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ABOUT THE INSTITUTE

Support and Development of Applied Research and Innovation at the service
of National and Continental Energy Transition.

The Research Institute for Solar Energy and New Energies (IRESEN) was created on the sidelines
of the “Assises de I'Energie” in 2011 at the initiative of the Ministry of Energy, Mines and
Environment as well as several public and private key stakeholders of the energy sector to
support applied research and innovation in the field of green technologies.

IRESEN is now a major player supporting the national energy strategy and is positioned across
the entire green innovation value chain, through its two instruments:

INFRASTRUCTURES FUNDING AGENCY

I Network of research and Funding of applied research
innovation platforms in green and collaborative innovation
technologies projects

The Institute also contributes to the development of technological roadmaps in the clean energy
sector: Solar Resources, Electric Mobility, Green Hydrogen, ...

Copyright © 2021 IRESEN | All rights reserved \%AREHS N 3

stiut ds Rechercho sn Ensrgle
laire et en Energies Nouvelles




Wit . s i & ’ in partnership with and the support of

% KOICA-

M O H AVM:"\ E 6 Korea International

S P O L YT E € HuNd cI Cooperation Agency
“QNIVEVRSVFY -
Y S

‘\0» ~

B
s
G
S Sy
A

- \ .
|

\

\ g 4‘\ A \
- Copyright © 2021

3

\ \ - ¢ g8 ] o y _ ' So N, Nour y - Y s . . 3 . . L \
F) \ \. St f Y ) e ' g o) P - # - R b £



TOPICS COVERED

f \ O §85%58 LN
— -] o
SOLAR CONCENTRATED SMART GRIDS
PHOTOVOLTAIC SOLAR POWERE
f—
T
o 1 = aj
ENERGY GREEN BUILDING & CITY OF THE
EFFICIENCY SUSTAINABLE FUTURE

CONSTRUCTION

Copyright © 2021 IRESEN | All rights reserved

ENERGY STORAGE

SUSTAINABLE
MOBILITY

WIND POWER

WATER-ENERGY-
AGRICULTURE
N[V

O Qo

Q@

BIOMASS HYDROGEN &
POWER-TO-X

y
s

RESOURCE
MODELING

DIGITIZATION




GREEN H2A R&D PLATFORM
INNOVATION TO CO-LOCALIZE PTX INDUSTRY
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GREEN H2A R&D PLATFORM

INNOVATION TO CO-LOCALIZE PTX INDUSTRY

TRL1-3 TRL4 -7

Test range: Test 5'33/991
1KW - 50kW e
'9-Thy 2021

R&D R&D pilot projects
UMGP / IRESEN
: " GreenH2A
and other universities

J! een
MOHAMMEDV\ ’ ’9/\/RESEN

UN\VERSITY

© Research Ins#tu%e#en‘—&elaFEnng%aﬂd—l\lew—Energie\K%ﬁRE@EN
Eilaia ot on Enargies Nowveles

Green

TRL8-9 . Med-
integration
Test range:
~10MW - 100MW >1GW
~100 tpd - 1000 tpd >1000 tpd
mid term long term

SS=a

CCCCCCCCCCC

UNIVERSITY

J/IRESE

R
INDUSTRIAL
Up-Scalling

R other
&) A
NSy industries
ocpP




GREEN H2A R&D PLATFORM
INNOVATION TO CO-LOCALIZE PTX INDUSTRY

C A Non sécurisé | lematin. J2022/projet-p pilk pr y production-achevee/380838.html 2 % » 0
Hydrogen

ECONOMIE

Hydrogéne vert : L'installation du systéme Power-to-X pPilot achevée
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Mondial Qatar 2022 : La RAM
B 'once 3,000 billets diavion a.

Fonds déquipement
R communal: 13 millard de.

Le nouveau SUV Honda HR-V
@R (ancé sur le marché marocain

Légation américaine de
Tanaer : le orolet de...
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Le rappeur américain Coolio,
auteur du succés planétaire...

