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<2 ¢irdeity eonsuntion 4o ofton uvod a0 o rough
inddientor of ¢ Xovol of toehnology nnd dovolopoont of a
eountfy, JouTP COtVOs no on dnportant dnput in the ngrie
cultural ont Iatucfrinl grouth proeoso,nd o basic infrow
structurc 48 pirgo a erueinl role in dot~mining the rote
of econonic 240 Coelnl drowolopnment in ony country,
Histordenlly, pover cupply hao boen ¢ nnjor bottloncok dn
the provth progeos of oconany of nony ¢:volopifyy ecountrios,
Legorto for pinvnod dovolopnant in tho past thus eculd not
be fully £ruitful because of thio factor apart fron nany
otharo, Lollwily in addition to ineronno Mﬂr goneration
‘mtasureg oro oordsd for inproving powor cupply cysten, Qs
forgenoting 2004 donandy optimised gyoten decign,.

n ~urpese of tho opticun deoigneloctrie
syaten 4o to ouv- 1y tho londo 4n ouch a ﬁasr eo that tho
gyaten ean O0dy Joad dcoando adoquotoly, roliably and
econonically viLh doelerod volloge, fraoquency, cotivo
power (P) cnd ponetive power (9Q) at oll tho eonsummr's
ond 4,0, o 011 ho load peinto not only for tho pragent
but alco £ £ 00 futuro. Oftony tho pouer pyoton 1o not
woll ploancd poonltdng 4n Cho poor porformanco.

4C SAf41 tho above purposo offoctivoly load



foreeantin: ol F'mg‘mdadh val vory negescary which 19 an
nttedpt Lo Gooato o bridge that links data that wo currcnt ly
have with @67 (098 vo would lilte to have but can't obtain
dircetly,

ONCD howdng got Cho propor forcenst ono then hoo
to dosign Cho [Sucy gyostem 4n oueh o wvay that 4t fulfils ato
of oupdlydns P with minimun ozponditure, Thio nceossiotes
the use of ¢ jidcation toohniques to tho noacure component
of pounr gyCicly 4,04 Ghe gonoration, tm&mﬁaaim and

iatribuﬁicn cysteno,
der-

Pive fam’izlm that was mﬁaﬁmn for this dissertation
vas *'ommgsu&,\m of diotribution and cubstransoission

ayaten?, l

In ¢t 1pnt of the above discunsion wo havo to
plan outr wor ., z;c':cnding on tho availability of datn, <co=
nonie baer pecund mﬁd procent power oystes literaturd wng
reviovod to (ot i’émuar with varicus tochniques ‘%ptimized
deoign of o Glctribution system and to bo able to integrate
the oxiobing Cyolca into thr optimicod systen. Tho oxisoting
syuton choocon o bo n distribution systen of Jouvcors badar
diotribution (ibwdivicion of Dangladoth for this Purpocs
ond boenuse @f vhieh o knouledsge aobout tho load growth of



Brnglndnch U~ ¢ oy oocontlal, &i’trvr forogntting th: lond
goornd of D-o7Lod oh tho next 4mpo tant tock @t the optimam
dicteibution poguor ploning mrmswa&ha declared dictribution
voltage mad fxruchey vt 0ll load pointo, roliable mnd ceonow
nic demand O 7. Jor the nbove factors an opticised dooipgn
of o diotril.Clon systen hap beon drvoleped, from which tho
obtimum 8z oo aron of a Subestation eon bo enloulatoed by
kaoving €30 {-ote? "B (by vhich the arca changes to gt tho
opticum coctle Chon tho optioume oubestation load cnn bo
caleulated [riuvdng the load deneity. ihe opticud numbor of
cubwstation: ~2¢d fiaally tho optimun oipy of conductos ean
alco B0 el 424 aooundng a esrtaln €63) marioun gllowabilo
voltago &M’r. 220 the holp of thio opticun deoipgn of
dﬁabrﬁbumm Ly Gcn dooign Envmacr can alfo intograto tho
nuober and LL0T oo ndditional wnito of diotribution sube
ptution roasliod $o peot the dneronted load donand aleo

with tho acoiped ozponoion of the oren by expeading minimu
omount of aciltacial codte That 19 followod by the optirmn
docign of print %y codn whieh 4o nocoseary €O molio tho whole
dtotribution £ len opticus.

s poviow of #mriaus toehniques of optinisod
droion of cobeGprneadcoion gyotom wap conductod but tho
oetunl optisdocd Condgn eould nob bo carricd cut boeauco
of lact of {8,
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Wwado Sheolis 10 dovidoed in oin cections vhieh is
arrangod dn (00 order 4n which the work was dono,
fogtion 9. pfwos the introduction which explains tho

noture of ¢ho "::amcm, author®s iine of nt.téck and tho

arrngoamt of Lhio thesis,

toetien ¢ [ivos tho roviow of the wprit dono by other
resonreh wosiicro in the f40ld of my dissertation,

Gection 3 ~0vop tho lond fora casting of anglndoshs.
load forceccls oo done for each dictrict, for oaeh gonc md
thon finally 702 $ho vholo country taking 158081 as tho boes
yoor of £arceniting. |

tretica b 0lveo tho dotalled ortimua doolign of dictrie
butfion cyotc, 4rctlyy tho dntroduction to this £i0ld 4o
givon by doffinin: the torm, Thon the factors nffocting this
dosign with OO0 cothods of design was discussced. Lioxt part
of this goetlicy £ivos tho dotastlod donign proctdure econgim
dordng nnd vithot conpldoring the sther factors, then tho
results of T4 ¢ timdoed dosign vwas discocted foliouing tho
dmcusaaan ¢l Anlogration of omisting cyctom dnto  tho

optinicod oyCicle

Sreticn ¢ ~dveo tho Gesisn proecdur. of noinnry naing
vith dto Giro rclon and goction 6 givos tho concluoions.



The mumb~ring of ¢tho equations, the figures snd the tables
correspond to the nusber of the seotion/subesection where
it appenrs,
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o dotniled rovicy of difforomt toehmiqucd of
foocenting load donsnd 1ike timo cerdco modol or anties
~olrGion tcemiqo, entunl medol or corrolstion tocmie
(=Cp Bopopation of tSand JdYv denand toemique ond qunlie
totdvo forocnoto etes along vith data roquired o Yo

toghmdquos aro givon in tho nout chantor,

*'n Internetive Progcduro For (lging ond ﬁzﬁﬁ%gai
Birtpibution Lubeotationo Using Optimisntion Zodmiquoo®
v Qdoceuccad by E.liacud. In his popor he dofings o
ao bhionationl medel vhiek sirmlates tho grovth of o ey
cy- oo ond dotornines the lonot eost onpangion plen 100 o
yiten of @ictribution cubototionn, A nov appronch CIDIcying
10sonp ond dntonor progrorming 40 uoed ﬁaqﬁt&a&ﬂc tho grotont
crbototion enpacitien cubioot to the cnna&raiﬁté of coct
InnQy veltogo, oand pocorve roquirenents, In0 nodol hoo bion
oresonfully arplicd to a 1600 gquore nile urban orcn corvod
t7.70 disteibuticn oubstationso,

AMoing grovth ratco, high lond donoitiog, CCoe
iondenl eonoidopnliono, ond the pearelty of avalladlo Iznd



4 utban oreao Imve thrust the problon of ominal cude
io%den plaesoint Deyend tho colving povor of tho
tRelddod nmon oind, Seonony ddotates that wo do poro
Lo z‘.lﬂh ndoquato oubstation eapneitias for tha pro-
Sootod cycten leady tho addod eapreity must bo 4n Cho

PoUCP 1oention.

thot 10 regudred for tho distribution planncy
d¢ Go deteopmine the load magnitude and 1t0 goegsaphic
leo~Gaong Jthon tho distribution subntationn must bo
f3cocd ond oizod 4n cuch n way oo to sorvo thoe lond nt
profoun coct offectivoncon by minlmizing fecdor loncoo
r 4 canotruction costo vhilo considoring tho constonind
UE Clrvlieo rolinbility, |

“ho abov. probloz vns dloeussod by Dol Grovgord
CUen3e () in thoir papory, " A ¥athomatienl Cptimiznlicn
LConiaquoe Yor logating and Sising Distribution Subecloeticno

e Jopiviag Unote Opticnl serviceo Arens”,

- %neo problen dioccudscd in tholir panor 10 ooindy
o »lenning of distribution cubotation loeatiens, ciono
c.:d cepvieo bomdnrien, The toehmiquo diseusced ucad
¢ oootlono rooareh pothedo to nsrmlézmwsualy ontidon
wholintion 04coo cnd oeorvicos boundaries, givon aliomite

GO Igentiono for tho oubotations ond rolinbility



@IACrantle Tho peoulto of thr dicouscad tochniqued
433 le4d to a eonfipuration of subotations thnt vall
ninlies djctridbution focdor loscos and pubotatlicn
coictpueticn cost, Adhoroneo to tho rocults vill

sy id 1@BS¢ «pongo dicteibution Czpennon,

‘A prinnpy foodnr model uoing omall apen
Coonnd loentions to paprosont nomumiforn loado, and feodep
£ormeats having variablo dlotributiam eosts cnd 1403804
earacition 10 formlatod by B iall oteal. V) 4o guose
parop « "An Optimination Hodol for Plonning dadial 52o0pie
twtdon flotvorkod Tho solution of problens having 1000
éeonnd loe-tions and 100 substotions ean bo found dn o
fecetion of o areond by using o eurrent fost upper tovndod
Penchipoont eodo, Tho problon of restructing tho 00t
$4ca o cotiofy obher kindo of conctraints 10 alos dice
eeend,.

In a sorico of papers vhich droerdbe tho
gaorutor yregromo asd resulto preoduccd in o eoop PntATO
genoreldcad dlotribution oyoten planning ctudy by tho
Apdosns Publice Sorvico Company and thoe Genoral Bloetric
(ompony. YR £irot papor 4n tho sordes pentents tho
cbjoativoo ond philogophy of tho otufy and tho gonornd
twontoont of tho pregress (11), Tho s-cond papor 46



CoUCied to the dntalle of tho coeondary ond pricry
Lheenl npograns (12), Sho third peror deseribos tho
URl-py oadn progren and the rocults of 480 uce (13).
L0 fourth rapor daseribos tho distribution pragran
ead th rooults of 4to use (1), Lubooguent popors
Cioeribad the pubtrancoiogion syoica and esnaludod (00
cerdcd vith o dotndlod disencced of tho ovornll
pooulte of the joint otudy,.

In thoco gonupaliiced approachos, tho prbblc::
4 rtatod 4n tormo of averapno or goneral eonditdcas vinich
erxoveil, Oncolifie dotonils are ineludod only 4n tho coaco
A thoy contributo €o foromlating tho genoenlinaticn,
$0 generalicod oystcon aonotans o ropular array of Ciile
2op londo ond oquircento. ¥ho aetual cysten uhieh 3o

pongcoonted wcunlly dond not have near this dogroo of

Cozputer progfad wileh has boon developcd
Jeantly by tho Arigona Publie Lomvice Conpany and $ho
(raceel Bleetrie Company Cfor otudying the decipn of
sloary £ain eirendt and on bd woed indapondontly o
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&n conjunction vith progrome for otudying Gictributicn
el Cubwtranoniccion 9yston eeonciies, omnminet ool OfF
Gy poooible pricary direuiﬁ dooimnD, doforminod Krooe
ﬁtmﬁ and opeenting eoots, and ecopareo the fotnl eact
72ch that of othor poooible dosizns, Upe of tho prosrcn
£S four difforent lond lovels ond tuo pricary olreudl
valinpo lovols has profuecd much cipnifieant data ond
oo fooultod in opticization of conductor siso ond of
Lo doonodont of the oub atﬁtiaa lond aron. In edddtdcn
o icuvor onnuol coct Lor highor prioary eircult diotpibue
Ll voltege hoo boon denomoteated.

Thoro have boent & nusher of advancoo in
eont yonres dn $ho applieation of mathenntienl prasrcse
dvg €6 tho colution of dlstribution oyctca planning
226210 {21=25), Pogh of theso modols coltes opapronicaticn,
ia verying dogrocn of dotail, to the primrey foodep
arivori, Fho groatoot lovel of dotail 15 ronched in o

(22) -whieh poprosonts oaeh £00000

L{~m0e Inughton pavor
1uo cogoent 4n tomo of eipacity and linonrizod escty
crd@ nlco eencidors oultiplo timo poriodd, Thoy uced

ti2 nodol to colvo ooall problems (invelving o oinglo

cubctaticn, 3h foodor cogrxnto, 2 dennnd loeationo),

) )
lator obhor nuthors dovolopod madglg(asﬁ“s’
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L0 aghirvoed rocults vhich involvod oore realioticnlly
cLe0od rroblems having 10-15 gubstationo, douovor, 20

coch of th080 lntor nodels tho fordor notvork WO onpDonie
Tobed 4n toros of lead Srancfor anpabilitios botwom

(21)

contion corviee orenn or primary feodny Dorvigo

fainiants (33) « Zhoco approx&maﬁicna'ﬁhuo roduecd t£ho
crrahildty of sueh nodecls to rofloet tho nmonmundforo
asctoibution of loads within o typienl syotco and alcs Oho
armeRi Aty of the podelo to ineludo foodor mtwoss

vreinbdlo eosto dirnetly into tinm optinination proecos,

Tuo othor codols (S312%)

{osostanegs of incluitng tée load points to POPPLOENL Nl0w
radfern load distribution and Cocder ¢ort diroetly 4
tho optinisation | reecovg, dougvor, only tho Hindl,
Lormoller osdel includod copnedty limitation on foocder

rceppnisnd Sho

copEantos

¥hio podal ahie& gontoing oll ths dstodld of
;e Mdong, iounhbton nodol for o cingle t4m poricd
cueopt for Che fized ehnrges on foedor cogronta, A
Wachly offici nt tranoohirmont ecdn 10 uccd to colvo
S podol vhiieh incorporates soveral riesnt Sipnific st
ytovien] Jedy {6'7'9). ghoroby dooresoing tho tins of tolte
£4cn of ouch problomgs
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A emputor progro Sof studying tho oczacuicd
8 ubetranomioodon oyaten depdign 4o deoeorinedy ona Lo
rCondte of 4160 uzo on n. 10ad aren of tho Arigenn rublic
inFrico Company oro sumarigod 1in thoir paper o *0ptinisod
fActribution ond Lubtrantoisoion PMlonning by Digitoi
Crutor IVelubtronsaiosion Cyeoten dooapnY by E.J,lyinnd

otenl, 1)

» Tha prozram, vhich oan be uced indepoadontly
c» 4a asnjunetion vith progrong for otudying segondary

R prioary Syston oconosioed, oxamines gach of noany
“roible subbteancaiccion deoimo, detoroines invoolaoant

cad opornting coots, and ecomparco tho total coot vigh

40 of oth 'y pooniblo dosipgnoe Tho uce of tho progecn
vALH data for n omcelfic lonad aras for four difforont

15ad 1ovols producod oSt savingd on tho ordor of 9
renarnt of total cceondary pluo prinary pluoc pubtraniTis
C.4cn ©ooto nnd octabliched tho lovu eoct coobinatisao of
cebtroneiiocion voltare, eonductor ocipo, dictributicn

o Otntdion rating, and bulk powvor station loenticno ond
cyoeitios, Although tho m’ograia ean b0 ucod indopcn..cnily,
¢y pooults aro most signifieant vhon tho progron inw
o dneludo tho reculto obt;&inad frcm tho gthey prosroas
el npodueo ocononice coecndary, primary latoral, cud
Cpdoey mdn oyston depigne, Jueh uso tokos into aeciind L
enCluoneo of $ho dnterrelated cubsystcoo on tho overnd

