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Sahara Wind - NATO SfP-982620 / (SfP 984382) frameworks
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Trade Winds Existed
for Millions of years:
Geological Evidence
Provided by World’s
Largest Sedimentary
Phosphate deposits

. JAuLENSAM+EMI + Phosphate
Ui deposits: 75% of

World reserves*
(*U.S. Geological Survey 2013)

Université de Nouakchott Sea Water
: i 1ol Desalination Plants

North Atlantic
Trade Winds
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REGIONAL CAPACITY B
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NATO ‘SfP’ Projects Coordinated under the Sahara Wind Project

Security Issue: Energy Security - Climate Change - Social Unrest / Migrations
*Priority Research Areas of NATO Med Dialogue Partners: Morocco & Mauritania
*NATO New Strategic Concept: Emerging Security Challenge Division

Access to Wind Energy is a key research priority for Morocco & Mauritania:
v'Engage education and research in national energy choices

v'Reinforce scientific competence by securing intellectual property rights
v'Stimulate local innovation & research

v'Provide integrated solutions & mobilize largest energy consumers (R&D projects)
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v'Complementary working teams on a regional level (Morocco & Mauritania)

Technology — University/R&D Platform — Industry
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Partnerships with Mast Measurements at

Telecom Operators of NATO This project The NATO Science for Peace 70,50 and 40 meters

Morocco and Mauritania 2009 issupported by: | and Security Programme hei g ht
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Al Akhawayn University & University of Nouakch
Green Campus Concepts

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

48 cylinder pressurized hydrogen storage

Excess Wind-electricity stored as hydrogen and converted back 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 I'Eau et de I'Assainissement - Station de
traitement complexe Bouregreg - Direction Générale (ONEE)
‘Green Corporate Centre’ Training/Demonstrator (EMI-Rabat)
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Productlon of Drinking Water in Arid Reglons using Renewable Energies
Integrated Electrolysis End-User Market Application

Wind speed: Measured through NATO SfP-982620/(984382)
Wind-Electrolysis for Electricity, Chlorine (Hypochlorite) and Hydrogen

ONEE- Water Branch Morocco (767 millions m3 water/yr)

1- Rabat: ONEE corporate headquarters at water treatment plant

‘Green Corporate Campus’ concept (Demo-Training) ..._, i ""ﬂk
» Small Wind Turbines s :
» Hypochlorite (Membrane) Electrolyser ' '
* Hydrogen storage

 Fuel Cell (Grid backup+ Eco-mobility Demo)

2- Desert site: ONEE desalination plant
 Larger Wind Turbine(s)
» Hypochlorite (Membrane) Electrolyser
* Integrated processing industries
Perspectives: Water treatment in Sahel region
Collaboration with SNDE & University of Nouakchott S
Energy-intensive mineral processing industries (Phosphates Fertlllzers mdustrles)
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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 y

0= )=E

SAFA power needs: Electric Arc Furnaces: 3 MW + Oxygen o
plant + Induction Ovens : 2 MW @"

M'HACUDAT

Objectives for Pilot Project: - TR = orm

« Wind Turbine(s) R, e e 8o
» Alkaline Electrolyser ., pan§re
. ; @ PK319 PK460

« Hydrogen, Oxygen storage i | WAL
 FC, ICE-generator (backup power) AT -

SAFA (2 000 t/yr) supplies local needs for 4 '
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 T
free) in a high Wind-penetration system.
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* Largest industrial conglomerate: Société Nationale Industrielle et Miniere SNIM (State-owned 78%)
* Reserves in billion(s) ton range, 28% of Mauritania’s GDP, 50 % of country’s total exports in value
* Africa’s second largest iron-ore exporter (13 Mt/yr. in 2013 expanding to 40 Mt/yr. by 2025)

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

« EU-markets constrained due to environmental dusts emissions (pre-processing required)

