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Total cost M$ | Cash Flow M$ Sum M$

High case without Wind 100 254305.8 11411.04 265716.84
High case with Wind 100 233937.3 12950.51 246887.81
Ref case without Wind 100 226879.7 9595.89 236475.59
Ref case with Wind 100 205598 11633.08 217231.08
Low case without Wind 100 196529.5 5402.87 201932.37
Low case with Wind 100 176844.4 6860.37 183704.77
High case without Wind 80 240059.4 11411.04 251470.44
High case with Wind 80 220069.1 12950.51 233019.61
Ref case without Wind 80 213196 9595.89 222791.89
Ref case with Wind 80 192515.3 11633.08 204148.38
Low case without Wind 80 183605.7 5402.87 189008.57
Low case with Wind 80 164200.8 6860.37 171061.17
High case without Wind 70 232856.7 11411.04 244267.74
High case with Wind 70 213057.6 12950.51 226008.11
Ref case without Wind 70 206278.5 9595.89 215874.39
Ref case with Wind 70 185901 11633.08 197534.08
Low case without Wind 70 177071.9 5402.87 182474.77
Low case with Wind 70 157809.2 6860.37 164669.57
High case without Wind 65 229246 11411.04 240657.04
High case with Wind 65 209543 12950.51 22249351
Ref case without Wind 65 202811 9595.89 212406.89
Ref case with Wind 65 182585.5 11633.08 194218.58
Low case without Wind 65 173796.5 5402.87 179199.37
Low case with Wind 65 154604 6860.37 161464.37
High case without Wind 45 214946.9 11411.04 226357.94
High case with Wind 45 195623.1 12950.5 208573.6
Ref case without Wind 45 189076.9 9595.89 198672.79
Ref case with Wind 45 169454.1 11633.08 181087.18
Low case without Wind 45 160824.5 5402.87 166227.37
Low case with Wind 45 141913.5 6860.37 148773.87
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[11] aym & Uty sst 1 3bladl ) A8 s Slilars (4-1") J g
ANNUAL WIND
SPEED .
Altitude
AVERAGE MAX SITE NAME AREA LOCATION M

m/s m/s
8 23.3 SINDIANAH1-2 HOMS E 265,673 N3844,438 545
515
7.8 24.03 QUTINA E 36°36.857' N34°40.216' 505

HOMS
7.7 23.29 JANDAR E 36° 46,286 N 34° 28.397 750
7.6 22 ALHARA DARAA E 35°59.371' N 33° 03.609’ 998
7.18 24.22 ALSUKHNA HOMS E 38°49.86 N 34° 52,175 537
DAMASCUS o o ,

6.7 25.14 ALHIJANA SUBURB E 36°41.939 N 33°22.637 602
6.6 23.7 GHABAGHEB DARAA E 36° 15.801 N 33°12.30 760
6.3 19.91 THAWRA RAQA E 38°30.44’ N 35° 48.63 360
6.28 21.48 EDLIB EDLIB E 36° 38,981 N 35° 58.889' 386
6.2 23.87 NABE ALFOAR QUNITRA E 35°56.68 N 33° 14.04 935
6.2 2457 ETHRIA E 37°49.575' N35° 22,163 480
6.18 22.63 PALMYRA HOMS E 38° 14.286" N 34° 33.879’ 473
6.1 24.67 HASIA E 36° 47.956' N 34° 20.106’ 960
5.8 22.78 TIAS E 37°42.421 N 34° 32,591 562
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[11]awendt & awldll 2 b 3 Sl pod Gy gt Yl (4-2)J ged!

Month data 40m 10 m
Recovery Avg Avg
Nov 05 4% 7.8 7.1
Dec 05 100% 4.2 3.7
Jan 06 93% 5.2 4.4
Feb 06 100% 55 4.8
Mar 06 100% 7.0 6.1
Apr 06 100% 7.8 6.9
May 06 100% 8.1 7.1
Jun 06 100% 9.6 8.6
Jul 06 100% 115 10.4
Aug 06 100% 8.1 7.1
Sept 06 100 % 8.2 7.3
Oct 06 100 % 5.3 4.6
Nov 06 70 % 5.1 4.4
Avg. 7.18 6.34
Monthly wind speed
Al Sukhna
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w 8 —0m
E 6 —10m
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4 1—=
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Month data 40m 10 m
Recovery Avg Avg

Oct 05 25% 3.6 3.1
Nov 05 100% 4.2 35
Dec 05 100% 34 2.8
Jan 06 100% 4.8 4.0
Feb 06 100% 5.2 4.3
Mar 06 100% 51 4.2
Apr 06 100% 6.1 49
May 06 100% 5.0 4.1
Jun 06 100% 5.9 4.8
Jul 06 100% 7.3 5.9
Aug 06 100% 5.9 4.8
Sept 06 100 % 4.5 3.6
Oct 06 100 % 3.8 3.1
Nov 06 75 % 3.7 3.1
Avg. 5.08 4.15

Monthly wind speed
Tias

A\ -

AV =

[m/s]
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I8 'sgssss’ Observed wind climate

kEE
Data from 40 metres a.q.l. Latitude: 34,88, Longitude: 35.8

30,09 Sector: all

A4 8.3m)s
ki 1.74

L 7.39 mys
P: 551 Wm?

| [Gpeed 7.00-6.00 mys: 6.3%)

iEAR

I8 *ttijaass’ Observed wind climate

ttiiaass
Data From 40 metres a.g.l. Latitude: 34,54, Longitude: 37.72

Sector: Al
A4 5.9m/s
ki 1,91

L 5.19m/fs
P: 172 W/m?

