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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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What Do the Different Color Tabs in R&D
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890 Results Well-to-pump and well-to-wheels energy use, emissions, and water consumption results for vehicle/fuel technology combinations
91 Petroleum Calculations of wellto-pump energy use and emissions for petroleum-based fuels (including production of additives)
92 Co_processing Calculations of welto-pump energy use and emissions for co-processed bio-fuels in petroleum refineries
893 ING Calculations of well-to-pump energy use, emissions, and water consumption for NG-based fuels
94 MeOHS&FTD Calculations of welto-pump energy use, emissions, and water consumption for methanol (MeOH), dimethyl ether (DME), Fischer-Tropsch diesel (FTD), and Fischer-Tropsch (FT) naphtha
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86j Electric Calculations of energy use, emissions, and water consumption for electricity generation !
97 Blo_electricity. LalCulations of energy Use, emissions, and water consumption for electricity generaton from biomass
98 Hydrogen Calculations of welto-pump energy use, emissions, and water consumption for hydrogen production pathways
99 |BioQil Calculations of well-to-pump energy use, emissions, and water consumption for biodiesel, renewable diesel, and renewable gasoline from soybeans, palm, canola, jatropha and camelina
100 | Algae Calculations of welto-pump energy use, emissions, and water consumption for biodiesel, renewable diesel, and renewable gasoline from algae
101 |Macroalgae Calculations of wel-to-pump energy use, emissions, and water consumption for biofuels from macroalgae
102 Waste Calculations of well-to-pump energy use, emissions, and water consumption for conventional waste management practices
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104 Pyrolysis_IDL Calculations of well-to-pump energy use, emissions, and water consumption for pyrolysis-based renewable gasoline and diesel and for high-octane gasoline production via indirect liquefaction
105/IBR Calculations of wellto-pump energy use, emissions, and water consumption for liquid fuels and chemicals from integrated biorefinery (IBR)
106 | E_fuel Calculations of welto-pump energy use, emissions, and water consumption for electro-fuel (CO2 utilization) pathways
107 |Fuel_Prod_TS Time-series tables for key parametric assumptions for well-to-pump fuel production processes. This sheet interacts with other fuel production sheets
106 |EF_TS Time-series tables for emission factors of combustion technologies applied to stationary sources
109 AgMining_EF_TS  Time-series tables for emission factors of agricultural and mining machineries
110 EF Emission factors of combustion technologies by fuel type. This sheet interacts with EF_TS sheet.
111 |WCF Water Consumption Factors (WCF) of feedstock and fuel production
112 |Fuel_Specs Specifications of individual fuels and global warming potentials of GHGs
113 Car_TS Time-series tables of fuel economy and emission rates/changes associated with vehicle operations for passenger cars
114 LDT1_TS Time-series tables of fuel economy and emission rates/changes associated with vehicle operations for light duty truck 1
115 LDT2_TS Time-series tables of fuel economy and emission rates/changes associated with vehicle operations for light duty truck 2
116 |Vehicles Calculations of energy use, emissions, and water consumption for vehicle operations
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Steps to model a scenario in R&D GREET 1

Go to the “Results” 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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1 U
2 Petroleum MeOH & Ethanol Electric Vehicles Car_TSTab LDV1_TS Tab LDV2_TS Tab

3 Home Results WTP

- Matural 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 for Simulation : )

9 2022 Restore Time Series Reactivate GREET2 Links

10 Table Value _ .

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

. - . .

15|2. Vehicle Types for Simulation

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

17

1g 3. Petroleum-Base

19 ery Options

20 Petroleum ude 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% 2.2%

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

26 API gravity 34.0 181 265 26.5 318

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

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

29

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

31 AP gravity 42 48 32.0

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

E

( y Input Parameters ;irom the .'npurs sheet)
= mm= =W == Tranhsportation Fuel Application

Matural Gas Crude 01l
86 6% 13.4%

Renewable NG
0.0%

Matural Gas Flared Gas
100.0% 0.0%

A B C

Renewable NG
0.0%

D

E

F

F

Natural Gas to Compressed Natural Gas (CNG), Liquefied Natural Gas (LNG) and Liquefied Petroleum Gas (LPG)

I ) Shares of Combustion Processes for Each Stage ]

Results

NG Recovery
NG Processing

10

ompression

NG
c

iquefaction

NG
L

LPG
Production

Canadian NG
Recovery

Canadian NG
Processing
Regasification

11 |Resi. oil industrial or commerice

—
=)
=
<
&

—
=)
=
<
&

12 |Diesel commercial Boiler
13 | Diesel stationa i

A B C

D

E

F

1 Natural Gas te. Compressed Natural Gas (CNG), Liquefied Natural Gas (LNG) and Liquefied Petroleum Gas (LPG)
20y 3) Calculations gf Energy Consumption, Water Consumption, and Emissions for Each Stage

Natural Gas as a Processing Fuel {(produced in North America)

A B C

D

E

F G

1 Natural Gas to Compressed Natural Gas (CNG), Liquefied Natural Gas (LNG) and Liquefied Petroleum Gas (LPG)

FE T om  osm =

adl 4] Summar;-,ir lf Energy Consumption, Water Consumption, and Emissions: Btu or Gallons or Grams per mmBtu of Fuel Throughput at Each Stage

81 4 1) Emarm,lr Use Water Consumption, and Total Emissions

Natural Gas
as
82 Stationary Natural Gas for
83 Fuels Electricity generation

NGL to Qil Sands

NGL (based on Shale Gas)
to Steam Crackers

Natural Gas to Liquefied Natural Gas (as an
intermediate fuel)

Flare gas to Liquefied Natural Gas (as an
intermediate fuel)

