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Eric Ingersoll

Eric Ingersoll is cdounder 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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Opportunities for Hydrogen

Todayos webinar i1l lustrates r
partnerships within, beyond CEM:

First ever co -branded webinar on hydrogen and nuclear.
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Even in projections of massive growth of renewables, most primary

energy is still fossil in 2050

World primary energy supply by souree - 5004 Fossil in 2050
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Some industries will be very difficult to decarbonize

« Biofuels cannot scale to the levels necessary to
decarbonize industries like air travel or marine

shipping

« Low-carbon options for heavy industry like steel
and cement are scarce and expensive.
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There is an emerging consensus about Hydrogen as a Decarbonization Fuel

OHydrogen 1 s a c rdecrbdnisethe UKemhergpsystemo hel p
but its role depends on early Government commitment and improved

support to develop the UKOs industri al
Commi ttee on Climate Change (CCC) .o

The Future of
. Hydrogen
Natlonal Hydrogen we on Chingte Seizing today’s opportunities
Roadmap

HYDROGEN
ROADMAP

EUROPE

ASUSTAINABLE PATHWAY FOR THE
EUROPEAN ENERGY TRANSITION rm/ -
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Evidence suggests that nuclear is a promising
candidate for low -cost H, production

Decades of research suggests ;!udear
3 Tidal lomass

that nuclear coul_d offer the = ida -
most cost-effective means of e NGCC w/ CCS
zero-CO, hydrogen 5 <~ Hydro —>
production. =

o _ g Wave CSP w/ Storage
This is largely due to its S(\JII\?; ZV S

I

relatively high capacity factor. Storage

Output consistency
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Four reasons why we need dedicated hydrogen

production

1. The global liquid fuels market is 4x larger (in GJ) than the global electricity
market. H,is the primary basis for zero-CQ, 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

CLEAN
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Flexible Nuclear Campaign 0 The Team

CONTACT INFO:

info@nice-future.org
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A CAMPAIGN OF THE CLEAN ENERGY MINISTERIAL
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Dr. SunitaSatyapal

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 (H2}.€ad

SunitaSatyapalAK L @= " AJ=; LG G> L@= 3Kl
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.

@The_IPHE
#HydrogenNow
#FuelCellsNow
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Hydrogen and Fuel Cell Perspectives

Dr. Sunita Satyapal, Director, U.S. Dept. of Energy Hydrogen and Fuel Cells Program
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Hydrogen ¢ One Part of a Comprehensive Energy Strategy

Many applications
rely on or could

H, can be produced
from diverse

High energy content by mass
Nearly 3x more than conventional fuels

domestic sources benefit from H,

Natural Gas Fuel Cells
(steam methane reforming ) .
current process today) Engines/Turbines
Energy Storage
<
Renewable
Sources Petroleum
(wind, solar, Recovery &
biomass, hydro, Hyd rogen Refining
geothermal)
CIeaC:rE?:rrgv Methanol
Nuclear Produ-‘:tf'on
~,
(.Qé? Electronics
Coal Coe' Ammonia
{with carbon Production

sequestration)
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Specific Energy Comparison (kWh/kg)

gasoline diesel natural gas hydrogen

Low energy content by volume

Energy Density Comparison (kWh/L)
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Clean , sustainable, versatile, and efficient energy carrier
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Fuel Cell Basics

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

iInvolve combustion so have high electrical efficiencies

Electrical Efficiencies
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@ Convenient & Quiet & Clean

) Turbine Engine Turbine Turbine  Cell

Typical Electrical Efficiency (HHV)

Refuels in minutes No noi operat Zero tailpipe emissions

& Versatile and easily scalable
- I e ¢
W g | & G0 Q@Y

Transportation Stationary
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Example of Welto-Wheels Analysis: Petroleum Use and Emissions

