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A+ Saharawind 4
Al Akhawayn & Nouakchott Universities Green Campuses
Capacity Building through Applied R&D

Industrial engineering program on small wind turbines (ENSAM)
Wind turbines connected to Universities electric grid (AUl & UNKkt):
30 kW-Alkaline Electrolyser system integrated into the grid

48 cylinder pressurized hydrogen storage

Excess Wind-electricity stored as hydrogen & converted into electricity (through
stationary fuel cell) for grid back-up/Telecom power supply...
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NATO SfP- 984382 Project Plan: Rabat ONEP-IEA Institut
International de 'Eau et de I'’Assainissement - Station de
traitement complexe Bouregreg - Direction Générale (ONEE)
‘Green Corporate Centre’ Training/Demonstrator (EMI-Rabat)
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Integrated Electrolysis Applications
Drinking Water & Mineral Processing

1- ‘Green Corporate Centre’ at Headquarters of ONEE (Morocco’s Power & Water utility)
Station de traitement complexe Bouregreg (767 millions m3 water/yr)
Institut International de 'Eau et de 'Assainissement - Training/Demonstrator (SfP- 984382)
« Small Wind Turbines
 Chlorine Chlor-Alkali Electrolyser
* Hydrogen/Fuel Cell (Grid Backup,E-mobility)

2- Desert pilot project site: ONEE desalination plant
 Larger Wind Turbine(s)
 Chlor-Alkali (Membrane) Electrolyser
Wind Measurements NATO SfP-982620
Integrated industrial applications

vDevelop Water treatment solutions in Sahel region
Collaboration with SNDE & University of Nouakchott #

vEngage energy-intensive mineral processing industries (Phosphates & Fertilizers industries
using Renewable Energy Law 13-09 for self-consumption (electricity export clause matching
EU-2020 3x20 directive).
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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

Case Study: SNIM foundry (SAFA company)
Nouadhibou Installed Capacity: Diesels (15+18)+4.5 MW Wind L
SAFA power needs: Electric Arc Furnaces: 3 MW + Oxygen o
plant + Induction Ovens : 2 MW @°
Objectives for Pilot Project: ,‘ 4 , K
* Wind Turbine(s) T L v,
- Alkaline Electrolyser e : ]
« Hydrogen, Oxygen storage St Rl Mae | rovsawos
« FC, ICE-generator (backup power) - 28 = —

SAFA (2 000 t/yr) supplies local needs for :
construction iron, cast-iron spares, fishing mdustry, etc.

Potential perspectives: 16~40 Mtons iron-ore annual exports
can be processed into higher value iron/steel products (CO2 h_1op 2opkm
free) in a high Wind-penetration system.

M'HAOUDAT

MAURITANIE

]
Nouakchott

PK Points kilométriques
1 Voie ferrée

Océan Atlantique
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Sahara Trade Winds Powering North-Africa’s Major
Phosphates (Fertilizer) & Iron-Ore (Steel) Industries

/ / Local Grid
— \ \ \ Industrial End-Uses

A

380v-125kV Local Grid
PhOSphoriC Acid Monitoring Distribution

H,PO, System A
Reverse Osmosis
Sea Water Desalination
Iron ore/Steel Ammonia NH;
*
Cl

2 v 02
N Electrolysis
.‘o, AlkalineyPEM Hydrogen Grid Stabilization
\CCLIPIIE  Chlor-Alkali Storage Backup

Processing of Phosphates (Morocco)
World Market shares: Phosphate Rock 33%, Phosphoric Acid 47%, Fertilizers 20%

Processing of Iron-Ore (Mauritania)
16 MTons (Actual) 40 MTons by 2025, large Reserves
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Mauritania’s lIron-ore industry

- Largest industrial conglomerate: SNIM (State-owned 78%)

* Reserves in billion(s) ton range, 28% of Mauritania’s GDP, 50 % Country’s exports
« Africa’s second largest iron-ore exporter (13 Mt/yr., 40 Mt/yr. by 2025)

» Mauritania’s iron-ore markets split between Europe and China

« EU-markets environmental constraints dusts emissions (pre-processing required)

* Endogenous, scalable Direct Reduction Iron into steels & pure-ore exports:

* Alkaline Wind-Electrolysis: Hydrogen feedstock for Direct Reduction Iron (DRI)
* Hot Direct Reduced Iron fed into Electric Arc Furnace: Energy efficient Steels

» Oxygen burned in Electric Arc Furnace, low operating costs (~45% World Steels)

« Smaller in capacities direct-reduced iron plants enable firming of wind-electricity.

