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Sahara Wind: A Regionally IntegratedSahara Wind: A Regionally Integrated, 
Market-Based Project of Strategic Importance

Index: Summary

• Introduction Background and History 
• Security Issues: Energy and Climate Change
• Building capacities within a regional synergetic context
• The win-wind imperative: industry driven partnerships with the 
education sectoreducation sector
• Energy access, job creation and industrial development: the 
emergence of a wind energy economyg gy y
• Leveraging the benefits of a low-cost integrated alternative 
energy model
• Deploying Sahara Wind’s threshold capacity with its High 
Voltage Direct Current Infrastructure



Sahara Wind: from Idea to Project- Sahara Wind: from Idea to Project -
•1993: Initial wind measurements installed (Sahara Trade Wind Region)
•1994: Report on Sahara trade wind energy potential to H.M. King Hassan IIp gy p g
•1994-97: Wind-Diesel-Hybrid test site with small grids & variable loads
•1997-1999: EU-Level discussions (Commission & Parliament) over export of wind
electricity to Europe from the Saharan Atlantic trade winds (Sahara Wind Project)electricity to Europe from the Saharan Atlantic trade winds (Sahara Wind Project).
•2002: Sahara Wind Inc. presents the Sahara Wind Project at the European
Parliament (2002), USA -Africa Ministerial (2002), WWEC 2003, Bonn 2004, etc…
•2003-2005: Joint World Bank-AfDB UNDP/GEF PIMS #3292 “Morocco Sahara
Wind Phase I / Tarfaya (400-500 MW) On-Grid Wind Electricity in a Liberalized
Market”. Public-Private Partnership with Ministry of Energy with Project Phasing &
HVDC line with ONE (Morocco utility) on the base of 5000 MW to supply EU-
Mediterranean markets.
•2005-2011+: Regional project development activities – integrative processes:
UNIDO contracts, IPHE (World Hydrogen Project), IEA, USA-Morocco S&T
agreement, NATO Science for Peace SfP-982620, capacity building industry-
academia partnerships in Morocco & Mauritania, Deployment of UNIDO-
ICHET/NATO SfP Pilot Projects with Project Partners, etc.



Climate Change (Different Effects/Consequences)Climate Change (Different Effects/Consequences)

In the South: Desertification, lack of water, food…. all of which can 
lead to conflicts over scarce resourceslead to conflicts over scarce resources

According to a new report by the EEA (European Environment Agency), Spain 
and Portugal will be most affected within the EU by coming climate change. 



Climate Change (Different Effects/Consequences)Climate Change (Different Effects/Consequences)

In the North: Melting Arctic ice will open new sea route for navigation 
and facilitate access to resources among them energyand facilitate access to resources among them energy…





EU27 Natural Gas demand outlook

At 60% of the total demand increase, most of the growth will come from power , g p
generation.

Source: EUROGAS



Corrélation parfaite: Production de l’Énergie Éolienne se fait au détriment du Gas 
Naturel (cycles combinés)



NATURAL GAS DEMAND AND SUPPLY
Long Term Outlook to 2030

EU27 import dependency from outside Europe

Source: EUROGASSource: EUROGAS



Sahara Trade Winds: NATO ‘Science for Peace’ SfP-982620

Trade Winds Existed 
for Millions of years:for Millions of years:
Geological Evidence 
Provided by World’s 
Largest Sedimentary 
Phosphate deposits

AUI-ENSAM+EMI
Morocco

Phosphate 
deposits (42% of 

Phosphate deposits

Atlas Mountains

depos s ( % o
World reserves)

University of Nouakchott 
Mauritania

North Atlantic North Atlantic 
Trade WindsTrade Winds



Sahara Wind: A Regionally IntegratedSahara Wind: A Regionally Integrated, 
Market-Based Project of Strategic Importance

Regional collaboration:
• Complementary teams: similar trade wind resourceComplementary teams: similar trade wind resource
• Bottom-up approach: capacity building on wind technologies
• Securing Intellectual Property on technologies & local processes based on 
transforming resources (on-site)
• Develop integrated processes before regional markets (limited integration)

Security of supply: Need to diversify renewable energy supply away from• Security of supply: Need to diversify renewable energy supply away from 
Fossil Fuels & Energy Monopolies
• Strategic objectives: Secure long term transition into renewablesg j g



Sahara Wind Energy Development Projectgy p j
How to Access Wind Energy? 

