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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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Navigate in R&D GREET 2



Sync the Results Between 

R&D GREET 1 and R&D GREET 2



Open R&D GREET 1

R&D GREET 1



Open R&D GREET 2

R&D GREET 2



R&D GREET 1



R&D GREET 1



Main Way to Navigate Through 

R&D GREET 2



Right click

R&D GREET 2



R&D GREET 2



Main Categories of 

Tabs in R&D GREET 2



Main tabs in R&D GREET 2

Categories of Tabs in R&D GREET 2 

• Materials

• Vehicle-related Details

• Impact Calculation Tabs for Vehicle Components

• Vehicle Fluids

• ADR (assembly, disposal, and recycling)

• Trailer Components

• Trailer Fluids

• Sum of all Vehicle-cycle Results

• Sum of Full Life-cycle Results



Steps to Model a Scenario in R&D GREET 2



Go to the “TEC_Results” Tab

Are the results for your scenario generated by default?

Go to the “Inputs (R&D GREET 1),” “Vehi_Inputs,” or “Mat_Inputs” Tab

Have I made the necessary changes on all these tabs?

If Yes, 

Make your changes and go to the 

“TEC_Results” tab to see your 

results

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

If No, 

Determine whether the changes are related 

to the vehicle/material type, vehicle 

fluids/processing, or battery

Vehicle/material Type

Go to the “vehicle/material-specific” tab

Dive into the formulas on the “TEC_Results” tab

Vehicle Fluids/processing

Go to “Vehi_Fluids,” “Vehi_ADR,” 

“Vehi_Sum,” “Vehi_Comp_Sum,” or 

technology-specific tabBattery

Go to one of the “Battery_Assembly/

Sum/Materials/Recycling” tab 



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 I made the necessary changes on all these tabs?

If Yes, 

Make your changes and go to the 

“MHDV_TEC_Results” tab to see 

your results

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

If No, 

Determine whether the changes are related to 

the material parameters, vehicle fluids/ 

processing, or battery

Dive into the formulas on the “MHDV_TEC_Results” tab

Material Parameters

Go to the “MHDV_Mat_Parameters” 

or “vehicle-specific” tab

Vehicle Fluids/processing

Go to the “MDHV_Fluids/Trailer_Fluids” 

“MHDV_ADR/Trailer_ADR,” “MHDV_Sum” or 

MHDV_Comp_Sum/Trailer_Comp_Sum” tab
Battery

Go to the “MHDV_Battery_Sum” tab 



Vehicle Outputs



Light-duty Vehicle Outputs



1

2

3



Medium and Heavy-duty Vehicle Outputs



1

2

3



Adjust General Battery Settings





Adjust More-specified Simulation 

Settings



1

2

3



Example Scenarios



2017 SI-ICE
Model a 2017 Spark-Ignition Internal Combustion 

Engine (SI-ICE) Light-duty Vehicle (LDV) Fueled by 

Gasoline in R&D GREET



Note: 

this scenario is modeling a car 

built in 2017

R&D GREET 1
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R&D GREET 1



Type 0

R&D GREET 1



Note: 

this scenario is modeling a car 

built in 2017

R&D GREET 1



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

(WTW) GHG Emissions



R&D GREET 1



R&D GREET 1
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R&D GREET 1
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Press F9

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

WTP GHG emissions

83.3 g CO2e/mile

SI-ICE vehicle built and used in 

2017 and fueled by default 

gasoline

R&D GREET 1



SI-ICE LDV built in 2017SI-ICE LDV vehicle on the road in 2017

WTW GHG 

emissions

92 g CO2e/MJ

WTW GHG 

emissions

91 g CO2e/MJ

WTW GHG 

emissions

416 g CO2e/mile

WTW GHG 

emissions

414 g CO2e/mile



1

2

Ensure the R&D GREET vehicle type 

matches the weight of the vehicle 

you intend to model

R&D GREET 2



R&D GREET 2



Note:

emissions results will be amortized across the 

total number of miles driven by the vehicle in its 

lifetime to convert the units to g/mile

R&D GREET 2



2

3

4 Press F9
1

R&D GREET 2



WTW = total - vehicle 

cycle

WTP GHG 

emissions

18.5%

WTW GHG 

emissions

414 g CO2e/mile

WTP GHG 

emissions

83 g CO2e/mile

SI-ICE vehicle built and 

used in 2017 and fueled 

by default gasoline

R&D GREET 2



How Do Battery Electric Vehicles (BEVs) 

Compare to Internal Combustion Engine 

Vehicles (ICEVs) on a Vehicle Cycle 

Perspective?