*Suitable for developing countries with limited supplies of coking coal
—£ reation of a high-grade, sustainable, carbon-free steel industry

Testing, training and capacity building at University of Nouakchott, wind
measurements for pilot project sites.
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Morocco’s Phosphate Industry

» Largest industrial conglomerate: OCP Group (State-owned 94%)
» 75% World Reserves, 33% of Morocco’s Total exports

» 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)

High price fluctuations in current Phosphoric Acid wet-process using Sulfuric Acid
(Sulfur and Ammonia imports needed for the production of upgraded Fertilizers)

Endogenous Phosphoric Acid production (electricity intensive):

1- Thermal (furnace electro-thermal) dry-process

2- Electrolysis process (Hydrochloric Acid wet-process)
Co-generated Hydrogen used for Ammonia NH3 (Nitrogen from air)
Integrated fertilizer industry (Phosphates + Wind energy+ Water)
vEnhanced resource transformation efficiency.
vPrice stability
vSustainability: Renewable Energy H, storage (feedstock & energy carrier)
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Hydrogen is key Renewable energy storage medium
Industrial use in the Economy: Ammonia

50%: Ammonia NH3 (140 Mt/yr) 75% Fertilizer industry
Hydrogen (60 Mt/yr)
Source: 5% Electrolysis

(IPHE) 95% Hydrocarbon Reforming

50%: Petroleum hydro-cracking

- Ammonia consumes 2% of World's energy (fossil fuels)

- Fertilizers essential to world food security:
« 2050: World Population 9.2 billion people (20% less arable land per capita)
* Climate Change Effects & Biofuels exacerbates the situation !!

Fertilizer industries: Captive & integrated (70% near phosphates deposits)

*As 90% of Phosphates used as fertilizers: the transformation of largest reserves is key
to global sustainability.

vPrice stability & improved resource efficiency using ‘cost-competitive’ wind energy.




ASaharatwind ~

50 MW Operating Foum El Oued Wind Farm




300 MW Operating Tarfaya Wind Farm
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100 MW Operating Akhfennir Wind Farm
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100 MW Akhfennir Wind Farm Instant Power Generation (12.05.2015 11:20)
42°C — East Desert Wind ‘Cherguf’

o
WTG4
N

\

WTG1 WTG2

0 kw1677.7 kW [

- 1680.8 kW
WTG6 5

N
1700.5 kW [PETeSH T

WTG11

CERCY G o2

1702.9 kW [SRTFETEE \T

WTGO

XY wrcis A28/ N

4124 W] ¢

WTG17
\

0w
WTG21 Y

v NN wicoo
1691.3  kw ERTRTePEY T_
WTG26 3 _ /
1684.3 kW
1702.4 kW >
WTG27 ‘T‘ T‘
z WTG28
) 17061 kw AUAKSEIR T o
WTG32 \\ 1676.8 kW

1689.6  kw X
WTG33 T T

WTG18

WTG24

WTG30

WTG38 T X
WTG39 T g

WTG40
WTGA2 1691.4 K WTG41

1679.
16876 kw [ROTRTOWRY ‘ " 79.3  kw
T oy
1664.7 oy AR
.l, 1694.4  w | ALALELL)
WTGA8 'l - m
WTG49 -~

WTGS50

WTGS5 l
WTGS8

——c0 WTC
261

WTG14

04 1w {Shas

)r

WTG19
X

WTG20

1675.2 K

.

Wind Dire ction

87.63

14.5

0.987

W Cap F: 86 %
Max Tur W: 1785.7 kW
Min Tur W: 0.5 kw
Tot Tur W:  84105.09 kW
Tot Tur VAr: | 28654.5 kVAr

% of limited WTGs

@ & L Comp. :| All

Timestamp w

10:12:48
10:10:41 1

10:00:56

2015
201
5/2015

/5/2015




~Saharatwind ~

¥ RED ELECTRICA DE ESPANA

Wind production variability
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Minimum coverage
03/09/2010 12.33 h

Maximum coveragel Wind:s3.09%
09/11/2010 3.35 h

Combined
cycles; 6.10%

RED Eléctrica de Espana: Wind energy is Spain’s main source of electricity

North Africa’s weaker grids predisposes wind energy to supply growing Steel & Fertilizer industries

» Synergetic processes enables local firming of trade winds.

