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Webinar Platform Overview

Audio options:

1. Listen through your computer
1=D=;L L@= ӑEA; 9F< KH=9C=JKӒ J9<AG :MLLGF GF L@= JA?@L-hand audio pane display.

2. Listen by telephone
1=D=;L L@= ӑL=D=H@GF=Ӓ GHLAGF AF L@= JA?@L-hand display. A phone number and PIN will display.

Panelists, please mute your audio device when not presenting.

Technical difficulties: Contact the GoToWebinarHelp Desk: +1 (888) 259-3826

Questions: 1=D=;L L@= ӑIM=KLAGFKӒ H9F= GF QGMJ K;J==F 9F< LQH= AF QGMJ IM=KLAGFӄ

Share with others and watch it again. An audiovisual recording of this Webinar and
the slide decks will be made available at https://nice-future.org/webinars.

https://nice-future.org/webinars
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Agenda

Question & Answer3

Welcome from Eric Ingersoll1

Hydrogen Technical Expertise
1. Dr. Sunita Satyapal
2. Alice Caponiti
3. Dr. Sellathurai(Sam) Suppiah
4. Toshiyuki Shirai
5. Peter Fraser
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Eric Ingersoll
Eric Ingersoll is co-founder of Energy Options Network and Managing Partner 
of LucidCatalyst. He is an entrepreneur and consultant with deep experience 
in clean energy commercialization and industrial transformation strategy. His 
professional experience spans energy startups, energy policy, and large 
energy companies. He has extensive project experience in renewables, energy 
storage, oil & gas, and nuclear, with a special emphasis on advanced nuclear 
technologies. He applies rigorous economic and strategic analysis of new 
delivery models and cost reduction strategies for zero carbon generators and 
develops innovative ways to improve product and system performance while 
lowering barriers to market and increasing the potential rate of deployment.
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Leveraging the CEM Opportunity: 
Expanding Partnerships to Bring Cost 
Effective Hydrogen for Clean Synthetic 
Fuels to the World

Eric Ingersoll and Kirsty Gogan

Energy Options Network / Energy for Humanity

https://www.iphe.net/




Todayõs webinar illustrates new opportunities and 
partnerships within, beyond CEM: 

First ever co -branded webinar on hydrogen and nuclear.

Opportunities for Hydrogen

https://www.iphe.net/


Even in projections of massive growth of renewables, most primary 
energy is still fossil in 2050

60% Fossil in 205060% Fossil in 2050



Some industries will be very difficult to decarbonize

ωBiofuels cannot scale to the levels necessary to 
decarbonize industries like air travel or marine 
shipping

ωLow-carbon options for heavy industry like steel 
and cement are scarce and expensive.



There is an emerging consensus about Hydrogen as a Decarbonization Fuel

òHydrogen is a credible option to help decarbonisethe UK energy system, 

but its role depends on early Government commitment and improved 

support to develop the UKõs industrial capability, says a new report by the 

Committee on Climate Change (CCC).ó



Evidence suggests that nuclear is a promising 
candidate for low -cost H 2 production

Decades of research suggests 

that nuclear could offer the 

most cost-effective means of 

zero-CO2 hydrogen 

production.  

This is largely due to its 

relatively high capacity factor.

Source: EDF (2019) òSailing on Solaró



Four reasons why we need dedicated hydrogen 
production
1. The global liquid fuels market is 4x larger (in GJ) than the global electricity 

market.  H2 is the primary basis for zero-CO2 liquid fuels. 

2. Using electricity from curtailed renewables results in a prohibitively low 

capacity factors (i.e., intermittent use of intermittent generation = extremely 

low capacity factors/ economics).  

3. Electricity prices go up when you start using the power (demand curve 

shifts to the right)

4. Society is paying even if price is low. Below market recoverable prices is not 

a scalable strategy 



Flexible Nuclear Campaign ðThe Team



Dr. Sunita Satyapal
Director of the Fuel Cell Technologies Office, Department of Energy Office of 
Energy Efficiency and Renewable Energy (EERE), United States
International Partnership for Hydrogen and Fuel Cells in the Economy (IPHE) 
Chair and CEM Hydrogen Initiative (H2I) Co-Lead

Sunita SatyapalAK L@= "AJ=;LGJ G> L@= 3ӄ1ӄ "=H9JLE=FL G> #F=J?QӐK &Q<JG?=F
and Fuel Cells program and is responsible for overseeing staff and 
approximately $150 million per year in hydrogen and fuel cell research, 
development and demonstration activities. She has been at DOE since 2003 
and has experience in industry and academia, including at United 
Technologies, Columbia University and Cornell University.
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@The_IPHE
#HydrogenNow
#FuelCellsNow