@ challenge.ma/liresen-installe-son-1er-systeme-de-production-dhydrogene-vert-a-lechelle-micro-pilote-245306/

Jceveir notre newsletter # ECONOMIE DECIDEURS DOSSIER MAGAZINE AUTOMOBILE ARCHIVES  CHALLENGE LIVE

T L'IRESEN installe son 1er SYMPOSIUM L
systeme de production
cf’lhydro eéne vert a I'échelle
Micro-Pilote

—— -~ AOOF

@& pv-magazine.fr/2022/09/19/liresen-presente-un-electrolyseur-alimente-en-energie-solaire/

L’IRESEN présente un
électrolyseur alimenté en
énergie solaire

Dans le cadre de son projet « Power-to-X pPilot », développé avec commerciaux et ind
I'Université Mohammed VI Polytechnique (UM6P) au Maroc,
Pinstitut va tester son premier électrolyseur sous charge
variable d’électricité renouvelable. Le projet pilote se veut un
outil de recherche et d’innovation et un élément central dans la
mise en place de formations techniques et technologiques sur
I'hydrogene vert au Proche-Orient et en Afrique.

SEPTEMBRE 19, 2022 MARIE BEYER

Newsletter

En vous abonnant a la newsletter, vous
bénéficierez de 10% de réduction sur
les abonnements au magazine

Email *
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GREEN H2A R&D PLATFORM
INNOVATION TO CO-LOCALIZE PTX INDUSTRY
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GREEN H2A R&D PLATFORM
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GREEN H2A R&D PLATFORM
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 Project « PtX Pathways » (Power-To-Liquid — PtL)
« (Capacity: ~1 MWe || ~100kg-1ton/day

» Objectives:
» Technology Assessment
 Scale-Up Perspectives
« Applications: Local Market and Exports
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GREEN H2A R&D PLATFORM
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Centre d'exploitation

* Projevt « MELHY »
« Objective: Feasibility Study of Storing Green
Hydrogen in Moroccan Salt Caverns

Université
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HYDROGENE VERT AU MAROC :
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EXPORT POTENTIAL FOR PTX PRODUCTS:
FRONTRUNNER POSITION

Morway — the “uncomplicated one”

Teoday: Huge wind power
generation

-

2030: Shart-run exporter

2050: Costs too high in global China - the "uncertain one”
comparisan

o of global
hydropower generation

. Huge RES
ity generation
but own economy

L
Morocco - the "hyped ong”

= Today: Lack of political
incentives
2030: Potential identified by
every study

Chile — the “hidden champion”
* Today: Among strongest
PV and d potentials in
ar could

2050: More generation than
consumption possible
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MOROCCAN POSITIVE CONTEXT

HIGH REN. POTENTIAL STRONG POLITICAL SUPPORT & SUCCESSFUL DEPLOY. OF REN.
TECHRICEL POTENTIAL TECHHXCAL PDTENTIAL INTERNATIONAI— PARTNERSHIP —

PHOTOVALTAIC WIND DESHORE

Pholovoltaic (PV] | Wind Dashore

Technical Potential (TWh) 49000 11500

Technical Potential (GYY) 20000 6000

5% of ihe Tech, Pal, (GW) 1000 300
GROWING R&D INFRASTRUCTURE INVOLVMENT OF THE INDUSTRY STRONG PROXIMITY + MARITIME &
AND CAPACITY BUILDING AND THE PRIVATE SECTOR GAS CONNECTIVITY WITH EU
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GREEN HYDROGEN IN MOROCCO:
FIRST STEPS, INITIATIVES & DRIVERS

3 important studies conducted since 2018 on « H2 - Power to X in Morocco »

MARKET & OPPORTUNITIES & MOROCCO’S PTX
TECHNOLOGIES POTENTIAL FOR MOROCCO 2050 ROADMAP
= = =
v 24 Fraunhofer wih 7 Fraunhofer with frontier Y APuinsh;g 2.;1
|s| economi S UgUSY
Keywords: Electrolysil'e,[v,IWS Keywords: H2 / PtX Potential, Grid, Keywords: R&D, Innovation
Green Hydrogen & Infrastructure, Impact, Exports & Industri.al opp’ortunities
Ammonia Q
MOROCCO-EU Partnership GREEN
Morocco signed an agreement with Germany in IZIWYDBPMGEN
June 2020 ,to develop a regional market of PtX
T — Creation of a National Creation of an YAY 4
Commission for Power-to-X CLU STERH’E ) . ' )
NATIONALE Jo A\
m HYDRGGENE by the Moroccan Energy GREEN " 'rillddu:)trz: glrl?setgr 7
Ministry on Feb. 11th, 2019 yareg
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GREEN HYDROGEN IN MOROCCO:
ROADMAP (1/4)