FL%:] [speed 7.00-6.00 mfs: 8.5%]

20.0% '
. s 20,00
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‘Wind atlas 1° Wind atlas

R-class 0 R-class 1 R-class 2 R-class 3
(0.000m)| (0030m)|  (0.100m)| (0,400 m)
Height 1 s g.24 5.82 5,03 4.00
2= 10m) |'Wim2 751 291 191 9z
i 3 |
Height 2 | m/s 8.99 6.87 6.18 5.21
{z=25m) [Wim? a5l 456 333 196
Height 3 | mjs 9,59 7.75 7.12 6.19
{z=50m) [Wim? 1149 627 451 316
Height 4 s 10,28 .92 g.24 7.3l
2= 100 )| W m? 1416 G745 693
[ J{
Height 5 my's 11.14 10,50 Q.70
(z = 200 )| W im? 1aa7 1405 1106
1600 Sector: all
i L 8.64 mjs
P 778 W m?
FL%a]4
L=t DID T T T 1
i 0 u [myfs] 25.00
-

[25] jow—isadt ddlad o8l £ 4 J1 bl (4-27) JSC2d)

‘Wind atlas 1" Wind atlas

B=1ES

R-class 0 R-class 1 R-class 2 R-class 3
(0L000m)|  (0.030m3|  €0.100m)| (0,400 m)
Height 1 my's 5.65 3,96 3.45 2.7
fz=10m) |W/mz 223 58 55 28
Height: 2 my's 6,22 4,74 4.26 3.58
fz =25 m) |W/m? 283 140 102 61
Height 3 mjs 6,69 5.49 5.00 4,32
fz =50m) |W/m? T4 195 150 99
Height 4 mjs 7.25 6,51 5.96 5.21
{z = 100 m) |w)m? 450 31z 236 156
Height 5 s a.01 g.10
{z =200 m) | im? 6358 621
iy Sectar: All
I 6,37 m/s
1 Pr 292 Wim?
f[%%]
o 0.0 T ; : .
20 0 u [rafs] 25.00

J
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[24] Jotdt g dusendt A Ll il el @ 3 ,W1(4-3) Jgus

Name Type_ of Hub Cap Production
Turbine Hight (MW) GWh
Vestas v80 67 2 167
Vestas v63 60 1.5 128
Tias Bonus 76 60 2 147
Bonus 62 60 1.3 140
Nordex N60 50 1.3 112
Vestas v80 67 2 325
Vestas v63 60 1.5 294
Sokhna Bonus 76 60 2 309
Bonus 62 60 1.3 307
Nordex N60 50 1.3 275

Wl il ¢y Gl Lege el 3930 ld ol B OF Ll Jgdd) e S

A il e T i L Lz VB UL sl

ST, 0S5 o W dad) 35l LS ISST diladll il o dtl 55900 1) §,LaY1 a4
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Ll

(2MW e Js" 2250 ) L00MW ety il & 34 3oy 50 slti) & 43 o1 ol b
Jots oo [30,4,11] 1800$/KW 5711 bty ST adlSn 5 Lgsles) o2y anw U] 7 limss
S e W g G200 et ol wdtidl lubllly 25al) JleeY) BT 4500 s
1800*100,000=180 Million$ :zs, b1 sib alay) denldl

-l sl 01y [4] 9 cent €/KWhH s #U 01 e amll el oS0 ALl adi OF jLzely
zl g slmY b eS8 54 2l (2009 sle Talerano wis i a2 ) (254

Lot b S e e AL A OB L e 3
Vyear = 326000 x 0.09 = 29.34 Million €
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42.38 Million $ s
Dol maN) 85 0SS L

fi bl 3L jlae) Oy -

. C i 180
Recovery period = 22 = = 4.24 year
Vyear  42.38

2 el S jlesl e -
Cproject = Co X axn g aliailsy 1=6% 2 ,ali sl Jaxs 24
Lay 58Ul Jaes el e dx g5 @NNUILY factor ¢ edl =0l s fa e
Ng sl ey ¢ 0.0782 syl
Cproject = Co % a % n = 180,000,000 x 0.0782 x 25 = 351.9 Million $

Cproject _ 351.9

Recovery period = = 8.3 year
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changing number of units of
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Case Message
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Common Case Data

First Year of the Study |2007
Last Year of the Study ,W

(Max. number of wears, including
first and last years, iz 30)

Number of Periods in each Year |4

(Max. number of periods is 12)

Number of Hydro Conditions |5

(Max. number of hydro conditions is 5)