CACSribution ocycteo dotign.
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5t Bo stort thic chapter 'Donund analysis ond icad
foroesOhis with o provird *4A prudent nan foresoes tha ALf0e
culticd pivad ond propores forr theng tho sinploton poos BLLNGRY
on ong zfuf?ﬁ‘cm tho concoqu:ncos', Poroeacting in genorgl) 40
nobhfns, vl preparation of o ctatenent conceraing uneertain
or UninoId ovents aostly tho ovents lde in future, Forg casto
nools-d €0 nequire moulodge sbout wnesrtain ovents that
are jarorirnt to our pregent doeisions, llo foreeast 4o aceoplcd
genorolly ca final forecast, but the forcenst noed conotant
rovicy in U5 1inht of tho lateot data. OF gourvo difforent
authors Lrwo triod to convey tho idon of forceasting 4n o
diffor-al ucya,

fegording to Uoed mnd Flldes 'Foroenctinn is on
_m-.tlcmz:"»i S0 excato g bridgo that l&nko duto that wo currontldy
have vith €ata that we vould 1ilko €o havo but ean't abwsin-
4iroetly, [oain thoy say (B) ' Toroencting i5 an aotivity
wnich olGinotos the value of unhinow varicblos in torno of
tho volre of voricblos which arc currantly known,' According
to ldseod Firth (2)* Plonning involvaes noking dociniong
whieh 312 Invo thdr offects and out comos in tho futuro
mnd 0o £ cctinnto of future io required, This ostinmnto i0
tormcd oL Saroeastingt, Forocnots can bo clacoifiod in ooy
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L Bet the ottt ioportant dictinction to nalzo tho bacle
croreneh to foreeast 18 botween Judgemont forecasts ond
solictical foreeasto, Jorceaots bated on Judgerent, 50«
£4220 enlled ‘prodictionst, includo thooe based on oxport
orciCns of Andividunis, Porhapos the greaatoct problon vith
vith Judooenmont foroeanst 46 t.hé fuet that hummn beings apo
ool Antcacivoly affoatod by meent occuranacas Judgooont
gorcancto norminlly tond to ovor ranct to icnedinto occurine
neie ond elrcunctoness, Tho hunman fo'oeaster who ugey
nothing but Judgomont can malto oano very gerious orrorcs
th- 4C vhy vo apply mathomatieal tecmtique.c&%ramstimg,
I yoorly foreeusts aro necdod te cotablish fansiblo
gooopnticng Srantmioseion and dtvstirbution plan, Yookly

o> N> Ably Porceasts are roquired <or maintenones cehodule-
177+.04y forcensts aro roquired to sehsdulo' generating
undic £or optimm coonomy. A good foreeast 1o o koy to
offoetivo syctan planning, For optimum dosign of 410w
trﬁbmﬁian cyoten dasign cust bo oado for cach aroan, 'bHaed
v pecd o bronlt the totol orea into ito conctituont

GAririeto,

Urbon and rucal olapoifiention of Q;omd. donendn
vnt 4o an tho bagsis of simplo asoumption that all
Qlceriot ond cub-divivion lovel tovns bolong to tho urben
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71
godas rnd oth ro Yo the rural group. Tho agoumption 40 ¢

geeio nrm.tmry, but nonc the levs it wns oecoepted by
the Pmalndesh Power Dovolopnont Eoard becnuse of dte
ol Moty j;n application,

Lith tho nbaove aogumption, I have forecactad (Lo
zma-»/"*%nda for cnch as.m:'ict foro each gone and thon
:?“*M“!y ard tho A@ommctm. e can r;x:!.r:'\@L foroenst land
¢rrta Ly forceadting cnorpy vhich ga loes di0ficult boemuco
oneRy; 4 cueh loos erratdc nnd 10 contidorod n bhottopre
trcd prouvth indlentor, I$ oo bo readily rolntod $o 4000w
georbie ond ceconcxde foctors, having o look ot tho enorgy
drto brokon into @fforont elnsces of consunors, On tho
obthcy hond poalr denand i’orcaaﬂt. cun vory much orraticall.,
Bubt £70 cdvantngo in coparatoly forcaaeting the peal
deeyd 4o thet 4€ 46 a pore diroet prthod and wo ean
¢iroetly rolnto it to weather variobles liko tenperaturo
Eub A0 40 to bo caphasisod vhothor we should foracaot pocle
doorad ueing foroeasted lond factors or we ghould foreenct
4¢ comopntoldy 4o d situntion dapondont,

In ordor o forecast load domand of Bonpgladoch
prmwvzy it is nocopganry to study the historieml grovih
pato 0f that country, It 40 olsno appropricto tuv otudy ¢ho
hictodanl prowth rate goparatoly through two differont €100
ocotor dnstond of one 4n order to naoko any mooningful Lco
Gae 40 unto tho yeay 1970 nnd the oth:r d0 1973 envande 00
Lan0 o rddnto twe yoars 1971 md 1972 £all within ddcturbcd
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0 o €9 tho soeio=political eircunotonees provailics
0 LT counlry thop

ihe trcnd of thic sseond series i toieally
Gl70Ccx 5t Jron the onrlivr ono, The objective situation
aﬁftccing tho pover demand 18 difforcent, Tor futuro
foregneting thus the povor dennnd fron 1973=74 to 107770
vill ruvido a nore reoalistic basic to start with

hleetrioity concunption 48 often uoscd no n el
jiadie~tor of the leval of tochmnology a8 woll ng the oxtent
of &:ﬁnﬁapnnnt of o eountry., The growth in tho induciriol
nid anrieultural scator ean not bo sustained without o olo
cumnly of oloetrie povor, In Bangladesh pover gupmly hno
bcen historienlly o major bottle nech in tho groveh proeooo
of LI oeonony. oo of tho basie probleona eomcetod il
L pouory coctor dn the EBanpladosh ceonody axd at £ollivCie

1. 2ho pereenpita genoerating eapegity of cloeiview
@ity 4n Donglodesh hao boen one of th lowsst in tho wvorid
30 1070=77 tho por eapito onnuol goneration of tho oloctsie
eity 4n Dengladosh gamo to 25.80 Uh, This 40 o conoid P
by iovw Lipguro vhich coroo to arcund o quartor of tnt in

2. 'ho Polntivo eout of olretrical goenorcticn

in caolandoch 4s also high, ko prico eharged to tho



C.0 cshcud re had been hishor than in other countrios.

3o %ho totzal 4nctalled capacity of cloetrieity
ermc %o 767 M in 19726=77 vhilo the peak dernnd wng 32 11U
0 G0 guw year vhieh chows a simificant gurplus ponoros
L2 ¢ oeity over tho nomal requircoent of regervo

eo "0V

he “hero aro tuwo goparate powor gystems thng
hovwo Citrged in Bonmgladash, tho sourgos and covorago

of cloetiricity supply botwoon tho tvo gonos differ botuccn

thcnecliven, thodr problens are also difforent,

5. The prodlens of interruption of pouor supnly
ptnnnceing of lond anﬁ high enorgy locsos duoe to varicus
toeinienl deficlencies have ecnsiderobly affeeted ond
rcobpicted thx growth of tho econory.

It 18 not only nocosiary thot thooe and cth o
iocomn rolated to the cuprly of eloctricity bo perohod
ond <ornined throughly, it 10 alco abuolutely ossontinl

to Pco5v0 tho imbalones botweon tho gonoration and Qiotrie

butlion of cleetricity, and vloso angoss the futuro domgnad

pattorn bacod on o raticnal policy to meot thn roquirce

nrute of thoe dovolopoent activity of both tha rurnl ang
uyrn coetors of thoe countey'c ogonony.

17



In the nhconca of tho porspoetivo plan of the
omiti7e 40 vas not posoibls to aosess the futuro dernnd
potlorn &n terns of coonomic metivity, tasir cacnitudo
of coouth cnd the location and area of thote oeoncnic
notivitios,

It 5,9 vor«r difficult to proparc a dotailed
dgord cnnlyciﬁhg ~0n 1g€;¢ loxd demand of difrgerent
losniiticn, In thic chnpter the dovand projcetion inclus
¢ (1) o shortetorn foreenct of load demand for 9ach ardn
by concuaption lor Live yovarc »ariod, and

(2) o longetorn foroeast for ths nost ton yoars and tucnty

yoren of 1lond dcopnd for cach ares by consudntion,

Tho mnnlyois of futuro (yecorly) load domand of
Lrngiodocd 4 nade with difforont tochniquos of forceacting

20 tormn of -

Total cystan lond » o=ast Zone - Lotal loang dcoond
Lost gone - Zotal ilend Croond

Co-binod none -~ Totnl oG C~ornd
Politicnl - _
dioctricts - Tobtal locd CConds

Thore oro pany typoo of foregasting toolniquols

18



ron Arm fron quito 8inplo nathematieal routine to vory

oS DcSlentod statintical podols and subjoctivo huson

Svdy ot oothods, Thore techniquos cay be further elosols
£4¢3 o dotorninistic, probubilistic or stochaotic. Tho

brsrd entopordos aret

“pond extrapolation is one of tho boct ond
i inot nown technique of foroeasting., Tho basie ascuDe
tioi, N pattor how sophisticutod twahﬁagua we apply in
ontrorolation, 40 that pattorn will reegocur over tirco,
vhien 40 moro likely to bo valid 4in short tors, Shuc thio
tocndque 40 1ioly to B nmott appropriaste in ohort Lo
farceroting. Lhon we get forcegot simply by ovaluoting
tho Grond curve functien ot tho dosired n future point
LhHAC 40 Imoun o dgoterninittic oxtrapolation, oine? no
otiCont 49 ondo to aceount for randon orrorc in the dnbn
or 4n the rnplytienl nodal, 1€ uncertalnty or optrapol-icd
FOCBISO 4 o bO quantified uwoing statistienl ontitic o

varicnco, Ctandard doviation ote,, thon the basic technleod
boeemon probobilictie ontrapolation, The uvo of stochnastic

roCoAo. (3) to gonerato a forreast from randon daputo
Aerfivod fron bletorlenl doto in very comson noy o doyDe

T vott common curve {itting toshniquo fo
£4u fn eoofficicnto and oxpononto of o functicn dn o

19
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ALvens foroenot 4n the noothod of Yeact Squarcd.

Jo2eld @gbnai rodol or corrolation toohiniquote

inio tochnique involves gn oguation vhieh CuproocoDn
. pe2-GA0nchEp botuvocn faroeast to o muobor of indopondent
voricbloo ao that of ceonamice ond denogravhice footeroe

LIae Chas modol oxprouces mathepaticalldy the wvharont golunld
rcl GCisachip ond thus foreno the forceastor to undepobond
alnarly tho intereralaticnchip betwvoen load grouth

prttorne ond other ngacurable faetors, Tho disadvantano
hoere 40 tho neod to forgenst denogranhic and cconconic
£ootorty Typical cuch foctors ard population, omploynonty
bulidin pornito, applicnee saturation, business indfentonc
voothy 2 dato {(tomporpturo, hunidity, pmsmm, vind
volceity ote) gnd tho 1ilkko aro usod in corrolation tochnle

qUQe

sualitative forceasts arce made vhen thore 40
144822 or no rolovont quontitativo dntn ovailablo on valed
Lo UCRze In thooo gnoes of little or no data, hunan Julncs
oot of varicus factors which pirht have an iopact o3 lood

orouil pottornsg, 1o rogquired,

Gy the paot {ou yr“mm ot well dolinod
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2.0 7ycdesl notheds ape coing ups Thioc tochmique of gotlien
Ll L ferognot by adiding -f‘omméwd nonwonthor consitivo
H,) end veathor consitive, 40 the rocont techniquo,

ML Geolindque pormits wlonther conditfono to bo includod

wit eneo in foroenct, Basieally this npprooch dncludso

L Jodloving Stophle |

1, Doterainc sonsonnl veother lcad nodel.

14, Soparate historiesl wonthor sonsitivo ond non
wenther mnaiéivn componunts of peak desnend
uding veathor load model, _

411, Foraeast rcoan and variance of 1.8 gomponcato
of donond,

iv. Lztrapolnto weath:r load modol and forocnot
noon and varioneo of woanthe? sonoitive
componcnte

Ve uaﬁominn mean, varioneoe gnd doncity funebics
of tot: cl mquir& foresast,
Y0 uto this forccacting toehnique a dnta boro
of ot Icaost 12 yoars 10 rocamondad.(5) |

3”3 f.}-r,; )
idnaoar, nonelinoasr and cconcemntrie podols hovo

been weod for analysing the coll:etoed data and for maliing
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o cotinaton,

K TS PRV

ahe tino gerdoo data on powo: sined 1973 ueo
rooteed under $he lincar ropgression 2odol gnd thoe
pocating rogroseicn cquations are as followsse

(¢} (o> .actorn Hopion

Y » 136.0883 + 30,2815%, (3031)
(2) loy wséﬁm Rigion

Y e G2,7645 + 7.,78284 {3.3.2)
(3) ¢» Langla22ch a8 n wholo

Y » 190,8%28 + 38,0243% (34343

vheps W indicentos axicun load demond in MU eond o

4nciy Seo yoor emmnt starting vith 1973 o 1. We ﬁ%M
$60 comilte of ontrapolating theto cquntions upto the

veor 16902000 35+ vhich follovug

greuth dn moaxd~mun load 40 7.7.0 8inplo and 4,75 conound

D §Care ’

(i) .
vrit 4n eacs of povoer domand historical dita for Lact
P raca £ron 197374 to 1978«79, The cecond degrec
~iymomicenl oquation 18 -

lont= Eocond dograeo loaot cquare oquation L£ito
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Emuobn*oxa

s 2 e mdnmem donnd equaticonie
T o Cb3B61% o 19,007530 X + 2,034048 52 (3.3.0)

loins o ootands for yoar count otording with 3 - for
109 °=%h cnd ¥ indleiton maximem load donond 4n MU

14507 historionl dstn for woct rogicn €ron 107394 Lo
W =70 do not ofton i’olloﬁ regular pattorn, Doucvor
i~ thio ensc also the coeond degreo eurve fits fuirly
023, Tho powvor ogquation ip

U o §2,701691 + %,538615% + 0,717190 12, ... (3.3,5)

(3) .~ ,
~2amad dogroo curvoo £i8 vory voell for the hivtoris
ord antn o power dernnnd f'of tho period €290 1973-7L
to 197899, The pamicum load oquation for Eangladoch
oo vholo 1o
T o 215,1003 + 15,62615% ¢ 2,751.:354, 343406
{ or the ubaove throo powhr oqmtim&lintnnds for yonp

¢t otnrting with 1 for 16737k and ¥ indicato

cetrry lond @omnad 4n )
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Yhe ldnoar rogrossion =ouel of pover 4oondo
o 00 248 tho data for 1973=74 to 1978«79 woll and thus
i ~ctial trend 40 not refleeted by the podalo, Thio

2o 8L An very 1oy Soproncta,

The nonelinco? trond predent 13 the data on
LG e Qoo 49 found to bo boot poflretod by o nomwlfinCop

reczd 40 the form of n quadrnatice ~rquation,

aho nanwlincar curvo £itting analysis wao done
£0r - ~CEy West and Bangladesh total datn goparatoly, o
cocowd dogroe todul 4 founld to it bosot in cass of ¢ho
Lo6l oaion. Tho boct rocion deta for thoe saro porfod o
net (UAkov any dOLfindito trond ajnd at o rogult thoe sceond
dooros wadel Tito with o high degreo of orror, <ho totnl
Donpindnch datn boing tho somo of the two regicno, tho
AGCIRCC 120401 40 found to £5¢ best ac tho influwmeo of i
Uolt wogion dnta, uhnse absolute magnitudo 10 puch conllor
¢ 3ped to thnt of tho ot rogion, 18 snoothed out,

3l
Tho forceanotod namiru demond boyond 1980
oizuld Do corrcetaod by . providing hishor rato of grouth
of "susy 4urand duo to the following reogionot
ce Froo 1980 onvard  ¢he rato of grouth of &nuid
hao dncpantod boyond tho foroenctcd patc,



(based on data -~ 1973-80),

(v) Thaot the forecasting Power demand by forecasting
energy and load factor donot tally with the forecasted

pover demand which is forecasted separately, Forecasted
power demand separately gives lower valus which results too
high load i’nctor. { For example the energy demand for yenr
1999 = 2000 ia found to De 1O04260WH and power 264L3MN results
loa¢ factor of 0,84 which 1s too high, The figure should

be 471BMW with a load factor O.47 which is expected], |

How the year wise forecasted load demand by
adding the RED*g demand forecast which is based upon the
presidential directives to that of the year wise estimated
growth of Bangledesh Fower Development Board loads(Urban
and gectoral demands included 1) percent growth for East
zone and 16 percent growth for that of the West zons till
19685) are as shown in the table belows

h B Y Y el P R d £

1979 - 80 SOL
1980 - 81 859
198)1 ~ 82 | 648
1982 ~ 83 | 815
19683 -~ B4 1115

1984 « 85 | 1482
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Which nasumed & faster growth rate 1.,e¢, 16 percent in the
Yest Zone upto 1985, becsise of the fact that the area

Semo
suffered suppresased deamdn, for both generation shortage and

inandequate system expansion facilities.