* Direct Iron Reduction option for EU iron-ore exports :
* Alkaline Wind-Electrolysis
» Hydrogen: main feedstock for Direct Iron Reduction process (DRI)
» Hot Direct Reduced Iron (HDRI) fed into Electric Arc Furnace: Steel production (energy savings).
» Oxygen burned in Electric Arc Furnace (~45% of World Steel production)
» Operating costs of direct reduction plants low compared to integrated steel plants
« Suitable for many developing countries where supplies of coking coal are limited
* Smaller in capacities, direct-reduced iron plants enable firming of wind-electricity.
=Creation of a high-grade, sustainable, carbon-free steel industry

Testing, training and capacity building at University of Nouakchott, wind measurements (pilot project sites)
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 Largest industrial conglomerate: OCP Group (State-owned 94%)
» 75% of World Reserves, ~8% of Morocco’s GDP, 33 % of country’s total exports in value

» World’s largest exporter of:
» Phosphate rock: 27 Mt in 2013 (35% Market share, 50 Mt/yr capacity by 2015)
» Phosphoric Acid : 3.3 Mt (47% Market share, 10 Mt/yr capacity by 2020),

» World’s second largest exporter of Fertilizer: 4.5 Mt (20% Market share)

» 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 alternatives (electricity intensive):
1- Thermal (or furnace) process: Phosphoric Acid production (electro-thermal process)
2- Hydrochloric Acid Wet-process: Phosphoric Acid production (electrolysis process)
—=Chlor-Alkali electrolysis
—Hydrochloric Acid from Chlorine (water added) for Phosphoric Acid production
—Co-generated Hydrogen: feedstock for Ammonia (NH3; Nitrogen picked from air)
 Creation of integrated fertilizer industry (Phosphates+Wind+Water)
» Sustainable processing (enhanced resource transformation efficiency)
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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 represents 50% of the world’s Hydrogen end-uses, % used for production of upgraded fertilizers
* Fertilizer industry is largely captive, integrated and endogenous (70% is located near phosphates deposits)

* Price for Phosphate rock, Sulfur and Ammonia fluctuate significantly: good margins opportunities for
producers with their own supply of rock.

* Fertilizer industries are essential to world food security:
* When World Population reaches 9.2 billion people by 2050: arable land per capita will fall by 20%
* Biofuels will exacerbate this trend
 Sustainable Hydrogen for producing Ammonia is a critical issue.

» With Food Security at stake -since 90% of the Phosphates are used as fertilizers- the transformation of the
world’s most significant Phosphates reserves becomes a key element of global sustainability.

» Cost-competitive incorporation of wind energy in support of endogenous energy intensive value-added
mineral transformation processes is likely to significantly improve resource efficiencies.
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Global Sustainability Considerations
Perspectives from China’s Fertilizer Industries

Morocco’s Phosphate industry (27 Mt/yr, Phosphoric Acid 3.3 Mt/yr)

China’s Phosphate industry (80 Mt/yr, Phosphoric Acid 15.0 Mt/yr)
* Integrated fertilizer industry, largely endogenous, domestic use (80% export tariffs imposed)

» Hydroelectric power supplied inexpensive power to phosphoric acid plants for many decades:
 Largest thermal phosphorus production capacity.
» China produces and consumes one-third of the world’s Ammonia.
» Majority of new Ammonia capacity is expected to come on-line in China (for internal
consumption)

» China’s global lead in Wind energy generation (15-20 GW of new capacity per year; 50% of
world market), comes with non-negligible grid stability and balancing issues.

* Wind energy predisposed favorably in the transformation of Phosphates, and fertilizer
industries.