Probabilities of Hydro Conditions
[t.ooon | | | [

[Sum of probabilities must be 1.0]
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Low Ref High
2007 6566 6566 6566
2008 6675 6675 6675
2009 6900 7000 7200
2010 7400 7600 8500
2011 7900 8100 9000
2012 8500 8700 9700
2013 8900 9200 10200
2014 9400 9800 10900
2015 9900 10500 | 11500
2016 10400 | 11200 | 12500
2017 10900 | 11900 | 13300
2018 11500 | 12450 | 13900
2019 12000 | 13100 | 14600
2020 12500 | 13750 | 15300
2021 13000 | 14600 | 16300
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Candidate Thermal Plants:

IFDIS

Hydro/Pump
Storage Plants

Characteristics of Thermal Plant: IFDIS

Walue -
Min. operating level (MWw] 100, |
fam. generating capacity [kwe] 3000
Fuel Tupe [index] L
Heat rate at min. operating level [keal/kiw'h] 22ah
Ayg. incremental heat rate (keal/kwh] 1827, ;I
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CONGEN_Optimization Expansion Analysis Data
Critical Hydro Condition

Print Fixsys and Varsys Information? [

Year |[2022
Candidate Plants

2 s | e i e [ |

IrResenle Margins

Previous Year:@_'! Ho of units of each candidate plant
inimurmn Mumber j
o comn o o |
Tunrel width
_ N IS N XN O N |
Current Year: W Ho of units of each candidate plant

D e i W Wl W
FoF F F F
Previous Best Solution Year W
"No of Units

" inimum Mumber

_--EI--EI-

NAME FOIS NGCC | GT | SMCC | DIES | WIND | SOLA
NO OF UNIT 0 0 0 0 0 0 0
Min. Load (MW) 100 250 30 150 70 20 100
Max.generation capacity in | 4, 750 | 150 | 450 | 210 | 100 | 100
each year ( MW)
Heat rate at Min. operation |, 55 2266 | 2540 | 2314 | 4000 0 0
level kcal/kwh
Ave. incremental heat rate 1897 1425 1800 1590 2400 0 0
(kcal/kwh )
Dome_st_lc fuel cost 0 0 0 0 0 0 0
(c/million kcals)
foreign fuel t (c/ milli
SR ”ic‘;‘l)j) (©/million| 1 e00/0821 | 8487 | 8487 | 8487 | saae | O 0
Spinning reserveas % of
uint capacity 10 10 10 10 0 0 0
foresed outege rate % 4 4 4 4 4 2 2
schedulad maintenance 30 16 15 30 15 15 15
dayes per year
fixsed O&M cost ($/kw - 5 12 0.7 0.9 195 0.01 0.01
month )
variabel O&M cost (¥MWH ) 3 2.2 1 2 1 0.02 0.02
HEAT VALUE (kcal / kg ) 9000 9000 | 9000 | 9000 10000 0 0
Pollutant emission (as
default so2 ) (%owt. of fuel) 4.9 0 0 0 0 0 0
Pollutant emission (as
default Nox) (%wt. of fuel) 286 230 230 230 230 0 0
oMSadl Was 836 =D
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Name Depreciable capital Plant Life IDC % CT?::]?
cost ($/KW) Years
Years

FOIS 1883 40 - 10.8 3

NGCC | 900 i 30 . 108 : 3 |
GT | 737 25 731 2 |
smcc | 737 25 731 0 2
DIES | 325 40 371 1
WIND | 1800 [ 25 3T 1
SOLA | 4400 i 25 371 1|
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PEAK | FIOS |NGCC | GT | Wind | CC450 | Diesel | TOTAL
Year | FIXSYS | LOAD 300 | 750 150 100 450 210 | Capacity
[MW] [IMW] | [MW] | [MW] | [MW] | [MW] | [MW] | [MW] | FIX+NEW
2008 | 7845 6675 7845
2009 | 7995 7000 7995
2010 | 8406 7600 8406
2011 | 9133 8100 9133
2012 | 11414 8700 11414
2013 | 12825 9200 12825
2014 | 13786 | 9800 13786
2015 | 13797 | 10500 13797
2016 | 13808 | 11200 13808
2017 | 13819 | 11900 13819
2018 | 13795 | 12450 13795
2019 | 14936 | 13100 14936
2020 | 14866 | 13750 450 15316
2021 | 14866 | 14600 150 630 | 16096
2022 | 14866 | 15100 450 16546
2023 | 14761 | 16000 1500 17941
2024 | 14761 | 17000 | 600 18541
2025 | 14122 | 17800 | 300 | 750 | 150 19102
2026 | 13696 | 18700 | 300 | 750 210 | 19936
2027 | 13036 | 19450 750 150 450 20626
2028 | 13036 | 20250 | 300 450 210 | 21586
2029 | 13036 | 21000 750 210 | 22546
2030 | 13036 | 21800 | 300 150 22996

152 2030 38 o ool S Wlotsl (ol 1 llad e JSU sutall a2zl

Plant

FOIS

NGCC

GT

SMCC

DIES

No.
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PEAK | FIOS | NGCC | GT | wind | CC450 | Diesel TOTAL
Year | FIXSYS | LOAD | 300 750 150 100 450 210 Capacity
[MW] | [MW] | [MW] | [MW] | [MW] | [MW] | [MW] | [MW] | FIX+NEW