Market Opportunities & Applications
Aujourd’hui

H Inirants pour l'|ndustr|a des engrais, en remphcemant des |mportat|ons

Bl Hydrogéne

B Carburants liquides

Bl Ammoniac

Projet pilote potentiel

Projet pilote en cours

Voie d’introduction

= Ambitieux

Business as-usual
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GREEN HYDROGEN IN MOROCCO:
ROADMAP (2/4)

Sustainable framework to develop the
PtX industry in Morocco & Action Plan

1 5
Facilitating costs Securing financing to
reduction along the PtX developing the PtX
value chain. industry.

R&D: Setting-up a
Moroccan and
international research

Creating the conditions
for exporting PtX
products from Morocco.

cluster.

3
Defining the relevant Assessing in detail a
measures for local storage plan for the
content. electricity sector.

D .ingupon 0
Setting-up an industry
cluster and develop Developing domestic
related infrastructure markets.
masterplan.
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GREEN HYDROGEN IN MOROCCO:

ROADMAP (3/4)

Set up an Industry Cluster & develop related infrastructure

Location of renewable energy sources, industry and

masterplan
ports
Pole Nord-
West
Pole Kénitra -
é:zg:c Casablanca
Pole Abda
Doukkala
Jorf Lasfar
Canary
Islands s
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Harbors with facilities for energy exchange
Other harbors (fishing, recreation)

PV projects - developed

PV projects — under development

Wind projects - developed

Wind projects — under development
Industrial area

Cement sites

Steel manufacturing and processing sites
Refinery (project)

Phosphate reserves

Source: Frontier Economics based on Masen (2020) for RES deployment, the Ministry of Industry (2020)
for industry location, Ministry of Transport (2011) for harbours , Ayad, A. et al. (2019) for
phosphate reserves and CemNet (n.d.) for cement sites.

= The locational array of the PtX industry strongly determines

© Research Institutefor-Selar-Energy-and-New-Energi P IRESEN
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infrastructure requirements and associated costs.

Developing the industry in clusters may enable synergies in
the use of infrastructure and lead to cost savings.

Four options appear possible for Morocco:

Cluster Drivers of cost differences

= (0]
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South-South

South-North (via H2)

South-North (via electricity)

North-North

Recommended actions (short term)

Conducting technical and cost studies to choose the cluster
(or clusters) and its related infrastructure.

Including PtX in “Special Economic Zones” (SEZ), define
its legal framework and market design

Assessing grid needs and lead the dialogue on PtX grid
access terms




GREEN HYDROGEN IN MOROCCO:
ROADMAP (4/4)
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The main object of the GreenH2 Cluster is to promote the hydrogen sector in Morocco through the initiation, support and coordination of innovative collaborative projects in the field of green
hydrogen in the Kingdom of Morocco and abroad, in order to encourage innovation and contributing to the emergence of a competitive hydrogen sector.
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capacities of national creating a regulatory and Morocco hydrogen on a regional and
players to produce, use and incentive framework for international scale
enhance hydrogen the development of the

hydrogen industry
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“GREENH2 MAROC"” CLUSTER

Members of the GreeNH2 cluster

PRESIDENT
M. Mohammed Yahya
ZNIBER

COMMITTEE
Research, Development
& Innovation

COMMITTEE
Renewable Energy
Industry

=
LD

M. Dr. M. M. :
Mostafa Abdessamad Philip Allykhan Youssef
BOUSMINA FAIK MIQUEL KASSAM GUENNOUN

COMMITTEE
Chemical Industry

"ﬁa Kingdom of Morocco Sg} Kingdom of Morocco @
:&..;',p Minictry of Energy. Mines . Ministry of Industry, Commerce S

and Environment and Green and Digital Economy

ONHIM S B areege &) @MAseN /RESEN 3Mee SO
<
TS EC  MAGHREB STEEL™ J ‘5' reoaurouse s e AKW/X m (4‘ @airtiquide SNEP onet

Kingdom of Morocco

Ministry of National Education.
VocationalTraining.

