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Estimated Renewable Energy Share of Global Final Energy Consumption, 2013

Modearn renewables geothermal/
solar heat
10.1% 41%

2.6%
MNuclaar power

Estimated Renewable Energy Share of Global Electricity Production, End-2014

Fossil fuels and nuclaar

RENZL: 55
Wind 3.1%
- Bio-power  1.8%
solarry 0.9% :::?améinapadilyf
in aparation at
— EE?’[,I;EI':TEII year-end 2014,
ocean 0.4%
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World Electricity Production
from All Energy Sources in 2012 (TWh)

5%

Electricty Source Twh oy 1%
Others 1042 A
Qil 873
Nuclear 2344 0%
Hydroelectric 3619
Gas 4744
Coal 8 390

17%

Total = 21016 TWh
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World Electricity Production
from All Energy Sources from 1980 to 2012 (Twh)

2%

i
Electricity Source TWWh
Cithers g 0589 1696
il 320935 399,
Muclear EY 539
Hydroelectric g1 297
Gas T3 545
o 167 939

19%

Total = 431853 TWh

17% THE SHIFT PROJECT DATA PORTAL
I Sroeiris Ervirgy bred Climane Data

Page 7 © Copyright 2014 ESCWA. All rights reserved. No part of this presentation in all its property may be used or reproduced in any form without a written permission



4l Ll 2.97) 73.85 2014 sl 8 sa3atall Ailal) dan s o Gy el o) @
(7l Al 0.36 + Ao 48k 0.5+

JLQ.\MYU Lgdb.a.ﬁ‘)[\j Lf'd\ d 9.;.4.\3\ AJ;)A OJJA_\AS‘ as Ll JJLAA R 4\_1.1\_\).@55\ aalkl) CL\.\\@
_Lm_u\_a G Akl a8Ual) ) ddlia) - )us.u.m u) yill AL ey ng;.d\

_CQ)S\ aalh -

CSP 538 sl 4y ) jall duadl 48k -

5 e Ll "PV" Photovoltaic cells 4 sea Sl LIAIL 14 gall Al 48Ul -
CPV 5 55l

o) 52 400 HeSI A8l L) 4y 38 je Cagyla (8 o3 Ll a8 ) 355 Ay 5e Sl Sl (glat ¢ L) @
434l yia Al s

j).Ej sale | uaﬁ ¢ ).\S\ Lty w\ 3\3\.&\} CLUM a3, \.A.\.u ‘}1 SJJ;LJ\ 43 L1 JJLAA J\..q'.lc\@
g_ahad\‘)j\;_\jg_\b}xml\ x| cg_m\_\.asﬂ\juﬂ\.u‘zf\@\‘).\jja.\

Page 8 © Copyright 2014 ESCWA. All rights r ved. No part of this presentatiol all its property may be u reproduc d any form without a written permission



Badaiall A8Ual) (e BLELLY) 8 Lgua B g Ay ad) Jgal) clilalY
-1- sl gl LY

Annual solar Irradiation (kWh/m?2)

[ <1000 [] 1000 [ 1500 B 2000 [l 2500 Wl 3000 (kwh/m?)
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Policy Challenges for the Promotion of Renewable Engrgy in the MENA-Region

Sowce: Hans AlrStenhagen K Franz Trsh/German Adroipacs Canter (DLR) Renewabie Eneges in the MENA Rogion: Potential for Sustanable
Energy Provision and Export to Eurcpes
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26 33 2050 R
212 28647 2000 s
35 6429 2700 s
116 1525 2100 <y <)
19 14 2000
71 19404 2200
61 792 2000
617 124560 2500 Tl ASLal
A3 )
79 10210 2200
268 1988 2200
Saaial)
13 5100 2200 o
111 168972 2700
399 73656 2800
67 139477 2700 Lol
64 20146 2600
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Global Direct Normal |Wind - Full Load | Geothermal -

Horizontal Radigtion Hours/year

Imadiance (kWh/m?/year)

(kWh/m?/year)
Algeria 1970 2700 1789 A3
Bahrain 2160 2050 1360 100
Comoros N /A /A M/
Djibouti N/A N/A N/A M/A
Eaypt 2450 2800 £004 180
Irag 2050 2000 1789 100
Jordan 2320 2700 1484 100
Kuwait 1900 2100 1605 100
Lebanan 1920 2000 176 100
Libya 1940 2700 1912 100
Mauritania N/ N/A M/ M7A
Morocco 7000 2600 2708 281
Oman 2050 2200 2 464 100
Palestine N/A N/A N/A N/A
Qatar 2140 2200 1421 100
Saudi Arabia 2130 2500 1789 275
Somalia N/A N/A N/A MAA
Sudan M /A /A M
Syria 2 360 2200 1789 100
Tunisia 1980 2400 1789 188
UAE 2120 2200 1176 100
Yemen 2250 2200 1483 295