Dr. Sunita Satyapal, Director, U.S. Dept. of Energy Hydrogen and Fuel Cells Program

/ƭŜŀƴ 9ƴŜǊƎȅ aƛƴƛǎǘŜǊƛŀƭΩǎ ό/9aύ bǳŎƭŜŀǊ LƴƴƻǾŀǘƛƻƴΥ /ƭŜŀƴ 9ƴŜǊƎȅ CǳǘǳǊŜ όbL/9 CǳǘǳǊŜύ LƴƛǘƛŀǘƛǾŜΣ IȅŘǊƻƎŜƴ 
Initiative (H2I), International Partnership for Hydrogen and Fuel Cells in the Economy (IPHE) Joint Webinar

Hydrogen and Fuel Cell Perspectives

March 18, 2020
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Hydrogen  ςOne Part of a Comprehensive Energy Strategy 

Clean , sustainable, versatile, and efficient energy carrier

H2 can be produced 
from diverse 

domestic sources

Many applications 
rely on or could 
benefit from H2

High energy content by mass

Nearly 3x more than conventional fuels 

Low energy content by volume
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Fuel Cell Basics

Produces 

electricity 

without 

combustion

Fuel cells can operate on hydrogen or other fuels and do not 

involve combustion so have high electrical efficiencies
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Example of Well-to-Wheels Analysis: Petroleum Use and Emissions

GHG Emissions, gCO2/MilePetroleum Use, BTUs/Mile

Program Record #13005: http://www.hydrogen.energy.gov/pdfs/13005_well_to_wheels_ghg_oil_ldvs.pdf; updates underway will include heavy duty vehicles- focus for hydrogen fuel cells

http://www.hydrogen.energy.gov/pdfs/13005_well_to_wheels_ghg_oil_ldvs.pdf
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Conventional Storage

H2@Scale: Enabling affordable, reliable, clean, and secure energy across sectors
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H2@Scale: Enabling affordable, reliable, clean, and secure energy across sectors

Conventional Storage
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Guiding Legislation and Budget FY 2018 FY 2019 FY 2020

Fuel CellR&D 32,000 30,000 26,000

Hydrogen Fuel
R&D

54,000 39,000 45,000

Hydrogen
Infrastructure 
R&D*

- 21,000 25,000

Technology 
Acceleration

19,000 21,000 41,000

Safety, Codes, 
and Standards

7,000 7,000 10,000

Systems Analysis 3,000 2,000 3,000

Total
$115,00
0

$120,00
0

$150,00
0

* FY20 Appropriations for nuclear to H2 demonstration project with FCTO ($10M)

DOE Office Funding (in $K)

EERE (FCTO) - Lead $150,000

Fossil Energy (SOFC) $30,000

Nuclear Energy $11,000

ÅEERE: Energy 
Efficiency and 
Renewable Energy 
Office
ÅFCTO: Fuel Cell 

Technologies Office
ÅSOFC: Solid Oxide 

Fuel Cell Office

Å$100M to $250M per year 

Å100 to 200+ projects per year

Å>100 organizations & extensive collaborations

Å Includes H2, fuel cells and cross cutting RD&D:
ÅH2 production, delivery, storage, utilization (including fuel cells)
ÅAnalysis, systems development/integration, safety, codes and 

standards, education & outreach

ÅReduced fuel cell cost 60%, quadrupled durability, reduced 
electrolyzer cost 80% and other advances

Energy Policy Act (2005) Title VIII on Hydrogen

ÅAuthorizes U.S. DOE to lead a comprehensive program to enable 
commercialization of hydrogen and fuel cells with industry.

Å Includes broad applications: Transportation, utility, industrial, 
portable, stationary, etc.

