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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. 
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ARGONNE NATIONAL LABORATORY BY THE 
NUMBERS IN 2023
We are located in Chicago, USA

3,944
Employees, 
including 1,850 
researchers

$1.4B
Laboratory 
budget

7,134
Facility
users

690
Students
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DOE Office of Science 
and Office of Nuclear Energy 
user facilities 



The R&D GREET® (Greenhouse gases, Regulated Emissions, and 
Energy use in Technologies) model Framework
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GREET 1 model: 

Fuel-cycle (or well-to-wheels, WTW) modeling of vehicle/fuel systems
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▪ Lifecycle analysis model for the US

– Examines life-cycle impacts (i.e., energy use and emissions) of 

vehicle technology/fuel combinations in road, air, rail, and 

maritime transportation

▪ Has been in public domain since its inception in 1995

– Updated and expanded annually (https://greet.anl.gov)

– There are >63,000 registered GREET users globally

https://greet.anl.gov/
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Petroleum

• Gasoline

• Diesel

• Jet fuel

• Etc.

• Natural gas

• Shale gas

• Renewable natural gas

• Coal mine methane

• Electricity/Heat

• Hydrogen

• Methanol

• Ammonia

• Diesel/jet fuel

• Natural gas

• Renewable natural 

gas

• Coal mine methane

• Coal

• Electricity (solar, wind, 

nuclear, grid, etc.)

Hydrogen: 

gaseous/liquid

1st Gen Feedstocks:

• Corn

• Soybeans

• Sugarcane

• Etc.

2nd Gen Feedstocks:

• Energy crops

• Crop/forest residues

• Wastes (MSW, 

animals)

• Natural gas

• Coal

• Nuclear

• Hydro

• Wind

• Solar

• etc.

Electricity: national, 

NERC, and state level

•  Ethanol

• Biodiesel

• Renewable diesel

• Sustainable aviation fuels 

(SAF)

Renewable Hydrogen via 

low-C electricity:

• Wind

• Solar

• Nuclear

CO2 Sources

• Biogenic

• Point sources

• Direct air capture

Electro-fuels

• Gasoline

• Diesel

• Jet fuel

• Methanol

+

R&D GREET covers an extensive list energy systems



R&D GREET informs policies and regulations

• CA-GREET is an adaptation of Argonne’s GREET model

• Oregon Clean Fuels Program also uses an adaptation of Argonne’s GREET 
model

• State of Washington Clean Fuel Regulation relies on CA-GREET

• U.S. EPA uses GREET with other sources for Renewable Fuels Standard pathway 
evaluations

• National Highway Traffic Safety Administration for fuel economy regulation

• Federal Aviation Administration and International Civil Aviation Organization 
using GREET to evaluate aviation fuel pathways

• Canadian Clean Fuel Regulation for Environment and Climate Change Canada 
fuel pathways

• LCA results for use in different provisions of the 2021 Bipartisan Infrastructure 
Law and the 2022 Inflation Reduction Act
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SAF, clean fuel, and clean 
hydrogen incentives under the 
Inflation Reduction Act (IRA)
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IRA 40B SAF: ICAO CORSIA 

or similar methodology to 

EPA RFS for CI

IRA 45Z Clean Fuels: 

GREET for non-SAF CI

IRA 45V Clean Hydrogen: GREET for CI
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IRA GREET versions are available at DOE website

45VH2-GREET was release in Dec. 2023

40BSAF-GREET was release on 04/30/2024

45ZCF-GREET is currently under development
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GREET includes a variety of biofuel technology pathways
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Biofuel regulations treat feedstock and conversion differently
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• EU REDII, Canadian Clean Fuel Standard, 

Brazilian RenovaBio, ICAO CORSIA, and 

IRA 40B allow feedstock certification

• All biofuel regulations in place or under development allow 

biofuel facility certification



R&D GREET life-cycle GHG emissions of ethanol: feedstock is 

the main driver
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This is for use in 

the US; ~25 g/MJ 

for Brazil use



GREET temporal data representation: 
U.S. ethanol plant and corn farming trends
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Farming yield

