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Overview
• Focus of this poster (which is not a currently funded 

project and not being reviewed – although input is 
always solicited) is an overview, introduction, and 
update to the continually evolving H2@Scale 
program and vision.  Feedback is welcomed and 
continually solicited.

• H2@Scale detailed projects presented elsewhere

– Poster Session
– Detailed talks
– Overlap in many other areas

Presenter
Presentation Notes
Recommended time for this slide:  <2 min

The purpose of this slide is to provide some context for evaluating your project and especially your accomplishments.  

The information in the left column describes the magnitude and timing of the investment in your project.  The information in the right column describes the players and the issues that are to be overcome.  Note that the example includes the Technical Targets the project is addressing.  This is acceptable if it can be done in a concise manner as shown.  

For projects that include multiple partners, please discuss the roles of each and how the overall project is being managed.
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Key Drivers for Evolving Energy System
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Rapid growth in 
energy storage
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Increasing low-cost, renewable 
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1. Lawrence Berkeley National Laboratory, https://emp.lbl.gov/wind-technologies-market-report 
2. National Energy Technology Laboratory, https://www.netl.doe.gov/energy-

analyses/temp/ReliabilityandtheOncomingWaveofRetiringBaseloadUnitsVolumeITheCriticalRoleofThermalUnits_031318.pdf
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3. Source: Sekine, Yayoi.  “2017 Global Energy Storage Forecast”. Bloomberg New Energy Finance.
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Energy System Challenge

• Multi-sector requirements
o Transportation 

o Industrial
o Grid

How do we supply all 
these services in the 

best way?
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• Dwight D. Eisenhower

"If you can't solve a 
problem, enlarge it"
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Conceptual H2@Scale Energy System* 

*Illustrative example, not comprehensive
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H2@Scale Vision

• Attributes
o Cross-sectoral and temporal energy impact
o Clean, efficient end use

• Benefits
o Economic factors (jobs, GDP)
o Enhanced Security (energy, manufacturing)
o Environmental Benefits (air, water)

Getting all these benefits in a single energy system 
significantly enhances value proposition.
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Stakeholder Groups - Engagement

• Nuclear 
• Wind
• Solar 
• Fossil
• Grid/Utilities
• Regulators
• Electrolysis 
• Industrial Gas
• Auto OEMs/supply chain
• Fuels Production (Big Oil)
• Metals/Steel
• Ammonia

• Analysis
• Investors
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Technology Development Roles 
Demonstration, 
Deployment & 

Commercialization
Early- Stage R&D 

• Department of Energy
• Fuel Cells R&D
• H2 Fuel R&D 

• Other Federal Agencies

• Private Sector
• Partnerships

• H2USA
• CaFCP
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Improving the economics of H2@Scale  
Use Potential 

MMT/yr

Refineries & CPI 8

Metals 6

Ammonia 5

Methanol 1

Biofuels 1

Natural Gas 7

Light Duty Vehicles 28

Other Transport 3

Electricity Storage 28

Total 87

Early-stage 
research is 
required to 
evolve and 
de-risk the 
technologies

Decreasing cost of H2 production
Optimizing H2 storage and distribution

Leveraging of national 
laboratories’ early-stage 
R&D capabilities needed 

to develop affordable 
technologies for 

production, delivery, and 
end use applications.

https://www.hydrogen.energy.gov/pdfs/review18/tv045_ruth_2018_o.pdf

Preliminary
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“Hydrogen – at Scale and Sector Coupling” – A Common Vision Across 
Multiple Regions in the World

https://www.hydrogen.energy.gov/pdfs/htac_nov19_01_satyapal.pdf
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US Hydrogen Study/Roadmap

http://www.fchea.org/us-hydrogen-study
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H2@Scale Analysis Overview 

https://www.hydrogen.energy.gov/pdfs/review19/sa171_ruth_2019_o.pdf

Accomplishment: Developed and Reviewed Economic Potential 
Results: 14 - 48 MMT H2 / yr
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H2@Scale Targets Focus R&D (DOE FCTO)

https://www.hydrogen.energy.gov/pdfs/htac_nov19_01_satyapal.pdf
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FY19 FOA Selections: DOE FCTO 29 Projects $40M & Joint DOE EERE 8 H2-
based projects ~$15M

https://www.hydrogen.energy.gov/pdfs/htac_nov19_01_satyapal.pdf

store

move

make

make
use

make/use
all

FCTO

Joint EERE
store
move

use
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H2 is different and changing fast
• H2 Council*

o Launched in January 2017 its 
members include leading 
companies with over $10 billion 
in investments along the 
hydrogen value chain, including 
transportation, industry, and 
energy exploration, production, 
and distribution. 

*Steering members shown, additional supporting members
www.hydrogencouncil.com

32 steering members and 20 supporting members (Nov 2018).

13 members (Jan 2017).

81 members (Jan 2020).
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Summary/Key Points

• H2@Scale has become firmly 
established as an R&D priority 
for DOE and various 
stakeholders.

• The view of H2 amongst 
different stakeholder groups is 
changing rapidly, with 
unprecedented efforts around 
H2.

• The rate of changes and projects 
investigated our accelerating.



19

Technical Backup Slides
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Role of H2 in storing chemical energy

Representing the reactions this way, allows for 
the comparison of bond energy on a per 
electron basis (V cell). Notably, HH bonds have 
the most energy per electron (1.19 V), followed 
by NH bonds (1.13 V), CH bonds (1.04 V), and 
CC bonds (1.02 V). It is slightly exothermic 
(downhill) going from H2 plus CO2 to 
hydrocarbons (including the Sabatier process, 
fifth reaction, for methane generation or 
Fischer-Tropsch chemistry for liquid fuels
or other multiple carbon, hydrocarbon 
products) or going from H2 plus N2 to 
ammonia (Haber-Bosch process, sixth 
reaction). Through these established, large-
scale industrial processes (Sabatier, Fischer-
Tropsch and Haber-Bosch), H2 can serve as the 
energy-containing intermediate leading to fuels 
or products, with enough energy to drive
processes, but not so much excess energy that 
product formation “wastes” an excessive 
amount of the input energy.

Hydrogen at Scale (H2@Scale): Key to a Clean, Economic, and Sustainable Energy System, Bryan Pivovar, Neha 
Rustagi, Sunita Satyapal, Electrochem. Soc. Interface Spring 2018 27(1): 47-52; doi:10.1149/2.F04181if
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What is needed to achieve H2@Scale?
H2 Storage and 

Distribution

Development of  
safe, reliable, 
and economic 
storage and 
distribution 

systems.

Low and High Temperature
H2 Generation

H2 Utilization

Development 
of low cost, 

durable, and 
intermittent 

H2 generation.

Development of 
thermally 

integrated, low 
cost, durable, 

and variable H2
generation.

H2 as game-
changing energy 

carrier, 
revolutionizing 
energy sectors.

Future Electrical Grid

Analysis

Foundational Science
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Energy Vectoring Costs

https://www.hydrogen.energy.gov/pdfs/review18/pd102_james_2018_p.pdf

The costs of 
energy 
transmission 
are also being 
investigated. 
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