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GREET Excel version is completely transparent with multiple modules 

Energy / Fuel / 

Products Vehicles / Material

Stochastic Land-use change
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The GREET model framework

GREET 1 model: 

Fuel-cycle (well-to-wheels) modeling of vehicle/fuel systems
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• GREET1: Fuel cycle

‒ Includes the entire supply chain of energy production

‒ [Well-to-pump] + [Pump-to-wheels] = [Well-to-wheels]

‒ Interacts with GREET2



GREET1: Microsoft Excel-based LCA tool
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Inputs

Results

Petroleum

Co_processing

NG

MeOH&FTD

EtOH

Electric

Bio_electricity

Hydrogen

BioOil

Algae

Macroalgae

Waste

RNG

Pyrolysis_IDL

IBR

PUP_conversion

E_fuel

Fuel_Prod_TS

EF_TS

AgMining_EF_TS

EF

WCF

Fuel_Specs

Car_TS

LDT1_TS

LDT2_TS

Vehicles

Urban_Shares

Compression

Coal

T&D_Flowcharts

T&D

Uranium

ASU

Ag_Inputs

Enzymes_Yeast

Pretreatment

Catalyst

Steam_Cracking

Chemicals

Plastics

Animal_Feed

EtOH-Diesel_Additives

OilGasCoalInfra

ElecInfra

Woody

HDV_TS

HDV_WTW

JetFuel_WTP

JetFuel_PTWa

JetFuel_WTWa

Rail_PTW

Rail_WTW

MarineFuel_WTH

Dist_Specs

Forecast_Specs

Forecast_Deleted

59 tabs in GREET1



GREET1 major components

Energy/Fuels
Intermediates/ 

Products

Supporting 

information
Applications

• Petroleum

• Natural gas

• Electricity

• Hydrogen

• Biofuels

• E-fuels

• Waste-to-Energy

• Coal

• Nuclear

• Chemicals

• Catalysts

• Enzymes

• Ag. inputs

• Plastics

• Animal feed

• LDVs

• HDVs

• Rail

• Marine

• Aviation

• Emission factors

• Fuel specs

• Time-series values

• Water consumption 

factors

• Stochastic 

simulation



Each tab includes detailed modeling parameters enabling 
comprehensive LCA



GREET LCA Methodology: 

Well-to-Pump
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Exploration 

and recovery

Transportation 

of crude

Petroleum 

refining

Fuel 

transportation 

and distribution

Fuel 

combustion

Energy sources

Coal

Natural 

gas Oil Renewables Emissions

Crude oil

Well-To-Wheels (WTW) 

Fuel Pathways: Petroleum Fuels



▪ Carbon cycle via photosynthesis provides key CO2 benefits with biofuel pathways.
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Fertilizer

Soy meal Naphtha Diesel fuel Fuel gasCo-products:

Energy

N2O

Hydroprocessing Fuel useOil extractionFarming

CO2 via 

photosynthesis

CO2 CO2 CO2

Chemicals

Energy

Chemicals

Energy

Carbon in 

soybean

Carbon in 

soy oil

Carbon in 

jet fuel

Fuel Pathways: Biofuels
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GREET1 example fuel production pathway (simplified)

Crude 

recovery
Refining Gasoline

Diesel

Jet

Crude

Combustion 

emissions

Energy

Material

Energy

Material

Non-Combustion 

emissions

EF EF

Combustion 

emissions

Non-Combustion 

emissions

EF EF

Upstream 

emissions

Upstream 

emissions
Co-product handling

Functional unit:

MJ fuel



Co-product handling: allocation

Process Main product

Co-product 1

Co-product 2

▪ Main product and co-product carry energy and emissions burdens and can be 

allocated based on their relative ratios in the total product slate;

▪ Allocation can be done based on mass, energy, or market-value.

Energy

Material

Feedstock

Emissions

Allocation factor

X%



Co-product handling: displacement (substitution)

Users can select the co-product handling method in GREET

▪ Main product carries the burden of all process energy and emissions, and all 

life-cycle energy and emissions of the displaced product are credited to the 

main product.

Process Main product

Co-product 1

Co-product 2

Energy

Material

Feedstock

Emissions

P3 P2 P1Counterpart 1

Emissions

P6 P5 P4Counterpart 2

Emissions

credits



Transportation process

▪ Transportation modes: ocean tanker, barge, truck, rail, and pipeline

▪ Parameters: payload (ton), energy consumption (Btu/ton-mi), distance (mi), mode share (%), 

fuel type (diesel, residual oil, natural gas, and electricity, back-haul



GREET outputs include energy use, criteria pollutants, greenhouse 
gases, and water consumption
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Energy use

• Total energy: fossil energy 
and renewable energy

• Fossil energy: petroleum, 
natural gas, and coal

• Renewable energy: 
biomass, nuclear energy, 
hydro-power, wind power, 
and solar energy

Air pollutants

• VOC, CO, NOx, 
PM10, PM2.5, and 
SOx

• Estimated 
separately for total 
and urban (a subset 
of the total) 
emissions

Greenhouse 
gases (GHG)

• CO2, CH4, N2O, 
black carbon, and 
surface albedo

• CO2e of the five 
(combined with their 
global warming 
potentials)