Feedstock

Fuel

Feedstock Fuel

84 |Loss factor
85 Total energy 112,491 06,953

U § Dpawrger of

87,461

GREAT PLAINS -
& smareams Argomned ENZRGY

78,172

1.017

83,867 122 871

1.019
79,182 125,549




Similarities across tabs

Key Input Parameters

Combustion/Technology Shares
Calculation Tables

Summary Tables

GREAT PLAINS g g~
s |INSTITUTE Argonne ® ENTRGY



Example Scenarios

GREAT PLAINS

INSTITUTE



Default Gasoline

Model a Spark-Ignition Internal Combustion Engine
(SI-ICE) Vehicle Fueled by Gasoline
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RSELSIICEV Vool fx Select Fuels
1 Home I WTW Results Menu Select a vehicle type from a pink drop down menu, then press "Go"
2 S| ICE Vehicles Go Sl Hybrid Vehicles (HEV) Go 5l Plug-in Hybrids (PHEV) Go I
3 Inputs I Select Fuels Select Fuels Select Fuels '
4 SIDI ICE Vehicles Go CIDI Hybrid Vehicles (HEV) o CIDI Plug-in Hybrids (PHEV) o |
5 Back to Top I Select Fuels Select Fuels - I
6 CIDI ICE Vehicles BEV and FCV GCI ICE Vehicles
- WTP Results I Select Fuels £z Select Fuels Go R Select Fuels co
8 WTW Changes Unit Selection Select units from a pink drop down menu for the Results I
9 I Per Vehicle Distance Travelled Per Energy in Fuels I
10 Energy Unit: | Biu Emission Unit: |g Energy Unit: |Biu Emission Unit: |g
11 Service Functional Unit: 'mile Energy Functional Unit: /mmBiu I
44 Btu/mile or Gallon/mile or g/mile Btu/mmBtu or Gallon/mmBtu or g/mmBtu
Vehicle Vehicle
45 |ltem Feedstock Fuel Operation Total Feedstock Fuel Operation Total
46 |Total Energy 217 944 4,289 5,450 50,498 220,096 1,000,000 1,270,595
47 Fossil Fuels 203 837 4,003 5,042 47,218 195,069 933,326 1,175,613
48 Coal 19 30 0 49 4,492 6,898 0 11,391
49 Natural Gas 147 538 0 685 34,251 125,536 0 159,788
50 Petroleum 36 269 4,003 4,308 8,474 62 635 933,326 1,004,435
51 |Water Consumption 0.1 0.2 0 0 15 38 0 53
52 |C0O2 (w/ CinVOC & CQO) -4 63 329 388 -839 14,592 76,702 00,455
53 |CH4 0.315 0.173 0.015 0.503 73.544 40.320 3.414 117.279
54 |N20 0.000 0.012 0.004 0.016 0.066 2.787 0.911 3.764
55 |GHGs 6 71 330" 407 1,371 16,554 77.053 94, 977
56 |VOC: Total 0.013 0.114 0.230 0.356 2.988 26.524 53.597 83.110
57 |CO: Total 0.026 0.043 2.741 2.810 6.071 10.068 639.104 655.243
58 |[NOx: Total 0.039 0.071 0.082 0.193 9.137 16.540 19.209 44 886
59 |PM10: Total 0.002 0.010 0.035 0.047 0.443 2.360 8.044 10.847
60 |PM2.5: Total 0.002 0.006 0.007 0.015 0.372 1.502 1.729 3.602
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Well-to-Pump (WTP) GHG Emissions



General formulas in R&D GREET

Well-to-pump (WTP) = [feedstock + fuel]

Well-to-wheels (WTW) = [feedstock + fuel +
vehicle operation]

WTW =WTP + vehicle operations
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A simplified WTW pathway example: total fuel pathway

Process Progression =)

Emissions Emissions Emissions

Vehicle Operation
Vehicle Refueling, Fuel
Combustion/conversion, and Fuel
Evaporation

Feedstock Stages Fuel Stages

Production, Transportation,
Distribution, and Storage

Production, Transportation,
and Storage

(b Energy gMaterials <b Energy gl\/laterials _— Weu-tO-WheelS
(WTW) System Boundary

WTP Stages PTW Stage

& srearams Agonne®d  ENZRGY



o

Sensitivity

Fle Home Insert Draw Pagelayout Formulas Data Review View Automate Help
f‘[i] A ‘Arial V||1(] V| A A = = ‘;‘ o gg |General V| &l Conditional Formatting v €H Insert v D v 2? v
[@ e I . $ v 9% 9 B Format as Table v X Delete v v ,O v
Paste B I U+ o Mo A = = = &= 5= | - |
v B o - A <0 -0 7 Cell Styles v b= Format v &~
Clipboard = Font = Alignment M= Number M~ Styles Cells Editing
RSELSIICEV v Select Fuels
A B E F G H o, K L
1 Home WTW Results Menu ct a vehicle type from a pink drop down menu, then press "Go"
2 Sl ICE Vehicles m Go Sl Hybrid Vehicles (HEV) Go 5l Plug-in Hybrids (PHEV) Go
3 Inputs Select Fuels Select Fuels select Fuels _
4 SIDI ICE Vehicles Go CIDI Hybrid Vehicles (HEV) Go CIDI Plug-in Hybrids (PHEV) Go
5 Back to Top Select Fusls Select Fuels -
6 CIDI ICE Vehicles BEV and FCV GCI ICE Vehicles
7 S 2Rl Select Fuels co Select Fuels 86 | Select Fuels Go
8 WTW Changes Unit Selection Select units from a pink drop down menu for the Results
g Per Vehicle Distance Travelled Per Energy in Fuels
10 Energy Unit: |Biu Emission Unit: |g Energy Unit: |Biu Emission Unit: g
11 Sernvice Functional Unit: [mile Energy Functional Unit: '/mmBiu
43 |Gasoline Vehicle: Gasoline
44 Btu/mile or Gallon/mile or g/mile Btu/mmBtu or Gallon/mmBtu or g/mmBtu
Vehicle Vehicle
45 |ltem Feedstock Fuel Operation Total Feedstock Fuel Operation Total
46 Total Energy 217 944 4,289 5,450 50 498 220,096 1,000,000 1,270,595
47 |Fossil Fuels 203 837 4 003 5,042 47 218 195,069 033,326 1,175,613
48 | Coal 19 30 0 49 4 492 6,898 0 11,391
49 |Natural Gas 147 538 0 685 34,251 125,536 0 159,788
50 |Petroleum 36 269 4 003 4 308 8,474 62,635 033,326 1,004 435
51 |Water Consumption 0.1 02 0 0 15 38 0 53
52 |CO2 (w/ CinVOC & CO) -4 63 329 388 -839 14,592 76,702 90,455
53 |CH4 0.315 0173 0.015 0.503 73.544 40.320 3414 117.279
54 |N20 0.000 0.012 0.004 0.016 0.066 2. 787 0.911 3.764
55 | GHGs 6 71 330" 407 1.371 16,554 77.053 94,977
56 |VOC: Total 0.013 0.114 0.230 0.356 2.988 26.524 53.597 83.110
57 |CO: Total 0.026 0.043 2.741 2.810 6.071 10.068 639.104 655.243
58 |NOx: Total 0.039 0.071 0.082 0.193 9137 16.540 19.209 44 886
59 |PM10: Total 0.002 0.010 0.035 0.047 0.443 2.360 8.044 10.847
60 |PM2.5: Total 0.002 0.006 0.007 0.015 0.372 1.502 1.729 3.602
’ Overview Inputs Results Petroleum Co_processing NG MeOH_FTD EtOH Electric Generation_mixes Bio

