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PV

Name Capacity Year of operation
MDA 164 2016
Scatec 10 2016
Shamsuna 10 2016
JSO 20 2016
Azraq 5 2016

Philydelphya 10 2015 ( Distribution)
Total MW: 219
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PV
Name Capacity Year f operation

Quweira 103 June-2017 (EPC Contract)

Mafraq R2 150 2017 PPA

Masdar 200 2018 PPA

AES 50 2019 PPA

WAJ 50 2019 PPA

RESHA PV 50 2018 PPA

SAFAWI PV 50 2019 PPA

Total MW: 653
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Wind
Name Capacity | manufacturer | Year f operation
Tafilla 117 V112 Sep-15
Gamesa
king Hussien Wind 80 G114 Dec-16
Gamesa
Rajef 83 G114 2018
Kospo 50 V 117 2019
Xenel 50 V 117 2019
Mass 100 V 136 2019
Hecate 45 V 136 2019
Fujalij 90 V 126 2017
total MW: 615
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| PV PV
Item Unit Track

Capacity: MW 20 20
Capacity Factor: % 29% 22%
Life: Years 20 20
Annual Generation (GWh) GWh 50.8 38.5
Discount Rate: % p.a 8% 8%
Total Capital Cost: US$/KW 1004 873
Total Capital Cost: MUS$ 20 17
Annual Capital Cost: US$/KW 102 89
Annual Capital Cost: MUS$ 2 2
Levelised Capital Cost: Cents/KWH $4.03 $4.62
Total Annual Cost: US$/KW $102 $89
Total Annual Cost: MUS$ $2 $2
Levelised Annual Cost: Cents/KWH 4.026 4.62
Fuel Cost: Cents/KWH 0.0 0.0
O&M Cost: Cents/KWH 1.2 1.1
Total Variable Cost: Cents/KWH 1.2 1.1
Generation Cost: Cents/KWH 5.27 5.74
Generation Cost: Filss/KWH 37.4 40.8
Internal Consumption: % 1.0% 1.0%
Sent-Out Cost: Cents/KWH 5.32 5.80
Sent-Out Cost: Filss/KWH 37.76 41.18




Item Unit Wind
Capacity: MW 20 20 20 20 20
Capacity Factor: % 38% 36% 34% 34% 36%
Life: Years 20 20 20 20 20
Annual Generation (GWh) GWh 66.6 63.1 59.6 59.6 63.1
Discount Rate: % p.a 8% 8% 8% 8% 8%
Total Capital Cost: US$/KW 1400 1500 1400 1500 1500
Total Capital Cost: MUS$ 28 30 28 30 30
Annual Capital Cost: US$/KW 143 153 143 153 153
Annual Capital Cost: MUS$ 2.9 3.1 2.9 3.1 3.1
Levelised Capital Cost: Cents/KWH 4.28 4.84 4.79 5.13 4.84
Total Annual Cost: US$/KW $143 $153 $143 | $153 $153
Total Annual Cost: MUS$ $2.85 $3.06 |$2.85 |$3.06 $3.06
Levelised Annual Cost: Cents/KWH 4.3 4.8 4.8 5.1 4.8
Fuel Cost: Cents/KWH 0.0 0.0 0.0 0.0 0.0
O&M Cost: Cents/KWH 1.7 1.7 1.7 1.7 1.7
Total Variable Cost: Cents/KWH 1.7 1.7 1.7 1.7 1.7
Generation Cost: Cents/KWH 6.0 6.5 6.5 6.8 6.5
Generation Cost: FilssfKWH 42 .4 46.4 46.0 48.4 46.4
Internal Consumption: % 4.0% 4.0% 4.0% 4.0% 4.0%
Sent-Out Cost: Cents/KWH 6.22 6.47 6.75 7.10 6.81
Sent-Out Cost: Fils/KWH 4418 | 4594 | 47.91 | 50.44 | 48.33
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Item Unit Steam CC Coal | Deisel
Capacity: Mw 300 370 400 16
Capacity Factor: Internal Consum 85% 90% 85% 90%
Life: Years 30 25 30 25
Annual Generation (GWh) GWh 2233.8 2917.1 2978.4 126.1
Discount Rate: % p.a 8% 8% 8% 8%
Total Capital Cost: US$/KW 1250 850 1450 1100
Total Capital Cost: MUS$ 375 315 580 18
Annual Capital Cost: US$/KW 111 80 129 103
Annual Capital Cost: MUS$ 33 29 52 2
Levelised Capital Cost: Cents/KWH 1.49 1.01 1.73 1.31
Heat Rate KcallKWh 2388.89 1954.55 2529.41 | 2047.62
Fuel Cost: 7.96 6.52 3.79 6.83
O&M Cost: Cents/KWH 0.03 0.03 0.08 0.05
Total Variable Cost: Cents/KWH 7.99 6.55 3.87 6.87
Generation Cost: Fils/KWH 56.76 46.48 27.49 48.79
Internal Consumption: % 4.0% 2.5% 8.0% 3.5%
Sent-Out Cost: Cents/KWH 8.33 6.71 4.21 7.12
Sent-Out Cost: Fils/KWH 59.13 47.67 29.88 50.56
Coal Cost- $/Mkcal 15
LNG Cost- $/Mkcal 33.34
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Item Unit NPP Oil Shale
Capacity: MW 1000 277
Capacity Factor: % 90% 85%
Life: Years 60 28
Annual Generation (GWh) |GWh 7884.0 2062.5
Discount Rate: % p.a 8% 8%
Total Capital Cost: US$/KW 6000 4700
Total Capital Cost: MUS$ 6000 1302
Annual Capital Cost: US$/KW 485 425
Annual Capital Cost: MUS$ 485 118
Levelised Capital Cost: Cents/KWH $6.15 $5.71
Heat Rate Kcal/KWh 2687.5 2606.1
Fuel Cost: Cents/KWH 1.301 1.149
O&M Cost: Cents/KWH 0.1537 0.5712
Total Variable Cost: Cents/KWH 1.5 1.7
Total Generation Costs Cents/KWH 7.6 7.4
Generation Cost: Fils/KWH 54.0 52.8
Internal Consumption: % 6.0% 15.5%
Sent-Out Cost: Cents/KWH 8.09 8.80
Sent-Out Cost: Fils/KWH 57.43 62.45
Fuel Cost:-Oil Shale $/Mkcal 4.41
Fuel Cost:-NPP $/Mkcal 4.84
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Item Unit GT
Capacity: MW 100
Capacity Factor: 10%
Life: Years 20
Annual Generation (GWh) GWh 87.6
Discount Rate: %pa 8%
Total Capital Cost: US$/KW 680
Total Capital Cost: MUS$ 68
Annual Capital Cost: US$/KW 69
Annual Capital Cost: MUS$ 7
Levelised Capital Cost: Cents/KWH 7.91
Heat Rate Kcal/lKWh 5733.33
Fuel Cost: 19.11
O&M Cost: Cents/KWH 0.16
Total Variable Cost: Cents/KWH 19.27
Generation Cost: Fils/KWH 136.84
Internal Consumption: % 4.0%
Sent-Out Cost: Cents/KWH 20.08
Sent-Out Cost: Fils/KWH 142.54
Coal Cost- $/Mkcal 15
LNG Cost- $/Mkcal 33.34