Water 
consumption

• Freshwater 
consumption

• Water stress, 
considering water 
supply and demand 
(energy-water 
nexus)



GREET LCA Methodology: 

Pump-to-Wheels (Vehicle Operation)



Pump-to-Wheels

Air

Marine

Road

Rail



GREET includes key vehicle technologies
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• Conventional Spark-Ignition Engine Vehicles

• Spark-Ignition, Direct-Injection Engine Vehicles

• Compression-Ignition, Direct-Injection Engine 

Vehicles

• Hybrid Electric Vehicles (HEVs)

• Plug-in Hybrid Electric Vehicles (PHEVs)

• Battery-Powered Electric Vehicles

• Fuel Cell Vehicles

Types of LDVs in GREET Types of fuels for LDVs

• Gasoline/Ethanol

• Electricity

• Hydrogen

• CNG

• Diesel

• Biodiesel

• Renewable diesel

• DME/F-T diesel/Methanol



▪ Fuel economy values are based on Argonne’s Autonomie, which is a detailed 

vehicle simulation model. 

▪ Emission factors are based on EPA’s MOVES model (the latest MOVES3)

▪ Light-duty vehicles include three types:  passenger cars, sports utility vehicles 

(LDV1), and pickup truck (LDV2)
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Light-duty vehicles: Fuel economy and emission factors



▪ HDV_TS and HDV_TWT tabs 
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Heavy-duty vehicles: Fuel economy and emission factors

Types of fuels for HDVs

• Diesel

• Biodiesel

• Renewable diesel

• DME/F-T diesel/Methanol

• CNG/LNG

• Electricity

• Hydrogen

Types of HDVs in GREET

• Combination Long-Haul Trucks

• Combination Short-Haul Trucks

• Heavy Heavy-Duty Vocational Vehicles

• Medium Heavy-Duty Vocational Vehicles

• Light Heavy-Duty Vocational Vehicles

• Heavy-Duty Pick-Up Trucks and Vans

• Refuse Trucks

• School Buses

• Transit Buses

• Intercity Buses



▪ Rail (per ton-mi or per passenger-mi results)
– Rail types: freight rails, intercity rails, commuter rails, and transit rails

– Fuel types: diesel, LNG, LPG, DME, FTD, RD, RG, H2, and electricity

▪ Marine (per million tonne-km or per defined trip)
– Vessel types: bulk, container-large, and tanker VLCC

– Trip types: domestic-domestic, domestic-CA, CA-CA, domestic-international, and 

CA-international

– Regions: Pacific, Atlantic, Gulf of Mexico, and Great Lakes

– Fuel types: HFO, MDO, MGO, LNG, FTD, Pyrolysis oil, methanol, ammonia, etc.

▪ Aviation (per passenger-km or per kg-km)
– Aircraft types (passenger and freight): single aisle, small twin aisle, large twin aisle, 

large quad, and regional jet

– Fuel types: petroleum jet and sustainable aviation fuels (SAF)
21

Rail, marine, and aviation modules can generate results 
for different service functional units



▪ Many major parameters have time-series (TS) values.
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Time-series tables characterize technology advancement 
over time and enable simulating temporal effects

▪ Depending on the selected 

simulation year, GREET reads the 

parameters in the TS tables of 

relevant parameters for the 

simulation year.



What can we do with GREET?



GREET 1 can simulate various fuel production pathways in 
specific scenarios
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Inputs Results

Users can change the value

Users can select an option

• Technology options

• Technology shares

• Efficiencies / yields

• Emission factors

• Etc.
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GREET generates substantial and reliable datasets for 
energy/transportation technologies

• Feedstock specifications

• Fuel specifications

• Major parameters (e.g., fuel yield, 

energy and material inputs, etc.) of 

various fuel production technologies

• Major parameters of various material 

production technologies

• Vehicle fuel economy and emission 

factors

https://greet.es.anl.gov/publications

All parameters, conditions, and 

assumptions are clearly 

documented in journal articles, 

technical reports, and memos.

GREET includes

https://greet.es.anl.gov/publications
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GREET 1 identifies hotspots and opportunities for 
technology improvement

https://pubs.acs.org/doi/10.1021/acs.est.2c00289

▪ Results can be presented at the 

process level showing the contribution 

of major parameters. 

▪ Can help reduce environmental 

impacts through multiple options 

available in GREET.

Source: Jim Spaeth(2021)  

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

aviation-fuels-low-carbon-ethanol-production)
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Stochastic simulation in GREET1 quantifies uncertainties

▪ Stochastic simulation feature is 

incorporated in GREET

– Assign probability distribution functions 

to the input variables

– Specify the number of samples 

required and the sampling technique

– Define the forecast variables

– Propagate the uncertainties

– Statistically analyze the outputs 

https://pubs.rsc.org/en/content/articlehtml/2022/se/d2se00411a
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Sensitivity analysis with transparent access and 
modifications to key inputs

▪ Sensitivity analysis help reveal the impact of each parameter

https://iopscience.iop.org/article/10.1088/1748-9326/ac018f/pdf
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Visit https://greet.es.anl.gov/ 
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GREET Questions: best way via emails

• Greet@anl.gov

• Subject: area of your questions (such as biofuels, electric vehicles, hydrogen, etc.)

• Questions in email text


