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- The most important energy indicators for the year 2020

 PAN-Arab Countries
Installed capacity

over 288 GW 1,137,644 GWh
energy produced
in 2017

Customer consumption,
46% Residential,
18% Industrial,

17% Commercial,

* 19% Other

* More than 212, 500
km Transmission
Network

* ~190 GW Renewable

energy announced by
2056

Source: The Future of Hydrogen-IEA 2019
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- The most important energy indicators for the year 2020

The most important characteristics of the energy system in the Arab region are:

1 Heavily dominated by fossil resources

L Production of energy is not market-driven and infrastructure is public

1 Fossil resources are the main drivers for the most Arab countries’ economies
U Interconnection with neighbor countries

L Political support for an ambitious energy transition

In this regard, the Arab Sustainable Energy Strategy 2030 was adopted by the Arab Ministerial Council for
Electricity’s Executive Bureau resolution at its thirty-fourth session (Cairo: 22/11/2018)
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Energy transition in Arab Region
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The Arab region has an excellent location and abundant energy resources. The economic development of the
petroleum exporting countries depends mainly on the petroleum industry, while the non-petroleum exporting
countries depend mainly on agriculture and their economic structure is relatively undiversified. Sustainable
energy development in the Arab region is of great importance for the energy transition in the world

1. Switching energy supplies to renewable
energy sources & EE

3. Focus on electrical interconnectionl

Energy Transition path

between the Arab countries
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O The development of clean energy on a large scale is to be accelerated in order to achieve a diversified
and clean energy supply. A region with significant renewable energy potential to meet operational
goals.
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- 1. Switching energy supplies to renewable energy sources — 2/3

Installed
. 2 720 MW 2010-2018
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Penitration Rate

Source: AFEX, 2019 & The Arab Strategy for Sustainable Energy, League of Arab States
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- 1. Switching energy supplies to renewable energy sources & EE- 3/3 '

2014 | The |Arab |Strate|gy for| Sustjinablr Enet|‘gy |
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Stabilized energy demand through increased energy efficiency and circular
economy measures while maintaining economic growth
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- 2. Energy consumption revolves around electricity

O By 2050, electricity would be the main energy carrier with over 50% (direct) share of total
final energy use — up from 21% today.

0 By 2050, 90% of total electricity needs would be supplied by renewables followed by 6%
from natural gas and the remaining from nuclear.

4 By 2050, 30% of electricity use will be dedicated to green hydrogen production and
hydrogen and its derivatives such as e-ammonia and e-methanol.

O Hydrogen and its derivatives together will account for around 12% of total final energy
use. To produce this, almost 5 000 GW of hydrogen electrolyser capacity will be needed
by 2050, up from just 0.3 GW today.

O Electrification of end-use sectors, with the increased use of electricity in buildings, industry
and transport

ooooo :IRENA (2021), World Energy Transitions Outlook: 1.5°C Pathway, International Renewable Energy Agency, Abu Dhabi.
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- 2. Energy consumption revolves around electricity

O A promising field of electricity use in Arab region is water desalination:

A combination of clean power generation and water desalination is being developed to
meet freshwater needs. The expansion of solar power generation and its combination with
desalination technology can effectively reduce energy consumption and investment costs

applied

pressure Reverse pure waler
= Reverse osmosis water desalination l Osmosis
technology can significantly reduce energy principle

consumption.

= The large-scale  development and semipermeable

application of reverse osmosis equipment -

will be completed in the entire region B L

water flow
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Generation cost expected savings 2012-2030

v
Disbudded 7 Billion
as follows Capital
investment

—

120 Billion
operational
costs

Plus an additional $ 11 Billion in Reduction
of emissions of harmful gases

Present value (PV) of
saving is $ 35 Billion
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|HI - 3. Focus on electrical interconnection between the Arab countries

Requirements for Establishing the PAEM Market

Legal and Legislative

Frameworks Infrastructure
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- 3. Focus on electrical interconnection between the Arab countries

The envisaged Pan Arab Electricity Market .. A global overview System Size  Electricity Pool
(GW)
European network
RN of transmission
>( 1,030 ) system operators for
~___-7 electricity (ENTSOe)

Pan-Arab Regional
Electricity Market
(PAEM)

130 Brazil — Uruguay —
Argentina

-~ \\ Mid-Western (US)
110 ) and Manitoba (CA)

7 N Greater Mekong
’\ 83 ) Sub-region and
N~ Nam-Theun 2

< N South African
\
>(\ 56 Y, Power Pool (SAPP)
~__~7
7T~ SIEPAC
> 10 (Central American

Countries)
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Hydrogen Development
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- 4.Hydrogen Development

