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Hydrogen National
| Strategies in Europe
e What does it mean:
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1. At the societal level, the subject is considered
important.
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2. Political makers understand the contribution of
hydrogen as an integral element of the energy sector, in
particular, but also of industry and the economy in general.
3. The private sector and stakeholders have perspectives
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and can develop businesses.
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4. The labor market and institutions that train specialists

Ukraine

(e.g. universities, schools, etc.) understand the need to
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& train new types of jobs and new skills.
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CLIMATE PACT EU Green Deal

AND CLIMATE LAW

mvestine insmarter, EU’S commitment to reach carbon neutrality by
MORE SUSTAINABLE

TRANSPORT 2050:
1. Phase 1 (2020-2024): 6 GW of renewable H2
STRIVING

i electrolysers (1 million tonnes),
INDUSTRY

PROMOTING
CLEAN ENERGY

PROTECTING
NATURE

2. Phase 2 (2025-2030): 40 GW of renewable H2

ELIMINATING

FROM FARM roumion . €lectrolysers (10 million tonnes),

TO FORK

THE EUROPEAN
GREEN DEAL

ssummea 3 Phase 3 (2030-2050): [ of the EU’s |

LEADING THE
GREEN CHANGE JUST TRANSITION . .
GLOBALLY FOR ALL - production will be used for hydrogen
production.

MAKING HOMES FINANCING C )EHEC A -
ENERGY EFFICIENT GREEN PROJECTS @ e
2026 &I

Ty
ok



EUROPEAN

Some numbers/aspects:

Hydrogen accounts

direct investments USD 1000
billion by 2030.

Infrastructure

Production
& supply

Total need

Announced direct
investments

Investment gap

$190 B

investment gap
in infrastructure

$145 B

investment gap in
end-use applications

$680 B

total investments, with $15 B
above the production &

SOUrCe: sy inciment e
Hydrogen Insights September 2024,
Hydrogen Council, McKinsey & Company
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Europe

Latin America
North America
Ocenia

Middle East
China

India

Africa

Japan & Korea

Rest of Asia

B octover 2023

.
1,572 projects’
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1,418 in Oct 2023

2024 May vs 2023 Oct

. Increase

$680 B

investments required to develop
projects announced until 2030

! _ ! Decrease

@ 186

Giga-scale production

® 783

Large-scale industrial use
@ 268

Mobility

® 190

Integrated H, economy

® 138

Infrastructure projects

48

Announced
Planning®
Committed®
2028 2029 2030
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Green and low-carbon!

The key troubles with renewable electricity: In this context of green hydrogen, two aspects must be

understood:

1. Intermittency,

2. Grid Infrastructure Limitations 1 - the troubles faced by renewables will automatically
(Grid Congestion), transfer to renewable hydrogen;

1. Energy Storage Needs,

2. Low Energy Density and Efficiency, 2 - a reassessment of technologies must be made in

3. Environmental and Ecological Impact, ... . order to consider the entire low-carbon portfolio.
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Intermittency, new reality,
the net load variation for a typical day

25 The key troubles with renewable electricity:

20 1. Intermittency,

15

10
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Reference: U.S. Energy Information Administration, data source: California Independent System Operator (CAISO).

This reality from energy systems, the increased sharp between the periods with minimum and maximum electricity
consumption, has been named, quite unscientifically and non-technically, as "duck curve” *.

* EIA, As solar capacity grows, duck curves are getting deeper in California, June 2023, U.S. Energy Information Administration, @ 20 2 6 m.,:‘gmmg

https://www.eia.gov/todayinenergy/detail.php?id=56880, (accessed at 25.08.2023).
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Energy ‘?l

o
Nuclear energy, | @

EUROPEAN
Green energ
- &
. BiNuclear|Hydrogen
- ' \ Nuclear energy,
‘ limit of utilization
10 l

12AM 2AM 4AM 6AM 8AM 10AM 12PM 2PM 4PM 6PM 8PM 10PM

Reference: U.S. Energy Information Administration, data source: California Independent System Operator (CAISO).

New opportunities:

new capacities of nuclear power plants over the
baseload barrier,

zero-carbon hydrogen production,

New nuclear reactors/power plants, for hydrogen
production ...

