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PANEL 1: HydroGEN Partnerships
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National Lab Consortium Team
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oal: Accelerating R&D of innovative
advance water splitting (AWS)

Low-Temperature =

i iecfor W =T TEEEIERVEE NS EwaBL BERKELEY LAB doho Nafional Laborafory
materials an.d technologies for Electrolysis (LTE) o doho Nefnd Lobrary
clean, sustainable and low-cost : Natioral M Lawrence Livermore

: ;— Laboratories National Laboratory
hydrogen production. Ofs

High-Temperature .
Electrolysis (HTE) H, Production

- target of $1/kg

Challenges _
. CO.St. Photoelectrochemical
* Efficiency (PEC)

E:-TJ"-

Solar Thermochemical Hyd rogen
[STEH]

HydroGEN is advancing f-Iydrbgen Shot goals by
fostering cross-cutting innovation using theory-guided applied materials R&D to accelerate the time-

to-market and advance all emerging water-splitting pathways to enable clean, low cost, and
sustainable low-cost hydrogen production 4



Eﬂ HydroGEN 2.0 Collaboration

HydroGEN 2.0: + HydroGEN 1.0:
« Early-Stage Materials R&D Projects » Lab capabilities and experts support
projects
Data Hub . -
Director HydroGEN Materials Capability Network
Huven Dinh Technology Transfer .
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‘:b Community Approach to Benchmarking and Protocol Development

Goal: Develop best practices in materials e 4 Annual AWS community-wide benchmarking
characterization and benchmarking: Critical to

e workshop
accelerate materials discovery and development .

* Developed high-level roadmaps by AWS

technology
Disseminated information to AWS community
e Strong community engagement and
participation, nationally and internationally

Best Practices in Materials Characterization

Pl: Kathy Ayers, Nel Hydrogen (LTE) () o
Co-Pls: Ellen B. Stechel, ASU (STCH) @
Olga Marina, PNNL (HTE) @
CX Xiang, Caltech (PEC) S
Consultant: Karl Gross, George Roberts
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photo credit: Tadashi Ogitsu; 2022; Group picture at the 4" Advanced Water Splitting Technology
HydroGEN: Advanced Water Splitting Materials Pathways Benchmarking and Protocols Workshop, May 2022



HydroGEN Materials R&D Feeds to HZNEW Component Integration

Materials Integration Focus
Electrolysis Performance

& Durability
FOA/ Targeted, focused effort to
CRADA enable

5 year aggressive target
Includes understanding
durability and test protocol
development

Materials R&D Focus

Seedlings HydroGEN 2.0
FOA (Lower TRL & core
capabilities)

HTE, PEC, AEME, STCH

HydroGEN: Advanced Water Splitting Materials

) f
|

H2NEW

U.5. DEPARTMENT OF ENERGY |

Manufacturing and
Scale-up
Roll to Roll (R2R)
consortium,
leveraging AMO
Electrode fabrication
diagnostics

H2NEW Consortium

* Polymer electrolyte membrane
(PEM) electrolysis

Oxygen-conducting solid oxide
electrolysis (SOEC)

includes HydroGEN 1.0 legacy

HydroGEN 2.0 Focus

Alkaline exchange membranes (AEM)
Metal-supported SOEC (MS-SOEC)

Proton-conducting SOEC (p-SOEC)
Photoelectrochemical (PEC)
Solar thermochemical (STCH)




Nexceris Perspectives

Scott Swartz
Founder and CTO
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About Nexceris

Nexceris, LLC

Q Foundedin 1994, privately held, located in
Lewis Center, Ohio.

O 25+ years of experience in the solid oxide
fuel cell and electrolysis space.

Q Vertically integrated manufacturer of solid
oxide materials, cells, coatings and stacks.

O Other products include sensors, catalysts,
batteries, and solid oxide cell materials.

Proven solid oxide technology provider and stack manufacturer

with state-of-the-art high temperature electrolysis technology.