Read Calculate .= Accessibility: Investigate -

GREAT PLAINS
INSTITUTE

A

S Dpawrgr of

ENZRGY

rgonne &

NATIONAL LABORATORY

' T3 Comments |

LI I 3
] D).
Add-ins  Analyze
Data
Add-ins h
A
N 0 A

Performance-enhancing Fuels .
Selct Fuels

4 85%



File Home Insert Draw Pagelayout Formulas Data Review View Automate Help
_&D A ‘Arial V||1[J V| A A = — ;‘ o EE_’; |Genera| v‘ it Conditional Formatting v &H Insert ~ 2.~ ;? v
|_-|3 A I I . $ « 5% 9 B Format as Table v % Delete v v ,O v
Paste B I U~ Hiv O ﬁ = = = & 5= | - | B
oo ' <0 -9 [i7Z Cell Styles ~ ft] Format v &~
Clipboard i Font Alignment N Number = Styles Cells Editing
RSELSIICEV Select Fuels
A E F G H J K L
1 Home icle tyme from a pink drop down menu, then press "Go"
2 S| Hybrid Vehicles (HEV) o S| Plug-in Hybrids (PHEV) c
3 Inputs Select Fuels Select Fuels ©
4 CIDI Hybrid Vehicles (HEV) Go CIDI Plug-in Hybrids (PHEV) o
5 Back to Top Select Fuels
‘ -

] BEV and FCV GCI ICE Vehicles
7 WIRGEEST B Select Fuels 80 Select Fuels co
8 WTW Changes ect units from a pink drop down menu for the Results
g9 51 - EtOH FFV Per Energy in Fuels
10 SI- BtOH FFV hission Unit: |g Energy Unit: |Biu Emission Unit: '@
11 Sl - MeOH FFV ctional Unit: /mile Energy Functional Unit: ' mmBiu
43 | Gasoline Vehicle: Gasoling 5| - CNG Vehicle
44 S| - LNG Vehicle Btu/mmBtu or Gallon/mmBtu or g/mmBtu
45 |1t o - LPG Vehide 0 VET'CIE Total|  Feedstock Fuel O VET'CIE Total

em . . peration ota eedstoc ue peration ota

SI - Dedi. MeOH Vehicl
46 Total Energy eal. e vehide 4,289 5,450 50,498 220,096 1,000,000 1,270,595
47 |Fossil Fuels 51 - Dedi. EtOH Vehicle 4,003 5,042 47 218 195 069 933,326 1,175,613
48 | Coal 19 30 0 49 4 492 6,898 0 11,391
49 |Natural Gas 147 538 0 685 34,251 125,536 0 159,788
50 |Petroleum 36 269 4,003 4 308 8,474 62,635 933,326 1,004 435
51 |Water Consumption 0.1 0.2 0 0 15 38 0 53
52 |CO2 (w/ C inVOC & CO) -4 63 329 388 -839 14,592 76,702 90,455
53 |CH4 0.315 0.173 0.015 0.503 73.544 40.320 3.414 117.279
54 |N20 0.000 0.012 0.004 0.016 0.066 2.787 0.911 3.764
55 GHGs 6 71 330" 407 1,371 16,554 77.053 94,977
56 |VOC: Total 0.013 0.114 0.230 0.356 2.988 26.524 53.597 83.110
57 |CO: Total 0.026 0.043 2741 2.810 6.071 10.068 639.104 655243
58 |NOx: Total 0.039 0.071 0.082 0.193 9.137 16.540 19.209 44 886
59 |PM10: Total 0.002 0.010 0.035 0.047 0.443 2.360 8.044 10.847
60 |PM2.5: Total 0.002 0.006 0.007 0.015 0.372 1.502 1.729 3.602
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RSELSIICEV v fx Sl - Gasoline o
A B C D E F G H 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 Sl ICE Vehicles Go Sl Hybrid Vehicles (HEV) Go ng Fuels
3 Inputs Sl - Gasoline id Select Fuels
4 SIDI ICE Vehicles Go CIDI Hybrid Vehicles (HEV) Go —
5 Back to Top Select Fuels Select Fuels WT P — fu e l == feed Stoc k
4] CIDI ICE Vehicles BEV and FCV h GCIICE
7 SRz E Select Fuels Go Select Fuels o Select Fue
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: fmile Energy Functional Unit: ' mmBiu
43 |Gasoline Vehicle: Gasoline
44 Btu/mile or Gallon/mile or g/mile Btu/mmBtu or Gallon/mmBtu or g/mmBtu
Vehicle Vehicle
45 |ltem Feedstock Fuel Operation Total Feedstock Fuel Operatlon Total
46 | Total Energ i a § iniea 1,270,585
47 |Fossil Fue ° ° 1,175,613
48 |Coal 11,391
49 |Natural Gg 159,788
50 |Petroleum 1,004 435
51 |Water Co 53
52 |CO2 (w/ g 90, 455
53 |CH4 117.279 °
54 N20 . . . 3764 SI-ICE vehicle fueled by
55 |GHGs 6 I 1,371 ‘IG 554 ??;[}53 04 977
56 | WVOC: Total — e e—— = G_'FMJ 0.230 _— e w—— o gl 53.597 83.110 °
57 CO: Total 0.026 0.043 2.741 6.071 10.068 639.104 655.243 default gasoune
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RSELSIICEV vz fx Sl - Gasoline
A B C D E F G H J K
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)
3 Inputs Sl - Gasoline B Select Fuels Select Fuels
4 SIDI ICE Vehicles Go CIDI Hybrid Vehicles (HEV) Go CIDI Plug-in Hybrids (PHEV)
5 Back to Top Select Fuels Select Fuels
i] CIDI ICE Vehicles BEV and FCV
7 WIPGEEST Select Fuels co Select Fuels 86
8 WTW Changes Unit Selection Select units from a pink drop down menu for the Results
g 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: fmile Energy Functional Unit: mmB
43 |Gasoline Vehicle: Gasoline
44 Btu/mile or Gallon/mile or g/mile Btu/mmBtu or Gallon/mmBtu or g/mmBtu
Vehicle Vehicle
45 |ltem Feedstock Fuel Operation Total Feedstock Fuel Operation Total

