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- APPENDIX D POWER_DEVELOPMENT STUDY

HIJP() NWFI’ Government and SHYDO
Bricf descnplron of lhe thrce orgamzauons of HEPO NWFE Provincial

-Governmenl and SHYDO related mainly to the hydroe]eclnc power _

dcvelopment in the pro_]ect area is madc bclow

.Hydm Electnc Planmng Orgamzatlon (HEPO)

HEPO was eslabhshed in 1983 as a hydroeleclrrc power planmng organization '
under the Water ng of WAPDA as seen in the org.lmzal]on charl of WAPDA.

: HEPO cooperates also with the Powcr Wing of WAPDA The orgam?atlon

. chart of HEPO § is shown in Frgure D11

HEPO is -in charge of preparmg pre feasrblhly sludy, feasrbrllly study and

 detailed desrgn including preparallon of bidding documents for hydroelecmc

* projects as a supportmg orgamzatron of WAPDA - HEPO is excculing
' hydroelectrrc power mvesllgatmn on behalf of WAPDA, and it is also assisting
' hydroelectrrc power management of WAPDA basrcally not 1ncludmg

construction activities with its office in a WAPDA compound. . HEPO 1s_'- =

capable to prepare a basic plan of a hydroe]ectnc pro;ect if avarlable hcad and

- flow duration curvcs of one - year long are avallable - - ' '

E HEPO is carrymg out 1nveshgatlon and planmng aclwrlres covermg the whole
) country, having specrf ic dmsrons for the Indus main stream projects, high head

proleels in Norlhern Provmces and AJK, and low head pro_|ects in Punjab and

~ Sindh.

e In NWFP HEPO 1s carrymg out’ mvestrgalron and planmng of large

' hydroeleclne pro;ecls (over around 1,000 MW, such as 2 400 MW Dassu and
. 2,270 MW Thakot), while SHYDO of the provmcral government is in charge of :

L Smaller projects. - GTZ of Germany is cooperalrng with HEPO in hydro power B

pl2

' p]annmg by provrdmg techmca] expertrse o

NWFP Provmcral (mvemment

’The NWFP Provmeral Govemmenl formerly execuled lhe power supply _ '
- acuvmes in its own provmce It owned the Warsak power station (240 MW) o
. and two other power slanons (Malakand and Dargal, 20 MW each) and was

"t:’_-:"jsendlng powcr up to Rawalpmdr lhrough its 132 kV’ transmlssron system.
- B Accordmg to a government pohcy all the power slallons and lransmrssron and



DIl

dlS[l‘lbllllon facilitics were handed over to WAPDA, and lhc provmcml
government ceased its rolc as the major power supplicr.

Under the 1998 Policy for New Private Indepcndcnt Power PijCClS one _'

window supports lo IPP acnvmes at the provmcml level are to be provided by
Provmc1al and AJK anate Powcr Cells (PPCs) for prolccts in respective

lerntorles Various aCth!lC'i covenng water use license, environmental

asscssment, bidding process, assistance to PP]B in issue of LOS ctc are fo be
carried out by PPC in cooperallon with PPIB. '

The provmcml and AJK govemmenls are in chargc of prcparlng rural
" electrification plans in the provinces for exccution under the publac seclor. Thc' o
 NWEP provmcnal govcmmcnt is going (o extend its power supply to remotc
" FATA areas by conslructmg small hydropowcr stations and cxtendmg WAPDA'’s
- power syslem under cooperallon of its affiliated orgamzallon of SHYDO -
Their first project for rural power supply in Chitra} District, the Reshun Hydel

Powcr Statlon w1th 2.8 MW capacnly (14 MW addition in fulure) and al33 kv

- line of 67 km, are !o_ be oomp]cted in 1999. - " As the next project, ihe Shishi -

project (1.9_ MW) on the same river sySlctn is _l;oemg undertaken for construction.

Sarhad Hydel Development Orgamzalmn (SHYDO)

- SHYDO is a publlc orgamzauon undcr the provincial governmeni of NWFP
" This organu:alion isin chargc of 1mplcmenlmg feasnblhly studles for mcdlum to -
“large run—of-nvcr hydfoclectnc pmJecls in NWFP.  SHYDO was sel up 1n 1986,

- and became an autonomous body -in 1993. Many hydroclcclnc prolects

- identified by SHYDO are cxpectcd 1o be 1mplememed under the pnvatc sector
parhcnpatlon as mentioned in Clausc 4.4, SHYDO is also coopemtmg w1th the -
: proncnal governmcnt in promollon of the powcr supply to the. northern remotc o
' arcas of NWPP . ‘

R These achvmcs are performcd wilh funds prowded by thc NWFP Govcmment

D2
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and the [orelgn techmcal assnsiancc prov1ded by GTZ of Gcrmany 15 available
for hydroelccmc power studles SEREEE B e : L

-: Loss Reduction Study on 'l‘ransm:ssmn and Dlstnbut:on Syslems
: l'ransm]ssmn and Dlsmbuuon System Loss .~
(1) Transmissnon and Dnslnbutlon Loss ofthc WAPDA Syslcm ;':' R

~ The T&D loss faclor of the WAPDA syslem was 24 O% m 1997 98 Thc loss_- _
. factor of ovcr_ 30% in the 1970s h_ad_rdo_croaspd to 20.3% 1q 1991, an_d lurned to -

D2




an increasing trend thereafter. As for the historical transition of the loss factor,
" Tuble 4.1.5 is referred to.  The loss factor of the KESC system in 1995 was
- 31.8% which had been gradually increasing since the 1970s as scen in Table
4.1.6. These loss factors are very high based on the tcchnical analysis and as
wcll_ as international comparison, an&d must be improved through all means.

TltOugh detailed studics have not been performed, the breakdown of the entire
T&D loss factor is roughly estimated as follows based on resulis of analysis in

‘other similar countries:

. Estimated Breakdown of Loss Factlors

System ~ . : ﬁ g : Laoss Factor (%) -
" 500/2207132 szyslem : - : - 7-8%
- MV 3311 kV)system . - : 4-5%
LV (400230 V)system .~ - i S S 12--13%
Total_ o e 240%

‘ _The total line ohmic foss in a transmlsston and MV distribution system under a

~ certain loading condition can be calculated with the help of computer programs;
- - for mstance power flow calculation by the PSS/F sofiware for a transrmssron -

| 'system and analy31s by the Scott and Scott or another software for a MV

- distribution system. To obtain system Ioss as a total, the estlmated transformer _

loss must be added to the line ohmic loss However it is difticult to accuratcly' '
7 estlrnate the encrgy loss ina system under aetual varymg operatlng condttlons

o S}te measurement is possrble theoretrcally, but it is very dlftlcult to obtam proper '
g results due to constramt of accuraey of measurmg mstruments

The loss in the LV drstnbutlon system usually includes non-techmcal loss

- '_ -comprlsmg 1llegal use and melering and blllmg losses. Though confirmation is

not p0351ble actual loss of this catcgory may be larger than the losses in .-
transmlsston and MV dtstnbutxon systems. '

Reduetion of loss factor in T&D systcm contrlbutes to mcrease of sales mcome
s and is equlvalent to the constructlon of cost]y power statlons Thercfore the -
- loss reductlon isa great conCern to GOP and WAPDA, '

o :' (2) Oompanson wnh Sltuatlon of Other Countrles

_: _The T&D loss factor of the Paklstan power system was comparcd wrth values of _
‘ other Aslan countnes mcludmg both developed and developmg as gtven below:



- T&D Loss Faciors of Astan Countries

: " Counfry C Year - . "F&D Loss Factor (%)
WAPDA of Pakistan : .. 199798 24.0%
Japan : : ‘1997 . 5.5%
Tajwan . 1996 : - : T 61%
Thailand = S 1997 S 8%
Malaysia ' 1997 : - 10%
Indonesia -~ = - o 1997/98 _— - 12.2%
Philippine (MERALCO) -~ 1996 ' ' ' : S 12.2%
Sri Lanka : . 1995 : : 17.8%
Vielnam - : 1997 - S 18%
India - ' T 1994495 : o 209%
Nepal : - 1993/94 S - 24.9%
Syria S : 19 L D 25.9%

The 1997 average 'I‘&D loss factor of the 10 Jap"mese power compames was

P22

'5 5%. 1In lnternailonal cornparlson the loss factor is generally high in
: developing Asian counlrles less than 10% in China and Tharland around 12% in .
- Indonesia, around 20% in Victnam, and cxeeeding 20% in India, ‘Nepal, and

Syrra accordmg to avallable 1951 to 1997 records. T here are certain countries

- with loss factor exceeding 30%. rFhe loss factor is generaliy low in devclopecl
: counlrres To reduce the loss factor aclually a cerlam amount of mveslmenl is
: requlred The loss factor of WAPDA i is fairly hrgh in intcrnational comparrson _

l'tkmg mto account the currenl srluauon of economy of the counlry

: iIn Japan, durmg the pcriod from 1951 to 1960 the average T&D loss factor of_'

the 9 major poWer compames had fallen from 25.3% to 11.4%, more than halved,

due to the raising of the MV drsmbuuon voltage from 3.3 kV 10 6.6 kV, use of .
insulated wires to both MV and LV dlstrrbuhon lmes and resullant increase in -
conductor sectional areas decrease in p]]ferage and olher syslem 1mprovemenl '

:eﬁorls However, the decllnmg rate became slow aﬂer the loss f'lctor bee‘rme :
less than the 8% leve} : ‘ - ' R

Revrew ol‘ Loss Behavrors f 7

| The I‘&D loss energy of lhe WAPDA system is obtamcd by deductmg ihe sales' _
energy and station servrce cnergy from the generated energy The generated N

; energy is measured by wall- hour melers ms{alled at the generator lermmals :_' -
- .whrle the sales energy is lhe sum of various classes of non-srmu]laneous meter o
" readrngs which mclude esirmatlon for non-melered consumers The sent out '

energy from grrd substallons can be measured by wall- hour melers on o
dlsirlbulron feeders : : :

Cp4




The T&D losses are characlerized as follows:

(a) The transmission system loss comprises the ohmic loss in line conductors
and the loss in transformers for stepping up from the generator voltage to the
{ransmission voltage and then down to 11 kV at grid substations. The
transmission system loss will not exceed 7 to 8%. |

(b) The MV distribution system loss comprises the ohmlc loss in 11 kV line
conductors and the loss in stcppmg down transformers, 11 kV/ 240- 415 V.
The loss is csllmalcd at 4 to 5% referring to similar systcms

(c) The LV distribution system loss can be estlmated on assumed models.