NEXCERIS



Nexceris’ Long History with National Labs

National Lab Interactions

a
a
a

First government project with PNNL in 1996 (ONR). Argon n e

First SOFC project with LBNL in 1997 (EERE).

Multiple collaborations with PNNL, NETL, ORNL and
Argonne on SOFC materials in the 2000’s and 2010’s.

Ongoing collaboration with PNNL on battery
technology development.

Current collaboration with NETL on SOFC/turbine
hybrid power systems.

Collaborating with LBNL and INL under ongoing EERE
sponsored high-temperature electrolysis projects.

NEXCERIS

NATIONAL LABORATORY
Pacific
Northwest
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Versogen Perspectives

Yushan Yan,
CEO
Versogen




Versdgen.

The Hydrogen Generation.

N

£

Yushan Yan, Ph.D. Sharon Perl, Ph.D., MBA Balsu Laksmanan, Ph.D.
Cheif Executive Officer and Co-Founder Director of Membrane Production Chief Technuln-gr Officer M : : n
Yushan is a leading electrochemical engineer, Sharon has bath the knowledge and Balsu has over 20 years of leadership Ld ISSIO

inventor, educotor and entrepreneur with a PhD.  experience in process development and  experience in hydrogen and fuel cell

in Ehemil:n!jEngirlvEering. He has worked in both  scole-up of chemistry related products technolegy, business development, and o PrOd UCi ng g reen hyd rogen

;:'n:!uEtry ?ﬂwntcgc:emiu.ltl;nld htisrzt'!}-r U5 -?jt_er\ts Her deep understanding of organic commercialization. As CTO, he leads the
e COTILNTDUTed o ”"_'-' iple startups, including |:|'||':v-[r-,i'r_-;tr-.lrI tq}ggther w1H-'| her extensie effarts to design. build and commercialize the .
EEEF Eﬂfgﬁ;ﬁ"}zagi?ﬁi?; EuEn!duEEi-nTH-;}'IE?: mﬁ?r}r industrial knawledge in process Anion Exchange Membrane (AEM] electrolyzer. at Scale'rel Iably and
Eﬁgineer’lng at the University of Deloware, where npt:'rnizr:ti-:uj D.nd E.iCCI|E.IJp fom bench I;rg:-musly_.:e dwﬂupebd :y mgtﬁ s:clulet lrzar
Versaogen's research and development efforts ta commercialization aid to scale-up PR EXENONDE METEIane [ | electrolyze affo rdably
began. His research has focused on developing  Versogen membrane and lonomer stack at Ohmium, and led the stack and
AEMs and AEM fuel cells and alectrolyzers for preduction. She hos monoged small system design effort for Gen3 fuel cell system
twenty years. His recagnitions includé Fellow of  and large teams. She earned a PhiDuin - (FC5) at GM. Balsu is an inventer on over 45 ) PrOd UCtS
the Electrochemical $n:|c'ir='ty. Nl:_ticl_nul Acodemy of Chemistry from the Technion = Isroel U.S. patents and has co-authored many peer-
Inventors, and American Assadiation for f;hE institute of technology and an MBA reviewed publications. He earmed a Ph.D. in AE M
Advancement of Science, and TEEHFIEF'*% of the from Derby University. Chemical Enginesring and a B.T. in Chemical ©
Electrochemical Socety's Energy Technology ‘ : ;
Spbeliip sl il and Electrochemical Engineering,
- OU r T - AEM electrolyzer stacks
eam » Experienced leadership team
' -y
) ek « \ersogen by numbers

- $5.6M Seed

- $14.5M Series A

- 18 employees, growing to
30 by the end of 2022

i : 2 - 60+ customers

Wersogen brings expertise in anion exchange membrane chemistry, production, and scaleup. We ore o tight-knit team of sdentists, engineers,
inventors, and entrepreneurs who push the boundaries in science to discover new insights. Our organic, multidisciplinary, and cohesive team 5 ~$ 1 M AE M sa | es
shares a visian to become the global leader in leveraging the sustainability and versatility of hydrogen to achieve o carbon-neutral society. Our
team's capabilities are augmented by consultants in palymer scaleup, process design, controls engineering, and membrane production, as well
as by the expertise of our toll coating partner.