Due t0 resource constraint, and algo to avoid
over-investwent an average growth raote of 16 percent upto
1985 has been conaidered, This has been/allow Bangladesh
Power Development Doard to met growing dmgu! without risking
too much financial burdan as a result of unwanted expansion
of the system or due to supply gap within the rescurce allo-
cated. For Bangladesh Power Development Boardj own asystem
demand, excluding Rural Electrification Foard, an sverage
growth rate of 12 percent, has been assumed, 7This load is
after keeping in view all mcﬁ;ﬁml loada, éxc:luﬂmg rural
londs to be served by Rural Electd fication Board., The rural
" Joaé has been considered as per Rural Electrification Board,
S0, 1t is estimated that with the resources available for
the power sector, & maxisum of 1035 MW can be met at 1984-835,
(at the end of second five year plan), It is estimated by
Planning Cwssiorﬁ%%h zone wise share of Bangladesh Power
Davelopment Boardess own posk demand will be two-third for
East xnd one~third for west by 19685 as compared to existing
shars of three-fourth for fast and owmm for West zone.
Beyond 1984~85, & uniform anmual growth rate of 9 percent
has besn sszumed for Urban peak demand and 12 percent averasge
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growth rate for the whole system peak demand and projected
upto 1980-90, The details of yeor wise Bangladesh Power
Development Board, Bangladesh Rural Electrification Hoard and
gystem and also zone~wise peak demands have been laid out dn
table 3.4.1, | '

DPue to shortage of generating capacity specially in the
Western zone, the recorded maximum demand of 436 MW in 1978~79
does not included the amount of power which Bangladesh Power
Development Board could have supplied to its consusers, but
could ot do a0, dus to peak load restrictions, In the year
1979-80, a maximm demand of 440 MW(East 333MV and Vest 108WW,
Imolated BMW) was recorded, A demand of 486MW, including
suppressed demand for the yesayr 1979-80 has been considered while
projecting the future demand, '

Considering all of the above and alsc audging the
proprotion of pesk demand for the whole country, the following
grovth rates have besn considered,

East Zone  West Zone
1980 - B85 11/ ek 16/,
1985 - 90 57, 9o/, 127
1990 - 95 8. 8 114,

1995 ~ 2000 77 7/ 107,



G0y S8 S Ty W DD S0 ey
el . -
.l'U‘l :
ooy in
previous re:
'3 N :
=79 E¥L - 05 - h36 - u36 -
-80 gk 5 123 W L7 9,40 9 e 1,
-81 W3 09 w2 8 525 = 17 5h2 11,
-82 v 17 167 1% 588 12,00 31 619 14,
83 WO 313 1498 27 656 12,00 60 718 16,
=Bl 963 61 23% 51 7% 12,00 142 theo 18,
-85 550 113 275 97 82 12,00 210 1038 22,
~G0 i 322 23 233 1269  9.00 555 18a» 12
-5 1% 725 622 483 1564 8400 1219 307% 11,
w200 1943 1026 872 908 261y 7.00 2337 W51 10,
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PAstrlct Forecants
Power demand forecasts have been made up £0 district

level ., Urdban and rural clagsification ia also wade for esach

district, The computer program of year wise and also district

wige forecasted peak ‘ S’,I‘nﬁ%i been laid in Appendix - 5.4
o 12 IR
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QPTIMUAM DESIGN OF DISTRIBUTION SYSTIM
UCTIO!
4.1, Cost of High Voltage chh loops.
b2, Cost of Distribution SuH-station.
4.3, Cost of low Voltage Cables.
4., Optimised Deaign of Distribution Syatem.

4,4,1, - Calculation of Optimised Total Coat,
4.,4.,2, Calculation of Optimum Sub-atation Area.

H.4.3., Caloculation of Optimum Sube-station load and
Crogs~section of Conductor,

4.5, Discussion of the Results of Optimised Dasign
Considering other Factora,. -

4,6, Integration of Existing Jystem in the Optimised
Design. _



CHAPTER -~ 4

0 DESIGN ‘ IBUTION SYSTEM

INTRODUCTION -

After properly forecasting the load demand of an
area the next important task is the optimum design of dtet:r.té- ‘
bution system planning properly for ensuring declared dio=~
tribution voltage and frequency at all load points, reliable
and economic demand supply with a2 certain (6%) saximum
allowable voltage drop,

Optimm design is that design vhich offers minimum
cost satisfying its all thé constraints, Optimum design of
distribution system is that design which gives the minimum
cost per KVA distribution, satisfying ell the conditions
which mentioned above like ensuring dec¢lared proper distri-
bution voltage and frequency at all load points, reliable
demand supply with a certain maximum allowable (6).) wvoltage

drop.

The factors affecting the optimum design of distrie
 bution network for rural distribution are different from
those for urban distribution, In residential urban areas
the consumers are concentrated in smaller areas and the load

density is much greater for which laying of distribution

networks in an optimum manner is importent., However, the
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factors affecting the optimum cost of distribution system
ars many, therefore, no direct procise formulae are available
for optimm design of distribution system,

One mothod wdild be to find the optimm size of
area of sub-station for ainimum cost after calculating the
factor *b’( by which the ares change to get optimum cost),
From which we can also find the optimm sub-gtation load,
knowing the lood density, the optimum mmber of sub-station
and finally the optimum size of conductor assuming a certain
naximum ellowable voltage drop (6)., From this method
considering Jesasore Sadar sub-division diatribdution systenm
1 have calculated the above optimised variaedle factors from
which a deaign Engineer can select easily the vnulbor of
sub~gtations with its rating acoording ¢o its existing load
demand in the existing area with optimm conductor size for
minfimum coat, With the help of this optimum design of
distribution system, design Engineer can also intsgrate the
number and size of additional distribution sub-station req-
uired to meet the increased load demand with the desired
expansion of the area by expending sinimm amount of addie-
tioms)l cost(i.e. optioum expansion can alsc be made),

There is more than one approach to carryout such

design, One approach 1o discussed hers, Kelvins Law



31

assumes that the fixed cost of sub-gtation etoc. are
negligible, If other costs are taken into consideration

then the cost equation is modified, The coats to de

considered arol-

1, Cost of high voltage branch loops,
2o Cost of distribdution sub-station,
S Cost of low voltage cable,

Considering Jeassore Sadar sub-station distriw

bution system the above comporwnts of coat are as followss

4.1,

The high‘ voltage feeders are laid along certain
paths for optimum transmission of power fyom generation
station to intermediate load centre(IlC) and ranch loops
are provided te the distribution subegtations from these
ilines, For the above mentioned Jeasore Sadar Power distri-
pution system the ILC i.,e, the 33/11 KV sub-atation is at

Chittra t:-o-i which distribution sub-stations are at an
average distance of 1,5 Km, Cost of 11 KV high voltage
branch loops depends on the distance between the through

going fooders and KVA rating of sach diatridution subdb=
station. lLet the cost of an average branch feeder be
'U? Takn which is the sum of its constant and variabdle

components,
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If we plot. the cost ({aka 4in lacs) per Yn, of
11 RV lidsh Voltage Cadle in y axts corresponding to differcnt
values of cnble cr*oaa»-a;wtion in sq. nn, (Pata from tasle
4,1.0) in x axis, we can have the curves 1ike in £iz. 4.1.8.
o cambi_uifzg thiz curve and data from table 4.1.*3, naothor
curve can Ve drawn like in fige 4,1.D taking difforent
values of cable coat(Taka in loes) per ¥m, in y axds with

correspony’ing differont values of its KVA rating,

Trom the fig. 4.1.0, the fimd part(U ) of high
voltame cable cost 4s the lengih (G and can be founyl |
1.7 x 102 Takafiin, For the average of 1,5 Kn, 111 woltage
fecder lensth fli} for eoch r?iatributma au%stfx'tian the

fired pact of hish voltnge cable cost,
Uy e Ux e 1,7 x 207 ¢ 1,5
= 2.55 =% 1{)5 Taka oca'ohfa‘-lol)

From the some fimure th: varisble part (Uz) of
high volinge cahle coat which vardes with the variation of
cahle rating, is the slope of the curve i, which can be

calculntaed st
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raper Iaculinted Coble (Mozioum conductor Tewp 65°C)

(lofe -2Colricity distmibution anun® » by 0, P.enunl
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O Crocows @U4cnnl Qurront roting of Coct for 3 coro
W56 W X 3 TG SR - conaichar (akn dn ool

3125 » 75 68 1295,58
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3250 = $70 100 14093 2.7
3270 « 0 125 2381.57 3.3
3299 o 2§ 159 2053.,146 |
3=9120e 3O ' 175 333%,1978 b
38150« LED 200 36%0,5118

3185« L9Y 230 382, 5
38235= CYl 260 b053.,6653

32240=7 0 275 52394537 73
32300 CO , 310 5950642933

32L00= 3010 340 F045 168 9.2



gy
75
.7 - 1. [
Slope MN = (92 17)’“0 : 625 Toka / Km
1200 _ Sq.mm
o)
3 X400 - j_
- 1 A . 1 _ N
3.'),(50. 3X100 IX200 3X300 .> : IX400

Cable cross- section in Sq. mm  —————-

) CHARACTERISHCS OF 11KV 3 CORE PAPER INSULATED ALUMINIUM
CONDUCTIOR { Cost Vs Cross-sectional area )
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U2 = Variable part of high voltage cable cost
= Slope MN = ‘_‘.5__1‘_?)_)_‘_1.@5
5000-187-5
. 33%105, o 57 Taka/Km v
48125 KVA
5,000 »
« Fixed ‘part of high voltage cable cost « 17 X 109 Taka/ Km
[ b ' ! 1 i A i
625 1250 2500 . 3125 3750 ‘ 5000

KVA rating of conductor -

) CHARACTERISTICS OF 11KV 3 CORE PAPER INSULATED ALUMINKUM

CONDUCTIOR ( Cost Vs KVA rating )



34

v o (52107) x36° 3,3 x 207

2 500C- 187.5 4812.5
L 68&5? I{%ﬁﬁ@'. ‘ bsuslta{btlta)

Por the average c¢igtance of 1,5 Km, of 11 KV high
vultage cable fron ILC to distribution sub-station , the

value of

Uz = 63,57 x 1.5 = 102,86 Taka/lVA eeeee{f.1.3)

Jow the total cost of high voltage branch loops
per KVA vhich dependds on the digtance hetween throu-h golag
feeder and KVA ratingz(1) of distribution sub-stutioa is the
sun of its constant and variable parts of high voltage cable

cost for coach distribution sub-station,
U wUl 'i"uz oaocvn.(’z‘ulb“)

[ =
. 4
= ( W + 102,86 ) Tﬂkﬂ/}‘:v‘a Dﬂw»’(""ol.ﬁ)

4.2 Cogt of Distridbution Subsstation

The total cost of distribution sub~station consists
of a fixed purt which inclwies cost of hulldings, suitchgear
and a gmall part of transforner cont an® lot thias pnrt of
cost be 3 .~ Trkis The second part depends on the Sube
stotion cutput FVA and coasists of a large part of the
cost of transformer. let this rart of cogt e ?' Muka

p‘e g H ‘J\ .
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Caleulation of Fixed Part !

if we plote the estimated capital cost in Taka
of 11/0,415 KV distribution gub-stution versus trensformer
size in KVA as supplied by Bangladesh Fower Development Board
shown in table 4,2, we will get the curve like in fig. 4.2.
From this figure the 1ine MH which i3 designated as *B°*
i3 the cost of & fixed part which fncludes cost of bulldings,
switchgesr and a small part of transformer cost, ¥From the
- aame fig, the value of B is found to be,

B = 60.006 Taka LA EXE R T (“’.«20».1)

The second part which is ahown Ain the sane
figure by the slope of the curve and which is designated
by TA* 6cpanda on the size of the transformer 1i.e,. depends
on the output KVA of the tranaformer, From the fig. 5.2.

the slope of the curve
. 5
& w 3lOopy = 22,0 .20

- 23] W‘ »-v;o-o&(“'c?az)

48  Loat of low Voltage Cables

For ths low voltage cable the constant cost
being the cost of excavation, laying the cable and a small
part of the cable., 7This part depends on the total length
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Cost of var able purt ’
=Slope NO:= q - (1755 - 0-6) X 16°

= 231 Taka/ KvA

1155

500
‘ e 500 . . _,* X
| ;= Cost of tixed part = v60.000 Taka |
] I : ! | 1
100 200 300 400 500

Transformer roting in KVA —

v2 CHARACIERISTICS OF 11/0-415 KV SUB- STATION ( Cost Vs KVA rating )
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©f the route coversd by the cable and it may be asmmed

proportional to the aize of the cadle 1.8, it is the cost
of cable conductivity, let "d’ be the constant part of
cable cost per KVA and "o® be the cost per KVA of the

variadle part.

