
Demo for ICEVs, HEVs, PHEVs, EVs, 

and FCVs in R&D GREET
3:00-4:00 p.m. CT

March 3, 2025

Instructors

Gabrielle Olson, Great Plains Institute

Branden Leonhardt, Department of Energy

Argonne National Laboratory Subject Matter Experts

Jarod Kelly, Taemin Kim



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 
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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. 
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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.
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Outline Steps ICEV, HEV, PHEV, EV, 

and FCV Scenarios



ICEV
Internal combustion engine vehicle

Types of powertrains in R&D GREET

BEV (Battery Electric Vehicle)
A vehicle the runs solely on battery power

HEV (Hybrid Electric Vehicle)
A vehicle with an internal combustion engine and a battery; this 

vehicle cannot run on battery power alone

PHEV (Plug-in Hybrid Electric Vehicle)
A vehicle with an internal combustion engine and a battery; this 

vehicle can run on battery power alone

FCV (Fuel-Cell Vehicle)
A vehicle that uses a fuel cell to power its electric motor; this vehicle 

runs on oxygen (from air) and compressed hydrogen



Main Outputs for 

Light-duty Vehicles (LDVs)



Note: press F9 to ensure the 

results of R&D GREET are up to 

date

R&D GREET 1



Major Outputs for Medium and 

Heavy-duty Vehicles (MHDVs)



Note: press F9 to ensure the 

results of R&D GREET are up to 

date

R&D GREET 1



How Would You Further Explore 

On-Road (ICEVs, HEVs, PHEVs, EVs, and 

FCVs) Vehicles Scenarios?



Primary

Vehicles

Car_TS

LDT1_TS

LDT2_TS

MHDV_TS

in R&D GREET 1

Some Secondary 

All tabs 

in R&D GREET 2

On-road vehicle tabs in R&D GREET

Some tabs are on 

material impacts that 

feed into vehicle-cycle 

impact calculations, 

while other tabs are 

about vehicles or vehicle-

cycle impact calculations

Some Secondary 

Results 

MHDV_WTW 

in R&D GREET 1



On-Road Vehicle Scenarios



Go to the “Results” or "MHDV_WTW" Tab

Are the results for your scenario generated by default?

Go to the “Inputs” Tab

Are the changes I want to make altered on this tab?

If Yes, 

Make your changes and go to the 

“Results” tab to see your results

Steps to model a scenario in R&D GREET 1

If No, 

Go to the fuel-specific/vehicle-

specific tabs for the fuel/vehicle you 

want to model

Vehicle Operation Inputs

Go to the “Vehicles” tab

Fuel and Feedstock 

Go to the “Fuel-specific” tab

Dive into the formulas on the “Results” tab



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,” and “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 



Open R&D GREET 1

Fuel cycle results



Open R&D GREET 2

Vehicle cycle results

Note: there are fewer vehicles 

modeled in R&D GREET 2 than 

R&D GREET 1



R&D GREET 1



R&D GREET 1



R&D GREET 1



R&D GREET 1



R&D GREET 1



R&D GREET 2



R&D GREET 2



Obtain Life Cycle Impacts of SUVs with 

Different Powertrains



Powertrains
Model a 2022 Sport Utility Vehicle (SUV) with the 

Following Powertrains: ICEV, HEV, PHEV (50-mi 

range), BEV (400-mi range), FCV (Gaseous Hydrogen) 



Note: 

this scenario is modeling an 

SUV built in 2022

R&D GREET 1

2

1

3



PHEV: 50-mi range

BEV: 400-mi range

R&D GREET 1

2

1



Type 0

Press F9

R&D GREET 1

2

1



Press F9

R&D GREET 2

2

1

3



Maintain these settings throughout the rest of the 

demonstration

R&D GREET 2

1



Fuel Cycle GHG Emissions for an Internal 

Combustion Engine Vehicle (ICEV)