Petroleum Use, BTUs/Mile GHG Emissions, ggMile

Gasa. | 2360 1 220
Diesel | =24[1 i 210
W | B0 Convon. Intemal
Corn Ethanol (E85) 750 i 170 Combus. Eng. Veh
Cellu. E85 780 i se
Cellu. Gaso. | [J200 i 76
Gaso. | I 1510 | 70
Cellu. E85 | M s00 | %ﬂ Hybrid Elec. Veh.
Cellu. Gaso. | I 150 | 58
Gaso. & U.S./Regional Grid | 1570 | 170
Gaso. & Renew. Elec. | = 1570 i 150 Plug-in HEVs
Cellu. £85 & Renew. Elec. | U520 1 a5 (10-mi [16-km]
Cellu. Gaso. & U.S./Regional Grid | || 140 i rﬂ; Charge-Depl.
Cellu. Gaso. & Renew. Elec. | I 140 | 52
Gaso. & U.S./Regional Grid | 1080 [ 180
Gaso. & Renew. Elec. ) =1080 : Exten. Range Elec.
Cellu. E8S & Renew. Elec. | J3s0 1 W34 Veh. (40-mi [64-km]
Cellu. Gaso. & U.S./Regional Grid | | 100 | Charge-Depl.
Cellu. Gaso. & Renew. Elec. | [|100 | L E!
BEV100 Grid Mix (U.S./Regional) || 24 | 160 Batt, Elec. Veh
BEV100 Renew. Elec. | 21 11 (100-mi [160 km]
BEV300 Grid Mix (U.S./Regional) ||25 | 165 & 300-mi [480-km]
BEV300 Renew. Elec. |22 11
Distrib. Natural Gas |22 | I 190
Nat. G—as (Central) w,l’Sequestration :|23 | 110 Fuel|Cell Elec.
Coal Gasif. (Central) w/ Sequestration |38 100 i
Biomass Gasifi. (Central) : I 82 : Vehicles
Wind Elec. (Central) |11 s | | | |
0 500 1000 1500 2000 2500 3000 0 50 100 150 200 250 300 350

Program Record #13005itp://www.hydrogen.energy.gov/pdfs/13005_well_to_wheels_ghg_oil_ldvs, pgtates underway will include heavy duty vehiefesus for hydrogen fuel cells
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H,@Scale: Enabling affordable, reliable, clean, and secure energy across s

Hydrogen

Conventional Storage -
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H,@Scale: Enabling affordable, reliable, clean, and secure energy across s
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Guiding Legislation and Budget | FY2018 FY 2019 FY 2020

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

Energy Policy Act (2005) Title VIII on Hydrogen [ atia e N (e 1

R&D
A Authorizes U.S. DOE to lead a comprehensive program to en Hydrogen
commercialization of hydrogen and fuel cells with industry. Infrastructure ) 21,000 25,000

A Includes broad applications: Transportation, utility, industrial, JEs¥I
portable, stationary, etc.

Technology

; 19,000 21,000 41,000
Acceleration

Program To Date

A $100M to $250M per year and Standards
A 100 to 200+ projects per year Systems Analysis 3,000 2,000 3,000

Safety, Codes, 7,000 7,000 10,000

A >100 organizations & extensive collaborations

, Total
A Includes H2, fuel cells and cross cutting RD&D - 0 . U
A H2 production delivery storage utilization (including fuel ceIIs) * FY20 Appropriations for nuclear to H2 demonstration project with FCTO (¢

A Analysis, systems development/integration, safety, codes and DOE Office Funding(in $K) AEEE;S;Z%’

standards, education & outreach

$115,00 $120,00 $150,00

. EERE (FCTQ)ead $150,000 g‘;fﬂewab'e Energ;

A Reduced fuel cell cost 60%, quadrupled durability, reduced _ AFCTO: Fuel Cell
0 Fossil Energy (SOF(C $30,000 -ruel el
electrolyzer cost 80% and other advances Technologies Offi
Nuclear Energy $11,000 Aﬁl?eFiCCieﬁ%?ﬁiX'd*

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY | FUEL CELL TECHNOLOGIES OFFICE 21




Snhapshot of Hydrogen and Fuel Cells Applications In the

Aﬁ' — HydrogenmProductiomAcrossthe
Examples of Applications e
| ,.;J e 8 A 10 million
S N metric tons
/ /A i | R VN S | NN produced
Stationary Power ~ ] ] & W= annually
MU >33,000 [ SRS e RS B il o har
ove Forklft N e e 1,600 miles of
o 2 V| R — T, H, pipeline
Fuel Cell Buses < \ )y Mol H, storage
. e e cavern
Moy $R £ ! S o R
S Eomm
™, Retal Stations Hydrogen Stations: Examples of Plans Across States
o3 >8 400 California Northeast HI, OH, SC, NY, CT, MA, CO
! 200 stations plannedCAFCP goal  12¢ 20 stations planned UT, TX, Mland others
Fuel Cell Cars

| FUEL CELL TECHNOLOGIES OFFICE
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U.S. DEPARTMENT OF ENERGY

R&D focus is on Affordability and Performance: DOE Targets Guide Ré&

Key Goals: Reduce the cost of fuel cells and hydrogen production, delivery, storage, and meet

performance and durability requirementsg guided by applications specific targets
Hydrogen R&D