If we plot the cost{Taka) per moter of low

voltage cable Gn y axis corresponding to different values
of cable eross-section in sq. mm, in x axis(Data from table
He3.m), ’!FG can have the curve like in fig, 4,3.a. min
by pletting the cost{Taka) per meter of low voltage cable
alongwith the cost of excavation - &nd laying the cable

in y sxis corresponding to different values of cable
wdauwmamn in aq. mm. in x axis( ﬂnta from Tabdle 4.3.a.).
We can get the upper curve in fig, 4.5.8 The vertical
distance botween these two curves(upper and lower orw)

wvhich {8 constant throughout is the cost of excavation and
laying the cabdle only as dosignated by dp,

From the game figure the constant part of the
ocable cost is shown by d]_, where as the cost of u&wmn
and laying the cable which ia also & constant cost is shown
by é¢,. Wow the total constant coat being the cost of



d1 : Fixed part of the cable cost - 27,000 Taka / Km
8r QQ + Cost of excavation and loying the cable = 23,000 Taka/Km
d « dy+dp 27000+ 23,000 = 50,000 Take / Km
s 71
6+

Cost of supply the cable +excavation and laying Cable cost only

the cable.

Cost { Taka wmlacs Y/ Km.
~
—

‘ 45
a1}
M« Slope » L5251X10° oo Taka/Km
1200 Sq.mm
1 ie M : 0-375 Tgke/m
Sq.mm ,
o c e 3 X 400 —~ . DU VU ,’ ...IL
0 1 - | . 1 L
- 0 , 3 X180 3X200 ‘ : 3X300 ' 3X400
Nominol cable size in Sq.mm. 3

Fig:43 (@) :CHARACIERISNICS OF LOW VOLTAGE (UPTO 1100 V) ALUMINIUM CONDUCT
~ "PVC:INSULATED CABLES. ( Cost Vs Cross- sectional area )



dahle b, 3.4

State
{Bupplied by the Uttar Fradeah/Electricity Board)

 YOLTAGE CABIB: (&) Cabls Cost Only

Lost(Iskal/poter
240 300
150 150
70 110

(b) Cost of supply the cable + exeavation end laying tho
cable (P, W,D, esatimnte book supplied by Roorkee University
slectrical construction division)

¢ Sont(aka)/meter

400 500
300 ‘ 384
2450 320
225 300
185 260
150 220
120 190

95 160

70 130



dy = Fixed part of the cable cost = 27,000 Taka / Km
8r 32 » Cost ot excavation and laying the cable = 23,000 Taka/ Km
d « dy+dp = 27,000 + 23,000 = 50,000 Taka/ Km
.7k
4
6

Cost of supply the cable +excavation and laying
the cable.

Cost { Taka wnlacs )/ Km..
~
¥

' - 5
M: Slope - L3 51710% Taka /Km
pe 1900 375 Sq mm

: i,e M 0375 Yakq /m

Cable cost only

Sqg.mm
i+ o+ ey 3 x LOO N . - . s am ey - e ﬁ.—ik—
0o 1 . i : 1 L
-0 , I X000 3X200 3X300 3X400
Nominol cable size in Sq. mm. 3
Fig:43 (@) iCHARACIERISTICS OF LOW VOLTAGE (UPTO 1100 V) ALUMINIUM CONDUCTC

"PVC:INSULATED CABLES.( Cost Vs Cross-sectional area )
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excavation, loying the ocable and & seall part of the

cable which 18 the sum of the sbovs two component parte
of constant cost,

1,0, d = Total constant cost

= Conatant part of cable cost + Cost of sxce
vation and laying.

“ gyt q, | verves(8:3,1)

= 27,000 + 23,000

w 50,000 Taka/Nm,
As 1t depends on the total length of the route coverad by
the cable and the total length of the route covered by the
cable for each distribution sub-station is sssuxed Propore
tional to the size of the cable then fros the obove (4.3.1)
eguation, & = 50,000 Taka/KVA,

For the above mentioned aren if the load fa N
KVA, for each distrivution sub-station then the total

constant part of cable sost,

4 = 50,000 Taka/KVA « 50,000 N Teka,

Now plotting the condiuctor cost per meter in Taka versus
the KVA rating of the ocnductor(Data from table 4,3.b)

the curve like fig, 4,3.b. cun be fourd out, The cost
por metar per KVA of the variable part of the conductor is



A3 4adan Coaduetot F,V.C. Inoculntod Arnoupcd ond wovod
£oLlco Yor Yoriing Voltage Upto 1100 Volts
(fmmé‘mn Conduetor icoporature 70°C)

{(liofs «3lCAB = €abloo nnd Tablos 7th Boviced Bditicay,
Fublichng by "ine Indian Cable Conpany

Mxﬁtad"e
Line a0l Croco=-togbionnl Curpont  GUA rat.:m.,, of oLl &
Arcs of eonductor in rating gandue B
Lrptile I /i =z VthI(lﬂS') otep
1.9 13 9« Piboletlsd
2:9 18 12,938Lk2
7S 23 16.532L25
¢ 30 21.56k033
0 %0 28.752(31?3
6 54 36,658859
a5 70 50.316076
35 86 61,816893
50 109 AR U P R 1
70 130 93 lkikl 920
5 155 113, 1497 960
950 05 17.354322 220
1451 240 172.51226 2€0
as3 265 190,5E229 300
G 280 201 . 2043 3<9
300 39 2262235 3Cs
t:00 375 269.55081 T30
S0 420 301,896%6

625 LEO 35,022



Cost { in Taka )/ metre

270
260
210
180
150‘

120

©w
o

60

30

T

KVA rating of conductor ———»

y'y
0)
| /
yai
-
217
. , 267-50 _,, Taka/m
C: Slope AC 200 R KA
=1-1%103 Joka/Km
_ KVA
— 200 N 2
=
{ N 1 { 1 i ' | i |
0 25 50 75 100 125 150 17§ 200

Fig.431b) CHARACIERISTICS OF LOW VOLTAGE (UPT0 1100 V) ALUMINIUM CONDUCTOR

PVC INSULATED CABLES. ( Cost Vs KVA rating )
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the slope AC of the curva in fig. 4,3.bs The plops as
calculated £rom the same figure,

Slope = ¢ = %‘ﬁ «1ld mdm. T (W W)

The equivalent length (12) of the table meter pfor
KVA for emch distribution sub-station whose area 1s A{sg.m)

12 'V % « moter 000500(40303)

So, the cost per KVA of the variable part of low voltage

cables,

Cw 1,% 'fagg X 12

From wiilch,C » 1,1 % ’A/ﬁ MR/KVA- .;.....(‘*.5.‘*)

44

In order to obtain optiwised design of a distri-

bution system, the following factors should be considered as
in the following manner.

".a.l

Assutne that the load in an area(sq.m) of & glven
size with the constant load density L (KVA/sq.m) 1s N

KVA, If the dimensions of the area are changed by a factor
b?, then the load changes to bN, The variable part of the
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, ~
cable cost yper KVA {as ddaignated earlier by ¢) becomes b ¢,
o
As » rogult the cost per KVA for the area having load b N is

given by,

U L,
Cost/KVA wl: » U +asdeb o) Taka/KVA

+* m
BN 'R
(U, + B) | |
- { .‘\‘lb:/";'* Uzﬂ *d e b% 1 WVA eoes(00,4,1)
To £ind aize of the area for minimum cost,

d‘dbmj. u-:;;-{(u*(la#ﬂ*l*bqg}

o
«2{Us+ b)
---jL—-- + 2he 0
which gives U,» B
'LT ] bﬂ .-".‘(4.6.?.)
. ]

FProm which we can get the dimensions of the ares which ars

changzd for minimus cost by & factor e,

Uu,« 2 1/

o -k—-' b) | : sooes(844.3)
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Ve 4¢ ¢k chooen oroa 10 cuch thot U oB o He then vo coo thot
D o 1, In Chat condition the optioun aras io oo Lo ghoein
nPOng ondg Cho owm 'os’ fizod mis*@o of tho cost of cub=otnticn rmd
U networll 40 ogeunl $o the wariable part of the notuli: coot,
X0 i03vin'c 1av 1o nov npplicd to thip cysten tho amnuol eoot
of dancoo dn tho eonduetoy should cqual £ho dntoreot cnd doproe
clntion ehargon on the cost vhieh are polotod to eonduciop eoct,
E¢ 40 ccon that this cpot 4o tulen £ha coot of condueloro vhilch
fnddentos tnt for optimuo utilisotion of conductoro Lt currant
C-aodly 4n tho condustor can be inercaced o highor 10WO10,
L1e Doy nol b2 advirablo, houovor, boenude of tuo POROCA0,
Meotly, duo to thoe reduced officicney of tho nycten e o

4vch cnorgy distributed on tho oyotcn 100808 arc aeros Fho
coodad 4o that the woltngo deop Lor Shio chonpor GrofCh vill
Lo hinhor, AC o pesull the sigo of tho oub=ototion ot B2
¢oren on tho basio of abovo gritorion, But tho eumnductoer oino
noy U0 coleetod on the bads of namicun peraiscdblo volbono
éxc tpd looo on tho systen,

Calevletdng tho valus of factor *b' froo oqualicalli.l,3)
0 Ahen vutting the valuo of £reter DY An tho ogne{lele1ldyvo
g o0 thy orticun eeot por RVA, Finally, ¢he totol ortizun eoat
a0 solis for unch distriduticn cubsctatica ean be cdiainod dy rultie
plying {1, Sho ©#VA depand of caeh arcn €0 thy eoct pop VA thida ean
Lo ¢htained £ron ‘qun, (bole,1) 1ace Tho t%g%ﬁ;}tﬁm; et dn
Tchin for onch diotribution subeotation e -%m-'wa%w}é«bae)mﬂ

’u L?Qa



ihe agverage cost of conductor is determined from
tho cm:réacion for voltage drop on the conductor, Th: lond

on ecnCuctor 45 dependent on coveral factors vigie

4+ Shape and 54zo of ares covored by the tubegtation,
14. lunbor of conductors and thoir routos.
443, load doncity 4n the area ond 1to variation

iv., Out of dalanece load.

v, Position of subestation in the aren

vi, Toporing of conductorg ete,

wogloeting voltage drop due to inluctanco, lot
tho nagtoun allovablo voltage drop from distribution subw
station to load point b D percent and phage voltage bo
B voltc, Zhon to &xlivor 1 VA of power from supply point %o
locd with o conductor ropistivity of € ohms/metor/oqen,

The distonce from eupply point to lood is'l !
and negleeting the voltage drop due to inductance tho

volue of nozinal croscecoction of conductor 1s given by

"
fleainagl eroso gection e wwp mmz. vone il lng5)

vhon tho netunl length of conductor 48 greater than 14
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log 45 L0 inercoaced by a féctor = Y'Y gnlled the pouta
Lnators 28%8 value can bo found by taking the r.n,s,
vaiuC 0f tha ratios of indir~cet to dircet diotunens
£ron (00 cubeptation to o sultnblo nubher of equally
dlctritnutod lond pointa on tho notwork. Its value
uousliz 1300 botvcon 1.3 and 1.,6. A pacond facgtor |
vhie Inercacos woltnge drop 1o unbalanco Laetor uvhigh
ic &0 o unbalanend load ot woll as power factor, lot
th* woTione drop be incronsed by a factor 'q' 4uo to
thisc J.wior. ILs ousgosted valuso are 1,4 to 1.8, If
the ¢l of conductor 2o H 'i‘atm ror poter ogean,
erosow-goetiony, then the cost of condustor to dolivor

1 KVA ¢ powor, from oupply point to lond will bo,

Coct of conductor/KVA o Lx (34Y¥)x Nominal erooo-gootion o
routo footor g unbnlgneo factor,

- xm(lﬂt)mofzx(’g z{14%) /.
. iva
Ean

.2
105 @E_MY 2 -
o = = RVa
 w%p = /

s K 112 TeRoSIVA sevensalloleed)

vheee Coy be treated ac o constant and H bodng tho

valuo
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09 0 o m?
I S ' e Solta /xaz...... {helsy?)

4
¢ €3
M ¥

iIf tho loagd 45 asgunmcd to Lo conconbratred ot
ccoo x(duo Y6 from tho cubestation such that the coct
of i dying load on this radiug ip samo as coot of supplyis
¢t 2200 ovor the givon oron then for the total luad'uf»';‘;
Wiy ¢ total eoot of conductor will bo

votol cog e mlsa . 3132 . x132 .-..‘.Klpa
4]
2
a &= i
Pat 5'11

aﬁxﬁéz

4]

1wt
) B 2
imcﬁ- o 2 ‘ilx TXTE. (lhxhﬁ)
4%
N n -
or ¢ o = 3,1“ /e
it

o © 40 €ho pen,n, dintance from tho tubestation of
il Jc~d podnto end average eost por VA 4o Eﬁa. In onco
of ciogrlor nrea of radius *r' than the wnluc of voltago
dron erlauiniion fbr unifornly diotributed load do
dasemnent,

Co « Uovally tho arca chapos are not

L.
JE
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ot o1 valut of € dnerogoe o8 tho shape dopartc Cee
he L eMe A ShnBo Lnotat, 'O 45 dofinnd to tolo thio
o£0~0l L 450 ne-ccount, 1f cx, 10 tho radiuo of gyrantion of
cn cee o loat eirelo, ¢he aroa coll Bo

a .
2ew (VT ) @2% 00 Liennd(iti)
£ o5 90 given by WCr28  or WAY/2 ¥

soeeeltiase10)

mdiua of’ mrmtmn ef‘ oquivalent cire

vRic AC B tucon 1405 to 1423, for o oquare it 40 1,00 mmd
for ¢ 2oatrnalo vith 3% ratio of ajdos 4t 48 2,228, iIf

2
tho 3500 Comcity 40 'LV thon tho eoot 1o om0 AL

If tho cubwmotation 48 not loeated at tho contee
of 1o VAtyy the coot 10 incronsed by tho oecntricity foeler

C', Liuo wo gob the eoot cquation an,
bt 4
A1A“Es / 3 k-1

ooy £r8 88 hat been nsmmed $hat the voltogo drop upto oll
1cnd rointe 4o tho ogeme ond 4o tho uanioun, In proetico

A% 4C oIt Co ond enly ot tn pordiphory pointo de tho voll o
érap ondoun. Thuo the boot uce of conductor con not bo ©ngd
onl corb, thoroforo, insroncess The Cactor of dnercaco 10
enppond ctoly % ¢« Tho faoctor duo to divorsity nay bo toroed
as X0 voluo 40 brtuoon 1,05 and 1.95. If the condustero
aro ¢~ nored thea gomo rodugtion dn eost aan bo onpoetoda
ot 80 feootor o aeeounted by 't' vioro *t' has a voleo
1005 € wmdtye Tho eost dn vicy of tho above foctora,

precols
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coct ¢ conductor » 3 1 B o B 11aiot, wu(tebat1)

ogac: {10 rust oqual the fized coct (U,<D)y then tio
opulry nzcn A of on ovorago notvork fren tho oguntien

&
% z %{%;f&ﬁ.&. o ('01 +B) 40 A ,{:\3 @ (U‘ifn)'n_ X:Eag q
2Lt "365 e egi‘l}*f‘}‘
Ao 3% ﬁaD(U‘, ¢B),n &
ug"’;}&iﬁ 2 &t g @q mé”
2 ofor SAC --_) ’ C3ame (5,2,12)
07 ol 8 In Got o @ g _

Coacld o tho vhole dictribution gyctco vithout tampuring
1.Ce ©°2 voluo of ¢ = 7 and of c¢ovper condustor whoro @
{roctolivaty) 40 0,0172h om/t}/ma. then puttinn tho Qolluuds
stans ™3 vnledo tho woluwo of opticun orcn for osch dictribubicn
g CoTNACT ean bo found cu%.;, tnowing tho othor voluos