Press F9

Feedstock 
GHG emissions

ICEV SUV built and used in 

2022 and fueled by gasolineFuel 
GHG emissions

Vehicle 

operation
GHG emissions

Total WTW 
GHG emissions

R&D GREET 1

2

1

3



Ctrl C

R&D GREET 1

2

1



Use empty cells 

or a new sheet

R&D GREET 1



Create a table as 

shown on the left

R&D GREET 1



Right click
Paste as 

Values

R&D GREET 1

2

1



Obtain Fuel Cycle GHG Emissions for a 

Hybrid Electric Vehicle (HEV), Plug-in 

Hybrid Electric Vehicle (PHEV), Battery 

Electric Vehicle (BEV/EV), and Fuel-Cell 

Vehicle (FCV)



ICEV: Gasoline

HEV: Gasoline

PHEV: Gasoline and Electricity

BEV: Electricity

FCV: Gaseous HydrogenRight click
Paste as 

Values

R&D GREET 1

2

1



List the Powertrains from Lowest to 

Highest Feedstock GHG Emissions



Feedstock GHG emissions results

PHEVs and BEVs
Feedstock emissions come from the electricity from the 

electric grid

Much of the electricity from the U.S. Mix in GREET is produced 

using natural gas and/or coal, which have upstream GHG 

impacts

FCVs
Feedstock emissions come from hydrogen production

Hydrogen is produced from conventional steam natural 

reforming of natural gas, which is highly GHG emission-

intensive and produces higher feedstock and fuel emissions HEV < ICEV < PHEV < BEV < FCV



List the Powertrains from Lowest to 

Highest Total Fuel Cycle GHG Emissions



BEV and FCV have No 

Vehicle Operation GHG Emissions
You avoid all GHG emissions from petroleum-based fuels

In an FCV, hydrogen reacts with oxygen resulting in water

Total fuel cycle emissions results

FCVs have lower total fuel cycle GHG emissions 

than all powertrains except BEVs

BEV < FCV < PHEV < HEV < ICEV



Vehicle Cycle GHG Emissions for an 

Internal Combustion Engine Vehicle 

(ICEV)



R&D GREET 2

WTP 
GHG emissions

Vehicle 

cycle 
GHG emissions

Vehicle 

operation
GHG emissions

Total C2G 
GHG emissions

ICEV SUV built and used in 

2022 and fueled by gasoline



Ctrl C

R&D GREET 2

2

1



Use empty cells 

or a new sheet

R&D GREET 2



Create a table as 

shown on the left

R&D GREET 2



Right click
Paste as 

Values

R&D GREET 2

2

1



Obtain Vehicle Cycle GHG Emissions for a 

Hybrid Electric Vehicle (HEV), Plug-in 

Hybrid Electric Vehicle (PHEV), Battery 

Electric Vehicle (BEV/EV), and Fuel-Cell 

Vehicle (FCV)



Right click
Paste as 

Values

ICEV: Gasoline

HEV: Gasoline

PHEV: Gasoline and Electricity

BEV: Electricity

FCV: Gaseous Hydrogen

Note: 

model all LDV technologies using 

the conventional material

R&D GREET 2

2

1



List the Powertrains from Lowest to 

Highest Vehicle Cycle GHG Emissions



Vehicle cycle GHG emissions results

BEVs
BEVs use a Lithium ion battery when modeled in GREET, 

which is heavy and is associated with high vehicle cycle GHG  

emissions

FCVs
FCVs use carbon-reinforced plastic for the hydrogen tanks, 

which accounts for the higher vehicle cycle GHG emissions

ICEV < HEV < PHEV < FCV < BEV



List the Powertrains from Lowest to 

Highest Total Vehicle Cycle GHG 

Emissions



BEV and FCV have 

No Vehicle Operation GHG Emissions
This offsets the increased vehicle cycle emissions from BEVs 

and FCVs modeled in GREET

Total vehicle cycle emissions results

FCVs have lower total vehicle cycle GHG 

emissions than all powertrains including BEVs

FCV < BEV < PHEV < HEV < ICEV



Calculate the Percentage Reduction in 

Total Vehicle Cycle GHG Emissions 

Compared to the Same Vehicle Using an 

ICEV Fueled with Gasoline



Percent reduction = 100 x 

(1-total powertrain/total ICEV)

