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5.6.3 MNIHEURIHEY 7 MY LTI BT 7 ORI

5.6.1. BLUs62 MU T AHIMEEY 7 b 70O a7 EERL, Paly

N == RCTR L,

Zh o % Appendix 5.6-4 1219 L 1=,

Table 5.6-1 - Critical current for each countermeasure

by same voltage line construction

415V Ovévhead Line. Loss Value = 2,564 ID/KW
existing |current| additional | cost |[critical merit (JD/kmi) for designated current (A)
" line capacit| - new line -| JD/km |curcent| 80 100 140 180 240 280
WASP 270 |WASP 1ckt| 11,250 97 -3,543 792 12,352 27,766 58,112 83,159
AL100 | Amp. [ WASP 2¢kt 22,500 118 | -12,224 -6,444 8,970 29,522 69,983 103,379
mm® | WASP 3ckt| 33,750 | 137 1 -22,190 -15,687 1,654 24,774 70,293 107,864
_ 33KV UndergroundLine  Loss Value = 2,061 JD/KW
existing |current| additional | cost . |critical - merit (JD/km) for designated current (A)
line |capacit] newline |ID/km [current| 280 320 360 - 380 400 440 |
AL 30G| 335 AL300 [50,000] 373 | -21,758 -13,112 3,314 2017 7,637 19,741|
ek || | . S
mm? Amp. |1 AL 400 |60,000| 386 :| -28,357 -18,670 --7,692 -1,719 4,578 18,139
' 1ckt . - L f L :
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Table 5.7-1 Proposilion of Transformer LLoss
Medium / Low Voltage 33415, 117415, 660415 kV

_ (Walt)
Code name | Capacity | Feloss | Culoss Fe Loss Cu Loss Pro. Loss m/c. base (%) | Pro. Loss IMVA base (%)
KWVA | M.value | M. Value] Propaosition | Proposition Fe Loss Cu Loss Fe Loss Cu Laoss
ML50 30 165 888 krel 667 0.644 1.335 0.032 26.693
MLI10O 100 238 1465 359 1063 0.36% 1.063 0.037 10.626
MLZ00] 200 365 1950 463 1853 0.232 0,927 0,046 4633
ML250 250 353 2693 510 2248 0.2 0.89% 0.051 3.597
ML300 300 720 2700} 357 2644 0.186 _ 0881 0.056 2.937
ML31S 35 525 2260 SH 2762 0181 - 0.877 0.057 2734
ML400 400 160 a040] 651 3434 0.163 0.859 0.065 2.146
ML500 500 827 4150 745 4235 0.145 0.845 0.074 1.690]
ML630 630 980 48001 867 5252 0.138 0.534 0.087 1.323
MLE00 L 800 930 6300 1026 6596 0.128 0.825 0.103 1.0
-~ ML1000 1000 1290 8575 1214 8177 0.121 0.818 - 0521 0818
ML1250 1250 1520 9700) - 1449 10153 0.116 L D812 0.145 0.65Q
ML 1500 1500 1600 12500 ) 1683 12129 0.112 0.80% 0.168 0.539
ML1600 1600 1680] © 13100] 1777 12920 0.111 ' 0.507 © Q178 0.505)
: trloss2uls
f Ll S e
Eoo “Transformer Loss -
E 14000
P 12000 y = 7.9049x + 272,09
: R* = 0.9924
10000 o
: j;é 8000 f-4—Fe toss M. Value
s = Cu loss M. Yalue
4 6000 ~-—~Lin¢ar{Cu Loss M Value)
3 L Linear(Fe Loss M_Value}
4000 ¢ y = 0.9386x + 275.3
; R 5 0.9552
! o Le—¥™~ L
0 200 400 600 800G 1000 1200 1400 1600

