicle: Gasolim_l

44

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

-

I 2idie -

N I 3
Hn —
Add-ins  Analyze
Data
Add-ins A
s
N O A

Performance-enhancing Fuels .

Selet Fuels

Energy Functional Unit: [MJ

Btu/mile or Gallon/mile or g/mile Btu/MJ or Gallon/MJ or g/MJ
Vehicle Vehicle
ltem Feedstock Fuel Operation Total Feedstock Fuel Operation Total
Total Energy 282 1,231 7,107 48 209 948 1,204
Fossil Fuels 264 1,091 6,576 45 185 885 1,114
Coal 25 39 63 4 7 0 11
Natural Gas 702 893 32 119 0 151
Petroleum 350 5,619 8 59 885 952
Water Consumption 0.2 0 0 0 0 0
CO2 (w/ C inVOC & CO -1 14 73 86
CH4 0.070 0.038 0.003 0.111
N20 0.000 0.003 0.001 0.004
GHGs 1 16 73 a0
WVOC: Total 0.003 0.025 0.032 0.060
CO: Total 0.006 0.010 0.488 0.504
NOx: Total 0.009 0.016 0.017 0.042
PM10: Total 0.000 0.002 0.006 0.009
PM2.5: Total 0.000 0.001 0.002 0.003
< > = Results Petroleum Co_processing NG MeOH_FTD EtOH Electric Generation_mixes
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= n % = = LT a Vi Fel]E Ay L L LIl a Ld L eV IEVV VISV ~ALTLC dALE mil=l®
A v = —(__|» ah |Genera| V| fiZf] Conditional Formatting v &H Insert v 2. v ;? v
o A A =E==we B
. L __ $ + % 9 B Format as Table v 2% Delete v v DOv
B|I U~ v v Ay = ==& 3= B - .
v < — G0 o 7 Cell Styles ~ fiet] Format v &~
Clipboard = Font = Alignment = Number | Styles Cells Editing
RNAVGASCRFG v Jx Gasoline Vehicle: Gasoline
A B e 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 S| Plug-in Hybrids (PHEV) G
3 Inputs Sl - Gasoling Select Fuels Select Fuels ° 'R
4 SIDI ICE Vehicles Go CIDI Hybrid Vehicles (HEV) Go CIDI Plug-in Hybrids (PHEV) Go
5 Back to Top Select Fuels Select Fuels -
6 CIDI ICE Vehicles BEV and FCV GCI ICE Vehicles
7 LI 230 Select Fuels Go Select Fuels 80 ] 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: |g Energy Unit: |Biu Emission Unit: [g

11

Service Functional Unit: mile

43 |Gasoline Vehicle: Gasolim_l

44

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

-

Energy Functional Unit: [MJ

Btu/mile or Gallon/mile or g/mile Btu/MJ or Gallon/MJ or g/MJ
Vehicle Vehicle
ltem Feedstock Fuel Operation Total Feedstock Fuel Operation Total
Total Energy 282 1,231 5,594 7,107 48 209 948 1,204
Fossil Fuels 264 1,091 5,221 6,576 45 185 885 1,114
Coal 25 39 0 63 4 7 0 11
Natural Gas 191 702 0 893 32 119 0 151
Petroleum 48 350 5,221 5,619 8 59 885 952
Water Consumption 0.1 0.2 0 0 0 0 0 0
CO2 (w/ C in VOC & CO) -9 82 429 506 -1 14 73 86
CH4 0.411 0.226 0.016 0.653 0.070 0.038 0.003 0.111
N20 0.000 0.016 0.005 0.021 0.000 0.003 0.001 0.004
GHGs 8 93 4317 531 1 16 73 a0
WVOC: Total 0.017 0.148 0.190 0.355 0.003 0.025 0.032 0.060
CO: Total 0.034 0.056 2.882 2973 0.006 0.010 0.488 0.504
NOx: Total 0.052 0.093 0.103 0.247 0.009 0.016 0.017 0.042
PM10: Total 0.003 0.013 0.037 0.053 0.000 0.002 0.006 0.009
PM2.5: Total 0.002 0.008 0.009 0.020 0.000 0.001 0.002 0.003
< > = Results Petroleum Co_processing NG MeOH_FTD EtOH Electric Generation_mixes
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Performance-enhancing Fuels .
Selct Fuels

Use empty cells

or a new sheet
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V||1[J V| AN A7 = = |;|,§?v éE; |General "| [iZl Conditional Formatting v ¢H Insert 2. v g?v EE
5 ¥ 2 7 L L AL S— ; S— 5 $ v % 9 @Forma’[asTal:)I»zﬂ:V @Delete v v ,Ov Add-ins Analyze
‘@2 B - - B %H _EH @Cell Styles v @Formatv 6)* Data
Clipboard 5 Font = Alignment 5 Number 5 Styles Cells Editing Sensitivity = Add-ins A
V10 v Jx
- A __ B __c_ __D__E__ J K L M
11 Fuel Stage GHG Emissions I
| Vehicle  Total Fuel, [N o{g-Y X RE]] X1
2 1 Feedstock Fuel Operation Cycle
3 IPowertrain I shown on the left
4 [ICEV !
5 |HEV |
6 |PHEV |
7 IBEV I
g FCV_
9
10
11
12
13
14
15
16
17
< 2 Inputs Results Sheetl  petroleum Co_processing NG MeOH_FTD  EtOH  Electric = Generation_mixes Bio_ele = + 4 GEEEEESm—— >
s Agome & ENZRGY

LI 2lidie -



&

Q6

Ie Home nse Lraw age dyou ormulas ata eview view ALITOMate e P v— _OITIMET T >nare v
R&D GREET 1 va V| A A = = |;‘ . EEJ |Genera| V| [l Conditional Formatting v &H Insert v 2. v 2? v LI ,_.g
3 v — $ ~ 9% 9 b7 Format as Table v T% Delete v v ,O v = "
B I v | B S A = = = e 5= v o 7 Add-ins  Analyze
@ N — - B {_08 _EH @Cell Styles v @FormatV 6) v Data
Clipboard = Font = Alignment S Number EY Styles Cells Editing Sensitivity Add-ins ~
v fx N
A B C D E F G H J K L M -
Fuel Stage GHG Emissions
Vehicle Total Fuel
Feedstock Fuel Operation Cycle
Powertrain
ICEV
HEV
PHEV |
BEV Paste as
FCV
Values
v
> ** Inputs Results Sheet1 Petroleum Co_processing NG MeOH_FTD EtOH Electric Generation_mixes Bio_ele == + 4 G
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Obtain Fuel Cycle GHG Emissions for a
Hybrid Electric Vehicle (HEV), Plug-in
Hybrid Electric Vehicle (PHEV), Battery
Electric Vehicle (BEV/EV), and Fuel-Cell
Vehicle (FCV)
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&

e Home

nse

Lraw

Fage Layou ormulas LJata eview view ALITOMate Help v OTTITIET I >nare v
R&D GREET 1 VHm v| AN A = = |;‘ 7 v EE} |Genera| "| il Conditional Formatting v &H Insert v D 2? v %E F—'a
B L __ $ ~ 9% 9 B Format as Table v % Delete v v O Add-i Anal
B I U + B v A = = = €= o= v B ins nalyze
] T - <0 -0 [i7 Cell Styles v fet] Format v &~ Data

Clipboard N Font I~ Alignment Y Number EY Styles Cells Editing Add-ins A

R8 v fx N
A B C D E F G J L M -
1 Fuel Stage GHG Emissions
Vehicle Total Fuel
2 Feedstock Fuel Operation Cycle .
3 Powertrain ICEV: Gasoline
4 ICEV 93 431 231 .
5 HEV HEV: Gasoline
6 PHEV ) .
7 BEV PHEV: Gasoline and Electricity
8 FCV .
9 BEV: Electricity
10
11 FCV: Gaseous Hydrogen
12 Paste as
13
14 Values
15
16
17 v
< > ** Inputs Results Sheetl Petroleum Co_processing NG MeOH_FTD EtOH Electric Generation_mixes Bio ele = + 4 G P
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List the Powertrains from Lowest to
Highest Feedstock GHG Emissions
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Feedstock GHG emissions results

PHEVs and BEVs

Feedstock emissions come from the electricity from the
electric grid

Much of the electricity from the U.S. Mix in GREET is produced
using natural gas and/or coal, which have upstream GHG
Impacts

FCVs

Feedstock emissions come from hydrogen production

Hydrogen is produced from conventional steam natural
reforming of natural gas, which is highly GHG emission-
intensive and produces higher feedstock and fuel emissions

il § Crmarrgr o

ENZRGY

GREAT PLAINS
INSTITUTE Arggﬂmﬁkg

le ome nser raw dge Layou ormulas dlda eview lew L
& Arial vlio v~ A" AT = = |;| v ab, Ge
B . . . = — - — — | = $
< B I U« v v AV = = = = 3= v%
Clipboard ~ Font ~ Alignment N
RS v fx
A B C D E
1 Fuel Stage GHG Emissions
Venhicle Total Fuel
2 Feedstock Fuel Operation Cycle
3 Powertrain
4 ICEV 93 431 231
5 HEV 63 292 360
6 PHEV 148 136 300
/7 BEV 215 0 240
8 FCV 220 0 253
9

HEV <ICEV <PHEV <BEV <FCV

Petroleum

< > = nputs | ResultsK Sheetl

Co_processing NG

Reachy CCalculate 2 A ccaccibility: Invastiaate




List the Powertrains from Lowest to
Highest Total Fuel Cycle GHG Emissions
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Total fuel cycle emissions results

BEV and FCV have No

Vehicle Operation GHG Emissions
You avoid all GHG emissions from petroleum-based fuels
In an FCV, hydrogen reacts with oxygen resulting in water

FCVs have lower total fuel cycle GHG emissions
than all powertrains except BEVs

BEV < FCV <PHEV <HEV <ICEV
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R8

