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On the Role of Nuclear Power

in the Development
of a European
Hydrogen
Economy
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How can NucleaProduced Hydrogen

Stimulate the NeafTerm Development

of a European Hydrogen Economy and
what Policy Environment will Facilitate

its Contribution?



Why Hydrogen?

Decarbonisation Potential for Integrated Energy Systems:

1. Industry:
a) Existing Use: OIl Refineries, Ammonia Production, Methanol Production, Steel Production
b) Future Use: Highemperature Heat

2. Transport: HGVs, Rail, Aviation, Shipping

3. Heating: Blending, Hydrogen Conversion (Unit, Region, Grid), Fuel Cell Cogeneration

4. Power Generation: Storage and Flexibility;Fded Ammonia

Obstacles to the Development of a Clean Hydrogen Economy:
1. Current Production is Carbdntensive
2. Production of Clean Hydrogen is Sr&dhle and Expensive

3. Hydrogen Infrastructure is Limited




The European Hydrogen Strategy

1. Definitions:
A WwSYySglofS | @RNR2ISYQ NBFSNARA (2 KeRNRISY
electricity produced using renewable energy sources;
AW 2dND2Yy | @RNRPISYQ NBFSNAEA (2 KERNRISY LN
CCUS or electrictyased hydrogen (regardless of electricity source).
2. Targets:
A WeKS tNAZ2NAGEe F2NJ 0KS 9! A& (2 5S@St2L) w

Renewable Electrolyser Capacity (GW) Production of Renewable Hydrogen
(Tonnes)

One: 202€2024 6 1,000,000
Two: 20252029 40 10,000,000
Three: 2032050 500 LargeScale Deployment

3. Mechanisms:

A LowCarbon Standard, GOs, Sustainability Certificates, CCfDs




Using Nuclear Power to Produce Hydrogen via Electrolysis (1)

A Volume

The Impact of Capacity Factor on Electrolyser Production
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A Implications for Surface Area Requirements




Using Nuclear Power to Produce Hydrogen via Electrolysis (lIl)

A Cost

Comparison of Clean Hydrogen Production Costs
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Realising the Advantages of NucleRroduce Hydrogen in the Nearerm

Using Excess Nuclear Capacity to Produce Hydrogen:

A the global decline in nuclear power generation during 22020 indicates that up to ¢:3.5 GW
of nuclear capacity in the European Union is currently idle;

A this capacity, if fully used, could produce up to 280,000 tonnes of clean hydrogen, in turn
eliminating up to 2.8 million tonnes of carbon dioxide compared to present production;

A the volume and relative competitiveness of the nuckpanduced hydrogen (compared to
WNBEYSglo6fS KERNRISYQU ¢g2dzf R LINPOYARS | IANBI |

end-users as well as the required investment in hydrogen infrastructure.

What is Required?
A a technologically neutral policy framework for the hydrogen economy that facilitates investment

In production capacity by providing a loteym, sustained commitment to all lo@mission

hydrogen production methods.
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Hydrogen can play a critical role in the low-carbon technology portfolio -
eliminating carbon from electricity, transport, industry and buildings
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Some key obstacles to hydrogen market growth

$ Production is currently expensive

€ M @ plor quisient (grey, higftarbon) production Zero carbon hydrogen markets can

€ H KfQr Hlue fossHderived hydrogen with CCS achieve scaling by'
€ H@ P ¢ o rerigwable hydrogen

A Reducing production costs
A Investing intoRD&Dand
Gaseous H2 compressed and delivered by trucks

have limited range and are larger and heavier than gasoline trucks anc Infrastructu e
thus more expensive.

Materials + components needed for compact, lightweight, H2 storage
systems while enabling > 300 miles in all kighty vehicle platforms.

Transportation can be difficult

Hydrogen Council:
Gaseous H2 delivered by pipeline

s '8 high initial capital costs of new pipeline construction
J ‘ option: adapt part of the natural gas delivery infrastructure
to accommodate hydrogen

Scaling up the hydrogen economy
will take investments of $2925B
each year through 2030.

