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Primary energy sources and carriers are important 
components of an energy system

Primary Energy Sources

• Non-Renewable

– Fossil Fuels - coal, oil, natural gas

– Nuclear – uranium fission

• Renewable

– Wind – onshore, offshore

– Solar – photovoltaic, thermal

– Water - hydropower, tidal

– Geothermal – steam, hot water

– Biomass and Waste - agricultural crops and waste, wood and processing waste, animal 

waste, solid waste, algae

Energy Carriers1

• Electricity

• Hydrogen2 and derivatives
Notes
1 - fossil fuels are energy carriers as well as sources
2 - naturally-occurring hydrogen is an insignificant energy source today



Hydrogen Ecosystem

. 
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DOE hydrogen ecosystem diagram (from U.S. DOE, Office of Energy Efficiency & Renewable 
Energy, H2@Scale. https://www.energy.gov/eere/fuelcells/h2scale)



Hydrogen as a Fuel

1 kg of hydrogen ≈ 1 𝑔𝑎𝑙𝑙𝑜𝑛 𝑜𝑓 𝑔𝑎𝑠𝑜𝑙𝑖𝑛𝑒



MI Hydrogen

• Integrate UM research expertise to create hydrogen solutions 
that accelerate clean and just energy transitions
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– Hydrogen has the potential to 

decarbonize industrial, transportation 

and other sectors where electrification is 

problematic

– Integration across technology, energy 

systems analysis, policy and social 

sciences will be emphasized in research 

and engagement activities.
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Faculty ExpertisePartners (initial)F



Engaged Organizations
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Hydrogen Bus Initiatives

Flint MTA

Ann Arbor AAATA

Detroit DDOT



2022 MI Hydrogen Roadmap identified Clusters along 
Transportation Corridors
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MI Hydrogen Projects

Project 1 - Hydrogen Demand Analysis for the State of Michigan

Project 2 - Critical Review: Role for Hydrogen in Sustainable Transportation

Project 3 - Critical Review:  Role for Hydrogen in Decarbonizing the Industrial Sector

*Project 4 - Planning a Hydrogen Ecosystem      

(Production, Delivery, Storage and End-Use Applications): Michigan/Great Lakes Region Case Analysis.
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Other MI Hydrogen Activities

• DOE Hydrogen Hub Mach H2 Award

• FRA Hydrogen Locomotive Award

• Seminar series two per semester

• Workshops
• Hydrogen Roadmap for the State of Michigan (May 20, 2022)

• State of Michigan Workshop:  Building Foundations for the Hydrogen Economy (May 13,  2024)

• Near-Term H2 Ecosystem Planning Workshop (May 13, 2025)

• Geologic Hydrogen in Michigan (tentative May 2026)

• Prize Competitions – Hydrogen Grand Challenge, Middle School Grand Prix

• Building hydrogen curriculum:  EPRI – H2 EDGE
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https://hydrogenprize.engin.umich.edu/third-challenge/

https://hydrogenprize.engin.umich.edu/third-challenge/
https://hydrogenprize.engin.umich.edu/third-challenge/
https://hydrogenprize.engin.umich.edu/third-challenge/


• 27 eighth graders from 
Henderson Academy in 
Detroit built and raced 
model hydrogen cars at the 
Michigan Engineering Zone.

• The students used 
electrolyzers to produce 
hydrogen gas from water 
and power miniature fuel 
cell cars.



The question of the amount and feasibility of extraction of 
Geologic “Natural” H2 remains a question

Source: GS Ellis & SE Gelman, “Model predictions of global geologic hydrogen 

resources,” 13 Dec 2024; Science Advances Vol 10 Issue 50

Source: Adapted from Franek Hasiuk Slides (MI Hydrogen Seminar 02-28-2025)



Reference Material
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Hydrogen Factsheet
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Links

• Hydrogen Roadmap for State of Michigan Workshop Report
– report link

– Workshop participants p. 93 – 95.