0O ~NO OVbh WK

9
10
11
12
13
14
15
16
17

<

Reacdvy Calculate

le ome nse raw dge Layou ormuias dla eview lew u
& (A Jo A A === (5
[\@ ¥ — _ j g - —
< B I U~ Hiv Ov v = = = &= = v%
Clipboard ~ Font ~ Alignment N
v S
A B C D E
Fuel Stage GHG Emissions
Vehicle Total Fuel
Feedstock Fuel Operation Cycle
Powertrain
ICEV 8 93 431
HEV ) 63 292
PHEV 17 148 136
BEV 26 215 0
FCV 34 220 0
> *  Inputs Results Sheetl  petroleum Co_processing NG

92 A caccihility: Investiaate




Vehicle Cycle GHG Emissions for an
Internal Combustion Engine Vehicle
(ICEV)



= U = = LT aWW Fall] e Lay UL ) LITa L/dld AREVIEW VIEW ~LTLL dlE el ¥ . = =7 2iidie ~
Jz A A == |;‘ 0 ab, |Genera| V| fi&f] conditional Formatting v H Insert  ~ > v Q‘? v EE :[Iﬂll_:
— 0 y - = ., -
e Ay == = = = ) $ v~ % 9 B Format as Table BX Delete £ Add-ins  Analyze
N 1 - B %H _';93 @ Cell Styles ~ @ Format v &~ Data
Clipboard N Font ¥ Alignment I~ Number EY Styles Cells Editing Sensitivity Add-ins ~
Al vl ﬁ: Energy Use and Emissions of Well-to-Pump, Vehicle Cycle and Vehicle Operation ~
_ 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: Biu Emission Unit: g
4 — e e e e = asSrvige Fupctiogal Ul mile Per Vehicle Distnace Travelled
5 rGasoIine Vehicle: CG and RFG, Conventional Material Energy Unit Btu mBtu J kd
T T _———__—_—— dtufmne 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 - Total Credits WTP Cycle Operation Total Credits Emission Unit g mg kg Ib
8 Total energy g VEhiCle 7.613 0 19.6% 7.7% 72.6% 100.0% 0.0% 1.000 1000 0.001 0.002 0.
9 |Fossil fuels ¥ 039 0 19.0% 7.6% 73.3% 100.0% 0.0% Functional Unit mile km
10 | Coal 205 0 30.5% 69.5% 0.0% 100.0% 0.0% 1.000 1.609
11 |Natural gas M 150 0 76.8% 23.2% 0.0% 100.0% 0.0%
12 Petmleugm Operat|0n 1684 0 6.9% 2.3% 90.8% 100.0% 0.0%
13 'Water consumption ).332 0 87.9% 12.1% 0.0% 100.0% 0.0%
14 |C0O2 (VOC, CO, CO 537 0 14 1% 6.9% 79.0% 100.0% 0.0%
15 |CH4 0.088 0.733 0 85.9% 12.0% 2.1% 100.0% 0.0%
16 |N20 — me() G = (e = =G ((e— —() (a8 0 72.1% 5.0% 22.9% 100.0% 0.0%
17 |GHGs 99 4[}| 426 o 565/ 0 17 5% 7.1% 75.4% 100.0% 0.0%
18 VOC: Total — )3 —)J = 1T —). 0 0 23.7% 48.6% 27.6% 100.0%
19 CO: Total 0 2.9% 3.7% 93.4% 100.0%
20 NOx: Total 0 49 6% 14 6% 35.7% 100.0%
21 PM10: Total 0 23.7% 20.2% 56.2% 100.0%
22 PM2.5: Total 0 39.7% 25.6% 34.7% 100.0%
23 SO0x: Total 0 28.9% 69.2% 1.9% 100.0%
24 BC: Total . 0 28.4% 4.6% 67.0% 100.0%
25 OC: Total 0.002 0.005 0 44 1% 10.0% 45.9% 100.0%
26 VOC: Urban 0.133 0.431 0 20.3% 48.8% 30.9% 100.0%
27 (CO: Urban 2.018 2.035 0 0.8% 0.1% 99.1% 100.0% .
28 |NOx: Urban 0.072 0.101 0 23.5% 5.2% 71.3% 100.0% 0.0% - o - | v
< > = Battery Materials Anode LiMn204  Li_Chemicals  Other Cathodes  Battery Recycling  Vehi_Comp_Sum  Vehi_Sum _ TEC_ Results , o 4+ I Jam» >
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LT aW Fal]E Lay QL . njr= L'dld REVIEWW VISV =19jie dlc plsle ¥ . = 1 2Idie ™

VH-IE v| A = _ |;‘ . EE; |General V| [Ef] conditional Formatting v &H Insert v 2. 2? v EE ,_
— o y 5 = . 5
I o A L e ) $ ~ 9% 9 BZ Format as Table Tx Delete jo, Add-ins  Analyze
B o - B <9 -0 7 Cell Styles ~ @ Format v &~ Data
Clipboard EY Font K Alignment E Number = Styles Cells Editing Sensitivity Add-ins ~
Al Vool Jx Energy Use and Emissions of Well-to-Pump, Vehicle Cycle and Vehicle Operation N
_ A B C D E 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
B Btu/mile or g/mile Percentage of each stage 1.000 0.001 1055 1.055 0.0
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 1,496 587 0 19.6% 7.7% 72.6% 100.0% 0.0% 1.000 1000 0.001 0.002 0.C
9 Fossil fuels 1,340 538 0 19 0% 7 6% 73.3% 100.0% 0.0% Functional Unit mile km
10 | Coal a 63 143 0 30.5% 69.5% 0.0% 100.0% 0.0% 1.000 1.609
11 |Natural gas 67 0 76.8% 23.2% 0.0% 100.0% 0.0%
12 |Petroleum 0 6.9% 2.3% 90.8% 100.0% 0.0%
13 |Water consumption 0 87 9% 12 1% 0.0% 100.0% 0.0%
14 |C0O2 (VOC, CO, C02) 0 14.1% 6.9% 79.0% 100.0% 0.0%
15 |CH4 0 85.9% 12.0% 2.1% 100.0% 0.0%
16 |N20 0 72.1% 5.0% 22 9% 100.0% 0.0%
17 |GHGs 0 17.5% 7.1% 75.4% 100.0% 0.0%
18 |VOC: Total 10 a : : 0 23.7% 48.6% 27 6% 100.0% 0.0%
19 |CO: Total 0.089 0.115 2.882 3.087 0 2 9% 3.7% 93.4% 100.0% 0.0%
20 |NOx: Total 0.143 0.042 0.103 0.288 0 49 6% 14 6% 35.7% 100.0% 0.0%
21 |PM10: Total 0.016 0.013 0.037 0.066 0 23.7% 20.2% 56.2% 100.0% 0.0%
22 |PM2.5: Total 0.010 0.007 0.009 0.026 0 39.7% 25.6% 34.7% 100.0% 0.0%
23 |SOx: Total 0.038 0.092 0.003 0.132 0 28.9% 69 2% 1.9% 100.0% 0.0%
24 |BC: Total 0.001 0.000 0.003 0.005 0 28 4% 4 6% 67.0% 100.0% 0.0%
25 |OC: Total 0.002 0.001 0.002 0.005 0 44 1% 10.0% 45.9% 100.0% 0.0%
26 |VOC: Urban 0.088 0.210 0133 0.431 0 20.3% 48 8% 30.9% 100.0% 0.0%
27 |CO: Urban 0.016 0.002 2018 2.035 0 0.8% 0.1% 99.1% 100.0% 0.0%
28 INOx: Urban 0.024 0.005 0.072 0.101 0 23.5% 5.2% 71.3% 100.0% 0.0% I - = == -
< > = Battery_Materials = Anode  LiMn204  Li_Chemicals  Other_Cathodes Battery Recycling ~ Vehi_Comp_Sum  Vehi_Sum I_TEC_RESUHS I .. + : 4o »
= =
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A av — — General v Conditional Formatting v &H Insert v v Bv v N I
Jo A A = ==% ab | B g < 2. ¥ 7 nm _
- . O w v mE w
U .. b A, = === ) $ o 9 BZ Format as Table ﬁf Delete £ Add-ins  Analyze
T <9 -9 7 Cell Styles ~ fiet] Format v &~ Data
Clipboard EY Font K Alignment E Number = Styles Cells Editing Sensitivity Add-ins ~
Al Vool Jx Energy Use and Emissions of Well-to-Pump, Vehicle Cycle and Vehicle Operation N
A B C D E F G H J K L M M 0 P Q R a

0 N A b S =

o0 =~

11
12
13
14
19
16
17
18
19
20
21
22
23
24
25
26
27
26

-

Energy Use and Emissions of Well-to-Pump, Vehicle Cycle and Vehicle Operation
1) Well-to-Pump, Vehicle Cycle and Vehicle Operation Energy Use and Emissions: Btu or g per mile
Energy Unit: Biu Emission Unit: g
Service Functional Unit: mile Per Vehicle Distnace Travelled
Gasoline Vehicle: CG and RFG, Conventional Material Energy Unit Btu mBtu J kd
Btu/mile or g/mile Percentage of each stage 1.000 0.001 1055 1.055 0.0
Vehicle Vehicle