Shipping of H2
KFra 02 0S tAljdzSTASR o0& OQAffAYy3a G2 0
= using up 1/3 of its energy content

option:O2 Y GOSN G2 FYY2SChahdinoré AljdzZSTASAE G bLwmn
Infrastructure handling and transporting ammonia in place

S NJ O dzNEB & LHpoO




Nuclear energy can address non-electric energy and carbon via
efficient and low cost zero carbon fuel production

A Zero Carbon Energy System But nuclear has stagnated, with nuclear investment
a small fraction of total energy investment
2 USD (2017) billion
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Some of the Challenges to Meaningful Nuclear Deployment

Markets

A Global power market limited for nuclear

A

A

Competition from natural gas &
renewables

Emerging markets can represent
high barrier to entry

A Procurement challenges

A

A

Most customers for nuclear power
are state-owned

Requires significant government
support

Burdensome government
procurement process

Political risk

[[/? Cost &

«s~] Financing

A Historically:
A High capital cost and liquidity required

A Long construction period: 5-6 years at
best

A Significant construction risk i in the
West, cost overruns + schedule delays

A Longer tenor for debt repayment

A High weighted average cost of capital
(WACC), further magnified by
construction risk

A Few sources of equity and debt
(governments and balance sheets of large
utilities, some vendor financing)

A No nuclear project financing to date; limited
financing model/precedent

FOAK New Tech

| A SMRs can address construction risks and

some financing challenges
A Lower capital costs
Shorter lead times

Lower completion risk

o Do Do

Lower interest rate exposure and
WACC

A However, technology needs to be
demonstrated

A Significant investment in higher-risk
FOAKS is required

A Licensing timelines / costs

A Supply chain expansion /
gualification



Nuclear + Hydrogen

A The nuclear industry, hydrogen producers and the hydrogen supply chain should
collaborate to advance common goals and a broader decarbonization initiative

A Collaboration goals:
A Policy support for hydrogen production through nuclear

A Government funding for commercial demonstration of nuclear H2 production
(e.q., througlHTEand TC)

A Joint development
A Offtake contracts
A Cofinancing

A Supply chain crossollination

2 -}



Policy Development: Examples

A United Statesintegrated Energy Systems Act of 2019

A directs the U.S. Department of Energy (DOE) to establish
an integrated energy systems program to, in part expand
the use of emissionseducing energy technologies
(including nuclear) into nonelectric sectors

Significant work In the
policy area iIs required!

A Howeverappropriations for demonstrations and other
Incentives (e.g., tax) are required to be meaningful

A United Kingdom:UK Energy White Paper

A aiming for 5GW of lovearbon hydrogen production
capacity by 2030 and supportive of both new large
nuclear andSMRs

A Howeverno clear recognition of the opportunity for
nuclear zero carbon fuels production



Co-Financing Example: H2 Mankala

A Industrial consumers of nuclear powey How would an HaMankala work?
underexplored source of equity A Hydrogen users invest into théPPin
A Prime example: Finland. Also used in exchange for hydrogen offtake
Belgium and France, but for operating A Limited liability company is run like a zero
reactors. profit-making ceoperative for the benefit
A Consumer funderseed not be limited to of its shareholders
power. Hydrogen users can be funders. A Shareholders absorb price and volume risk

Debt

Power
Shareholders B Mankala ) Lenders
Operating costs Company Debt service

and debt service




Hydrogen Market Players

Customers and Others
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As a follow-up from our Dec 2-3 webinar, CATF Iis forming working nuclear
H2 groups In four areas. Interested in joining? Please contact us.

O Policy

Note: this group may set up sub-groups focused on regional, country-specific and local policies. Topics such as carbon Elina TepllnSky

policies as well as government incentives for nuclear hydrogen and ammonia production to be discussed. e|ina_tep|insky@ pillsburylaw_com
(J R&D, Technology and Regulation Brett Rampal

Issues identified during the event: regulation of co-location; potential cost-reduction through provision of grid services (e.g. brampal@catf.us

capacity, ancillary services) while producing hydrogen at >90% capacity.

Mike Fowler
(J Commercial Partnerships mfowler@catf.us

Goal: facilitating discussion between producers, supply chain and potential customers.