~ Actually, the total T&D loss deducted by the estlmated trarlsmls_smn and MV

; dis{l—'il—)utioﬁ system losses was defined as the LV distribution system loss in "

Clause D2 1 above Thc non-techmcal loss in the d1str1bullon syslcm is

- usually mcluded in thls category

' Accordmg 1o the statnsllcal ycarbook of WAPDA, the total length of LV

distribution lines of 8 dlsmbullon companies is 2/3 of that of MV lines.

. Though aciua] line loss is qﬂected by conduclor sizes, line loadmg, ctc., the
'ohmlc loss in the LV system wnll nol be ]argcr than loss i 1n thc MV syslem

The LV dlslrlbution syslem loss mvolvcs both lcchmcal loss and non- lechmcal

loss. The former is the physical loss; mamly ohmic loss in distribution line
conductors and the laller comprlses 1llegal use llkc pllferage mc{ermg error,

" billin g loss, e!c

' Wlthoul labonous sludles for a Iong Umc on !he actual snuatlon, quanhﬁcahon

D23
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- of these losses is nol posslble

Loss Reduction Measures

-Transmlssmn Syslem

Bolh of thc ohmlc loss m the lmc conduclors and the lransformcr loss in lhc

o Iransm;ssnon system can be dccreascd to somc ex(ent by mcrcasmg the cost for

equlpmenl and mslallaﬂon T he most cost cﬂ‘ccllve mcasurcs shall bc sought'

© 7 outas mcntxoned bclow

(1) Transmlssmn mes

' Powcr loss in lransmtss:on ]mc conduclors can be rcduccd by the followlng two

. measures

Ds.' o



(a) By raising transmission voltage

'l’hc ohmic loss in a linc decreases in reverse proporlion to the square of
system vollage for sending a certain power over a fixed distance.
However, the cost of substation facilities and the construction cost of a
~ transmission line significantly increases with increase in line volt'ige Itis
required to sclect the most appropriate line vollage from the standard
voltages so as to attain the maximum cconomy. ~WAPDA’s presenl
. transmission system con51stmg of 500/220 and 132 kV tines is of proper
vollage level lakmg into account the present power lransfcr requuemenl

To keep transrmssmn syslem voltage as hlgh as possrble resulls in sma]lcr
. line current and rcduces ‘the ohmic loss in linc. In prmerple actual
operatmg voltagc should be selected hlgh wnhm lhe limit in technical -
standards being 240 kV for the 220 kV system and 145 kV for the 132 kV
system in IEC. . The raising of operating vo]tage is ell‘eetrve also lo -
1mprove the voltage profile in lme ‘

‘.'VThIS pracuce is followed in many countrres “In the _WAPDA system,
though the upper Timit of bus opcralmg vollage is plus 5% the actual

e operalmg voltage seems somewhal lower. _

. (b) By 1ncreasmg COnduclor Sch

For the same vo]tage the ohmlc loss in the lme conduclors decreases in G
_ reverse proportion to the sectional area of lme conductors However, the

' 4conslrucllon cost of the lme 1ncreases with mcreasc in the conductor -

sectional area. thn a lransmrssmn plan is planned a' schedule of
“anticipated transmitting power (maximum power and encrgy) shall be _'
determined at first. Then an :ovcrall cost schedule shall be;pre'pared '
'- covering the whole economic life period for C‘mdldate conductor sizes .
'mcludmg constructron ~cost and mamtenance cost, and evalualed loss
__'valucs for kW and kWh. The conductor srzc lhal glves the lowest "
_evalualed cosl shali be selected ' ' ' o

Usual!y, a power flow calculalron computer program for lransmlssmn o
syslem has a function to calculate the sum of ohmre loss in all connected
_ transmlssmn llnes and mdlcate in the calculallon result Also lhc MV
- system loss can be calculated usmg a compuler soleare '

© D6




(2) Transformers

In purchasing transformers on fender basis, it is a widely applied practice to .
favor transformers with low loss by awarding contract to the tenderer who
offered the lowest evaluated price mcludmg evaluated loss valucs including

loaded and no- load COﬂdl[lOlla

(3) Accuratc Bnergy Mcasurmg Arrangemcm '

_Rccords of thc c]cclrlc cncrgy, gencratcd at and sent out from the power stations,

and received and scnl oul from the grid subsiauons should bc collected and

__ compiled propcrly Actusl loss in various paris of the powcr syslcm can be
' ‘analy:wed based on thcsc records. In modern technologlcs this funcllon is being

" performed in power conirol centers with the help of computer " To accurately
| quantify loss valus, mcasurrng me{ers must have high accuracy “ Small error of -

- :mcasured values rcsulls in relanvcly largc crror of loss value as thc balance of

lwo readlngs

In case lhal melcrs of hrgh accuracy arc noi avarlablc mcfisurcd losscs as the
balance of mctcr mdrcatlons can be uscd only for rough estimation. Pracucally, '

the calculalcd resulls usmg computcr software is more accuratc than thc

' measurcd values.

D232

MV and LV Drslrrbutron Systcms

'_j Wrdcly app]rcd mcasurcs to rcducc the drslrrbulron system Ioss in drslrrbutron

- systems are cnumcrated bclow

('1) By adoplmg hlgher voliage the drslrlbuuon loss can be reduccd For the -

- WAPDA MV system, the 33 kV system had belter be extended as far as

possrblc mslead of the current 11 kV system. = A dlstrrbullon voltage level _
- hlgher than 33 kV i is not practical. Also for the LV system, adopuon of a
' vollage hlgher than the prcsenl 230/400 V can not be cons1dcrcd .

~ The kceplng the MV operatmg voltagc as hlgh as possible is ell‘ecllvc lo_

rcducc thc ohmlc loss in lme from the samc reason mentroncd for the -

o transmrssron syslem Howcvcr carc should be laken that a hrgher opcratlng

o vollagc in lhc LV syslem rcsults in increase of power consumpllon
(b) Propcr siting of grrd subslahons and drslnbutron transformers (100 250

kVA) is 1mpor1anl Addnlron of grrd subslalron will shorlcn length of MV o

dlslrlbutron lines. Drslribullon iransformers should bc located at or close to
consuming cenlcrs and their capacrty and mshllatron spacing should be

. -f. dctcrmmed dependrng on load dcnsrly Bolh drslrrbulron loss and voltagc :
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variation should be carcfully checked and the voltage drop in LV main
should be reviewed.

(c) The mosl cconomlc conduclor sizes should be selecled The relatlon of
appropriate eonductor sizc vs. sending power, which shows the most
economic conduclor size for a certain sending power, should be obtained
taking into account the future demand growth through calculations. '

(d) Use of 1nsulated wires for distribution lincs results in selection of larger

~ conductors, wh1ch results i in lower ohmic loss. The crecuon of insulated
~ wires is eﬂeclrve also to reduce chance of faulls “due to touching of‘

- vcgetallon and other Hems and to reduce prlferage from LV lmes

(e) Avordancc of unbalanced loading and trying o allain proper dlslnbutlon of
loads 'lmong a number of dlslrlbutlon lines are also helpful lo reduce the
overall drstrrbuuon loss. - ' o

: (f) Power factor 1mprovcment at the consumer ends is vcry eﬁ"cctrve lo reduce

foss in lines. - The reachve current in line decreases and resultant power

loss and voitage drop in the lme also decrcases signifi canlly It will be the
~ nost effective measure 10 request large consumers to install static capaeltors
“in a power supply regulation. There is an idea to decrease power tarift
' ag'nnsl the power factor improvement (this practrcc is apphcd in Japan)

“(g) Static capacitors for power factor 1mprovement should be mstalled on 33/11

_ kV feeders as required by distribution compames This 1nsta]latron is

: consrdered to be essentlal to minimize vollage variation at the consumer ends
- and al the same time reduces the hne loss as has been conF rrned by WAPDA
with lhe helpof computer software ' ' '

(h) Phasc bahncc of power flow conlrlbules to rcducllon of the d:stnbunon loss

. _[)__2.3.3

Measurcd 1mbalancc of exceedmg 15 to 20% shal] be remedred

Consumcr Servrce Facrhlles N

- _The pllfcrage or lllegal use of eiecmc energy al Ihe consumer ends usually iakes.

- place at or near the consumer serv1ce points; 1 €., belween the termmal pomts of

" dropwires and walt- hour metcrs ‘and their v1cm1i1es The consumer servrce '

: facrlmcs neced to be desrgned s0 as to prevent altempts for power prlferage

Careful planning is requlred in seleclrng wrrmg malerrals and watt hour melers

and their fixing pomts and methods

o In Japan, overhead drslrlbulron lmes are’ normai]y ahgned along roads and

| points easrly vrsrble from the roads Pcnodleally cahbraled and lhen sealed L

“dropwires fo consuiners are 1enn1nated on eaves or side wa!ls of the houses al -~

. watl hour mcters are mslalled on outsrde walls of lhe houses al a herghl easy for :
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meler reading'near the dropwire terminal points and also near the entrances of
houses. The outdoor installation of walt-hour meters is beneficial also to the
monthly meter reading.  Security of 1nstallallon should also be taken into
accoum Stout cables 1nsta1]ed at easrly visible surfaces connect the dropwircs
and watt- hour meters. In some countries, consuincr WIH meters are installed on
drstnbutron poles at roadszdes o

In many developrng countrres steel or plastrc boxes with padlock keys are
provrded to encase wall- hour meters and switches. This praclice contribules to

- reducing the 1lleoal use.

Improvemcnt of meter readmg and brllmg procedures will also comnbule to
increasing sales incomes for power ulility.

. Walt- hour meters for consumer meternng arc propcmes of power uuhtres and

' .'_should be calrbratcd '11 ofnclal laboratones at predetermined intervals (10 years
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for normal me!ers and 5t07 years for precision meters in Japan) to maintain the

specilied accuracy The use of meters for a prolongcd duration resulls in
' slowmg the rotatmg speed of meters and increases the metcnng loss o

There are cases lo provrde anu -reverse rotation watl- hour meters to reduce_
mfluence_of 1]legal use by avmdmg rotation in the reverse direction. '

Relalron wrlh Vollage Keepmg Measures

: In Pakrslan the consumer supp]y vollage is requrred to bc kcpl wrthm a ccrlam

range accordrng to a regulatlon As on- load tap changers are provrded with the
‘ subslatlon lransformers, the kv bus vollage is usually kept ala control level.
_However, the receiving end vollage drops in the long MV and LV distribution

lines as capacmcs of static capacitors in the distribution system are not sufficient.

