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Vic. 

ort torn jbr i1ro 7orro period not long 

0 	w Cci yQcrc end tt ty 'earn toroet t dono 

In g )D t 2 = od sCflOj, 	Ct 20fl0, Eot arid U rot eatbtnod 

1 0 no (O i1t cGl d c ricto of IbnlridoOb, Li0O3r 

+ 	r 	moor and oconoiotrtc odolo hwo boon u.cd 

Car fl :&'3 '3 thio do id actin-,too CoraotdortnC all otter 

tietO 	; O rir vice dr4a d toroc ftod via.. c done iitoh 



rC11 a ctor arch rate (16% ) w iioi to  aftor ft o  
': W.2O i.3 tit o tsro thn n tho pDozxnt 101. Dcrcz  

ec or prosrtLc 10 boon dovo1oiaa fOJ this foroc3tln 

Zr-Orgy,, 

. o3 1Q o!,tFian3 t o parnnotero of primo oin 

l' u t cr2 diatribution tytot. For both t10 cwoo 

~, 	OU thin cnp d i,it t!0 01101 ne anon Tt 

W o for intorntir. tbo ozi inj oyoto Into th► 

Vcci otO hv0 i1;Co boon diaouscod co n to ciiovc 
an Qj;t4tiI30d oyctori, 

A dwitn 	1ncor etn not d t iio i "Orfl3 i 

a ir2udin of i dtibution y 	f 

r n A with t.nt load 4 *jtj 	lb n tic •lcct 

. °bOr and rotIn of 3/11 A and 11/.l 5 Its ~. 

cc cn for wr nni1y dnct,an di'tribution atri or for 

c c wi on of nnv oniotin dict tion cotcr *4th  



( ) 

o G ~optor ioetion 1b0 a 	ptl 
• I1o. no. 

C) Cortificto 

Z) I c!ino i 	dCo 	nt 

(11.) 

0') jtbrovinti 
I I 1 Intro4uction 
43 101 Tho Uaturo of t o L- 	b iea 

1.2 Author's Una o 	A t clt 

1.3 rrnnoont of tt't 	kc clt~ 
2 iln'VT of 	'3 	, 	', 	lniquoo 

,1 Lviou of y 	tco 
for op it 	ciCc of 
Dict ributton c rctcz . 

2,2 bv . 	s of 11c th•. 	taco for 

:' 	.n circuit. 
12 2.3 floiar 	of ?:fit,* 	tco for 

at-- 	IsolaoCpub 

t3 3 3 vA j%o# s enctir Of  

13 ntrO 	ctic • 

16 3.1  1 ao 	d loMr 1 	c Fit 	? of Cn 



(iv) 

Gigvatt flour (Million ittlowatt hour) 

1W 	IntorwdlatO 2oa4 centre 
(33/11 KV ubtation) 

FA S, 475t 	Kjlowatt/(iIo watt hour 
Mega Volt fjnpers 

!4egc wtt/fljawatt hour 

on weather snnitive 

p,f. 	ivwr Fotor 

aothoz' 6enuittvo 



; 	o Chapter 	Ot&On Description 
no* no* 	not 

10 3.2 Differed techniques of fortcasting  
1~ 3.2.1 Time &ericaa4odal 

3.2.2 Creun1 4ode1 

3,2.3 Qunlitative is r oast 

3#2#4 Liloporcttion of W3 and T 
Vinci techniie, 

21 3.3 x ptltttion and wia1wic of 
tied data. 

3.,3,1 IietOrtCQl Ana 	aiet* 	tt nr 
Modal 

3.3.2 toio i 	o 	s sa 	on linear 
hotel, 

3« •3 Evaation of Acarwsioa 

1 3,14 Corr'øtd load demand 
foreenot* 

21) 4 	14. Optimum Droign of *&tZibution  
et. 

Introduction 

31 4,1 Cost of High Volt wjo broh loops 
1+,,2 Cost of dicittbution ubwft3tions. 