Th T d Wi d l t t d ti i d t ti l th•The Trade Winds among largest, most productive wind energy potentials on earth.

•Wind Energy: competitive Renewable Energy technology. 
Technical issues: intermittency and grid stability (power margins dispatchingTechnical issues: intermittency and grid stability (power margins, dispatching, 
reactive compensation, voltage, frequency regulation, flickers, harmonics…)

Problems are more acute in weak grid conditions !!!

In 2008 : Mauritania 253 MW, Mali 280 MW, Niger 145 MW, Chad 32 MW…

Unless far ranging more advanced (flexible) energy technologies are considered

Saharan Countries dispose of very limited electric generation capacities:

Unless far ranging, more advanced (flexible) energy technologies are considered
Wind Energy cannot be integrated on any significant scale (locally).



REGIONAL CAPACITY BUILDINGREGIONAL CAPACITY BUILDING 
NATO ‘Science for Peace’ Project Coordinated by Sahara Wind Inc.

Security Issue: Energy Security - Climate Change - Fixing Migrant PopulationsSecurity Issue: Energy Security - Climate Change - Fixing Migrant Populations 
• Priority Research Areas of Mediterranean Dialogue Countries Partners of NATO
• NATO’s New Strategic Concept: New Emerging Security Challenges Division
• Social Unrest in the Region (Tunisia Egypt Libya Yemen Syria )Social Unrest in the Region (Tunisia, Egypt, Libya, Yemen, Syria…)

Integrating Wind Energy is a Key Priority for Morocco & Mauritania:

• Enhance Role of Education and Research in National Energy ChoicesEnhance Role of Education and Research in National Energy Choices
• Mobilize Largest Energy Consumers (RD&D programs)
• Support Development of Integrated, Sustainable Industries (GEF, CTF, CDM...)
• Develop Scientific Competence by Securing Intellectual Property Rights within  p p y g p y g
Applied Research Groups (NATO Intellectual Property Rights Committee). 
• Complementary Working Teams on a Regional Level (Morocco & Mauritania)
• Public-Private Academia-Industry networky

Technology – University/R&D Platform – Industry



NATO SfP-982620 PROJECT OBJECTIVES
Synergies with Industry 

Wind Resource Assessment:Wind Resource Assessment:
Mauritania: Partnership Sahara Wind-University of Nouakchott-Mauritel
Morocco: Partnership Sahara Wind-Al Akhawayn University-Maroc Telecom



Secured Data Collection
Mast Measurements at 
70, 50 and 40 meters 

height



Small Wind Turbine Technology for Local ManufacturingSmall Wind Turbine Technology for Local Manufacturing

Identified type of Equipment (Small Wind Turbine)
• Technology used and reliability interests/potential
• Quality materials and design 
• Costs

Collaboration with Equipment Manufacturer
• Thorough Evaluation of local integration possibilities
• Design & construction (SWT parts)Design & construction (SWT parts)

Install Wind Turbines & Gain Expertise on Systems Integration Deployment
Green Campus concepts (Al Akhawayn, Univ. of Nouakchott…)
Telecoms (Maroc Telecom / MAURITEL)Telecoms (Maroc Telecom / MAURITEL) 
Distributed Electrification Solutions (ONEP/ONE-PERG/APAUS…)
Green Corporate Headquarters (ONEP-IEA-EMI/SNDE/CEA/NASA-JPL)

Photos: Wind Turbine Mounting at Al Akhawayn University



Small Wind Turbine Manufacturing ProgramSmall Wind Turbine Manufacturing Program



Grid Balancing and Stabilization through Wind electrolysisGrid Balancing and Stabilization through Wind-electrolysis
Wind power is erratic, power output fluctuates

Electrolyzers used as grid stabilizers and ‘dump loads’ 

Power Balancing in Grid
Eliminates wind fluctuation effects
Enhances power quality, flickers… 
Frequency control

Generates H2,O2 … 
fuel (transport), feedstock

Grid stabilization 
Back up (spinning reserve)



Integrated Renewable Hydrogen Storage Systems within the “Green Campus g y g g y p
Concepts” of Al Akhawayn University & University of Nouakchott