Fuel Cell R&D

Fuel cell system

$210/kW*
$180/kW*

$75/kW

Durability adjusted
(preliminary),100k/yr

$50/kW

100k/yr

$45/kW

500k/yr

@ $30/kW

"Based on commercially available FCEVs
“Based on state of the art technology

Onboard storage

$21/kWh

$17/kWh

100k/yr

$15/kWh

500K/yr

@ $8/kWh

H, cost at the pump

$16/kg*
$13/kg

Volume
Electrolysis Projection
I $t10/ kg*
0 10M vehicles**
$5/kg @
NG toH2 Ultimate
‘ <$4/kg Target

Low-Volume
(Current)
Estimate

High

Storage costs based on preliminary 2019
storage cost record

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

"C2NJ N} y3ISY | H LINBRdZOGAZY FNRY

Yl ddzNy £ 3ra 6bD0OT RSEABSNBR RAaLISYy&asSR

“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 dispensi

tube trailers) to $5/kg (liquid tanker or advanced pipeline technologies;

ing costs ranging from $3/kg (advanced

** Range assumes >10,000 stations at 1,000 kg/day capacity, to serve .10 million vehicles

FUEL CELL TECHNOLOGIES OFFICE




Hydrogen R&D Areas Examples

Hydrogen Production Cost Hydrogen Infrastructure Cost
(High Temperature Electrolysis)

(700 Bar Hydrogen Station)

H, Onboard Storage
Cost Drivers:

Carbon Flber Controls/Other
19%
Precursors and SoRpE
a Electrical
Electrigil‘}:nergv Process|ng 6%

Hydrogen Storage Cost Pre-cooling
(Onboard 700 Bar Hydrogen Storage Vessel) 1o

Storage
14%

H, Production
(Electrolysis) Cost H, Infrastructure
. o 10% - .
Drivers:Electrical Cost Drivers:
energy and capital Compressors and
costs —— Storage
Wetwinding 7%
6%
Resin
4% Note: Updates to be published May, 2020

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY | FUEL CELL TECHNOLOGIES OFFICE



Increased Activities on Hydrogen, Energy Storage, Hybrid Systems

Overview of Energy Storage Technologies in Power and Time

Increased

16w Pumped hydro
Compressed air ..
toww Hydrogen Storage opportunities for
00w nuclear and
tow o Image: Hydrogen Council hYd I‘Oge n

HHM " “:m gl 25 kW hightemperature electrolysis @ INL
energy storage - < Energy Systems Laboratory
2 —_—
€ Thermal
i Integration

heat .°
Dynamic response | ﬁ f DOE Industry demos

‘ (&2 ) xcelnergy

Daps

Multiple end use
applications

aill ]
Dynamicelectrolyzeresponse; INL &
NREL

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY | FUEL CELL TECHNOLOGIES OFFICE 25
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New Project: Electrolyzer Operation at Nuclear Plant aneHouse Hydrogen Supply

Program Summary

Clean H, production enabling

dispatchable, carbon-free power Partners Exelon & Nel Hydrogen, INL, NREL, ANL
Period 36 months
o Total budget $7.2 million
ObJ ectives Baseload generation
) ) Carbon-free Electric grid
A Develop an integrated hydrogen production, storage, nuclear 6
and utilization facility at a nuclear plant site, based ¢on generation

J  ——

a PEM electrolyzer

A Demonstration of economic supply of carbbee
hydrogen for internal nuclear site use.

___________________ Long duration il I
On-site storage

electrolyzer for
hydrogen

A Dynamic control of the electrolyzer

generation )zt
Self supply of . L
Expected Outcomes plant’s GF -
hydrogen use: | n-site Peak
. power
A Scaledup hydrogenproductionin the U.S power Offset O&M = Hydrogen generation
sector through a dynamicallyoperable hydrogen E  Storage )

production facility at a nuclear plant enabling
nuclearunitsto be dispatchable

Gas pipeline

x Sale & injection into
Hydrogen gas pipeline

transportation
Regional hydrogen On-site hydrogen
market user

A Demonstrated mechanism for hydrogenbased
energy storage systemsto improve nuclear plant
participationin organizedpower markets

Based on original proposal submission; final project under negotiation

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY | FUEL CELL TECHNOLOGIES OFFICE