46 |Total Energy

47 |Fossil Fuels

48 |Coal

49 |Natural Gas

50 | Petroleum

51 |Water Consumption

52 |CO2 (w/ C inVOC & CO)
53 |CH4

407 g CO,e/mile and 94,977 g CO,e/mmBtu

24 |N20 0.000 0.012
55 |GHGs 6 71
56 |VOC: Total 0.013 0.114
a7 |CO: Total 0.026 0.043
58 |NOx: Total 0.039 0.071
59 |PM10: Total 0.002 0.010
60 |PM2 5 Total 0.002 0006
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GREET® SOFTWARE
GREET 1 Model Petroleum Ethanol Natural Gas MeOH & RNG
Email contact: greet@anl.gov Pyrolysi Integrat
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3~ - v % 9 BZF t as Table v 2% Delete v = [I] v
s I L 0 77 Format as Table elete F
Paste B I U ~ v | oo ﬁ v — = = €= a= v — Add-ins  Analyze
MRS 4 <8 =3 7 Cell Styles v fiet] Format v &~ Data
Clipboard = Font = Alignment K Number Y Styles Cells Editing Sensitivity Add-ins e
N15 v o Jx A
A B C D E F G H J K a
1 U
2 Petroleum MeOH & Ethanol Vehicles Car_TSTab LDV1_TS Tab LDVZ_TS Tab
3 Home Results WTP
- Matural Gas Hydrogen Bio Qil Pyralysis 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 for Simulation : )
9 2022 Restore Time Series Reactivate GREET2 Links
10 Table Value _ .
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
. - . .
15|2. Vehicle Types for Simulation
16 1 1 - Passenger Cars; 2 -- Light-Duty Trucks 1 (LDT1) (Sports utility vehicles [SUV]); 3 - Light-Duty Trucks 2 (LDT2) (Pickup Truck [PUT])
17
1g 3. Petroleum-Based Fuels
19 3.1) Petroleum Recovery Options
20 Petroleum 3.1.a) Share of crude oil sources
21 Worksheet 1 Basis of share of crude oil sources: 1 — EIA projection, 2 — User defined
22 U.5. Domestic Canada (Qil Sands) Canada (Conv. Crude) Mexico Middle East Lati
23 EIA projection 80.8% 6.6% 5.0% 1.9% 2.3%
24 Results User defined 0.0% 100.0% 0.0% 0.0% 2.2%
25 Used in calculation 80 8% 6 6% 5.0% 1.9% 2. 3%
26 API gravity 34.0 181 265 26.5 318
27 | BacktoTop S Content (wt %) 1.4 2.9 1.9 2.2 2.3
28 Average transportation distances (mi) See T&D Flowcharts tab 1,708 1,708 797 14,596
29
30 U.5. Domestic crude Shale Qil (Bakken) Shale Qil (Eagle Ford) Rest of U.5. domestic crude
31 AP gravity 42 48 32.0
32 Vol. Share (%) 8.7% 8.0% 83.3%
E? " A L% e ™ e MM - i '
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ﬁ Z * S ’() A © Q ‘) &) Define Name ~ E!f._., Trace Precedents %{; Show Formulas =| ﬁ
{7 Use in Formula v 39 Trace Dependents A\, Error Checking v -0 =
Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name /x = P A 9 Watch Calculation
Function v Used ~ ¥ ¥ v Timev Reference~ Trig~ Functions~  Manager E’é‘ Create from Selection lT;( Remove Arrows ~ @ Fvaluate Formula Window = Options ¥
Function Library Defined Names Formula Auditing Calculation hd
L749 v Jx ~
A B C D E F G H J K
740 10. Electric Generation
741 10.1) GREET-Calculated or User-Inputted Emission Factors for Power Plants
742 Electric 2 " 1 - GREET-calculated emissions factors via emission factors in EF Sheet
743 2 — Emission factors based on EPA and ElA database in g/kWh
745 I 10.2.a) Selection of Electricity Generation Mix for Transportation Use
746 Results Mix for transportation use 1 1 U.S. Mix I
747 I Mix for stationary use 1 2 ASCC Mix
748 Back to T 3 FRCC Mix I
749 | 22°k 0 9P I 4 HICC Mix
750 5 MISO (former MRO) Mix I
751 | : NPCC(6) & NPCC Mix
752 P 7 PJM (former RFC) Mix I
52 . 8 SERC Mix
754 [ RER(7) 9 SPP Mix
755 SPP (9) 10 TRE Mix . I
756 | - A 11 WECC Mix
757 i~ 12 CA Mix |
758 | ! SERC(8) | 13 User Defined Mix
759 j 14 NG Power Plants (transportation only) I
760 I - Y TRE(10) X B FRCC(3) 15 Coal Power Plants (transportation anly)
761 \ ‘r 16 Muclear Power Plants (transportation only)
762 I ASCC (2) 17 Hydro Power Plants (transportation only)
763 “ A HICC (4) (U.S. EPA) 18 NGCC Turbine (transportation only)
764 19 Geothermal (transportation only)
765 Hﬁ.ﬂElﬂricﬁneﬁinﬂixEDaﬁamfnr-Use'in-GFEET an‘;ﬁnu-arEne_r;w Uﬁlnﬂﬂﬂr - - ———————
766 U.s. Mix ASCC Mix FRCC Mix
767 Transportation Stationary Transportation Stationary Transportation
768 Residual oil 0.3% 0.3% 13.7% 13.7% 0.2%
769 Matural gas 38.5% 38.5% 46.7% 46.7% 71.3%
770 Coal 20.6% 20.6% 11.4% 11.4% 10.4%
771 Muclear power 18.9% 18.9% 0.0% 0.0% 12.5%
772 Biomass 0.3% 0.3% 0.6% 0.6% 0.2%
773 Others 21.5% 21.5% 27 6% 27 6% 5.5%
774 10.2.c) Electric Generation Mixes for GREET Simulations
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Transportation and stationary electricity generation