5 4.3 Cort of Low Voltage CnbIe. 
Op'tamised Deaign of :)tctribution 

sto . 

Calculation or Optimtot 	otal 
Coat. 

"t i+.1+.2 C lout .tion of 	ti 	'u' ► 
Lt:it ton area, 



iso no. no. 

Cr 1 u iati on of O t =3 i.z Nq w 	ati on 

LOud z,nd C ot3cmcoatio-n off' 
crnductor.  

45 

 

DtOotjoton of the L Dui o of 
O t 1l 	d Doo 	rt. 

CID a,! intorp *otat1 on of E is tt j 
+ 	t(1 	to the Optt oor2 
yDt c, 

'~ Ir ii pt 1 	i 	a 	n of ?Cl +C ma 	î 	n 
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-2' O Ott c 	? ttc In oftcn u'oa ao a rough 
indta itop off' ': 1 rat of tocbnoiog rind dOV'oo nt of a 

Q ntVys, 	,' ctvoo ctcn iriportant Input in tW z, '' '' 
culturalrCtiGctDtn1gliap COOOaOr b,aio 2nfrai.  

mature it 	aruci1 role in dt'tinin tho rQto 

of econoo - 3 coc.nl c n .lo c t In ww country. 
Ui tor.cl' , p r app y has been a nor bott1.cnoi In 
th grotrth ;_r: QOb of ocono of nn dvolopifl ca wt rlon, 

.11orto for ri 3104 dovoXopzvnt in tho pact t ^ could not 
be full tcU because of this factor apart fri n 
of h3..a, iv 	In rtd l t an to tno rM3o pouor gonoz'ct1cm  

c oocuro 1 'o in.n -...Yrj 	Noor 	1j' 	 a.0 o` .pW 	 occn, o.g 
forecottj 2G dxand oP i is.ed rQtc dote. 

4 
i 1rp030 of tho opt1rua dootGoctric 

c3tc l a o c)ytho loads in ouch n uy Co that tho 

yzto c. C :, ': t2: 	Q4 4rJn4b tutoqu to , r li.obky nnc  

economically 	doelaro4 volta e, triqucn r, notivo 

+a ,rc (i?) 	i4ø po r () nt QU the c u► r' a 

end i.e, ct 	to loi4 pointo not on1y for th Provent 

but lco f r 	ac umm. Ofton1  the paw^z' iZrCtC3 to not 

well ply pct rc1tinj in tho poor portoncO. 

'o i1il t io above t'po so offbctivoiy lard 



f oc Mtt ..; cC < : CJMdo€~h trap very noeo Cary ?filch i,,9 z n 
rtt aPt to oxo bztdrjo that linko dati that to curront ly  
have r'itb 	► " t 10 Would IiZxo to have but can't obtain 
dir ct ly, 

	

tc 1vin cot the proper fo 	of one then hag) 
to dotgn :; .` x z* cyatct in me a uty that 	 lfile alta 
of cupplyin i. wti rich nines ozpontlituro, Thin nco statoe 
th uco Of o:' kation tcchnlquen to the ronCUro =pontr t 

of parr cc:, s.c. the ,a; notation, t ICMI&Siort rind 
di ctribut1c 	ctc c 

pcbloi tat was untakon for this i elation. 
me " 	 of diotribution and  

I. 2  

Zn tt" g t of the above dit cuooion ro have to 

plan OUtt a .~. 	cn4U on tho av .lcthll .ty of datno 
n ie bad.: 	tn2 and pre acnt po r oatet3. 1lte'nture Vi3 

revlovod to ,G 't fziUa nth varioun tochniquoc. tttized 
design of a t .co 	tion eycte and to 	 able to inteerato 
tboo)tt3tirJ cjatc Into th aptimlaed cytc. The oRietin, 

oyv tc chooci to bo n distribution aysttIt of Joocore athr  
f O n l a:dos for this purpoco 

tnd bcøz,u Q vci a lOU11d3O abs t o 1 t growth of 

2 



1 na1cc &Ota t;. ;: ; V 7 oDCOnt al. 	fomeactin * tie: 10 
de3rr►d o 	,.~4..,.: oh 'oto next: itpo tant tticl at-'c t 	optttut  

dtot 'tbut iµ: , L= '. 	p1mW for su~1 c1aret 1Ctri ti 
vol rxO 	 t ► at all load point o, r1trb10 rind c cono- 