B ( 1s noled that the followmg typical meastires 10 reduce voltagc drop basrcally '
E _comc1de with measures to reduce lme loss‘ - ' |

© (a) Rarsmg line voltage

(®) Use of large conductors

R (c) lmprovemenl of power factor al supply pomts e

B A]l measures to reduce varratron of the consumer supply voltage resull in

reducuon of line loss In case of Japan measurcs lo maintain quallty of power

- supply (Io keep supplylvollage and frequency) and re]rabrllty of supply

(reductron of supply mterruptron) mostly result in the rcducuon of T&D loss

- The: conductor size must be determmcd based on crllerla of the maxrmum :
economy lakmg mto acc0unl consiructlon and 0&M cos{s and loss evalualron
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D2.3.5 Non?tcchnicalApproach.cs

‘D24

The followmg arc conceived measures to reduce non-technical losscs.

(a) Public campaign for preventron of illegal use will be eftectwe to makc the
genera] public fully awarc of intcntions of the governmcnt and WAPDA and
consequcnces of power pilferage. _

(b) Improvemcnt of moral senses of powcr utrltty s technicians is also eﬂ'cctwc _
to reduce the iltegal use. '

' (c) The penalty system including supply cuttmg and fine 1mposmg to tllegal

users is also a measure (o reduce pilferage. Such clauscs arc required to be
_included in the power supply regulauon and wcll known to all power users.

| (d) lmprovement in the billing and tanff collecting procedures will contrlbute o

‘ 1ncreasmg collection of elcctncny charges

d":(c) Provision of meter callbratmg laborator:es by third partrcs for regular

cahbratlon and replacemenl of consumer meters at a predetermmed mterval '
s essentlal to malntam proper accuracy of metcr mdtcatton

Ac(ton Plans '

(1) Loss Measurement '_

For analyzmg actual loss behavror 1t is necessary to accurately measure ﬂowrng

energy at various scndmg and recewmg pomts as glven below

. Generatcd energy at the generator termmals

* Sent out energy at tlte outgomg pomts of power stattons - o

. Rccervcd encrgy at the grtd substattons

. _VScnt out energy at the outgomg pomts of dtstrrhutron feeders o

. Sold energy

> In pr1n01ple the measured losscs must corncrde w1th theorettcally calculated '

values. It is necessary to check accuracy of all metcrlng apparatus al
prcdetcrmmed mterva]s : : .

~Aciually, accurate metcrs to measure loss vaiues wrlh practlcal accuracy cost'

much, and there will be techntcal d]ffrculttes o mamtam then‘ accuracy | under the

L ptesent situation of WAPDA Under such consrderatton 1t is requtred to dccrde 3

- how to handlc calculatcd and mcasurcd values

" _'(2) Selection of Most Appmprrate Conductor S]zcs |

. "For lransmtsston lines (500/220 kV and 132 kV) and MV dlstrtbution lmes (11 -

: kV 33 kV in some part) the relation of the mosl appropnate conductor srzc vs
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sending power shall be obtained based on economic calculations and make

known to dcsign cngincers.

_ '(3) Control of System Opcralmg Voltagcs

The current upper limit of transmission voitage in the WAPDA system is around
plus 5%. Whilc the system facilitics are designed to withstand the vollage limit
in the 1BC s{and_ard (around plus 10%) and actually the operating vollage is
seleeted higher in many countries. WAPDA is recommended to initjate proper

studres on this pomt

' At grid subslalrons the sccondary sendlng out voltage is sct at the rated 11 kV.

B .To raise the scndmg end voltage around 5% higher than the rated will contribute

to reductron of drstrrbutlon loss and as well as nnprovcment of voltage profi le

. (4) Thorough Studres for Loss Rcductron

At first thorough loss sludrcs covermg all voltage classes of the system, 500/220 i |

_ and 132 kV transmrssron, MV (11 kV, partly 33 kV) drslnbutron and LV (240 -
415 V) drstrlbutron 1nvolvmg lhe followmg rtcms will be requrred .

. Analysrs of current causes of loss in (ransmtssron MV drstrtbutton and LV
_ | drstrtbutron systems S .
e Revrew and evaluatron of mctermg apparatus in the WAPDA’s transmrssron
- and drstnbutron systems. . ' . o '
. Estab]rshment of selcctmg procedurcs of conductor sizes takmg into account
-‘ loss evaluatlon R IR o
. 'Economrc evaluatron of various loss reductron measures inctuding but not
__hmtted to addition of substattons powcr factor 1mprovement in various
levels, proper limits of route length of distribution lincs, proper umt
- capacrtrcs of distribution transformers, 1mprovemcnt of consumer service .
© facilities, watt hour meter cahbratron and replacing, etc ' ' o
' _'. _ Preparatron of proposals for actron plans to reduce rllegal uses.

As for the transmrssron and MV distribution systems the loss of exrstmg
' transformers is out of control and effectwc methods o reduce the ohmic loss i in
: lmcs w:ll rnarnly bc use of largcr conductors and power faclor lmprovement It
wrll not be economrcally practrcal to restrmg the exrslmg conductors unless there
is current capacrty problem For new ]mes the cconomrcally most approprlate
- conductors shall be selected T he power factor in thc WAPDA’s power system

= shall be revrewed al’ varrous leVels and tmprovtng plans shall be worked oul.

: Proper mstallauon of stairc capacrtors wrll rcduce lhc ohmrc Ioss Around 10%

Soon



reduction of hne loss in these systems can be expcctcd by 5% 1mpr0vcmcnt of

power factor. -

Remarkable rcductron of the T&D loss is not expected by 1mprov1ng the
transmrssuon and MV distribution systcms Slgmﬁcant loss reduction will only
be aclueved by i 1mprov1ng the LV distribution system, which is consrdered to be

* the largest source of T&D loss, including the consumer service facrlmes Usual
loss reduction studies in developing countries focuses on the 1mpr0vement of LV
e systcm especially on the reduction of illegal uscs, which is considered to be the
- most cost effectwe measurcs obtammg effects with rclatlvely small investment.

T he tcchmeal loss can be dccrcascd by addition of new substahons propcr srtmg
'of dlstrlbutlon lransformcrs, selection of conductors with appropriate sizcs,
: 1mprovemcnt of power factors by mstallmg static capacitors by both consumers

and WAPDA, and other measurers.

use.

WAPDA’S eﬂorts are rcqutred for 1mprov1ng metermg system 1nclud1ng

cahbrahon and rcplacement and brl]mg and tariff eollcclmg systems,
orgamzatron of consumer servrce fac;htres 1mpr0vmg gangs campargnmg for

o consumer educatron etc

D3

D3.1

Executron of any loss rcductron mcasure requtres certam amount of mvestment

. Thereforc itis requ1rcd to determme priority referrmg to economtc metit of cach
' provmce and execule one by one bascd on priority. ‘There is also an 1de'1 10

execule loss reductron plan arca by arca accordmg to studles by consultants

Even small any loss reducmg measures shall be laken up one by one or step by

: step wrth some lnvcstment

_Rcv:ew of Annual Demand Pattem and hutum Load {'actor o

N Monthly Pattcm ol' Peak Dcmand and Energy Gcncratlon
BNOY Obtamed Data -

The monthly peak demand and energy gcneratlon of the WAPDA and KESC

- 'syslems for the recent threc 3 years, 1995-96, 1996 1997 and 1997- 98 were

obtamed as the LDC data The two (2) ﬁgures of WAPDA and KESC wcre_

. addedto obtain the country data as their sum takmg mto account dwersrty factor.
" The compuled peak demand that was assumed takmg mto account load sheddtng :
- is laken as the real peak value T he data of WAPDA, KESC and thc combmed E
' systcms are shown in Tablc 4. 3 7. |

Utmost eftorts should be exerersed to reduee ptlferagc or in other words lllegal |

KX



P32

" {(2) Review of Monthly Patterns

Both '(_:o_mputcd peak demand and energy generation are largest in .luly, the
hottest summer, and smallest in Tebruary in winter. ‘The monthly load factor is
also ltigtht in July due to the off-peak use of air-conditioners. To obtain the
monthly patterns, the 2 July maximum valucs of consecutive ycars arc connecied

“with a straight line and the difference between this line and monthly values were

) 'calculatcd to indicate in percent. * ‘The a\/cragcs of the 3 years were obtained for
 the calculatcd pcak demand and cncrgy gcneratlon of cach month. - The result is
~ shown in Table D3 1 The rcsultant monthly paltcms arc gwcn below:

Monthly Pattern of Computed Peak Demand and Fnergy Gcneration o

Month - bifference (%)
S S : Computed Peak Energy Generatlon
July - S : ' ' 0.00 o 000
August .~ o e <142 B -3.18
September - - S - ol -191 ' ' -8.12
"~ October . ' ' : -6.22 S 21926
November - = - -13.74 : -26.22
December =~ - oo 1231 0 C-2030
c Jawary o oo oo oo ol 01336 . - -17.60
February =~ S : © -1536 : T 2922
- Mach Lo : : -14.33 - 2262
Apil ] S 1010 -19.29
May - LT - 527 o -891
CJupe 0 oo 188 -5.61

Puture 'l‘rend ol‘ Load Eactor

1 Prcscnl Sltuatlon 4

" The dally load curves of thc Pakrstan powcr systcm is of typrcal cvenmg peak

pattern. - The dally peak load appcars at around 8 0 clock in summer and at

B -around 7 o’clock in winter, and the durahon of pcak load is around 4 hours

. lhroughout thc ycar

Thc annual load factor is in an mcreasmg lrcnd rcccntly Thc annual load factor |
“of 62 4% in 1983- 84 has mcrcascd to 66. 8% m 1997-98, and the hlghcsl valuc of

o !69 3% was recordcd in 1996 97..

- -._'_.(2) Comparrson wtth Othcr Countrrcs

“The load factor and shape of dally load curvc gcncrally vary. wrlh growth of

| 'j'cconomlc situation of a country Thc annual load factor is gcncrally low in

lower dcveloplng countrlcs and is normally less than 60% if the supply capacuy



is sufficient to satisfy the demand. In such developing countries, the daily load

- curves arc of evening- peak pattern and the peak load duralron is around 4 hours.

