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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. 

R&D GREET disclaimer 

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. 



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.

GREET end-user licensing terms and conditions
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Outline Steps for Electricity and Electric 

Infrastructure Scenarios



Electricity Overview



General Settings for Altering the Electric 

Generation Mix
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Further Explore the Electric Generation 

Mix in a Pathway



Electricity tabs in R&D GREET 1

Some Secondary
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Electricity Infrastructure



General Settings for Including the 

Construction of Electric Infrastructure 

Within the System Boundary
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Further Explore the Electric 

Infrastructure in a Pathway



Electric infrastructure tabs in R&D GREET 1

Some Secondary

Inputs

Results

Fuel_Specs

EF

T&D 
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OilGasCoalInfra
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Some Secondary

TEC_Results

MHDV_TEC_Results

Primary

Wind_Turbine

Solar_PV

Hydropower

Nuclear_Power

Electric infrastructure tabs in R&D GREET 2
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Electric Generation Mix Scenarios



CIDI RD from BioOil
Model a Compression Ignition Direct Injection (CIDI) 

Internal Combustion Engine Passenger Car Using 

Renewable Diesel from Biooil



Well-to-Wheel (WTW) GHG Emissions



Press F9

1

2

3

R&D GREET 1

WTW GHG emissions

125 g CO2e/mile or 33 g CO2e/MJ
CIDI vehicle fueled by 

renewable diesel from 

biooil



50% Coal/50% NG Electricity
Model a Compression Ignition Direct Injection (CIDI) 

Internal Combustion Engine Passenger Car Using 

Renewable Diesel from Biooil Produced with a 50% 

Coal/50% Natural Gas Electricity Generation Mix



Default Electricity Generation Mix



R&D GREET 1



Transportation Mix

Users to switch the electricity generation mix for the 

vehicle-use phase of the life cycle assessment

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)

Transportation compared to stationary electricity 

generation
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Fill out cells as 

shown

Press F9

1

2
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Well-to-Wheel (WTW) GHG Emissions



1
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WTW GHG emissions

134 g CO2e/mile or 36 g CO2e/MJ

CIDI vehicle fueled by 

renewable diesel from 

biooil with 50% coal/50% 

NG electricity generation 

mix



Default electricity 

generation mix

50% coal/50% NG 

electricity generation mix

WTW GHG 

emissions

33 g CO2e/MJ

WTW GHG 

emissions

36 g CO2e/MJ



FCV in Florida
Model a Fuel Cell Electric Vehicle (FCV) Using 

Gaseous Hydrogen Produced with a Florida-specific 

Electricity Grid (EIA Form-923) Electricity Generation 

Mix
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Fill out cells as 

shown

Press F9

1

2

3

R&D GREET 1



1

Using CS941 as the total for  

renewable sources, 

calculate % for each 

renewable sourcePress F9

2

R&D GREET 1



Press F9

Fill out cells as 

shown

1

2

R&D GREET 1



Conversion Factor for Light Water 

Reactor (LWR) Nuclear Power Plants



R&D GREET 1



Well-to-Wheel (WTW) GHG Emissions



1
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R&D GREET 1

WTW GHG emissions

179 g CO2e/mile or 93 g CO2e/MJ FCV fueled by gaseous 

hydrogen with a Florida-

specific electricity 

generation mix



Cradle-to-Grave (C2G) GHG Emissions
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C2G = WTW + vehicle cycle

C2G GHG 

emissions

230 g CO2e/mile

FCV fueled by gaseous 

hydrogen with a Florida-

specific electricity 

generation mix

R&D GREET 2



How Does a Change in the Electric Grid 

Used to Charge EVs Affect Their WTW 

Emissions and C2G Emissions?



SUV BEV Charged in WECC
Model a 2022 Sport Utility Vehicle (SUV) Battery 

Electric Vehicle (BEV) Using an NMC622 Battery 

Charged with a WECC Electricity Generation Mix



Note: 

this scenario is modeling an 

SUV built in 2022

2

1

3

R&D GREET 1



Type 0

Press F9

2

1

R&D GREET 1



Press F9

1

2

R&D GREET 2

3
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Life cycle GHG emissions

per mile traveled

2022 SUV BEV using an 

NMC622 battery charged by 

GREET default

R&D GREET 2



1

2

Note: 