+ 	and cr° :2. or t_ above ` ctors an Opt1r;aod dcVtgn 
of a 	 o tc hu bran duoiopod, from tsic the 
oithurn cia:' y: 3 3 of a cub of t on cn be ca1cuLtod by 

ftnm~in 	c -ct `b' (by u1ic13 the fl?OQ chaos to g .t the 
opt ►, cos). ! n the d fn cub. tution 10 ti can be 
calculated :. :z; tha load clonoity. AC optt t nu nber of 
eub.otatton 	finaiir the oDtii oii o " aondueto c n 
aico bC r1e2 	a u t : a c.~rtatn € i t&irJuY3 oiltabio 
volt o 4P). 2ti) the hot of t' ac opts dcz' , n of 
diotrjbutto:j... c dooms Eni I can n1ro into rato the 
nwib r an2 w. C'- addXtionul Unite Of distribution sub- 
station 	to coot the incrooa load donand alto 
'1t, the accvaCcpanion  panic of the area by ociin inic 
mount of ctC2n1 eo t, Thin to foU.Uoiscd by the optica 
cos a Of PL.7 Cain blob Is neeoocar t to ato the uhelo 

otri / tle, r; 4 c.- . o i1 Mlm J.. 

vio of 	toue tcohniquea of op 1 food 

dt,clC of c 	tricicoiongmtem vac conducted but the 
actual o t l a 3 to . eoul4 not be carried cut bccauco  
of l ctt of 



1.3 

"bads In 4OV1Ck d In o .i ceeti o 'sa1Ct la 

arrnn od In .'i c dcr In VbICh the York vev do no 

Cooti€ a V, tvoo tt Introduction which ozp1 i, 3 t 

•n&t * o O ' t 	o1ez, ciitbor* a line of z tt ick end t 
trrrt -nt my 	d thesis, 

.vo th3 reviot of the trk doo by o h r° 
research :cu* 2n the fie 1.d of r d ..c c ration, 

C cIs3 voo t10 load oro enatin.g of fltnooh. 
Coal forect v o done for o rnh .d.ictriot, for Qach mono , d 
than rat . - c: SIO 'holo coint t IUna 198O'81 zS ter baco 
year *t  

C2ctje ". coo tho dOt&b1Od o tin d Digu of dictri. 
butiOf ctc:T., 	w 171 thh Intro otlon to U1)IC ftold to 
ivonby do 	; the tore. ' € the facto* o rffoctin, this 

4O&iS it 1►T' O t1)OC3 of OOin VIG aiccuoccd. ort part  
or this co 	disc t z dat tilod doIgn proeOdure conot- 

rg nn . 	oonoidorir'S h oth z' Z : tor1, Then the 
resulto of tt c C3 cloo € onI n rt as d±ece& f<lloirvj the 
diCeuoIofl of 	o p Ic of o ictI,na iytorn intothe 
0AIMI Cod 	r~ * 

otitzi~, STI. o. ia+3u3Ln J a Our of pL'itiriry 	,no 
uttb it v t 	'. ci.o od oL Ctjon 6 131v c the ooneluoiont3.. 

f# 



The nuab'rtngp c the eqwitiuns, th4 figures nd the tab s 
correcponi to tie numbs of the arnctlon/su.secti 	ire 
it appears, 

5 



aw 	kvtet of 'Jesign Tecntquec 

4tvtow of Hathodc ueLtor OptICTUM Design 

of Distribution yoten 

269 	ev1u of Metodo go-for optimum 

Design of Priiry,Circuit. 