2008 | 7845 | 6675 7845
2009 | 7995 | 7000 7995
2010 | 8406 | 7600 8406
2011 | 9133 | 8100 9133
2012 | 11414 | 8700 11414
2013 | 12825 | 9200 100 12925
2014 | 13786 | 9800 100 13986
2015 | 13797 | 10500 100 14097
2016 | 13808 | 11200 100 14208
2017 | 13819 | 11900 100 14319
2018 | 13795 | 12450 100 14395
2019 | 14936 | 13100 100 15636
2020 | 14866 | 13750 100 15666
2021 | 14866 | 14600 150 100 15916
2022 | 14866 | 15100 300 100 16316
2023 | 14761 | 16000 150 | 100 900 17361
2024 | 14761 | 17000 750 100 18211
2025 | 14122 | 17800 1500 100 19172
2026 | 13696 | 18700 | 300 100 210 19566
2027 | 13036 | 19450 | 600 750 100 | 450 210 21016
2028 | 13036 | 20250 | 300 750 100 | 450 22616
2029 | 13036 | 21000 750 150 100 23616
2030 | 13036 | 21800 100 23716

152 2030 38 o ool S Wlotsl (ol 1 llad e JSU sutall a2l

Plant | FOIS | NGCC GT SMCC | DIES wind
No. 4 6 5 4 2 18
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PEAK | FIOS | NGCC| GT | Wind | CC450 | Diesel | TOTAL
Year | FIXSYS | LOAD | 300 | 750 | 150 | 100 | 450 | 210 | Capacity
[MW] [MW] | [MW] | [MW] | [MW] | [MW] | [MW] | [MW] | FIX+NEW

2008 | 7845 6675 7845
2009 | 7995 7200 7995
2010 | 8406 8500 150 8556
2011 9133 9000 9283
2012 | 11414 | 9700 11564
2013 | 12825 | 10200 12975
2014 | 13786 | 10900 13936
2015 | 13797 | 11700 13947
2016 | 13808 | 12500 13958
2017 | 13819 | 13300 210 14179
2018 | 13795 | 13900 450 | 210 14815
2019 | 14936 | 14600 | 300 16256
2020 | 14866 | 15300 | 300 | 750 17236
2021 | 14866 | 16300 750 17986
2022 | 14866 | 16800 150 210 18346
2023 | 14761 | 17800 | 300 | 750 19291
2024 | 14761 | 18900 150 900 20341
2025 | 14122 | 19800 | 300 | 750 | 150 210 21112
2026 | 13696 | 20800 1500 22186
2027 | 13036 | 21700 | 300 | 750 | 300 210 23086
2028 | 13036 | 22500 150 450 23686
2029 | 13036 | 23400 900 24586
2030 | 13036 | 24200 750 150 25486

155 2030 24 > Jual S Ults] Conl gl el e ST saal) epna s

Plant | FOIS | NGCC GT SMCC | DIES
No. 5 8 8 6 5
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PEAK | FIOS | NGCC | GT wind | CC450 | Diesel | TOTAL
Year | FIXSYS | LOAD | 300 750 150 100 450 210 | Capacity
[MW] MW] | [MW] | [MW] | [MW] | [MW] | [MW] | [MW] | FIX+NEW
2008 7845 6675 7845
2009 7995 7200 7995
2010 8406 8500 150 8556
2011 9133 9000 9283
2012 | 11414 | 9700 11564
2013 | 12825 | 10200 100 13075
2014 | 13786 | 10900 100 14136
2015 | 13797 | 11700 100 14247
2016 | 13808 | 12500 100 14358
2017 | 13819 | 13300 100 14469
2018 | 13795 | 13900 100 14545
2019 | 14936 | 14600 150 100 15936
2020 | 14866 | 15300 300 100 420 16686
2021 | 14866 | 16300 750 100 17536
2022 | 14866 | 16800 | 300 100 17936
2023 | 14761 | 17800 | 600 750 100 19281
2024 | 14761 | 18900 750 100 20131
2025 | 14122 | 19800 750 100 450 210 21002
2026 | 13696 | 20800 | 300 100 900 210 22086
2027 | 13036 | 21700 750 150 100 450 22876
2028 | 13036 | 22500 750 100 23726
2029 | 13036 | 23400 | 300 100 450 24576
2030 | 13036 | 24200 300 100 420 25396
158 2030 24 > Jual S Ults] ol el e ST sl epna
Plant FOIS NGCC GT SMCC DIES wind
No. 5 6 7 5 6 18
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PEAK | FIOS | NGCC | GT | Wind | CC450 | Diesel | TOTAL
Year | FIXSYS | LOAD | 300 750 150 | 100 450 210 | Capacity
[IMW] | [MW] | [MW] | [MW] | [MW] | [MW] | [MW] | [MW] | FIX+NEW