‘With growth of cconomy, the day time demand incrcases and the shape of load
~ curve changes from evening-peak pattern to daytime-peak pattern. At the same
time, peak duration of around four (4) hours for the cvemng peak pattern,
_ ‘changes to around cight (8) hours of lhc dayhme»peak pattern. The annual load
factor goes up to the maximum of around 70% or slrghtly hrgher when the
daytime pcak becomes comparable fo the evening peak, and peak load durauon

becomes around 12 hours. But thercaﬂer, the annual load factor goes down .

wuh growth of cconomy to around 60% in present developed countries (58.4%
“in average in Japan at the lransmlssron oullets in 1997). T he dcveloped
countries arc making efforts to attain the annual load faclor of at least 60% by
the DSM promotion and other lncenuves '

ln Japan the high annual Ioad factor of over 70% in the begmnmg 1960s

gradually decreased to fess than 60% at prescnl Accordmg to reoords of higher

developing couniries the recent sh;ﬂmg ﬁ'om evenmg pcak to daylrme peak
' occurs whcn the per capita GDP is 1500 to 2000 Us Dollars.  In case of recent

_ ~ Thai power system, the shrﬁmg omurred when the per caprta GDP was around
2000 US Dollars. o

: ;_ (3) Aﬂects of Insuff' mency in vacr Supply Capacrly

In devclopmg countries therc are a lot of cases that lhe darly load curves are
dcformed due to suppression of peak value caused by msufﬁcrency m supply
capacity, gcnerauon, and/for lransmlssron] drstnbuuon “In such a case power
shortage appears in lhe peak time, which restnei the peak load. Whrle enough N
‘power can be supp]red dunng ofl-pcak time. Thrs results in larger dally and |
: 'annual load faclors : : S

_ln Paklslan the conslrucuon of power slalrons progrcssed \vcll in rccent years.

and at present the gcneralron system has sufficient capacity to salrsfy ihe demand. o

~ While, the capacrly of substation lransformers is not suffi crent 1o mcet the
demand, and in recenl years many grld subslauon transformers are overloaded -
g durmg the peak load time. ' ' R

The present high annual foad faclor of Paklslan, 69 3% in 1996 97 seems to be “

'_caused by 1nsufi|c.1enc)l in supply capaclly The normal value of annual load -

factor of the current Pakrslan power syslem would nol exceed 60% accordmg to

- cxamples ot counlrres under srmllar eeonomlc snuatron T
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(4) Forecast for Economic Situation

The present per capita GDP of Pakistan is around 500 US$, and the futurc
growth of the per capita GDP will be 3 to 4% it the GDP growth of S to 6% and
popu]atlon growth of exceedmg 2% are taken into account. = Therefore, it is
forccasted that the per capita GDP does not reach 1500 to 2000 US$ that results

~ in high load factor and change of peak load duration, 4 hours 1o 8 hours, and
reachmg the maxlmum load faclor wlthm the foreseeable future

(5) Expected Ch'mges -

. Under such srtuatron, the followrng changes arc assumed for future load factor '

D33

'and duration of peak tlme _

- The present situation of shortage in supply capaelty is solved gradually and

does not occur m fulure

- The annual load factor 1s assumed to go down from the prcsent valuc to the

' ﬁnal value of 64. 7 to 64 8% as shown in the 1999 dcmand forecast of the '
' government and keep constant during thc time horrzon of thc study '

- The monthly pattern of power eonsumptron durrng the study period will

" basrcally fo]low the average of the past 3 years of 1995- 96, 1996-97 and
- 1997-98 wrlh mmor adjustment to solvmg the present srtuatron ‘of power

‘ shortage :

Daily D:urati'on of Peak Demand

' (1) Present Situation

_ The darly powcr consumptron of the Pakrstan system is of evemng peak pattern,

L | and the daily duration of peak demand i is around 4 hours. WAPDAat prescnt is
. not expectrng change of the consumptron pattern from evenmg pallern to

daytrme peak paltern in the foreseeable future and the darly peak duranon of 4 .
: hours is adopted for therr power development plans : :

-World~wrde, the darly peak duratron is around 4 hours in'case of evcnmg peak in
e developmg counlrles and 8 hours § in casc of daytrme peak in relatwely dcvcloped

L _countrres Such transition usually takes place when the per caprta GDP reaches o

L _around 1 500 to 2 000 US$ as mentroned above

: | '1 _ (2) Peak Load Duratron for Study

o As rnentroned in Clause D3 2, the per caprta GDP of Pakrstan is not expccted to
i _reach the above transrtron leve} within thc p}an perrod Thercfore, the present
_evenmg peak pattern of dally load curve wrl] not change to the daytrme peak
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during the p]an period. From such considerations, the peak load duration of 4

hours was adopted for the study of this report.

Power Demand Forecast
chressmn Analysrs

The fulurc power demand of Paklst'm for the present WAPDA and KESC
sysicms combined, was estrmated with a regressron ana]ysrs to review the

~ obtained forecast of the government The amount of sold energy for the Total
: _of the country, and catcgory-wrse sa]es (0] the Domestre, _Industnal Commcrcral

and Agricultural consumcrs were revrewed in relation to the relevant economic
mdlcators as grvcn below o ' '
' Total energy sales . :GDP of the (':ountry' |
- Domestic energy sales ' GDPof the couniry '_ e
: Industrral energy sales GDP of Mining and Manufacturmg sector :
o Commercra] encrgy salcs GDP of Commercral sector =
Agrrcultural energy sales : GDPof Agrtcullural sector -

' _At ﬁrst the hlstorrcal corrclatrons bctween the GDP growth and the growth of

sold energy were revrewed takmg mto account various eomponcnts that would '
affect the cncrgy sales. These trends were cxtended to the future for forecastrng

energy sales with rnodrficatrons as deemed necessary accordmg to changes in

SltllallOI'lS

Pmspcct t‘or Growth ol‘ Economlc Indtcators

Thc Palustan economy achlevcd a rclatrvcly htgh GDP growth rate of 5. 4% m'

_ 1997- -98, and high future growth rate of 5.0 to 7.0% were targeted by the

govcrnment In the revrsed 9th 5- Year Plan, the cconomi¢ growth rate of 6%

was assumed for thc recent normal growth scenarro of load forecast and 5% for
" the realistic low growth scenarro R A B

The GDP growths for thc total of the country and rtemrzed categorres of Mmmg _ : ’

o ~ and Manufacturmg, COmmercral and Agrtcultural esttmated by GOP based on :

the two growth scenarios of Norma] and Low are tabulated in Tables D4 1 and

D4.2. The growth rates of the major sectors Mrmng and Manufaclurmg and.

Commercral are mueh htgher than the GDP growth of the country The__';'_' S '
.resultant GDP growths as the sums of sector-wrse GDPs are tuch larger than the -~

. country s estrmated GDPS Then the estrmated scctor—wise GDP growths werc .

- Di6




D4.3

reallocated so-as to compensate the discrepancy between overall GDP and
sector-wise GDPs as scen in Tables D4.3 and D4.4. '

Analysis of Historical Trends ol‘ Growths of Economy and Energy Sales

Hlstorlca] trends of the correlattons belween cconomic growlh and the growth of
cnergy sales were reviewed for the pcnod of recent 15 years from 1982-83 to
1997-98. Correlations bctwccn these two ingredienls were reviewed for the
entirc period, for the recent 10 years and the recent 5 years as mentioned below.
The regressron relations for the five cases mcntroncd in Paragraph 1 are shown

- in Figure D4.1.

Ma]or i ndmgs from the revrew of the hrstorrcal trends are mentroned below

- The resullant corrclatron factors observed belwecn the growth of sector GDP
and the growth of energy sales are summarrzed below _ ' :
- Total cnergy sales - : 1.527 for past 15 years and 1.276 for 10 years
- Domestic encrgy sales : 2.088 for past 15 years and 1.971 for 1_(_) years
Industrlal energy sales 7 : 1322 for the period, 1982 83 to 1992-93, and -
o no growlh of demand is observed after 1993 in
el : '-"sprte ofeconomrc growth : |
Commercial energy s-ales_ 1.582 after 1991 92 (trend is drfferent up lo'
o ' 1991 and thereaﬁcr due to the change in scope :
e | 'ofthesector) o :
- Agricultural energy seles 1, 782 for 15 ycars and 1 218 for 10 years

- T he corrclalrons are presented in a Iogarllhmrc chart in Frgurc D4.1. Il is
: evrdenl that all the corrclalron factors are m a decllnmg trend

- In recent years, the regronal load sheddmg takes place due to 1nsufﬁcrency in
L power systemn capacrty, gener‘ltron and transmlssron At present the

1nstallcd generalmg capaerty is sufficient to meel the demand however there
* are many drstrrbulron transformers (mostly 132/11 kV) ovcrloaded durmg thc

L 'peak load time. Thrs seems to be a cause of the declmmg trend of

_ .:-l'correlalron factors ,
- . Very strong growlh of domestlc energy sales is observed in relatron lo Ihe :

S growth of the overall GDP. The correlatton factor was around 2.0.

= Aftcr }993 many mdustrral consumers scem lo have commenccd use of self-

"generatron due to mapproprraleness of publrc powcr supply, in v1ew of

: .-',_-;quantrty, qualrly and relnblllty
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The trend of commercial consumption completely changcd between “up to
1991” and “after 1991” due 1o change in scope of the commercial demand.
For demand forecast, only the correlation “after 19917 was referred to.

_ Rcvrcw of Govcmment Dcmand Forccast by the J ICA Tcam

T he fufure energy sales of the coumry and of cach category of Domesuc
lnduslnal Commercial, Agrlcultural and their sum, the total demand, were
forecasted by JHCA by exiending the past rends taking into account the

. following:

The corrclanon factor is gcnerally high in low- mcome developmg eoun!rres

- and is moslly 1.2 to 1.5 and is ncar lo 2.0 for high cases.  This factor usually
- gocs down with lncrease 1n GDP per capila exceechng 1 000 US$ and

approach 1.0 in developed couniries. The presenl per caprla GDP of

_Pakrslan 1s about 500 US$ and will not reach 1, 000 US$ durmg the plan _

horizon. : .
The recent lrends suppressmg lhe demand growlh in Pakrstan scem 10 be .
caused by insufficiency in power system capacrty, and slrong growlh will be'_
resumed if Ihe supply msu[ﬁcreney is lifted. ‘

_ There is a world wrde lendcncy to mcrcase the share of electrrcrty use rn ;
_energy consumplron as the elec{ncrt) is the most convement form of energy = .
_- and used cxtensrvely in modern living. B

In view of luturc shortage of avalhble energy foreseen m Pakrstan, ihe

'-movemems for energy conscrvallon and ‘demand srde managcmenl (DSM)
“areto be promo{ed - LT -

_ The fulurc clemand was es%rmated for lwo scenarios of lhe Normal Growlh

Assumpuon (6% ‘GDP growth) and lhe Low Growth Assumptlon (5% GDP

'growlh) For the category-wrse GDP growlhs, the reallocated growth rates

‘mentroned in Clause D2 were applied. Assumed corrclalron faclors for all the

2 eategones are memroncd below

Ovcrall cnergy ‘sales: The faetor is assumed at 11 in mrlral years and -

mcrcase to 1.5in ﬁve years ‘with Jmprovcmenl of power syslcm and remain
“same thereafter SR o . St
E Domestrc energy sales T he faetor is assumed to rncrcase from mmal 1 0 to '

the past 1 95 in ﬁve years and then goes down o 1.5 gradually as it is nol o

likely that such a very hlgh faelor wrll be mamlamed for a long trme _
~ Industrial energy sales: It will lake a long umc for prescnt consumers wrth R
~self generaling facrlllles use publlc power 1n full swmg ll is assumed lhal L
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4.5
The oblamed forecast rcsulls of JICA do not muoh differ from the revised
~ forecast of the Oth Plan of GOP. Thus thc revised forccasl of the govcrmncnt is

D5

D51 |
‘ __ _'[ he generatlon systcm of P'tklslan comprlscs hydroclcclrlc and thcrmal power
slahons Thc h:s{oncal transnlon of thc share of hydro and thermal generatlon )

the factor is 0.5 initially and bccome the past 1.3 in 10 ycars and remain
same therealter. ' :

- Commercial energy sales: The factor is assumed to be 1.2 initially and
increase to the past 1.58 in five years, and remain same thereafter.