2,3 	Havlow of HetbodG wiettor Optic 

Design of ZUbotranatealon nztem. 



'.io dtrii1od ro 1C ; of difforont tochniq-icO of 

C, =tlrrj load. dom,-.nd Who tic2o rx co wdol. or v mo 
olnt,loa tco a .s o, ci uc 1 model or corrolt1on tOc" 2.e 

r; 0 £OP rr MOf of t kr nd xIt; SJ di d tochnicuc rnd czar- 

-.tttVo ffroar artL Ctc. ci1an3 Iith ddtc roguirod for t 

~. owxalgiaoc t ro atron In t bw not ch pto , 

A ino'tt1vo Procoduro !Yor Cjo.na 	= 
..: t tirrn Lubottiono ' in OtFittort a,o-- .t Oo'7 

v-o 10^e is o 1 KelIncvc ..In his pnPr'r ho dftno c. 
? n tIonl itude1 tc' elraltitoD the Croutb of c: 

c r tc and otrrntnsc the ioc of cost p noior:  
cyctcs of cicttbutiort cubot ttonco A no civro 	c is In 

and Intosor prorrxIn. to wood to tS+ oo tt cjoto 
xxtntlen capncd iO:1 ibjrot to the corutrniflO or cxt  

1c, ¶rolt&Jo, and roc3rcro roqutrct nto ¶iho oodol he o con 

, O 13t ar,p rd to a 16M aqur.go tiilo urbn croc. 

4trtbuttGrt t b tationO, 

A1io1n,j croi,th rttoo, high hoed donotttoo co ,- 

`'iCtl t 3 .4 	ian , end thy: o Wetty of izticio Zi 
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ti . n or 3o twtt  thrust t« problem of ot8nz l c-  

C cn p c z nt bcrct4 tho celvint; or of tho 

 :'^fl and:, C®nOay iotrttQQ tb-st to do co 
": rl-n doquato oubotcition c;i cttioo for the Pro 

O:1 c7ctctD load; the added cap otty tut be In tFio  

t"n t iD required fo tho d,Gtr i tion 1v r^, 
c Cao dct z ino the load rja itude nn4 ito coo pole. 

2r ,.' ct; .ton the diotributton oubctattona uet 

I"7co=`c :.n4 eAod In iueh a oy at to 	the iocd nt 

of `e sti.vc oo by rzifteiZtlj tOdO2 Ion=a+ 

 e nCructtan 04:' 0 th11O eonatder$ng the c ct *r i 

u2 C. ruico rLjnbiijty,  

:bo obov y'obl 	an diocuoced b7 D, 'o 0ratTg r d 
In their p po r1 0 tI them t i 1 Cti2c. 

:. c y`z.~ ao e'er Etta and 8tintj Distribution Cubactaal iio 
.:-Yrtvin t tr Optical cervico 4r uov .s 

:►Jo p blc dioeucacd to tb .1r pa or to r7 
of dietributton cubotaticn lcctierir, cicoo 

c. - ] cervico b rckrtoc. The technique diCcuoccU u d 

M. n-, i# D "K'Dt -) 'ch #othoth, too 	 ltanocua2 ' opti co 

tw` ction OtcO0 ctid ccrvicoo boundarioc, ivon al :ac- 

v' lorationa for the Oubotatt o and 'olttbt.iitr 
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Thr rvculta of for d1cous cd toelmlq O 
U- ~ 104J to a ccnc1cu.rntjon of cubatntl c fiat v2U  
rnijic, cWtrjbutg.or too& r 10 s o and cuts ;xt' n. 

tout. Adhoronco to tho ro ult i till 
t'ibu ion c ruoo,, 

A , ritx 7 f 1v r modo1 uc ; small ar 
Ccz 	l ~.ttow to pr<,cont nomrnjforn io dot ora; 'cO 7 
Cctc tiivin v iabto ditributian route md 10 
e <CttOC to tOZtuIitO by D.ku11 t to l*(" 7) in to P 