The main types of hydrogen

e

Grey Blue Green

Hydrogen Hydrogen Hydrogen

1 Depends on fossil fuels 1 Depends on fossil fuels O It is extracted by separating the
components of water
O It contradicts the goals of O An advanced version of the >
environmental protection gray type O Produces oxygen as a byproduct
 Carbon dioxide is produced L Carbon capture and storage O It is based on electrolysis in a

as a by-product for other uses environmentally friendly manne
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- Hydrogen Production

Hydrogen market is big today but not in the energy sector

co
(@)

 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

70

60

50

(J An additional 45 million metric tons is used 40

in impure form in the industry without pre-

30
separation from other gases. 2
1
1100% of current hydrogen needs are L L l_l I_ l
covered with fossil fuels, emitting 830 Mtons 1975 1980 1985 1990 1995 2000 2005 2010 2015 2018
Coz/yr B Refining Ammonia Other pure B Methanol DRI Other mixed

Million tonnes of hydrogen

[a)

O

Source: The Future of Hydrogen-IEA 2019
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Historical hydrogen demand by application [m MT, 1975 — 2020]

Grey Hydrogen

Millilon Tonnes
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- Hydrogen Production

Million Tonnes
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Global hydrogen demand forecast [m MT, 2019-2050]

75-85m MT

2020

580 m MT

H2 combustion for power, 12%

Industrial feedstock, 25%

Transportation, 28%

Fuel cell & 1
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I 4Hydrogen Development

Renewable Energy Demand

Energy Sources Building Transport

Aﬁoﬂ
=

Oxygen, O,

Handling ﬁ’ﬁ’@
- 4 | .

gion, Hydrogen Production Will be a Mix Of
Mostly Electrolysis And SMR With CCS

Wind Energy Industry

Hydrogen Value Chain Overview

gas
processing

i,

SMR with CCS plant

COZH

Gas Field
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I 4Hydrogen Development

Green Hydrogen: Stabilizing the Power Market

<=

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

U Hydrogen production can be used as a ‘smart’ load to increase power system flexibility and help to
decarbonize the overall economy.

U Hydrogen from renewable electricity has great potential. The cost of generating renewable energy
in Arab Region is low. The use of excess electricity from large power grids in combination with a large
amount of renewable energy to generate hydrogen in times of low network load, further improving plant
utilization and reducing costs Green hydrogen is enormous
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"I 4.Hydrogen Development

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

10 .
PV Price Fall 2013 - 2021
9
8
7
6
5
4
3
2
0
New Mexico Texas Dubai (ACWA Saudi Arabia Mexico (EGP Dubai (ALJ+  Abu Dhabi Mexico Dubai (ACWA  Abu Dhabi  Saudi Arabia
(First Solar (Recurrent  Power 2014) (Taqgnia 2016) Masdar 2016) (Marubeni (NEOEN 2018) Power 2019) (EDF 2020) (ACWA Power
2013) Energy 2014) Energy 2015) 2017) 2021)

uUnsubsidized (cents/kWh)

Source: Dii, Clean Technica, ©Dii Desert Energy, Cornelius Matthes, CEO
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I 4Hydrogen Development

Local (on-site) use of RE energy provides a solution to increasingly
loaded electricity grids

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

© ALSTOM 2015 AH gm ved. Informatiol th document is indicative only. No representation or arranty is gv h )d b \ ed on that it is comp\ ete orrect or will apply to any particular project. This will depend on the technical and
commercial circumst: It p vided witho H bHy subject to change without notice. Reproduction, use or disclost 0 thirt dp express written authori ty t ictly prohibited
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Hydrogen initiatives in the Arab Region
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Hydrogen could be usedto Europe (leading countries The Nord Stream 2
meet 27% of Canada's include Germany, ltaly, gas pipeline could
primary energy needs France, Spain)aims to install deliver hydrogen from

40 GW? of renewable hyd-
rogen electrolysers by 2030

Russiato Europe

Japanwas the firstto
adopta
com prehenswe

.x
= Development of a Pan Arab Hydrogen Strategy for the League of
Arab States.

»

= The Strategy and the Roadmap will be ready by the end of 2021.