U0y Togly 11 ona L

Ue 9,95
0 = 9,8
no 9t
q o 5.0
T o GkF



46

Yor tho Joscore Cadar oubwdivicion distributich
CPLee ruttdns the folloving volues vhieh wno found fyren
elfe X8 f4gurco corlior tho optimum arco for oach Aice
trihutisn cubwototicn can DO fount cut by Lnoving tho
locs ¢oacaty (B of thnt arca which aocumod to bO concte
ol [0 cay cpcedfie prriod but 4t vordoo from tiro to
tirc,

[1 & 0,375 Tohofo. Sqerie (£ron f4gele3en)

U, @ 2,99 = 105 Toka (fron t;ig. 4,3¢ ond oguation

L R |
D o 0,6 x 107 Takta (freo Pige %2 and oquation Be2el)

4o (U‘ ¢ B) Taka

o (2:55 + 0.6) & 10° o 319 % 10° Taka,

Tho opticum pubeotation lond can bo obtained by
calGiniying opticun cubestotion grea 4n Gge0. (obtoinod
ooy couabdon beX,12) with the load doncity (L) in KVA pop
ele |

a[(‘i':} (A optmuaﬂ wa for L in RYA pap Bg.0 cnd

aran in Cqetle

' 2]
3w i"p (U,eB).n. L
[J S - WAnhvhhing ®VA (4%a13)

o] e ”
0“20, oot € g YU

2411 nov tho ecnduotivity eoct o the varlablo
¢art Of noctrort 45 ealeulaotod by comdng tint tho lead
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12 (0 oenlucter 40 tapperod, tho conductor erooce

£egllica 4o 1nargor noar the coured and radueco $% ot

iha obovo culculotion wnao dono with tho Qo P
8ica thrt ¢ho tolnl longth of the routo eovorcd by tho
dou Y0lingo eablo 40 proportfongl to tho 0iro tho gabio,
If w0 &) not noko ¢his gocunption 1.0. neglocting t&iﬁo
gooyCicn but aosuadng £4rot tho constont oot of low
veltone ¢ble 4o gore without ehanging Sho varisblo eost
L.00 iGhout enanging tho olope of tho ocurve in £ig.l.30.
valch vlll bo pnooing through tho originc, thon tho
ealenintiond vill be ap folloudie

¥3n0d part of high volteg- eablo eott UY Tann
por i3 for tho avorage Iongth of 34 vill bo U 1, tola
VordcDlo part of high voltogo eable cott Uy (Zoka por
fne por KVA) with the averoge lomnth of 1, ond with locd
dcoend oF 1T VA wi1X o Uyl L (Talin) o Thon tho total
eact {(U) of high woltago breneh loope 4o tho tun of 4to
eoallcil ond voriablo partp, 1.0
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20 c2notabrebod ot tho rodiuc of gyenticn of tho arca,.
Zo coActisto tho novinnl erocowoection of the eablo 4¢
Bar RO ctamed that octual conductors ore untopored and
dtc cviopge londth 40 cueh that 46 eon ourply tho lend
ot 10 clreundvenco of o airelo of cord ores oo tho
arcn Cornliod by ¢ho cubeotatdon. The longth (1) of
oach o enblo 4o thon

o 12

e 1 zj?%: vor

Thoay fpen oquation FW.bl11. vO ean hove

o A £q. DOtOP,

K

by
t-{-’-‘-) n (Zoinl nednal erooo-poetion) o Ul

&
3/2 o o1 |
whieh rivon tho erosoesction o w ve e ollylily)

39’ . n
Lubctasrting tho volue of Il and A(optirun) wo got,

Opticyn neainal soetion

o
o o w»g ax? PF 5%p(u, +B).n .
Logn 2z Lx ootn @

T atdecd

coneelligln i)
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Uolta ¢UyD 1, w(U' e Uy) 1, okt (b.5a1)

Ao boforo lot tho cobt of fizod part vhich inglue
o coch of bullddnpo, ovitehjear and a ooall port of
Lronsiomficy coot be *B' Toka, Tho socond part wateb 1o
¢he vrdoblo part of coct dopendo on tho cutput LVA of
tho groncformor, kot thio part ho ‘a! Toka por AVA, Thea
for I VA lond donnnd thoe total cott of dinteibution culw
St 1411 bo = B o all Tale (4,5,2)

bopgleeting the conotant part of cablo ¢ost, tho
voriedio eost of lou voltage eablo ‘e’ bo tho cost per
motey pop KVA, I wo gonoider thoe oquivalent length of
¢l I voltage cable per W74 bo 1,0 thon el will bo tho
eobt poo VA of the varinble part and for I HVA lond
denncd € 1, Trho will bo the coot of vordablo port of

1oy volbngo cnblo,

{lowv the total eoct per KV4,
s N
(G o 9, u)

FS

e Q‘ ; & !}2 11 e n *e ),a C (beH.2)

44

ou roetdng I s b A, whero L = lond donvity in KVA por Coele
A e Apoo m GG ele
then LI totnl cost por VA ﬁ%‘é—— e, 1, ¢+ vely e
oo .5 00)
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I2 ¢ GMnencdono of the aros aro changed by n faetor
'H* Chrn the lend changen to b2 1 140 1 ban.

%ho ares ehnngos to B2 A,
nnd &3 coonged to b 12 s dgoin v 123 » Ay Pronm

uhicy A, ,J/ s then tho oquation (B.8.%.) booemos w

Ut +B
telnd 0ot por VA --312—- =U, 1, +a ¢ e!»’ ;g* wsellieGs5)

Ly“a

o Smamblr N e e hm A
w sessllySei)
Dow Crorentdating both the oidon of tho equation b.5.5
vith Trpcet to b and oquating 4t to goro -
to oee the walun of b vhieh gives the minioun coct por
gV,

;- ur |
ALonlelh o A -—-5—-—-1 wcbfg:'j

L v%a

R NI VS - mal N

& b4 "
- 3(ue H#B)ﬁ.
cLaal Putting U, = U' L
£re Uhieh . 1
JJ'T' (U, +D) Ef_ (e ’]
b e AW conalls,5.6)
)7 7/6’3
SN T U yuye B E

LU0
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i G
wCuy o2 b o=l o iron ubten (A ) « (Optirmun Arca)

afs (u1m)?
E\é; (0,412 3
$4Co f&e “1 CL sasnee (’4:’507)

ism{: oo cquation (g5.5), to got optioun aron. vhieh gives
D0y @00t per KVA, wo vill have to ddfforontinto both
the cidon of the cmuation %.9.59 vith reonoot to 4 ond
em::i‘::ﬁ’:s iV to zoro, 1.0.

2 L X J l'(bigﬁe’
| T 2/3
14Ce & 08un Aros w A bz o s'io ﬂEﬁ; iﬂi*ﬁ)] nenallsgGeD)

vou exncidoring an oron vhero the load density 4o ﬂm' '
enroilo 9000 KVA/KS, the optimm area will ba for
prrddcalor volue of U‘ e 2,55 % 105 Talta and B » 0,6 = ws
Polin xmﬂ O o 1 &V&
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UILEY cnlculntod onrlior £rcn fApuro 1.,9.8 ¢ Be2 4 ko3 © 0
OQUrlACTS BeTady Wolat and L,3,2 for Joogoro Oagar Cube
Aot diotribution systen, £roo oquotion (L,5.7)

W*Qﬁ)ﬁmsm #3
v
"”‘mg%'x nnm"'&'é"

| P 2/3
o{9 0151327 o) o 1.,0100632

Fer (o0 chuvo distribution oystom 4F wo conpidor tho aroo
1150 0425 io° |

0.5 ko?, 0,565619 ko, 1 kno, 1,076325 2, an2,
and 4L ©O enleulnte tho cost por KVA for the cbovo wréc:t:a
panddng oroad, thon plotting thooo cost por XVA againch
eorros Cnding arca vo coe £ron £4g. ke5.1 o. that tho
lourst valuo of v coot por HVA will acour whon the arca
40 9,6900632 a2, Fron vnich w con concludo that tho
ot valuo of arca for the above rontion ddstributica
Crrico £ven oquation (b.5.7) will bo

”Eﬁ;ig‘mifj in vhich tho coct por

B¥4 40 nimicun, above md bolow of whieh cost por KVA

vild dncrongte Mfforent valuoco of arcas a=gainot corpole
peadias coog per K¥A for the gbovo ointioncd Joogoro
gictritution oystcen 40 ohown in £ig. BJSe1ae 4n vhieh I
40 tho odngoun eoct/KVA eorrcoponding to area 1,0100632
0%, chov0 and boloy of vhieh coct/KVA 40 moso .

Ot ply, 4F wo eoncidor for Urbon areas for noap fulird
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L0F (@) L=1000KVA/ Sq.Km.

(b) L= 4000KVA/Sq. Km.

(¢} L= 250KVA/Sq. Km.

« 3°0F

>

>

~
o

u‘

>

&
..

©

[ .

2

g 1.

E£20p

‘3’ % Locus of 'L considering factor &’ -~ .~
) ‘ : /.{/'/w .

101

Ra(Y '
o Locus of L without considering factor d'

|

‘ N . N _‘ 1 ﬂN A ‘A ]
o ' 1 2 ' 3 L
Areg in Sq. Km.

Fig.45-1 SHOWS THE VARIATION OF COST PER KVA WITH THE VARIATION OF LOAD
DENSITY L AND AREA A.(Without considering seqyn D)
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43 Jnidedoch whopo the load denoity vill be ouoh highop
then Texvceat lend @endity 4n rural orcea in Bongladeoh, Gho
cort o0 WVA vorguo n2on cwwo ean bo drawvn 1o 4n £4 % bsl 1@)

vh 20 & a. &%&WA U.‘ e 2,59 1 105 Toko

i

D & €0,000 Tata, U, = G857 el =15 i, 0.
235 Lcha/iVa
ond ¢ © 4,10 Toha/nJJVA
ol Cho obovo valuos for rurnl aren whera lond Gonoity
genceodly oueh loss, 1o L e wf-—hfgﬁ" » tho cort por GVA
vOrout areas eurve can bo dran as in £ig. BF.%c, In oll
the fopros tho point I chowo tho pinfcun cost per (Vi
corPorianding to tho point of optioun aron I abovo and
bolc of thic arca tho epot por AVA will dneroono vhieh
aloo (aticfics tho optirun area ﬁqu:sum (5 4,5.6) in
all G4 obovo thma 180D,

Hey Lon the cqunt:toﬁ (%.5.5)
Qf” (U, sB)
b £3 m”-l—Bﬂ
C LA
Puttln Sho valuce ac bolow

[%Q “posois

ror ¢io okove dictribution oystom 4f vo eonnidop thoe mlma
0f £:C0C7 by 1340 0,25, 0,5,1005013 1, 1.5, and 1£ vo vall
o 7cul~0 tho cost por VA for thh nbowvo corr-Lponding volir:s

£ Dy L0 11l coo that 50 lovoot valuo of epoot por WVA vl
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occLy 1290 tho wnlue of b 10100501 Froo vhieh o

e oonclude thnt from -.s‘xw:é.}g_ n Wﬁ .51? the ortirun
$ ‘

gho eoot per KVA 4o oinicun, ebove and bolov of vhich

oG nof HVA vi1l 4norconce, Lfforrnt voluco of b
anelnel corrocpending coct por VA o shown in fig.
LeGetled 4n which pY H 18 the nintmn cott gorrcopnding -
to ¢10 vnluo of bw"'iUO'SOﬁ abavo and boloy of vhich
eoot/ iV 49 moro,
viich 10 vo will nov conotder the influcnec of the conoto
port of of lov voltngo enble cott vhich voo dosigno=
tod oo '@* o nd wao carlier asgusod oo nogligible, Lo
if ve ot to dneclude (10 eondtant part of lous voltapo
eabic cozt *d' 4in total ment por VA &n all the chovo
enCGo thon a conctant coct '4' which otrickly dopondo
cna Lo }mr voltnge cablo lonath will inercnso in oll $he
voluas of total coct por VA, The offoet of wrieh Fle o
all ¢ grapho 8n £ig. Be9,1 of totnl coot per UVA 40
to frdco ¢ehe graph of totnl cost por KVA vortielly
ghrouch o dioctanco og-ual to Toke *d' without any
notic ndlo horipontal dioplaconent of tho point of
oot coot per KVA, Thio alco L1lucterted In £ig.
LaTete in 0ll tho upper curvos 4n £i0. %a5.1 (a) (b)
ont (@) cro onoun the offoet of 'd' 4in vidgh tho oot



W4 eclgrlntod including *d' and eoct/iVA ohovo without
any nroGiconble horicontal dicplogonont, It follovws from
thio thel Lo eonctant part of lov wvoltup. cablo coct'qdl
doon not D2U0 ony offegt on the values of D' cnd aren
(a,) viC) £ivoo tho pinicun valuo of total eont por
iva

Lnoiéaring foetors 8 (ohape factorld, o
(ocecentricity faoetorl), q (imbalango £nctor) Y{routo
factor)y ¢h0 Oquation WS, L} . for oot por WA will
be poddiilicd oo bolow, | |

Coct /i o U48)
i A

+ 0, Lo o e'1! 4,5,8

and olcp ~Cacidering tho factor Yd' tho ecort por VA

cquobica U111 bo oo follows,

B,¢D) -
m{}t}/ﬁgu ﬁ(‘“%"‘g— *» Ual‘ *n @ e' h 1LY a* 1t e ""-509

vhorey 1* o X ¢ ooy = /f... 2 1,19 2 1.2 2 1,45
o

ot o C"q e 1.0
e.«?v‘ o¢ 1y ?015 2 %23 1!“5 % 1,69 17 o 3302 2
C, © QR J.202

Ao Cge T.08 a
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..l‘d‘l’ © C :l o q.“j = 1.2 " 10’@9 "] 1.6 o 3;2‘)2 ﬁl

Ao bofora 47 w0 vant $o oot optimun croa vhich will givo

pindorn et pop VA for this condition wo vwill havo to

44 £forontdalo bot™ tho 01400 of tho equntion 4,5,7 with
roopcel {2 0FCa A ond Oquabing to soroy i1l give tho

valuo of onticua aren, -

o/

4, ptﬁ- (U, o8 ?

L C n3.2Q2

eevsneslle,5,10 )

Frou oqueblcn LS8, 4,5.9 ond 4,5,10 for differont valuos
of lond ¢roodty (L), 1€ vo »nlot gont in thousondo Taln
por SVA wpous ovec 4n Sq.bm. wo will got eurvos like 4n
fimuro kelel 4 In £ figuro throo 00to of cupvol aro
thero in U 4¢h uPROP QUEVOS are shown canazdnrs.ﬁ:; *ge
thoro a8 IoU2F 6ulrves are with cut amoidoring tho

factor 'a' 4 Tn all the curvon M peints are tho optirun
aron psing corzosponding o minirun eost VA vhich catice
fin0 a:i;z. Lho obovo ogquationo,

tA74dne am if un oconstder Lho factor 'n? dué to
divaroity olong with considoring all othar factors nbowe
(Gagy)s “10 cqunticn L.5.8, Cor coct por KVA v11l bo |
nodi £4ad ¢ Holow, ,
Coct/iVA o hﬁ&- . 33-%1-—- + -g-» + c* 1* L8 B
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tus of L without considering thictor d'
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Locus of 'L considering tactor d_/ /{__ Lo
v
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(a) L + 1000KVA /Sq.Km.

r~
1

(b) L * 4000KVA/Sq.Km.