Aladiy 5 100 Aelkinhy gHle nosi sl bm s Ghlial pég o)

AT 5 a0l d8lall Glas g Q0N VA dgal gal g0 10 Jsiie Jread (5 sia

A Aasall la Jullyy | odlel Jsandl 8 (pae s LS Alsa . 5. UK i 20
87.6"20 = s\l sl Jedil (5 el G 5l

s Y9 05le 17.52 =



A8l (e e f Aalt sanatial) A8l jalias (pe 4l jeS Adla o Hd dam Auleds CadlSi o
A el die Cua ¢ ) el alaill b dlals Alladl oda 5 ¢ saulill ad gl
Lgaadidd s sl ad il Clas 5 e Jpanil) A (8 520l 48U
= dpwedll A8l e ol ad gl &)+ LN A8 e laad g adgid) A8
650.8+569.5 =0.23*8760%323 +0.33*8760*197

oz 12203 =

(00 5. 8120) s (s Aajall Jland Craa saaaiall &l ol AdSS
12*650.8+16.9%569.5 = (. 5./ 1885)z Ly

7.81+t9.6 =

Woosnk1741 =
doas A8l jaliae (e Lealiil &8 6l Lad daatial) A8l jalias (e 3] gal) A8 241

10 (o5 oB70Y0nlEl)  ilad) (e dil,eSl dlhl ZU WS Jue aly
Y50 0sale 12.2=1220.3%10 = 4Kl oo JalS ) (sl G, 5, i

b 5 a3 yileall oda g A iil) cilaa gl e Jreaill (mliai) dag Alads jilud ¢
%100 Ge Jpenill (s dagih BlSl) AT Cum ¢ 4 5al 3500 Gy Jandss Alls
@b ¢ el 3y U Cany (a1 g 5. JSD ) SIS 468 2 5am %50 )
488 = 1220 *0.4 Aasiyy Al (0 %40 dansdy gl ¢ 4l (e Ledl 5558 Bl

T
NS () sale 228324=1000000%468 * L. 5.z 488 Jrenill (muds el

Ole7.6= dreadll (s AalS5 8 ¥ 0 334 oIS ale IS 4SS Hliely
DSl ¢ ganad Gadle LS (5 sl HY 50