" Opt t s tion 4o1oi for 1' nni A4adti` iotA- 

1. ton riotvor kc T smut l on of probko havtnt 100 
toe t1ono and 100 cubl3tttiona man bo faund In a 

cttm of c m'eond by using eurr nt fu t up or b : cd 
tvc r Ipn nt + odo. Tho problem of root ruottn3 tUo o Ltt  

tczo to ootIo r othcr Tendo of eonctritntc In zla 3C,► 
ucc , 

In a actr io c of p po ri i hie) c c ertb , the 

ozc1ztcr i)re3rr 	 n t1 M ooulto p oduecd in a coop-M-„ltIW V'w.+ 

;Ccs :,.PoU t ditt ,bution oy cto ' p1nnin ctu4r by tho 

tbuuo ico cortnyifd the 0cnc ral 131oot c 
r 	'2ho firot popOr to tho corioo pr ten tho  

cb •otivoo Id ¶h±1OCGPhy' of thO Otudy and tho ono 
t4 cant oC tho prorc3o (Ii). "rhe Q'COnd rapor so 



t c 	the c't is of th cc a Bary cmd priQ7 
p ara s (12), a third p po c eicr boc tkz   

port nd tft recultQ Of ttzs Wce (13)i 
,,,,0 V .gi b Ippor r ^ct thtm th- aict button pro r 

1 gib• 	wits of its use (1)j)o L4abcoquet iro 
. 

	

	'•-c the cubtr ncV cion cyc ca end c ncludod to 
cce t'itb r dotaijod dic Uct1 of the ov3rnll 

Ota *f the Joint stud r, 

In thorn ccn~ ,ra 	d n 'o cho tho r is 
1,01 tZtOd 	tozoc o n'C 'oft or Ccncral ccndittw 

:vmt 1. 
 

Ceci 	dcYt i is ro inc1u4o t o it i' tho c z o 
M.trt they c aztr1tbuto to fa?vuitting tho g c alit . ,  

3(flOr3itZQd ort canotnn a roju1z army of 
bndo and oqutonta. ho uotuw3 yctci ublab 

rcc^) =c: ccntci ucualjy dooc not . : ncnr d o dorco of 
cul. 

C a rl prr3 m it.t ba ,0 boon dove 1opc  
Snt1y by the 	Ebiit C,r,jeo Capny rtni2 t iO  

is ar . ;1!ct a 4oa ,y mor etudyl ~ the c ,Gn of` 
caln airwdt U3d on b uic4 thdopcndcntlyC 



to 

C 3 iagttO7 1 th 'pro; r ; 	for ctu ~1 	ict btat 
, cub•tranGt iC01071 yttco eoonc icc,, 0 m 1J o + "a off' 

C7 pocolblo pricy oi?ault doot(, w,. datirnoo LrVoc 
rx,n n i orr' tThr coots, +c td aco roo the t )tCi C3C 
vcb t lit of other oQitb1 doStijn3, ro of tho 

1 d iovv to :a a . tiro, pr . 	` ► c 	' 
¶ 1t^'So lovolO hoc produeod much in*ficznt &ti c c 
r,O : 1a1fi d In opt 1tt zU1on of conductor oft^ end, of 
t 3x f3 .tr+notonL of the otth stet i,3n to d, iron. In r4 t+ . 
a ,mor nnrt . 

 
oot for I t hor pr,tr circuit di0tvitu 

m voitcro boa boon de ctr tbó', 

There hove bi. a nur of odvnnCQo In 
rccc t yonr.a in tho apriiatt1on of math c t1czl 	~. ► 
ar.J tO t ► Cojuti n of diotributtontc p nninC 

t,acio (2i.), I 	of tho8O eOfIOIQ r.QltOc  
v rY1* dc3 oo of c btui ly to tio primiT fooc1 ' 

'° 	►r~ . 
 