R&D GREET 2



Obtain Life Cycle Impacts of SUVs with 

Different Battery Chemistries



The electric vehicle industry is shifting to higher 

nickel chemistries

Higher nickel chemistries improve the energy 

capacity of the battery

Battery chemistry

Less material is needed to produce the same 

battery capacity, which reduces the battery weight

Lighter vehicles produce less GHG emissions



Battery Chemistry
Model a 2022 Sport Utility Vehicle (SUV) Running on 

an NMC811 Battery with the Following Powertrains: 

PHEV (50-mi range) and BEV (400-mi range)



Default Battery Chemistry 

Used in PHEVs and BEVs



Note: 

NMC111 is the default battery 

chemistry, not default battery type

R&D GREET 2



R&D GREET 2

2

1



R&D GREET 2

2

1



Default Battery Replacement Assumption



R&D GREET 2



Obtain Vehicle Cycle GHG Emissions for a 

Plug-in Hybrid Electric Vehicle (PHEV) and a 

Battery Electric Vehicle (BEV/EV)



WTP 
GHG emissions

Vehicle 

cycle 
GHG emissions

Vehicle 

operation
GHG emissions

Total C2G 
GHG emissions

PHEV built and used in 2022 

with an NMC811 battery 

chemistry and fueled by 

gasoline and electricity

R&D GREET 2



Ctrl C

R&D GREET 2

2

1



Right click
Paste as 

Values

PHEV: Gasoline and Electricity

BEV: Electricity

Note: 

model all LDV technologies 

using the conventional 

material

R&D GREET 2

2

1



Calculate the Percentage Reduction in 

Total Vehicle Cycle GHG Emissions 

Compared to the Same Powertrain Using 

an NMC111 Battery



Percent reduction =

100 x (1-NMC811/NMC111)

PHEV reduction

0.49%

BEV reduction

2.71%

R&D GREET 2



As expected, the higher nickel chemistry battery 

produced less total vehicle cycle GHG emissions

Using a Higher-nickel Cathode is More Efficient

The battery has a higher energy density making the

battery lighter and increasing the vehicle’s fuel economy

Emissions reduction

The battery needs to be charged fewer times in the 

lifetime, reducing the amount of electricity used by the 

vehicle

Emissions associated with electricity production 

decreases



Obtain Life Cycle Impacts of FCV SUVs 

with Different Hydrogen Pathways



R&D GREET 1



R&D GREET 1



R&D GREET 1



SMR (w/o CCS)
Model a 2022 Fuel-Cell Vehicle (FCV) Sport Utility 

Vehicle (SUV) Fueled by Gaseous Hydrogen 

Produced from Steam Methane Reforming (SMR) 

without Carbon Capture and Sequestration (CCS)



Step 1

Apply high-temperature steam to natural gas 

(which contains methane) in the presence of 

a catalyst

Step 2

The carbon monoxide and the steam react 

over a catalyst in a water-gas shift reactor to 

produce more hydrogen

Methane

Carbon 

Monoxide

Water

Heat

Hydrogen
Carbon 

Monoxide

Water

Carbon 

Dioxide
Hydrogen

Heat

- Hydrogen Production: Natural Gas Reforming | Department 

of Energy

Natural gas reforming

+ 3

+

+

https://www.energy.gov/eere/fuelcells/hydrogen-production-natural-gas-reforming
https://www.energy.gov/eere/fuelcells/hydrogen-production-natural-gas-reforming