(J Project Structuring and Financing

Goals: identifying project structures for bankable nuclear H2 projects; facilitating discussions with financial community.


mailto:elina.teplinsky@pillsburylaw.com
mailto:brampal@catf.us
mailto:mfowler@catf.us

CAN CLEAN AIR
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114 State Street, 6th Floor
Boston, MA 02109

Phone: 6176240234
Emailinfo@catf.us

CATF.US




Hydrogen from Nuclear
The EDF Experience

Dr Tarig Dawood
Lead Engineer Asset Management i Nuclear & Renewables
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EDF Group & EDF UK
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Hydrogen to Heysham (H2H)

Main Drivers

A Hydrogen is emerging as a vital energy vector in the
UK energy system

A Nuclear & Renewables is best placed to supply the (350 bar
low-carbon electricity for hydrogen production

A Hydrogen is already used at nuclear sites and can

Max. Daily
Production
800 kg H2

supply the local demand 4 o o or K gpees
Low Carbon Electricity ‘in - — Hydll;lgen . .
Project Goal: Feasibility assessment on the viability of o = LHJ i Careon N OOO
. . . Purified Water rogen
low carbon hydrogen production by electrolysis using Flectolysers Storage

nuclear generated electricity at the Heysham nuclear
power station

Site outside licensed area M
Department for
Business, Energy

& Industrial Strategy

Safety and Security

Accessibility for end users

Services: water and electricity

Gl S




Hydrogen at Sizewell C

Sizewell C Energy Hub

Continuous
Key Reactor Operation

Sizewell C

Doing the power of
good for Britain

EOI issued to test hydrogen production
from nuclear with a view to producing ﬁ ;

800kg of H2 per day Hy4 Fleets

Innovate
UK

Ambition Is to scale up hydrogen
production leveraging high temperature
steam electrolysis by making use of

# O waste heat from the steam turbine




What 0s Next ?

Support ambition of 5GW of low-carbon hydrogen ENERGY WHITE PAPER ‘ o
oroduction capacity by 2030 HM Government

nvesting in a pipeline of large nuclear including POWGI’I ﬂg our
Hinkley Point C & Sizewell C

Also exploring opportunities to develop Small Modular
Reactors (SMR) and Advanced Modular Reactors December 2020 | CP 337
(AMR)

Net Zero Future

High temperature steam electrolysis
offers the most efficient approach for
producing Hydrogen from nuclear
using process waste heat as an
alternative to direct electrolysis but
requires investment to scale up
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ROSATOM

ROSATOM APPROACH TO
HYDROGEN ENERGY PROJECTS
DEVELOPMENT

Anton Moskvin

Vice President, Marketing and business development
Rusatom Overseas



Hydrogen energy development roadmap in Russia

g’ ROSATOM

The Russian Government approved the gdlaRellig\Yo[(olo[sIaR=lglelfe Ao (S (o]l nal=la I Mg Mg EWRVSIS =g
ms the measures of State support for the projects of hydrogen production, storage,
transportation and use

e E % The Plan includes the implementation of the Program
m,,.,- for hydrogen production at nuclear power plants
.:..J:'- developed by the State Atomic Energy Corporation

friendly hydrogen production technologies
development on the basis of high temperature

gasLooled reactors and on the basis of large scale
NPPs.

Rosatomo .
ﬁ_w\ This Program includes large Scale environmentally

27



Rosatom competences go beyond energy sector
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Why hydrogen energy development is in focus of
Rosatom development

&Y rosron

IS UNIVERSAL, ECOLOGICAL ANF

EFFICIENT ENERGY CARRIER

CAN BE APPLIED IN TRANSPORT,
@ﬂ INDUSTRY AND ENERGY

AND STORAGE
ao0l

V CAN BE PRODUCEDIRR

NPP ELECTRICITY [glels1=
) - FR

V OVER 45 YEARS OF
EXPERIENCE IN NUCLEAR
FACILITIES FOR HYDROGEN
PRODUCTION DEVELOPMENT

CAN BECOME A TOOL FOR
CLIMATE CHANGE
MITIGATION
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Rosatom iIs developing own technologies along the
supply chain