2008 7845 6675 7845
2009 | 7995 | 6900 7995
2010 | 8406 | 7400 8406
2011 | 9133 | 7900 9133
2012 | 11414 | 8500 11414
2013 | 12825 | 8900 12825
2014 | 13786 | 9400 13786
2015 | 13797 | 9900 13797
2016 | 13808 | 10400 13808
2017 | 13819 | 10900 13819
2018 | 13795 | 11500 13795
2019 | 14936 | 12000 14936
2020 | 14866 | 12500 14866
2021 | 14866 | 13000 14866
2022 | 14866 | 13500 150 15016
2023 | 14761 | 14100 450 420 15781
2024 | 14761 | 14500 150 15931
2025 | 14122 | 14900 1500 16792
2026 | 13696 | 15300 | 300 16666
2027 | 13036 | 15700 | 300 750 17056
2028 | 13036 | 16100 450 17506
2029 | 13036 | 16500 | 300 17806
2030 | 13036 | 17100 750 18556

125

155 2030 24 > Jaal S Ults] Conl gl el e ST sl epna s

Plant

FOIS

NGCC

GT

SMCC

DIES

No.

3

4

1

2




Al el 3 yadl) HUas 8 AL 1) AU aladial (5 g Al yo

:3-35:) oles & JAJ‘\ Z.ghx.? -
o sl ¥ ble¥ g el 0B2013 ple r 2t ) Sllast) Bl o
(4-22) J b g S okl e e o g s 2025 s

ity ol 3 ey Jaisill gyl Jod bt (4-22) J s

PEAK | FIOS | NGCC | GT | wind | CC450 | Diesel | TOTAL

Year | FIXSYS | LOAD | 300 750 | 150 | 100 | 450 210 | Capacity
[MW] [MW] FIX+NEW

2008 | 7845 6675 7845
2009 | 7995 6900 7995
2010 | 8406 7400 8406
2011 | 9133 7900 9133
2012 | 11414 | 8500 11414
2013 | 12825 | 8900 100 12925
2014 | 13786 | 9400 100 13986
2015 | 13797 | 9900 100 14097
2016 | 13808 | 10400 100 14208
2017 | 13819 | 10900 100 14319
2018 | 13795 | 11500 100 14395
2019 | 14936 | 12000 100 15636
2020 | 14866 | 12500 100 15666
2021 | 14866 | 13000 100 15766
2022 | 14866 | 13500 100 15866
2023 | 14761 | 14100 100 15861
2024 | 14761 | 14500 100 15961
2025 | 14122 | 14900 600 | 100 16022
2026 | 13696 | 15300 750 100 16446
2027 | 13036 | 15700 | 300 100 900 17086
2028 | 13036 | 16100 | 300 100 210 17696
2029 | 13036 | 16500 100 210 18006
2030 | 13036 | 17100 | 300 100 18406

155 2030 34 > Jual S Ults] Conl gl el e ST sl epna

Plant FOIS | NGCC GT SMCC | DIES wind
No. 3 1 4 2 2 18
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[26] s 4

C\;ir?g Iﬁi:c? l\zigg hi wind re wind lo win
2030 0.301 0.434 0.125 0.301 0.394 0.272
2029 0.472 0.091 0.426 0.353 0.509 0.065
2028 0.455 0.268 0.198 0.281 0.251 0.051
2027 0.177 0.521 0.226 0.404 0.288 0.207
2026 0.227 0.49 0.346 0.237 0.326 0.38
2025 0.423 0.452 0.035 0.448 0.083 0.581
2024 0.351 0.182 0.386 0.528 0.489 0.309
2023 0.254 0.039 0.093 0.102 0.326 0.04
2022 0.219 0.354 0.348 0.645 0.311 0.018
2021 0.122 0.319 0.036 0.404 0.51 0.015
2020 0.038 0.267 0.018 0.243 0.023 0.015
2019 0.116 0.038 0.015 0.354 0.016 0.014
2018 0.472 0.175 0.023 0.494 0.032 0.015
2017 0.507 0.044 0.015 0.249 0.018 0.015
2016 0.132 0.017 0.015 0.048 0.015 0.014




Al el 3 yadl) HUas 8 AL 1) AU aladial (5 g Al yo

2014 0.015 0.014 0.014 0.015 0.014 0.014
2013 0.016 0.014 0.014 0.015 0.014 0.014
2012 0.032 0.015 0.015 0.032 0.015 0.015
2011 1.746 0.205 0.106 1.746 0.205 0.106
2010 2.347 0.24 0.118 2.347 0.24 0.118
2009 0.207 0.099 0.07 0.207 0.099 0.07
2008 0.055 0.055 0.055 0.055 0.055 0.055

H g il OY L Gl S 4-6-2-4

Sllamal) iy Blally 550 IS5 ol WASP IV il 555 il Ujal LS
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el y g Ay L S Sl gyl o e IS sl Gl Gl Vs 3 4 5
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sy pe 5 3L S Bl 2l o 5 s B ) a5
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Total cost M$ | Cash Flow M$ Sum M$