Interactions with the Labs Vers\)gen

Hydrogen Gen

 AEM materials to HydroGEN and other programs
 NREL Industry Growth Forum
 NREL Shell Game Changer (GCxN)



Chemours Perspectives

Andrew Park
Principal Engineer
The Chemours Co.




The Chemours Company:

An Introduction

— (CF,CF) CF,CF—

Solutions

Industry Leader in safe production and manufacture . |
of performance chemicals, combining leading products, Naflon" OCF,CFOCF CF, SO H
applications expertise, and market-shaping chemistry @ ICF
3
Chemours is backward integrated = Chemours has the polymer capacity
in the manufacture of Nafion™ to manufacture Nafion™ membranes
_ ; membranes and dispersions. in large scale.
| Raw FE e Ms:lg::nes
Titanium Thermal & Materials Rzl and Dispersions
Technologies Specialized

Chemours has >50 years’ experience in the commercial manufacture of
Nafion™ ion exchange materials

« Chemours has established a Global Venture Team solely focused on
the development of materials used in the Hydrogen Economy, enabling
our customers to achieve their business objectives.

Chemical
Solutions * Multiple new product development programs in progress for membranes

and dispersions in hydrogen applications

“ Nafion ; Chemours- 15




Industry and Lab Collaboration:

Next Generation PEMWE Membranes

» Goal: Increase voltage efficiency of hydrogen production via water electrolysis
with advanced, low resistance membranes. And do it fast.

* Problem: Low resistance (thin) membranes invite gas crossover, durability
concerns that require advanced diagnostics to evaluate.

« Solution: Collaborate with national labs to build capabilities to evaluate next
gen membranes

i@ Los Alamos : "NREL oy

NATIONAL LABORATORY

Transforming ENERGY b et
Siddharth Komini Babu, Kaustubh _ _
Khedekar, Rod Borup Jake Wrubel, Guido Bender Arthur Dizon
Operando MEA testing Modeling

Ex-situ crossover screening —
Additive mobility Durability

&9 Nafion' g Chemours-

16



Pilot Scale Membrane Performance and H, Crossover Mitigation
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High performance membranes Low effective gas crossover
improve overall efficiency at high differential pressure

“ Nafion § Chemours- 17



W. L. Gore Perspectives

Yingying Chen
Research Scientist,
W. L. Gore & Associates




>25 years of Gore Fuel Cell history

we have produced millions square . to enable more than 40,000 fuel cell vehicles ..reducing more than 150,000
meters of PEM and MEA... developed in more than 100 different models... metric tons of CO2 emissions.

PEM Development for Water Electrolysis

ePTFE Reinforced High Capacity .
Gore : Large Portfolio
Capabilities Composite Membrane +  Strong Brand : * Predictive Model
Technology Secure Supply Chain
) ] ] « Low component cost
Benefit Low Total cost of + High Performing . Fast H* transport
to Customer Ownership (TCO) System « Low H, permeance

Long life

© 2022 W. L. Gore & Associates



e TS
Creating Value for a Cleaner Environment

* Collaborating with NREL under TSA (Technical Service Agreement), with parametric
experimental design, utilizing NREL’s water electrolysis test capabilities and

protocols, enabling us to understand PEM properties and performance in water
electrolysis cells

* Participated in HydroGen Benchmarking workshop, supporting the development of

PEM water electrolysis testing protocols

Gore’s PEM development for water electrolysis

© 2022 W. L. Gore & Associates
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PANEL 2: Integrated Systems Collaborations

Richard Boardman
Directorate Research Fellow, INL
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. CTO, Westinghouse Electric Co.