2hO i moat ieto1 of 4otr 1 Is ror~ehod in to 
t - OZ 	lauc%- ton apor (22) - rble' r-`prr~ tri ' s ciela 1 	v 
iitx coo cit in fora of a,pnc,ty and 1inoPicod +3Ct• 
r t2 1.eo comtdors ouIt .p10 tt o orio6, 'hoy ucod 
t . 

 
rodoi to calvo 0c311 prob1 o Unvo1vinja oinio 

tcct Uat, 3L odor cos to* 2. dercnd io tt u)0 

	

to' othr author dovo1opoc 	401o('2' #43 ) 
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.., a)i 'f d roc'. 1t thick trsi7o1ro4 G' ';:.';'0 , *c ilio' tc 	J 

c ro rrob lc i13v. 1 Q-15 '~ ntU no. 	t # 
O 'Cii O " t"a010 ] /t0r r ottG 10 'fib foedor nottorz was 	.. 

.Cd In torio o loi4 tranofor Oop4bt1ttto0 bot rcc 

CFiOO fl o0 (21) or Prim S aZ OOrVtoO 

t~ 	'~ 	o ,pro21ScnotnW roduocd tho 

cr1ity v' Suet r o 1C to o1otth nnfGt 

caccbuticn of 1oid3 'tbtn i t3rpiezti oyctcr on6 a c to  
cbiiLt r of the c o i s to to *io toodox ntvo 

;?ribia coca 4irrat1r Into tt, op ti Zittn P!0CcCO. 

ct 
 

of tnc1u 1tnr tho 103d potntO to apr ocnt s ; 
2Co 'r 1o~3 t 	ii 44rtkind foo1 eoct c oot 1 In 

~j 

 

t o optitzt1ox ,. -r00000. Iovor, on1r tho flindi, 
i? 3 C3Z1O1 tC1UdO0 capes ty 1& t iOn an tO C  

# to tzO3oi. t±  C11 a •alne cU th dt 	o ' 

th!r 	13hton todel for o Qtraio ttz prod 

cn o for the t zd c! r goo - fcodw ccg nto. d 

.I2 ' c f lal nt o4r ,o u&od to colvo 

o e1 

 

viith 1 ao o iteO sovrci1 r1c ocnt ct ni  

u c o9 DUC probiomo. 
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!i e°' tutor pros #o or titu rin,?", tho oC` .- C:;Sc3 

 tr na .colon oyotcr 4eoii n to 4000io41 owl . o 
u1to or I o uco + -m. load area of ti 	iz -t tibUc  

iiv.eo C pWV rim oumirizo4 in Choir p or 
buti a ►d tubtrancciooion Manning by . .eit 2 

Q _tor 1V ::,'t btr aioiion t.yot 	by 	. ' 
#*."1,(14)*Tho p► rt O wb3c 	n 	ucad c iot^ntly 
c 1Ln øiiufløtion Cath p rart O for Otudyintj cOflX7 
c 4.1-lon rytcz 000noic, eztiinea Oa.eh of, tt~ 
ocnib10 nubt'rincritocion te01nO, detort3inoo nvotvri  

cad 

 

oZ)rritttZ cootfir, and eo paroa tho to hi coat t 

~ws or otWr p000ibio doa1co. The Baca of the pr>t  
+ tta fora c i^c ci.f t load area for four dUfrcnt  

lo olo prqducod coif aavin o an the or<tr of 
of total coanit-ry p w prlr-,Wy pluo OUbtrQ :r 

:.: 	canto d octhb oh l tte la •ect c btnatt o f  

c ni1Ocian volt it o, conductor cieot dtctrutie  

c'. ctoticm itinj, t nd bu . t poet of tior looatiaio r: ;3 
C e t oo* J1tbough tho pr+a ,u can to ucod nicpc,r l7, 
: -- O U1tO ar most cicnificznt on tho proor 	a- 

inlu10 the rocult c obtained fr c the athor a 	t 

,)r)dUCo QC OOtC COO cnd:U7l, p T ^~ 7 Iotorc1, cL 
:;'.y  tf Otoi d clrnC • ud.3 uco tot oC into aCC Z.." :v 4i.I  