P

Capacity kVA
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Table 5.7-2 Proposifion of Transfarmer Reaclance

irimp-3.xis

Capacily kYA

5-17

.\!cdium.l Low Voltage 33415, 111415 RTZTE3RY
Codemame | Capacily Impedance (%) M. Value IMVA base (7) Propositien 1MVA base(%)
kVA | rkix T ix weix Core Loss Cu. Loss{r) X
w50 s8] 1771f 3449 68983 0.032 26693 68.548] - .
M1100 o0l 395]  14es| 3.668 £ 36,683 - 0,037 10626] 35024
M1200 00| 38| 097s|  3673f 18.364 0.046 4633 18412
ML250 250 408 1078 4.039 1 16.154 0.053 “3597] * 15.070)
mizco| 300 3.7 oo} 3ss9] 11963 0.056 2937} 12841
M1315 31s 38l omi| 3R 11847 - 0.057 2784|1231
wao] - 00| 33l ea¢] aea 9.053 0,065 2.146]  10.056
M1500 soo]  4as{  0.83] - 4.006 8.132 © 0.074 ‘1690 18385
weo| 60| ag| o762 4638 7.362 0.087 1323 7.005
misool 800 49| o788] 4836 6.045 0.103 1on| 5878
mooe| . 1000] 503 08ss| 4956 4956 o.421 0818 . 5042
Mi1250 1250 sal 07| 5647 4518 0.145 0.650| = 4.374
musoo|  1s00] 55| 0833 5437 3,624 0.168 0.539]  3.928
M1.1600 1600] 62| 0819] 6146 3841 0.178 0.50s] 3789
6
5 i
4t Ceh L
R o —Tmpodanca (%) M. Value ik |
31 -—.--Unesrm'c.bagjg%) c
| vy = 0.0017x + 3.3424
1 o '
0 N T 1 . 1 3 H : i 1 _.A_..,.._
0 200 400 600 800 1000 1200 1400 1600 1800




5.7.2 #iga X b

NEPCO. JEPCO. I DECOMERTGE, ZWH, PLUBVF 1/ 3020
Wi a X b, 2RFRMEE, THERSSANLAGIHIAILTVwE,  ®IF
BORBIZAMI, NEPCO®D I Y bD IR F R -2 | kel D EHA30MH
HHLOEULTIN UL, Sk, WEMDF v /30 7 DREHIT A ID/KVA CH 5,

Z Do 2 R b, Appendix 5. 7- ISR Ui,

o o o | 100,000 US$/kn
“Qverhead Transmission Line | 132kV:Double Circuit Material = ':60%
' o Construction: 40§

132/33kV; 3X40 MVA 1,070, 000 US$

- Subslation . : : ) -
. : 132/33kV, 2X63 MVA - 900, 000 USS$
- {Malerial t Construction) - _ e :
' ' 132/33kV, 2Xx80 MVA : o1, 200, 000 USS
| /90,000 0

33kV, 1X7.HMVA _(Malefial t

~Constyuction) |
Shunt Capacitor |  O.4KY, 1X100KVA | Malterial = 28286 US$
i ' - : - | Construction - 14 JD

0.4KY, 1X25 KVA | Material  79.6US$
_ | Construction. 144D

Medium Vollage 33 1L 6.6k [Material 9,080 J0/kn

" Overhead line | Construction -4, 205 JD/kn

Total 13,285 Jb/km

|Material 305 I0/pole
| : B - | Construction 75 JD/pale
Low Voltage 0. 4kV | Total - 375 JD/pole

Overhead line: 30-pole/kn | Matlerial :-9,150 J0/kn
I .o .. |Construction. = '
- 2,100 30/kn
Total . 11,250 JD/ka
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0. IDECOMRI b - TF—-FR=X & LTI CES LDOTH B,
(1) Pacility Table _ . —
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’®&ﬂ®ﬁﬁuﬁmbﬁo-MMMHSJQMCR%%qu
: (2) Bcnno Table

" Beono Table REEE. MRBH. 7 — SN E DR R kS S ANV U209 ;;(#5
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AT BB IR AR A iRk D, RBITI I EMNTE B,

CONERT 4 v b RO & U — 2 BHR B ORI E KT 5 &
WTX B, |
O EPHCORRT 4y PEUT BHRKEMEIT 5 Lk D BHOMERE R
CSPLENTED, K S, COMHOREMS LEIAMELE bOTH B,
CERBTOAY 9 bELT, E-ZISOTABBEGRT MR LB . €y B
BIADUE TR BRBRES X CHRNIHHRMORE MY 5 bémrﬁao
RIS 1 COBRMBIRONENE DR MELE bOTE B, |