Vehicle Vehicle Cycle Vehicle Vehicle Cycle
Item WTP Cycle Operation Total Credits WTP Cycle Operation Total Credits Emission Unit g mg kg Ib
Total energy 1,496 587 5,931 7,613 0 19.6% 7.7% 72.6% 100.0% 0.0% 1.000 1000 0.001 0.002 0.C
Fossil fuels 1,340 538 5,162 7,039 0 19 0% 7 6% 73.3% 100 0% 0.0% Functional Unit mile km
Coal 63 143 0 205 0 30.5% 69.5% 0.0% 100.0% 0.0% 1.000 1.609
Natural gas 883 267 0 1,150 0 76.8% 23.2% 0.0% 100.0% 0.0%
Petroleum 394 128 5,162 5,684 0 6.9% 2.3% 90.8% 100.0% 0.0%
Water consumption 0292 0.040 0.000 0.332 0 87 9% 12 1% 0.0% 100 0% 0.0% II
C02 (VOC, CO, CO2) 76 37 424 o937 0 14 1% 6.9% 79.0% 100.0% 0.0% Use empty Ce s
CH4 0.630 0.088 0.016 0.733 0 85.9% 12.0% 2.1% 100.0% 0.0%
N20 0.016 0.001 0.005 0.022 0 72.1% 5.0% 22.9% 100.0% 0.0% h
GHGs 99 40 426 o965 0 17.5% 7.1% 75.4% 100.0% 0.0% or a new s eet
WVOC: Total 0.163 0.334 0.190 0.688 0 23.7% 48.6% 27.6% 100.0% 0.0%
CO: Total 0.089 0.115 2.882 3.087 0 2 9% 3.7% 93.4% 100.0% 0.0%
NOx: Total 0.143 0.042 0.103 0.288 0 49 6% 14 6% 357% 100.0% 0.0%
PM10: Total 0.016 0.013 0.037 0.066 0 23.7% 20.2% 56.2% 100.0% 0.0%
PM2.5: Total 0.010 0.007 0.009 0.026 0 39.7% 25.6% 34.7% 100.0% 0.0%
S0x: Total 0038 0.092 0.003 0132 0 28 9% 69 2% 1.9% 100 0% 0.0%
BC: Total 0.001 0.000 0.003 0.005 0 28.4% 4 6% 67.0% 100.0% 0.0%
OC: Total 0.002 0.001 0.002 0.005 0 44 1% 10.0% 45.9% 100.0% 0.0%
VOC: Urban 0.088 0210 0133 0.431 0 20.3% 48 8% 30.9% 100 0% 0.0%
CO: Urban 0.016 0.002 2.018 2.035 0 0.8% 0.1% 99.1% 100.0% 0.0%
NOx: Urban 0.024 0.005 0.072 0.101 0 23.5% 5.2% 71.3% 100.0% 0.0%
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2 - <9 -0 7 Cell Styles ~
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U7 v ol Jx
A | B C D E F G H
1 Vehicle Stage GHG Emissions
Vehicle Vehicle Total Vehicle
2 WTP Cycle Operation Cycle
3 Powertraln
= ICEV 99 40 426 265
v
7
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9
10 Values
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Obtain Vehicle Cycle GHG Emissions for a
Hybrid Electric Vehicle (HEV), Plug-in
Hybrid Electric Vehicle (PHEV), Battery
Electric Vehicle (BEV/EV), and Fuel-Cell
Vehicle (FCV)
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File Home Insert Draw Pagelayout Formulas Data Review View Automate Help 13 Comments |
v||1[] v‘ A = _ ‘;‘ 9 EE—J? |General v| [iE Conditional Formatting v &H Insert  ~ > v 5? v EE ,_
D v R _ ¢~ % 9 HZ Format as Table v 2% Delete v v PO Add-ins  Analvze
B I Uv itiv Ov AV = = = &= 3= E~ . Y
‘@? - %H _;?H 7 Cell Styles ~ fif] Format v &~ Data
Clipboard I~ Font N Alignment B Number N Styles Cells Editing Sensitivity Add-ins A
R7 v ﬁc N
A B C D E  F G Note:
1 Vehicle Stage GHG Emissions . -
Vehicle  Vehicle  Total Vehicle model all LDV technologies using
2 WTP Cycle Operation Cycle . .
3 Powertrain the conventional material
4 ICEV 99 40 426 265
5 HEV )
6 PHEV ICEV: Gasoline
7 BEV )
8 FCV HEV: Gasoline
10 PHEV: Gasoline and Electricity
Paste as . .
2 BEV: Electricity
13 Values
14 FCV: Gaseous Hydrogen
16
17

Fat
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List the Powertrains from Lowest to
Highest Vehicle Cycle GHG Emissions
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Vehicle cycle GHG emissions results

File Home Insert Draw Pagelayout Formulas Data Review View A

& Avial vll10 v AT AT = = |'£\’§7v ab,
EEV B I Uv #iv v AV = = = =22 E~
BEVS Clipboard = Font N Alignment N
BEVs use a Lithium ion battery when modeled in GREET, R7 V)3 fx
which is heavy and is associated with high vehicle cycle GHG
emissions A B C D -
1 Vehicle Stage GHG Emissions
Vehicle Vehicle Total Vehicle
2 WTP Cycle Operation Cycle
FCVs 3 Powertrain
: : 4 ICEV 99 40 426 565
FCVs use carbon-reinforced plastic for the hydrogen tanks, = HEV 59 P 296 107
which accounts for the higher vehicle cycle GHG emissions 6 PHEV 160 48 132 340
7 BEV 240 82 0 322
8 FCV 245 50 0 295
9
10
ICEV<HEV <PHEV <FCV <BEY >
12
13
14
15
16
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List the Powertrains from Lowest to
Highest Total Vehicle Cycle GHG
Emissions




Total vehicle cycle emissions results

File Home Insert Draw Pagelayout Formulas Data Review View Autol

& [arial Jo A A === B
Eg" B I Uv e dvA. Z=Z=E=E B f
BEV and FCV have Clipboard N Font I~ Alignment N | N
No Vehicle Operation GHG Emissions Y > i
This offsets the increased vehicle cycle emissions from BEVs A ; - . .
and FCVs modeled in GREET 1 Vehicle Stage GHG Emissions
Vehicle Vehicle Total Vehicle
2 WTP Cycle Operation Cycle
o 3 Powertrain
FCVs have lower total vehicle cycle GHG 4 ICEV 99 20
e .2 e o 5 HEV 69 42
emissions than all powertrains including BEVs = {orey e P
7 BEV 240 82
8 FCV 245 50
9
10
FCV<BEV<PHEV<HEV<ICEV T
12
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16
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Calculate the Percentage Reduction in
Total Vehicle Cycle GHG Emissions
Compared to the Same Vehicle Using an
ICEV Fueled with Gasoline
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Paste - B I U-+v 5 0v o Ao — = = —= = 5 $ v % 9 B, Format as Table v X Delete v L]~ /O*’ Add-ins = Analyze
v I - B <8 -0 [ Cell Styles v @Formatv &~ Data
Clipboard T Font 5 Alignment = Number = Styles Cells Editing Sensitivity ~ Add-ins A~
= == == s = .y
F5 v % =100*(1-E5/E4 o ~
e R, Percent reduction = 100 x
A B c D E (1-total powertrain/total ICEV) v a
1 Vehicle Stage GHG Emissions
Vehicle Vehicle Total Vehicle
2 WTP Cycle Operation Cycle
3 Powertrain Reduction (%)
4 |ICEV 99 40 426 000 = = = =y
5 HEV 69 42 296 407 | 28.0525195
6 PHEV 160 48 132 340 39.955300|
7/ BEV 240 82 0 322| 43.055655|
8 FCV 245 o0 0 295 47.816850
L e e - =
9
10
11
12
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14
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16
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Obtain Life Cycle Impacts of SUVs with
Different Battery Chemistries
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Battery chemistry

The electric vehicle industry is shifting to higher
nickel chemistries

Higher nickel chemistries improve the energy
capacity of the battery

Less material is needed to produce the same
battery capacity, which reduces the battery weight

Lighter vehicles produce less GHG emissions
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Battery Chemistry

Model a 2022 Sport Utility Vehicle (SUV) Running on

an NMC811 Battery with the Following Powertrains:
PHEV (50-mi range) and BEV (400-mi range)
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Default Battery Chemistry
Used in PHEVs and BEVs
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VH12 v| A = — |;‘ . EE; |Genera| V| il Conditional Formatting v &H Insert v > v 2? v EE ,_
— . 0O . 5 = . 5
Uoilie o A == = = 3= ) $ o 9 BZ Format as Table %E Delete jo, Add-ins | Analyze
v ' N T - - <9 -0 7 Cell Styles v fiet] Format v &~ Data
Clipboard = Font = Alignment = Number | Styles Cells Editing Sensitivity Add-ins
Al v Jx Scenario Control Variables and Input Assumptions Related to Vehicle and its Components
A B C D E F G H J K L M N 0
86 |5.3) Battery Size in Peak Battery Energy (High Energy Applications), kWh
87 Ni-MH Li-lon
88 PHEV: Conventional Material 15 15
89 PHEV: Lightweight Material 12 12
90 EV: Conventional Material 84 84
91 EV: Lightweight Material 64 64
92
93 |5.4) Battery Replacements During Lifetime of Vehicle
04 Lead-Acid Ni-MH Li-lon
95 ICEV 2
96 HEV 2 0 0
97 PHEV 2 0 0
98 EV 2 0 0
99 FCV 2 0 0
100
101 5.5] Li-ion Battery Cathode Material
102, HEV — - LMO, 2_NMC111, 3 [FP: Hydrothermal, 4. LFP: Solid State, 5. NMCB622, 6. NMC811, 7. NCA 8. NMC532, 9. NMC95
103, PHEV I- 2 1. LMUI 2. NMC111 43 LFP: Hydrothermal, 4. LFP: Solid State, 5. NMC622, 6. N
104 EV 2 . LMOR 2. NMC111_3 LFP: Hydrothermal, 4. LFP: Solid State, 5. NMC622, 6. N
105 FCV T 1. LMO, 2. C111, 3 LFP: Hydrothermal, 4 LFP: Solid State, 5. NMC622, 6. N N Ote'
106 ¢

