
Demo for Hydrogen

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

February 19, 2025

Instructors 

Gabrielle Olson, Great Plains Institute

Branden Leonhardt, Department of Energy

Argonne National Laboratory Subject Matter Experts

Amgad Elgowainy, Pradeep Vyawahare, Clarence Ng



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. 

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. 



Commercial use: 

For commercial use, please contact www.anl.gov/partners.

Non-commercial use:

This license is based on the Creative Commons Attribution-Non Commercial 4.0 International Public License, with the following modified definition.

Non-Commercial means internal use (including use for internal business or operational purposes by for-profit entities), use by non-profit entities, or use 

for United States federal, state, or local government purposes. Government purposes include work performed pursuant to a United States federal, state, 

or local government funding agreement, and work performed by or on behalf of the United States federal, state, or local government. For purposes of 

this Public License, the exchange of the Licensed Material for other material subject to Copyright and Similar Rights by digital file-sharing or similar 

means is Non-Commercial provided there is no payment of monetary compensation in connection with the exchange.

Redistribution and use of the GREET software are permitted for non-commercial uses and provided that the following conditions are met:

1. Redistributions of the GREET software must retain the above copyright notice, this list of conditions, and the following disclaimer.  Modification or 

reverse compilation of the source code is not permitted.

2. Neither the names of UChicago Argonne, LLC or the Department of Energy nor the names of its contributors may be used to endorse or promote 

products derived from this software without prior written permission.

3. The software redistribution, if any, must include the following acknowledgment: "This product includes software produced by UChicago Argonne, LLC 

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.

GREET end-user licensing terms and conditions
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Outline Steps for Hydrogen Scenarios



Main Outputs for SI-ICE LDVs and FCV 

LDVs



Press F9 to ensure the results of 

R&D GREET are up to date

Note: press F9 to ensure the results 

of R&D GREET are up to date



Note: press F9 to ensure the results 

of R&D GREET are up to date



Hydrogen Overview



General Settings to Alter a 

Hydrogen Pathway















Further Explore Hydrogen Scenarios
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Hydrogen Scenarios



G. H2 SMR
Determine the WTG GHG Emissions of Gaseous H2 

Produced from Steam Methane Reforming (SMR) 

with 95% Carbon Capture and Sequestration (CCS) 

and Steam Export of 0.15 mmBtu/mmBtu H2



Note: CCS is disabled by default
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Note: steam export is 0 

mmBtu by default



Type 150,000



Percentage of Carbon Sequestered by 

Default in Central NG-to-H2 Plants 



Type 95%

Press F9
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Well-to-Gate (WTG) GHG Emissions



WTG GHG emissions

16,386 g CO2e/mmBtu

Gaseous hydrogen from 

SMR with CCS and steam 

export



Determine the WTG GHG Emissions of Gaseous H2  

Produced from PEM Electrolysis Using the U.S. 

Average Electricity Grid Mix While Exporting all 

Oxygen Produced

G. H2 PEM Electrolysis



Type 0% for NG and 100% 

for PEM electrolysis

2
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Default Electricity Source for Hydrogen 

Production via PEM Electrolysis
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1

3





Press F9

2

1

3
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Well-to-Gate (WTG) GHG Emissions



WTG GHG emissions

212,462 g CO2e/mmBtu

Gaseous hydrogen from PEM 

electrolysis exporting all 

oxygen produced



Determine the WTP GHG Emissions of Liquified H2  

Produced from PEM Electrolysis Using Nuclear 

Energy Transported 200 miles via Tube Truck

Nuclear-Powered PEM



Type 0% for NG and 100% 

for PEM electrolysis

2

1



Note: default electric generation source for 

hydrogen production via PEM electrolysis is 

solar



2

1



2
1



Default Transportation Mode for Liquified 

Hydrogen to the Refueling Station





Type 200

Press F9
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Well-to-Pump (WTP) GHG Emissions



WTP =

(feedstock x loss factor) + 

fuel

WTP emissions





Type the equation to the 

left into an empty cell

WTP GHG emissions

4,431 g CO2e/mmBtu

Gaseous hydrogen from PEM 

electrolysis using nuclear 

energy
2

1



Determine the Emissions of CO2 Associated with 

Ammonia Production Utilizing H2 Production 

Produced from PEM Electrolysis with an Operating 

Efficiency for the Electrolyzer at 60 kWh/kg H2 and a 

Hydropower Power Source

Ammonia Production



Type 0% for NG and 100% 

for PEM electrolysis

2

1



2

1
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Efficiency of the Electrolysis Unit



Direct Unit Conversion

60 kWh/kg to Btu/kg

Calculating the efficiency of the electrolysis unit

Efficiency

LHV (Btu/kg) / Efficiency (Btu/kg)

Hydrogen LHV (in Btu/kg)

G. LHV (Btu/ft3) / Density of G. Hydrogen (g/ft3) 

Convert from g to kg 



Type the equation to the 

left into an empty cell

LHV in Btu/kg



Power in Btu/kg

Type the equation to the 

left into an empty cell



Efficiency in %

Type the equation to the 

left into an empty cell



2

1



Type 55.55%



Type 0%

Type 0%

2

1
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Carbon Dioxide Emitted from the 

Ammonia Production



CO2 emissions

72,245 g CO2/ton

Gaseous hydrogen from PEM 

electrolysis with an operating 

efficiency of the electrolyzer 

of 60 kWh/kg hydrogen and a 

hydropower power source



Model a Fuel-Cell Electric Vehicle (FCV) Fueled 

Equally Using Gaseous Hydrogen from SMR (w/ 95% 

CCS) and Wind-powered PEM Electrolysis 

Transported 200 Miles Via Tube Truck

FCV Using SMR and PEM



Type 50% for both NG 

and PEM electrolysis

2

1



2

1



2

1



Type 95%

Press F9

2

1



Type 200
Press F9

2
1



Well-to-Wheels (WTW) GHG Emissions



Press F9

WTW GHG emissions

57 g CO2e/mile or 30 g CO2e/MJ
FCV fueled by gaseous 

hydrogen

2

1

3

Important Due Date

March 14

11:59 p.m. CT



Questions?
hcai@anl.gov

golson@gpisd.net

Visit https://greet.anl.gov/

Contributors

Gabrielle Olson, Branden Leonhardt, Pradeep 

Vyawahare, Clarence Ng, and Hao Cai



THANK YOU
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