Source German Aerospace Centre (2005)
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20145 2013 <le b sl gl Dgiad 55,0 <l ol

GMTG3; i Sy Al sl G, gl &l Al a1
GMT
15:25 28/12 17:25 16:10 17/12 18:10
11:30 10/07 15:30 12:39 06/08 16:39
25/08 11:39 04/09 14:39
13:30 14:30 12:30 29/07 13:30
14:30 11/08 15:30 20:00 07/08 21:00
16:30 18/02 18:30 15:00 24/01 17:00
11:00 25/07/2012 15:00
12:15 07/09 51 11:04 18/08 14:04
11:30 11/06 14:30 11:30 17/07 14:30
12:00 31/08 15:00
17:00 06/08 20:00 18:00 16/07/2012 21:00

21:30 27/08 21:30 21:00 09/07 21:00
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Groups of interconnected networks in the neighboring and ESCWA region

Grece — | [ tran | :
Europe Buigaria 2~ rarkey ——s E
UCTE garla— T | e . :
E 400§MW E
S H .
Spain S : :
Lebanon| 250 mw Syria 300 MW Iraq |Joeececeness
- 2312 MW 9344 MW 16952 MW|
H COMELEG ™" e g
5 I 8
o~ ... >
;-' Morocc Algeria Tunisia| © -~ Libya 300 MW Jordan
- | 6369 MW 11390 MW 4022 Mw | ¢ 8907 MW 3505 MW
| ]
............................................. 2| | ... [patestine
"""" 8 140 MW Yemen
| 1520 mw
East Africa Kuwait
: 14703 MW o
[ Kinya | :
[Jibouti | ™., & 1200 MW
. | Borondil ] ksa |- Qatar
s | sSomalia| k 51149 Mw [\ 750 Mw| 8761 MW
: Expected Nile East Countries 900l mw GCC
. Aughanda E 600 Mw\| Bahrain
L Sudan UAE 2777 MW
- Eth|°p|a essscsccsed
Tanzanig Rawanda| 2723 MW | .- 26142 MW
400| MW
..............
. Oman
3940 MW
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Onshorewind Utility PV STE Germany
67-100
S/MwWh

Turkey
73 5/MWh
e e
‘ Egypt
‘ 41 5/MWh
China
20 - 100 5/MWh

= /| Dubai
N 4« -, N sos/mwn \

Austrana
65 $/MWh

UsA
48 5/MWh

Chile
87 5/MWh

Brazil

81 5/MWh

Brazil
LY | $f MWh

South Africa
Base 124 5/MWh
Peak 335 5/MWh

South Africa
i | $f' MWh
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Cost of installed kW for electricity generation from renewable energy

Energy source

Tidal

Geothermal

CSP

PV connected to grid

Biomass

winf of shore

wind on shore

Hydro

s

4000

H2030 ®2008

Us$/kw
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Energy source

Tidal

Geothermal

Csp

PV connected to grid

Biomass

winf of shore

wind on shore

Hydro

Cost of kWhr from renewable energy

10

B M B N 3B 'L A5 SN 6

65

70

75

80

H2030 m2008

Cts US$/kWhr
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EDF-Jamaique 2013

300

250

200

150

LCOE (US$/MWh)

100

50
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| ] 1 |
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Hydro Hydro Wind Wind wind SolarPV SolarPV SolarPV Biomass Waste Waste CCGT Coal
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Ingenieria y Construccion

Wind Energy in Spain

Carbon nacional (RD

Installed Power (31/12/2013) 134/2010)

44%

Carbon importado y resto
: nacional
Sistema 9%

peninsular

Hidraulica

Muclear

Carbdm 11

Fuedigas

Cidle Combirade -t
Total REGIMEN ORDINARIO 62635

Hidrdulica RE 0

Edlica

Solar fatovohaics
Salar termoskctrica
Téwmica renovable
Témnica no rencwvable 1
Total REGIMEN ESPECIAL 39647 |

TOTALGENERAL 102326

Térmica renovable
1.9%

[ . \SolarTe’rmica
Fuente: REE Solar Fotovoltaica 1.7%
31%

2013 Production (total 260 TWh: Wind 54,3 TWh)

= First country in Europe in production, 2nd in capacity
=  Wind Power instant coverage record Dec, 25th, 2013 2:56AM: 68.4%
=  Wind Power monthly coverage record,Nov,2013: 31%
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Installation in Morocco: 30kW at lfrane W isofoton

AC Powor v THET JE7 107 33910

BN (B
o (1]
- »
T -
E E
3 s § wn &
* i} E
L] ;
Ce RGN L RCEES SRS ESESEnEERESR
=  Connection to the grid; October 2010 ffﬂfﬂfﬂﬂ .;:f'?%,"
* DHNI higher than 1000W/m? |s very often I
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Efficiency reduction rate with the increasing per 1 °C cell temperature of PV module of different investigations.