High case without Wind 100 254305.8 11411.04 265716.84
High case with Wind 100 233937.3 12950.51 246887.81
Ref case without Wind 100 226879.7 9595.89 236475.59
Ref case with Wind 100 205598 11633.08 217231.08
Low case without Wind 100 196529.5 5402.87 201932.37
Low case with Wind 100 176844.4 6860.37 183704.77
High case without Wind 80 240059.4 11411.04 251470.44
High case with Wind 80 220069.1 12950.51 233019.61
Ref case without Wind 80 213196 9595.89 222791.89
Ref case with Wind 80 192515.3 11633.08 204148.38
Low case without Wind 80 183605.7 5402.87 189008.57
Low case with Wind 80 164200.8 6860.37 171061.17
High case without Wind 70 232856.7 11411.04 244267.74
High case with Wind 70 213057.6 12950.51 226008.11
Ref case without Wind 70 206278.5 9595.89 215874.39
Ref case with Wind 70 185901 11633.08 197534.08
Low case without Wind 70 177071.9 5402.87 182474.77
Low case with Wind 70 157809.2 6860.37 164669.57
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High case without Wind 65 229246 11411.04 240657.04
High case with Wind 65 209543 12950.51 22249351
Ref case without Wind 65 202811 9595.89 212406.89
Ref case with Wind 65 182585.5 11633.08 194218.58
Low case without Wind 65 173796.5 5402.87 179199.37
Low case with Wind 65 154604 6860.37 161464.37
High case without Wind 45 214946.9 11411.04 226357.94
High case with Wind 45 195623.1 12950.5 208573.6
Ref case without Wind 45 189076.9 9595.89 198672.79
Ref case with Wind 45 169454.1 11633.08 181087.18
Low case without Wind 45 160824.5 5402.87 166227.37
Low case with Wind 45 141913.5 6860.37 148773.87
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e e ol e 2l W oleS” Ol IS G Claa ] BLAYL mab ) 540
24N N ey (SO2,C0L8 W1 o e s I Jae el ) Ui 5y L8l )l & s
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Doba gy leeld 20 B Jlannad Jl- 2 SO 58 0 a5

2 B Just Jio G SO 3 0 b5 (Sl SaSI (4-25) J !

Lva r']\'do V\I/_igd A Ff/f/’i r']\'(f Re Wind | s \|-/|\|/i r'?'g Hi Wind | Jash
2007 | 261.760 | 261.760 261.760 | 261.760 261.760 | 261.760
2008 | 252.692 | 252.692 252692 | 252.692 252,692 | 252.692
2009 | 255.237 | 255237 256.473 | 256.473 258.704 | 258.704
2010 | 262352 | 262.352 263.650 | 263.650 266.792 | 266.792
2011 | 301.871 | 301.871 303.645 | 303.645 308.338 | 308.338
2012 | 327.106 | 327.106 330.349 | 330.349 342.454 | 342.454
2013 | 331.063 | 327.201 | 4 | 335400 | 331.166 | 4 | 351292 | 349.320 | 2
2014 | 344197 | 336506 | 8 | 351.978 | 344550 | 7 366.465 | 362.286 | 4
2015 | 353.324 | 344617 | 9 | 361985 | 353.825 | 8 371.920 | 366570 | 5
2016 | 360.425 | 349.964 | 10 | 367.492 | 358.267 | 9 377.735 | 373567 | 4
2017 | 366.265 | 354.879 | 11 | 370.781 | 365.347 | 5 380.104 | 376.891 | 3
2018 | 371.886 | 360617 | 11 | 375666 | 368.865 | 7 380.803 | 376.906 | 4
2019 | 376.673 | 366.322 | 10 | 378.178 | 373.818 | 4 | 406.055 | 379.489 | 27
2020 | 378.629 | 369.234 | 9 | 381290 | 375430 | 6 | 430584 | 380.782 | 50
2021 | 380.044 | 371.910 | 8 | 381.955 | 378.145 | 4 | 431.234 | 381.258 | 50
2022 | 381.032 | 373.934 | 7 | 382.136 | 378.964 | 3 | 431.498 | 405415 | 26
2023 | 381.888 | 377.071 | 5 | 382.188 | 379.803 | 2 | 456337 | 415843 | 40
2024 | 382.045 | 377.835 | 4 | 431.623 | 381.001 | 51 | 456.462 | 421.327 | 35
2025 | 332568 | 330.941 | 2 | 406.790 | 352.405 | 54 | 431.535 | 406.612 | 25
2026 | 324.190 | 298.773 | 25 | 398.410 | 368.811 | 30 | 410412 | 398.382 | 12
2027 | 348.930 | 322.851 | 26 | 398.406 | 373.483 | 25 | 423.143 | 398.409 | 25
2028 | 348.930 | 346.811 | 2 | 423.145 | 373.566 | 50 | 423.152 | 398.410 | 25
2029 | 373.670 | 347.309 | 26 | 423.143 | 398.165 | 25 | 425152 | 405149 | 20
2030 | 373.670 | 371562 | 2 | 447.892 | 398.346 | 50 | 443.149 | 423.156 | 20
T&tta' 8170.448 | 7989.356 | 181 | 8667.035 | 8322.527 | 345 | 9087.770 | 8710.513 | 377