T El t l
Small Wind 

T bi To ElectrolyzerTurbines

Module can be duplicated many timesp y

Local 3 Phase 
Power Supply
400 V AC 50hz



Sahara Wind Clean HyWater Purification Project y j
ONEE/ONEP-IEA Green Corporate Center

3Phase 
Power 
Supply 

400V AC 
50hz



Mobility based on Hydrogen from Wind Power has the lowest Well-to-
Wheel CO2-emissions (Source: EUCAR/CONCAWE/JRC, 2005)



Sahara Wind : A World Hydrogen Project of the 
International Partnership for the Hydrogen Economy



Integrating Sahara Trade Wind Resource into Centralized GridsIntegrating Sahara Trade Wind Resource into Centralized Grids
Sahara Wind-Industrial Electrolysis Systems

To Support North Africa’s Major Industries

Local Grid/End-Uses

Monitoring 
System

380-22kV Grid (Local)

500~800 kV HVDC BusNH S th i

H3PO4
Production

Reverse 
Osmosis

500 800 kV HVDC Bus 
(Export)

Grid Stabilization-BackupH H

Cl2 - NaOH

NH3 Synthesis

H2=>Fe

Electrolyzer
Grid Stabilization-Backup
•Fuel Cell - ICE
•H2O2 Steam Turbine

H2
Purification

H2
StorageO2

Phosphates Processing (Morocco)

Iron-Ore Processing (Mauritania)

Phosphates Processing (Morocco)



NATO Science for Peace SfP 982620NATO Science for Peace SfP-982620
Wind-Electrolysis by-products End-User Markets
Integrating Sustainable Carbon Free Processing

Morocco:
Water & Electric Utilities + Phosphate Industry (Chlor-Alkali Wind-Electrolysis )
Hypochlorite (access to water treatment solutions in Sahel regions) + Wind-Electricity
Hydrochloric acid for Phosphoric Acid derivatives (OCP Group: 45% World Market)
• Expand fertilizer industry, beyond Phosphate based fertilizers 

• Hydrogen for Production of Ammonia (OCP Group: 1000 T/day imports)
• Possible Phosphor-gypsum recycling (12 Million tons/year)

Mauritania: 
W t & El t i Utiliti I O I d t (Alk li Wi d El t l i )Water & Electric Utilities + Iron-Ore Industry (Alkaline Wind-Electrolysis)
Hypochlorite (access to water treatment solutions in Sahel regions) + Wind-Electricity
• Hydrogen for Direct Iron-ore Reduction Process (DRI) for Production of Purified Iron

Wind Electricity+Oxygen: Electric Arc Furnace Steel is 45% Global Steel Production• Wind-Electricity+Oxygen: Electric Arc Furnace Steel is 45% Global Steel Production     



Sahara Wind Clean HyWater Purification Project
Integrated Electrolysis End-User Market Application 

Wind speed: 7.5 m/s On-site (Measured through NATO SfP-982620 in Tarfaya)
Wind-Electrolysis for Electricity, Hypochlorite and HydrogenWind Electrolysis for Electricity, Hypochlorite and Hydrogen

ONEP Morocco (767 millions m3 water/yr)
1- Rabat ONEE (ONEP-ONE) corporate headquarters at water treatment plant
‘G C t C ’ t (D T i i )‘Green Corporate Campus’ concept (Demo-Training)

• Small Wind Turbines
• Hypochlorite (Membrane) Electrolyzer 
• Hydrogen storageHydrogen storage
• Fuel Cell (Grid backup+ Eco-mobility Demo)

2- Desert site ONEP desalination plant  
• Larger Wind Turbine(s)Larger Wind Turbine(s)
• Hypochlorite (Membrane) Electrolyzer 
• Integrated processing industries

Perspectives: Water sanitation, treatment
& Mi P i I d t i i S h l i& Mine Processing Industries in Sahel regions 
Collaboration with SNDE & University of Nouakchott…



NATO Science for Peace SfP-982620 / UNIDO-ICHETNATO Science for Peace SfP 982620 / UNIDO ICHET
Integrated Electrolysis End-User Market Application 

Wind speed: 8.5 m/s On-site in Nouadhibou
(Measured through NATO SfP-982620)
Wind-Electrolysis for Electricity, Oxygen and Hydrogen