107 5.6) Battery Specific Power

jIgg Wik i Wilb Wikg e Wb N M Cl l l iS the defa u lt batte ry

=y L - - - " = d =1 1Al %

110 HEV 80 363 2,378 1,079 2,29
111 FCV 800 363[ 2,708 1,228 2,51 .
| chemistry, not default battery type
113|5.7) Battery Specific Energy
114 Ni-MH Li-lon
115 thk% Whlb Whikg Whlb LMO NMC111 LFP NMC622 NMC811  NCA NMC532  NMC95  |LMO
14R DUENS [ "}.»Ir 4174 T0 175 157 4124 107 170 1RR 1E7 4107
< > = Vehilnputs  Mat|nputs Car SUV  PUT  Steel Clron WAl CAl Lead Nickel =~ Cobalt Copper Zinc  Magnesium > t+ I 4@ >
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VH1[J V| A A = —= ;‘ . EE—)’ |Genera| V| [l Conditional Formatting v &H Insert v 2. v Q? v EE ,_3
— $ v % 9 [ZFormatas Table v DX Delete ~ [~ O~
________ e T __ (o) 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 M= 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, 5. NMC622, SuNMGB1 Ly 7. NCA, 8. NMC532, 9. NMC95
1D4| EV 2 MO, 2. NMC111, 3.LFP: Hydrothermal, 4. LFP: Solid State, 5. NMC622g 6. NMC811, 7. NCA, 8. NMC532, 9. NMC95
105, FCV 1 . LMO, 2. NMC111, 3.LFP: Hydrothermal, 4. LFP: Solid State, 5. NMCB22, 6. NMST?. NCA, 8. NMC532, 9. NMC95
106
2
107 5.6) Battery Specific Power 3
108 Ni-MH 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 FC 363] 2,513 1,140 1,890 2513 2,342 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 Wh/kg Wh/lb LMO NMC111 NMCE22 NMC811 NCA NMC532  NMC95 LMO
116 PHEV, 24 174 79 141 165 137 173 181 177 171 187
117 EV 29 177 80
118
119 6. Key Input Parameters for FI
120/6.1) Fluids Replacements During Lif ehicle
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

< >+ Vehi_lnputs Mat_Inputs Car SUV  PUT  Steel Clron  WAI CAl  Lead Nickel  Cobalt Copper Zinc Magnesium > + : 4@ >
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e Home nse Uraw Fage Layou ormulas Uala REVIEW View Automate Help = O < 5 >nare v
o A4y = — [ ab General v| &} conditional Formatting v &H Insert v > v Sv LI I
R&D GREET 2 o JK A ==8Y- 85 Jo oo (@
— v % 9  BZFormatas Table v 22X Delete v [~ v
N @494 e S D 17 Format as Table elete y
d5>le B I g ~ # w d‘ w a w 5 |E E E E w . Add ns Analyze
v — 50 7 Cell Styles ~ fiet] Format ~ &~ Data
Clipboard M= Font ] Alignment Y] Number ] Styles Cells Editing Sensitivity Add-ins e
C104 v Jx 2 ~
A B C D E F G H J K L M N 0
92
93 |5.4) Battery Replacements During Lifetime of Vehicle
94 Lead-Acid Ni-MH Li-lon
95 ICEV 2
96 HEV 2 0 0
o7 PHEV 2 0 0
98 EV 2 0 0
99 FCV 2 0
100
101 5.5] Li-ion Battery Cathode Material
102, HEV 2 MO, 111, 3.LFP: Hydrothermal, 4. LFP: Solid State, 5. NMC622, 6. NMC811, 7. NCA, & NMC532, 9. NMC95
103, PHEV 6 MO, Z7NMC111, 3.LFP: Hydrothermal, 4. LFP: Solid State, 5. NMCGQE,ﬁ_NMﬁBu‘?. NCA, 8. NMC532, 9. NMC95
1D4| EV 2 MO, 2. NMC111, 3.LFP: Hydrothermal, 4. LFP: Solid State, 5. NMCG622g 6. NMC811, 7. NCA, 8. NMC532, 9. NMC95
105, FCV 1 . LMO, 2. NMC111, 3.LFP: Hydrothermal, 4. LFP: Solid State, 5. NMC6226. NETCB‘H';'?. NCA, 8. NMC532, 9. NMC95
106
2
107 |5.6) Battery Specific Power 3
108 Wi-MH Li-lon Li-lon specific power by type (W/kag)
109 4 Wb Wikg Wb LMO NMC111 LFP NMCE22 NMC811 NCA NMC532 NMC95
110 HEV. 5 363 2,378 1,079 2,050 2,378 2,221 2,421 2,484 2,438 2,419 2,527
111 FC 363] 2513 1,140 1,890 2513 2,342 2 565 2635 2584 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 Whilb LMO NMC111 LFP NMC622 NMC811 NCA NMCS532  NMC95 LMO
116 PHEV, 24 174 79 141 165 137 173 181 177 171 187
117 EV 29 187 85
118
119 6. Key Input Parameters for FI
120/6.1) Fluids Replacements During Lif ehicle
Power Steering Transmission Windshield
< > «  Vehi_Inputs Mat_Inputs Car SUV  PUT  Steel Clron WAI CAl  Lead Nickel  Cobalt Copper Zinc Magnesium > + I 4= g
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Default Battery Replacement Assumption
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Jro WA AT = == ab, | & g & 2. v 7 EE ._1
- iy O w w mE L
e oo AL - = ) $ o 9 BZ Format as Table % Delete jo, Add-ins | Analyze
o T - D <0 -0 [iZ, Cell Styles v b= Format v &~ Data
Clipboard M= Font = Alignment Y] Number Y] Styles Cells Editing Sensitivity Add-ins ~
R103 v fx

A B C D E F G H J K L M N 0
92
93 | 5.4) Battery Replacements During Lifetime of Vehicle
04 Lead-Acid Ni-MH Li-lon
95 ICEV 2
96 HEV 2 0 —
97 PHEV 2 0 r 0
98 EV 2 0 0
99 FCV 2 0 0
100
101 Eﬁ) Li-ion Battery Cathode Material
102, HEV 2 1. LMO, 2. NMC111, 3.LFP: Hydrothermal, 4. LFP: Solid State, 5. NMC622, 6. NMC811, 7. NCA, 8. NMCS532, 9. NMC95
‘103| PHEV 6 1. LMO, 2. NMC111, 3.LFP: Hydrothermal, 4. LFP: Solid State, 5. NMC622, 6. NMC811, 7. NCA, 8. NMC532, 9. NMC95
104, EV 6 1. LMO, 2. NMC111, 3.LFP: Hydrothermal, 4. LFP: Solid State, 5. NMC622, 6. NMC811, 7. NCA, 8. NMCS532, 9. NMC95
105, FCV 2 1. LMO, 2. NMC111, 3.LFP: Hydrothermal, 4. LFP: Solid State, 5. NMC622, 6. NMC811, 7. NCA, 8. NMC532, 9. NMC95
106
107 5.6) Battery Specific Power
108 MNi-MH Li-lon Li-lon specific power by type (W/kg)
109 W/k Wb Wikg Wb LMO NMC111 LFP NMC622 NMC811 NCA NMCS532 NMC95
110 HEV 80 363 2,378 1,079 2,050 2378 2,221 2,421 2,484 2,438 2,419 2527
111 FCV 800’ 363[ 2,513 1,140 1,890 2,513 2,342 2,565 2,635 2,584 2,958 2677
112
113|5.7) Battery Specific Energy Li-ion Battery Specific Energy (Wh/kg)
114 Ni-MH Li-lon PHEV: 35-mile
115 Wh/k: Wh/lb Wh/kg Wh/lb LMO NMC111 LFP NMCB22 NMC811 NCA NMCS532  NMCS5 LMO
116 PHEV 5 24 174 79 141 165 137 173 181 177 171 187
117 EV 65 29/ 187 85
118
119 6. Key Input Parameters for Fluids
120/6.1) Fluids Replacements During Lifetime of Vehicle

Power Steering Transmission Windshield
< > e« Vehi_lnputs Mat_Inputs Car SUV  PUT  Steel Clron WA CAl  Lead Nickel  Cobalt Copper Zinc  Magnesium L 4 g
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Obtain Vehicle Cycle GHG Emissions for a
Plug-in Hybrid Electric Vehicle (PHEV) and a
Battery Electric Vehicle (BEV/EV)



