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MODULE 1: HYDROGEN MARKET

Development of Roadmap for Green Hydrogen Ecosystem in the SCZone (Sokhna). Training
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LEADERS IN HYDROGEN
TECHNOLOGIES

* We are LEADERS nationwide.
* +20 years of EXPERIENCE in the Hydrogen sector.
* +100 PROJECTS successfully launched.

* HIGHLY QUALIFIED professionals.

e Spanish REFERENCE COMPANY in Hydrogen and
fuel cell technologies.
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Pioneers

First Spanish company dedicated to hydrogen
technologies.
We are the first Spanish company in the sector.

Knowledge of the sector

We are founders of the Spanish Hydrogen
Association and we are in charge of the Hydrogen
TCP (IEA) management.

Specialists

ARIEMA is the only company with its own
alkaline electrolysis technology

Training and dissemination

We share our knowledge through flexible training
courses, adapted to all levels with a strong commitment
to continuous innovation www.curseh2.com
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Infrastructures
Transport and mobility
Renewable energies
Engineering

Aeronautic sector

R&D centers and universities
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On-demand consulting services along the entire hydrogen value chain



;\R: Schweizerische Eidgenossenschaft Federal Department of Economic Affairs,

£ I, A !
lg@\Ql l 9 Confédération suisse Education and Research EAER
U N I DG UNITED NATIONS “’ Confederazione Svizzera State Secretariat for Economic Affairs SECO
\Q\w INDUSTRIAL DEVELOPMENT ORGANIZATION Lo Confederaziun svizra
‘w Ministry °"BT’F‘“ & ‘_“d“,s‘_';’ EGYPT GLOBAL ECO-INDUSTRIAL PARKS PROGRAMME
4= 5 > 8,05

Swiss Confederation

- &
ariemacs

Specialised Consultancy Services

%)
Strategic Consultancy

Technical Consultancy Project Consultancy
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CONCEPTUAL DESIGN

Definition and deployment of
technology roadmaps, strategic
plans and sectorial and regional
studies to develop operational
deployment strategies for

hydrogen technologies.

ariemad

PRE-FEASIBILITY

Specialise assitance in project
evaluation, including sizing of
mayor equipment and techno-

economic feasibility analysis.

FINANCING

Support in the design of the
project and the preparation of
technical and economical
documentation and  strategic
alignment for its submission to

subsidy programmes.
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Hydrogen energy
conversion study:
storage and other
Potential
applications

Technicaland
economic pre-
feasibility study on
three facilities in
Chile
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Why hydrogen? Why now?

Global energy-related CO2 emissions by sector,

2022

Other: 5%

Buildings: 10%

Industry: 23%

Transport: 23%

Power coal: 29%

Power gas: 9%

Power oil: 2%
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Why hydrogen? Why now?

Hydrogen
Strategy

#EUGreenDeal

COP21- CMP11 - E )
PA RI S 20 1 5 ¢ Kick-starting the EU Hydrogen Industry to
UN CLIMATE CHANGE CONFERENCE achieve the EU climate goals
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Sectors that hydrogen can decarbonize

Enable the renewable energy system + Decarbonize end uses

Enable large-scale Distribute energy
renewables integration throughout
and power generation sectors and regions

Decarbonize industry heat use

Act as a buffer to
increase system
resilience

Serve as renewable feedstock
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Potencial global energy demand supplied with
hydrogenin the EU, Exajoule (EJ)

- / Power generation
"‘"F buffering
R @

Building heat and power

14
10 =S
, New feedstock (CCU, DRI)
Existing feedstock uses
20 30

Source: CH-JU
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Why hydrogen? Why now?

Indicators of hydrogen’s growing momentum
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Drivers of renewed interest in hydrogen

Stronger push to Falling costs of

limit carbon emissions renewables and
hydrogen technologies

10 80%

Years remaining in the global Decrease in global average
carbon budget to achieve the renewable energy prices since

1.5°C goal 2010
66 55X
Countries that have Growth in electrolysis capacity

announced net-zero emissions by 2025 vs. 2015
as a target by 2050

1. Based on 18 country £ as of
2. Not exhaustive

Strategic push in
national roadmaps

70%
Share of global GDP linked to

hydrogen country roadmaps to
date?!

10 m

2030 target deployment of
FCEVs announced at the
Energy Ministerial in Japan

Swiss Confederation

Industry alliances and
momentum growing

60

Members of the Hydrogen
Council today, up from
13 members in 2017

Major investments announced?
globally since 2017, in new
segments, e.g. heavy duty and rail

Source: Hydrogen Council
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Why hydrogen? Why now?