Case Study: SNIM foundry (SAFA company)Case Study: SNIM foundry (SAFA company)
Nouadhibou Installed Capacity: 15 MW + 18 MW (in 2010) 
SAFA electricity needs: Electric Arc Furnace: 3 MW + Oxygen 
plant + Induction Ovens : 2 MW
Pilot Project:

• Wind Turbine(s)
• Alkaline Electrolyzer 
• Hydrogen + Oxygen storage• Hydrogen + Oxygen storage
• ICE-generator (backup power)

SAFA capacity (2 000 t) Local needs to supply construction 
iron cast iron spares fishing industry etciron, cast iron spares, fishing industry, etc.
Perspectives: 12~16 M.Tons iron-ore annual exports can be 
processed into higher value iron/steel products (CO2 free) 



Energy Access Job Creation and Industrial DevelopmentEnergy Access, Job Creation and Industrial Development
Wind Energy Industry

Requirements for the Emergence of a Wind Industry:

•Adequate Wind Resource (Trade Winds)•Adequate Wind Resource (Trade Winds)

•Steady Market 
• Project Size j
• Visibility on Implementation 
• Economy of Scale

•Geographically Contained Area (Optimized Logistics)

•Available Labor & Expertise (Comparative Advantages)

•An Existing Industrial Activity
• Build-up energy technology networks/Clusters based on the above
• Develop components industry (single components… one by one)Develop components industry (single components… one by one)
• Consolidate industrial policies 



M I t t d Wi d E P 2GWMoroccan Integrated Wind Energy Program: 2GW 
(Export Possibilities Not Included)

• Before 2013:  1 GW (280 MW Built + 720 MW planned/under construction)
B 2020 1 GW (1000 MW M I t t d Wi d E P )• By 2020:     + 1 GW  (1000 MW Morocco Integrated Wind Energy Program)

2 GW Total

Limitation factors: Grid Capacity…!!!
• Total generating capacity (6346 MW) / Peak load (4890 MW)

=> Possible Wind Power integration hardly exceeding 2 GW g y g
• Big Wind Potential but far away from load centers (1000 km+) 
• Larger capacities needed for transferring a complete wind industry 
⇒Large-scale regional integrated project development approach is needed :⇒Large scale regional integrated project development approach is needed  :

The Sahara Wind-HVDC Project (5GW+)j ( )



Royaume du Maroc
Ministère de l’Energie, des Mines, de l’eau et de 

l’environnement
Dé t t d l’E i t d Mi

ÉTUDE POUR LES SPÉCIFICATIONS DES BESOINS EN

Département de l’Energie et des Mines

ÉTUDE POUR LES SPÉCIFICATIONS DES BESOINS EN

COMPÉTENCES DANS LE SECTEUR DES ÉNERGIESCOMPÉTENCES DANS LE SECTEUR DES ÉNERGIES

RENOUVELABLES ET TOUT SECTEUR IMPACTÉ PARRENOUVELABLES ET TOUT SECTEUR IMPACTÉ PAR

L’EFFICACITÉ ÉNERGÉTIQUEL EFFICACITÉ ÉNERGÉTIQUE

Focus Goup 22 février 2011



Hypothèses d’installations

Source : Présentation du « Programme Intégré de Production Electrique Eolienne » à sa Majesté Le Roi par Madame Amina
Benkhadra, Ministre de l’Energie, des Mines, de l’Eau et de l’Environnement et Monsieur Ali Fassi Fihri, Directeur Général de
l’Office National de l’Electricité Tanger le 28 juin 2010
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l’Office National de l’Electricité ‐ Tanger le 28 juin 2010.



Résultats emplois en ratios
Emplois Maroc

Sans intégration Intégration 
i d i llindustrielle

Par MW Par MW 
cumulé

Par MW Par MW 
cumulé

Fabricants éolienne 4,468
Fabricants composants 2,657
Autres fabricants 4,750ut es ab ca ts , 50
Développeurs 0,056 0,070
Installation 0,960 1,200
Exploitation Maintenance 0 165 0 330Exploitation Maintenance 0,165 0,330
IPP Utilities 0,836 0,045 0,836 0,045
Consultance ingénierie 0,056 0,003 0,251 0,014
R&D 0,046 0,003
Finance, assurance 0,006 0,022 0,001
Autre 0,033 0,002 0,065 0,004
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TOTAL 1,891 0,271 14,295 0,467



Résultats emplois 
Sans intégration industrielleg
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Résultats emplois 
Avec intégration industrielleg
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Bilan

Pour 1 MW installé générant 15 emplois directs ou indirects pour sa réalisation, 200 MW
d’installation annuels génèreront 3 000 emplois pour la réalisation (production et installation)
d t 2 859 Mdont 2 859 au Maroc.