Program To Date
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Snapshot of Hydrogen and Fuel Cells Applications in the 
U.S.
Examples of Applications

Stationary Power

Forklifts

Fuel Cell Buses

H2 Retail Stations

Fuel Cell Cars

>500MW

>33,000

>8,400

>30

>45

Å10 million 
metric tons 
produced 
annually

ÅMore than 
1,600 miles of 
H2 pipeline

Å²ƻǊƭŘΩǎ ƭŀǊƎŜǎǘ 
H2 storage 
cavern

Hydrogen Stations: Examples of Plans Across States 

California
200 stations planned - CAFCP goal 

Northeast 
12 ς20 stations planned

HI, OH, SC, NY, CT, MA, CO, 
UT, TX, MI, and others

Hydrogen Production Across the 
U.S.
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R&D focus is on Affordability and Performance: DOE Targets Guide R&D 

$30/kW

$45/kW

$210/kW+

$50/kW
100k/yr

500k/yr

$180/kW*

$75/kW
Durability adjusted 
(preliminary), 100k/yr

~

$8/kWh

$15/kWh

$21/kWh

500k/yr

$17/kWh
100k/yr

<$4/kg

$16/kg+

$13/kg

$10/kg*
to

$5/kg

Fuel Cell R&D Hydrogen R&D 

Fuel cell system On-board storage H2 cost at the pump

ϞCƻǊ ǊŀƴƎŜΥ Iн ǇǊƻŘǳŎǘƛƻƴ ŦǊƻƳ ƴŀǘǳǊŀƭ Ǝŀǎ όbDύΣ ŘŜƭƛǾŜǊŜŘ ŘƛǎǇŜƴǎŜŘ ŀǘ ǘƻŘŀȅΩǎ όнлмуύ ǎǘŀǘƛƻƴǎ όϤмулƪƎκŘύ
*For range: Assumes high volume manufacturing in 1) H2 production costs ranging from $2/kg (NG) to $5/kg 
(electrolysis manufactured at 700 MW/year), and 2) Delivery and dispensing costs ranging from $3/kg (advanced 
tube trailers) to $5/kg (liquid tanker or advanced pipeline technologies).
** Range assumes >10,000 stations at 1,000 kg/day capacity, to serve 10 million vehicles

Storage costs based on preliminary 2019 
storage cost record

ϞBased on commercially available FCEVs
*Based on state of the art technology

High-
Volume 

Projection

Low-Volume 
(Current) 
Estimate

Ultimate 
Target 

NG to H2

Electrolysis

10M vehicles**

Key Goals: Reduce the cost of fuel cells and hydrogen production, delivery, storage, and meet 
performance and durability requirements ςguided by applications specific targets 
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Hydrogen R&D Areas ςExamples  

H2 Production 
(Electrolysis) Cost 
Drivers: Electrical 
energy and capital 

costs 

H2 Onboard Storage 
Cost Drivers: 
Carbon Fiber 

Precursors and 
Processing 

H2 Infrastructure 
Cost Drivers: 

Compressors and 
Storage

Note: Updates to be published May, 2020
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Increased Activities on Hydrogen, Energy Storage, Hybrid Systems

Image: Hydrogen Council

25 kW high-temperature electrolysis @ INL 
Energy Systems Laboratory

Dynamic electrolyzerresponse ςINL & 
NREL

Recently announced demonstrations

H2 energy storage

Dynamic response

Thermal 
Integration

DOE Industry demos

Multiple end use 
applications

Increased 
opportunities for 

nuclear and 
hydrogen
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New Project: Electrolyzer Operation at Nuclear Plant and In-House Hydrogen Supply

Clean H2 production enabling 

dispatchable, carbon-free power

Expected Outcomes

Å Scaled-up hydrogenproduction in the U.S. power
sector through a dynamicallyoperable hydrogen
production facility at a nuclear plant enabling
nuclearunits to bedispatchable.

Å Demonstrated mechanism for hydrogen-based
energystoragesystemsto improve nuclearplant
participationin organizedpowermarkets.

Program Summary

Partners: Exelon & Nel Hydrogen, INL, NREL, ANL  
Period: 36 months
Total budget: $7.2 million

ÅDevelop an integrated hydrogen production, storage, 
and utilization facility at a nuclear plant site, based on 
a PEM electrolyzer

ÅDemonstration of economic supply of carbon-free 
hydrogen for internal nuclear site use.

ÅDynamic control of the electrolyzer

Objectives

Based on original proposal submission; final project under negotiation
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Collaboration 
& 

Resources



Global Government Partnerships to Accelerate Progress on Hydrogen and Fuel Cells

IPHE is active on social media!

www.iphe.net

Key Activities: Working Groups on Regulations, Codes, Standards & Safety; 
Education & Outreach

Develops country updates on policies, status, shares best practices
Task force on developing H2 production methodology to facilitate international trade

Coordinates activities among global and regional partnerships

Clean Energy Ministerial 
Hydrogen Initiative 

Launched2019

Hydrogen Energy 
Ministerial (HEM) 
Launched 2018  

International Energy Agency (IEA)  