- Agrlcultura! encrgy sales: The factor is assumed to be 1.1 initially and
increase to the past 1. 22 in five years, and remain same thercafter.

- The total encrgy salcs is assumed fo be 1.12 times the sum of the four jtems
‘of Domestic, Industrla] Commercxal and Agricultural salcs to cover the other

small 1tcms

:The forccast rcsults are prosentcd in Tablc D4 5 (1) for demand of the Oountry,
(2) for the Domesllc demand, (3) for the Industrial Demand, (@) for the

Commercial demand, (S) for the Agncullural demand, and (6) for the Sum of
category-wise demands. - T he differcnce between the Country demand and the

~ Sumof category-wise demands_ is within several percent.

Ovcfall Ev-alu'ation of Load Forecasi of the Revised 9-l.h Plah -

Judgcd to be reasonable, and this forecas{ will be used for the execullon of study.

' .Existing“ Power Systen'ir. :

General

energy is shown in Tablc 4.4.1. Though the maximum hydro share of 78.7%

'was recorded in 1979 the sharc has bccn declining thereafter duc to dc]ay of -

hydroelectnc powcr developmcnt caused by fi nancral constramts “and is just

i . over 40% rccently Aﬁcr 1997 thc PP gencrallon emcrgcd and has excceded
o _‘30% m energy in 1999 : '

As for lhc reglonal dlslnbutlon of lhe gcneratmg capacnly, lhc sharc of Punjab,
- lhe ]argcst load ccnler 1s largest and followed by NWFP as shown bclow

b9
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P-rovincc-.Wise Installed Generation Capacity

Provinee Hydro Thermal - Total
Punab . I 6 4,59 4,653
Sindh . i 2,909 2,909
N.W.EP : 3,762 - - 3,762
‘Balochistan ' A 1,392 o L392
AJK. S e : 1,000 S - 1,000

. Thc mslallcd capacrty of NWEP is vcry ]arge comparcd wrth 1ts consumptlon, as

the Tarbela power slatron is located in this province. NWEP and AJK have

- only hy droclcclrrc planls wlnlc the ihermal mslallalrons are prcdommant in the
o othcr 3 provrnces ' § '

_Gcneratlné I‘acilities .

1) Hydroclcclrrc Power Gencrairon

The total mslal]cd capacrty of the e‘uslmg hydrocleclnc power slalrons is 4,826

MW as labulaled in Table D6 1, and the 3 major reservoir type poWer stations, -

Tarbela @G 478 MW), M'mgla (1,000 MW) and Warsak (240 MW) occupics 98% ,
of the total of hydroelcclrrc mstallatron in 1he country. The largest Tarbela

plant occupies 72%

In Pakrsl’m the first pnonly for ihc watcr use of multi- purpose reservorr is !he
. rrrrgalron walcr supply Thercfore a reservoir is to be- operaled based on

irrigation requirement. Sourccs of waler ﬂow to rivers in lhe area are !he snow -

" melt and monsoon rain. The river flow is hrgh from May to Augusi whlle the )
. 1rr1gairon requlrement is high from Aprll to June and the relcase from rcservou is
'closcd in winter. ~ Under such srtuairon !he peak power shoﬂage appears in
o Aprrl May and June duc to the low rcservmr ]cvcl and t]re energy shorlage in
" December and January due to dccrease in release from rcservonr

' In Pakrslan the rcparrmg of generatmg cqunpment ‘can bc performed when the'
river flow is little in the dry season. Therefore, troublcd equrpmcnl can be

. repaired before being heavily damagcd and thc chance of faull breakdown of

' -"cquipment is gcncrally low EEERTEE R S

- 'The rated power faetor of hydro generator is 0 85 to 0 8 and lhe overload factor a5
. or walcr turbine under hlgh head condmon is usually set al 110 (for mstance
E Tarbela) o 115% (Mangla) ' '
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2) - Thermal Power Generation -

The total installed capacity of existing thermal power plants in the WAPDA
systeni consists of 4,281 MW of WAPDA plants and private facilities of 3,044
MW. That of the KESC system is 1,926 MW of KESC and 130 MW of private

" facilitics as shown in Table D6.2.

In the WAPDA system, 52% in installed capacity is steam plants and the
remaining 48% are gas turbinc and combined cycle plants.  The recent gas
turbine and combined cycle plants are operated with natural gas, while old plants

" of this type arc with oil. .The main steam turbine plants completed afier the
" 1980s are provrded with 210 to 250 MW units; only onc unit is over 300 MW.

The recent major gas turbine units are of 100 to 135 MW capacrty Many

" thermal units are very old and have been operated for more than 30 years. In

Pakistan, the standard life of thermal plant is 35 years for stcam plant 25 years

- for gas turbine p]ant and 30 years for combmed cycle phnl

All the KESC’S stalrons consrsfmg of 76% steam, 11% gas turbme and 13%

diesel, are based on the oil and gas fuel. T he oil gencration occupies 78. 2% of

the total gcncratlon capacrty and the remaining 21 8% by old gas. turbines with
gas. - At present therc isno plpc]me installation plan to rcmforcc the prescnt gas

'SUPpiy _
) The armual pcrrods of rcgular mamtenance of thermal gcneratmg sels are: _

o Steam turbine gcncrators (WAPDA& KESC) _:. IR 45 days _'
' Gas turbmc/Combmed cyclc generalors (WAPDA& KESC) Ry days -
 Private PrOJects - : R, - 36 days

rAnnual forced outagerales arc _. A | _- - R
 WAPDAhydelplamts .. 30%
§ WAPDA& KESCthermalplants L o 133%
Prrvatepowerplants S ‘_ I ST 6.5%

Regular malntenance of thermal generalmg facrlrlles is bcmg carrred out mam]y )
in the monsoon season when the river flow is abundant, Annual mamtenance '
L .schedule of entrre power plants mcludlng hydroe]ectrlc plants is prcpared by .
"‘.,-_NPcc | RN L
- Hub Company commrSsroncd the f rsi largc prrvate seclor oil- F rcd power station -
7 | “of 1, 292 MW (4 x 323 MW) capacity in 1996- 97 at Hub on the Balochistan -
o _coast The Kot Addu power statron wrth new gas turbme and combined cycle '
©_units of 1 621 MW in- total msta]lco capacrty was sold and managcmcnt was
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handed over to KAPCO in Junc 1996. - WAPDA is at present buying power
from KAPCO. S _

3 i‘ransmrssron System

The transmrssmn network of Pakistan has spine 500 kV transmission Tines in 2
fo 3 circuits from the Tarbela power station in the north to the _H_ub power slation

facing the Arabian sca, 1,500 km in total length. The present configuration of

the 500 kV transmission system is shown in Figurc 4.4.1. These transmission
lines mterconncct seven 500/220 kV substatrons and 220/132 kv networks in the

'_country * All major power stations and load centers in the ‘country are mtegrated
' through this 500 kV system. _The total lenglh of transmrssmn lines of varlous _

voltage chsses in cach provmce is presented in Table 4 4.2.

In actual transmrssmn system operatlon the 500 kV and 220 kV systems are

. operated in loop formatlon to attain high system reliability, while the 132kVand
66 KV systems in radial formation to avord mlsoperatlon of protective relays and
: sprcadmg of fault, and to lnnn rupturmg capacrty of circuit breakcrs .

~.In NWFP the 500 KV system was reecntly extended from Tarbela to Peshawar
o Only two 220 kv transmrssron lines from 'I‘arbela to Mardan and frorn Peshawar
- 500kV to Daud Khel are in operation at present In the province, there are 2
“kinds of secondary system of 132 kV and 66 kV. . The 132 kV system 1s the

major system o feed to grid substatrons for sleppmg down lo the MV

distribution voltage of 11 kV. Such transmrssron system covers ~only the
southern part of the provmce, and the most of northem areas have nol been

clecirified. - The historical transition of substatron capacrty in NWFP is shown
in Table 4.4.3.  Many distribution syslem transformers (most]y of 132/11 kV)

have been over-loaded covering all over the country mcludmg NWFP due to

shortagc in installed capacily. :

-..WAPDA has already acqu1red tcchnology for planmng, desrgmng and

constructlng all transmission lincs up to 500 kV c]ass “For transmtssron system
- planning, WAPDA determine varrous paramcters aﬂer carrymg out power_

- _system analysrs mcludmg power ﬂow stabrhly and fault calculation, using the

PSSIB software of Power I‘echnologles Inc. (PTI) of USA Transmtsston
facrlrtres are designed and bidding documents are prepared by the Transm:ssron )

and Gnd Substatrons Drrcctorate

' All 500 kV transmrssron lmes are of srngle—cucutt construchon wrth four- "
- bundled conductors ACSR Drake (795 MCM) is the standard conductor, .
o however AAAC (DBRECK) is gomg to bc used The standard conductors of A
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220 kv lines are ACSR RAIL (954 MCM), LYNX (175 mnY)) for 132 kV lincs
and DOG (100 sq. mm) for 66 kV lines. 2-bundled conductors are going to be
applied for heavily loaded 220 kV lines. A double circuit line is usually

| planned to secure 70 to 80% of power under one circuit operanon 1o satisfy the
' 'N 1' criteria for relrabrlrly as far as possible.

Lightning damage is not srgmﬁcan_t in Pakislan, and only one overhead earthwire

" js installed on a double-rcircuit line of 220 kV or 132 kV. To avoid troubles of

insolator contanliiration due to dust and salt in descrt lands, fog insulator discs
are sometrmes mstalled The standard number of insulator discs in one string is

15 for 220 kV lines on both suspensron and tensron slrmgs

'- _For ime protecuon including 500 kV lines, the dlstance proteetron combined
- with transfer tripping with the help of PLC channels is used as the standard
practlcc o o _

) For a 220 kV swrtchyard wuh four generator circuits, planned for the Munda

. power station, the 1.5 circuit breaker double bus arrangement is the standard
. practice. However the double bus system with a bustre circuil breaker willalso

be acccpted

Load Drspatchmg System .