Pour 1 MW générant in‐fine 0,47 emplois stables, 2 000 MW installés en 2020 auront générés 977
emplois de long terme dont 968 au Maroc.

- 34 -

p g



Royaume du Maroc
Ministère de l’Energie, des Mines, de l’eau et de l’environnementg

Département de l’Energie et des Mines
Eolien (scénario 2) forte intégration industrielle:



Scénario alternatif : Sahara Wind
Hypothèses :
5 GW supplémentaires 

installés en 2020installés en 2020

Intégration industrielle 95%

500 MW installés/an en 
2016 et2017

1 000 MW installés/an en 
2018 et 2019

2 000 MW installés en 2020

Emplois non marocains liés aux projets 
de l'année

1 551

Emplois marocains liés aux projets de 
l'année

31 449

Emplois non marocains longue durée 30

Emplois marocains longue durée 3 297

- 36 -

p g

36 327



Royaume du Maroc
Ministère de l’Energie, des Mines, de l’eau et de l’environnement

Département de l’Energie et des MinesDépartement de l’Energie et des Mines
Tableaux des emplois : Scénario 3 (Incluant Desertec  et Sahara Wind)



Sahara Wind Energy Development ProjectSahara Wind Energy Development Project
R&D is a Prerequisite for Optimal Development & Deployment of Sahara Wind Project
Sahara Wind Phase 1: 50~500 MW on existing grid (Extensions through HVDC lines)Sahara Wind Phase 1: 50 500 MW on existing grid (Extensions through HVDC lines)

HVDC Technology: 
• Limited losses –long distance (3% over 1500 Km ±500kV for 5000 MW)

Euro-Mediterranean electricity market in growth/expansion with Spain & Portugal (EU 

Limited losses long distance (3% over 1500 Km ±500kV for 5000 MW)
• 80 GW of HVDC Projects worldwide: India, China, Canada, Brazil..

Members) CO2 emissions 40~50% above Kyoto targets, highest in the EU  

Impressive Wind catchment's area:
Average wind speed: 8m/s (Trade Winds)-Average wind speed: 8m/s (Trade Winds)

(measured at 9m height) 
-Size of Area (Saharan coast 2000 km+

(Morocco Mauritania & Senegal)(Morocco, Mauritania & Senegal)
- Potential Wind Energy 500~1000 GW(?)+

North Atlantic North Atlantic 
Trade WindsTrade Winds



Sahara Trade WindsSahara Trade Winds

Source: EU funded TradeWind Project, (WP2.4; Characteristic Wind Speed Time 
Series - Document Number: 11914/BT/01C)



ITAIPU POWER PROJECT

• Installed capacity: 14 GW HYDRO POWER Generated Electricity

• Delivering Electricity:

• 94 % of Paraguay’s electricity
• 20 % of Brazil’s electricity

p y y

• Delivering Electricity:
Largest substation in the world (FURNAS) 

2 x 7000 MW towards Brazil (800 km)  

7 GW at 50Hz: HVDC Technology (losses: 3% over 800 Km ± 600kV DC)
7 GW at 60Hz: HVAC Technology (losses: 5% over 800 Km 750 kV AC)

Costs (1.3 Billion US$) per HVDC & HVAC lines 
Beyond 800 Km distance: HVDC only economical solution

•Supplies Power below costs of 2.5centUS$/kWh => Economy of Scale

• In operation since 1984

•Project’s Total Costs actualized (World's Most productive Hydro Dam): 27 Billion US$ 



Sahara Wind Project

• Regional Resource Assessment and Capacity Building: NATO UNIDORegional Resource Assessment and Capacity Building: NATO,UNIDO… 
• Mediterranean Solar Plan: 50 MW Pilot Project(s) (small clusters)
• Multilateral Platform: Joint WB-AfDB UNDP/GEF PIMS #3292 “Sahara 
Wind Phase I / Tarfaya (400 500 MW) On Grid Wind Electricity in aWind Phase I / Tarfaya (400-500 MW) On-Grid Wind Electricity in a 
Liberalized Market” on existing grid 
• Grid impact study: Deployment of HVDC line & Project Phasing with ONE 
(M tilit ) th b f 5000 MW t EU M dit k t(Morocco utility) on the base of 5000 MW to EU-Mediterranean markets.