(e) L 2 250KVA/Sq. Km.

Cost { in thousands Toka )} /7 KVA '-—'-—-——-—*9’

15 .
1k
| o~s‘—.
o Ny N . \ N 1 L !
0 0-25 05 075 0 125 15 175 20

Area in Sq.Km —— &

Fig.L-52 SHOWS THE VARIATION OF COS! PER KVA WITH THE VARIATION OF LOAD
DENSITY L AND AREA A. { Considering seqy )



57

and et pdng the fnetor '4' , tho coot pror OVA oquaticn
¥111 o |

[} o

U, 0
COOB/L o = ¢ =Bbe == 4 ot 1V 0 @' 1Y LS

In £00 n20v0 oquationo feetors aro not affoeting vhich aro
gocecdrtod vith tht area 4 0o the optimuo aren Iso will b
oeno o CUEore ¢ leGe 4, 0l00 for thio conditien will bo

a .
ﬁ w’er B) /3

If vo plolo eoct 4n thousrmdo Tnka per RVA worsuo areg in

cae L3 cocording to oquations b4,5,11 pnd 4,5,12 for

i 08cm v voluen of lond donsity wo will ot £iguro %eGe3

In $580 {doure o~bticlring onuation %,5,12 , That 4o e-mrsézu
deptns *4' vo will got the upper urvos whore oo lowr Quovoo
ora vA{loul eunoddasing the faetor *d', In ull the curvoo

an g fwre cbove the pindmun cost per KVA ocouro at $he
padnt of o f4cun oren vhieh ootisficd nll the obove
oqueBleine

im0y, 4f vo contider the ncadouo allewvable volbeno
daron B" ) vor ecnt 4n dictribution 1ine fros 1 IC to lood
points richg with all othor Lietors vhich eomoidorod abovo
(cog7nldy Cho cquaticn b,5.11. for eost por KVA witY bo
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} Locus of 'L considering factor 'd’«,»/ .féLocus of 'L without considering
: / / factor d'
3F . |

/

o

o

L
=

fa) L = 1,000 KVA /5q.Km.

(o Y]
¥

(b} L= 4000KVA/ Sq.Km.

W () L = 250KVA /Sq.Km.
15 + ™ ‘ . ‘

Cost ( in thousands Takao ) / KVA

1 ~
0.5
» IN, - N 4 | : | N 1 i L 1
0.0% 025 05 075 10 1-25 15 175 20

Area m Sq Km. S "

Fig.4-53 SHOWS THE VARIAHON OF COSY PER KVA WITH THE VARIATION OF LOAD
| DENSITY L AND AREA A. ( Considering seqyn )
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TIme nodificd o Ao contidorod baforo tho mmﬂnnl CRCOCn

-
[0 WAL § B

CCeAch of the eosnductor will ho aqual to 192.(:24.
LD

U the toras o 00 dosignatod dafore. Fros vhich
Ll worinble coot vhieh 20 coroeintod vith Yo' for ¢olle

vl 1 VA of povor vill bo -

= (112 } n lendnnl erocsecogtion of tho
conduetor u {Logy).

3 . 105 Cx ig o Yoqye
5%

o Wm 45413

% D x 2,3 S
dcuy 8€ tho eonductors aro not Capperod (3.0. te1), Sizoa

£ to%nl eoot pup VA v411 bo

| o 2 p o oG
U, ¢D @gﬂl.,#a ¢ Jagy” P g 10 .A
n

Cortfivh o ‘h‘ * -

P DR 2,31 g
X

o mpp— o i ¢ Coa, a5 It
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o Jaqya?u 105
vt G, » ——

1 2D g 2,312 %

e Gz 347458 x 103

w 1;’&3.“'7!’58
« 3.822038 x 10”3

CLANEtwoatiating oquatien o b,9.1% with rospeet to A md
cunbing to grro we will got optisms aron vhich will
080 nindmen eoot por KVA,

i
» U, + 8
Gitloun Aren o ﬁo @ JT&T‘ assvesltaa1

Ap hofore olmilar effoet of *4* will bo 4n
creSdon beS.th fur total cost per KVA, Prom the above
cruebione for difforent wvoluen of load denoity (L) 4f
o Hict eoot in thousands ToXa por KVA va-pug oren in
Loe Dy vo will got curves 1iko in {ig., WS4 o In
{20 f4gure uppor curves are shovn contidering *¢' whoro
ot Jower eurvos ore vithout conoidoring the factor '@
In ol3 the curveo ninfoun eoot per EVA ceours at tho point
cf ¢ %dmn arca vhich satiofied oll tho above cquationa Owa a?._
gy vhich o dnodgs Engineer ean soleet the optimum arcn
0G0 ey of the obove gonditione and for ony volue of locd
¢ruodty vhich warieos froo tino o tice.
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Fig.454 SHOWS THE VARIATION OF COST PER KVA WITH THE VARIATION OF LOAD
- DENSITY L AND AREA A.( Considering seqyn D)



Prom f“g ‘5.5;1 to fu. h.’u‘. we can have the

detatiled information regarding wariation of total cost per KVA
with corresponding variation of area considering and also
without conaidering factors s,e ,‘z_.n.n and the oconatant paft

of low voltage cable cost (d), In the figures, three different

sots of curves are shown in esch £igurs in which each set of
cuwrves the lower curve shows the veriation of total cost per

KVA with the variation of area without coansidering the constant
part of low voltage cable cost (4), where as the upper curve
ahows the vardiation of total cost per KVA including the
constant part of low voltage coble cost(d), For different
values of load density(L), ve can get the corresponding
different values of optimum area from thess figures for diff-
erent conditions( for s,e,q,y,n,0),

- 8o, from these figures a design Engineer can get the
detailed information regarding optimm deaign of any existing
distribution system amd also for optimm expansion of die
tribution system with the increase of ita load and area in near
future, From the above optimised design a design Zngineer can
ninct easily the nuader of distribution subegtation with its
reting according to the area and the load demand, He can also
stlect the mmber and size of additiomml distridution equipment

required to mest the increased load demand in future so that
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the overall gystem wil be optimum,

Now considering Juﬁr- Sadar Judbestation digtridution
aysten whoge 19680-81 load demand was 3850KVA with area app-
roximately 8 sq.Km, from which the load density, L « 3850KVA/

B sq.Jm, = 481,25( approx, 500 KVA per sq,Xa,). Prom figure
a‘ﬁmw ﬁl&“mx’ " m"/oé‘i‘;?;‘ uw }Zﬁ' Yaimﬁwj‘w ’S\Vor
nthe above optimized dest optimm area comes to be
-1.6034 sq.Km, which 1# much less than the existing ares,
Therefdre to most the load demard of t e above given area
and also for meking provision to meet the future load demand

with expansion of area we can suslly chose from the figure
the maber and rating of distridution sub-station required,

Asguming the rate of expansion of area to be proportioned to
the rats of growth of population which at preaent in Bangladesh
is 2,7 percent per arynwm mentionsd in Appendix A, the area
will be expanded to approximately 9.14 aq.Jkm, in the year
198586, for which the forecasted load demsnd is 6600 KVA
menntioned in chapter 3, The corresponding values for area
and load forecast are 10.44 sq.Km, and 9350 KVA respectively
for the year of 199091, Then respective future load

 density will be 722 KVA par sq.Km. in the year 1985-86 and
896 RVA per sq.Km, in the year 1990-91,

If wa want the above mentionwd distribvution system
to be optimm in the year 1990-01 we can select optimum area
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corresponding to load density (L) approximately 1,000 KVA
per &4 Kam, (corresponding to 896 KVA per sq.Km,) which is

-~ 1,0101 aq.Xm, This means 0 mest the forecasted load demand
for the tereocasted whole area in the year 1990-01, we will
require 11{eleven) dstribution sub-station of 1,000 KVA
rating, In 196081, to meet the total load demand W50

KVA fOr the areq of B sq. K., 1.8, for the load density(L)
of 461,25 KVA por aq.Km, (spproximately 500 KVA per sq.Km.),
we would require 3(five) distribution sub-station of 800 KVA
rating as from f£ig, 4.9,1., the optimum area for 500 KVa
per nq.Km, load density 4is 1,6034 sq.Km, In similar namnr
in the year 198586, to make the above system optisum we can
Zind out the optimum area frog the same figure corresponding
Lo 722KVA per sq.Km, {spp. 750 KVA per sq.Xm.) which 1s
1.2236 sq.Km. From which to make the system optimm in
1985-86 we will require Bleight) distridbution subegtation
of GQOOKVA rating, That is if the aystem would supply the

Joad demand by 5 distribution sub-station in 1980-81, having
each of 800 KVA rating, then the ajstu would be optimum by
pdding another 3 disgtridution sub~station of 1,000KVA rating
in 1985-86, Similarly, it vould be optimum in 1990-81 1t
we would add another 3(three) (i.,e, total 11) distridution
sub~gtation of 1,000KVA rating,
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However, at pressnt the gystem is having total
installed capacity of 6,000KVA of 42 distribution sub-

station as in single line diagram gupplied by Bangladesh
Power Development Board of rating ranging from SOKVA to
S00KVA, 8o, we can integrate the exfsting system with the
proposed optimised system by removing and replacing the
required number of distribution sub-station as designed
above,

Ve can follow the same prooedurs considering
fectors, S{shape factor), e {ecemtricity factor), q
(unbalance factor), y{route factor), n( due to éiveraity)
and maximm allowable voltage drop D{6/), from the Ligures
be5e2 to 4,9.4, |
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Optimum besign -of Primnry din Circuit
Cost of 33 KV 1iigh Voltage branch
lmapé,

Cost of 33/11 KV Lubwfbntion

Cozt of 11 KV Cabdbles '

Op‘timi sed Design of Frisary Hain
Integration of Jdxioting systen vith
the nroposed sy. tem,

-



After designing distribution aystem the next
important task in the system plaming is the Optimm Desipgn
of primary wain circuit before making optimum design of

sib-transmission system, To make the deaign of Primary Main
Cirouit Optimum the most important consideration is the cost
conalideration,

The costs to bhe considered aret-
1. Cost of 33 x_v High Voltage Wranch loops
2, Cost of 33/11KV Sub-atation,
3. Cost of 11XV ocable,

The high voltage tceﬁtrh are laid along certain
paths for optimum transmisaion of pover fyom generation station
to the grid subestation(132/33) and brench loops are provided
to the 33/1) KV subeatation(IlC) from these 1ines, For the
Jossore sadear power distribution system the grid sub=station
(132/33) is at Chachra fyom which IIC are at an average
diatance of 3 Km, Cost of 3%V high voltage branch loops
dopends on the distance between through going fesders and
KVA rating of 33/11 KV gub~station, lat the cost of an

average branch feeder be Uw



Branch 1oops 'Q 3 ’Thtz’lﬁ‘ .F’b et 101

1 we plote the cost{Taka) w Km, of 33KV paper
insulated High Voltage Cable in y axis mrmapon;ms to
different values of cadle cross section{as befors for 11 KV)
in 83. an, in x sxis(Date m table 5,1.0.), We can have
the curve 1ike in fig. 5.l.a. SHinilar way another curve
can be drawn as in £1g. Sl tuking different valuss of
cuble cost(Taka)} por Km, in ¥ axis corresporriing to its
RVA rating in x axis(Data from table 5.1.b,).

From the £ig. S5.1ebey the fixed part(V,) of high
voltege cable cost 1s the length OM and can be found 1.0 x 10°
~ Taka por Km, For the average length(1,) iif 3 Kay 33 KV high
voltage vtqeau" for each 33/11 KV gubestation the fixed part
of high wlt«nﬁw ubio - cost, '

- 3,0 x 105 m ) Qil.‘(ﬁ.l‘I)

Froms the same figure, the varisble part(U,,) of
high voltage cable cost which varies with the wvariation of

cable reting is the slope of the curve N, and can be cal-
allated ap,

- 54,69 Tl cernen(30102)
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For the nverage diotance of 5 Km, of 33 KV high
voltage cable from grid sub«station to intermediate load
centre(X1C) the value of,

Upp = 56,69 x 3.0 = 166,07 Taka/KVA  4oere.(54203)

How the total cost of 33 KV high voltage branch loopas per
KVA, which depends on the distance between through going -
foeder and KVA rating(¥) of 33/11 KV gubestation is the muwm
of ita constant and variadble parts of 35 KV high voltage
cable cogt for each 33/11 KV gubstation,

Uh - uhl” uhz evonce (5911“)\{

- (.‘2..:..&2?. + 164,07) Tuke/KVA ......(‘5.1.5)\

}

\
i

The total cost consists of a fixed part which includes
cost of bulldings, switchgoar and a small part of transformer
cost, let thiz part of cost he 'Bh“‘ Taksa, The mecord part
depends on the subestation output K¥A and consisats of a

large part of the cost of transformer, lst thiy part of cost
*A,* Taka per KVA,

1f we plote : the estimated coat(supplied dy &nf:.adnb
Fower Davelopment Board as in table 5,2) of 33/11 KV sub-
station versus trenaforwmor size in KVA, we will get ehr curve

like in fig, 5.2. From this fig. the WN, which is designatod
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an 'ah' 1e the cogt of & fixed part which includes cost
of bulldings, switchgear and a amall part of a tranaformer
cost s 5,00,000 Yaks,

The secondl part: whh:h 18 shown in the same figure
by the slope of the curve HO amnd which is designated by
*A,® depends on the output KVA of the trensformer. From
the fig, 5.2 the slope of the curve NO,

' | %
= alope W
Ah | * 10 x 107
-H . 100 Taka/KVA

5¢3.  Loat of LKV Cabley

From sub-gection 4,1 ag fourn earlier for 11 KV
cables,

¢ =V w17 x 20° Taka/Kn, coense(50301)
and from Eqn, #.1,1, Uy w 2,55 x 10° Take |

from Hqn. 4.1.2, € = U, = 68,57 Zaka/in,
For average length of 1.5 Ka, (from BEqn, 4.1.3)

C U, w 102,86 Taka/KVA.
Fros ﬂmm; U = Ul"‘ Ua wn&nnut(‘ﬁnlnt’h)

- W{ 102,86) Taka/KVA 4. (be1,5)
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S«4  QOntimised Denlcn of Pringry Main

In order to obtain optimised da_ai.m of primary
main the same procedurd can be followed as in aub-a@e,mn
b4, taking 3% KV Line as 11 KV lige {i.c. Uh as U 3.
132/33 KV sub~station as 33/11 subestation, 53/11 Suo-station
es 11/,415 KV subwstation( 1.,e. B, as B, and A, as A ) and
11 RV 2ine us 0,415 KV line( 1.0, Uas d and U, as C),y
with the nsmmption that the total length of the route
coverad by the 1l KV cable (;w proportionsl to thoe size of
the cable.

without mking this sssusption, but assusing
firat the conastant coat of 11 KV cable i3 zero, iw; with .
the same slope the 1ine MN in flg. 4.1.b., will peas through
the origine, Thon the design wil) be as followst

(a)

Fixed part of high voltage cable cost U, Teka
per Km., for the average length of 1y will be U1 Taka,
Variable part of high voltege cablo cost Ush Taka per Km,

per KVA with the average length of 11 and with icad demand

of ¥ KVA will be Uahml Taka. Thon the total cost uh of
high voltage bLranch Joops 48 tho sum of its constant and

vars.ab:_m PArts L.0.,
_ N
uhll & Uthl - mh“ uzh )11 m‘ »ENEYS (5.“..1)
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(b)  Cost of 33/11 XV Syb-gtation

As before for the load demand of N KVA, the total
coat of 35/11 K¥ sub-station is the sum of its constant
and variable parts, i.e, ‘

Total cost w ( Bye AM) Taka .ecisen (50602)
where, Bh is the fixed part and “h is the variadle part of
tranaformer cost,

(6)  Cogt of 11KV Canlen

Heglecting the constant part of 11 KV cable coat,
the variable cost of 11 KV cadle ch be the cogt per mater
per KVA, 1If we consider the equivalent 1-ngth of the 11 KV
cable por KVA be 12. when ch 12 will be the cost per KVA of

the variable part-and for N KVA load domand chmz Taka will
be ti® coat of variable part of 1l KV cadble.