1 .:nCO O the tntoreFtd rubcy tCac on tho ovC-v:- 1 

( *p i 	on cyvt= danlg . 
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Zst co start thiC ch iter . tD..=:ind nna nic c!ru1 lw ' 3 
foroc Ct "m - tflth a Prov, ,rb "4 prudent roan For000i tbo difL.  
ultiOO co1 0-4 prcp", oa for th ; t: c p "ton g4o8 bUnij  

on and CU . c) thO 	coquw Wean'. Porøcating in C 3rai is 
no h ur, a rcpctrattar Of a ctctCtiOnt ooncerntnL3 UflCeZ?CaLn 
a*, 	: ovcntzl aoat'l' the ovcntr lien mature. bro o c 	o 
ro Wooedto Go 	' lrnculQdCe about uncrtatn +c zn i that 

aro tt to our prtcont dootniono. Do torocct ic3 aoccptoa 
Cone co final `r ec ot, but tho f'or cat t need cetnt  
rovicu n. 	liht of the latent datia. Of s tun different  
uuthr tv tried to conyr the idea of fOr e t n in a 

tcoording to beef. ,sed t14C.a'Foyer ct n, to on 
attempt to ct'c to a brtdtjo that ltn3c dta that ye cur'ent2y  
hVo vim.) tbtc tIIt up would lie t3 hivo but can't bt .n 

.rOat 7 L atri thcy any (C) ' Vorooct2rj in on activity 
rhtct + 	o oD th value of r ninzn vara zbloo in torus of 
the aiO of Verlab .oc ubtob are currently tSnartn,' 4ccordti 
to ttcoi Lgirtt U P Pining involves mdlil 2g doci vine 
vbtcc z' 31 tvo t }ir offacts and out came in the furs 
and no ml cCtlnntO of future is required. Thin oat ie ito to 
tor cc ct: 3maaatina#. ?oroozott3 em be clacoiftoI In cy 
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tt t 	oct 1 rpart °mt diot1nctio to OQIo tho b-c 
o rc3 i to tore•eaZ t 19 bots on 3u 1gc crit torrcacts ar cZ  

Clea l broacto. Iorccnct s based 	3u ocont, oco 
t Z3 e1od 'prc~4iCtjonc' , jnclu o tbcXO b a cd on o x t t 
r r . 	o. " individuaLs. Pothapo t greeted problo 

tiS ,use r'rpt fornt 19 the fact t t buman bei t tm • 

1atcictvoly afros' d by cent occuroncaa. Jddgcnt 
9k Ccr c a nonil2r tend to av z' react to t Cdit to o 	ec 

1 dr ctwooO, ` ho ),IUZZ1fl foroazuitor uo ucoa 

but udont czu L--&c adz vnrr afvlau orroro~ 

th1 t tr to apply ntthratical toahiquo*oca3tta, 
s"  y 	7orcic'Auto aro noedod to c abltab fats&blc 

ccorccn.OriIf3Dto nn1 diutributlon plan. too 
 1T gorccauts arc i equiro£i for rrnintrnanco cebo ulo, 

un a g OJttca3 cconoi. A good r+ cast is a k to 

o ,Cool 1 cjctrc p1anninre For o $tl 	d of t of diCam* 

tr ton yctc duii oust be *=ado for each area, °. neo 

to cc to broa!t th totol ir. ea Into ite cont1tuont 

Ur Y r d rural oLtzuttioatton of 2)o. c*4. t 	at) 

'fino 	»i ca tho Da to of a it plo a8cuziption that a l 

41 	#I4• dtilot and 	ubdifltiiot  1 	of toes 4io wia to the urban 



; r t oth rc to tho rural croup,. T a urr .tion Jo a 
lit C ex'bitr,  r, but nono Ott 	vs It trac aceoptod E 
' he '` .^r ` rcIot , Poor Uovolopnont koaM becaus of Ito 