•5 GW Wind Energy: HVDC transfer technology (losses: 3% for 1500 Km) 
5 GW Wind Energy/Pumped Storage(1TWh)+ Solar (HVDC losses 5% for 1500 Km)•5 GW Wind Energy/Pumped Storage(1TWh)+ Solar (HVDC losses 5% for 1500 Km)

*Costs (1.5 Billion EUR) for HVDC line of 10 GW (double bi-poles 1500 Km)
Cable diameter increased for 10 GW (*with substations for 5GW)Cable diameter increased for 10 GW ( with substations for 5GW)

• Supply Renewable Electricity at competitive prices to North-African & Iberian Markets
• => Expected economies of ccale> Expected economies of ccale
• Project Costs are distributed though timely & phased deployment (2013-2020+)



Projet Sahara WindProjet Sahara Wind 
Déploiement Graduel en Phases successives

Sahara Wind - Phase I : 50~500 MW (2012-2016) Études Impact Réseau/Phasage 
Projet avec ONE (Opérateur réseau Maroc), Projet OTAN (SfP-982620) mesures de 
vent Projet ONUDI études synergies industrielles avec ONEP appui d’autresvent, Projet ONUDI études synergies industrielles avec ONEP, appui d autres 
institutions (Fonds Énergie Maroc, BEI, Banque Mondiale, PNUD, FEM, …)

Sahara Wind - Phase II : 500 MW ~ 5 GW (2016-2020)( )
• 500 MW x 2 tranches (phases) / 2 bi-pôles 5 GW – HVDC
•1000 MW x 2 tranches (phases) / 2 bi-pôles 5 GW - HVDC

Sahara Wind - Phase III : 5 ~ 10 GW (2020+)
•2000 MW x 1 à 2 tranches (phases) / 2 bi-pôles 5 GW – HVDC
Optimisation de l’infrastructure d’évacuation lignes HVDC  à 10 GW 

Complémentaire au :
•Programme Marocain Intégré de l’Energie Eolienne : 2 GW (2020) 
•Programme Marocain Solaire (Solaire Thermique & Photovoltaïque): 2 GW (2020)
•Plan Solaire Méditerranéen (PSM): 20 GW (2020)  
Projet Sahara Wind - Phase I présenté au Plan d’Action Immédiat du PSM  (11/2008)



Sahara Wind ProjectSahara Wind Project
Integrating the North African Trade Wind Resource (through HVDC Line)

HVDC = Greater Controllability
• When an HVDC link is embedded in an existing AC network, it allows 
the transmitted power to be ‘dialed up’ and even modulated in responsethe transmitted power to be dialed up  and even modulated in response 
to inter-area power oscillations. HVDC dramatically improves power flow 
controllability in the interconnected networks.

HVDC = Greater Stability/System Security
• HVDC is a firewall against faults. In a cascading AC fault, an HVDC 
i t ti t th tiinterconnection stops the propagation.

HVDC solutions are based on a project-by-project assessment 
• Topics of Cooperation with major teaching universities, utility owners 
and industry partners , R&D …



HVDC Technology for Power Transmission and DistributionHVDC Technology for Power Transmission and Distribution

VSC Technology:
2 Level VSC Voltage and Current 
Waveshapesp



Figure 1 : Sahara Wind - HVDC Transmission Architecture 5 GW - bipole 1 
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Figure 4 : Sahara Wind HVDC Transmission Architecture bipole 1 (5GW)
Inverter/
Rectifier 

bridge

Figure 4 : Sahara Wind - HVDC Transmission Architecture - bipole 1 (5GW)
(Multipoint Point configuration
SVC Technology)
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Sahara Wind Energy Development Project
Electricity High Voltage Line technologies

High Voltage Direct Current (HVDC) versus High Voltage Alternating Current (HVAC)High Voltage Direct Current (HVDC)   versus High Voltage Alternating Current (HVAC)

