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W T W Analysis Is a Complete 
Energy/Emissions Comparison

As an example, greenhouse gases are illustrated here
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With DOE Support, Argonne Developed the GREET 
Model for Well-to-Wheels Analysis

Vehicle Cycle

Fuel Cycle

Well to Pump
Pum

p to W
heels

Key GREET features
• Emissions of greenhouse gases

CO2, CH4, and N2O
• Energy use

All energy sources 
Fossil fuels (petroleum, NG, coal)
Petroleum

• Emissions of five criteria pollutants
Total and urban separately 
VOC, CO, NOx, SOx, and  PM10

GREET and its documents are available at 
http://www.transportation.anl.gov/software/GREET/index.html



At Present, There Are More Than 1,700 
GREET Registered Users Worldwide

Universities

Others

Industries

Governments

Consulting

NGOs

GREET users are primarily in 
universities, industries, and 
governments

North America

Europe

Asia

C&S America

Others

They are primarily in North 
America, Europe, and Asia



Integration of GREET into MOVES Has 
Been a Joint Effort Between EPA and DOE

EPA focus: GREET/MOVES integration
GREET well-to-pump + MOVES pump-to-wheels
Seamless programming integration of two models

DOE focus: add new fuel production pathways
Coal Gasification to H2
Nuclear energy to H2 
Biomass gasification to H2
Gasoline and diesel from Canadian oil sands

The integration effort completed so far was for energy 
use and GHG emission modeling



Time Series Based Simulations Were Added 
To GREET Through This Effort

Previous GREET versions were based on two snap-shot 
simulations

Near term

Long term

New GREET version can simulate a target year
Between 1990 and 2020

Technology advancement over time is established with time-series 
look-up tables in GREET

Users can conduct simulations over time by using values 
for key parameters

GREET default values in look-up tables

User-specified values over time

GREET interpolation and extrapolation of partial inputs from users



For a Given Fuel, the New GREET Version Combines 
Production Options with Market Shares

Previous GREET versions conducted simulations for a 
fuel’s production options exclusive to each other

The new version combines different production options 
with their potential market shares

As an example, users can generate one set of results for 
the following H2 production options combined with their 
potential market shares
NG central SMR NG distributed SMR Nuclear H2

Biomass H2 Coal H2 Electrolysis H2

Solar PV H2 MeOH/EtOH to H2 at refueling stations

But users can still simulate a single production option by 
assigning 100% market share to it



W ell-to -p u m p  en erg y an d  em issio n s 
in  M O V E S  P R O G R A M  

P re-P rocessing M enu 

U pdate w ell-to-pum p rates via G R E E T 

G enerate input file for G R E E TG U I 

R un G R E E TG U I P rogram  

G R E E T G U I P R O G R A M  

U ser selects fuel m arket shares and 
Technology options 

G enerate output file of energy use 
and em ission rates 

Load G R E E T M odel 
(in the background) 

U ser selects sim ulation year(s) 
and fuel types 

Simulation Steps of Integrated 
GREET/MOVES 



GREETGUI Designs for GREET/MOVES Integration

Back to MOVES

From MOVES



Calculation Logic for a Given
W T P Production Activity in GREET

Inputs
Emission
Factors

Combustion
Tech. Shares

Facility
Location Shares

Fuel Type
Shares

Energy Use by
Fuel Type

Total
Emissions

Urban
Emissions

Calculations

Energy 
Efficiencies



Calculation Logic for a Given W T P 
Transportation Activity in GREET

Energy Intensity 
(Btu/ton-mile)

Energy Intensity 
(Btu/ton-mile)

Transportation 
Distance (mile)
Transportation 
Distance (mile)

Energy Consumption  
(Btu/mmBtu Fuel Transported)

Emission Factors
(g/mmBtu Fuel Burned)

Emission Factors
(g/mmBtu Fuel Burned)

Share of 
Process Fuels

Emissions by Mode 
(g/mmBtu Fuel 
Transported)

Mode ShareMode Share

Energy Use by Mode 
(Btu/mmBtu Fuel Transported)

Emissions (g/mmBtu 
Fuel Transported)



GREET Is Designed to 
Conduct Stochastic Simulations

Distribution-Based Inputs Generate Distribution-Based Outputs



W T P Criteria Pollutant Issues Were 
Addressed Through A Project with GM

Data for relevant facilities were extracted from 
EPA’s 1999 National Emissions Inventory 
database
Total emissions for a given facility were divided by 
its throughput to develop emissions factors
Distribution curves were fitted to current EPA 
emission data
The curves were further adjusted to account for 
improvements by future technologies and 
emission controls



GREET Includes Transportation Fuels from 
Various Energy Feedstocks

Note: options in blue are new.