Global Government Partnerships to Accelerate Progress on Hydrogen and Fuel C

Hydrogen and Fuel Cells in the Econom ! _ay

Enabling the global adoption of hydrogen and fuel cells in the econor = x E

Key Activities: Working Groups on Regulations, Codes, Standards & Safety;
Education & Outreach
Develops country updates on policies, status, shares best practices
Task force on developingproduction methodology to facilitate international trade
Coordinates activities among global and regional partnerships

e D

SHARE INFORM FUTURE FOSTER
INFORMATION GOVERNMENT RD&D COLLABORATION

International Energy Agency (IEA)

|| - o I
] L= . 5.1 il

Elected Chair and
Vice-Chair, 2018

Top

Mission Innovation
Hydrogen Challenge
Launched 2017

Prioritles

Hydrogen Energy
Ministerial (HEM) www.iphe.net
Launched 2018

9

Formed _ 19 Countries

2003 and EC

. . Find IPHE on Facebook, Twitter and LinkedIn
Clean Energy Ministerial Follow IPHE @The IPHE
Hydrogen Initiative B
Launched2019




Roadmaps and Plans Developing in Multiple Regions

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

innovation & technology leadership, environmental benefits

ROAD MAPTO AUS

HYDROGEN = 1 N HYDROGEN ECONOMY

Green Hydrdflen Economy in ROADMAP ! & ' The Future of
the N:l:"’l Netherlands b Hydrogen

| (o txag ——l =

Global Action Agenda
released at Hydrogen
Energy Ministerial,
Tokyo (9/25/2019)
Aspirational Targets:
“10, 10, 10”
10M systems,
10K stations, 10 years

High priority areas include: Global harmonization of codes and standards and addressing gaps, safety

L Y,
CI e — > —




Global Snapshot of Status and Goals

Kingdom Netherlands

m m’m

VEHICLES
é 100 600,000 $00,000
= kﬁg ‘ '/ SLILLE VEHICLES VEHICLES
; 500 000
STﬁms F rance 2 '1 STATIONS S'[’;'I'IONS

9 Germany
50,000
VEHICLES / 400
1,000 STATIONS
STATIONS

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

- IPHE Member Countries

—
*! 2030 Vehicles & Stations Goal'
/x

Based on IPHE Country Updates
US: CA Fuel Cell Partnership goal




Example of Collaboration: Global Center fog Safety (CHS)

IPHE Steering Committee action: Increase awareness of safety partnership.

@ AIChE

Hydrogen
Council

*‘YSafe Pacific N.orth.west

Includes over 40 partners
from industry, government
and academia

CENTERFOR KBELEE - #—

Promotes safe operation, handling and use of hydrogen across all applications.

CENTER FOR

Hydrsgen

M -
‘J/’Q Safety Panel

o —_—

) (

=3

Emergency Response
Training Resources
Access to >110 countries,

60,000 members
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www.aiche.org/CHS

U.S. DEPARTMENT OF ENERGY

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Information to be available in

multiple languages

CENTERFOR_ KFLEEE ¥ —

Hydrogen

Connecting a Global Community
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Resources and Announcements

Oct 8- Hydrogen
and Fuel Cells Day

(Held on its very own atomic

weightdg

Save the Date

May 19¢ 21, 2020 Annual Merit
Review and Peer Evaluation
Meeting for theHydrogen and Fuel
Cells Program in Washington D.C.

Hydrogen

Resources

INCREASE YOUR Download the H2IQ resource for free:

" o energy.gov/eere/fuelcells/downloads/increas@ur-h2ig-training
Visit H2tools.org for hydrogen resource
@ 3 safety and lessons learned :

Join monthly H2I1Q hours to learn more about hydrogen and
‘ https://h2tools.org/

fuel cell topics
.energy.gov/eere/fuelcells/fuetelttechnologiesoffice-webinars

Sign up to receive hydrogen and fuel cell updates

www.energy.gov/eere/fuelcells/fuetelttechnologiesoffice-newsletter

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

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY | FUEL CELL TECHNOLOGIES OFFICE


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

o-
0
Oc

AliceCaponiti

Deputy Assistant Secretary for Reactor Fleet and Advanced Reactor Deployment,
Department of Energy Office of Nuclear Energy {BE)EUnited States

Alice! 9 H G Fcérrer r@dponsibilities include light water reactor programs; advanced
reactor development activitiess including micro-reactors; innovative nuclear research in
advanced modelling and simulation, manufacturing, sensors and other crosgting
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 in 2001, M€aponitiworked on a
nonproliferation program to reduce stockpiles of excess Russian weapons plutonium.