Higher Education and Scientific Research

UEMF - H ﬂv (=

S S v

Sumitomo

b /‘\'cwnowanestas eGe (J Ton

http:

Vice-president
M. Badr IKKEN

Treasurer
M. Nawfal EL
FADIL

COMMITTEE
Project

T @

M. ; 5 M.
Tarik Mohammed Said Ali
HAMANE SEBTI MOULINE ZEROUALI

COMMITTEE
International
Partnership

@ Kingdom of Morocco
Aedog™  Ministry of Equipment. Transport

<seor AAQIUS BIEMENS

For more info & to Join:
www.greenh2.ma

Vice-president
M. Mehdi TAZI

Secretary General
M. Samir RACHIDI

COMMITTEE
Energy transport
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Mme. M.
Amina Abderrahim
BENKHADRA EL HAFIDI
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HYDROGENE VERT AU MAROC:
LE POTENTIEL ET LES OPPORTUNITES



POTENTIAL GREEN HYDROGEN VALLEYS IN MOROCCO
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CRITERES DE SELECTION ENERGIE SOLAIRE PV

Legend

Existing wind farm
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1
Legend -i~ Hotspot
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Superposition + Infrastructure portuaire

Carte de la vitesse du vent

Carte du rayonnement solaire global
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HYDROGENE VERT: UNE CHAINE DE VALEUR INDUSTRIELLE

Up-Stream
(Production)

Dessalination

Middle Stream
(Transformation)

Down-Stream
(Application)

>

0

»

Methanol

Hydrogen Handling

Hydrogen

L

Production

(Storage & Transport)

Hydrogen Flow

Carbon
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Synthesis
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I Chem.
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POTENTIAL GREEN HYDROGEN VALLEYS IN MOROCCO
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POTENTIAL GREEN HYDROGEN VALLEYS IN MOROCCO
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POTENTIAL GREEN HYDROGEN VALLEYS IN MOROCCO
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POTENTIAL GREEN HYDROGEN VALLEYS IN MOROCCO
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POTENTIAL GREEN HYDROGEN VALLEYS IN MOROCCO
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HYDROGENE VERT AU MAROC: CONCLUSIONS

* Le Maroc possede un grand potentiel pour produire des molécules vertes a un colt compétitif

* Le Maroc a été pionnier et proactif dans la région pour I'exploration de son potentiel et de préparer
les étapes necessaires pour le déploiement de cette économie a forte valeur ajoutée

* Suite alaréunion du 22/11/2022, SM Le Roi que Dieu I'’Assiste a donné Ses Hautes Instructions pour
préparer I'Offre Maroc de I'Hydrogéene Vert sur 'ensemble de la chaine de valeur

© Research Institute for Solar Energy and New Energies



HYDROGENE VERT AU MAROC: PERSPECTIVES

« Exporter des molécules industrielle & haute valeur ajoutée (Marché a terme ~$1000 Mds)

« [Décarboner I'économie locale:
 Exemple 2 Annonce du dernier plan d'investissement du Groupe OCP:
« 1IMT d’Ammoniac Vert d’ici 2027, ~ 4GW de Puissance Renouvelables, ~ 2GW de Capacité

d’Electrolyse .
« Co-Localisation d'une chaine de valeur industrielle : pointue, propre et a fort Impact! 8
« Annonce de la ‘Gigafactory’ d’Electrolyseurs de John Cockerill (04/01/2023) T
- Perspectives: Industrie EnR, Dessalement, Acier, Methanol et Chimie Lourde, etC.  fimebdsogtne Moo

Y f Oin 0 & ©

PROGRAMME AMMONIAQUE VERT (ISR 38GW | Ammoniaque | 1 MT
AXE TARFAYA - BOUCRAA - LAAYOUNE r
HORIZON 2027 [ au 60 Mm3 de desulemgnt

Aprés un investissement annoncé sur ses terres liégeoises, John
Cockerill conclut un accord stratégique pour développer la filiere
hydrogene au Maroc. ©@Valentin Bianchi / Hans Lucas

LOUISE RENSON | 04 janvier 2023 18:24

John Cockerill a conclu un accord stratégique

avec une entreprise marocaine pour développer
la filiere hydrogene au Maroc. Point majeur de

D7
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