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Make Size (MW) %Share Name of Project # WTG Institutional Framework Year
Vestas 50 2% Koudia/A. Torres 84 IPP Private concession 2000
Gamesa 10 1% Lafarge-1 12 Private 2005
Gamesa 60 3% Essaouira 71 EPC Public 2007
Gamesa 22 1% Lafarge-2 11 Law 13-09 Private 2009
Gamesa 140 7% Tanger 165 EPC Public 2010
Gamesa 5 -% Cim.Maroc Laayoune 6 Law 13-09 Private 2011
Alstom/GE 102 5% Akhfenir 61 Law 13-09 Private 2013
Siemens 51 3% Haouma 22 Law 13-09 Private 2013
Siemens 51 3% Foum el oued 22 Law 13-09 Private 2013
Siemens 301 15% Tarfaya 131 IPP Private concession 2014
GE 95 5% Akhfenir 56 Law 13-09 Private 2017
Vestas 120 6% Jbel Khalladi 40 Law 13-09 Private 2017
üGE          150 MW 7% Taza 50 Public-Private Partnership 2018
üSiemens 200 MW 9% Boujdour-Aftissat 87 Law 13-09 Private 2018
üSiemens 850 MW 42% ONEE 850MW            370 Public-Private Partnership  2017-2020

TOTAL  2208 MW   
Market Shares

Siemens 40%
Gamesa 23%
Alstom/GE 20%
Vestas 17%

2018 Market Shares

Siemens 77%
GE 16%
Vestas 8%

2020

Morocco’s Operational Wind Capacity: 1007MW
(Middle East /North Africa’s largest) 

Morocco’s 2020 Wind Capacity: 2.2 GW
(1320 MW under construction)



Green jobs/Local contents in Morocco’s 
Wind Capacity: A learning curve

Local contents/jobs in operating wind projects:
•Electrical infrastructure (interconnection Wind farm): 7-10% (Largely integrated)
•Civil works, foundations etc. 7-10% (Fully integrated)
•Transport Logistics 8-10% (well integrated, established JV)
•Engineering studies 3-4%
•Towers (steel & steel works):

Tubular: Locally rolled 140 MW Gamesa / 403 MW by Siemens (+latest projects)
•Financial costs 5%: financial institutions (Local + Multilateral donors)  
•Operation & Maintenance: 5%

Morocco’s 850 MW Integrated Wind Energy Program 
2.7 €cent/kWh with up to 70% local content can be reached…
üBlades 10%: Tangier Siemens factory 100 M€ Invst.
üTowers 12%: local Steel boosts local content from 5% to 12%
Potential integration of components on Nacelles:
Synergies with Aeronautics & Automotive industries: cabling, controls, composites…
Utility collected over 775 M€ concessionary loans putting 450 M€ at disposal of winning 
consortia (difference spent on Pump-storage & Grid)



Beyond Morocco’s Integrated Wind Program

• Currently   :    1    GW
• By 2020    :     2,2 GW  (150 MW Taza + 200 MW Boujdour/Aftissat + 850 MW

Accessing Sahara Trade Winds:
üTrade Winds 1300km away from loads: AC losses/~# => HVDC technology
üMorocco’s total capacity (8261 MW) / Peak load (6310 MW)
üDispatching challenge over 2.2 GW (4.2GW by 2030) 

Þ A Regional approach needed:

Sahara Wind Project (5~10GW-HVDC line)

üRE Law13-09 authorizes self-consumption  with surplus exports
üEU 3x20 Directive authorizes RE imports from third countries to meet 2020 targets.
üCOP22/23 Global implementation of projects (with financing  beyond 2020)



Paleontological Map (50 Million years ago)
Trade Wind-induced currents over Plate Tectonic Map (Eocene Ypresian epoch)



AUI-ENSAM+EMI
Morocco

Sahara Wind - NATO SfP-982620 / (SfP-984382) project frameworks

Trade Winds Existed for 
Millions of years: Geological 
Evidence provided by largest 
Sedimentary Phosphate deposits

Phosphate deposits: 
71% of World reserves
(*U.S. Geological Survey 2018)

Sea Water 
Desalination Plants

North Atlantic 
Trade Winds

Potash deposits: 
55% of World reserves
(*U.S. Geological Survey 2014)

5~10 GW HVDC line

Université de Nouakchott-USTM 
Mauritania



Local Grid

Urban End-Uses

Reverse Osmosis Sea 

Water Desalination
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Local Grid 

Powering Africa’s Global Industries

Regional Transfer /Surplus 

Export

O2

Iron-Ore/Steel (Mauritania)
16 MTons (Actual), 40 MTons by 2025 large Reserves

Iron ore-Steel

Alkaline/PEM

Electrolysis
Grid Stabilization

Power/Backup

Hydrogen

Storage

Phosphates/Fertilizer (Morocco) 71% of World reserves
World Market shares: Phosphate Rock 36%, Phosphoric Acid 51%, Fertilizers 20%