" Christy Verbofsky, CRADA Project Manager,
- Westinghouse Electric Co.

Colleen Wright,
VP of Corporate Strategy, Constellation

Noah Meeks, Principal Research
Engmeer Southern Co.




Hydrogen Shot - Industry/Lab Collaboration and Innovations

C ” b t R d t COMPLETED ! IN PROGRESS | FUTURE PROJECTS
Ollaporative noadmap to @ " Advanced
N uc I ear H yd ro ge N :fn';':n':ﬂcsm@ |~|I|E)x|'e :t':"E] flozlmercial @ reactort?
. . 2022 . | :e rogen o
Commercial Hubs RSy | :::.‘:_‘:;‘::;'
Reversible 30 kW SOEC . Hydrogen Hubs

w/ OxEon stacks
2022

2027

Clean Regional Hydrogen Hubs/

H2@SCALE & EXELON
XCEL, Southern Comp'any, 7 Technology Innovations Centers
Terrestrial Energy, R ~ 2026
Terra Power ™~
- Xcel Energy ]
Nuclear/Renewable HTSE H Nuclear Power Plant
Hydrogen Energy 2023 Thermal Energy Delivery
Systems Workshops - 2025
2014 _ » L
NuScale-
Nuclear Thermal Energy Fuel Cell ®
Hydrogen Design for LWRs Energy SOEC Large-Scale Hydrogen
Integration 2022 @INL @Pinnacle West/Palo Verde
(analysis) - | 2023 Generating Station
2012 [
— LWRS Flexible _ ® _
Plant Operations 50 kW SOEC
g:)figeneratlon w/ OxEon, Energy Harbor Davis-Besse
Nexceris Plant Upgrade

SR S 2024
H2@SCALE
2016

2023




Constellation: Who We Are

Constellation is the #1
zero-carbon energy

Operates in 48
States & DC

providerin the U.Swith

90% carbon-free output,
backed by more than
32,000 MW of
generating capacity.

[
I

- Power Supply Mix TWh

 Nuclear 176

Conventional 20

Owned Renewable 7

Contracted
" Renewable

\l,i?!‘l_ilfrc-hased Power

215 TWh
1600 Bcef

Customer Load Served

“Constellation
13,000 IS'soon to be

Employees a
Fortune, 200
Company

- Market

' Ranking

Nine Mile Point
Nuclear Power Plant

. D -
Scalable national platform emonstration

of approximately 2 million
customers served, offering
a diversity of innovative
products and services,
including %4 of Fortune
100 companies

Goal of
providing
100% of
business

customers

Demonstrate hydrogen production using
behind the meter power offtake from a
nuclear power plant on-site

Develop monitoring and controls
procedures for scaleup to large
commercial-scale hydrogen plants

Share

Produce hydrogen for captive use to
supply nuclear power plant’s own
consumption

NREL and INL support the
demonstration project

~" Constellation




Westinghouse: A leader in nuclear technology and power

_mogg

Current Activities & Interests
-1 Westinghouse Initiative in Hydrogen

1 Light-Water Reactor Concepts of

Operations for Tightly Coupled Hydrogen
Plants

1 CRADA with INL

1 Development of Advanced Reactors:
Hydrogen Production

eVinci™ is a trademark or registered trademark of Westinghouse Electric Company LLC, its affiliates and/or its subsidiaries in the United States of America and may be registered in other countries throughout the world. All rights reserved. Unauthorized use is strictly prohibited. Other names may be
trademarks of their respective owners. This document may contain technical data subject to the export control laws of the United States. In the event this document does contain such information, the Recipient’'s acceptance of this document constitutes agreement that this information in document form (or
any other medium), including any attachments and exhibits hereto, shall not be exported, released or disclosed to foreign persons whether in the United States or abroad by recipient except in compliance with all U.S. export control regulations. Recipient shall include this notice with any reproduced or

excerpted portion of this document, or any document derived from, based on, incorporating, using or relying on the information contained in this document.
©2022-Westinghouse Electric-Company-LLC-Alt-rightsreserved.
.westinghouse Electronically Approved Records Are Authenticated in the Electronic Document Management System

Non-Proprietary Class 3 ©2022 Westinghouse Electric Company LLC, All Rights Reserved.