SUV BEV
Model a 2022 Sport Utility Vehicle (SUV) Battery 

Electric Vehicle (BEV) Using an NMC622 Battery in 

R&D GREET



Note: 

this scenario is modeling a car 

built in 2022

2

1

3

R&D GREET 1



Type 0

Press F9

2

1

R&D GREET 1



Type 0

Press F9

2

1

R&D GREET 1



Type 0

Press F9

2

1

R&D GREET 1



Press F9

1

2

3

R&D GREET 2
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2

R&D GREET 2



1

2

R&D GREET 2



Default Range for a BEV



R&D GREET 1



R&D GREET 1



R&D GREET 1



Relative Fuel Economy for this SUV BEV 

Compared to 

a Baseline SI Vehicle Using Gasoline



R&D GREET 1



R&D GREET 1



Cradle-to-Grave (C2G) GHG Emissions



R&D GREET 2



C2G = WTW + vehicle 

cycle

C2G GHG 

emissions

215 g CO2e/mile

SUV BEV built and used in 

2022

R&D GREET 2



GHG Emissions from Producing the 

Vehicle



Vehicle cycle GHG 

emissions

66 g CO2e/mile

SUV BEV built and used in 

2022

R&D GREET 2



SUV ICEV
Model a 2022 Sport Utility Vehicle (SUV) Internal 

Combustion Engine (ICEV) Using Gasoline in R&D 

GREET



Cradle-to-Grave (C2G) GHG Emissions



C2G = WTW + vehicle 

cycle

C2G GHG 

emissions

437 g CO2e/mile

SUV ICEV built and used 

in 2022

R&D GREET 2



GHG Emissions from Producing the 

Vehicle



2022 SUV BEV 2022 SUV ICEV

Vehicle Cycle

Vehicle cycle 

GHG emissions

66 g CO2e/mile

Vehicle cycle 

GHG emissions

40 g CO2e/mile



How Do The Opportunities for Emission 

Mitigation for the Production of Major 

Vehicle Materials Affect the Vehicle Cycle 

Impacts of Vehicles?



Increase the Share of Recycled Steel



Scrap vs recycled materials

Recycled

Obtained from the treatment of 

scrap

Scrap

Untreated material



BEV Recycled Steel
Model a 2022 Sport Utility Vehicle (SUV) Battery 

Electric Vehicle (BEV) Made with 100% Recycled 

Steel and Virgin Aluminum Produced with 100% 

Hydropower Electricity



Why replace a vehicle’s steel with aluminum?

Pros of Replacing Steel with Aluminum

• Aluminum is lighter than steel

• Lighter vehicles have an improved 

fuel economy and consume less fuel 

over the vehicle’s lifetime

Challenges/Cons of using Aluminum

• Virgin aluminum production is 

highly energy intensive 

• Most energy comes from fossil 

sources - highly carbon intensive

• Most of the aluminum in vehicles is 

virgin

Therefore, renewable energy is needed to decarbonize virgin 

aluminum production



Aluminum background

Virgin Aluminum Production Involves

•  Mining and extraction of bauxite ore

• Processing of bauxite to produce aluminum hydroxide

• Conversion of aluminum hydroxide to aluminum oxide 

(alumina)

• Hell-Heroult process, involving the reduction of 

alumina through electrolysis (with carbon anodes) to 

pure aluminum metal

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

production come from the electrolysis process due to its 

high energy intensity



Aluminum options and associated applications for vehicles 

in R&D GREET

Extruded or Forced Aluminum Products

Used in the interior body

Cast Aluminum

Used primarily in engine blocks

Wrought Aluminum

Used as an aluminum sheet, which could be stamped 

making the vehicle’s body out of aluminum



Note: 

this scenario is modeling a car 

built in 2022
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R&D GREET 1



Type 0

Press F9

2

1

R&D GREET 1
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R&D GREET 2
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R&D GREET 2
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R&D GREET 2



R&D GREET 2



Default Share of Virgin Steel



R&D GREET 2



Type 0

Press F9

1

2

R&D GREET 2



R&D GREET 2



1

2

Note: default electric generation mix for 

aluminum smelting is NA smelter mix

R&D GREET 2



1

2

R&D GREET 2



Fill out the user-

defined mix as shown

R&D GREET 2



Vehicle Cycle GHG Emissions



Vehicle cycle GHG 

emissions

56 g CO2e/mile

SUV BEV built and used in 

2022 and made with 

recycled aluminum

R&D GREET 2



ICEV Recycled Steel
Model a 2022 Sport Utility Vehicle (SUV) Internal 

Combustion Engine (ICEV) Using Gasoline Made 

with 100% Recycled Steel and Virgin Aluminum 

Produced with 100% Hydropower Electricity



Vehicle Cycle GHG Emissions



2022 SUV BEV 2022 SUV ICEV

Vehicle cycle GHG 

emissions

56 g CO2e/mile

Vehicle cycle GHG 

emissions

30 g CO2e/mile



Questions?
hcai@anl.gov

golson@gpisd.net

Visit https://greet.anl.gov/

Contributors

Gabrielle Olson, Branden Leonhardt, Jarod Kelly, 

Taemin Kim, Rakesh K Iyer, and Hao Cai



THANK YOU
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