In the present Pakrstan power system, there are four load drspatchmg centers in -

- operatlon as menuoned below N

S Natxonal Power Control Center (NPCC) of WAPDA in Islamabad for -

: gcneratlon system and 500/220 kV transmrssmn system covcrmg the wholc

_country.

- '_ Regional Control Ccnter (RCC) (North) of WAPDA in lslamabad for the
- " northefn 132/66 kV transmrssron system, from Pcshawar to Multan. - '

- .Reglonal Control Center (RCC) (South) of WAPDA at Jamshoro for the
~ southern 132/66 kv transmrssron system, south of Mu]tan : '

- Load Drspatchlng Center of the KESC system at Karachr

S Thc exrstmg NPCC’s main facrhtles are of SCADA systcm from ABB supplred
. in 1990. Thrs system has already been out dated and rcqurrcs rencwal at an

: early t1me

_The locatron of NPCC was se]ected in Islamabad rnstcad of I,ahore as Is]amabad

g "'-1s nearer to. the !argesl power stahon of ’I‘arbela and also to many [ulure hydro

power statrons 1o be constructed in lhe northem area “Utmost atention is
rcqurred to the operalron of hydropower statrons from effectrvc utrlmauon of



water resources, and management and control of hydropower system.
Moreover, Lahore is very close to the Indian border. S

The daily generqlion plan of the next day covering whole the country is prepared
by NPCC and operating instructions for the next day are senl 10 WAPDA’

power stations and as well as 1o pnvatc power producers. - Annual generation

plan and gencralmg equipment maintenance schedule of the whole powcr
stations are prepared by NPCC For a private producer, a 3-month notice is
informed on both pcak power and ¢ncrgy, and month to monlh notices are also
: prowded ;

- The operatmg power oulpul of hydropower station is to be delermmed referring
lo the govcmmenl plans for lrngatlon walcr supply and avallablc river ﬂow

:.Thc powcr system frcquency is control!cd using four generalors cach of the '

Tarbela and Mangla power stations.

: .The 220 kV scndmg out’ voltagc of the T'irbcla power stalxon efc. is usually set -
_ hlgh near to 240 kV durmg the pcak Joad time to maintain system voltage and to

mlmmlzc power loss, and is shghlly lowcr durmg the off-peak lime.

 _ The powcr syslem opcration rccords mcludlng fault data are comp]led and :
databased in NPCC. - NPCC has off-lme compulcrs for powcr system analy31s :

to rcwew and dctermmc system opcralmg condntlons

7 ‘Thc KESC IJoad Dlspalchmg Centcr is operalcd for conlrol of the KESC system ' .
~ The both WAPDA and KESC dlspatchlng ccnlcrs cooperale each other 1o attain

‘an overall coordination of the two systems, " The record of cncrgy mterchangc
bctwcen WAPDA and KESC in recent years is gwen below: N '

lsnergy lnlcrchangc Bem een WAPDA and KESC

Fiscal Year to 30 June . Export to KESC {G\Vh) Import frnm KESC (GWh)
1983-84 1. 6.00 S 3700
198485 - | 097 | 67400
198586 + .+ | ¢ o055 o | 470,03
198687 - - U600 | 19100
1937-88 8622 - S 11600

7108889 - 8200 | T 3200
198990 - SUTTITIAe L | o 26446 Do
199091 - |- 19355 - 4150 -
199192 -~ 29221 S 46302
199293 o380 L 81727
199394 | - 36774 2 38071

T1994.95 - | e . 88404 o} . o< 20758 .
199596 b o 7946l o | 20847
199697 - | - ©1,23280 - - | . . 9056 -
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For long time, WAPDA was receiving power from KESC, but recently from
1993-94 WAPDA is exporting power to KESC and the exporling energy has
been increasing rapidly. :

Communication System

- The power line carrier (PLC) system is the main communication means of the
- transmission network and provided on all the existing transmission lines of up to
500 kV. - Only 1-channel sets arc used in Pakistan with formation of;

1+1+1+1

For standby and mamtcnanee commumcalron both VHF srmplex and UHF

duplex radlo lmks are in use In addition, the pubhc lelephone is also utlllzed
for voice communrcatlon However, the data comnmmcatron and protection
~ signal exehange are bemg performed using only PLC ehannels '

The power syslem admlmslralwe telephone system consrsts of the central

i exchange (PABX) at NPCC in Islamabad and about 100 local exchanges

. ln Pakrstan there is only one ‘microwave lmk of 2 GH/ 60 CH capacrty betwecn_

Islamabad and Jamshoro in the south to meet mereased commumcatlon needs in

- recent years. - Multi-channel UHF links are also in use m heavy traff‘ ic sections
for mstance between 'I‘arbela and Peshawar - '

Y presenl opllcal commumcanon is not applled for power system operatron

OPGWs were once installed on a 500 kV line in, however this syslem was

-~ damaged and is bemg rceommrssroned after rcpa1rmg WAPDA has a plan to

usc the optical communlcatlon on the 500 kV system and on 1mportant and

_ heavy traffic sections, and mstallatlon of OPGW is now ongoing on several lines

o and is to be eommlssroned in near future

_ Drstnbutlon System .. .

> The main system voltage of the hlgh voltage drstnbunon (MV) network i is 1KV,
"~ In many other countrres a higher voltage of 33 kV or 22kVis preferred for long

- distance power dlstnbutron (say up to around 50 km) in rura] arcas, Thercfore,

L power supply arca arouncl grld subslatlon is limited to relatrvely narrow area in

- Pakistan.  The 33 kV dlslnbutron is employed in cerlam remote arcas 1nclud1ng -
- " NWEFP for long drstance transfer of relahvely small power ' ' o

| r__The low voltage (LV) dlstnbullon voltage in the country is 400/230 v, 3 phase
" 4- wrre syslem The standard sccondary voltage of dlstrrbutlon transformers 1s ¥

o 415;240 V.
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To reduce T&D system losses, fundamental improvements of the distribution

system with highest atiention to LV system: (cspecially use of insulated wires and |

improvement of consumer receiving facilities) arc urgently necded.

Rural E!cctnﬁcatron

- In Pakrslan the concept of rural clcclnficatron is the extension of power lines to

unelectrificd vrllages and docs not mean the clectrifi calron of individual

houscholds, and rural cleclrlﬁcatron is assessed by the number of vrllagcs that
have ncwly rccelved power from the national power grid sysicm. Up to 1997-
98, 65,951 vrllages were electrified out of the total of 125,083 vrllagcs the
village clectrrf' cation ratio was 52, 7% It is generally consrdered that vrllagcs _

within 20 km from the national grid are adcquatc for clcclrrfrcatron by extendrng

"~ power lmcs Prlorrty shou]d be gwcn to cleclrrﬁcatron of vrllages wuhm thrs

limit.

T he rural clcctrrficalron actrvrucs are bemg basrcally camed out wrlh lhc
- govcmmeni fund Loans from mtcrnalronal 1nshlulrons such as World Bank
and ADB, and as well as from bllateral sources such asJapan Germany, etc are -

" also allocalcd for this purposc

- In the draft 9th 5-Year Plan, 15 000 vrllages are planned to bc clecirrficd in lhe S

plan pcrrod at a rate of 3,000 v1llages per annum Every ycar the government

"announccs “available fund for rural clectrification, and each provincial

govcrnmcnl submits an applrcatron stating parucu]ars of its plan -The GOP

D58

: ' sclects pro_|ec!s to be cxecuted in the year lakmg into accoum varrous factors
" The electrification program shall be prcparcd with prlonly to vrllagcs in whrch o
many households can be electrificd with relatively short line extension, say -
. within 2 km to vrllagcs for Punjab and Sindh and longer “ km) for Balochrslan
~and NWFP

'Iransport

B The iransporlmg drslancc of cqurpmcnt and materrals ﬁ'om ihe landmg port of - .
' 'Karachl to the Munda site is very long, arouncl 1,700 km, and therefore the .
_ 1nland transport of the proyact rs an 1mportant subjcct espccrally ther

transportatron trmc and cosl

For hcavy cargo lransport lwo allernahvc 1dcas lhc land lransporl wrth crthcr

rall or lrarler over cnlife route and thc barge lransporl on the’ Indus river _
. combmcd with short distance transpOrl wrlh trailer are concelvcd ~The Jand S
_ iranspon is gencra]ly prcfcrred to lhe rrver lransport duc to us shorter s

b
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D7
' ln lhe revised 1999 5- year plan GOP prepared Gcncralron Deve]opment

- ) Programs based on lwo economlc growth sccnarlos of Normal (6% growth) and
. Low (5% growlh) as gwen below : -

transportation period. - The river transporl is usually chosen only when the land
transport is not appropriale. - The heavy items of the Tarbela power station were
transported mainly by ship. -~ The 500/220 kV, 450 MVA transformers of the
Peshawar 500 kV _:subslalion, consisting of three (3) singlc-phase units with
transporting weight of about 90 tons, were transported with ship and trailer.

Formerly, the limit of land trj‘ansport' in_' Pakistan was around 90 tons. However,
- dueto improvement of roads and bridges and use of multi-axle trailers, this limit

for main road transportation has been much increased.