(LY 50 (sale) dalill il
17.52 o 5.z 87.6 sl e 3] gall ABLL) 4815
(s lial )l
17.41 w.5.z 1220.3 Baaaial) 48Ul Al 65 ans
12.2 w.5.z 220.31 Aadal) el gadanl) ol ) A4S
5.21 sa0atall A8lall o)y A yiledll
7.6 o Jraadll (mlad) dagm il
o0 Y508 468 &l gl las




48Ul &JW&A&JJ& &jﬂ\‘gdﬂ\ Qmuiﬁ 3.}4#\ 43Ul &Jlﬁuh,uu\)&a
. Apas)

Jlaa¥) cilad i Ao ol Jall A8 8w gill 5 Apalal) AUl oy jlie ALY dagladill oy
Cras Ay stlaall Apaglil) A8y JLiia ams pan oy iy ¢ G e Sl e AL 1S
Juaa) 43l bl g gyl iy Cus ¢ liall oda oy )l Jail A5 cilalgal
W jliie) &y V5 4l S Al jaaeS b e ) abd saaaiall d8Ua ay jlie Lal | 4l
feguy el gl o adiais dakaiia WY Tkt A6l Jlal) dealse
g sl dad b Lo slaie ) (e a6 jaliaeS W e ] oSay Y @l 5 il 21 )
358 ) zliad 2Ll Al ay jlie Lua sead 5 saaaiall Akl ay jlie of LS 2l 5l b
dpead) A8l jliie Lel ¢ Gl sin 5o 3 3aal dasall adgall L ZLL e jul Ll
Aty Ll A8 s jlie o WS | Baaly diw sadl el g shandl a8 8y S
s Baaaiall Al ay jliie oLl Aty Laisy Jlaal) S el 65 Lo a8 0 oS5 Cumy L)
Sl e il (aky Gl el ¢ sl sl Al je 2l de e Sl S a8 sal

Al Sl Jlaall e sl

gl GSLE G Gua )l IS8 Gk e i ad g g jlia Jay dale b Y
Ga L) dgal sal A 5l 28U b 55 daga (Ve il yeSl) Jlaa¥) dgal ga dima p
LilSes e 3 a alaabys saaaie 2la a lie Jayy el ¢ Atk g1l oy e AS 55 A g asa
Gllia ol e il s o ey 4iSal saad ddll Cail gal) Ay e 2l [id
plaa¥ s ki a ) ill A e )l A e 5 ke (g e alhal dagSall gl 4a s

ISE s3gd dulie

Lo ulEl) gl Ay jldia e 4 jl8a Badatiall AUl ag il AiEl) ciadaal) -

LS5 ALl Al oy )1 ASEN ) gy o p22a%al) A8UA]) ay jliial Al Claasall any
Dok

ol Jpaall 8 (e s oS 2 il 3 gas

51.5Hz < Freq .5s
47.5 Hz < Freq £ 51.5Hz Continuous Operation
47.0Hz<Freq<47.5Hz 20s
Freq<47.0 Hz .5s




132 kV system
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118.8 kV (-10%) to 145.2 kV (+10%)

33 kV system

29.7 kV (-10%) to 36.3 kV (+10%)
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120 £ V No Time Delay
115<V <120 .2s
110<V <115 60s*
90<V<110 Continuous Operation

80<V <90 180s*
0< V<80 0.25s to 2.5s per LVRT graph
V=0 255
Line-to-line voltage
level in % of
Nominal
120 - HVRT
115 - 0-25_ . requirement
110 - 60s minimum
105 - Disconnection Continuous
100 4 permitted Disconnection
95 -~ >
90
85 - 180s minimum
80 -
75 4
70 7 lr_gRL-Jrirement
65 - quire
60 -
55 4
50 T T T T T T T T T T 1
46.5 47 47.5 48 48.5 49 495 50 50.5 51 51.5 52

Frequency in Hz
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Instant of Fault

Per Unite Voltage at the PCC (V/Vm)

Time in seconds

Occurrence
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Positive sequence
voltage at
fundamental
frequency in p.u.

1.3
Border Line

1.2 \
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i
I \
I Typical voltage

A hehavior

I
|
|
I
|
|

0.8
0 0.2
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Instant of Fault Occurrence

60 Time in seconds
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Positive Sequence
fundamental frequency
reactive curent

— Aigy Big,in p.u
atn:ky; = o 2p.u 1.0

0.5

0D
A*D

-
o7

/ Positive Sequence

I fundamental frequency

1 08 46 -0 : 0

Current injection for |
voltage support__-~

(capacitive) L3 -
e 24 4
2.5 -

0.2 0.4  voltage drop/rise
AV,in p.u.

must be possible over 0.5 s
1.2{minimum requirement; more
current injection is desirable)

t 10% Deadband during Normal Operation
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