How the total cost per KVA,

E.ﬂh;. ﬁa;I:N *gn *fa!i“* C!aﬂlz

- .Uﬁb. - Yanhy - -?— . A, ¢ G L, evevan(Gele3)

(.B.l -+ ﬁ‘! h ) | :
»> uahll‘l' Ah L Chlz .o ....(5.&-4)
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i2 the dincncions of tho aren aro ehanned by o
faator *DYy 4hon the load chonges to ba:z, 1,04 L baa,

2 oron changoo to b?‘?t.

cad 1, chongos to bl

Again "ag o Ay Tro wniehy 1, e /%— .

Then the copation (S.bed) booamao,

*U‘lﬂ)
Total eoct popr BVA + U1, ¢+ A0 be"("!:»)
i TN anly * WGE Fr oeee(Gebed

How to ot tho valuo of b uhieh givee tho oinloum codt par
KYaA

(GC&’:{I«/J{?[S) a*"g"(%;zh-l' Chb ‘&"‘) s 0
A

or & J/'
» ‘““‘B""‘”‘ >
Ttis | h
fﬂ—. (B, e U, )
or oo { I
b "y ;.B%ala Puttng 0,3, = U

: i
or 2 w (Bel,) 3

W r—" 5 2
" 3 "9'17:3‘ PN ¢ Wy

ahr (BoU,. ) 3
'.. &Q @ ﬁ h b I TXYY] ‘9'.:‘0?)

chb
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- EPen oquation (5.%,.5), to get optimun
aron, vhion pivos nindun coot por KV,

SGILVEG a*ﬁ» Ay o
& (CocGflUn) ( '};2:;&- ¢ U&hl"-l“ e,bq thJ—; ) 0_

3/a

oF A /“' o Ziﬂn

L b3

m ot |
or A a[ %"-'] \
| a
2 vﬂ )

Froa vhilel ¢stirys grea o Ao nba o Lﬂlé; } (F.0,7)

dor Aahe LoLonog from Esuntiono F.b.06 ond F.,4.7 wo vill
get the volud v::f' b and A vhich will givo the ninirun
cost por V4 obovo and bolow of uhieh tho eost pop nVA
will dRercord, |

A0 boforo fron tho obove oquationd (S %% ond 5.%,7)
if wo plcle (80 valuoo of onticun arca eorrecponding to
difforcat voluo of cpot por VA without concideoring any
factor 1%::0 (fLoguenco) vo vwill got o curve £ porticulos
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Valuo GF Le In tho egmo panner if wo plet for difforont
voleoo of Ly 4,0, for the values of L 1iko 250,1000 and
15,000 Afl® 4 vo 411 got eurvos 1o 4n PAAUFC = Seb
Tho verdation of load donedty (L) with the voriation

of oL nren ond gost per KVA 48 shoun in £ig. F61(d) b
by ehnincd lns, In all other figurcs thy varistions

of 1.4 donoity (L) gro ohown in tho sanme nmnor,

Hrdlar way, considering sew, and finally
sogyynoe w8 w0 will get curvas 1ilte in figure 5.2y ool
Pinure W3 pad-Lliguro b poopectively, The offoet
for conodcoring constant eost 'd' is shown in figure
Seltyt(c) Uy dottod lno, and for othor figurcs *4!
ecn Bo tolen enro of an diocussod in the caso of dige
Lribatlion oyoten in which the value of opticus aren aro
noe nctlecsbly changod,
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Prom fig. 5,4,1 to fig, 5.4.4 w8 can have the

detailed information regarding varfation of total cost per
KVA with correspondiing variation of ares considering also also
vithout conaidering taot;wa noq yen,0 and the constant part |
of low voltage cable coat *A', Four different curves are
shown in the fig, 5,4.1, In this figure, curve (a) which is
shown by dotted line shows the variation of total cost per
KVA (;'.or particular value of L ia equal to 250 KVA per sq.Km.)
corresponding to area including the effect of *a' ghowing

the optimum ares also, Other curves like (b);(c)‘.‘(d) are
ghown the variation of total cost per KVA corresponding to
area vithout considering the fagtor *d* for 250, 1,000 and
4,000 EVA per sq.Km. of L regpectively. In other f:l.suml‘
auch as figs. S4le2, Selte3 BN Sk are ghowing the variation
of total cost pear KVA with correspomiing variation of area
including the total cost per KVA for optimum area considering
factors seqy, Seqyn end segyn b rogpectively, In sach figurs
the variation °£. loaZ density (L) with the variation of |
optimun area and ooat per KVA are shown by the chained line,
From these figures for aiﬂ'»ﬁm values of load density(L),
we can get the corresponding different values of optimum ares
for different conditions( for seqyn D),
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- XD thoco figures n dodign Shweincor con got tho
dotol 4 dnformintion rogarding opticun docipgn of rricary
nadne o0 cay oxleting distribution ty.ten and also for
opticy ' comancion of prinary maing with distribution aysion
for (L0 dneronped load cnd ares in near future, Fron thn
abeve g Uindsed dosign a dosign enginoor emn soloet easily
tho neobop of 33/91 [V pubwstation vith ity mating accordiw;
to thi avop omd tho load denond, Ho enn alio soleet tho
nunbor end cdgz of additional primary caing equiprent
rogudrcd <o noolt the increased load domnd in futuse s0
that Cho ¢vorall systom will B0 optioun,

Loy eonsddering Joogore Sudar - gubedivision dictisie
buticn Cyotey in vhich pripary maing aro connectod radially.
ond Chalo 19&6-81 load doonnd wap 3850 (VA vith arca approzie
patoly { caedn. froo vhich the logd dengityy b = 38504VA/0 . q,
e o 50,25 (approxinately 500 KVA por gqe #0.)e Tron
fiouro Dbt w0 soo that for L o 500 LVA/Gq,ln. 4f wo went
to oot e rogquired lond deong by only ono 33/11 <V cube
stoticay Ghan froo the above optimdcoed design tho opticmud
ATGS CI000 0 bO 17.3673 0q.[0. which is ouch highor thon
tho onicing ardne Thorofore, to neot the lond dopand for
the cbowo givon cren and also for nsking provision to ool
tho Quro load dstiand vith oxponoicn of avon wa con caclly
ehooro, o0 tho figurcedred €ho nusbor and rating of 33/
Ul cho=ciabion prquired,
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Czacidording for enotod lood deond cnd nroay 47
wa vl 00 obove contionnd primary nodns to bo optioun
in $Lo yoop 1990-91, yo can seloct optimun arca corrode
paal’.7; Go load donoity (L) appromicately 9,000 VA pop
Crelzny (Corrospending to 896 KVA pep Yg, 0.) which 4o
10,0507 (ne Ime Thip poons $o poot tho foreenntod leoad
daanid for tho forocasted vholo arca in the yonr 1990-97,
wo wall z*cqﬁﬁm onc 33/11 subeptation of 10 VA, In 1580w
B1y O o0t the total lead domaad of 3850 RVA for tho
orcn of { 9q. R0, 4,0, fOr tho load donsity (1) 40
nbaug 500 VA por g, @, ve weuld roquire onc 33/91 XV
cubeotnGlon of 51VA rating. Sinilarly, for 1985.86, fron
tha oo figuro for load domsity 790, optimum arca 1o
17«.35?3 {1e Koo ond to moke tho systen opbirun wo
ean ¢i0o0o the 33/1% KV puwbeotntion accordingly to into=
prato GLO oxioting systen wvith the propoced optinmicod
gyolen,e Lo ean folloy tho samo progodure eonsidopring
£0oelOP0 C.0eqa¥ent ond noxirmn allosnblo voltago drop
D {6,5)y Eron the £ipuros 5.1.2 to Tl



Discuceion and Conclusions



The result of studying the effects of various
pargssters on the total cost of the distribution systes were
presmiied and discusged in chapters b md 5; These remilts
provide valuable infommation on the optimisation of ALatrie
bution system., Tius the System plarmer can have a better
perapzetive of the design procedures of dlstridution aystes.
The planner has to take {nto aceount the results of the shore
sud tong term load forecest given in chapter 3.

The spparent relstionship detween the quantity deing
forecasted and factors influencing it should be tested ty siwmé
ple graphical snalysis. The grophionl acatter chart is an
essential preliminary rart to mathmmaticsl manipulsticn,
Agtually graph contsin® more informetion than sn squation,
an equation 18 only s short hand notation of the dats, The
ssatter dingram, on Lhe other hand, shows similtsnecusly
both the individuality of cach point and general trend of
all the points which the equation can't o,

No individual or smeall group can posaidly know
snougk about all the factors affecting the future to be abls
te develoy an adequate forecast, OHuch a person e growp of
urse, can analyse historical data and uss various tecniques
% drav a fev conolusion about posaidie future trunds, eycles,
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24 ooureoo of soadin vardotions, Denlunting hoo Gho
flwro vill diffap fean pnol howover 4o caothor cuosbiche
Coeo offeativo foroanoting mact BO o growp offerle

o eceursay of o foreonot for Aotritution
C7e00m 40 Yoy erucdal to dictrdbution cyoton hmaco ¢ondie
Croehlo orphando runt DO given en 2oidoblo inforrnlice  Reop
c2 dncorploty dnforcation eon lond to juct contradlctory
reonite and vill nnko tho forccanct jurt dnpeociblc.

ran choptor 3 and abovo disguoodon tho folie:den
c.nglulions exn bo deatnte

S} A ohord toro for {fAve yoorp porfod cnd leng Sogo
fop tcn yooro and tucaty yooro foroentt weo dono 2 Goinb of
2a0f pono, Vost seno, Eaot ond thel corbinnd sone ol polie
tlcr Qotrdote of Domglodoshs, Mrcor, noa=lincsy cad
comncaetrie ©odolo have beon wicd ey oalting dooond oLBinnton.
Czovth dn caxdram 1eoé 20 7,78 cipple ord he?3 eonporad

22 yoow vikeh 4o docrod Go Do Qoo low,

Consddaring all cthar Lnobors $ho goor vico Groond
fomconoted van dons vhidh adtrnd o fastor gouth pedcfis)
el 20 oftor fivd yeor 2.3 $3000 noro LChen $ho poecad
2cR0ls  Tho oren cuffored cuppracod dcoond, boemico 0f S
fraf for Both gonoratian ohertogo, Anodoguate oycica cgiracica
feod2asios ond nansavailioble of adoquate funde
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{0 it 1o sugnested that 4o future tho Hre~cto
- 2udd DO Gond in avory year end setual leoad dogzd Cisnld
U0 ezrmerod with $ho forcewted valyd in aceh yoorr 7D tuad
O tromdque of forocucting eon be imnroved to ol recurato
faprenctts 1 fool inclusion of vesthor varichloltce . “@nture)
780 forcencts procents g cubstantiol dnprovcusat cver the
o cpoash of Just estranolation vithcut to'ting tonooture
2 20 esncidarntion, <overal veathor vardsbhlos 1850 ~aunl
CICITING tcmpemtum’ duly oopn terporature, Jomnry Lo
{iinoreture Meidity ote, con bo had fron cotcorois denl

~cPt wnte 1 could not tolo thooto waathor varisbico
£~etoro into mnai&emtim for forceasting lond &2~ duo
. noneavollobl Wity of data. Tho gost izportant Crotor in
SiAn porion for cotimato of weathop comcitive Ilond 10
sophieng feomornture.s Mferoent forceaster pay G-lic Gliforent
o abern dnto account donending upon tholr judrnc:cnd ond

o epionea,

i'op cucepocful foreensting historierd ¢~tn 40 0L
~w2t hongo w0 chould record dnily ponliy, monthly niclly Conthly
OOy conDueontlicza otos at Uhie Cubwestatlion for uELPo

(eAdonso of forcendtinge

Ino detallod dircoussions reogarding osti
Uiz of dictribution cycten ond integraticn of ¢r2Cling
(7000 dnto £ho ontimiced cysten nre glven idn cosy chvimtop
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end 9 vadeh vill also be holoful for intogmt L7
cLA08ing cysten dnto the optindced oycsen. Jron
Clceuccion eoncluci ins eon bo ozdo oo follovsie

£3) 4 dagion Lngincer omn get dotaliled 4nlor -tion

Loreding opticunm doclgn of o distridbution cycica TU7 oy
00 4 with any load dansity 4 Ho ern olso colces G0o
cwthor end rating of 33711 WV and 11/.L150V cubects $0cn for
27 wwly 4cien dotridbution cyctcr of for crben: 4cy of
0y cofcting dlotribution Sychben uith oindrus cocl.

() e data ropgarding oot of high and 35U voAEA-O
codlo nop wndt lonath whieh vno esllcesod fron Witon
ondoch <ioto Bloetricity Board ves comparcalemcdlcrion
cropeney covornion f-otor olro)d vith tho data of (o o—a
fpzy Dongladech and ved Oren g roaldstice,  Aoilor oy
Gl data roording eact of 11/0,B15 AV gfctributis: L
Liction and Cnaron uhieh wos eollected fron Paneds iy
Louor dvelorsent BoardlBiil) (concidering oursrc:.oy
¢ aversica foetor alool) vwno eommared with tho éas  of the
crn fxyn tho Dﬁ‘i‘:’]!’ Prodeoh Lioto Eleotricity doard -~
ol Setn o0 realistic.  Coy the wholo oyutrn GeSirm 40
a2idccblo £or both tho courtdy ond alfo for ooy olics
country afteor propoply convorting 4¢ fron Lonalodorsy gureeney
Co oy otucye ecwmtoyts ropeetivo curroney vith 400 ColvVOre
cing feetor vhich varleo fro tioe to tioe, 0o oll 00 cont

Aven du Lhdn dlorergaticn A imnladroh cuarrengris o,
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£32 Tho Awﬁt ealeulngicn voo nadoe for bobh 000
¢oeg frirary Inin eireuit nnd Dicteibuticon cycte Al the
coormtien that tho dnflation 18 zoro. %o toho 00 oot
adenlntion for futurs load mor~ accurato the prol ¢ oo
C# anfliaticn muot bo takon earce of uhich oaloo veod:l {gon

nam o AN,

) Tho eablo coot 18 the fized coot for o oo irdn
ooano Hf BVA boenuoo noither the eablog of oll A200Cro
aobingo aro availleblo nor those otoczad by thoe Aceuleity
o 1y outhority.

