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Argonne National Laboratory

Accelerating science and technology for U.S. prosperity 
and security.

Multidisciplinary science and engineering research 
center, where talented researchers work together to 
answer the biggest questions facing humanity.

Operated by the University of Chicago

Over 2,000 research staff & post-docs

U.S. Department of Energy
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Systems Assessment Center

§ Assess technologies and programs 
against sustainability goals
– Focus on greenhouse gas, criteria 

pollutants, and resource use.
– Identifying opportunities for 

improvement. 

§ Diverse group of ~65 engineers, 
economists, analysts, modelers, and 
planners.

Analyzing the benefits and 
challenges of technologies to 
make the U.S. more sustainable, 
secure, and resilient.
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GREET Model
Greenhouse Gases, Regulated Emissions, and Energy Use in Technologies
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– Used to inform and guide DOE research

• Argonne has been developing GREET since 1995 with annual 
updates and expansions.

• Long-term support from U.S. Dept. of Energy
– Vehicle Technologies Office (VTO)
– Hydrogen Fuel-Cell Technology Office (FCTO)
– Bioenergy Technology Office (BETO)

• Expanded from transportation-focus to include a wide range 
of technologies

– Fuels, Vehicles, Chemicals, Plastics, Agriculture, Metals, 
Concrete, Buildings, Batteries, Electricity Infrastructure

• Consistent tracking of the life cycle performance of energy and products



There are ~50,000 registered GREET users globally



Share of US transportation GHG emissions;  remaining 12% for US is from pipelines and offroad.
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GREET
TRANSPORTATION

GREET covers all transportation subsectors

6



7

Petroleum Electric Systems

Renewable Energy/Fuels
Natural Gas

Hydrogen
Electro-fuels

GREET covers many groups of energy systems Photo credit: Shutterstock.com 
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Waste-to-Energy and Waste-to-Product Studies 
in ANL MSWWastewater 

SludgeAnimal WasteLandfill Gas

Waste-to-Energy Waste gas-to-liquid fuels
(CO2 utilization)Waste-to-products



LCA of WTE Pathways that May Provide Significant WTW 
GHG Reductions
§ LCA of waste-to-energy (WTE) pathways evaluate emissions associated with business-

as-usual (BAU) waste management and account for avoided emissions. 
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End UseDistributionRNG Production

GREET Renewable Natural Gas (RNG) Module

BAU Waste 
Management

Anaerobic 
Digestion

RNG 
Cleanup 

and 
Upgrading

RNG 
Compression 
and Pipeline 

Transportation

Light Duty 
Vehicle 

Operation

WWTP 
Sludge

MSW 
(food waste)

Animal 
Manure

Wet Wastes

RNG 
Liquefaction 

and 
Distribution

Heavy 
Duty Truck 
Operation

AD Residue

Business-as-usual 
waste management 
practices Energy consumption and CH4 

leakage during AD and RNG 
cleanup

AD residue management: 
- displacement of fertilizers 
- carbon sequestration

Process 
Fuel for 
Industry

Buildings

Pipeline 
Quality RNG



Alternative fuel production scenario: 
Renewable natural gas from food waste via AD
§ Heat and power generated from biogas combustion are used to meet the onsite demands

– Grid electricity/pipeline NG are used to satisfy energy demand for biogas upgrading
§ The biogas is upgraded and compressed to RNG
§ Fuel and fertilizer displacement are important sources of energy and emissions credits
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Waste Anaerobic 
Digesters

1st Cleanup

Digestate 
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AD: Anaerobic Digestion  |  CHP: Combined Heat and Power
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leakage during AD and RNG 
cleanup
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AD residue management: 
- displacement of fertilizers 
- carbon sequestration

RNG is a very attractive option for decarbonizing heavy-duty 
transportation, which is hard to electrify and decarbonize.

Avoided GHG emissions and displacement credits can be significant.



Landfill specific parameters should be used to estimate 
avoided LFG emissions
§ Due to significant variations in landfill conditions and operations, setting an appropriate 

BAU which diverts waste from is critically important. 
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GREET Aviation Module
§ Can evaluate SAF pathways with various feedstock/conversion combinations
§ Present process-level emission results to identify emission hotspots
§ Combustion emissions by aircraft types are available
§ Can be expanded for new pathways leveraging existing structure and datasets
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GREET Excel Aviation Module GREET.net Aviation Module



Available Sustainable Aviation Fuel Pathways in GREET 
Corn

Ethanol-to-jet (ETJ)

SAFSoybean

Corn stover

HEFA / Hydroprocessed 
renewable jet (HRJ)

Canola

Camelina

Sugar-to-jet (STJ)

Fischer-Tropsch (FT)

Forest residue

Carinata
Palm FFB
Jatropha

Switchgrass
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Poplar
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Corn oil

RNG



GREET Provides the Carbon Intensities for Carbon Offsetting and 
Reduction Scheme for International Aviation (CORSIA)

§ Argonne has been a member of ICAO’s 
Fuels Task Group (FTG) since inception

§ Argonne’s GREET was used to calculate 
the core LCA values of SAFs for CORSIA

§ Default LCA values available in CORSIA 
documents
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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

(Source: Prussi et al. 2021)



GREET LCA Informs Policy and Regulation
• California-GREET is an adaptation of Argonne’s GREET model

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

• Specified in Inflation Reduction Act related to the Clean Fuel Production 
Credit and the Clean Hydrogen Credit

• 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

• U.S. Maritime Administration - renewable marine fuel options for IMO 
2020 sulfur limits

• U.S. Dept. of Agriculture bioenergy LCA and carbon intensity of farming 
practices

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



The GREET research effort at Argonne National Laboratory was supported by several offices of the US 
Department of Energy (DOE) under contract DE-AC02-06CH11357, and other federal agencies including FAA 
and USDA. 
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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