Particulars of Eﬁristing Generalinig Kacilities -

o lnformat1on on parlrculars of extslmg power stations of WAPDA and KESC was
' oblamcd from their annual reports and verbal mformahon, etc. Lisls of power
- slauons were comprled as grven below: '

Tablc_ D6.1 = List of Exrslmg Hydel Power Stanons '

- Table D6.2 © Listof erstrng'l‘hermal Power Slalro_ns _

' Generalron Development Program of the Government

.'Tablc D71 '_Generalron Development Program (May 1999) based on

g Normal Growth Scenario

- : Tablc D7_.2_ ] _. Generalron Dcvclopment Program (May 1999) based on Low

DS

L ,'Growlh Scenarlo

' _Llsl of Identrﬁed Hydroelectnc Prq;ects

N In Pak;slan hydroe]eclrrc power pro;ecl srtes arc mvcsllgated and sludrcd by _
.'vanous partres In 1997, WAPDA eompilccl lists of rdenuﬁed hydroelcclnc C
' powcr pr()]CCIS in various categorres as given below:

: Table p8.1 Hydel Slatlons in Opcralion wrlh WAPDA
Table D8. 2 Hydel Pro_|ecls at Implementalron _ :
- Table D8 3 Hydro Projects at Feasrbillly/Pre-Feamblllly Slage
. Table DS 4 [dentrﬁed Pro_]ccts with WAPDA B L
_ Table D85 . SHYDOProjects . = - o
L 'lable D8. 6 .. 1 "V[cd]um Schemes Idem]l“ edin Nor!hem Areas

Table D8 7 '-:. Lrsl of Low Head Sltes
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A

Table D8.8 © Prospective WAPDA Hydropower Projects for Imp]crncntation
: under New Power Policy (Ready for Iniplemcnt_alion)
Table D8.9 - - Prospective WAPDA Hydropower Projects for Implementation
R under New Power Policy (Fcasibi]ily/Prc-Fcasibilily Stage)
Table D8.10  ~ Prospective WAPDA Hydropower Projects for Imﬂehwnlalion :
under New Power Pollcy (Idcnuﬁcatlon!Rankmg Stage)

ﬁdblc D8.11 ldenuﬁed -md Planncd Hydro Power Pro_;ccls in Pakistan

Transmission System Anaiysis '

- Conditions of System Analysis .-
' (1) As*:umcd lransmlssmn syslcm S

" 'The Pakislan lransmlssmn system is interconnected wlth 500/220 kV '
Aransmission syslcm covering the wholo couniry, in whlch the Munda power
station will be conncclcd to the northcm part of the entlre neiwork.  In carrying

out the {ransmission syslem analysns related to the Munda conncctlon to the'
nelwork, the fo]lowmg were assumcd '

Thc lransmlssmn network assumcd for the syslem analys:s is the norlhem _
_ systcm up to Gaiti and Lahore subslatlons as shown in Flgure DY.1 for thc
‘ : 500 kV systcm and DS. 2 for the 220 kV systcm Thc rccommended plan is |
'to connccl the Munda power slallon w:lh the New Shahibagh subslahon wilh

._3 a 220 kV double circuit lransmissmn line. For altemahve p]ans the Munda -
- power statlon is to connecl to the Charsadda 5001220 kV subslatlon . This o

substation will be connectcd wnth the Mansehra substation through a smgle

* circuit 500 kV line, and wuh the Now Shahlbagh substation lhrough a220
. kV tine with 2-bundied Rail conductors The conncclmg plan w1th the -
) Charsadda subsiatton will be as shown bclow :

. _ToNioudaPé(SOOkX) L Cha'réaﬂdaSS e S I L
To Munda PS (220kV) - - . T S00KV _
. _.l ) ST '-Manécby;SS S
S | 220V 500KV Bus'
- Sbahibagh220kVBus .

" Figure D9.3 Alternative Configuration through the Charsadda Substation
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All the hydropower stations on the 500/220 kV sysiem in the northern area,
that arc scheduled to be completed before the commissioning of the Munda
power station, were taken into account including their associated

~ transmission lines. Medium to small projccls_ on the 132 kV systems can be

taken into account by adjus_ling 220 kV substation loads.

~ The influence of the connection of the Munda power station is great when

the power system is small. Therefore, the transmission system just after the

- commissioning of thc Munda prolect in the year 2010 was analyzed.

Informatron on the power systcm was obtained from WAPDA, and the pasl

_ transmission systcm analysis results of WAPDA for lhe ycar 2010 'md 2005

were referred to.

(2) Assumplrons for powcr sysiem analysrs

Thc following systcm c0nd1tlons wcrc assumcd in carrymg out thc lmnsmrssron
: syslcm analysis: '

* Equivalent phasc spacmg of lransmlssron ]mcs were assumed al 12.0 m for

500 kV lines (horizontal arrangcmcnl) and at 7.1 m for 220 kV lines (vcrucal
arrangement) bascd on the data of the cxrslmg lines. : '

- Conductor spacing of bundled conductors 2-bundle, 3. bundlc and 4- bundle

is assumcd at 45.7 cm (18 mchcs) for both thc 500 kV and 220 kv syslcms :

~ based on the data of the exrslmg lines. - . : o
','Partlculars of 795 MCM ACSR (Drakc) are assumed for ‘1" 400 sq. mm or
- . 795 MCM class conductors R . : o
" 'Conduclor tcmpcralurc was assumed at 60 °C.

Impcdance of thc 5007220 kV aulo- transformcr is assumed at 12% for all

'_'transformcrs -

‘ 220 kV substalron loads arc assumned from the WAPDA’S past powcr flow

3 resu]ts of 2010 (used as n was) and 2005 (1.5 times figures wcrc ‘used).
 Loads of new substallons were ]USl assumcd CAll subshlron loads were

4 .'.conncctcd 0 lhc 220 kV buscs Thc power faclor of ioad is assumcd at

. around 95%.

T hc systcm loadmg condluons wuh and wrthoul thc Munda oulpul of 740 '

MW arc prcpared by ad;uslmg the 500 kV srde outgomg real power ﬂow of

. .rlhc Gatu and Lahore subs{'mons

-I(ems of Analysrs

- .'.Powcr ﬂow calculalron was performcd on lhc on lhc followmg 3 cases: -

o :Allcmalwc 1 Connccuon wrth lhc Shahlbagh subslalron lhrough 220 kV lmc S

o
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_ Alternative 2: - Comnection with the Charsadda substation through 220 kV line

Alternative 3;  Connection with the Charsadda substation through 500 kV line

" The power flow conditions were checked for the both cases of ‘Munda full

output’ and ‘Munda no output’. ‘The cases ‘Munda no output’ is common to

Alternatives 2 and 3, and five (5) cases in total were analyzed.

7' The fault level of the network around the Munda power statron is far below the

allowable fault level of the currently applied Tevel (315 kA, 21.8 GVA at 220
_kV) for 220 kv circuit breakers as large power slations will be connected

. through long transmrssron lines. Therefore, the fault calculatron to check fault

level was not carned out.

ReSults of Analysis

The results of power flow calculatton for Alternatrve 1, with and wrthout Munda
output of 740 MW, are shown in Frgures D9.4 (500 KV system) and D9.5 (220 -

i ~ kV system) for the case w1th the Munda output’ and Figures D.9.6 (500 kV

- system) and D9, 7 (220 kv system) for the case ‘without Munda output’, - With -
._ Munda 740 MW cases were analyzed for Altetnatives 2 and 3, as shown in
Prgures D9.8 and D9.9 for A]tematrve 2 and in Figures D9. 10 and D9.11 for _ B
“Altemative 3. Wrthout Munda case for Altematrves 2 and 3 is shown in

Frgures D9 12 and D9. 13

Accordmg to these results, both the bus voltage and lme power ﬂow are wrthm

normal operating ranges at all points of the transmission system, and no

technical problems are observed in the results for all the Altematwes However, -

~ the followrng are noted:

- ~ The most of Munda power wrll be oonsumed m  the Peshawar area, at New

= _Shahrbagh and Nowshera substatrons Compared with the case of the -
' ‘Munda output being zeto, power to Peshawar from both Tarbela and Ghazr
o Barotha power statton wrll decrease srgnrficantly by the power generatlon at .

o Munda power statlon and the power ﬂow from these power statron toward S
_ Lahore and Gattr wrll tncrease ' Lo '

i In case that the Munda power statton is connected to the SOO kV bus of the o
" Charsadda substanon, almost all of Munda power is stepped down to 220 kV L '

at Charsadda and then transmltted to New Shahrbagh

. - For the Shahrbagh connectron case the overall transmrssron loss decrease by ' :" R |

_ the connectton of the Munda power The transmlssron loss of the
Shahrbagh connectron case is clearly smaller than the Charsadda connectron L

b0
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case due to difference in the transmission distance to the main consumption
- center of the New Shahibagh substation. '

It can be concluded that from the viewpoint of the power flow conditions the
case (o connect with thc New Shahibagh substation through a 220 kV linc is

: most 'tppropnate among all the 3 alternatrves

' Tmnsmlssmn Systcm Study

'l‘ransmrssron System for Sendmg Out Power From Power Statron

' Accordmg 1o purposes of use, the transmtsston lincs can be chssrﬁcd into the

following two categorres

a) Network transmtssron lmc to connect two pomts ina nelwork _
_ b) Power source transmission line to transmtt the generated power of a power

statron to the network

The power ﬂow on a former network lme varies from tlme to time and it is

' usuaily not posstblc to accurately predlct future power on the line. Then, a

- standard desrgn is usually applred to lmes of this category On the other hand,

the sendmg power on the latter pOWer source line can be determmcd based on -

the power stat1on output and powcr on the llne docs not change through the

"l‘operatron perrod Therefore 1t is a usual practtce o desrgn a power source lme
_ case by case (desrgn other fhan standard desrgn is apphed in many cases) so as 10

' ratt'un maximum economy based on the scndmg power - The transmtssron lrne

‘ 'connecttng the Munda power ‘station and adjacent substatron belongs to the latter
’ category and is to be desrgned based on the specrf’ c requrremenls 50 as to attain

. the maximum economy

D102

Relrabrlrty Crttena of N-l'

The 'N 1' crrterra requrre the contmurty of power supply to load in the event of

- smgle fault event 1e separauon of any one system element erther line,

' trans[ormer, generator ele. Under these cr1ter1a a 2 crrcurt transmtssmn line to

‘ supply power to load needs to have power transfer capacrty to send 100% power_

- | _even in, the event of one crrcurt bemg separated However, in case of power
. source l1ne for power supply to the natlonal network like the Munda

e _transmrssron lme transmrssron of 100% power under one crrcurt operatton isnot
must! if the power supply o load from the nctwork is’ not aﬂ'ected due to the

o separatlon of one circuit of the lme

L p3t



" planned 220 kV ]me will not serrously affecl the power supply to load from the

DI03

: slallon is connecled lo the Charsadda subslatlon wrlh a 500 kV lme the most of |

~ transmission will i increase not only cost bul also power loss due to unnecessary £

In this case, the loss of powcr 1o the national network (not more than 150 MW)

due to separation of one line circuit is smaller than the loss of one gencrator or

transformer (185 MW at maximum). The national nel\'rork can absorb such
small variation of power with connected generators. The present WAPDA
nctwork must have capacity to meet the sudden loss of the largest Tarbela unit of
432 MW, In 2010, the network will have a larger capacrty, more than double of
the present mslallatlon ' o

Moreover the chance of one circuit separallon of the line will be around once in

10 years on the assumptrons of line faull rate of 1- faull/lOO km/year and 273
- success rate of high speed reclosing, The possrblhly of loss of onc cn‘curt under
full output opcralron under hlgh temperature is very small ’

Under such cons1derat1ons it is concluded that one c1rcu1l separahon of Ihe

Pakistan network. Any additional cosl o furlher 1mprove line’ rcllabrlity will

" not be juslrﬁed on the reason of 'N- 1‘ criteria. . -

I\'ansm:ssmn Capacrty of 220 kV Lme '

It was told lhal in Paklstan therc has been no past record to lransmn more than_ :
_ | 600 MW w1th a 220 kV line. However there are a lol of examples in southeas{ '
Asran countrles sending more than 740 MW wrth 220 kV class lransmlssron line, -
by usmg lager conductors (Thall'md) or by 1ncreasmg number of conductors in
bundle (Malaysia). - ln Japan the slandard transmrssmn capaelty of a 27- KV
llne is 75() and 1,500 MW per crrcmt wrth 2- and 4- bundled Ihermo rcsrstant 795 - |
MCM ACSR | There are no lechmcal problems m sendmg 740 MW power' S

wrlh a double crrcurl 220 kV lme

The 500 kV transmrssron wrll nol be reqmred !echmcally The Munda powcrzﬁ' _
will mamly be consumcd in Pcshawar and its surroundmg areas accordmg to the -
_ rensults of power flow Sludlﬁb in Appendrx DY. In case that the Munda power .