Transportation Mix
Users to switch the electricity generation mix for the
vehicle-use phase of the life cycle assessment
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Stationary Mix
Users to switch the electricity generation mix for the
phases of the life cycle assessment outside of the
vehicle-use (i.e., electricity for coal production)
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L743 v i Jx A
C D E F G H | J K
164 TY EENINENTIAl (Transporatan onry)
765 10.2.b) Electric Generation Mixes: Data Table for Use in GREET (From Annual Energy Outlook 2023)
766 U.S. Mix ASCC Mix FRCC Mix
767 Transportation Stationary Transportation Stationary Transportation Stationary
768 Residual oil 0.3% 0.3% 13.7% 13.7% 0.2% 0.2%
769 Matural gas 38.5% 38.5% 46.7% 46.7% 71.3% 71.3%
770 Coal 20.6% 20.6% 11.4% 11.4% 10.4% 10.4%
771 Nuclear power 18.9% 18.9% 0.0% 0.0% 12.5% 12.5%
772 Biomass 0.3% 0.3% 0.6% 0.6% 0.2% 0.2%
773 mm Er 162 1.89 27.6% 27 6% 5.5% 5.5%
774 0.2.c) Electric Generation Mixes for GREET Simulations I
775 I Mix for Transportation Use Mix for Stationary Use
776 Residual oil 0.3% 0.3% I
77 I Matural gas 38.5% 38.5%
778 Coal 20.6% 20.6%
779 I Muclear power 18.9% 18.9%'
780 _—— - EENN I I S S S S S .. ﬂlﬂmﬁ S S . - w(” S . . - m%
g [ :FT_WW_WLM&WHTM
782 ﬂ'ﬂ.mmmes of Technologies for Other Power Plants: Data Table for Use In T (From Annual Energy Outlook 202
783 U.S. Mix ASCC Mix FRCC Mix
784 Transportation Stationary Transportation Stationary Transportation Stationary
785 Hydroelectric 31.4% 31.4% 92 7% 92.7% 13.6% 13.6%
786 Geothermal 1.8% 1.8% 0.0% 0.0% 0.0% 0.0%
787 Wind 49 8% 49 8% 7.3% 7.3% 0.0% 0.0%
788 Solar PV 15.3% 15.3% 0.0% 0.0% 75.7% 75.7%
790 10.2.e) Shares of Technologies for Other Power Plants for GREET Simulations I
79 I Mix for Transportation Use Mix for Stationary Use
792 Hydroelectric 31.4% 31.4% I
793 | Geothermal 1.8% 1.8%
794 Wind 49 8% 49 8% I
795 I Solar PV 15.3% 15.3%
796 Others 1.7% 1.7% I
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L743 v i fx N
G H | J K L M N 0