= pl* = = LT awy L] C o\ YL L) Lila L/dlLd ANEVIEW vV IEWY =17 s dlE mlsle ¥ . = 1 2Idie ™
P - — () Number v Conditional Formatting ~ & Insert  ~ v by~ L1 ()
Jrio VA A =E =(=|% ab, | - g < 2. v 2 =5 —E.mr
- v 9 9 Format as Table v x Delete ~ v v .
Uv Hlv 0 Ay Z==== 8- b % % - P Add-ins - Analyze
v <9 -9 7 Cell Styles v fiet] Format ~ &~ Data
Clipboard = Font = Alignment = Number = Styles Cells Editing Sensitivity Add-ins ~
B197 v fx =HLOOKUP(GREET1_Import_Export!$B$375,$N$9:$R$10,2,FALSE)/HLOOKUP(GREET1 Import_Export!$D$374,%N%$7:$R%8,2, -
FALSE)*HLOOKUP($D%$3,$N$7:$R$8,2,FALSE) /HLOOKUP($D%$4,$N$9:$R$10,2,FALSE) *(GREET1_Import_Export!$T390+GREET1
_Import_Export!$U390)/Vehi_Inputs!$E$150
129 Grid-Connected S| PHEV: CG and RFG, Conventional Material
12 R R mRommommom= == Btu/mite or gimile Percentage of each stage
Vehicle Vehicle
Vehicle Vehicle Cycle Vehicle Vehicle Cycle
127 | ltem Cycle (2 Credits WTP Cycle Operation Total Credits
[ )
128 Total energy 679 l 0 30.5% 14.0% 55.5% 100.0% 0.0%
129 |Fossil fuels Ve h IC e 0 29 1% 14.7% 56.1% 100.0% 0.0%
130|Coal " 0 39.2% 21.4% 39.4% 100.0% 0.0%
131 |Natural gas 0 50.4% 20.6% 29.0% 100.0% 0.0%
132 |Petroleum operatlon 0 T.3% 7.0% 85.7% 100.0% 0.0%
133 | Water consumption 0 84 5% 15.5% 0.0% 100.0% 0.0%
134 C0O2 (VOC, CO, C0O2) 0 45.2% 13.6% 41.2% 100.0% 0.0%
135|CH4 . . 0 18.7% 20.7% 0.6% 100.0% 0.0%
136 |N20 (G /g =g e mfe (| —p) (i 0 67.3% 12.9% 19.8% 100.0% 0.0%
137 |GHGs l— ‘159' 47 131 L 338' 0 47 1% 14.0% 36.9% 100.0% (-
138 |VOC: Total — a5 d m—) o m— oY ) 0 13.9% 71.9% 14.2% 100.0% ° °
139 CO- Total 0.079 5.5% 9.1% 85 4% 100.0% PHEV bu | lt and used in 2022
140 |NOx: Total 0.134 60.8% 22 6% 16.6% 100.0%
141 | PM10: Total 0.0 26.8% 23.0% 50.2% 100.0% °
142 PM2.5: Total 0.0 43.3% 31.4% 25 3% 100.0% with an NMC811 batte ry
143 | 50x%: Total 0.0 37.6% 62.1% 0.3% 100.0%
144 |BC: Total 0.00 U 29.9% 10.3% 59.8% 100.0% °
145|0C: Total 0.00 0 57.6% 13.9% 28.5% 100.0% Chem|5try and fueled by
146 |VOC: Urban 0.028 0 9.8% 73.8% 16.4% 100.0%
147 |CO: Urban 0.016 . . 0 1.8% 0.3% 97.9% 100.0% I' d l o __C
148 |NOx: Urban 0.031 0.006 0.026 0.062 0 49 2% 9.1% 41.7% 100.0% gaso Ine an e eCtr|C|ty
149 PM10: Urban 0.004 0.001 0.024 0.028 0 14.4% 2.6% 83.0% 100.0%
150|PM2.5: Urban 0.003 0.001 0.004 0.008 0 41.6% 6.0% 52.4% 100.0% 0.0%
151|50x: Urban 0.026 0.007 0.001 0.034 0 76.6% 21.8% 1.6% 100.0% 0.0% S —
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B197 v fx =HLOOKUP(GREET1_Import_Export!$B$375,$N$9:$R$10,2,FALSE)/HLOOKUP(GREET1 Import_Export!$D$374,%N%$7:$R%8,2, ™~
FALSE)*HLOOKUP($D%$3,$N$7:$R$8,2,FALSE) /HLOOKUP($D%$4,$N$9:$R$10,2,FALSE) *(GREET1_Import_Export!$T390+GREET1
_Import_Export!$U390)/Vehi_Inputs!$E$150
A B C D E F G H I J K L M N 0 P Q R
125 Grid-Connected S| PHEV: CG and RFG, Conventional Material
126 Btu/mile or g/mile Percentage of each stage
Vehicle Vehicle
Vehicle Vehicle Cycle Vehicle Vehicle Cycle
127 | ltem WTP Cycle Oper Total Credits WTP Cycle Operation Total Credits
128 Total energy 1,485 679 4 866 0 30.5% 14.0% 55.5% 100.0% 0.0%
129 Fossil fuels 1,226 620 4,208 0 29 1% 14.7% 56.1% 100.0% 0.0%
130 Coal 176 822 0 39 2% 21.4% 39.4% 100.0% 0.0%
131 Natural gas 0 50.4% 20.6% 29.0% 100.0% 0.0%
132 Petroleum 0 7.3% 7.0% 85.7% 100.0% 0.0%
133 Water consumption 0 84 5% 15.5% 0.0% 100.0% 0.0%
134/ C0O2 (VvOC, CO, C02) 0 45 2% 13.6% 41.2% 100.0% 0.0%
135|/CH4 0 78.7% 20.7% 0.6% 100.0% 0.0%
136 N20 0 67.3% 12.9% 19.8% 100.0% 0.0%
137 | GHGs 0 47T 1% 14.0% 38.9% 100.0% 0.0%
138 VOC: Total v va wane wg:sars 0 13.9% 71.9% 14.2% 100.0% 0.0%
139 CO: Total 0.079 0.132 1.231 1.442 0 5.5% 9.1% 85.4% 100.0% 0.0%
140 NOx: Total 0.136 0.050 0.037 0.223 0 60.8% 22 6% 16.6% 100.0% 0.0%
141 PM10: Total 0.018 0.015 0.034 0.067 0 26.8% 23.0% 50.2% 100.0% 0.0%
142 PM2 .5: Total 0.011 0.008 0.006 0.025 0 43 3% 31.4% 25.3% 100.0% 0.0%
143 S0x: Total 0.088 0.146 0.001 0.235 0 37 6% 62.1% 0.3% 100.0% 0.0%
144 BC: Total 0.001 0.000 0.002 0.003 0 29 9% 10.3% 59.8% 100.0% 0.0%
145 OC: Total 0.003 0.001 0.001 0.005 0 57 6% 13.9% 28.5% 100.0% 0.0%
146 |VOC: Urban 0.028 0.210 0.047 0.285 0 9.8% 73.8% 16.4% 100.0% 0.0%
147|CO: Urban 0.016 0.002 0.862 0.880 0 1.8% 0.3% a7.9% 100.0% 0.0%
148/ NOx: Urban 0.031 0.006 0.026 0.062 0 49 2% 9.1% 41.7% 100.0% 0.0%
149/ PM10: Urban 0.004 0.001 0.024 0.028 0 14 4% 2.6% 83.0% 100.0% 0.0%
150/ PM2.5: Urban 0.003 0.001 0.004 0.008 0 41 6% 6.0% 52 4% 100.0% 0.0%
151 80x: Urban 0.026 0.007 0.001 0.034 0 76.6% 21.8% 1.6% 100.0% 0.0%
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A | B C D E | F J
1 Vehicle Stage GHG Emissions Note:
Vehicle Vehicle Total Vehicle .
2 WTP  Cycle  Operation Cycle model all LDV technologies
3 Powertrain Reduction (%) ) )
4 ICEV 99 40 426 565 using the conventional
5 HEV 69 42 296 407 28.052515 )
6 PHEV 160 48 132 340  39.955300 material
/7 BEV 240 82 0 322 43.055655
8 FCV 245 o0 0 295 47.816850 : e
: PHEV: Gasoline and Electricity
10 PHEV (NMC811) 159 47 131 338 o - o
11 BEV (NMC811) 233 0 313 BEV‘ EIeCtnCIty
s 2,
. @D
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Calculate the Percentage Reduction in
Total Vehicle Cycle GHG Emissions
Compared to the Same Powertrain Using
an NMC111 Battery
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Percent reduction =
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1 Vehicle Stage GHG Emissions
Vehicle Vehicle Total Vehicle
2 WTP Cycle Operation Cycle
3 Powertrain Reduction (%)
4 |ICEV 99 40 426 565
5 HEV 69 42 296 407 28.052515
6 PHEV 160 48 132 340 39.955300
7 BEV 240 82 0 322 43.055655 ~
8 FCV 245 50 0 205 47816850 (el A L4 Ty
L (Y E R S —— 0
10 PHEV (NMC811) 159 47 131 334l 0.49%
11 BEV (NMC811) 233 80 0 .
12 BEV reduction
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Emissions reduction

As expected, the higher nickel chemistry battery

produced less total vehicle cycle GHG emissions

Using a Higher-nickel Cathode is More Efficient
The battery has a higher energy density making the
battery lighter and increasing the vehicle’s fuel economy

The battery needs to be charged fewer times in the
lifetime, reducing the amount of electricity used by the

vehicle

Emissions associated with electricity production
decreases
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Obtain Life Cycle Impacts of FCV SUVs
with Different Hydrogen Pathways
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206 6. Hydrogen Production

207 6.1) Basis of H2 Production Assumptions from Different Technology Pathways
208 Hydrogen 1 1 - GREET Default, 2 — User defined
209 Worksheet
210
211
212 Results 6.2) Share ofHZrPrnducti.onJ:.y LOCAI N e o o o e e e e e e e e e e e e e ==
213 Gaseous H2 Liguid H2
214 Back to Top | antral Plgnts 100.0% 100.0% I
215 Refueling Stations 0.0%
216
217 6.3) Share of H2 Feedstock Sources in Central Plants
218 [ Gaseous H2 Liquid H2||
219 NG 100.0% 100.0%
220 | PEM Electrolysis 0.0% 0.0% I
221 Muclear (LWR) High Temperature Electrolysis with SOEC 0.0% 0.0%
222 | [
223
224 I Coal 0.0% 0.0% I
225 I Biomass 0.0% 0.0% I
226
227 I Coke Oven Gas 0.0% 0.0% I
228 Byproduction from chlorine plants 0.0% 0.0%
229 I By-product from NGL steam cracker plants 0.0% 0.0% |
230 Pet Coke 0.0%
231 I RNG SMR 0.0% |
232 NG Autothermal Reforming 0.0%
233 | RNG Autothermal Reforming I
234 Methane Pyrolysis (Using NG
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6.8) Selection of Method for Estimating Credits of Co-Products for NG Based Fuel Pathways (Co-products are defined in Section 6.7

6.9) Electric Gen

- " . A
A V — - b A 'e b e b
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6.5) NG Feedstock Options for H2 Production via SMR
Gaseous H2 Liguid H2 Mote:
Central Plants 1 1 1 — Morth American NG, 4 — Renewable Natural Gas &
Distributed Production at Refueling Stations 1 1