'power wrll be. stepped down fo 220 kV at Charsadda and iransferred to |
Shahlbagh for consumpuon in the . Peshawar area _ Thus “the 500 kv -

S vollage step up and down .

F he large cost for 500 kV lransmrssron can be economlcally Jusilﬁed for a long | _
~ distance transmlssron of large power for mslance lhe iransmlssmn of the Tarbela - -
| 'powcr to Lalrore and =Gaill. For shorl dlslance (only 30 km) lransmrssron of . :




. medium power (740 MW) of the Munda case, the 220 kV transmission will be
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mos! preferable from the technical and economic viewpoints,

Difficulty in 220 kV Line Conncction to Shahibagh Substafion

Through site reconnarssance it was found that the site of Shahibagh substation,

 the main substation for power supply to Peshawar, is close to the city area, and

there will be some difficulties in aligning many routes for many 220 kV lincs.

" In the present desrgn, at least 3 lines from the Peshawar 500 kV, Nowshera and
- Charsadda substatrons_are to be connecled to this substation. It is considered

" that there will not be much proble_rn in connection of additional one more line

from the Munda power station. . However, relocation of some small houses or

_ crossmg over brick walls may be necessary. In Japan there are ‘many examples

io lay underground cables in several kilometer sectrons approachmg to

substatlons if a substatron is surrounded wrlh houses

In case fhat the route selectlon is not posstb]e it w1]l be obhged to conslruct a
220 kv lrne to the Charsadda substatton or to construct a 220 kV line to

" Shahibagh via the Charsadda site to connect with the Charsadda substatlon fater.

NS

Constructlon of Charsadda Substat:on o

o There is a plan to construct a 500 kV line from Mansehra to a 500/220 kV

: ~ substation at Charsadda to mterconnect ‘with the Peshawar system Thrs 500

kV line wrll furlher be extcnded in future to the Pcshawar 500 kV substatron

" This plan will surely be rcquued afler the commissioning of the Basha

- hydroeleclrrc power slation. However, accordmg to the result of the 2010
- - power flow study based on WAPDAs load forecast in Append]x D9, thc power
~ flow on ll]]S 500 kV ]me 1s too small in 2010 to ]ustrfy nccessrty of this 500 kV '

system

: The constructron cost of this system is large however this system is not essentlal o

G for the operation of the Munda power statron Therefore thls system was
e ) _'assumed to be consiructed under another transmlssron pl‘OjCCl when lhc necessity
E - of the system is ]uslrfred “Thus, the conslructlon cost of this system is not
: lncludcd in the pr01ect cost of the Munda pI'O]CCl |

- DI0s

Techrucal Partlculars of the Planned Transmlssron Llne

B 'f The techmca] parlrculars of the planned 220 kV transmrssron lme are as glven

L | blow



Type: The transmission line will be a double-circuit tower line of vertical
conductor arrangement with one overhead earlhwirc on the top of tower.

Conductors: Conductors will be 2-bundled ACSR, Rail (954 MCM), the standard
conductor size for 220 kV lines in Pakrslan This conductor size is same as that

~ of the Ghazi B‘rroth'r—Nowshcra—Shah1bagh~Pcshawar line.  This line can send

about 700 MVA with one circuit based on the curzent capacily of the conduclors.

ngrhgad_garmﬂmgs The overhead carthwire on Ihe top of tower will be

' Composite Fiber Optic Overhead Ground Wire (OPGW) with at least five SM

mode optic fi bers of not smaller than 70 sq. mm in sectional area, ~ In casec that

the oplrcal commumcatron is not adopled to the transmission ]me stranded
 alumifum-covered stee] wrre of 70 sq-mm wrll be mstalled ' '

' me_maulﬁnm Insulalor drscs will be norrnal suspensmn msulators made from

~ . porcelain or loughened ghss 254 mm in drameler and 146 mm in spacrng The

number of 1nsulator drscs in one msu]alor slrmg will be 15 for both suspensron

~and tension strmgs

o mnﬂ_m]ogly Wmd vclocrly o be app]red to desrgn of lhc transmrssron l1nc is
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160 an/he.

.Companson ofAltcm'rtrves P

Specrf‘ c features and rough conslrucuon osts of concervable altematrvc plansr

" that were raised by WAPDA are compared below

(1) 220kV connection to Shahrbagh substallon :

This is lhe plan proposed and recommended by thc JlCA lcam The total'

o estlmalcd construcuon cost of power station main transformers 220 KV

o swrtchyfrrd 220 kV lme and extension of reccrvmg substation is 26.3 Mrllron Us

' Dollars This altemahve will be the Jeast cost plan and comparahve costs of N
other alternauvcs are expressed by addrtronal cosls to thrs p]an R

" In case thal 3-bundled conductors (3 X 795 MCM) enough lo carry full load

~ current with one circuit aré rnstallcd the addrlronal cosi for line will be 0.8 R S -
‘Million US Dollars, and the addruonal cost for thc ]mc wrth 3 bundled Rarl o

l_ : conductors wrll be 1. 8 Mrllron US Dollars

" "The addrtronal cosl for addmg one morc srngle czrcurt ]me wuh 2-bundled Rarl

'conductor line is eslrmated at 5.6 Mlllron US Do]lars mcludmg 220 kV | |

swrlchgcar at the both ends.
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| ) 220 kV connection to Charsadda substation

The power from Munda to Shahibagh, the main consuming station, flows on the
220 kV linc from Charsadda to Shahibagh Therefore, some increase of power
loss is mevrtable and the sending power from Manschra to Peshawar may be
restricted. The sectional arca of conductors of Charsadda- Shahlbagh line needs
to be mcreascd in case that power from Mansehra must be increased.

The overall eonstruction cost is same as the above Case (1) as the fine length
from Munda to Shahibagh and to Charsadda is almost cqual.

(3) 220 kv conncctron to Shahlbagh substatton through Charsadda sitc

_. Techmcal comments are same as the above Case (2). Addrtronal cost of 7.5
- Million US Dollars is rcqmrcd for approxrm'ltcly 30 km Ionger 220 kV line
betwcen Charsadda and Shahlbagh

. (4) 500 kV connection to Charsadda subslatron wtth unit conncctlon of power

_ statlon transformers

- The 500 kV crrcutt connectron of power statton is assumed to be similar to that
o of the 220 kV case, i.e. double bus wrth a bustle ' ‘

_ Construetlon of vcry wrde swuchyard for the 500 kV open outdoor swrtchgear is
not possrble Therefore the 500 kV swntchgear must be of the very hrgh cost
GIS type and be arranged at the backsrde of thc powerhouse '

- '_ 'The 500 kV ]rne 1s assumed lo be of smglc crrcutt constructron as the loss of

entrre Munda power will be allowed for the 2010 P'llel’ln network with morc

~ than 2—t|mes the present capacity. The conductor size is assumed to be 4-

S bundled 477 MCM whtch is same as the standard design for small power in '
o ,_Japan “The assumed addrtrona] cost on the 220 kV proposed dcslgn is 46.1
. Mz]hon US Dollars 2. 75 ttmes of the proposed plan is requrred

- The addrtronal cost of 0.8 Milllon US Dollars (2 78 times the proposed) wrll be
P requtred in case that a 500 kV lme of the standard chlgn (conductors of 4-.
bundled 795 MCM) is adopted ' -

; he addrtron of 16. 3 Mlllton Us Do]Iars (3 37 trmes the proposcd) is requued on

- the'cost of the above smgle cu‘curt cconomic desrg,n in case that 2-citcuit line of

& the standard desrgn are adopted for ]me and swrtchgcar on the both ends

s



(5) 500 kV connection to Charsadda substation with double-secondary
connection of power stallon transformers

B -
500KV

B

: 2-21y 'I‘ransfor_n_xer
CB

' Generator

I‘ |gure Dl{) 1 500 kV Connecllon mlh Double-sccondary Connectlon of ’D'ansformers

The unit capacnty of 220 MVA is relatlvely small for 2-w1ndmg 500 kV
transformer and the quanllty of 500 kV switchgear can be reduced by adoptmg

- 440 MVA, double-sccondary transformers. ~ Tn this case, 1wo generators are

“connected lo one transformer and the smgle bus arrangement was assumed as
:the numbcr of 500 % cu’cults is only three. ~ Circuit breakers are required on
'_thc generator circuits. The 500 kV lme is single circuit with 4 x 477 MCM. -
~ The overall addltlonal cost over thc proposed 220 kV plan is 36 9 Mllllon US :
- Dollars (2 4 llmes the proposed) ' -

The necessary addntlonal eosls for an addmonal lme for use of standard '

- . conductors etc are snrmlar to lhe above Case (4)
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Conclu s:on

As menuoned above the 220 kV connecuon 10 the Shahlbagh substahon w:lh ai :
220kV l1ne with 2- bundlcd Rall conductors will be Ihe least cost allematlvc that -

. satisfies techmcal reqmrements, and its operatmg power loss w1ll be low .

In case 500 kV transmlssmn is 1dopled the cost of transmlss1on wrll mcrease B
: slgmf cantly The most of Munda power will be consumed in the Peshawar o

area, and unnecessary step up at Munda and step down lo 220 kV again at
Charsadda for local supply is not tcchmcally rcasonable and requlres large )

- addltlonal cosl.

~ The network calcul‘itlon of JlCA team is based on WAPDA‘s past power ﬂow B
'calculauon for 2010 The JICA team found connectlon to the load center

" substatlon Shahlbagh was the most appropnate statlon However snluations' o
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of surrounding circumstances will change from time to time, and the connection
plan needs to be reviewed again based on the situation at that time during the

detailed design stage. |
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