Southern Company - Hydrogen R&D Program

Hydrogen is the next evolution of the utility
business model.

* Decarbonize entire energy economy, building
on baseload, cost-effective primary energy

* Enhance resiliency at all scales

* Provide long-term, carbon-free energy within
the regulatory compact.

)LCRI

Hydrogen R&D Portfolio

Energy
Systems

Hydrogen for
Energy

LOW-CARBON

RESOURCES INITIATIVE Hydrogen

Infrastructure

Hydrogen

GEREELED Storage Analysis

Hydrogen Council @ e

Energy Association

C ’ 'FC Clean Hydrogen Future Coalition




Hydrogen Shot - Industry/Lab Collaboration and Innovations

SOC Fuel Cells and Electrolysis
Research & Development Commercial Stack & Module Performance

ldaho Natienal
Laboratory

Power Grid Simulators
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T, | Bus Voltage >
o o J = Voltage A~
- v - . ! Phase
i ., - I : Py -~ > =
§ s . Hardware ™A e =22
: ional e
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Virtual Bus Virtual Bus

NETL Hyper Facility

Stack Testing Coupling electrolysis to nuclear reactors Cyber/Physical Integrated Fuel Cell Power Systems

=%, U.S. DEPARTMENT OF N o
\ Y TECHNOLOGY h" “ N R E L m i || Lawrence Livermore 2 7
':‘. bﬁ E N E RG LABORATORY 3 Transforming ENERGY  |dohs Nekonal Loborolor Pacific NcrthWESt \I: ey National Laboratory 4




Hydrogen Shot - Industry/Lab Collaboration and Innovations

Nuclear Hydrogen: Path to $1/kg/Hydrogen

Analyze
& Optimize

YThermal
. Energy

Project

Demonstrations GENERATORS X Svater) POWER GENERATION
: Electrical
- e ik
. ' STORAGE FUEL CELL
i T | &%, @
& Interfaces ELECTROLYSIS/FUEL CELL §
: NATURAL GAS PIPELINE UTILITY 6AS
l TURBINE C.C.
Cell DeSign & Performance

Optimization Bi-Directional Electricity - ;

Materials Research & Development HYDROGEN USER TRANSPORTATION SECTOR

, U.S. DEPARTMENT OF
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FPANEL 3: Low-Temperature Electrolyzers

Bryan Pivovar
Senior Research Fellow, NREL

~ Debbie Myers
~ Senior Scientist, ANL ‘ NE N

58 b ,Kathy Ayers
- VP for R&D, Nel Hydrogen

Corky Mittlesteadt
“-; VP for Electrolyzer Tech, Plug Power
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H2NEW : H2 from Next-generation Electrolyzers of Water H2NEW

DEPARTMENT OF E

A comprehensive, concerted effort Initial Lab Consortium Team Clear, well-defined stack metrics to

focused on overcoming technical NRE |_ \’"i"l\ guide efforts.

barriers to enable affordable, reliable doho Naind Loboroy Draft Electrolyzer Stack Goals by 2025