» Critical to their access for operational power balancing of the Sahara Wind Project’s large 5~10
GW HVDC transmission infrastructure.



Sahara Wind Project Fueling a 100% Renewable Energy transition

Water, Phosphates/Fertilizers,
Iron-Ore/Steel Processing ...

Electrolysis

M H ﬁfﬁjﬁﬂm :

Hydrogen

Electric Power

Sahara Wind 1500 km HVDC Line

Dacia Lodgy

Préparez-vous, il arrive bientot !

Natural
Gas
Automotive Industries

Combined Cycle
Power Plant

Transmission
Grid




Sahara Wind-Hydrogen Development Project of the

International Pa

tnership for the Hydrogen Economy

Sahara Wind-Hydrogen
Development Project

Morocco and Mauritania

The wade winds that blow aloag the Atlantic
The wade winds that blow aloag the Atlantic

size of Morocco™s gid is also relatively
small (~5,000 MW) azd caznot bazdle

coast from Marocco to Senegal rep
ous of the largest, most productive wind po-
teatials available on Earth. The same regicn
currsatly suffers fom a bmuted, decentral-
ized grid mfrastructure in 2eed of stabeliza-
ton. The Sakara Trade Winds to Hydrogen
Project aims to utilize these Sabarsn winds
to produce kydroges in order to enhance the
access and integration of wizd electricity
= Morocco and Mauritania. The project
\:ui ) phud approach, beginnizg with
Projects in academic settings
to build capacity and kzowledge and laser

large =d-p d elsctricity
before excountering grid stability problems,
such 25 generation intermittency 2=d power
margns. These problems sscalate farther
south in Mauritznia where the gnd capacity
is less than 120 MW,

Thesefors, the most bezeScial approach is
belioved to be the use of wind elecmoly-
sis a5 a means of gnid stabilization within
integrated applications utilizing electrolysis
by-products suck as kydrogea for power
storage restitution /backup, or as a foel or

moving o to larger p in imdy |
settings

Coordizated by Morocco's Sabara Wind
Inc., this project begas in te second Balf
of 2007 a=d is expected 10 last three years
The project team is comuposed of 10 parmars
from Morocco, § fom Maunitamia, 22d 4 co-
darectors from the Uzited States, Germany,
Turkey, and France.

Objectives

Thke amatic zature of the trade winds

resource means that wind energy cazzmot

ptv'-sdoa sustainable scurce to the re-

gon’s week m.ﬁunm prokibiting any
hofa fead

izto sesaller Jocal slectricity markees. The

feedstock for specific wses in rexote loca-
tiozs.

The Sabara Wind-Hydrogen Project bas Jed
10 a NATO “Science for Peace™ S£P-982620
Sabara-Hydrogen contract aiming 10 accoms-

plxxh the following goals:

Uss olectrolyzers 2s 2 stabilizer in woak

slectricity gnds

Co-develop wind-slectrolyzer systems

for local conditicns

* Mazp negional wind 1

* Build “Green Campus Coo:apu with
bydrogen stecage

* Develop integrated wind electrolysis
spplications withiz the region’s indus-
tries a=d load cemters

Project Overview

What
Sahars Wied-Hydregen Project

Who
Sahars Viied Inz.

When

Started: 2007
Durafion: 3 years
Participants
Lead Country
Morccco

Periner Country

Meuntaria, US, Gesmeny, Turkey and
Frence

Renewable Technology

Wind

Renewable H, Production
This project will demonsiraie hydeo-
gen producion fom wind dedinaty
along with hydrogen siorsge wsed as
8 feedsiock for specific indusiries and
brd S
Website

wwa sshoromnd com

Contacts

Sahara Wind-Hydrogen Development Project

Approach
Thbe inisial phase of the project is betng caz-

Accomplishments

2010 2t the Al Axbywayn Uzivessity of Mo-
rocco a=d the University of Nouzkebott i

Szall wind tarbine ind: ] sngizseriog

nied out through applied reseasch prog
in academsic sestings in crder to develep
local expartise in t2s sechoologies. Thisis
being doze through the deplovment of wind
slectrolysis systems within “Gresz Campus
Cozcepts” programs at several universities
in Morocco and Mauritazis for demozstra-
tiom 2=d traiming purposes. The systems use
2 senes of small 3 kW wind turbizes that -
multezsously provide powss to the grid and
10 3 30 kW pressurized alkalize slectrolyzer
Thbe slsctolyzer producss zydroges, whuch
is thex stored = cylinders 2t 2 pressuze of
12barazdmediza 1.2 kW fnel call 0
producs slectricity azd stabilize the gnd 2t
times of low wizd spesd