» Considering the extraordinary scale of the region’s phosphate (and iron-ore) resources,
synergetic processes are critical to support the local firming of the trade winds in the operational
balancing of the Sahara Wind project’'s GW size HVDC line.
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Integrating Sahara Trade Wind Resource into Local Grids
in Support of North-Africa’s Major Industries

_ ' / / Local Grid
— \ \ - \ \ Industrial End-Uses
A

380-22kV Distribution

Phosphoric Acid y v v - 4 v Grid (Local)

H,PO, ~
System
Reverse OSMOSiS Y 4 500~800 kv HVDC Bus
V.“ (Sea Water) Regional Transfer
s, DRI/Steel Ammonia NH, /Surplus Export
CIZ v 02

Electrolyser
AlkalineyPEM Hydrogen Grid Stabilization-Backup
Chlor-Alkali Storage (Fuel Cell — ICE)

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




Sahara Wind Project: Dispatchable Renewable Power
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Sahara Wind - HVDC Transmission Architecture 5 GW - bipole 1
(Point to Point classical HVDC configuration)

Sahara Wind Rectifier Inverter VHV AC

Farm Areas 12 pulse 12 pulse Bus o local
(1250 MW) b”dge brldge O loCa
To local Networks Networks

(Mineral Processing) (Urban Load
Centers)

]

+500 kV
Metallic

return

Surplus
Export
EU-Grid
(ENTSOE)
—>

:

To local
Networks
(Urban Load
Centers)

To local Networks
(Mineral Processing)
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'Z¥ RED ELECTRICA DE ESPANA

Dynamics

Wind production variability © & Capacity

But try driving without 4 good ones!
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14,000 Wind production record 14 962 MW
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. _| - ~Pumping; -

|/ 12.45%

Minimum coverage
03/09/2010 12.33 h

Maximum coverageg' "n%s3.99%
09/11/2010 3.35 h

Combined
cycles; 6.10%

RED Eléctrica de Espana latest figures: with 28% of total power generation, wind
energy is Spain’s main source of electricity (January-February 2014, 21% in 2013)
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Moroccan integrated Wind Energy Program: 2GW
(Export Possibilities Not Included)

« End 2014 : 1 GW (487 MW in operation + 450 MW under construction)
By 2020 :+1 GW (850 MW + 150 MW Integrated Wind Energy Program)
2 GW Total

Accessing the Sahara trade winds:

» Morocco’s total generating capacity (6677 MW) / Peak load (5280 MW)
=> Possible wind power integration can hardly exceed 2 GW

» Wind potential far away (1300 km+) from load centers => HVDC transfer

* Wind manufacturing industry requires big capacities

—Large-scale regional integrated project development approach is needed:

The Sahara Wind Project (5GW+ HVDC line)




Scénario alternatif : Sahara Wind

Hypotheses :

»5 GW supplémentaires

installés 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

2000
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M Puissance nouvelle 2 GW
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Thna Cahara
111C oAlidl QA

RD&D is a Prerequisite for Optimal Deployment of the Sahara Wind Project
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)
* 140 GW of HVDC in 145 Projects worldwide. China has 25 multi-GW projects (40% of

its new 300 GW grid capacity will be HVYDC), USA 10 multi-GW projects(2011), India,
Brazil..

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

Wind catchment area: Quality-Quantity-Proximity
-Quality: Average wind speed: 9 m/s+ (trade winds)
45% Capacity Factor

-Quantity: Size of Area: Saharan coast 2000 km+
Morocco, Mauritania & Senegal
Potential Wind Energy 500 GW(?) ~ 1000 TWh(?)

North Atlantic e # R f_"-
Trade Wind L g .

-Proximity: 1500 km from European Union
500 million citizens, +3000 TWh/yr power market
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Wind speed [m/s]

—o— Northern Furope
—8— Southern Europe

Central Europe

Figure 2.4 Seasonal trends in Reanalysis wind speed

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

International Partnership for the Hydrogen Economy

Sahara Wind-Hydrogen
Development Project

Morocco and Mauritania

The made winds that blow alezg the Atlantic
The zade winds thet blow aloag the Aslanbic
cozst from Morocco to Sanagal raprusent
cos of the largest, most productive wind po-
tantials avalable oo Earth. The same region
cumantly suffers from a Emited, decantzal-
ized grid infrastuche in zeed of stabilizz-
tion. The Sabara Trads Winds to Eydrogen
Project aims to utlizs thess Sabaran wizds
to producs Eydrogss in order o enhancs te
accass and mmegration of wizd slectricity

iz Morocco and Meeritania. The project
usss a phased approach. begmnizg with
demosstration projects in acadumss ssttings
to baild capacity and kzewledge and later
moving om to Larger projects in imdustmal
settngs