144 TY GEONErmal (Transportanon only)
766 U5, Mix ASCC Mix FRCC Mix HICC Mix MRO Mix
767 nsportation Stationary Transportation Stationary Transportation Stationary Transportation Stationa Transportation Stationary I_
768 0.3% 0.3% 13.7% 13.7% 0.2% 0.2% 67.0% 67.0% 0.2% 0.2%
769  385% 38 5% 46 7% 46 7% 71.3% 71.3% 0.0% U_Dﬂj 30.9% 30.9%|
770 206% 20.6% 11.4% 11.4% 10.4% 10.4% 11.8% 11.89 36.6% 36.6%
771 18.9% 18.9% 0.0% 0.0% 12.5% 12.5% 0.0% [}_E}E! 14.2% 14.2%J
772 0.3% 0.3% 0.6% 0.6% 0.2% 0.2% 3.1% 319 0.2% 0.2%
773 21.5% 21.5% 27 6% 27 6% 5 5% 5 5% 18.1% 18.19 17.9% 17.9%|p
TT5irtation Use Mix for Stationary Use
776 0.3% 0.3%
ridi 368.5% 38.5%
778 20.6% 20.6%
779 18.9% 18.9%
780 0.3% 0.3%
781 21.5% 21.5%
782 nual EHEFQY QOutlook 2['23] N I I IS S S S S S -
783 U.S. Mix ASCC Mix FRCC Mix HICC Mix I MRO Mix I
784 |\nsportation Stationary Transportation Stationary Transportation Stationary Transportation Stationa Transportation Stationary
T85 31 4% 31 4% 892 7% 892 7% 13.6% 13.6% 6.9% 6.99 8.1% 8.1% I
786 1.8% 1.8% 0.0% 0.0% 0.0% 0.0% 11.0% 11.0% 0.0% 0.0%
787 49 8% 49 8% 7.3% 7.3% 0.0% 0.0% 39 6% 39.89' 85.4% 85.4% I
788 15.3% 15.3% 0.0% 0.0% 75.7% 75.7% 30.5% 30.5% 4 9% 4 9%
789 1.7% 1.7% 0.0% 0.0% 10.7% 10.7% 12 0% 12.0”/' 1.7% 1.7% I_
791 irtation Use Mix for Stationary Use
7892 31.4% 31.4%
783 1.8% 1.8%
794 49 8% 49 8%
785 15.3% 15.3%
796 1.7% 1.7%
797
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Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name G Use in Formula g Trace Dependents A, Error Checking Watch Calculation i
Function v Used v v v v Timev Referencev Trigv Functionsv = Manager BZ Create from Selection ‘E’{ Remove Arrows v @ Evaluate Formula Window  Options ¥
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Electric_Marginalmix_EVsnHEVs v ﬁ: 1 ”~
2| A B C D E E G H J A
740 10. Electric Generation
741 ) 10.1) GREET-Calculated or User-Inputted Emission Factors for Power Plants
742 Electric 2 " 1- GREET-calculate tors via emission factors in EF Sheet
743 Worksheet 2 — Emission factors bas A and ElIA database in g/kWh
744 10.2) Electricity Generation Mix
745 10.2.a) Selection of Electricity Generation Mix for Transportation Use
746| Results Mix for transportation use 1 E 1 U.S. Mix
747 Mix for stationary use| 4 2 ASCC Mix
748 3 FRCC Mix
14| |_BacktoTop 2 $HCCUN . o o
750 3 5 MISO (former MRO) Mix I
751 / Ol C o e o —
762 7 PJM (former RFC) Mix
753 8 SERC Mix
754 6 9 SPP Mix '
755 7 10 TRE Mix
756 g 11 WECC Mix
757 1 12 CA Mix
758 _ 9 13 User Defined Mix
759 == ERCC (3 10 14 NG Power Plants (transportation only)
760 TRE (10) (3) 11 15 Coal Power Plants (transportation only)
761 2 p " " 16 Muclear Power Plants ({transportation only)
762 ASCC(2) .Y 12 17 Hydro Power Plants (transportation only)
763 w g HICC(4) (U.S. EPA) 18 NGCC Turbine (transportation only)
764 18 Geothermal (transportation only)
765 10.2.b) Electric Generation Mixes: Data Table for Use in GREET (Frem Annual Energy Outlook 2023)
766 U.S. Mix ASCC Mix FRCC Mix
67 Transportation Stationary Transpaortation Stationary Transportation
768 Residual oil 0.3% 0.3% 13.7% 13.7% 0.2%
789 Matural gas 38.5% 38.5% 46.7% 46.7% 71.3%
770 Coal 20.6% 20 6% 11 4% 11 4% 10 4%
771 Muclear power 18.9% 18.9% 0.0% 0.0% 12.5%
772 Biomass 0.3% 0.3% 0.6% 0.6% 0.2% v
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Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name G Use in Formula d Trace Dependents A Error Checking Watch Calculation i
Function v Used v v v v Time> Referencev Trig>v Functionsv  Manager B} Create from Selection F, Remove Arrows v (&) Evaluate Formula Window  Options ¥
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Electric_Averagemix_FacilityUse v fx 1
A A B C D E F H J
740 10. Electric Generation
741 ' 10.1) GREET-Calculated or User-Inputted Emission Factors for Power Plants
742 Electric 2 " 1- GREET-calcul s via emission factors in EF Sheet
743 Worksheet 2 — Emission factors nd EIA database in g/kWh
744 10.2) Electricity Generation Mix
745 10.2.a) Selection of Electricity Generation Mix for Transportation Use
746 Results Mix for transportation use 5 1 U.S. Mix
?4?| Mix for stationary use 1 2 ASCC Mix
748 1 3 FRCC Mix
749 | BacktoTop , o HOG Mt o
750 5 MISO (former MRO) Mix I
751 3 R e e
752 A 7 PJM (former RFC) Mix
754 peirt
754 g SPP Mix
755 6 10 TRE Mix
756 ; 7 a 11 WECC Mix
757 L €D 12 CA Mix
758 | SERC(8) | ® 13 User Defined Mix
759 ' - FRCC (3 9 14 MG Power Plants (transportation only)
760 TRE (10) [P . (3) 10 15 Coal Power Plants (transportation only)
761 oy . " 11 16 Muclear Power Plants (transportation only)
762 ASCC (2) % 17 Hydro Power Plants (transportation only)
763 we g HICCH4) 12 18 NGCC Turbine (transportation only)
764 19 Geothermal (transportation only)
765 10.2.b) Electric Generation Mixes: Data Table for Use in GREET (From Annual Energy Outlook 2023}
766 U5, Mix ASCC Mix FRCC Mix
767 Transpaortation Stationary Transportation Stationary Transportation
768 Residual il 0.3% 0.3% 13.7% 13.7% 0.2%
769 Matural gas 38.5% 38.58% 46.7% 46.7% 71.3%
Coal 20.6% 20.6% 11.4% 11.4% 10.4%
Muclear power 18.9% 18.9% 0.0% 0.0% 12.5%
Biomass 0.3% 0.3% 0.6% 0.6% 0.2%
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Insert AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name G Use in Formula v H Trace Dependents A, Error Checking Watch Calculation
Function v Used v v v v Timev Referencev Trigv Functionsv  Manager BZ Create from Selection F;{ Remove Arrows v @ Evaluate Formula Window  Options ¥
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Electric_Averagemix_FacilityUse vl Jx 5
A B C D E F H [ J
64 T4 seothermal itransportation only)
765 10.2.b) Electric Generation Mixes: Data Table for Use in GREET (From Annual Energy Outlook 2023)
766 U.S. Mix ASCC Mix FRCC Mix
767 Transportation Stationary Transportation Stationary Transportation
768 Residual oil 0.3% 0.3% 13.7% 13.7% 0.2%
769 Matural gas 38.5% 38.5% 46.7% 46.7% 71.3%
770 Coal 20.6% 20 6% 11 4% 11 4% 10 4%
771 Muclear power 18.9% 18.9% 0.0% 0.0% 12.5%
772 Biomass 0.3% 0.3% 0.6% 0.6% 0.2%
773 — Er Y 152 27 6% 27 6% 5 5%
774 10.2.c) Electric Generation Mixes for GREET Simulations I
775 I Mix for Transportation Use Mix for Stationary Use
776 Residual oil 0.2% 0.2% I
7 I Matural gas 30.9% 30.9%
778 Coal 36.6% 36.6% I
9 I Muclear power 14.2% 14.2%
780 Biomass 0.2% 0.2% I
781 ITH Others 17.9% 17.9%
782 .2.d) Shares of Technologies for Other Power Plants: Data 1able for Use in GREET (From Annual Energy Outlook 2023) . . .
783 U.S. Mix ASCC Mix FRCC Mix
784 Transportation Stationary Transportation Stationary Transportation
785 Hydroelectric 31.4% 31.4% 892 7% 892 7% 13.6%
786 Geothermal 1.8% 1.8% 0.0% 0.0% 0.0%
787 Wind 49 8% 49 8% 7.3% 7.3% 0.0%
788 Solar PV 16.3% 15.3% 0.0% 0.0% 75.7%
789 I - . . _—eee e e s oew el e e e e el e e ew el 1 0.0% 0.0% 10.7%
790 10.2.e) Shares of Te s for Other Power Plants for GREET Simulations
791 I Mix for Transportation Use Mix for Stationary Use I
792 Hydroelectric 8.1% 8.1%
793 Geothermal 0.0% 0.0% I
794 I Wind 85.4% 85.4%
795 Solar PV 4.9% 4 9% I
796 I Others 1.7% 1.7%
797 -
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Clipboard ~ Font
RSELSIICEV v
A B C
1 Home WTW Res_ults Menu
2 81 ICE Vehicles
3 Inputs Select Fuels
4 Select Fuels
5 Back to Top
6
7 WTP Results
8 WTW Changes
9
10
11 Sl-MeOHF
43 |Gasoline Vehicle: Gasoline 5| - CNG Ve
44 SI - LNG Ve
=M 5l - LPG Vehicle
em 5l - Dedi. MeOH Vehicle
46 |Total Energy ) )
4? FDSS” FUE'S Sl- DE‘.‘dI. EtOH 1\..I'IF.‘}hICIE'.‘
48 |Coal 35 50
49 Natural Gas 143 534
50 | Petroleum 37 269
51 |Water Consumption 0.1 0.2
52 |CO2 (w/ CinVOC & CQO) -2 64
53 |CH4 0.317 0.175
54 |[N20 0.000 0.012
55 |GHGs 7 73
56 |VOC: Total 0.013 0114
57 |CO: Total 0.027 0.044
58 [NOx: Total 0.042 0.073
59 |PM10: Total 0.002 0.010
60 |[PM2.5: Total 0.002 0.007
61 |SOx: Total 0.012 0.024
62 BC Total 0.000 0.001
B2 M Tatal NN N NN
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= — ‘;‘ - gg |General v| &l Conditional Formatting v &H Insert v > v ;? v
- .. $ v % 9 B Format as Table v Bx Delete v v O
— — = &= == w
S | — | %H _;'?H @ Cell Styles ~ @ Format v 6) v
[ Alignment B Mumber N Styles Cells Editing
Jx v SelectFuels
D 9 F G H J K L
Select a vehicl 2 deop down menu, then press "Go"
yvbrid Vehicles (HEV) Go Sl Plug-in Hybrids (PHEV) Go
ect Fuels Select Fuels J |
D1 Hybrid Vehicles (HEV) Go CIDI Plug-in Hybrids (PHEV) Go
Select Fuels
BEV and FCV A GCI ICE Vehicles G
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SI-ICE vehicle fueled by gasoline
and used in the Midwest