After being initiated 22 the umversities, e
teczology will madually bs exmaded 2o
the region’s indusmies. Cuzvent plans we to
install demozstrasion systems followed by
larger pilot projects at Morocco's water and
slectnic utlity’s corperate beadguarters a=d
maiz water treatmext plant, 25 well 23 2t the
Tarfaya desalization plant Tzese systems
will comsist of small wind exrbines power-
ing Zypocklorite (membrans) slectolyzers
Thbe bydroges is stored 2=d used iz a fusl
cell 224 internzl combustion sazine Fezera-
tor for back-power, as well 25 besng used

23 fizel for electro-mobality applications. A
similar project usimg alkaline eleczolyzers
224 wind turbines will be put i placs at
Mauritania’s iron ore company in the city of
Nouadbibon

L0 showing the jocatons of
w0 of he unersly prgiects
fleftl. Schematc of Sahara
Wing wing-hyorogen system
(right

T

proz Bavs been established 22 sevesal
universities, szabling developmsnt of the
teckzological expernse that will be zesdad
%0 support the plazzed and futize demozstra-
tioz projects

Ths project 2as also ezabled 2 wind memi-
toring :nfrassucture to be deployed in beth
Morocco and Maumtazia with the balp of
the project’s imdustnal partzers. Soth of the
zelecom operatess im Meorecco a=d Maurni-
taziz bave made ey selecommuznicaton
mast tower izfrastructures available for this
project, szabling a regional wind mapping
setwork o be establisbed. Ammosplatic
ssuchasp
"-.nu'.m are bemg r«ezd.d = add.nc- o
wind dwection azd spesd o= Iztermanozal
Measznzg Network of Wizd Energy Insti-
tutes (MEASNET) calibrated mstumeats
at several tower beight:. The wind map-
ping zetweek i expected o fHcilitate forure
utilizaton of the arsa’s ade wizd resouzces
by providing specific information about the
quality of the resouzce over lage nolu;’---
cal arsas, thus enzbling projects involving
utibzaton of bydroges to be deployed 2
past of a large-scale, integrated system using
Righ voltage direct cuzreat (HVDC), local
use of 2ydrogen, :=d bydrogen pepslines for
sxport

Future Plans

M iz. These systemms will be adually
updated 1o iz teirwind g

capacities, with 2 goal of providing system
stebilization of up 1o 30% of bass Joad

Cthar small, wizd-turbize test bsackes ars
bemg deliversd to t2s Ecols Natiozals Su-
petieurs d'Asts ot Meotiors (ENSAM) School
of Exginesnizg in Mekzes, Morocco, azd
will be izstalled = late 2010. The techmical
ecopomic azalysis for end-nser plot project
spplicasons 2as already besa comploted, in-
cluding technical equipment confgaratons.

Iz ths future, the project pla=s to pastzer
with s regicn’s industries representing
the m2in local ensrgy loads to build =
smtegrated smergy system complemsntary o
Sabara Wind's High Voltage DC Trazemis-
sion project This systezs will use bydrogen
stor2ge and bydroge shipping via pipsline
By eshaocing the local owmership of wind
Te30urces o 2 remonal basis and support-
g industial use of local minizg resources
using cloznser more sustaizable processes,
sack 2 system could potentially serve 25

2 secondary powes sowrce to both Nertz
Asfics azd Europs

Ultimately, project participants would like
20 506 this project ezkance the integratios of
3o end-user-dmven, ccu:puhum". sas-
taimable, q:p.ud ressarck promz This i3
likely to lead to the adoption of a bolistic,

Ths wind 2od electrolyzer equip for

trazing and appled research purposss will
bs pat into operation i= sarly Novembaer

grated approack to renewable energy
sschzologies = North Africa



RURAL ELECTRIFICATION PROGRAM

A huge effort in term of access to electricity......
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m Villages connectés au réseau national
3663
m Villages électrifiés via PV 3663 3 663
3 663
40000 36633663
3 653
3163
30000 - 2540

Electrification rate: 99%

38 489 villages (3 663 villages
photovoltaiques Kits)

More than 12 million citizens

Investing more than 23 billion of
MAD (= 3 billion USD)

Creating of 100,000 jobs
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Political will: Morocco's 100 DH currency note

100

BANK AL-MAGHRIB
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