Ambitious scenario
2050 hydrogen vision

~560 Mt

annual CO,
abatement?

~24%
of final energy
demand!’
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~EUR 820 bn

annual revenue
[hydrogen and
equipment)

) H00

jobs (hydrogen,
equipment, supplier
industries)®

~15%
reduction of local

emissions [No,)
relative to road transport

Source: CH-JU
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Why hydrogen? Why now?

European’s Momentum

United Kingdom Sweden
2025, 0.35 M FCEV,350 HR 2045
2030, 1.4 M FCEV, 700 HRS 8 GW electrolysis

Avoid 7,1 Mt CO2

ration

Germany
2025
1 GW electrolysis

0.5 M domectic FC
0.5 M FCEV
Portugal
2030 : ) Netherlands
B
1 GW electrolysis 2030
Avoid 7,1 Mt CO2 1 GW electrolysis
100 HRS
25000 M €
France
2028
40% Green hydrogen for
Industry
1000 HRS Denmark
50000 LDV 2025 200 HRS
2000 HDV 2030 100000 FCEV
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Why hydrogen? Why now?

EEUU, 2030
1$/1kg - 1st decade (H, Earth Shot)
>3GW electrolyzer capacity
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World’s Momentum

China
2030, 1.000 HRS
2050, 10 M vehicles

Australia
1.14 bAUD @ 2030
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Korea, 2022
1.000 FC buses
300 HRS

/apan, 2030
0.8 M FCEV

900 HRS
5.3 M Domestic FC
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Hydrogen value chain / P2X

38 Mt H, GG
Natural 69 Mt H,
‘;as 196 Mtoe f which <0.4 Mt H» produced with CCUS
of which <0.1 Mt H, produced with renewables Demand
. I forpure
Mt H
Dedicated | 31 Mt Ammonia hydrogen
production ;
: \\
~.<0.01 MtH
Coal ERVIEE uTranspon
4 Mt H
2 Mtoe =
Oil
Electricity 2 Mtoe -
L fother .. .' Methanol
4 Mt H, Demand for
: DRI | hydrogen
18 Mt H mixed with
By-product ezl 2 other gases
hydrogen LERE Other
, 1b e.g. heat
Source: I[EA
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Hydrogen value chain / P2X

= ks ».o -

*P2H: Power to Heat
*P2T: Power to Transport
*P2Ch: Power to Chemical

| §

*P2I: Power to Industry
*P2P: Power to Power
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Hydrogen value chain / P2X
e Hydrogen is competitive in eessass Hydrogen is competitive in
average conditions and regions optimal conditions and regions
2020 2030 2040 2050 Segment  Low-carbon
_O O O O = competition?
oiw gional train
“en Heavy-duty trucks
eos Medium-duty trucks
ssesssse Vans for urban delivery
“ee Coach
Urban bus (long distance)
Urban bus (short distance)
Small ferry Trans- Battery vehicles
?::: (large ferry) portation  Bijofuel (for
= e r" i aviation and large
e suv ferry)
“eee Mid-size short range vehicle Electric catenary
New R Mid-size long range vehicle (trains)
hydroggn sssssssssssses  Compacturban car
applications s0 00 s emm— Syriuel for aviation
ceses Forklifts
cenen Existing network Heatand Biogas
:"'"'M power for  Natural gas/coal
Y buildings  with CCS
ssssssescsces CHPs
“eee Simple cycle turbine
Seesseesen e s mm— Combined cycle turbine and Heat pumps
Ceee e e s s e— Mid-grade heating Industry
] ssscsee s High-grade heating
Existing b ol Natural gas
hydrogen Coal Source: Hydrogen Council
applications| 9 e
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Egypt’s situation

Electricity production by source, Egypt

200 TWh

150 TWh

100 TWh

50 TWh

TWh
1985 1990

1995

2000 2005 2010 2015 2021
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Share of primary energy from low-carbon sources

16%
14%
12%
10%
8%
6% Egypt
4%
2%

0% «

1965 1980 1990 2000 2010 2021

Source: Ourworldindata
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Egypt’s situation

Energy consumption by source, Egypt

1,000 TWh
800 TWh
600 TWh
400 TWh
200 TWh

0TWh
1965

1980

1990 2000 2010 2021
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Share of energy consumption by source