Petroleum

Gasoline
Diesel
LPG

Naphtha
Residual oil

Natural 
Gas

CNG
LNG
LPG

Methanol
Dimethyl Ether

FT Diesel and Naphtha
Hydrogen

Nuclear 
Energy

Hydrogen

Coal Hydrogen

Corn Ethanol

Soybeans Biodiesel

Cellulosic
Biomass

Ethanol
Hydrogen
Methanol

Dimethyl Ether
FT Diesel and Naphtha

Residual Oil
Coal

Natural Gas
Nuclear

Biomass
Other Renewables

Electricity



GREET Petroleum Fuel Pathways

Note: NA – North American; NNA – Non-North American

Composite NA 
and NNA Crude;

Canadian Oil sands
Non-CA Refineries;
California Refineries

Federal Gasoline:
Conventional
Reformulated:

No Oxygenate
MTBE
EtOH
ETBE
TAME

CA Gasoline:
No Oxygenate
MTBE
EtOH
ETBE
TAME

Diesel:
CA Diesel
Federal Conventional
Federal Low-Sulfur

Other Fuels:
LPG
Residual Oil
Naphtha



GREET Natural Gas Fuel Pathways

Note: hydrogen from NG options are not presented here.

NNA Flared Gas

Landfill Gas

NA NG

NNA NG

CNG
LNG
LPG
Methanol

Standalone
Stem Co-Generation
Electric Co-Generation

Dimethyl Ether
Standalone
Stem Co-Generation
Electric Co-Generation

FT Diesel and Naphtha
Standalone
Stem Co-Generation
Electric Co-Generation

Methanol



GREET Hydrogen Production Pathways

NNA Flared Gas

NA NG

NNA NG

Central Plant Production
No C Sequestration
C Sequestration

Central Plant Production
Standalone
Steam Co-Generation
Electric Co-Generation

Distributed Production

Gaseous H2
Liquid H2

Nuclear Energy

Central Plant Production
HTGR H2O Splitting
HTGR Electrolysis

Distributed Production
LWR Electrolysis
HTGR Electrolysis

Gaseous H2
Liquid H2

Coal
Central Plant Production

No C Sequestration
C Sequestration

Gaseous H2
Liquid H2

Central Plant Production
Standalone
Steam Co-Generation
Electric Co-GenerationMethanol

Ethanol
Gaseous H2
Liquid H2 Distributed Production

Solar Energy Gaseous H2
Liquid H2

Central Production via PV

Biomass
Central Plant Production

Standalone
Steam Co-Generation
Electric Co-Generation

Gaseous H2
Liquid H2

Central Plant Production
No C Sequestration
C Sequestration

Electricity Gaseous H2
Liquid H2

Distributed Production 
via Electrolysis

HTGR – high-temp. 
gas-cooled reactors 



GREET Includes a Variety of Biofuel Pathways

Cellulosic Biomass

Corn Low-Blend (E5-E15)
High-Blend (Up to E90)
E100 (for FCVs)
E-Diesel Blend (Up to ED20)

Ethanol Production
Through Fermentation

Gasoline 
or Diesel

Fuel Production
Through Gasification

Cellulosic Biomass

Methanol
Standalone
Steam Co-Generation
Electric Co-Generation

Dimethyl Ether
Standalone
Steam Co-Generation
Electric Co-Generation

FT Diesel and Naphtha
Standalone
Steam Co-Generation
Electric Co-Generation

Gaseous and Liquid H2
Standalone
Steam Co-Generation
Electric Co-Generation

Soybeans Biodiesel Production Blend (Up to BD50) Diesel

Cellulosic Biomass ElectricityCombustion



GREET Electricity Generation Pathways

Coal

Nuclear

Electricity

Steam Boiler
Combined Cycle with Gasification

Cellulosic Biomass Steam Boiler
Combined Cycle with 

Gasification

HTGR
LWR

Natural Gas
Steam Boiler
Simple Cycle Turbine
Combined Cycle Turbine

Residual Oil Steam Boiler

Other Renewables:
Hydro
Wind

Applications:
EVs
GC HEVs
H2 Production
WTP Stages

GC – grid connected
EVs – battery powered electric vehicles
HEVs – hybrid electric vehicles
WTP – well to pump
HTGR – high-temp. gas-cooled reactors
LWR – light water reactors