H2

)

Electrolysis

SMR + CCS CYLINDERS NORTHERN FUEL CELLS
SEA ROUTE
H, PRODUCTION H, STORAGE H, TRANSPORTATION H, POWER GENERATION SALES
AND FACILITIES and
ACCUMULATION CONSUMPTION

Rosatom Iis working on hydrogen R&D areas, focusing on hydrogen production:

LOW-CARBON H, PRODUCTION H, INFRASTRUCTURE H, CONSUMPTION

% Electrolysis @ High-pressure @\})\ Hydrogen

cylinders fuel-cells
f‘ SMR, CCS 24

. HTGR

@, ROSATOM

30



Nuclear technologies for low carbon hydrogen

production

@ ROSATOM

NEAR TERM SOLUTIONS

ELECTROLYSIS WITH NPP
ELECTRCITY

A Utilizing Rosatom NPPs excess
energy for electrolysis;

A Electrolysis based on renewable
energy sources of Rosatom (wind)

A Research , development and
partnerships are required to develop
electrolyzers

Do Do Do D»

LONG TERM SOLUTION

NPP WITH HTGR

NPP unit with a HTGR and a chemical process unit for
large-scale hydrogen production;

Research and development on the reactor installation is
planned for 2019-2024;

Partnerships (Russian and/or international) for CCUS
TECHNOLOGY development.

Russia has one of the lowest natural gas prices in the
world which can reduce the cost of hydrogen production by
methane steam reforming at HTGR

31



HTGR T High potential energy for hydrogen (;‘,Rosmm

production

Great experience accumulated in development of gas

cooled reactor systems in Russia

V highAjualified team of developers (scientific basis, design approaches,
technology, manufacturing)

V R&D infrastructure (experimental facilities)

V knowledge base management

Ongoing developments

V designing a Nuclear Power Technological Unit with HTGR as an efficient
response to market need in low carbon hydrogen

V HTGR Is designed as an innovative combination of known components
ensuring efficiency, availability of resources, and safety

V high Technology Readiness and Manufacture Levels

32



ROSATOM

Low carbon hydrogen supply chain

H
ELECTRO-/THERMAL 2
ENERGY SOURCES FROBUC HON H, POWER GENERATION
|NCLUD|NG |_|2 STORAGE H 2
HTGR OPTION 2 FACILITIES
2

AND TRANSPORTATION AND

ACCUMULATION CONSUMPTION
RAW MATERIALS INFRASTRUCTURE

65/ Carbon-neutral and cost-effective NUCLEAR POWER TECHNOLOGIES can
significantly contribute to low carbon HYDROGEN SUPPLY CHAIN
development AND BOOST HYDROGEN MARKET

33



Sustainable energy ecosystem

@, ROSATOM

V Both nuclear power and hydrogen energy have to become part of the emerging global
low-carbon energy-ecosystem.

V In the upcoming years the desire to decarbonize the energy sector will bring us to efficient
energy systems where nuclear power, renewables, hydrogen energy, storage technologies
and other clean power solutions will join hands to make the sustainable world a reality

T Low carbon solutions

O

vVenture
funds

O

Development
banks

E Renewables

Financial
institutions

Advanced
NPPs

Low carbon
vehicles

O

Consumers

Floating
NPPs

Smart grid

Scientists

®

Lawyers

Storage @

Environmentalists

=

Non-energy
nuclear

Data
processing

Small T

modular
nuclear@ ‘
Hydrogen Local community

Heavy Industries 34




Thank you
for your attention

Anton Moskvin

Vice President, Marketing and business development
Rusatom Overseas

17.12.2020



INNOVATION FOR CLIMATE
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This 1Is Where We Need to Go

Global total net CO2 emissions

Billion tonnes of CO,/yr
50

40
30 -
20 -

10

-10

=20 4

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

TerraPraxis / Nuclear Innovation for Climate



We Have a Lot to Do

Global total net CO2 emissions
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Stated Policies Scenario: World Energy by Source (IEA 2018)

TerraPraxis / Innovation for Climate