• DOE Clean Hydrogen Hubs  
– program announcement

• Hydrogen Grand Challenge 
– First prize competition: Michigan Hydrogen Horizon

• Hydrogen Factsheet
– Center for Sustainable Systems Sustainability Factsheet Collection

– Hydrogen Factsheet
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https://css.umich.edu/sites/default/files/2022-10/CSS22-17_MI%20Hydrogen%20Roadmap%20Workshop%20Report.pdf
https://css.umich.edu/sites/default/files/2022-10/CSS22-17_MI%20Hydrogen%20Roadmap%20Workshop%20Report.pdf
https://www.energy.gov/oced/regional-clean-hydrogen-hubs
https://www.energy.gov/oced/regional-clean-hydrogen-hubs
https://hydrogenprize.engin.umich.edu/
https://css.umich.edu/publications/factsheets
https://css.umich.edu/sites/default/files/2023-10/Hydrogen_CSS23-07.pdf
https://css.umich.edu/sites/default/files/2023-10/Hydrogen_CSS23-07.pdf


Backup Slides
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Project 1: State of Michigan Hydrogen Demand Analysis 



Project 2: Role for Hydrogen in Sustainable Transportation
(ground, air, marine)

Matt Collette

Naval Architecture & 
Marine Engineering

Joaquim Martins

Aerospace Engineering

Greg Keoleian

SEAS/  Environmental 
Engineering

Geoff Lewis

SEAS

Tim Wallington

SEAS

Eytan Adler

Aerospace 
Engineering

Max Woody

SEAS/  
Mechanical 
Engineering
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Project 3:  Role of Hydrogen in Decarbonizing the Industrial 
Sector

Daniel R. Cooper and Yongxian Zhu 

(Mechanical Engineering) 
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a comprehensive review of over 200 academic 
and grey literature sources to characterize each 
hydrogen industry application, compare 
hydrogen demand projections, identify 
implementation drivers and challenges, and 
assess the decarbonization potential of each 
application. 



Project 4: Hydrogen Ecosystem Planning Scope

• Near term –> 2050

• SE Michigan –> Great Lakes Region –> beyond 

• Hydrogen transportation –> industry, power generation sectors

• Technology, policy, economics, and environmental impact

23

Detroit-Windsor border is one of the 
busiest international border crossings in 
North America. Over 40,000 commuters, 
tourists and truck drivers carrying $323 
million worth of goods across the Detroit-
Windsor border each day. This traffic is 
even expected to grow when the new 
Gordie Howe International Bridge is 
completed in 2025, more than doubling our 
border capacity.



Report and Journal Publications (Projects 1 – 3)

24

Wallington, T. J., Woody, M., Lewis, G. M., Keoleian, G. A., Adler, E. J., Martins, J. R. R. A., & Collette, M. D. (2024). 
Green hydrogen pathways, energy efficiencies, and intensities for ground, air, and marine transportation.  Joule. 
https://doi.org/10.1016/j.joule.2024.07.012

Zhu, Y., G. A. Keoleian, D.R. Cooper, The role of hydrogen in decarbonizing U.S. industry: A review, Renewable and Sustainable Energy Reviews, 
Volume 214, 2025. https://doi.org/10.1016/j.rser.2025.115392

Wallington, T. J., M. Woody, G. M. Lewis, G.A. Keoleian, E.J. Adler, J. R. R. A. Martins, M.D. Collette, Hydrogen as a sustainable transportation 
fuel, Renewable and Sustainable Energy Reviews (2025) 217: 115725, https://doi.org/10.1016/j.rser.2025.115725
 

https://doi.org/10.1016/j.joule.2024.07.012
https://doi.org/10.1016/j.rser.2025.115392
https://doi.org/10.1016/j.rser.2025.115725


External Advisory Board

25

Levi Thompson

Dean, College of Engineering

University of Delaware

Zachary Kolodin

Chief Infrastructure Officer and Director

Michigan Infrastructure Office

Nadia Abunasser

Federal Opportunities Director

Michigan Economic 

Development Corporation

Joseph Mercurio

Manager of New Business Development

Fuel Cell Business

General Motors 

Justin Edmiston

Director Corporate Strategy

DTE Energy

Brandon Hofmeister

Senior Vice President of 

Sustainability & External Affairs

CMS Energy 

Amgad Elgowainy

Group Leader, Hydrogen and 

Electrification Analysis

Argonne National Laboratory

Kathy Ayers

Vice President, Research and Development

Nel Hydrogen

Rainer Hoerlein

Bosch North America 

Chris Kondogiani

Chief Executive Officer

Noble Gas Systems

Timothy Slusser

Chief of Mobility Innovation,

City of Detroit - Office of Mobility Innovation

Jean Baderschneider

Non-Executive Director

Fortescue

Reuben Sarkar

President & CEO

American Center for Mobility  
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