Authors, year, time and location Irvadiation (Wjm’) Operating temperature  Efficiency (%) Maximum Reduction of
() ambient eficency (x) per
Experiment location Msaring Apek  Astarng  Atpeak  Arstrtng  Apek e (0 :j“m"‘
period period  period period  period period g et
Bahaidarah et al. [13] February 2012, 240 979 %5 4 15.7 152 21 0.03
KFUPM, Dhahran, Saudi Arabia.
Latitude 26°18'N, longitude
50°08
Chandrasekar et al. [14], April, 2013, 600 1300 37 65 103 g ) 005
Anna University, BIT campus,
Tiruchirappalli, India. Latitude
10739N, longitude 78°44'E
In the current investigation, (2015) 1000 000 321 881 163 45 7 006
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CIONVERTEAM
Large Scale Solar PV Park Topology chdeadiaia Very Large Scale Solar PV Park Topology 1 CONVERTEAM
-_— e - -
* Large Scale PV Plants connected to an existing Interconnected grid * Very Large Scale PV Plants near the Grid (few kms)
*® PV Plantcapacity comparedto Grid " Require Strong Grid o create its own Grid
" Supporting or notthe Grid ® Suppotingthe Grid
® Active and Readtive Power Management ® Managethe Reactive Power
® Short storage capacities ® Potential storage capacities
* Isolated Large Scale PV Plants Farme ikave »>1(HAN
® PV Plantto be connected to own Gnd

* Managementof ownActive and Reactive Power
® Shotandlongtemm Energy Storage capaoties

ggg

AVOG <1500V
Moxstles rges
o
. e < g Ay oc oC
Fohon ectonle powr Rrme ecee «10M e e . HVAC (nbonss
a—— ' AC b oo } o Veewavber scmombles § ‘ natenal
ratoret) H H VG > 100V
. é : ’ o chustons ’ : o e :E(
\C = Senvenr froveannarane {rot -@Ll ! fosetie -~ l
2 B - do stz o
AC oy ! ! ) e oc - > 1 i
o Fio "~ AC L ™ S =
4 < s MW % 9
- S » VMW AC S
<o " _;-‘ AL Y A
: = < o | el DUPERRE -————
ac [ LA . Ir v

R ROek B I MRNASD, - SIG SONANTOAY iy 21
RO P RS URVARD, - CHT SONVERTEAL Ul 1 .



Cra Aadiial) dBUANL Al oSt culSadl) Adad cbaas g el GG
-9- L dBda g Ascadl) 43Ul

i g el Apesa ) LN ik o o 1 g g LN b iy i) g ) ga JR Lalid o)
RPN U SWES JUNC EATEHNF IO QR PUTEY

) g Ledadi Al Clalisall ae 4 Hlaally 1 Sl Aol g cilalisa ) Alad) sl

e N ESE) aal gl Caall b il AIS e 2 5a 5 (55 mall (e cang ) Cldiall-
((Adin) Gy sk e 14 ) 10) Qliiall Gasbon G 5 o(Adiadl () el Gl g

& = Rotor Diameter 5. 000 kKW
2 12a9m
2,000 =W
S 280
500 xW

SO0 kKW B 8C

2 40Mm
2 15m




A8l pa daciilall ABUANL Al je Sl cilSuid) Ap0a0 a9 cldld) -l
-10- Cl,u-“ Bua g dadd)

Lo
”

D lajks aly Al dasall b, olygs dabias :S
elogdl LS ol ol Ja3UI: p
Lok o dasall delatul /5,593 ol JBily

P,=0,3927 p. D’ V*
Gk Gl Liiall 3,08 / delbiul of (o
bl Ze s waSe pa -
ol sell e ull JAS ps -
Adiall ol 548 3,50 53 Ay e -
3 Juail 5S35 dinall Lellaiaol o6 JUIL) 3, all da 0 pe p i
(e L,y JEILs) ssatl baiaally (Lws 8a,L1 ol Aal)

Page 44 © Copyright 2014 ESCWA. All rights reserved. No part of this presentation in all its property may be used or reproduced in any form without a written permission



daciial) 48Ul il je Sl culSadl) Ada0 clpaad g ) G
-11 - CQJJ\ d3a g daadd) 43UaY) pa