Mission Innovation
Hydrogen Challenge

Launched 2017

Elected Chair and 
Vice-Chair, 2018

Find IPHE on Facebook, Twitter and LinkedIn

Follow IPHE @The_IPHE

Formed 
2003

19 Countries 
and EC



Roadmaps and Plans Developing in Multiple Regions 

Drivers include:  Energy security, energy efficiency & resiliency, economic growth, 

innovation & technology leadership, environmental benefits



Global Snapshot of Status and Goals

Based on IPHE Country Updates

US: CA Fuel Cell Partnership goal

More than 1/3 million stationary fuel cells, 15,000 fuel cell electric vehicles, 400 stations
Over 1 GW of fuel cells shipped in 2019

Plans developing  for applications across sectors
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Example of Collaboration: Global Center for H2 Safety (CHS)

IPHE Steering Committee action: Increase awareness of safety partnership. 
Promotes safe operation, handling and use of hydrogen across all applications. 

www.aiche.org/CHS

Fact Sheet Translated 
into Japanese

Information to be available in 

multiple languages
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Resources and Announcements

Sign up to receive hydrogen and fuel cell updates
www.energy.gov/eere/fuelcells/fuel-cell-technologies-office-newsletter

Learn more at: energy.gov/eere/fuelcells AND www.hydrogen.energy.gov

Learn more: 

Download the H2IQ resource for free: 
energy.gov/eere/fuelcells/downloads/increase-your-h2iq-training-
resource

Join monthly H2IQ hours to learn more about hydrogen and 
fuel cell topics
.energy.gov/eere/fuelcells/fuel-cell-technologies-office-webinars

Visit H2tools.org for hydrogen 
safety and lessons learned 

Oct 8 - Hydrogen 
and Fuel Cells Day 
(Held on its very own atomic-
weight-day) 

Save the Date
May 19 ς21, 2020 Annual Merit 
Review and Peer Evaluation 
Meeting  for the Hydrogen and Fuel 
Cells Program in Washington D.C. 

https://h2tools.org/

Resources

energy.gov/eere/fuelcells/downloads/increase-your-h2iq-training-resource
http://www.energy.gov/eere/fuelcells/fuel-cell-technologies-office-webinars
https://h2tools.org/


Alice Caponiti
Deputy Assistant Secretary for Reactor Fleet and Advanced Reactor Deployment,
Department of Energy Office of Nuclear Energy (DOE-NE), United States

Alice !9HGFALAӐKcurrent responsibilities include light water reactor programs; advanced 
reactor development activities ӛincluding micro-reactors; innovative nuclear research in 
advanced modelling and simulation, manufacturing, sensors and other cross-cutting 
areas; competitive R&D and infrastructure investment programs; and the Gateway for 
Accelerated Innovation in Nuclear (GAIN) initiative.

Ms. Caponitipreviously led efforts to design, build, test, and deliver safe and reliable 
nuclear power systems for space exploration and national security applications and 
conduct detailed safety analyses for each mission. She served as the as the technical 
advisor to the Department of State and a United Nations working group on space nuclear 
power sources, as well as a risk communications spokesperson for the New Horizons 
mission to Pluto and the Mars Science Laboratory mission that delivered the Curiosity 
rover to the surface of Mars. Prior to joining DOE-NE in 2001, Ms. Caponitiworked on a 
nonproliferation program to reduce stockpiles of excess Russian weapons plutonium.
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Clean Energy Ministerial
Nuclear Innovation: Clean Energy (NICE) Future Initiative

Webinar ðMarch 18

Hydrogen Integration with Nuclear Power

Alice Caponiti
Deputy Assistant Secretary 

Office of Reactor Fleet and Advanced Reactor Deployment



energy.gov/ne2

Existing Fleet 
Advanced 

Reactor Pipeline 
Fuel Cycle 

Infrastructure
Global 

Competitiveness

NE Mission Focus Leads to Global 
Competitiveness in Nuclear Technology



energy.gov/ne3

3

Á 8 quadrillion btus total

Á 8% of U.S. total energy

Á 20% of all electricity

Á 42% of clean energy

Á 55% of clean electricity

Distribution of 98 operating nuclear 

power plants in the U.S.