6.6) CO2 Seque Produycti
Gaseous H2 Liquid H2
NG-Based SMR H2 Plants 1 1
Coal-Based HZ Plants 2 2 Mote:
Biomass-Based H2 Plants 1 1 1 — Without CO2 sequestration
Pet Coke-to-H2 Plant 1 2 — With CO2 sequestration

ATR H2 Plants

NG/ENG Coal Biomass Petcoke
1

1 1

Central Plant G.H2 1

CentralPlantlHol ¢4 1 |

(Gaseous H2 Liguid H2 1 — Solar, 2 —Wind, 3 — Hydro, 4 —Nuclear (LWR.), 5— Mix for transportation use (see 1[}.2.ajl
1 1
o [ | | | | | [ | | | | | [ | | | [ | | | | | [ | | | | | [ | | | [ | | | | | [ | | | | | [ | | | [ | | | | | [ | | | | | [ | | | [ | | | | | [ | | | '
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275
276 6.10) Electric Ge e e e e e e e e e e e e e e e e e
277 (Gaseous H2 Liguid H2 1 -- Solar, 2 -- Wind, 3 -—- Hydro, 4 --Nuclear (LWR), 5-- Mix for fransportation use (see 1D.Q.a)|
278 1 1
279 e mmmmmm—m————
280 6.11) Shares of Willow, Poplar, Switchgrass, Corn Stover, Forest Residue, and Miscanthus for H2 production in central plants n
281 Willow Poplar Switchgrass Corn Stover
282 Gaseous H2 0.0% 100.0% 0.0% 0.0%
283 Liquid H2 0.0% 100.0% 0.0% 0.0%
284
285 6.12) Simulation Options of Treating H2 produced from Coke Oven Gas (COG)
286 (Gaseous H2 Liguid H2 1 — Scenario 1: COG is treafed as a co-product
287 3 3 2 — Scenario 2: COG is treated as a byproduct
288 3 — Scenario 3 Supplemen@l MG and electricity use to makeup for BTU withdrawal from separated Hz
289 6.13) Selection I i iquifaction | — mmm " — w— w— m— m—
290 H2 Plant Type Electricity Mix 1
201 MNG-Based Plant 2 1 — NGCC; 2 — Mix for stationary use (see 10.2.a) |
292 Solar Energy-Based Plant 2 1 — Solar; 2 —- Mix for stationary use (see 10.2.a)
293 Muclear Plant (HTGR water cracking) 1 1 — Nuclear; 2 — Mix for stationary use (see 10.2.a) I
204 Coal-Based Plant 2 1 — Coal IGCC; 2 — Mix for stationary use (see 10.2.a)
295 Biomass-Based Plant 2 1 - Biomass IGCC; 2 — Mix for stationary use (see 10.2.a) I
2096 COG-Based Plant 2 1 — Coal IGCC; 2 — Mix for stationary use (see 10.2.a) g
297 R R R ER R R oER R o ommoEmommommommommommommommmommmommm e m—m—————
298
299
300
301
302 6.15) Integrated Fermentation Plant Type
303 1 1 — w/ H2 Recovery, 2 — w/ Energy Recovery
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SMR (w/o CCS)

Model a 2022 Fuel-Cell Vehicle (FCV) Sport Utility

Vehicle (SUV) Fueled by Gaseous Hydrogen
Produced from Steam Methane Reforming (SMR)
without Carbon Capture and Sequestration (CCS)
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Natural gas reforming

Step 1
Apply high-temperature steam to natural gas
(which contains methane) in the presence of
a catalyst

Methane Hydrogen
CH4 3 HZ\

Carbon
Monoxide

CO

GREAT PLAINS 1 ¢
s |INSTITUTE Arggﬂﬂﬁkﬁ EN:RGY

Step 2
The carbon monoxide and the steam react
over a catalyst in a water-gas shift reactor to
produce more hydrogen

Carbon Hvd Carbon
Monoxide yarogen Dioxide

CO H,. CO,

- Hydrogen Production: Natural Gas Reforming | Department
of Energy



https://www.energy.gov/eere/fuelcells/hydrogen-production-natural-gas-reforming
https://www.energy.gov/eere/fuelcells/hydrogen-production-natural-gas-reforming
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207 6.1) Basis of H2 Production Assumptions from Different Technology Pathways
208 Hydrogen 1 1 — GREET Default, 2 - User defined
209 Worksheet
211
212 Results 6.2) Share of H2 Production by Location e ———
213 I Gaseous H2 Liguid H2
214 Central Plants 100.0% 100.0%
215, | BacktoTop RETINTStlons™ ™ ™ = = T,
216
217 6.3) Share of H2 Feedstock Sources in Central Plants — o e w— — | /
218 Gaseous H2 Liguid H2
219 NG 100.0% 1 100.0%
220 PEM Electrolysis e 0 0.0%
221 Muclear (LVWR) High Temperature Electrolysis with SOEC 0.0% 0.0%
222
223
224 Coal 0.0% 0.0%
225 Biomass 0.0% 0.0%
226
227 Coke Oven Gas 0.0% 0.0%
228 Byproduction from chlorine plants 0.0% 0.0%
229 By-product from NGL steam cracker plants 0.0% 0.0%
230 Pet Coke 0.0%
231 RNG SMR 0.0%
232 NG Autothermal Reforming 0.0%
233 RNG Autothermal Reforming
234 Methane Pyrolysis (Using NG
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246 6.5) NG Feedstock Options for H2 Production via SMR

247 Gaseous H2 Liguid H2 Mote:

248 Central Plants 1 1 1 — Morth American NG, 4 — Renewable Natural Gas &

249 Distributed Production at Refueling Stations 1 1

250 .

251 6.6) CO2 Sequestration Options for Central Plant I;|2_B|'_Q_d_|.|mgn________________1 /

252 Gaseous H2 Liquid H2

253 I NG-Based SMR H2 Plants 1 1 1 = = e o = . =

254 = ToaBased H2Plants| — = 2 O 2 Note:

255 Biomass-Based H2 Plants 1 1 I 1 — Without CO2 sequestration I

256 Pet Coke-to-H2 Plant 1 m— O\ C s e e st o™

257 ATR H2 Plants 2 2

258 6.7) Selection of H2 Plant Design Types

259 NG/RNG Coal Biomass Petcoke N

260 Central Plant G.H2 1

261

262 - CentralPantlH2l 4 |

263

264

265 6.8) Selection of Method for Estimating Credits of Co-Products for NG Based Fuel Pathways (Co-products are defined in Section 6.7)

266 NG/RNG Coal Biomass Petcoke

267 Central Plant G.H2 1 1 1 1

268

269 T a2 o e —

270

271

272 6.9) Electric Generation Source for H2 Production via PEM Electrolysis

273 (Gaseous H2 Liguid H2 1 — Solar, 2 - Wind, 3 — Hydro, 4 —Nuclear (LWR.), 5— Mix for transportation use (see 10.2.a)

274 1 1

275 v
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Fuel Cycle GHG Emissions
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=2, "Non- , nputs! =3, 5 lE6=1, , IE7=1, "Manure-base as", IE8=1, - B
2,"N NA NG",IF(I ts!|F248=3,"FG",IF(RNG!E6=1,"LFG",IF(RNG!E7=1,"M b d AD Gas",IF(RNG!E8=1,"WWTP- #
based AD Gas","RNG")))))),"")&IF(Inputs!F220=1,"Solar","")&IF(Inputs!F222=1,"Nuclear”,"")&IF(Inputs!F223=1, w
A B C D E F G H I J K L M N 0 A
1 Home WTW Results Menu Select a vehicle type from a pink drop down menu, then press "Go"
2 81 ICE Vehicles Go Sl Hybrid Vehicles (HEV) Go Sl Plug-in Hybrids (PHEV) G Performance-enhancing Fuels
3 Inputs Select Fuels Select Fuels Select Fuels o 'R Selct Fuels
4 SIDI ICE Vehicles Go CIDI Hybrid Vehicles (HEV) Go CIDI Plug-in Hybrids (PHEV) Go
5 Back to Top Select Fuels Select Fuels na_
B CIDI ICE Vehicles EMANdEC . o o o GCI ICE Vehicles
7 S e Select Fuels Go TECU - Gaseous H2 ), | G0 | Select Fuels Go
8 WTW Changes Unit Selection Select units from a pink drop down menu for thé Resuls = a
9 Per Vehicle Distance Travelled Per Energy in Fuels
10 Energy Unit: |Biu Emission Unit: '@ Energy Unit: | Biu Emission Unitpel s s @
11 — e mmm mmm  mmm Service Functional Unit: 'mile Energy Functional Unit:[MJ e
113: FCV: G.H2, Central Plants; NA NG, -
211 tu/mile or Gallon/mile or g/mile Btu/MJ or Gallon/MJ or g/MJ
Vehicle Vehicle
2115 ltem Feedstock Fue Total Feedstock Fuel Operation Total
7116 | Total Energy 281 ~ l 3,860 102 354 948 1,404
2117 |Fossil Fuels 279 Ve h IC e 3,746 102 313 948 1,362
2118 | Coal 164 1 a9 0 60
7119 | Natural Gas = 3,494 100 223 948 1,271
2120 | Petroleum FeedStOCk operatlon 87 0 31 0 32
2121 Water Consumptio 0 0 0 0 0 . .
0122 CO2 (W/ C in VOC & 231 6 78 0 84 b l d d
2123 | CH4 T 0.690 0.192 0.059 0.000 0.251 FCV SUV u' t a n use In .
2124 |N20 gy == =800 e (GG )y 0.001 0.001 0.000 0.002 2022 N G S M R
D125 GHGs 34 220 &L 253 12 80 0 92 d fueled b
2126 |VOC: Total — MBII- — G!HSJ— — m— 0.010 0.005 0.000 0.015 an ue e y
2127 CO: Total g O 0.032 0.012 0.000 0.044 h
2128 | NOx: Total 0.038 0.015 0.000 0.053 g d r g n
7129 | PM10: Total 0.000 0.003 0.011 0.015 aseous y o e
2130 PM2.5: Total c c 0.000 0.002 0.002 0.004 v
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Solar-Powered Hydrogen