Coordinated by Morocco's Sahara Wind
Inc., this project begez in the scond Ealf

of 2007 2=zd is axpectsd to last thres years.
Ths project teem i composad of 10 pastzars
from Morocco, 8 fom Mauritania, a=d 4 co-
diractors from the Uzited States, Gemzany,
Turkey, and Franca.

Objectives

The smatic nabtom of the trade winds
resourcs msans that wind energy canmet
provids a sastzinable source fo the re-
gions week infrastrocturs, pro&ibiting any
comenttonz] appreach of a contizeons feed
izt sezaller bocal slectricity marksts. The

size of Maorocoo's grid is also relativaly
small {~3,000 MW) and cannot bazdle
large amou=ts of wizd-genarated alactriciy
before emcountering grid stebility problanss,
such 25 gensration intermittancy a=d power
margins. These problens sscalate farther
soutk in Manritania whare the grid capacicy
is lags than 120 MW,

Thesators, the most bezeSicial approach i
belicved to ba e uss of wizd elecmoly-

5is a5 2 means of gnid sthilization within
intagrated applicaticzs uiilizing alectrolysis
bry-products sech as kvdrogss for powar
storage restiutionbackup, o as a foel or
faedsteck for spacific wees in remots koca-
tiozs.

The Sahzra Wind-Hydrogen Project bas led
1o a MATO “Scisnce for Peacs” 56-982620
Sahara-Fiydrogen comtract aimizg fo accom-
plizh the follewing geals:
» Usa alectrolyzers 25 2 stebilizar in woak
slaciricity grids
» Co-develop wizd-slectrolyzer systems
fior bocal conditicms
Mlzp regiomal wind msouscs potential
* Build “Gresn Campus Concapts™ with
bydrogen stosags
» Dewalop intagrated wind alectrolysis
applications withi= the region’s indus-
tries 22d load ceters

Project Overview

What
Zaham Wind-Hypdrogen Project

Who
Zaham Wind Inc.

When

EStarbed: 2007
Duesfion: 3 years

Participants
Lead Country
Worocoo

Partner Gountry
Meuritaria, US, Gesmany, Turkey and
Franca:

Renewable Technology
Wind

Renewable Ha Production
Thin preject will demonzlrate bpdo-
gen prodechion fio= wind dechicity
slong with hydregen slorsge used as
& ferdsinck for spechic indusiries and
Frydrogen shipping vin pipeline.
Wabaits

wwrw_ssharmsind .com

Contacts

Sahava Wind-Hydrogen Development Project

Approach

The initizl phase of the project is baing car-
riad out teroagh applied meseasch programs
in academic settings in cxder 1o develep
local sxpaztise in the tachoelogies. Thisis
bedng dezs torongh the deplovment of wizd
ahactrelysis systems within "G Campes
Cozcepts”™ programs ar sevaral univarsiies
in Morocco and Mauritania for demozstra-
ticz 2zd traiming perposss. The systams use
2 sazias of smzll § kW wizd turbizes that si-
multzzgosly prowide powss o the grd and
to a 30 kW pressurized alkaling electrolyzar
Tha slactrolvzar producss kydrogen, which
is thez stered in cylinders 21 2 pressuze of
12barazd nsed in a 1.2 EW fual cell to
producs alectriciry and stabilize the gmd ar
tizoes of low wizd spesd