out Formulas Data Review View Automate Help

|Genera| V‘

S
$ v % 9

<0 .00
00 =0

B Format as Table v

[iZ Cell Styles v
Styles

>

Alignment = Number =

& Conditional Formatting v

& Insert v
T Delete  ~

@ Format v
Cells

> v
]~

Formulas Review View Automate Help

‘General V‘

$ v % 9

<0 .00
00 =0

ey
2=

Alignment Y Number K

Jx

Gasoline Vehicle: Gasoline

“H Insert v
2% Delete v

@ Format v
Cells

fEl conditional Formatting v

B Format as Table v

[iZ Cell Styles v

Styles Editing

E F G

Select a vehicle type from a pink drop down menu, then press "Go"
S| Hybrid Vehicles (HEV)
Select Fuels
CIDI Hybrid Vehicles (HEV)
Select Fuels
BEV and FCV
Select Fuels
Select units from a pink drop down menu for the Resulis
Travelled Per Energy in Fuels
Emission Unit: | g Energy Unit: | Biu
Service Functional Unit: \mile

Go

Go

Go

Energy Functional Unit:

e or g/mile Btu/MJ or Gallon/M

K

D

E

F

G

K

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

51 Hybrid Vehicles (HEV)

e Select Fuels

Sl Plug-in Hybrids (PHEV)
Select Fuels

CIDI Plug-in Hybrids (PHEV)

GCI ICE Vehicles
Select Fuels

Sl Plug-in Hybrids (PHEV)
Select Fuels

CIDI Hybrid Vehicles (HEV)

Go Select Fuels

CIDI Plug-in Hybrids (PHEV)