Model a 2022 Fuel Cell Vehicle (FCV) Sport Utility

Vehicle (SUV) Fueled by Gaseous Hydrogen
Produced from Solar-Powered PEM Electrolysis
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Electrolysis

Electrolysis: splitting water in an electrolyzer

Electrolyzers have a cathode and an anode separated by an electrolyte

H+
)
Q
+ S E
O
\ /
NS
2 H2 - Hydrogen Production: Electrolysis |

Department of Energy
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https://www.energy.gov/eere/fuelcells/hydrogen-production-electrolysis
https://www.energy.gov/eere/fuelcells/hydrogen-production-electrolysis
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6.3) Share of H2 Feedstock Sources in Central Plants
Liquid H2
0.0% 100.0%
100.0% 0.0%
T g% 0.0%
Coal 0.0% 0.0%
Biomass 0.0% 0.0%
Coke Oven Gas 0.0% 0.0%
Byproduction from chlorine plants 0.0% 0.0%
By-product from NGL steam cracker plants 0.0% 0.0%
Pet Coke 0.0% 0.0%
RNG SMR 0.0%
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FCV SUV fueled by gaseous
hydrogen made from NG SMR

FCV SUV fueled by gaseous hydrogen
made from solar PEM
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Fossil fuel hydrogen compared to renewable hydrogen

As expected, the hydrogen made from renewable

energy produced less total fuel cycle GHG
emissions

Solar-powered Hydrogen Produces Fuel Emissions
1. Transportation of hydrogen at plant gate to the
hydrogen fuel pump
2. Compression of hydrogen
3. Loading hydrogen into the tube trailer

NG-SMR-produced hydrogen produces feedstock and
fuel emissions
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Solar Infrastructure

Model a 2022 Fuel-Cell Vehicle (FCV) Sport Utility

Vehicle (SUV) Fueled by Gaseous Hydrogen
Produced from Solar-Powered PEM Electrolysis
Including the Embodied Emissions of the Solar

Infrastructure and Storage
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S e, & Select Fuels Go FCV - Gaseous H2 | G861 Select Fuels Go
WTW Changes Unit Selection Select units from a pink drop down menu Tor the Results
Per Vehicle Distance Travelled Per Energy in Fuels
Energy Unit: |Biu Emission Unit: [g Energy Unit: |Biu Emission Unilpel] s == s
— o mm — — — Service Functional Unit: ‘mile Energy Functional Unit: [MJ
21 1||ch: G.H2, Central Plants Solar’ ————
L . —_—— Bft/mile or Gallon/mile or g/mile Btu/MJ or Gallon/MJ or g/MJ
Vehicle Vehicle
2115/ ltem Feedstock Fuel Feedstock Fuel Operation Total
2116 Total Energy 2 736 995 216 048 2 158
2117 Fossil Fuels 695 253 176 0 429
2118 Coal 131 57 0 188
2119 Matural Gas 105 88 0 193
2120 Petroleum 31 0
2121 Water Consumption .. 0 0 2 -
2122 CUQ(wainVUC& emISSIOnS 13 0 FCV SUV b“llt and used In 2022 and
2123|CHA4 . _ _ 0.026 0.000 .
2124 N20O 0.000 0.000
e e . X fueled by solar PEM gaseous
2126 VOC: Total 0.002 0.000
2127 CO: Total 0.011 0.000 M M M
127 O Tola o hydrogen including infrastructure
2129 PM10: Total 0.001 0.011 _
2130 PM2.5: Total 0.001 0.002 v
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v ogical v ooku eference v eset v efine Name ~ y, Trace Precedents e -
7] Logical Lookup & Ref 2 Reset °] & DefineN EL, Trace Precedent % =
L6 i
o v A I {;i T = i H A H w = | i .
Insert  Ed necently Used Text Math & Trig Insert [EG) Diagnostics Name G Use in Formula ] Trace Qependents A Watch Calculation
Function Financial ¥ Date & Time v E More Functions v Python I:% Initialization Manager Ej.ﬁ Create from Selection JS)( ows ¥ @ Window Options ¥
Function Library Python Defined Names ula Auditing Calculation
K216 v i Jx
A B C E F G
o0 6. Hydrogen Production Use trace precedence
207 6.1) Basis of H2 Production Assumptions from Different Technology Pathways
208 Hydrogen 1 1 — GREET Default, 2 — User defined e
209 Worksheet tO a dj USt th e
210
211
212 Results 6.2) Share of H2 Production by Location
213 (Gaseous H?
214 Back to Top antral Plgnts 100.0%
215 Refueling Stations 0.0%
216
217 6.3) Share of H2 Feedstock Sources in Central Plants
218 Liguid H2
219 NG 0.0% 100.0%
220 PEM Electrolysis 100.0% I 0.0%
221 Nuclear (LWR) High Temperature Electrolysis with SOEC T 0% 0.0%
222
223
224 Coal 0.0% 0.0%
225 Biomass 0.0% 0.0%
226
227 Coke Oven Gas 0.0% 0.0%
228 Byproduction from chlorine plants 0.0% 0.0%
229 By-product from NGL steam cracker plants 0.0% 0.0%
230 Pet Coke 0.0% 0.0%
231 RNG SMR 0.0%
232 NG Autothermal Reforming 0.0%
233 RNG Autothermal Reforming 0.0%
234 Methane Pyrolysis (Using NG 0.0%
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v Logical ¥ E Lookup & Reference ¥ @ Z) Reset ~ &) Define Name v E'a_._., Trace Precedents |7f1 :| en

R&D GREET 1 sed ¥ Text v Math & Trig ¥ Insert & Diagnostics Name G Use in Formula ~ q‘a Trace Dependents A, ~ Wi?h Calculation
Function Financial v~ Date & Time v E More Functions ¥ Python [.%, Initialization Manager B75 Create from Selection F;; Remove Arrows v @ Window  Options ¥
Function Library Python Defined Names Formula Auditing Calculation ~
NG_GH2_Electrolysis_PowerPlant vz ﬁc 1 ~
A B C D E F G H A
271
272 6.9) Electric Generation Source for H2 Production via PEM Electrolysis eq RN—
273 (Gaseous H2 uid H2 1 - Solag 2 —- Wind, 3 —- Hydro, 4 —Nuclear (LWR), 5— Mix for transportation use (see 10.2.a)
274] 1 1 e — d
275 1
276 6.10) Electric Geg ueling Stations .
277 Liquid H2 1 — Solar, 2 —Wind, 3 — Hydro, 4 —Nuclear (LWR), 5— Mix for transportation use (see 10.2.a)
278 1
o
280 6.11) Shares of V 2 L . 2, and Miscanthus for H2 production in central plants
281 Willow Poplar Switchgrass Corn Stover
282 Gaseous H2 0.0% 100.0% 0.0% 0.0%
283 Liquid H2 0.0% 100.0% 0.0% 0.0%
284
285 6.12) Simulation Options of Treating H2 d from Coke Oven Gas (COG)
286 Gaseous H2 Liquid H2 1 - Scenario 1: COG is treated as a co-product
287 3 3 2 — Scenario 2° COG is treated as a byproduct
288 3 — Scenario 3: Supplemenfél MG and electricity use to makeup for BTU withdrawal from separated Hz
289 6.13) Selection of Electricity Generation Mix for H2 liquifaction in Central Plants
290 H2 Plant Type Electricity Mix
201 MG-Based Plant 2 1 —- NGCC; 2 —- Mix for stationary use (see 10.2.a)
202 Solar Energy-Based Plant 2 1 — Solar; 2 — Mix for stationary use (see 10.2.a)
293 MNuclear Plant (HTGR water cracking) 1 1 — Nuclear; 2 -- Mix for stationary use (see 10.2.a)
204 Coal-Based Plant 2 1 — Coal IGCC; 2 — Mix for stationary use (see 10.2.a)
295 Biomass-Based Plant 2 1 — Biomass IGCC; 2 — Mix for stationary use (see 10.2.a)
296 COG-Based Plant 2 1 — Coal IGCC; 2 — Mix for stationary use (see 10.2.a)
297
298
299
300
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Draw Page layout Formulas Data Review View Automate Help |13 Comments |

v Logical v @ Lookup & Reference v P Z) Reset ~ <j &) Define Name ~ E]x_:_-] Trace Precedents [7,(1 :‘ SN
e 1 E