() I wo eoopare froo the ﬁﬂﬂo Be5e3 on2 L
4 total coot por (VA concidaring foetors congyn 0003
c..oddoring foctors oroyn including aocidiram allsatio velione
>(G3) vo £ind that 4n tho previogs enc vhapo OO0 onei-un
~Aizushle voltaro drop vas not esncidered, tho eIl 0d
Toisano dros{eonoidoring nll othor faetore orrn o2} (ould
“ 11,9W%. ron vhieh vo ean palic ¢hofes aay ¢ LT LeC
o, onbirdond docimn, I tho oycto 40 plicved 0 DL00
vollnae drep usto 1270 ¢hen vo ean calio the chroico ol flort
¢ v vitore tho foetoro fiegyn' vore eonciderod vit ial consie
Soodnm tho woltogo dropn condiftidon and ehie eoft 2 UM 4o
-y roe £on tho Inter Mol Zf tho manicwn qliciohio
soen=0 grop 1 6.3 then the loter dosisn ohould 5O ¢ ile
Somnd, L A7A1nT uny 4£ wo comnare £ron tho finc. Belet ond
Letjelty (10 totol coct uor (VA vithout euncddering o olive
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* coyn ) and 4n tho coeond ense emoidoring oll £-00000
{.cmynd) the ealeulated volt-ze drop will bo about 37.]

WWhich 4 3.302 times more thaon tho provious volbore doon

3 Go U froetor cogynlt in tho £fiwat enco fren ve: ve

Crn anite ehoden 1like Baforo ﬁhich dopends on Sy oLcn condition.

Conerally focders oro deocigned on tho D-030 of
cureent eareying capaeity vhero go on tho othor sl GACtw~
JLutorn oro decipgned on the h.oclo of voltage dmoy oradition,
- 4 the enpo of dotribution cyotan the voltago GOUP condle
LA vao gdven out post importenco vicre ags in ho eoso o‘f'

TAary fain elreult deodgn tho recsulte of optimmy d-uimn
roonted vithout contidering tho volbage drop con’itldon,

Crorsll lono in on oclcetrienl povor UyoGcl 4o
moatu-2d dn termo of tho difforence botucon gmaﬁ CRORNy
(ruernted ond cnergy eoncumtd, I tho diz:'ﬁ’ax*czzcta AU sositive,
Chick 20y AZ chnorpy goneratod enccodu enorny em;’:*::‘*:, it ic
o234 cyoton loon. Lgeopt o fow, Charsushout Lo0laloch thopo
an perotienlly no cotoring feedlity 4a Cho 33/11/0.035.07

trpivution cubwctation.e Lrrors and enidccienc gultnincd in
0 poathly operational Bata(liOn) ecouplod vith o Cxrovs
22 exlevdzticn oo 4t czecodingly JAALSAcwls Co o iNAGy
necuratoly €ho looces at difforent woltono iovelo ot ronont
2y Dongladoche

ano total oysten loos arices £ron o nu oy of
LLuRoes elnceificd no follounie
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(4 Ctation porvice louoo,

(a1) Zroneniocien and dictribution loos,
(a3a) Ca=netored cnorgy conmunption 1ooo,.
{av) Tatoring doficicngy 1000 |

{v) Undoes Mnmg and Pilforage loos.
{va) loceos aus to low povor £aotor,
tvis) losaes duo to lov voltnpen,

lovever, it Day bo oboorved froa tho &20-4204
Moeudoicns vhich wore medo with cfméemad Sanaindno) Yovor
~oToleent Deard ond Uttar Fradesh wRato bleetzlel(y Honrd
0f£ieindo that najor rortion of tho loct geeurs ot 20U
voltege lovolo, 11 UV lines and 00150V glotributic:
aotvorio. Unador billing, pilferage otee. alco cocounal for

o vary high poreentane of loocos,

Contidoring the abtove problcis st proccit Laeing

33 Umagladoch vhdeh contributo to oxcono syoten Ioli, X
crroost She follovding stops iopRodontation of Uhica |y
T~ pave Ghe cituntionse |

T cotoring d-ficicrey dn prid cubestaticnc
Aaeludine 334V oult bo gquantifiod,

e For drmindinte roplaccmont and ropoir o Cho
rwters, B £sanl vortichops under dircet eontrol of (hAof

- eineers moy bo cot upe
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(31 canglodech Fower Dovolorornt Doard £2¢34
34to ohall have to Bo ro=opponinod undor i ¢ erol of
poopoetive Qidef Lamtncerio to aooens tho wotepins Qofie
cicngy ot various lcvoloe. Muoly reogording of cunps

£ ghall obviously roGueo tho extont of onorry oonsuoad
that gooo wnrocordod and aleo precent 41logal S0,

be Virorous drivo cshould be under tolc: Go
2dontifty ong roedrd renl eonoumeps by Cynet. Coooooeind
aeesunto dn particular chould bo ronenod by 8o oo of tho
orgeadostion instond of by nene of tho ounog.

e Fool= prosf dovices such ag motnl elnd cnd
docizad materding box ray ba tried,

Licetricnal loscog in tho lov voltrad CGACipie
buticn gyctem in Bhelig, Cittaogong and Hhulan ~ro cmmoetod
to deeroase eonciderably Hlloving tho coodplotion of
Conglngesh Povor Dovoloraont Doard dlstributic: srojecte
nou undor dopleacntations liovovor, I cuemocct £00 Collovwing
soints for futuro ioprovenent of tho situnticn £o9 Ziotrie
bution Cyoion.

3. Introduotion of rin matn cycton niSo~4 of
2adlol gocdeors as far ao peocible ond particulneiy 4n
Coneoly porulantod arcad.
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2o varvieo conncetions dhould bo plvey ¢ neopor
Jointing caotoriols vhich reduces vollngo Aops 34 Antoprow
untiono,

3. Lhero tho pover factor{lf.) 40 cussoetod i*.‘o
Lvo boeomo 0Xeos rivoly lov at lowor/hipghor loadis; poriod
cnceinlly in dnducteinl nreno, steps aghould bBo C-i¢h for
isediato installation of appronriato sizod eonceiSor banko.
Dogideon this Bonpgladosh Fovor Roveloynent Boord coiizuld ook
all fnductricl unita, whero p.f, 12 expoetad to U2 on louee
0dd0, to have their own p.f. corroction dovicas dnctnlled ot
thedr promicog,  I£ this 1o done, lovcr p.f. pRCES. can upto
11 BV cycten nay larpely bo overcomo in noor future and thus
Cho goycten looo enucod By lov p.fe will bo rodrecd,

Comuter annlycis and sinulotion vore &no on
ti toorioo Univeorsity Hetionnl Computey Contro U8 2050.

Mnally 4¢ i hopod that thio dlocosinlicon will
havo vory inportant plonning ond policy inplieaticno partie
cularly forp klcetrie Pouver Jiotribution for tho violo of the
country Eangladoch 4n partieuler eond ony vhore In B2 vorld

in genoral,

In addition to thio docdgn tho opticra dodipgn of
trancof ocdon gyocten chould bo earrdad ocut baccd < lond flovw
otudy thich vill give thoe comvlote dotailed dnforrntion to tho

gy oo plomes regarding transsiosion ond GAeGelUITEen wyoten



dosign as n whole which can be ucod for eztension T any
cxisting system and cloo for coonloteldy novw syoiulie
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D ON

Power is one of tho most important inputas for
productive activities, As & basic infreastructure it plays a
crucial role in determining the rate of economic ant sooial
development in any country,

The total power gensration capacity in the then
East Pakistan was only 21MV in 1947, It rose to 475W by
the end of 1970, Similarly the naximm dasand for power
rose from 42 MW $n 1960 to 103 in 1965 and to 223MW in 1970,
The average growth rate of desandt thus wvas 15 percent during
the period.‘ Howaver, ths per copita conmmption of elect-
ricity was only 14,7 Kwh in 1570, one of the lowest in the
world, Zven at this low level the power system had developed
certain nbuinnms. such ag imbalsnce betwesn gensration and
distribution capakity and unbtmlanced regiomml development,
The aystem also suffered widespread destruction and demage
during the war of independence in 1971. Details sbout the
presant pover system of Bangladesh are provided later in this
Appendixo-A ,

A1,

A.d.1. Ehvaical Features

Bangladesh lies in the North Emstern pat of the South
Asian Sub~continent roughly between 20,75° and 25.75% north
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1atitudes and 83.3° and 92,75° east longitudes, The
country is bounded by the Day of Bengal on the South, India
Trclio

on the West and Nomh/\nnﬁ Burma on the East, The srea of the

country 1a 595,598 sq. miles,

Pangladesh enjoys generally a tropical monsoon
climate, Amﬂa}- the six seagongs winter, sumRmer and monsoon
are prominent. Temperature usually fluctuates betwoen 45°
55°F dnily minioum to 75% B5°F daily maxisum during winter
which bagins in Hovember and ends in FPebruary. The highnt
over recorded tewperaturs in summer is 1169F. . Monsoon starts
in June and stays norsally upto October, Thia senson acwunt':u
for 80 percant of the total rain fall,

A..2.  Eomdation

Bangladesh is the Sth largest country in the world
in terms of the size of population. The 1974 census estimated
the total popm.abdmi at 76.4 million.  The average t‘mﬂy size
is about 6 parsons per housshold, Out of the total population
about 91 psrcent live in rural arens while only 9 percent live
in urban areas, Powlatmn density has been éammm at 1286
persons per sq. mile, The present rate of population growth
in stated as 2,7 percont par ammm,

Avle3s

The omatry has & unitary form of Govt, headed dy
the President. On the executive side, tbhe Govt, works through
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different Ministries which are responsidble for policy making
in all aspheres of mational life, There ars a mmber of
axscuting agencies known as autonomous cOrporations and
Directorates under the control of each of the development
ninistries cach of which is responsihle for execution of deve-

lopment prograng. These Corporations and Tirectorates have
regionkl offices in &1l over the country which are engsged in

carrying cut development activities in their respective fields,

The country has besn divided into 5 giers for

general adminiastration purposess Division « District -
Sub-Division - Thans ~ Union, ZIsch of the first four tiers
i3 headed by a Govit., functionery and the Union is solely
under the charge of local Covt,

Al.4,  Infrastrugturs

Bangladesh isportaed its infrastructural technology
Lrom a woﬂd quite unfemilior with the special prodlems that
its envirommant creates. The physical make-up of the country
results in very high oconstruction, Costa for many types of
investuents, the soft g0l provids poor foundation and piling
ia often necessary for large duildings, the flatter-rain
and sonaoon f£iocod create draimage problems and often result
in roads and structures being wasted away. The patchwork of
rivers necessitates expensive bridging for roads snd railways
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and also incresses the cost of nation wide power, natural

g*s and telecommunication grids, On the other hand, the
rivers do permit the development of wvater transport hut even
then their sus.ubnty is limited by the iev flow in the winter
months and the need for dredging to avoid allting up.

Trensport and Comunication system often mtcd
as essential precondition for economic growth ﬁg A%udcwlopqd
in Bangfladesh due 20 which the cost of fusl, gas, teleconwm
- unication grids and other things relating to power increases
which ultimately increagses the cost of natdon wide power,

This s2ctor oovers a wide range of sctivities which
are extremely important to the notional econoxy snd welfare
of the soclety which are alaso responsible for the cost of

Croation of & halthy and well sducated populution
is important both from the economic and soclal point of view
which is also related with power economy.

A,

Fower, specially, for a developing country like
ours constitutes an important infrastructure of national
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woonomys Per cepita Censretion of Electrioal Energy as
well as per capita consusption of the smme 1is considered
as an tmportant Andicateor of the degree ol velopment of a
countyy, Country wiss growth in different sectors specially
in Industry, Agriculture, Commerce and services is more or
less directly dependent on a cheap, adequate, and reliadble
aupply of Electrical Energy, The s0le responsidility of
providing cheap and reliable pover to each type of consuser
hag beon entrustsd on Bangladesh Fower Devwwlopment Board
(PDB} which in turn genvrutes, transmits, distridvutes and
#elis elactrical enurgy throughout the country,

#rom technical point of view the whole power
systes in Buagladosh has been divided into two zones viz.
Ewat Zone and Wost Zone, sepmruted by @ wide ardl vast river
Bralmaaputre -~ Janma = Meghua, Genaration of powsx in
Eagt Zone® largely depends on Xarasphully hydro mr station
and indigenous natural gas based generating stations. Where
as in the West Zone power is belng generated moatly fyom
costly luported furnace cilﬁ nepthe and dissel oils, At
prasent tuwo ssparate grids are being maintained, one ia
each zone, which are suprossd to be connected by & inter-
connactor called EAST-WEST interconnector by this year{1982),
initially planmed to be energized at 132KV but ultimately
to be raised to 230KV,
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A2.1.  Qonerating Stations

The existing installed cepacity, in both Sast and

Vest Zones are sumsarised below:

Total exiating installed capmcity by East grid
Ares is 506,25 MW,

is 127 W,

The interconnector which has been alrsady stated
in running from Ohoresal to Ishurdi through Tongi totalling
111 miles. Presont normal transmission 1ines used by Bangladesh
Power Nevelopment Board is snergized at 132KV but there ias
one single line from Rajshahi to Shivejgan) via Pabna and
Ullapara which 15 at present anergized at 66KV dut necesmary
steps are wing takm to convert it to 132KVy

The total milesge of 66KV and 132KV tyansmission
1ines in Bast zOne and Weat zone combined 948,35 miles out
of which in Eaat zone 547,53 miles and in Wegt zone 401 miles,.
In addition to this there sre some lines under construction
which will be commissionsd in near future,
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A.2.3.  Dimtribution lines

Bangladesh Power Nevelopment Board (EFDB) held
the responsibility of distributing power to all its consumers
of major towns, citiea, villages etc. till recently, Of late
another organipgation has been eomtiw in the name of Rural
Rectrification Board (RED), having responaibility of cons~
tructing distribution linea, forming Biddutayon Somities on
Cooperative basis, arranging necessary connections to indi-
viduals consuaers in fural Areas, However, the main ros-
ponsibility lles with Banglodesh Power Development Board,and
in doing s0 they have one 33KV aub~transmission line end one
11 KV ant one 0,415 KV diatribution lines for taking power

to consumers promises, From some bulk consumers they have

distritution
special 33 KV¥/lines, . The existing network consists of 2832

miles of 33KV lines and 7727 miles of 11KV and 0,415KV lines
serving a total of HUSS2L mus, of consumers including 677

nos. of high tension and low tension industrial oconsumers,
e eocisting , wundder Condrvation amd pha
Detail power projects of Bangladeshatransmission line from

- 230KV to 33KV with 1ts grid sub-station are shown in fig.A.l.

A’a.“'

The load despatching center for the eastern system
is located at the 3iddhirganj Power Station, approximately
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40 Km, sanst of Daccea, This load despatehing centre is
equipped with a simple load despatching board but is not
aquipped with 3.V, (Supervision) facilities to digplay the
on - off status of the circult breakers nor with T.M,
(Telematory) aqﬁimnz for metering display, All load
despatching operations are done by moans of & power line

carrier telephone, |

The load despatching center of the Wegtern Grid
is lossted in the Uoalpara Subestation close to Khulna, and
operations are siailer to those of the SZastern grid,



B,1

B2
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APPEADI e B

Computer program for onlculating factors ABC AND
Distric - wise forscasting of Urban and Sural load
demand of Bangladesh,

Computer program for forecasting lond dsmand of
Bangladesh, |

Cﬁxmttr progran for calculating of (ntimusm &zb-ﬁbatim
arean gmaidering factora Sedyn only.

Computer Erogram for ealoculating of Optimum iubsstation al
conaidering factors Se@m and Maximum Allowabls
voltage drop conditions,
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