Cl2

Ammonia NH3
Phosphoric Acid 

H3PO4

NaOH Chlor-Alkali

North-Africa/EuropeSub-Sahara Africa

500~1,100 kV UHVDC 

& Iron-Ore/Steel (Mauritania)Phosphates/Fertilizer (Morocco)

Regional Transfer 

Alkaline/PEM



NATO Science for Peace SfP-982620
Integrated Electrolysis End-User Market Application 

Wind speed: Measured through NATO SfP-982620/(984382)

Wind-Electrolysis for Electricity, Hydrogen, Oxygen & Steel

Case Study: SNIM foundry (SAFA)

Nouadhibou Installed Capacity: Diesels (15+18)+4.5 MW Wind

Small Electric Arc Furnaces 3 MW+ induction2MW+ O2 plant

Technologies/Projects:

• 100 MW Wind farm (being built)

• Alkaline Electrolyser

• Hydrogen, Oxygen storage

• FC, ICE-generator (backup power)

SAFA (2 000 t/yr) construction iron, spares

Accessible & efficient process

H2FUTURE (Austria) / SSAB, LKAB, Vattenfall (Sweden) CO2-free steel 

(renewable-hydrogen) pilot projects. 

Potential perspectives: 16~40 Mtons iron-ore annual exports 

processed into CO2-free steels



Foum El Oued Wind Farm 50 MW (law 13-09) 



Morocco’s Phosphate Industry 

• 71% World Reserves, 33 % of Morocco’s Total exports

• OCP Group is World’s largest exporter of:
• Phosphate rock: 33 Mt (35% Market share, 50 Mt/yr by 2025)
• Phosphoric Acid : 4.8 Mt (52% Market share, 10 Mt/yr by 2025)
• Fertilizer exports: 5.3 Mt (20% Market share, 10 Mt/yr by 2025)

Replacing Sulfur & Ammonia imports in Fertilizers production by
Electro-intensive Phosphoric Acid & Ammonia production:

1- Thermal (furnace electro-thermal) dry-process Phosphoric Acid 
2- Electrolysis

- Alkaline: Ammonia (Hydrogen + Nitrogen from air 78% N2)
- ChlorAlkali : Phosphoric Acid  (Hcl Wet-process) +  Ammonia

=> Integrated fertilizer industry: Phosphates, Water, Salt + Wind (No imports) 
üEfficient resource transformation
üPrice stability
üGreen hydrogen (fertilizer feedstock, energy storage & mobility carrier)



Hydrogen in the Economy

75% Fertilizer industry50%:  Ammonia NH3 (140 Mt/yr)

Hydrogen (60 Mt/yr)
Source:   5% Electrolysis
(IPHE) 95% Hydrocarbon Reforming

50%: Petroleum hydro-cracking

• Ammonia synthesis 2~3% of World's primary energy demand (fossil fuels)

•Fertilizers critical to food security: 
• Captive industry (70% near phosphates deposits)
• High growth: 9.2 billion people in 2050 (=>20% less land/hab.) with Biofuels & Climate 
Change effects generating additional demand!

Transforming largest Phosphates reserves (non-substitutable and used at 90% as 
fertilizers) is key to global sustainability





Sahara Wind-HVDC Project a Business Case  
to de-carbonize 80% of Emissions Sources:

Power 36%(Wind), Industry 25% (Chemical & Steel) 
& Transport 22% (Hydrogen)



Sahara Wind Project

Electric Power

Automotive Industries

Sahara Wind Farm
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Sahara Wind 1500 km HVDC Line
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Fueling a 100% Renewable Energy transition
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Sahara Wind 
5~10 GW HVDC Line
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The Sahara Wind Project (5GW+HVDC line)

African & North-African electricity markets are in full growth/expansion (6~8%/yr.) 

Wind catchment area:
-Size: 2000 km Saharan coast 
Morocco, Mauritania & Senegal Onshore Wind 
500~1000GW 1000TWh +(Offshore)

-Quality: Capacity Factor above 55% (China 22%)

-Proximity: 1300km from EU market, growing Sub-
saharan market

HVDC Technology: 
ü Limited long distance losses (3% over 1300Km ±500kV for 5 GW)
ü Many projects & good technology evolution (40% of China’s new grids) 
ü12 GW-UHVDC 3200km Changji-Guquan project, USA, Canada, India, Brazil..

RD&D is a Prerequisite for Optimal Deployment of the Sahara Wind Project
Sahara Wind Phase 1: 400-500 MW on existing grid / Extensions through HVDC lines

Atlantic
Trade Winds 

5~10 GW HVDC