2l Bl Jlazad Jl 3 COZ 5 o a5 Sl 01aS01(4-26) J b o oS
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LONO Re No Hi No

Wind LO Wind Al wind Re Wind Al wind Hi Wind Al
2007 | 20804.06348 | 20804.063 20804.0635 | 20804.06 20804.063 | 20804.06
2008 | 18035.41601 | 18035.416 18035.416 | 18035.42 18035.416 | 18035.42
2009 | 18541.64892 | 18541.649 18739.5796 | 18739.58 19185.321 | 19185.32
2010 | 19652.85645 | 19652.856 19999.6279 | 19999.63 21899.06 | 21899.06
2011 | 22108.06201 | 22108.062 22483.77 | 22483.77 24398.412 | 24398.41
2012 | 25064.67139 | 25064.671 25479.1699 | 25479.17 27527.566 | 27527.57
2013 | 27169.79541 | 26802.224 368 27813.4199 | 27540.7 273 | 29901.629 | 29605.88 | 296
2014 | 28741.16943 | 27996.535 745 29597.6943 | 28876.67 | 721 | 31896.111 | 31293.91 | 602
2015 | 29777.23046 | 28770.492 | 1007 31008.791 | 29980.77 | 1028 | 33002.878 | 32102.15 | 901
2016 | 30768.24512 | 29483.654 | 1285 | 32312.5596 | 31038.36 | 1274 | 34880.625 | 33764.07 | 1117
2017 | 31724.72461 | 30184.642 | 1540 | 33646.9751 | 32176.24 | 1471 | 36521.018 | 35009.27 | 1512
2018 | 32781.90283 | 31023.745 | 1758 | 34589.4541 | 32997.31 | 1592 | 37956.972 | 35268.68 | 2688
2019 | 33596.43261 | 31514.485 | 2082 35808.043 | 33933.09 | 1875 | 39964.314 | 36715.45 | 3249
2020 | 34433.67626 | 32121.485 | 2312 37278.292 | 34734.09 | 2544 | 42229.396 | 38006.09 | 4223
2021 | 35483.74511 | 32839.46 2644 | 39370.2656 | 35869.82 | 3500 | 44730.906 | 40195.72 | 4535
2022 | 36621.04004 | 33528.471 | 3093 | 40679.376 | 36718.91 | 3960 | 45931.749 | 41555.22 | 4377
2023 | 37743.46582 | 34070.983 | 3672 | 42706.084 | 38789.7 | 3916 | 48609.024 | 44423.2 | 4186
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Wind Energy Explained - "Theory, Design and Application”
JF.Manwell, J.G Mcgowan and A.L.Rogers - university of
Massachusetts-USA.

Grid Integration of wind Energy Conversion Systems- Seigfried
Heier — Kassel University , Germany - Translated by Rachel
Waddington, member of Institute Translation and Interpreting, UK.
IEA WIND Annual Report- Excutive Summery 2007.

Hannele Holttinen, Peter Meibom, Antje Orths, Frans van Hulle,
Bernhard Lange, Mark O’Malley, - Design and operation of power
systems with large amounts of wind power- IEA WIND Task 25
Final report Phase one 2006-08.

Principles of Engineering Economic Analysis — John A.White,

Marvin H.Agee, Kenneth E.Case.
A Concise Introduction to Engineering Economics — Peter Cassimtis.

GTZ- Feasibility Study for Wind Park Development in Ethiopia
and Capacity Building-2006.
German Wind Energy Association, Wind Energy Market, Vestas

V80.
Jorgen Lemming, Risg DTU- Edward James-Smith, Ea Energy
Analyses- IEA Wind Task 26 Denmark — Madrid-12 January 2009.

Ministry of Electricity-Public Establishment of Electricity for
Generation & Transmission (PEEGT)- Request for Qualification
(RFQ) For Developers/Sponsors Of a 50-100 MW Wind Park
Independent Power Producer (IPP) Project through International
Competitive Bidding (ICB) -Damascus-November 2009.

IAEA.- Wien Automatic System Planning(WASP) Package, Vienna,
2006.

Computer Program: WASP 8.1- Denmark .

Computer Program: WASP IV- Wien- Austria.

Computer Program: Global Mapper.

www.wasp.dk.

www.enea.it ENEA — Nuclear Power-Monti Simbolotti- 2009.
www.ewea.org Wind Energy Economics- 2009.

NREL-Wind Powering America-Larry Flowers-2009.
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Master’ s Brief

Feasibility study for using Wind Energy in the
Electric Power System

Prepared by
Eng. Sana Samuel Al-Ibrahim

Directed by Associated Advisor

Dr.Eng.M ohamad Saleh Al-Ayoubi Dr.Eng. Khaled AIHomsi

A study prepared to get the Master’ s degree at electric power systems-
Electric Power Engineering Department-Mechanical and Electrical
Engineering Faculty-Damascus University

The scope of the study :

1-study the tow chosen sites of Al Sokhna and Al Tias in Syria For
constructing wind parks there and evaluate the electric power that can be
annually produced.

2-Studay the optimal futuristic expansion of the generation system in Syria,
according to specific scenarios and show effect of wind power penetration
on the result of this study.