€ AHHENEN E P C OASI9965E 3 FICTink L BUIBA X b &~ — R4z
A AU, BOHEERE O AL LTHINd AT & & L,

5.8.1 ¥3 Jb?‘_?(:é‘a‘li%’aﬁﬂqﬁﬁia A k(l_on_g-run marginal cost)

Talby s Ciiﬂﬁ&qmﬁ--]x Fé& LTy kbh A S BMarginal Bnergy Coslé:
KWRKEL B4 BMarinal Capacily CostENE P CORBOWCHEL TS,
- Marginal Energy Cost& id. B§RIH%I(Peak Tine, Mid-Peak Tine, Off-Peak Tinme) .
ST A RAERONN &1 0 OMHILEMNVC, BBEREMICEILALIA LTS
~ Marginal Capacily Coét&:lah i i”l.‘afﬁfﬂi’f?‘ﬁﬁﬁi—‘lf—) ) (HARY— E’V%’éfﬁ;i_
;b)&%ﬁ%ﬁm%®@ be%ﬁﬁHWﬂ%lﬁﬁthbeﬁﬁo |
umﬁﬁmﬁllb®ﬁM$m%hH9581uﬁﬂo

Table 5.8-1 Dimensions for calculating long~run marginal cost

| S GBS
BEDIGE | RMSEE | @ R | V-t
19968 | 20054 | 10.0 ) | 0.71 (UDAUSS)
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Table 5;8-1 Dimensions for calculating long-run marginal cost (cont'd)
| EEE
Peak Time Mid-Peak Time - Of[ -Peak Tlmc

Froxy Plant : Gas Turbine Steam + Diesel | Steam & N.Gas
Fuel Used Diesel Heavy Fuel Dil | Heavy Fuel 0il
Heat Rate (keal/kWih) 3160 2750 2300
Fuel Cost (US$/lonne) 167 79 79
“kcal per kg 10200 9700 9700
Variable 0&M Cosl (%) AN | I 50 | 5.0

(% of Fuel Cosl)_

fagc

£ 2 TS B L

R e

-t | mIE | bwE | ST
Life Years 0 | 4w | s | 2

0&M and A&G Cost (%) Lo 1.0 25 2.5
(& of capital cqst) o B _

NEPCOTH. Table 5.8-1 @A LT, AMO Ansal Narginal Enerey
Cost & Annual Marginal Capacity Cost ’E?IWLTL\%‘)D s :

| - Table 5.8-2 {ZAnnual Marg:nal Bne;gv Cost & Annual Marglnal Capac:ty Cost @

. ';f@%mi‘o | o . o _ .

~ Annval Marginal Energy Cosl. s By FE"II:!X'}}Lr‘c'fii[ﬂ%‘a‘m}’!lf@ﬂz rCHL.

CTWB, i Annual Marginal Capacity Cost 3. TBIL F"“%&Bilf@ﬁﬂi % & Om

Bl :zh@&b 9»beribfw§o“'

Table 5.8-2 Long-run marginal cosl in Jordan

Annual Marginal Bnergy Cost = - e (Umt JD/kWh/?ear )

- Peak Time | Mid-Peak Time | - Off-Peak Time
semigmE | 0.0 i 0018 | 0.0149
EoEs 0 | 00388 .| 00181 | 0.0l5l
GRS 0 | 0 0.0406 | 0018 | 00157
(8 [T 6 0, 0445 - 0.0208 O 0.0168
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Tabte 5.8-2 Long-run marginal cost in Jordan (cont’d)
Annval Marginal Capacity Cost (Unit @ ID/KW/ year)

Generdtion| Transmission & Distribution Total
liv _ MY LY Total

&I i 40.548 | 10.668 10.668 | 51. 204
I IEdR 42,420 | 11.160 | 13. 740 24.900 | 67. 320
SR 46.548. | 12.240 | 15.072 | 25. 40 53.052 | 99. 6

AL ISTRI ORI TADBIEC b 5 L & ATAEDIRVWBEN S B
5.8.2 BHRKOIMBIHORE

$£ﬁcﬁn;&@ﬁﬁﬂ@@@ﬁﬁ%xwaahﬁnof\ +4°. Table 5.8-2 @
NEPCOREMBATZ NENOT, BT R NN OB LB ST