Chile aims to produce /’ T Australia aims to be among the =y >

the world's cheapest top 3 exporters ofhydrogento o

green hydrogen by Asianmarket by 2030 ‘)

2030

New Zeeland published a
- I visionforhydrogen in
> 2019
Less advanced Advanced

National hydrogen strategies
1) Eurasia Group, Interational Energy Agency: Bloomberg

2) The 2x40 GW inifiative of the European industry association Hydrogen Europe aiming to invest in 2x40 GW hydrogen infrastructure, half of which should he deployedinside the
EU and halfin the Ukraine and NorthernAfrica

Source: The Potential For Green Hydrogen in The GCC Region, Dii & Roland Berger, May 2021



Economic Sector - Energy Department
League of Arab States

- Best source of low-carbon hydrogen in different regions

[ Optimal renewable and low-carbon resources
I Optimal iow-carbon resources

B Average low-carbon resources .;npanrlinrnu
EU trategy 1o scale up
mal renewable resources :
— Likely to be a high-demand hydrogen consumphion
Bl Average renewable resources location okl - Space and resource
HenﬂmtﬂBE—cunmr';-ihad . “ constraints; may import
due to varying load curves hydrogen

and limited space : ‘_
|43|1.|'E||lﬂhulr’q.nI =

- W .
The Arab reglon is at the top of the list of the best regions for the
production of green hydrogen and blue hydrogen

us
China

Favorable PV
and wind Large invesiments
conditions . in hydrogen economy
"' Fotential to be self-
W sufficient
Middle East K-
High PViwind
hybnid potential
Chile due to good local Australia
resOuUrces L Potential for large-
Favourable PViwind ¥ scah%\( farms with

hybnd conditions favburable load

profilas

SOURCE: IEA; McKinsey
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- Global hydrogen projects

A 2]

b ¥
Projects per region:
126 Europe .. L
[ 1
406 asia
24 Oceania , -
19 Morth America { - .
E
8 Middie Eastand Africa o N
Latin Amenca .
5 Latin 22 8ann0unced projects
. 17 ®90 ®53 @45 @23
. Large-scale industrial Transport: trains, ships, Integrated H., economy: Infrastructure projects:
E’“ﬁ;‘l_lm‘.'“h“' usage: refinery, ammonia,  trucks, cars and other cross-industry, and H, distribution,
>1GW and low-carbon H,  POWer, methanal, steel, hydrogen mobdity projects with different transportation,
ﬁ*u: 2 and industry feedstock applicatons types of end-uses conversion, and storage
=200k pa

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

0 Green hydrogen can be transported
using the existing natural gas grid.

0 ltaly could become vital hydrogen hub
between North Africa and Europe:

= The ltalian government aims to install 5 GW of
electrolyzers by 2030. The EU strategy foresees 46
GW by 2030.

North Afrlca Pipelines Map



- LNG / Hydrogen Synergies
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Potential hydrogen imports for O
selected region: Export

Europe: Potential hydrogen imports of 100+
m MT due to the lack of renewables

fo Eurupe N

‘ ' Belgium: Potential import of
~25m MT

4. Port of Rotterdam: Target imports of
wr 20mMT

@B Germany: Estimated imports of
~29 m MT - EUR 2 bn to build
international partnerships for H, imports

. Japan: Potential ammonia imports of 85 m MT €9 Poiential 2050 imports

85+ m MT of

Export to
" East Asia

Potential 2050 hydrogen imports of selected regions and countries [2050]

Source: The Potential For Green Hydrogenin The Gcc Region, Dii & Roland Berger, May 2021
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- Renewable Hydrogen Plans and Projects in Arab Region

Green Hyd rogen Initiative 2 x 40 GW- Rroad map for green hydrogen production in the European Union with a capacity of 40 gigawatts until 2030
1171 Initiative by Hydrogen Europe and several other organizations to have 2 x 40 GW electrolyser installed by
2030, 40 GW 1n Europe and 40 GW in Ukraine and North Africa

Electrolyser Total
Capacity 2023 2024 2025 2026 2027 2028 2029 2030 2030

Domestic Market

Mw

Ammonia for North 75 125
Africa

Ammonia for 50
Ukraine

For Steel and Glass

Industry

Hydrogen refueling

stations

Export Market

Hydrogen plants in 500
North Africa

Hydrogen Plants in

Ukraine

Total in MW 75 675

Green Hydrogen for a European Green Deal A 2x40 GW Initiative, 2020
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- Renewable Hydrogen Plans and Projects in Arab Region

Installed Hydrogen
Country Location Company Name Electrolyzer Production Targeted Year
Capacity Capacity
N/A

MASEN 100 MW - 2024 Green hydrogen

N/A Saipem / Alboran Between 300 - 2025 Green

Hydrogen / xlinks / and 500 MW hydrogen and
IRESEN / ONEE green ammonia
SENEIPAEER Y Tabuk ARAMCO 4,000 MW 650 tons per 2025 Green hydrogen
day shipped as

green ammonia

Dugm Belgian firm DEME 500 MW green hydrogen

Egypt hydrogen potential
In January, the Egyptian government and Siemens announced a plan
to develop a pilot project for the production of green hydrogen in

Egypt.