Petroleum Refining Is the Key Energy 
Conversion Step for Gasoline and Diesel

Petroleum Recovery (97%)

Gasoline and Diesel at Refueling Stations

Petroleum Transportation
and Storage (99%)

Transportation, Storage, and 
Distribution of Gasoline (99.5%)

MTBE or EtOH for Gasoline

Petroleum Refining to Gasoline (84.5-86%, Depending on 
Oxygenates and Reformulation) and Low-S Diesel (87%)

Petroleum Refining to Gasoline (84.5-86%, Depending on 
Oxygenates and Reformulation) and Low-S Diesel (87%)

NG to MeOH Corn

U.S. WTP Efficiency:
Gasoline 80%
Diesel 83%



Production and Compression Are 
Key Steps for G.H2 Production

G.H2: gaseous H2
L.H2: liquid H2
LNG: liquefied natural gas
NA: North American  
nNA: non-North American
NG: natural gas

NA NG Recovery 
(97.5%)

Compressed G.H2 at Refueling Stations

LNG Gasification in 
Ports

LNG Production (88.0%)LNG Production (88.0%)

LNG Transport via Ocean Tankers (98.5%)

G.H2 Transport via 
Pipelines (96.3%)

nNA NG Recovery (97.5%)

Steam or 
Electricity Export

G.H2 Compression at Refueling Stations 
(89.5% & 95.0% for NG & Electric)

G.H2 Compression at Refueling Stations 
(89.5% & 95.0% for NG & Electric)

G.H2 Production (71.5%) G.H2 Production (71.5%) 

NA NG Processing 
(97.5%)

nNA NG Processing (97.5%)

NG Transport 
via pipelines

U.S. WTP Efficiency:  
NA NG-based 58%
nNA NG-based 54%



H2 Liquefaction Has Higher Energy 
Losses Than H2 Compression

NA NG Recovery (97.5%)

NA NG Processing (97.5%)

L. H2 at Refueling 
Stations

L.H2 Transport via Ocean 
Tankers (96.9%)

L.H2 Transport 
(98.9%)

nNA NG Recovery (97.5%)

nNA NG Processing (97.5%)

H2 Liquefaction 
(71.0%)

H2 Liquefaction 
(71.0%)G.H2 Production 

(71.5%)
G.H2 Production 

(71.5%)
H2 Liquefaction 

(71.0%)
H2 Liquefaction 

(71.0%)

G.H2 Production 
(71.5%)

G.H2 Production 
(71.5%)

U.S. WTP Efficiency:  
NA NG-based 43%
nNA NG-based 41%



Ethanol W TP Pathways Include Activities from 
Fertilizer to Ethanol at Stations

Agro-Chemical Production

Corn FarmingCorn Farming

Refueling Stations

Agro-Chemical Transport

Corn Transport

Transport, Storage, and 
Distribution of Ethanol

Electricity 
(Cellulosic Ethanol)

Woody Biomass FarmingWoody Biomass Farming Herbaceous Biomass FarmingHerbaceous Biomass Farming

Woody Biomass Transport Herbaceous Biomass Transport

Animal Feed 
(Corn Ethanol)

Ethanol ProductionEthanol Production

U.S. WTP Efficiency:  
Corn-based EtOH 60%
Cellulosic EtOH 41%



Users of GREET/M O VES Need to Pay Close 
Attention to Key Input Parameters 

GREET WTP default assumptions are U.S. 
averages
Scope and assumptions for individual 
states/regions could differ significantly

Transportation fuel types for simulations
Fuel production options for a given fuel (such as 
electricity generation and reformulated gasoline 
production)
Market shares of production options for a given fuel



Integrated GREET/MOVES Generates Results to Put 
Different Fuels into Perspective
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Thank You!