Insert | Recently Used v Text v Math & Trig v Insert [5G Diagnostics Name G Use in Formula v q‘ﬂ Trace Dependents A ~ Watch Calculation
Function Financial ~ Date & Time v [ﬂ More Functions Python E%. Initialization Manager B7; Create from Selection F;( Remove Arrows v Window  Options v
Function Library Python Defined Names Formula Auditing Calculation A
Electric_Infra_Option v ol Jx No A
A B C D E F G H | A
oy TW. =T WITUl e w1 - UISTUCIRTUT IO T OWWeT T TAarm=o
808 Will Poplar Switchgrass Miscanthus Forest Residue
809 0. 0.0% 0.0% 0.0% 100.0%
810
811 10.5) Share of Geothermal Technologies and Fugitive CO2 emissions
812 ydrothermal-Flash Hydrothermal-Binary Geothermal-EGS
813 Shares of Geothermal Technologies 100.0% 0.0% 0.0%
814 Fugitive CO2 emissions from geofluid (g CO2/KVVh) 91 0 0
815 —
816 Ill].t‘v_}lEnergy Use of Power Plant Construction Materials
817 b consider energy and emissions for infrastructure of power plants?
818 o include battery storage for solar PV system?
819 10.7) The Types %-based, Coal-based, and Biomass-based Fuel Plants for Export to Grid
820 10.7.a) NG-Based Naphtha, and H2)
821 1-- Electricity generation mix (Could be U.5. mix, NE U.5. mix, CA mix, or user defined mix, which is diefined for stationary use in se( .
822 2— NGCC electricity
823 3-- Coal IGCC electricity
824 4-- Biomass |GCC electricity
825 10.7.b) Biomass-Based Fuel Plants (Inclu ass to EtOH, MeOH, DME, FT Diesel, and H2)
826 1-- Electricity generation mix (Could be U.5. mix, NE U.5. mix, CA mix, or user defined mix, which is diefined for stationary use in se(
827 2— NGCC electricity
828 3— Biomass IGCC electricity
829 10.7.c) Coal-Based Fuel Plants (Including Coal to H2, and MeOH, DME, and FT Diesel)
830 1 1-—- Electricity generation mix (Could be U.5. mix, NE U.5. mix, CA mix, or user defined mix, which is diefined for stationary use in se(
831 2— NGCC electricity
832 3— Coal IGCC electricity
833 10.7.d) Pet Coke-Based Fuel Plants (Including Pet Coke to H2)
834 1 1-- Electricity generation mix (Could be U.5. mix, NE U.5. mix, CA mix, or user defined mix, which is diefined for stationary use in se(
835 2— NGCC electricity
836 3-- Coal IGCC electricity —
o7
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Draw  Page Layou ormulas Data Review View Automate elp = COIMIe % >nare ¥
v Logical v Lookup & Reference v Reset ~ °] & Define Name ~ EL, Trace Precedents Zs =
R&D GREET 1 2 : . 2| E
Insert | Recently Used v Text v Math & Trig v Insert [EG) Diagnostics Name <;: Use in Formula v q"ﬂ Trace Dependents A, ~ Watch Calculation
Function (8] Financial v Date & Time v [ﬂ More Functions ¥ Python [:5‘5} Initialization Manager B7; Create from Selection F;.( Remove Arrows v Window  Options ¥
Function Library Python Defined Names Formula Auditing Calculation ~
RNAVFCVGH2 v Jx ="FCV: G.H2"&IF(Inputs!F214=1,", Central Plants, "&IF(Inputs!F219=1,IF(Inputs!F248=1,"NA NG",IF(Inputs!F248 ~
=2,"Non-NA NG",IF(Inputs!F248=3,"FG",IF(RNG!E6=1,"LFG",IF(RNG!E7=1,"Manure-based AD Gas",IF(RNG!E8=1,"WWTP- :
based AD Gas","RNG")))))),"")&IF(Inputs!F220=1,"Solar","")&IF(Inputs!F222=1,"Nuclear”,"")&IF(Inputs!F223=1, w
A B C D E F G H | J K L M N 0
Home WTW Results Menu Select a vehicle type from a pink drop down menu, then press "Go"
S| ICE Vehicles Go Sl Hybrid Vehicles (HEV) Go Sl Plug-in Hybrids (PHEV) G Performance-enhancing Fuels
Inputs Select Fuels Select Fuels Select Fuels ° J | Selct Fuels
SIDI ICE Vehicles Go CIDI Hybrid Vehicles (HEV Go CIDI Plug-in Hybrids (PHEV) Go
Back to Top Select Fuels Select Fuels
CIDI ICE Vehicles BibeantsChis = GCI ICE Vehicles
I TS Select Fuels co FCV - Gaseous H2 . % ] Select Fuels co
WTW Changes Unit Selection Select units from a pink drop down menu for the Results e

Per Vehicle Distance Travelled

Energy Unit: |Biu

Per Energy in Fuels

Emission Unit: |g Energy Unit: |Biu

Emission Unifsg === === =

— e mmm mmm  mmm e Service Functional Unit: fmile Energy Functional Unit_I{Jd "~ " 1
211' FCV: G.H2, Central Plants, Solar
11 T T = = ™ BtUImile or Gallon/mile or g/mile Btu/MJ or Gallon/MJ or g/MJ
Vehicle Vehicle
2115 ltem Feedstock Fuel Feedstock Fuel Operation Total
2116 Total Energy 2119 771 216 948 1,934
2117 Fossil Fuels 152 55 176 0 231
2118 Coal 21 57 0 78
2119 MNatural Gas 88 0 (L
2120 | Petroleum 31 0] . .
2121 Water Consumption 0 0 b l d d d
APV - 2 0 FCV SUV built and used in 2022 an
2123 CHA4 0.026 0.000 .
0124 |N20 0.000 0.000 f l d b d g
2124N20 00 0 ueled by wind PEM gaseous
2126 VOC: Total 0.002 0.000 h o o o
0127 CO: Total 0.011 0.000 d g l d g f
geifco: Toal 0011 0000 ydrogen including intfrastructure
2129 PM10: Total 0.001 0.011 0.015
2130 PM2.5: Total 0.001 0.002 0.003
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Gaseous hydrogen made from
solar-powered PEM electrolysis
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Formulas

fx > AutoSum v @] Lookup & Reference
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Function Financial ~
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[*] More Functions ~ Manager B73 Creat

Defined

RNAVFCVGH2 v

Jx

="FCV: G.H2"&IF(Inputs!F214=1,", Central P
=2,"Non-NA NG",IF(Inputs!F248=3,"FG",IF(RN
based AD Gas","RNG")))))),"")&IF(Inputs!F2

A B C D E F G H

WTW Results Menu Select a vehicle type from a pink drop down menu, then press "Go"

Sl ICE Vehicles Sl Hybrid Vehicles (HEV)

Select Fuels Select Fuels

SIDI ICE Vehicles CIDI Hybrid Vehicles (HEV)

Select Fuels Select Fuels

CIDI ICE Vehicles BEV and FCV

Select Fuels FCV - Gaseous H2

Unit Selection Select units from a pink drop down menu for the Results

Per Vehicle Distance Travelled Per Energy in Fuels
Energy Unit: Biu Energy Unit: [Biu E

Energy Fu

Home

Go
Inputs

Back to Top Go

WTP Results Go

WTW Changes

Emission Unit: |@
Service Functional Unit: mile
113 FCV: G.H2, Central Plants, Solar

Gaseous hydrogen made from wind-
powered PEM electrolysis

File Automate

Pe Z)Reset v

G Diagnostics

Home Insert Draw Page Layout Data Review View

Logical ~ Lookup & Reference v
Text v
Date & Time ¥

Function Library

Help

Name

Formulas

ﬂ Z AutoSum ~
Insert Recently Used ~

Function Financial ¥

Math & Trig v Insert

Python [& Initialization
Python

[ﬂ More Functions >

RNAVFCVGH2

Jx

v

@ Define
<;—: Use in

Manager B7; Create

Defined N3

="FCV: G.H2"&IF(Inputs!F214=1,", Central P14

=2,"Non-NA NG",IF(Inputs!F248=3,"FG",IF(RNG
based AD Gas","RNG")))))),"")&IF(Inputs!F224

A B C D E F G

Home WTW Results Menu Select a vehicle type from a pink drop down menu, then press "Go"

Sl ICE Vehicles S| Hybrid Vehicles (HEV)

Select Fuels Go Select Fuels

Inputs

SIDI ICE Vehicles CIDI Hybrid Vehicles (HEV)

Select Fuels Go Select Fuels

Back to Top

CIDI ICE Vehicles BEV and FCV

Select Fuels FCV - Gaseous H2

Unit Selection Select units from a pink drop down menu for the Results

Per Vehicle Distance Travelled Per Energy in Fuels
Energy Unit: [Biu Energy Unit: | Biu

WTP Results Go

WTW Changes
Emission Unit: g

113 | FCV: G.H2, Central Plants, Solar

114 Btu/mile or Gallon/mile or g Btu/MJ or Gallon/MJ or g/MJ
Vehicle

Operation

115 Item Feedstock Fuel

Emi

Energy Func

Btu/mile or Gallon/mile or g/

Btu/MJ or Gallon/MJ or g/MJ

Service Functional Unit: mile
Fuel

2115 Item Feedstock

WTW GHG
524 emissions e

118 Coal 203 57
119 Natural Gas 203 a8
120 | Petroleum 27 B 31
121 Water Consumption 04 87 g COze/m I le 0
122 CO2 (w/ C in VOC & CQO) 45 o 13
123 CH4 0.087 0.071 0.032 0.026
124 N20 0.001 0.001 0.001 0.000
125 GHGs 43 39 17 14
126 |VOC: Total 0.026 0.005 0.010 0.002
127 CO: Total 0.173 0.029 0.063 0.011
128 NOx: Total 0.050 0.033 0.018 0.012
129 PM10: Total 0.018 0.004 0.006 0.001
130 PM2.5: Total 0.009 0.002 0.003 0.001

> e Results MeOH_FTD  EtOH

116 | Total Energy 945

117 Fossil Fuels

0
0
0
0
0
0
0.000
0.000
0
0.000
0.000
0.000
0.011
0.002
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Vehicle

Operation

116 | Total Energy 2,119

WTW GHG
i emissions i

2119 | MNatural Gas 45 A 88
2120 | Petroleum 49 . 3
2121 Water Consumption 01 . 52 g CO e/m I le 0
2122 C0O2 (w/ C in VOC & CO) 12 3 2 5 13
0.021 0.071 U-U0U : 0.026
0.000 0.001 0.000, mem =001 0.000
2125 GHGs 13 39 OI 14
2126 VOC: Total 0.008 0.005 0.002
2127 | CO: Total 0.050 0.029 0.011
2128 NOx: Total 0.014 0.033 0.012
2129 PM10: Total 0.006 0.004 0.001
2130 PM2.5: Total 0.003 0.002 0.001
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Questions?
hcai@anl.gov

golson@gpisd.net
Visit https://greet.anl.gov/
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