Nuclear power

Time/hours

limit of utilizatiory

Nuclear hydrogen

Nuclear power and hydrogen

Nuclear power @ D
O

Time/hours &

New nuclear energy potential!

Grid services:
grids congestion/back-ups,
balancing mechanisms,

spinning reserves,
arbitrage in the electricity market ...
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Theoretical approaches and dissemination: studies,
articles, briefings rresazfalinis...mactere  books,

participation in th sty e

®

Reactor Name* Model Reactor Type Net Capacity (MWe)  Construction Start  First Grid Connection

‘ Cernavoda 1 CANDU6 PHWR 650 1983-03 1996-07

Cernavoda 2 CANDU 6 PHWR 650 1983-07 2007-08

journal homepage: www.elsevier.com/locate/he

Reactors planned in Romania

Progress of the IAHE Nuclear Hydrogen Division on
international hydrogen production programs

U A. Odukoya ", G.F. Naterer °, M. Roeb ”, C. Mansilla %, J. Mougin %, B. Yu *,
N 7 J. Kupecki”, loan lordache %, J. Milewski "
aYmitetuly £i

Y

MWe Planned commercial

Reactor Type .
P gross operation

5
<

N Tty eyt e i,
“ ol HECYO TOTAL aRus 420 2831
oo Cernavoda 4 (St LA 2032

4 Commissariat & | Trergie Atomique et awx |
* Tsinghua Uriversity, Beijing, China
*Institute of Power Engineering, Poland

Erteronel Rnsh ad D sk NUCLEAR HYDROGEN PERSPECTIVES IN ROMANIA
™ Warsaw University of Techrology, Instinse

otal (2) 1440

3200 ?? MWe

" loan lordache, ? Minai Variam,  Elena Carcadea, 2 Mihaela lordache

! National Institute for Research, Development and Testing in Electrical Engineering — ICMET, Decebal Str., Craiova, Romania
EUSTCLRINFT 2 National Research for d Isotopic I, Uzine Str, Rm. Vaicea, Romania e: arorg
@ “Arte hstory. USCALE Technology  Projects
“Garesponcing author emai: ordache ioan@icsizo

sy Received 31 July 2015

Accepted 25 September 2015
Available online woc ABSTRACT

fanuarie 2014 & 23 This work presents the latest advances of nuclear hydrogen perspectives in Romania. The topic is really new and nuciear
hydrogen is considered a new perspective through its low carbon or zero carbon production. The role of nuciear hydrogen
production in a low-carbon economy is analysed now by many scientist and many stakeholders, especialy national or local
authorities, consider that as a new perspective for nuclear energy sector.

International Association for Hydrogen Energy (IAHE) = Nuclear Hydrogen Division (2010)

Overview Leadership Press Releases Media Center Inthe News

VIEW ALL RELEASES >

NuScale and Nuclearelectrica Team Up to Advance Clean Nuclear Technology in Romania

/02402

As world leaders and government officials convene in Glasgow to address climate change,

THE WHITE HOUSE ,,
NuScale Power, bringin X ’st civil nuclear

technology to a critical part of Europe. The parmership VIl Popescu: Vom
will bring SMR technology to Romania, positioning U.S. i[]stala SMR l)e
technology to lead in the global race for SMR a]ﬂplasalllelltele EXi Stente
loyment T comerc-ia-l -agreemen-t will include a ale ce IltI‘ale]DI‘ pe
SPSHL T IBNIRIS BNER initially creating over 3,700 o <
carbune; o centrala
NuScale cu 6 module de
462 MWe ar preveni

Adm
Hydrogen Energy and Technologies
18th World Hydrogen Energy Conference
May 16 - 21, 2010, Essen Germany

%ﬁ% o Eg + 2010 WHEC Conference, Essen, Germany
: ¢ 20 attenders
* one Romanian delegate

Trapestt 4
milioane de tone de
emisii de CO2 pe an

MESSE|
www.18 whec2010.de

The mission of the IAHE Nuclear Hydrogen Division is to
organize and promote activities that foster development of nuclear
systems for hydrogen production, including thermochemical cycles,
electrolysis, and related elements such as safety and materials science.
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Thank you for attention!
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