After baing imitizted 2t the unrarsiies, e
teckzology will Fadually be axsnded o
the ragion’s indusmizs. Cumremt plans are to
install demo=stration systams followsd by
largar pilot projects at Marocco’s watsr and
ahactzic utliny's corperate beadgzartars a=d
main water reatmeet plant, 25 wall 2s 2t the
Tarfaya desalination plant. Teess systems
will cozzist of small wind rerbines power-
ing Evpockloris (membeans) slecrolvzars.
The bydrogen is stored 2=d nsed iz a Sl
call 224 intarnz] combeestion sngine gazara-
tor for back-pewr, as wall 25 bamg used
23 fizsl for alectro-mobdity applications. A
sizzilar project usizg 2lkaling slecmelyzars
azd wind torbdngs will be put in placs at

M zaritania’s iron ors comzpazy in the city of
Nouzdhibe:

Map showing dhe Jocations of
WO of e cnversy proyects
=l Schemabc of Sabara
Wing' winchhydrogen sysiem
frigea.

— T

Accomplishments

Spzall wind tarbine indzstrial engizsering
prograns bavs been establishad 22 sevecal
umiversitias, szabling develepmezt of the
technologrcal wcpartise that will be nesdad
to suppor: the planned and furae demoezsira-
tion projects.

Tha project kas also ezabled 2 wind mosi-
toring mmEasmuchm to be deploved in beth
Maorocce and Maemte=iz with the balp of
the project’s izdnsizial parmars. Dotk of the
telacem operacass i Mesecoo e=d Maur-
teziz have nuade thedr telecommunication
mast towar izfrastructures availables for this
project, szabling a ragiomal wind mapping
zatwors 1o be establizhed. Amospiaric
parzmeters such 25 pressurs, femxparacas,
Emmidity are being recorded iz additicz to
wind diectics and spesd oz [ztemational
Measzzing Metwork of Wizd Energy Insti-
mutes (MEASNET) calibrared mstrumssnt
ar savaral towarar beighes. The wind map-
ping nataock s sacpectad to facilitate fomrs
wtilization of toe arsa’s Tads wind reseuTces
by providing spacific imformation abeus the
quality of the rescuzce over lasge geograpki-
cal arsas, thus senzbling projects invelving
utilization of bydzegan to b daployed 25
pazt of a large-scale, integrated syutemn usizg
Egh velrage drect currszt (HVES), lecal
s of Eydrogen, 2=d bydrogen pipalings far
axpoTt.

Future Plans

Tha wind 2nd slectralyzar equipzmezt for
traizing and applisd research pesposss will
e prat into operation = sarty Mewambar

2010 2t the Al Akhawrayn Uzivessity of Mo-
mecoo azd the Univarsity of Nouzkskott i
Maumtemia. Thass systems will b gadually
updated o izcreass thair wind gunesation
cepacities, wirth 2 goal of providing system
sizbilization of up to 30% of base boad.

Crbar szmall, wizd-turbine test benches ars
aizg dalivarsd o the Ecols Natiezals Su-
perisurs d' Arts ot Matiors (ENSAM) School
of Exginesrizg in Makzas, Morooce, and
will ba izstalled = late 2010, The techmical
soonomc analysis for end-nser palet project
applications Eas almeady bese complated, in-
clding rechnical equipmest confignratons.

In the firrars, the project plazs to permar
with the region’s indasiries repTesROEDE
tha mzin local anergy loads to buaild 2n
imtegratad smergy Fystem complementany ro
Sebama Wizd's High Vaolrage DC Trazemis-
sion project. This rysteza will use bydrogen.
storage and bydrogez shipping via pipaline.
By anhancing tha bacal carzarship of wind
Tesourcss om 2 regiomal basis and sapport-
ing indusirial uss of local =yini=g resomrces
using cleansr more astainable processas,
wnck 2 syvstem could pototially serve 2s

a secondary powss source to both Mertz
Africa and Europs

Ultinzaraly, project participants would like
0 see this project aobance the integraticz of
an end-user-doen, comprabansive, mas-
taimable, 2pplied ressarck programe. This s
lLikaly ta lead to the adoption of a holistc,
imtegratad appreach to reoewable ansrgy
techoelogies = Norh Africa.