C ORI A b A x@ﬁbhkﬁ%ﬁ#@ﬂ EEOBINAREIRR WD 720
COTRAPELTRILTOA, D% . FHICE 3 RIFRRITIC X b sRob SRt bis
~&whﬁﬁ%ﬁﬁﬂmm%h®ﬁﬂMLJM%#Ek$L% &f\{®%%®wﬁﬁ_
DB NBRET 4y bARBONB I EEN B. | |
22 FEANA X ST, REIRL T B, LVﬁ%iM?%%%@ﬁ%ﬁx

Gy B & BIICEE LT Y ¢ FIEIEEE b IR L GRITHA
$5lE, FIRIEGIA RS L UF v Sy 7 ﬁkﬁﬁbf%h%ﬂ%ﬁmbto
hMeSBBLLV?%mﬁm%mdo L : I
 Mppendix 5.8-10Table | B 2. TALRILY (BIE) ‘ MV,i’\ib"nLL(i'ﬂéH: |
MARHES 50 AT BB OB I 3 5 AR S B '
CE7:0 Appendix 6.8-10Table 3 BLU 4k, THEAMY. LVORKIH 52
PR T2 AL LINC I B o Jmﬁﬁﬁfbéo

U)ﬁ&ﬁ®ﬁhhiﬁﬁﬁ®ﬁxﬁ L S SR

BIAKICHAHE K L 1A, mn&mah@i&ﬁﬁm#ﬁﬁkiéﬁwfﬁ
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COMRPRE D, %I ROKS BB AW CREBORIIEK SR %
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LTHY . BEBH GBIIRBED AUEEHINML < bBHHEROHHN RO AR

5-22



~SHONHTH B, —F b, WHRHEEERRGHHBoRMEGO Rkl T
BML T bOELTRD -1, o

iz, F U 2R AWAB I - 218G, (TROBWHETHIOEUCRY)
RGO RRILA X 1 AH, BARKICBRAET 2+ v /Y & Rz L D RDILRR
BT B0 [PEDOF v Y HHE—RIZRLL I ERTELY, 22T, F 4
10y 5 HEIC L B OEIRAT R DI AT U DA > T O 2 b
EESELE, DD DNEEORIHEERN, IR > TRl REBHET 5 b
COELTRY R |

(2 WmRAEERFEORA

AFARIC BT BORKSIURT 5 &(»J:ofiﬁbélé’\:ﬁ'?'f - Het\ nuﬂ:l,
ok AW & kWh R E R . YD 2 b A xoﬁhm%#M§L@®ﬁm
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' ®§;H ‘-“’i&hll‘#{iﬁs’*ﬁ(ﬁeduced Capacaty Cost) %d\:&fﬁﬂ’d‘éo

~ Reduced Capacltv Cost = : R
Annual Marginal Capacity Cost X B~ Hffﬂ)?éﬁfﬁ%f&ﬁﬁt

712U+ Anaval Marginal Capacnty Cost WHHEZTTS ¥R ADMIERE
!\_J:-::'Cﬁfu\%’)o : .
 HVHREAORBEOBE : 51.204 (J0/KS/vear)
MV R~ OMROWA : 61320 (JD/KY/year)
LV#%«mﬁﬁ@%A:ggs uwwwmn

@%ﬂ‘&ﬁ}h 14§ Faﬁlh{&;ﬁbfhﬁih%%d\:kf}?th § bo

Reduced Energy Loss =
Reduced Power Loss X 8'160 h X Loss Factor (=0. 5783)

7:72 L. Loss factor {dAppendix 5.8- thbbﬁsh%hﬁwnuration
Curve®-Peak Time. Mid-Peak Time, Off Peak Tine @ =&zl

SUEMEL S,
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G SERELFIZ kR {60 (Reduced Bnergy Cost) % iU ciihid 3,

Reduced Energy Cost =
Annual Marginal Emergy Cost X Reduced Encrgy Loss

12730 Marginal Energy Costid %179 v A 7 AOTWEHHIC & -~ T
Wah, Fro Wihicd i - T, Loss Factor &[G =2 oBHEIN BRI
TR S B,
 HVREA~OMHIOES  0.01969  (JD/KW)
MV REA OB : 0.02055  (ID/Ki)
L VHEA~DIEDIBA 002243 (ID/KWh)