80%

60% Gas

40%
oil

Hydropower
Wind

Coal

Solar

Nuclear

Other renewables

20%

0%*#

1965 1980 1990 2000 2010

2021

Source: Ourworldindata
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Egypt’s situation

Greenhouse gas emissions by sector, Egypt, 2019

Electricity and heat 112.89 milliont

55.27 milliont

Transport

Manufacturing & Construction 39.29 million t

Fugitive emissions 33.18 million t

Agriculture 3245 milliont

Industry 30.03 milliont

Waste 28.54 milliont

Buildings 17.42 milliont
Aviation and shipping | 2.82 million t

Other fuel combustion @ 2.71 milliont

Land-use change and forestry | 180,000t
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Source: OQurworldindata
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Current and future H2 applications

Current Industry

There are currently many industries, such as refineries and fertilizer companies, that need hydrogen to
operate. This hydrogen has historically been gray and comes from fossil fuels. The most immediate use of

green hydrogen will be to supply these industries.

Federal Department of Economic Affairs,
Education and Research EAER
State Secretariat for Economic Affairs SECO

Total hydrogen use in the EU, in TWh

153

Refining Ammonia Methanol Other Processing Liquified Total
chemicals hydrogen'

B a RV

* Hydro- = Production of * Production of = Other * Heat treating * Rocket fuel
cracking ammonia [for methanol and chemicals of steel = Automotive
* Hydro-treating urea and other derivatives le.g., poly- * Welding of fuel
le.g., fuel fertilizers) mers, metals * Semi-
desulfuri- polyurethanes, = Forming and conductor
zation) fatty acids) blanketing gas industry
* Biorefinery * Glass
production
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Current and future H2 applications

Metallurgical Industry

In metallurgy, hydrogen could be used to reduce metal oxides and prevent oxidation during heat treatment

processes.

Iron ore pellets 0
orlu p ore =+ OO

\

Hydrogen Water
( 3Fe,04+ Hy= 2Fe;0, + H,o )
( Fe30; + H, = 3Fe0 + H,0 ) Direct
mduct/an
( FeO+H,=Fe+H,0 ot
DRI/HBI’ @ e— QT T° _‘@/ %
H, Hydrogen PEM/HTE Renewable
electricity
ol @ —Yg
Crude Electric Arc Scrap
steel Furnace Cources CHU
Elaborated by 26
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Current and future H2 applications

Industrial heat demand

Swiss Confederation

The energy demand required by industrial heat processes is one of the most emissions-intensive.

Electrification Hydrogen I
Aluminum

Cement
Petro chemicals

Refining

Iron and steel

Low grade Medium grade High grade

A [ heat <100 °C heat 100-500 ©C heat >500 °C
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Current and future H2 applications

Hydrogen as an enabler for renewables

To replace fossil fuels there is a need of a massive increase in renewable
power generation as well as a far-reaching electrification of all en use sectors.
What is the role of hydrogen in this grid management?

Directly balancing the grid requires *  Energy back up in isolated networks.
different storage systems » Storage of high energy density.
Hydrogen:

* Long term energy storage

* High energy density

Hydrogen H, Power is often not generated close to
centers of demand.
Sector coupling connects power generation Electricity can be converted into hydrogen
directly with other demand sectors, and transported in gaseous, liquid,
such as transportation (P2G) or or stored in other forms via
industry (P2H) pipelines or ships.
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Current and future H2 applications

Future applications of hydrogen in the power grid
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Transport rd
3" reason
1t reason Hydrogen infrastructure is initially a

barrier, nut it has significant benefits at
scale compared to fast charging: faster
refueling, more flexible load, less space
requirements and similar investment costs

Hydrogen provides a pathway to full
decarbonization, where other
technologies can only act as bridge

nd
Hydrogen 2" reason 4th reason
Hydrogen is the most promising Hydrogen provides sufficient power In addition to road transport,
decarbonization option for trucks, for long ranges and high payloads hydrogen is the best option for trains
buses, ships, trains, large cars, and due to its superior energy density. and ships, and hydrogen-based
commercial vehicles synthetic  fuels  (synfuels) can

decarbonize aviation.
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Bubble color representing FCEV or synfuel application of H, () Bubble size roughly representing the annual energy consumption of this vehicle type in 2050
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Buildings The building sector is one of the most energy-demanding sectors and the fuel most used for heating
buildings is natural gas.
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ONLINE MONITORING
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ms using low-temperature fuel
cells (PEMFC)
380,000 unitsin Japan

Source: Solid Power
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