& efficient electrolyzers to achieve A"SQ!;‘HEO.,% o =7 LTE PEM HTE
<$2/kg H2 BERKELEY LAB E%?Lﬁ&eﬁt .
Northwest Capital Cost $100/kW $100/kW
* Launched October 1, 2020 ° LOS Alamos | Lawrence Livermore | || Elect. Efficiency o ,| 98% at 1.5
» To date, 75% PEM, 25% SOFC ational Laboratory 111 ) 70%at3 Afem? e
* Minimum of $50M over 5 years #(;OAK RIDGE EWONM o
-National Laboratory TL SRS Lifetime 80,000 hr 60,000 hr
Connection to DOE Consortia External Engagement Durability/lifetime has been primary
LTE Strategic Advisory Board Members
P @H , S focus of H2NEW
N ( nectmggspzﬁmm X anutactuingand / é ' : * Limited fundamental knowledge of
/ L urabili A Scale-up A\ 4 ; . . f s
| cron ) Targeted, g;c;;eede"m[ | RolltoRall(®z) | : degradation mechanisms, inhibits AST
ST e\ e/ development.
oty tstprotosl 7 dogrstes it — - - - - Develop and validate methods and tests to
e B vereo e e Llowwer  Mathias accelerate identified degradation processes to
TN ,/ vateriasranrocus \  Million Mile Fuel Cell b rower "QM' UC.Invine  retired (GM) be able to evaluate durability in a matter of
((*rawe « g | oK (I2ECT) weeks or months instead of years.
\\x__ _’__// | capabilities) i ecltro ° 1 1 .
\ HTE, PECAEME,STCH / IEA, ASTWG, materials suppliers » Cost, performance, durability tradeoffs.
\. @ / * Need to expand further engagement

with industry and academia

H2NEW: Hydrogen from Next-generation Electrolyzers of Water



Relevance: Stack Costs HaNEW

U.S. DEPARTMENT OF ENERGY

$400

ey FELLE Stack Targets Status 2023 2025
$350 H Anode GDL m Cathode GDL
5350 | Bipolar Plate CCM Ce" (Alcmz@1 .9V) 20 25 30
$35 Efficiency (%) 66 68 70
$300 I Lifetime (khr) 60 70 80
2 S5 Degradation (mV/khr) 32 275 225
§$25° I Capital Cost ($/kW) 350 200 100
8 4200 $200 PGM loading (mg/cm?) 3 1 0.5
S $68
]
5 $150 $37 g . These 3 areas
&a $100
$100 237 1. Increased efficiency/current
density
»%0 . 2. Decreased PGM loading
so | — 3. Scale-up
Current 2.5A/cm2 1mg/cm2 Scale-up Midterm 3 A/cm2 0.5 Further Ultimate
Target mgfcm2  Scaleup  Target Are the strongest levers for

addressing stack costs.

https://www.hydrogen.energy.gov/pdfs/review21/p196_pivovar_boardman_2021_o.pdf

H2NEW: Hydrogen from Next-generation Electrolyzers of Water



Lab Platforms for Integration, Validation, and De-risking
Deployments H2NEW

Low High Temperature
Temperature Electrolysis Facility
Electrolysis (INL)

Facility (NREL)

HLCasotes i, ARIES: Advanced Research REACT: Reaction

g on Integrated Energy chemistry facility
Systems expansion (NREL) | g = | including
and collaboration with " | e i~ N hydrogen

other labs S “ production (NETL)
-'j':'jl

H2NEW: Hydrogen from Next-generation Electrolyzers of Water



Plug Power Perspectives

Corky Mittelsteadt
VP for Electrolyzer Technology

Karen Swider-Lyons
Principal Research Scientist

Plug Power




25 years

Plug: the green hydrogen ecosystem

258

granted patents

40+ tons

of hydrogen
consumed daily

o E,L

&
Pl |I Py
@ I
Power Source ' " Transport ' )
Py ’ ' Hydrogen ' oy Dispense
() ‘ ' P Hydrogen
- Y
= | ’ P
Store & Handle
Produce and Liquefy Hydrogen
Hydrogen

Hydrogen

60,000+

systems in service

850+ million

hours of operation

2,800+

employees

35






Plug Power — Perspective on Green Hydrogen

Plug Power on track for 500 metric tons of green hydrogen per
day by 2025

North America Green {
Hydrogen Plant Timeline I

Breaking Ground on 3 Plants in 2021 ’