Left: 3,000 MW  HVDC  (Pacific DC Intertie, PDCI)              Right: 300 MW HVAC
Near Bishop, California USA 



NATO Science for Peace SfP-982620 UNIDO(ICHET) Sahara Wind-H2 Demo Projects
f S ( C )

Morocco:  Sahara Wind Phase I / Tarfaya (400-500 MW) 
On-Grid Wind Electricity in a Liberalized Market: Joint WB-AfDB UNDP/GEF (PDF-B PIMS #3292)

5~10 GW HVDC Extension
Union for Mediterranean Solar Plan: 50 MW (Pilot Project Clusters)

Wind-H2 Pilot/demo project Sahara Wind Inc.
AUI-ENSAM-EMI

Utilities/End-User Groupsp
Morocco

North Atlantic North Atlantic 
Trade WindsTrade Winds

Hydro Reverse-Pumping

“Sebkha”
Trough

(55 meters
below sea level)

Wind-H2 Pilot/demo project 
Sahara Wind Inc. 

University of Nouakchott

10 Km

y
Utilities/End-User Group 

Mauritania



Sahara Wind Project : NATO ‘Science for Peace’ SfP-982620 Partners…

MOROCCO:

AL AKHAWAYN UNIVERSITY- IFRANE

MAURITANIA:

UNVERSITE DE NOUAKCHOTT - FACULTE

UNITED STATES: (NPD)
U.S DEPARTMENT OF STATE -OFFICE OF 
GLOBAL CHANGE BUREAU OF OCEANS

NATO MEDITERRANEAN DIALOGUE PARTNERS NATO COUNTRIES PARTNERS

AL AKHAWAYN UNIVERSITY- IFRANE

ENSAM - ECOLE NATIONALE 
SUPÉRIEURE DES ARTS ET MÉTIERS

ECOLE MOHAMMEDIA D’INGENIEURS

UNVERSITE DE NOUAKCHOTT - FACULTE 
DES SCIENCES ET TECHNIQUES

CRAER – CENTRE DE RECHERCHE 
APPLIQUE ENERGIES RENOUVELABLES 

ISET ROSSO INSTITUT SUPERIEUR

GLOBAL CHANGE – BUREAU OF OCEANS 
AND INTERNATIONAL ENVIRONMENTAL 
AND SCIENTIFIC AFFAIRS (OES)

FRANCE:

FST – FACULTÉ DES SCIENCES DE 
TETOUAN

FSR - FACULTE DES SCIENCES DE 
RABAT

ISET ROSSO – INSTITUT SUPERIEUR 
D’ENSEIGNEMENT TECHNOLOGIQUE

MAURITEL MOBILE – MAURITEL S.A. 

APAUS – AGENCE DE PROMOTION POUR 

COMMISSARIAT A L’ENERGIE ATOMIQUE 
CEA 

GERMANY:
MINISTRY OF ECONOMIC AFFAIRS AND

FSTM - FACULTÉ DES SCIENCES ET 
TECHNOLOGIES DE MOHAMMADIA

FST – FACULTÉ DES SCIENCES DE 
KENITRA

L’ACCES UNIVERSEL AUX SERVICES

SNDE – SOCIETE NATIONALE DE L’EAU 

ANEPA – AGENCE NATIONALE DE L’EAU 
POTABLE ET D’ASSAINISSEMENT

MINISTRY OF ECONOMIC AFFAIRS AND 
ENERGY OF THE STATE OF NORTH 
RHINE-WESTPHALIA

TURKEY:
UNITED NATIONS INDUSTRIAL

CERPHOS: CENTRE D'ÉTUDES ET DE 
RECHERCHES DES PHOSPHATES 
MINÉRAUX

ONEP - OFFICE NATIONAL DE L’EAU 

POTABLE ET D ASSAINISSEMENT

SNIM – SOCIETE NATIONALE 
INDUSTRIELLE ET MINIERES

SAFA – SOCIETE ARABE DES FERS ET 
D’ACIERS

UNITED NATIONS INDUSTRIAL 
DEVELOPMENT ORGANIZATION –
INTERNATIONAL CENTRE FOR 
HYDROGEN ENERGY TECHNOLOGIES 
UNIDO-ICHET

POTABLE

SAHARA WIND INC. (PPD)

D ACIERS.