Current U.S. Nuclear Power Plant Fleet 
Provides Majority of Clean Energy
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Current Nuclear Fleet Faces Economic Challenges

Á Plant Modernization

Á Efficiencies in workforce

Á Diversity of products

LWRS Enhances Performance and Ensures Continued Operation of the Light 
Water Reactor Fleet with transformative technologies to enable:



energy.gov/ne5

Materials 

Research

Risk Informed 

Systems 

Analysis

Plant 

Modernization

Understand and predict long-term behavior of materials in nuclear power 

plants, including detecting and characterizing aging mechanisms

Address replacement of existing instrumentation and control technologies and 

enable plant efficiency improvements through a strategy for long-term 

modernization

Develop significantly improved safety analysis methods and tools to optimize 

the safety, reliability, and economics of plants

Validate methods and tools which can be used to implement an updated 

physical security regime to optimize physical security at U.S. nuclear 

power plants 

Flexible Plant 

Operation and 

Generation

Physical 

Security

Evaluate and demonstrate integrated energy systems that competitively 

produce electricity and non-electrical products to optimize revenue 

generation by nuclear power plants

Research Pathways & Focus Areas

Light Water Reactor Sustainability (LWRS) Program
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Nuclear Beyond Electricity ïAdvanced Reactors

NOW Baseload Electricity Generation

FUTURE

e-Small Modular 
Reactors

Large Light 
Water Reactors

GEN IV Reactors

Industrial
Applications

New Chemical 
Processes Clean Water

Hea

t

Hydrogen 
Production

Electricity

Nuclear Energy Reimagined
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Integrated Energy Systems

Maximizing energy utilization, generator profitability, and grid reliability and resilience through 
novel systems integration and process design
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Value Proposition for Nuclear Hybrid Systems

Up to 80% of the year, electricity price is 

lower than cost to operate nuclear

Localized 

marginal 

price of 
electricity 

<

Cost of 
generating 

electricity at 
nuclear plant 

Sources:
1. 2017 data from PJM-NI Hub; R. Boardman, et. al. INL

The challenge 
in some regions: 

Low-cost electricity creates an opportunity to co-produce hydrogen.
Direct power to hydrogen production creates a value stream for nuclear 

plants to supplement revenue from power generation.

-200

-150

-100

-50

0

50

100

150

200

0 2000 4000 6000 8000$
/M

W
h

Hours

Cost to operate plant

Price of Power1
sell 

electricity

to gird

Re-direct power to hydrogen production @ ~$30/MWh
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Flexible Nuclear-Hybrid Plant Operation 
Allows Nuclear to Power Peak Electricity Demand

Å System design optimization using time 
histories for one year

Å Results shown for a selected time history, 
one week period (hourly resolution) 

Å Optimized component capacities

ï Nuclear Reactor 300 MWe

ï Hydrogen Plant Capacity 120 MWe
(shown as negative ïelectricity input;                                                    
70% turndown limit; H2 market price - $1.75/kg-H2)

ï Gas turbine 200 MWe

ï Electric battery  100 MWh

ï Wind penetration 400 MWe
(100% of mean demand, installed 
capacity, 27% capacity factor)

ï Penalty function applied for over or under 
production of electricity.

Example Optimized Hybrid System Performance Results, INL-Developed Toolset

Rabiti and Epiney, INL, 2018
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Recently Funded NE-Led Demonstration
FirstEnergy Solutions Corp., Xcel Energy, APS, INL

LWR Integrated Energy Systems Interface Technology Development & Demonstration

at Davis-Besse NPP in Ohio

Å $11.5M ($9.2M DOE), announced September 2019

Å 2 MW Containerized ñTurn-Keyò Electrolysis Test Skid helps reduce project risk

Å 24 month project - operation and verification planned for 2022

Å Onsite and offsite uses planned

ðEnsure no adverse effects on the plant, 

grid, or skid.

ðControl software will be able to 

modulate H2 output based on input 

variables.

ðControl software will interface with 

Programmable Logic Computer (PLC) on 

vendor supplied H2skid.
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Hydrogen Production Demonstrations
iFOA Area of Interest Announced March 9

Å NE iFOA ($11M NE, $10M FCTO)

ï Current cycle applications due 

6.30.2020 5PM ET

Å Possible areas of work:

ï Larger scaleð5 to 20 MW (low-T)

ï Use of electricity and heat (higher 

efficiency) in high-T electrolysis

ï Integration of renewable resources and 

grid services

ï Regional market transformation

Å Complexity means more attention to:

ï Regulatory engagement

ï System design and cost analysis

ï Safety and risk assessment

ï Integration with reactor operations

ï Qualification of electrolyzers

https://www.id.energy.gov/NEWS/FOA/FOA

Opportunities/FOA.htm