Farming fertilizer use

Farming energy use
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GHG emission sources and trends of U.S. corn ethanol over 15 years
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Conversion and feedstock potentials for carbon neutrality 

and negativity of corn ethanol and ETJ

Source: Jim Spaeth(2021)  

(https://www.energy.gov/eere/bioenergy/articles/sustainable-

aviation-fuels-low-carbon-ethanol-production)
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Two approaches are used in regulations/programs to address Induced 

Land-Use Change (iLUC) GHG emissions

➢ Quantify potential iLUC GHGs to include in regulations: 

✓ CA LCFS (and several other states) 

✓ EPA RFS

✓ The Inflation Reduction Act incentives for clean hydrogen, sustainable aviation fuels, 

and clean fuels

✓ ICAO CORSIA

➢ Risk-based approach to prevent high-risk LUC with sustainability criteria:

✓ EU Renewable Energy Directive

✓ Canadian Clean Fuel Regulation

✓ Brazilian RenovaBio Program

✓ IMO LCA Guidelines



The LUC GHG emissions from large-scale ethanol 
production have been simulated since 2008

▪ Induced LUC is defined as the shift in land 

use and land cover (e.g., forest and 

grassland) that could accompany large-scale 

feedstock production in cropland to produce 

biofuels
– Economic models simulate the scenarios of 

biofuel production volume shocks to estimate 

LUC 

– The estimated LUC area is multiplied by 

“emission factors” (EF, CO2e emitted per unit 

area)

– EFs can be modeled using simple and/or 

sophisticated modeling frameworks

▪ The down trends in estimated LUC emissions 

are a result of better developed, calibrated 

economic models to incorporate up-to-date 

data
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Sugarcane Ethanol ILUC GHGs



Recent BD/RD LCA study with R&D GREET
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Biodiesel 

Production

Glycerin

Others

Biodiesel 

Transportation
Biodiesel 

Combustion

Soybean 

Farming

Soybean 

Crushing

Soy meal

Soy hull

Fertilizer 

Production

Soybean 

Transportation

Renewable 

Diesel 

Production

Renewable 

Diesel 

Transportation

Renewable 

Diesel 

Combustion

Other fuel products:

• Naphtha

• LPG

• Fuel gas

Soy oil

BD

RD

BD Pathway

RD Pathway

Land use 

change

▪ Well-to-wheels GHG emissions presented as g CO2e/MJ BD/RD consumed

▪ Default co-product handling method: process-level hybrid allocation

▪ Alternative allocation methods are available in GREET



LCA results of biodiesel and renewable diesel

▪ CI of soy BD and RD are 30.2 and 32.6 g 

CO2e/MJ, respectively. Soy oil has lower GHG 

emissions than canola and carinata (higher yield, 

no N input requirement)

▪ With LUC emissions accounted for, GHG of soy oil 

BD and RD could still be 64% to 67% (using 

GREET LUC value) or 42% to 52% (using LUC 

values from EPA, CARB, and ICAO) lower than 

petroleum diesel

▪ Converting tallow, UCO, and corn oil to BD and 

RD could achieve higher GHG reductions of 79% 

to 86%, mainly because they are residue 

feedstock
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Biodiesel

Renewable diesel



Argonne generated LCA values of SAF pathways for ICAO’s 

CORSIA using a R&D GREET version

▪ Argonne has been a member of ICAO’s 

Fuels Task Group (FTG) since 2014

▪ Argonne’s GREET was used to calculate 

the core LCA values of SAFs for CORSIA

▪ Default LCA values are available in 

CORSIA documents

FT: Fischer-Tropsch   |   HEFA: hydroprocessed esters and fatty acids

SIP: Synthesized iso-paraffins   |   Iso-BuOH: Iso-butanol

ATJ: Alcohol-to-jet   |   ETJ: Ethanol-to-jet   |   NBC: non-biomass carbon

(Prussi et al. 2021)
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Questions?

Michael Wang (mwang@anl.gov)

Visit https://greet.anl.gov/ 

• GREET models

• Publications

• User instruction materials
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