BEV and FCV

Go Select Fuels

Fuel

Vehicle
Operation

Total

Feedstock

044
837
30
538
269
0.2
63
0173
0.012
71
0.114
0.043
0.071
0.010
0.006

esults

o

4,289
4,003
0
0
4,003
0
329
0.015
0.004

330"
0.230
2 741
0.082
0.035
0.007

Petroleum

GREAT PLAINS
INSTITUTE

5.450
5,042
49
685
4,308
0

388
0.503
0.016
407
0.356
2.810
0.193
0.047
0.015

Co_processing

48
45

4

32

8

0

1
0.070
0.000
1
0.003
0.006
0.009
0.000
0.000

NG

Argonne &

NATIONAL LABORATORY

MeOH_FTD

Emission Unit: | g

MJ

WTW GHG
emissions

0.001
?3' -

0.051™ ™o

0.606
0.018
0.008
0.002

EtOH

0.621
0.043
0.010
0.003

Electric

.n;ot};'
a0

Generation_mixes

Select units from a pink drop down menu for the Results
Per Energy in Fuels
Emission Unit: [g Energy Unit: | Biu

e Functional Unit: ' mile

GCI ICE Vehicles
Select Fuels

Emission Unit: [g
Energy Functional Unit: [MJ

mile Btu/MJ or Gallon/M

Vehicle

Operation Total Feedstock Fuel

WTW GHG

Bio

4,289

0
0
4,003
0
329
0.015
0.004

330"
0.230
2741
0.082
0.035
0.007
0.002
0.003
n nn2

Petroleum

5,471
5,070
85
677
4.309
0
391
0.507
0.016
411
0.357
2.812
0.197
0.047
0.016
0.038
0.004
n nna

Co_processing

50

47

8

32

8

0

0
0.070
0.000
2
0.003
0.006
0.009
0.000
0.000
0.003
0.000
0 000

NG

211
188
1
118
59

0

14
0.039
0.003
16
0.025
0.010
0.016
0.002
0.001
0.005
0.000
0 nonn

MeOH_FTD

emissions

0.001

73
0.051
0.606
0.018
0.008
0.002
0.000
0.001
0 nnn

EtOH

= 91
= -0

0.621
0.044
0.010
0.003
0.008
0.001
0 NN

Electric

Generation_mixes




Fuel Efficiency in R&D GREET




Sl and SIDI ICE vehicles

SI =Spark Ignition
Internal Combustion Engine

SIDI = Spark Ignition Direct Injection
Internal Combustion Engine
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SIDI vehicles

Separates the fuel and air at the intake
through direct injection

Improves fuel efficiency

Improves power
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71 |Urban Emission Shares [— ] 82 0% 70.0% T0.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% 70.0% T0.0% 70.0% T0% 7 alle'o 82 0% T0.0%
72 \MPGGE (per gasoline equivalent gallon 26.2 26.2 26.2 242 248 248 26.2 26.2 28.0 26.2 26.2 28.0 31.4 31.4 26.2 26.2 26.2 27.5 27.5 275 301 I 301 301
73 |Total fuel use (Btu/mile) — e 40289 4,289 4,637 4,515 4,515 4,289 4,289 4,008 4,289 4,289 4,008 3,574 3.574 4,289 4,289 4,289 4.085 4,085 4,085 3. 3,730 3,730
74 |Fossil fuel use (Btu/mile) 4,003 4,003 4,003 4 637 4,515 4515 4,289 4,289 4,008 1,002 0 937 3,574 3,574 0 0 0 3,367 3,367 2,869 3,481 3,481 3,481
75 |Coal use (Btu/mile) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
76 |Matural gas use (Btu/mile) 0 0 0 4 637 4515 4515 3,714 3,159 3,271 0 0 0 3,574 3,574 0 0 0 0 0 0 0 0 0
77 |Petroleum use (Btu/mile) 4 003 4003 4003 0 0 0 575 1,130 737 1,002 0 937 0 0 0 0 0 3,367 3,367 2,869 3,481 3,461 34817
78 |[Emissions: grams/mile
79 VOC: exhaust 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.068 0.069 0.069 0.069 0.014 0.014 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069
80 VOC: evaporation 0.161 0.161 0.161 0.081 0.000 0.000 0.000 0.137 0.137 0.137 0.137 0.137 0.000 0.000 0.161 0.161 0.161 0.161 0.161 0.161 0.161 0.161 0.161
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82 MO 0.082 0.0&2 0.082 0.082 0.082 D.0a2 0.082 0.082 D.0a2 0.0&2 0.082 D.0a2 0.0&2 0.082 0.082 0.0&2 0.082 0.082 0.0&2 0.082 0.082 0.0&2 0.082
83 PM10: exhaust 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.000 0.000 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004
84 PM10: brake and tire wear 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031
85 PM2.5. exhaust 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.000 0.000 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
86 PM2.5. brake and fire wear 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004
87 SO 0.002 0.002 0002 0.001 0.001 0.000 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
88 BC 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.000 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
80 ocC 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
a0 CH4 0.015 0.015 0.015 0.146 0.146 0.146 0.015 0.015 0.015 0.015 0.015 0.015 0.001 0.001 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
91 N2 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004
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Greenhouse Gase Modeling in R&D GREET




Global Warming Potential (GWP)




Global warming potential

1 kg, or 1 ton, of a greenhouse gas
IS emitted as an instantaneous
pulse

- Climate Change 2022
Synthesis Report | IPCC

O

o>—0+0
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https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_LongerReport.pdf
https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_LongerReport.pdf
https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_LongerReport.pdf
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Global warming potential —

Il Incoming Solar

Over a period of time, these Radiation

particles absorb some
infrared radiation but do not
absorb incoming solar
radiation

Outgoing
Infrared
Radiation

- . . . Outgoing
This period of time is the Infrared

Radiation

Time Horizon
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Global warming potential

B Incoming Solar
Radiation

Compare the amount of
radiation absorbed by the
greenhouse gas to the amount
absorbed by 1 kg of CO,

Outgoinh
Infrared
Radiation

Outgoing
Infrared
Radiation
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Global Temperature Change Potential
(GTP)




Global temperature change potential (GTP)

\\

Accounts for temperature
change based on the radiative
absorption
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