P,=0.481 . D2V3

2Ll 3 a Balla a T8 o gm5 B6LS ¢ ol SLae¥! guay 3291 &5 131,

L;‘ 16/27 63Luu ‘BetZ uyLﬁ L9'°~5 cLaJ.L:u U..Q b)'\s..\ 4:3&3.3‘5..&.@ dslls J‘

Pr=0.593 x 0.481 D*V*=0.285 D2 \&




Cra Aadiial) ABUANL Al oS culSadl) 380 cilbaad g ) GG

Hub Height [m]

SSEEREE

180
160

120

-12- L d3la g dpucadill ABUall

250m

Past and Present 7 Future Wind

o
o 88888

1980- 1990- 1995- 2000 2005- 20107 20107 Future Future
1990 1995 2000 2005 2010

Page 46 © Copyright 2014 ESCWA. All rights reserved. No part of this presentation in all its property may be used or reproduced in any form without a written permission



Cra dadiial) ABUANL Al oSt culSudll A350 cibaad g el -
13- LA d3la ¢ daadd) 43Ul

oo LA il gl 2 slhall A loaall s guim oS0 LAD Al 53 5l sl oL -
5500 Cl 5 slSl o e yia O-7 D) gAY Sl £ 53 e LA
5500 Cl 5 sLSl o e yia O-8 Dbl aaxiall ) Saluadl & 6 (e DA

5500 Cl5slSll a e yie 20-16 sl Sl £ 65 (e LA

(3 Alen B el 5 Y saa s il sie (e dadiall g e lisall ol jaeaill Leall il
C_uajﬁc@m&.\bbéw@\‘\.&aiL.\;AJM\@»\AJDJJ)ALA\‘BLA\
_BJJSLUM@JAJLJ\ 40 2 5ax Aaliudll

Al S g Jde Jpeanll ¢ dadiia Ul el Cilaliee 1338 pal) daadd) 48U
da P Bl sl e J puanll

Page 47 © Copyright 2014 ESCWA. All rights reserved. No part of this presentation in all its property may be used or reproduced in any form without a written permission



Cra Aadiial) ABUANL Al jeSh culSadl) 4da0 clpaad g el G
-14- CQJJ‘ dBUa g Assadd) 43Ul

Page 48 © Copyright 2014 ESCWA. All rights reserved. No part of this presentation in all its property may be used or reproduced in any form without a written permission



Cra Aadiial) ABUANL Al oSt culSadl) da0 cilbaad g el G
-15- L d3la ¢ daadd) 43U

Morocco: Ain Beni Mathar
Integration into Combined Cycles
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GEMASOLAR, the world's first solar thermal plant
consisting of central tower technology and salts receiver

GEMASOLAR, with a nameplate power of 17 MW, will be the first commercial plant
in the world with heliostats, central tower and molten salts receiver technology

Key been Sunlight
* Bigger and more numerous heliostats
= Receiver thermal power increased by three

Torresol Energy

neinvenring solar power

= Molten salts storage thermal system with up Sunlight
to 15 hours capacity without sunlight r:aollv:; 'Zlasue
L)
placed at the L0CATE
top of the tower

SOLARFIELD (@

2,650 heliostats A

The heliostats location has been : At GEMASOLAR
by the SENSOL software, location, high direct
50 as o reach the sun radiation annual
optimum plant The Vi_ilues have been
dimensions heliostats registered, besides
gathering excellent
have g weather conditions
machan:;r; for the plant
positions operation

accurately

the surface of

the mirrors.

BENEFITS (@

= Safe and clean energy that preserves the
environment thinking of future generations
= 25,000 households energy supply capacity
= Energy efficiency that guaranties electrical
ion for around 6,600 hours per year

= More than 30,000 CO; emissions tons

saved every year ’

OPERATION PROCESS (@

Electrical
network

In the sunlight
receiver, the salts
heat up and
descend to the hot
salts tank where
they are stored at
more than 500° C

Sunlight Salts are

pumped @),
to the top
[ | of the tower

W

ek

The steam moves the turbine
and the generator that produces

Cold salts tank the cloctrical e

nm-'; & i n of
o K

N A AS S '

é'ﬁi%%’g;%wsy %

:‘ } From the hot salts tank, salts A — mm'mlm
release the steam

are transferred to heat
exchangers

through pipes exchangers

Source: v toresolenergy com / Infography: GRAF A
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Site selection: solar technology requires more space....

Large captital investment: 2000 — 5000 €/XW (dependent on technology, storage, ...)
Few data about operation and maintenance
Long start-up times (2 — 3 hrs)

Location is critcal

Central receiver
Lots of space needed 6 ha/MWw

Parabolic Trough
2.52 ha/MwW

Dish Engine
1.5 ha/MW

Note: Wind: 30 ha/MW

Vwm—
e
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