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I Introduction to the energy system
of the Arab region
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Oil, Gas and RE
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Customer consumption,
*  46% Residential,
. 18% Industrial,
. 17% Commercial,
o 19% Other

* PAN-Arab Countries
Installed capacity over
288 GW

« 1,137,644 GWh
energy produced

in 2017 I
-.III

| . 190 GW Renewable
energy announced by
2035

¢ More than 212, 500 km
Transmission Network

Source: The Future of Hydrogen-IEA 2019
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Hydrogen in the energy transition
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N2/ | How can we produce hydrogen?

I I 2 Grey Hydrogen
I I 2 Blue Hydrogen

I I 2 Green Hydrogen




Hydrogen Production
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Hydrogen market is big today but not in the energy sector

U The world annually produces 70 million tons of
pure hydrogen, the largest part of which is used
in oil refining and ammonia processing for
fertilizers

U An additional 45 million metric tons is used in
impure form in the industry without pre-

separation from other gases.

U 100% of current hydrogen needs are covered
with fossil fuels, emitting 830 MtonsCO,/yr

Source: The Future of Hydrogen-IEA 2019
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Hydrogen Production

Hydrogen market is big today but not in the energy sector

Global hydrogen demand by sector
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Source: IEA, 2019
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ELECTROLYSIS

Cathode

Cation

Electrolyte
Solution

2H,0 — 2H,+0,
That means:

Each ton of hydrogen needs 9 tons of
water
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Renewable Hydrogen Production Costs




 The decrease in the prices of
electricity generated from
photovoltaic and wind energy will
contribute effectively in the Arab
region in reducing the costs of
producing hydrogen.

Source: [EA 2019. All rights reserved.
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Long-term average of daily/yearly sum
30 34 38

Dailysum: < 22 26

Yearlysum: < 803 949 1095 1241 1387 15:
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Challenge: Cost

Massive drop in prices for unsubsidized PV systems, led by the Middle

East

9 PV Price Fall 2013 2021
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(First Solar (Recurrent  Power 2014) (Tagnia 2016 Masdar2016 (Marubeni (NEOEN 2018) Power 2019) (EDF 2020) (ACWA Power
2013) Energy 2014) Energy 2015) 2017) 2021)

Source: Dii, Clean Technica, ©Dii Desert Energy
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Challenge: Water

Declining cost of renewable energy favors
future H, from water electrolysis

O Applications of water electrolysis
have been limited to pure and
fresh water resources

i i : Patagoni
O Using fresh water is not a viable  oosssees {_Fatagonian :
option in water-scarce countries e i
- Dry subhumia

B Coastal and mone:
Souce: Milerniem E ’

Source : Dresp et al., ACS Energy Lett.2019, 4, 4, 933-942

J Seawater is an inexhaustible
source
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Best source of low-carbon hydrogen in different regions

[ Optimal renewable and low-carbon resources

B Ovptimal low-carbon resources
Japan/Korea

EU Strategy to scale up
hydrogen consumption

[ Average low-carbon resources

[ Optimal renewable resources

Likely to be a high-demand

. Average renewable resources location # ’E“ . . Space and resource
Renewables—constr.aihed - %‘ consfraints; may import
due to varying load curves

N hydrogen

and limited space
availability

China

Favorable PV
and wind Large investments
conditions in hydrogen economy
Potential to be self-
.. sufficient
Middle East "
High PV/wind
hybrid potential .
Chile due to good local Australia

Potential for large-
¥ sca V farms with
favourable load
profiles

Favourable PV/wind resources

hybrid conditions

SOURCE: IEA; McKinsey
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Hydrogen: the Power Sector
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Green Hydrogen: Stabilizing the Power Market

==

L Hydrogen produced with excess solar PV and wind power can be stored for
later use — as a fuel for transport, industry and other sectors.

) Hydrogen production can be used as a ‘smart’ load to increase power system
flexibility and help to decarbonize the overall economy.
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Local (on-site) use of RE energy provides a solution to
increasingly loaded electricity grids

With the increase in installed capacities It makes electricity grids increasingly The solution: local use of green
of renewable energy ... under pressure electricity to generate hydrogen

© ALSTOM 2015. All rights reserved. Information contained in this document is indicative only. No representation or warranty is given or should be relied on that it is complete or correct or will apply to any particular project. This will depend on the teg}
commercial circumstances. It is provided without liability and is subject to change without notice. Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited
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4 Hydrogen: Initiating and Scaling Up
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Global hydrogen projects across the value chain

Projects per region:
1&6 ‘Europe
46 Asi.a - ~
24 Oceania l FJ" " s‘.' q. ‘

19 North America

»

8 Middle East and Africa co '

5 Latin Ameri i

9 Hatn Amenca 22 8announced projects
. 17 ®90 ®53 @45 023

. _— Large-scale industrial Transpert: trains, ships, Integrated H, economy: Infrastructure projects:
gﬁ’:“';%?éel_'pm::::;: n: usage: refinery, ammonia, trucks, cars and other cross-industry, and H, distribution,
>1GW and | 2 Proj rbon H power, methanol, steel, hydrogen mability projects with different transportation,
proje ctsan ow-carbon Hy and industry feedstock applications types of end-uses conversion, and storage
>200 ktpa.

Source: Hydrogen Council, Mckinsey & Company
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LNG / Hydrogen Synergies

] A great opportunity in the Arab region to export hydrogen on a
large scale

O Green hydrogen can be
produced in electrolysis
using renewable electricity,
can be transported using |
the natural gas grid.

| e o .
North Africa Pipelines Map
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Hydrogen: Initiating and Scaling Up

Dok G

Dr. Nouri Alkishriwi

Senior Expert

Renewable Energy and Energy Efficiency
Economic Sector, Energy Department
League of Arab States

1, Tahreer Square, PO Box 11642 Cairo, Egypt
M: +218 918409205 & +2 (0) 1062 16 64 79
Email : n.alkishriwi@gmail.com



mailto:n.alkishriwi@gmail.com