3- Analyze the result and show the feasibility of wind power penetration by
accomplishing as economic comparison between the two cases of existing
wind parks and without them.

The Preparation of the study:

1-A study based on references was done about the different types of the
electric plants, then concentrating on wind parks among other types of
renewable energy plants, and viewing the state of wind power through the
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world and its contribution in the electric generation in many countries in the

world.

2- Viewing some basics for economic evaluating of electric power systems.

3- Data and information, about the electric power system in Syria, has

collected the ministry of electricity.

4- collecting data of the measured wind speed in Syria with the help of the

National Center of Energy Researches(NCER)

5- Understanding and using computer programs which were :

- Wind Atlas Analysis and Application Program (WAsP8): which is

used to estimate the possible energy production from a site of a wind
park, and it's also can be used to find the regional wind atlas of a

specific area starting from the measured wind data.
In this program, we need a digital map of a site and another program 'Global

Mapper' has been used to open a digital map of Syria, and the proposed site
Is chosen, saved as .dxf file to opened later by the annex program " WASsP
Map Editor".

After getting this stage, we can put a form of the proposed wind park where
a suitable distance between turbines is taken into consideration in order to
get the highest level of power.

Doing so, we can reach the expected annual productivity.

- WASP IV:" Wien Automatic System Planning"
This program depends on the expected electricity demand in addition to

the data of existed power plants and candidate ones by our plans for the
future service, and the future optimal expansion plan of the generation
system is found depending on economic basics and least cost with
noticing the limits that can be done on the amount and the type of the
fuel and the emissions.

In this research, an economic comparison has been done between two
states: having wind power plants in our electric system and not having them,
through analyzing the results of the both cases during meeting the expected
load according three scenarios of electric demand of electricity, applying
several prices of oil 45$, 653%, 70$, 80$, 100$.

As a result, we reached that using wind parks with capacity of 1800MW by
the end of 2030 can give us an economic savings in the total cost, and
environmental benefits through saving required fuel for the conventional
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power plants and so saving in emission of CO,, in addition to create job
opportunities in our country.

The results were ,as an example of economic savings, it's found that in the
end of 2030:

Total cost M$ | Cash Flow M$ Sum M$

High case without Wind 100 254305.8 11411.04 265716.84
High case with Wind 100 233937.3 12950.51 246887.81
Ref case without Wind 100 226879.7 9595.89 236475.59
Ref case with Wind 100 205598 11633.08 217231.08
Low case without Wind 100 196529.5 5402.87 201932.37
Low case with Wind 100 176844.4 6860.37 183704.77
High case without Wind 80 240059.4 11411.04 251470.44
High case with Wind 80 220069.1 12950.51 233019.61
Ref case without Wind 80 213196 9595.89 222791.89
Ref case with Wind 80 192515.3 11633.08 204148.38
Low case without Wind 80 183605.7 5402.87 189008.57
Low case with Wind 80 164200.8 6860.37 171061.17
High case without Wind 70 232856.7 11411.04 244267.74
High case with Wind 70 213057.6 12950.51 226008.11
Ref case without Wind 70 206278.5 9595.89 215874.39
Ref case with Wind 70 185901 11633.08 197534.08
Low case without Wind 70 177071.9 5402.87 182474.77
Low case with Wind 70 157809.2 6860.37 164669.57
High case without Wind 65 229246 11411.04 240657.04
High case with Wind 65 209543 12950.51 22249351
Ref case without Wind 65 202811 9595.89 212406.89
Ref case with Wind 65 182585.5 11633.08 194218.58
Low case without Wind 65 173796.5 5402.87 179199.37
Low case with Wind 65 154604 6860.37 161464.37
High case without Wind 45 214946.9 11411.04 226357.94
High case with Wind 45 195623.1 12950.5 208573.6
Ref case without Wind 45 189076.9 9595.89 198672.79
Ref case with Wind 45 169454.1 11633.08 181087.18
Low case without Wind 45 160824.5 5402.87 166227.37
Low case with Wind 45 141913.5 6860.37 148773.87

- In High scenario, on a price of 100$/bar, the savings were 18829M$
(aprx. 7.09%).

- In High scenario, on a price of 80%/bar, the savings were 18450M$
(aprx. 7.34%).
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- In High scenario, on a price of 70$/bar, the savings were 18259M$
(aprx. 7.48%).
- In High scenario, on a price of 65%/bar, the savings were 18164M$
(aprx. 7.5%).
- In High scenario, on a price of 45%/bar, the savings were 17784M$
(aprx. 7. 9%).
Whereas the resulting savings from the international tax applied for
reducing the emission of CO,, the savings in the end of 2030 were:

- 639 M$ in the low scenario.
- 688 M$ in the reference scenario.
- 720 M$ in the high scenario.

Finally, it's obvious that investing in the wind power as a one of the
renewable energies, has noticeable and important financial returns, in
addition to developing effective human staff that is capable of earning
experiences in this field so that we can reduce depending on foreign
experience and people, and replace them by national crew, what next will
be reflected on our national economy and our capabilities in many fields.
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