this scenario is modeling an 

SUV charged in the West

R&D GREET 1



Well-to-Pump (WTP) and Well-to-Wheel 

(WTW) GHG Emissions



1

2

R&D GREET 1

WTP GHG 

emissions

per fuel 

consumed

WTW GHG 

emissions

per fuel 

consumed

WTP GHG 

emissions

per distance

WTW GHG 

emissions

per distance

2022 SUV BEV using a WECC 

electricity generation mix 



Cradle-to-Grave (C2G) GHG Emissions



C2G = WTP + vehicle operation + vehicle cycle

R&D GREET 2

C2G GHG 

emissions

257 g CO2e/mile

2022 SUV BEV using a WECC 

electricity generation mix 



Phase of the Fuel Cycle Responsible for 

the Reduction of C2G GHG Emissions



2022 SUV BEV charged in West2022 SUV BEV charged by GREET default

Life cycle GHG emissions

per mile traveled

Life cycle GHG emissions

per mile traveled



Electric Infrastructure Scenarios



Power-plant Construction
Model a 2022 Sport Utility Vehicle (SUV) Battery 

Electric Vehicle (BEV) Using an NMC622 Battery 

Charged with a WECC Electricity Generation Mix. 

Include Emissions Associated with Constructing the 

Power-plant from Raw Materials



Ensure R&D GREET 2 also has the inputs from the previous example
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12

Note: 

you can optionally include battery 

storage for solar PV systems

R&D GREET 1



Cradle-to-Grave (C2G) GHG Emissions



R&D GREET 2

C2G GHG 

emissions

260 g CO2e/mile

2022 SUV BEV including 

infrastructure emissions



2022 SUV BEV including infrastructure emissions2022 SUV BEV charged in West

Life cycle GHG emissions

per mile traveled

Life cycle GHG emissions

per mile traveled



Onshore Wind Turbine
Model a Passenger Car Battery Electric Vehicle (BEV) 

in 2022 Using an NMC111 Battery Charged from a 

Wind Turbine Located Onshore the U.S. Include 

Infrastructure Emissions



Capacity factor

Capacity Factor (CF)

Ratio of the average power output and rated 

power, affected by the wind speed

Off-shore average CF > On-shore average CF

Major wind potentials are in the Midwest 

and Offshore the U.S.

Deep water off-shore average CF > shallow 

water off-shore average CF



Capacity factor

Capacity Factor Degradation

CF degrades 85% over the lifetime of the 

wind turbine

Capacity Factor Lifetime

The average lifetime of the wind turbine is 

20-30 years



Change R&D GREET 2 inputs to a car using an NMC111 battery



Change R&D GREET 1 inputs to a car using a user input electric grid



12

Note: 

you can optionally include battery 

storage for solar PV systems

R&D GREET 1



Change R&D GREET 1 inputs to a 100% wind generated transportation 

Press F9

Fill out cells as 

shown

1

2

Press F9

1

2

Fill out cells as 

shown



Capacity Factor (CF), Assumed Lifespan, 

and Recycled Steel Content for Onshore 

Wind Turbine in U.S.



R&D GREET 2



Fill out cells as 

shown

R&D GREET 2



Default Installation Type for Small 

Residential Solar Photovoltaic Systems



R&D GREET 2



R&D GREET 2



Cradle-to-Grave (C2G) GHG Emissions



2022 car BEV with onshore 

wind electricity including 

infrastructure emissions

R&D GREET 2

C2G GHG 

emissions

68 g CO2e/mile



Offshore Wind Turbine
Model a Passenger Car Battery Electric Vehicle (BEV) 

in 2022 Using an NMC111 Battery Charged from a 

Wind Turbine Located Offshore the U.S. in Deep 

Water. Include Infrastructure Emissions



Change R&D GREET 2 inputs to a car using an NMC111 battery



Change R&D GREET 1 inputs to a car using a user input electric grid
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Change R&D GREET 1 inputs to a 100% wind generated transportation 

Press F9

1

2

Press F9

1

2

Fill out cells as 

shown
Fill out cells as 

shown



Press F9

2

1
Fill out cells as 

shown

R&D GREET 2



2

1

Press F9

3

R&D GREET 2



Capacity Factor (CF) for Offshore Wind 

Turbine in Deep Water



R&D GREET 2



Cradle-to-Grave (C2G) GHG Emissions



2022 car BEV with offshore 

wind electricity including 

infrastructure emissions

R&D GREET 2

C2G GHG 

emissions

69 g CO2e/mile



Offshore deep-water wind electricityOnshore wind electricity

Life cycle GHG emissions

per mile traveled

Life cycle GHG emissions

per mile traveled



Questions?
hcai@anl.gov

golson@gpisd.net

Visit https://greet.anl.gov/

Contributors

Gabrielle Olson, Branden Leonhardt, Zifeng Lu, 

Longwen Ou, and Hao Cai



THANK YOU
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