”-(jééfﬁﬁffﬁ!;()ifikébfcReduged Capacity Cosl &®T:RebiReduced Bnergy Cost
283 L. THEReduced Total Costd 9 2,
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L " feasible | aw | upy f | ogm | o OD) |
_ _  feeder o =
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" Capacilor _
installation (1) .8l 88.9 140, 164] - 5, 965 134, 599
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Table 7.3-1  Estimation of Project Cost
- (u)smco)

Construclion Economic cost _ Financial cost

works FC portion LC portion Total  FC portion LC portion Total
Altemative A 12,023 8,255 - 20,278 12,203 9,112 21,315
Allernative B 18,017 12,372 30,389 13,284 13,657 31,941
Alternative C 24,047 16,509 40,556 24,407 S 18,223 . 42,630
Altérnative D 30,059 20,637 50,695 - 30,509 S 22,719 53,288

Alternative E 38414 26,371 . 64,785 . . 38992 - 29,107 . 63,099
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Table 7.3-2 - LRMC for Cflpauty ‘md Fnergy

© System | Capacity cost - Energy cost
: (JDs./kW/Year) {IDs./kKWh/Year)
Low voltage syslem 99.60 0.02243

‘Medium'vol!age system : . 6732 0.02055
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ECEAUHT S, 2018 OB A HMHAEMIIE F A0 L S 12 angs,

Table 7.3.3  Estimation of Maximum Electricity Loss Reduction in 2018

(IDs.1,000)
Electricity loss reduction Altcrnative A~ Alternalive B Alternative C  Alternative D Alternative E

- ifem . .
LV system © Power loss 4,627 5,124 " 5,663 6,495 7,317
. Energy loss 4,428 4,904 5,419 - 6,216 - 17003
MV system  Power Joss 671 1,490 2,272 2,723 L3452
Encrgy loss C 927 © - 2,059 © 3,139 3,762 - 4,769

- . Total - 10,653 13,577 16_,493 19,196 22,541
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Table 7.3-4 _Resmt of Economic Evaluation

"EIRR(%) . BIC__B.C (JD5.1,000)

CAlternative A 2491 199 11,155 -
Alternative B~ 20.08 - 1.63 10,637 .
Alternative C .. 17.80 145 10,195 .

- Alternative D - 1645 134 - 9,604

_Alternative B 1504 123 8142
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Table 7.3-5 Result of Financial Evaluation

" FIRR (%) B/C  B-C{JDs.1,000)

Altermative A 1573 1.26 3,075
Alternative B 12.80 1.06 1,002
- Alterpative C 11,36 095 -1,075
- Alternative I 10.33 083 -3,421

Alternative E 927 0.82 -6,941
© 73,6 BOREEN DI
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‘Table 7.3.6 Result of Répayabilily Analysts

Accumulated outflow  Accumulated Inflow Accumulated nel
from the commence-  from the commence- surplus from the
Counlermeasure Repayability  nent of the works to ment of the works o commencement of the
the end of Project life - the end of Project tife . works {o the end of
{1Ds.1,000) © (IDs.1,000) .. - Project life
' = : L ' s ' {1Ds.1,000)
Alernalive A fepayable - © 10530 201,354 . 98,820
Alternative B ) Repayable - 152622 .. 269,592 : Iz
Alternative C : Repayable 203,829 S 337,926 - © . 134,097
Alternative ‘ Repayable . 255,628 400,696 T 145,068
- Alternative E . Repayable | CAaEn T 487,708 o 154,896 ¢
737 W AR NS DT
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Table 7.3-7  Result of Capital Recovery Analysis

Tolal invesiment cost  Accumiulated probable - Accumulated net cash

_ vevenue from the batance from the
Countcrmeasure Turning commencement of the conimencement of the
point of works to the end of works to the end of
capital : Project life _ Praject tife
: . (1Ds.1,000) " (IDs.1,000) (J Ds.1,000)
Alternalive A July 2009 34,132 162,837 178,705
Altlcrnative B July 2010 50,676 2012471 o 161,795
Alernative C Apri) 2011 61,717 : © 261,302 193,585
Alternalive D October 2011 55,018 ) 304,599 - 28581

Alteinative E Avgust 2012 109,042 . 359,543 ¢ . 250,398
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