R&D GREET 1



R&D GREET 1



Fuel Cycle GHG Emissions



Press F9

Feedstock 
GHG emissions

Fuel 
GHG emissions

Vehicle 

operation
GHG emissions

Total WTW 
GHG emissions

FCV SUV built and used in 

2022 and fueled by NG SMR 

gaseous hydrogen

R&D GREET 1

2

1

3



Solar-Powered Hydrogen
Model a 2022 Fuel Cell Vehicle (FCV) Sport Utility 

Vehicle (SUV) Fueled by Gaseous Hydrogen 

Produced from Solar-Powered PEM Electrolysis



- Hydrogen Production: Electrolysis | 

Department of Energy

Electrolysis: splitting water in an electrolyzer

Electrolyzers have a cathode and an anode separated by an electrolyte

Electrolysis

H+

C
a

th
o

d
e

A
n

o
d

e

2H2 O2

H2O
4H+ + 4e- 2H2 2H2O O2 4H++

https://www.energy.gov/eere/fuelcells/hydrogen-production-electrolysis
https://www.energy.gov/eere/fuelcells/hydrogen-production-electrolysis


Use trace precedence 

to adjust the 

hydrogen feedstock

R&D GREET 1



R&D GREET 1



Fuel Cycle GHG Emissions



FCV SUV built and used in 

2022 and fueled by solar 

PEM gaseous hydrogen

Press F9

R&D GREET 1

Feedstock 
GHG emissions

Fuel 
GHG emissions

Vehicle 

operation
GHG emissions

Total WTW 
GHG emissions

2

1

3



FCV SUV fueled by gaseous hydrogen 

made from solar PEM

FCV SUV fueled by gaseous 

hydrogen made from NG SMR

WTW GHG 

emissions 

253 g CO2e/mile

WTW GHG 

emissions

39 g CO2e/mile



As expected, the hydrogen made from renewable 

energy produced less total fuel cycle GHG 

emissions

Fossil fuel hydrogen compared to renewable hydrogen

Solar-powered Hydrogen Produces Fuel Emissions

1. Transportation of hydrogen at plant gate to the 

hydrogen fuel pump

2. Compression of hydrogen

3. Loading hydrogen into the tube trailer 

NG-SMR-produced hydrogen produces feedstock and 

fuel emissions



Solar Infrastructure
Model a 2022 Fuel-Cell Vehicle (FCV) Sport Utility 

Vehicle (SUV) Fueled by Gaseous Hydrogen 

Produced from Solar-Powered PEM Electrolysis 

Including the Embodied Emissions of the Solar 

Infrastructure and Storage



Use trace precedence 

to adjust the 

hydrogen feedstock

R&D GREET 1



R&D GREET 1



R&D GREET 1

2

1



R&D GREET 1

2

1



Fuel Cycle GHG Emissions



FCV SUV built and used in 2022 and 

fueled by solar PEM gaseous 

hydrogen including infrastructure

Press F9

R&D GREET 1

Feedstock 
GHG emissions

Fuel 
GHG emissions

Vehicle 

operation
GHG emissions

Total WTW 
GHG emissions

2

1

3



Wind Infrastructure
Model a 2022 Fuel-Cell Vehicle (FCV) Sport Utility 

Vehicle (SUV) Fueled by Gaseous Hydrogen 

Produced from Wind-Powered PEM Electrolysis 

Including the Embodied Emissions of the Wind 

Turbine Infrastructure



Use trace precedence 

to adjust the 

hydrogen feedstock

R&D GREET 1



R&D GREET 1

2

1



R&D GREET 1

2

1



Fuel Cycle GHG Emissions



FCV SUV built and used in 2022 and 

fueled by wind PEM gaseous 

hydrogen including infrastructure

Press F9

R&D GREET 1

Feedstock 
GHG emissions

Fuel 
GHG emissions

Vehicle 

operation
GHG emissions

Total WTW 
GHG emissions

2

1

3



Gaseous hydrogen made from wind-

powered PEM electrolysis

Gaseous hydrogen made from 

solar-powered PEM electrolysis

WTW GHG 

emissions 

87 g CO2e/mile

WTW GHG 

emissions

52 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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