2 Plants Producing in the Summer of 2022 with a
total of 4 by year-end

More than 6 Plants by year-end 2023

13 Plants by year-end 2025

Connect RDD&D to Hydrogen Hubs

Focus on near term technologies (high TRL and
MRL) for near term wins

Long-term tax incentives to sustain clean hydrogen
infrastructure toward commercial sustainability

pli,j

Direct coupling of PEM electrolysis to renewables
>30,000 electrolysis systems to date

50,000 fuel cells presently in use

Hydrogen liquification and transportation infrastructure
2,200 regular US employees (2800+ worldwide)

Domestic manufacturing capability in NY (3 sites), MA, WA
>Gigawatt capability

Need sustained support from US DOE to grow green hydrogen
business

Invest in cost reductions for materials and manufacturing
Attract more manufacturers to the supply chain

Large scale hydrogen storage development and
demonstrations

Convert natural gas infrastructure to hydrogen

37



Areas for National Labs Cooperation

] ] . Balance of plant and supporting technologies:
Cell components needing cost reductions, durability and

- _ e Power electronics
recycling research: e Wind/Solar integration, minimize power conditioning
e Anode and cathode electrocatalysts e Hydrogen dryers
* Mem_b ranes o e Hydrogen compression
e Titanium (or suitable titanium replacement) e  Water purification systems/pumps
e End plates e Improved rectifiers
e Porous transport layers (PTLs).

o The prevention of hydrogen embrittlement in titanium

o Stability of novel materials (not titanium) under the
operating conditions of PTL

o Creating an engineered design based on research
on mass transport through the PTL

Prognostics:

e Prognostics for membrane failures (impedance response)
e Prognostic for separator failure

e Prevention and prognostic for hydrogen embrittlement

Cost <=7 s

7. MEA Design barriers:
Physics based models of mass transport across all the interfaces

6. Separators

m 5. Cathode e High voltage Operation
s fidhegs e Manufacturability of components
sk e Accurate quality control methods
2. Frame
SAFETY
M 1. Stack Hardware
« Sensors

« Standards
* Reviews and networking

RECYCLING

PIU ’ e TRDR CanRNSme BED « Iridium, carbon, PFSA, Balance of stack and BOP
» Design for recycling

« Techno economic analysis of recycling impact



Nel Perspectives

Kathy Ayers
VP for Research & Development
Nel Hydrogen




k022

Nel Hergya plant

* Production of alkaline electrolyzers “
» Developed for industrial applications
+ 100 years of experience

* Designed for low cost and efficiency
- Demonstrated at 100+ MW
500 MW production line
« Scalable to 2 GW with additional lines

nel:



r022

Nel PEM plant

CT employees: 125 (~15 open positions currently)

Systems delivered: 3,000+

Production capacity: >150 MW/year

Established: 1996 (Acquired 2017)

Unit Year introduced Capacity # Fielded

G (lab) 1998 (disc. 2020) <1 kW >>1000

S 2000 4-7 KW ~800

H 2003 14-40 kW ~400

C 2010 60-180 kW ~160

M 2014 (single stack in 1-20 MW >30 MW
2020)

Total of >70 MW installed base (PEM only)
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EXAMPLE OF 80% COMPONENT COST REDUCTION

Impact of Lab-industry collaboration

Fundamental R&D to Prototyping

Products from kW to MW scale

Accelerated

Nel scale up and commercialization:
MW stack based on same platform

embrittlement
., 100%
2 90%
3 80%
2 70%
g 60%
2 s50%
(%]
o 40%
= 30%
v
8 20%
= 0%
Legacy New design
Plate manufacturmg 100 cm2 stack and scale
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_Thanks to Our Panelists!
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‘Thanks to All Our Panelists!
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Hydrogen Program
2022 Annual Merit Review and
Peer Evaluation Meeting

1 S Join us for AMR Technical
Sessions at 1:30 pm EDT

June 7, 2022
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