33
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- Hydrogen Integration with Nuclear Power
Clean Erergy Mnisterial : o
Nclear Innovation: Clean Erergy (NICE)Future Initiative Alice Cajon Kl
Weébinar d Mach 18 Deputy Assistant Secretary

Office of Reactor Heet and Advanced Reactor Deployment



NE Mission Focus Leads to Global
Competitiveness in Nuclear Technology

Advanced Fuel Cycle Global
Reactor Pipeline Infrastructure Competitiveness

Existing Heet
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Current U.S. Nuclear Power Plant Fleet
Provides Majority of Clean Energy

A 8 quadrillion btus total
A 8% of U.S. total energy
A 20% of all electricity

A 42% of clean energy

A 55% of clean electricity

Distribution of 98 operating nuclear
power plants in the U.S.
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Current Nuclear Fleet Faces Economic Challenges

LWRS Enhances Performance and Ensures Continued Operation of the Light
Water Reactor Heet with transformative technologiesto enable:

A Plant Modernization Planned Fleet Operations (97 Units, 100 GWe)

A Efficiencies in workforce
A Diversity of products
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Light Water Reactor Sustainability (LWRS) Program

Research Pathways & Focus Areas

Address replacement of existing instrumentation and control technologies and
enable plant efficiency improvements through a strategy for long-term
modernization

Plant
Modernization

Flexible Plant Evaluate and demonstrate integrated energy systems that competitively
Operation and produce electricity and non-electrical products to optimize revenue
Generation generation by nuclear power 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

Physical
Security

NS ANICINELCEE  Develop significantly improved safety analysis methods and tools to optimize

Systems the safety, reliability, and economics of plants
Analysis

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

MEUEELS plants, including detecting and characterizing aging mechanisms

Research
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Nuclear Energy Reimagined

Nuclear Beyond Electricity T Advanced Reactors

Baseload Electricity Generation

Large Light
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Integrated Energy Systems

Maximizing energy utilization, generator profitability, and grid reliability and resilience through
novel systems integration and process design

Distributed Water
Electrolysis Plants

Central

Hydrogen -
Plant Electrolysis

Clean Transportation

Central Clean
Chemical &
Fuels Synthesls

By-Product
cO,
Plpeline

Refinery /
Petrochemical
Plant

Direct Reduced
Iron / Electric Arc
Mini Steel Plant

Ammonia-Based
Fertilizers Plant

Regional
Ethanol Plants

b iodigester
Plants
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Value Proposition for Nuclear Hybrid Systems

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

<l Price of Power!

electridty
togrd

The challenge

Cost to operate plant INn SOMe regions.

Localized Cost of

2000 4000 6000 8000 marginal generating
Redirect poverto hydiogerprodution @ ~$30KMWh price of electricity at

electricity nuclear plant

Hours

Up to 80% of the year, electricity price is
lower than cost to operate nuclear

Sources:
1. 2017 data from PM-NI Hub; R Boardman, et. al. INL
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Flexible Nuclear-Hybrid Plant Operation
Allows Nuclear to Power Peak Electricity Demand
Example Optimized Hybrid System Performance Results, INL-Developed Toolset

System design optimization using time BN Nuclear Power to Grid I Natural Gas Power Gen
histories for one year I Nuclear PowertoH2 [N Battery Charging/Discharging

. . I Net Demand (total demand minus wind)
Results shown for a selected time history, = "

one week period (hourly resolution) H & | 1
Optimized component capacities i | I . .

-

Nuclear Reactor 300 MW,

Hydrogen Plant Capacity 120 MW,
(shown as negative 1 electricity input;
70% turndown limit; H, market price - $1.75/kg-H,)

Gas turbine 200 MW,

Capacity Dispatched (MW)

Electric battery 100 MWh
Wind penetration 400 MW,

(100% of mean demand, installed
capacity, 27% capacity factor)

Penalty function applied for over or under
production of electricity.

80 100 120 140 160
Time (h)

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

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

2 MW Containerized firurn-KeyoElectrolysis Test Skid helps reduce project risk
24 month project - operation and verification planned for 2022

Onsite and offsite uses planned

0 Ensire no adverse effects on the plant,
grid, or skid.

0 Control software will be able to
modulate Hz output based on input
variables.

0 Control software will interface with
Programmable Logc Computer (PLC) on
vendor suppled Hzskid.
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Hydrogen Production Demonstrations
IFOA Area of Interest Announced March 9

NE iFOA ($11M NE, $10M FCTO)

I Current cycle applications due
6.30.2020 5PM ET

Possible areas of work:
I Larger scaled 5 to 20 MW (low-T)

Use of electricity and heat (higher
efficiency) in high-T electrolysis
Integration of renewable resources and
grid services

Regional market transformation

Complexity means more attention to:

I Regulatory engagement

I System design and cost analysis https://www.id.energy.gov/INEWS/FOA/FOA
i Safety and risk assessment Opportunities/FOA.htm
.
|

Integration with reactor operations
Qualification of electrolyzers
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