C - c ty to app c tion, 

t4tt'3 tbO botr t .o c pttonjp I Wtvo oroc3ct3a t~2' 
^ ~ ndo i or cacti jztict fore oacb mcg and then 
e- 	 4-M

~~oracjztjnG  
/1- ,,,  

2r iOr4 tho 	r. We can n loY fore+rnt laved 
ter farc.c-,iotIn cnory ibi to loco diti czlt bca- co 

CCJ .0 Cuci 1008 erraticc and 10 conOidorod a b oto 
t rc :. C'er..Ab indi c ttor, It n be r 3a4I1,y rointod to 4= 

cr 3rt e a :. oconoie actoro, h: vtn a loon at the ncr 
t b? O Qr Into c tffX! flt o1nOps of *onmmc 'C. On t 

O t ; !2nd VQ : d 	d torcau t cn vrrr much errattcili. 
bu ': O e rc t QCo in car otOj toroaacttn the peai 

. 	I 
 

In the If Is a core diract cthod and we e tn  
G c .Vrolto It to weather vartcibieo U1 o tenpraturo  
Qa ;fit So to bo m oiond r ter 	aftould forcoct O is  

ucin brocoto4 load factors € r u+o ah uld rco 

it ixntolr to 1 ottuatton etop( dont. 

In or4oz to forociot lead dcin4 of " 	L do 
r L y it 10 n00000nz7 to Stu tho biC tOD 1 routh  

' that couitr,  r, It Is also ,rnpproprlcato to otudr to 
oczl c'ou s rate cnratoir throt b twoo diffrn U o 

CC1:.00 iflQt0cd of ori In dCX' to 	O W17 tioantntU1 r4CC 
CC 	.f ► farcc #-1Uir; Fut c land do-Ind of  

(Ato Sc tto t ? tcar 1970 sand tho o ;r Im 1973 c ; ..  
:z: to tt o 'oira 1971 roti 1972 fall ttt1 to dictL ^ . 

15 



to t, t o ooai+ +►poilt i a l Ciz o tnnco G Prcv t i .c" 
in : ~ as try thou 

The frond of this ceond cerioa it toicaUr 
+ •̀:" `c`' ;at rca 'fit o 3r1jur one. The ob3oottvo otwiti n a 
0,r 	; the purer 4otnd in dttforcnt„ i`op futuro 

cc in thus th parax' 4c a from 197 74 to # 97? 
v 	;, 'ruVjdo a noro rcaljctjc bao iz to start ujt1s 

A ~Irct latty ncu ption is often uDod ac a rcr , 
tGeto of the level or tocinoloy as uoU oc the etrnt 
o' volo!r-nt of a eountri. T ash In the i uctr 1 
n i .cnrlau ltu rn l :rotor can not be sustained vithout hout t kA- ' 
cul of electric poor. In rn1h p is oup2 r ~a 
bcra tictorica11y a t3or bottle neat in the rro h i ro y co 
of ttr oconc . Cana of to b-iaio p b].o a eormu ct0c2 

,J:►? cOOtc in the bng1ac1ooh oconoy are ua  

9 AI1O per- capita gcn Ltifl, cap-.citi of el z'i» 
of In flr,Cltidcth has be m one of tb to a st In the wo'lc 
10 ' )76.77 the per capita annual Cont ration of the olcct.i.  
Cit 	Jniladoh oao to 22.00 :t4J'h, Thi i tQ  

b 	i.rjuro Witch cores to tirc'und a quarto.t' of thct 2.in 
In % r~. 

a. '.s o 'olatI.vo cot or oir ctrjc:. l e mocticr  

in 	j1c2oth is ulco hirjbb,. 	0 PriO3 C ' Cd to t.ha 

LU 



ra b d -bci n b  ar than In oth r c untrioc. 

3. Tho total inctalled capacity of o1octric tj  
me to "6? i In 19%...?? ubilo the pøaI detand was 3)2 IIU 

In ',,-':ac ycir uhi th rah : u aAMIri nt surplus ccmor *  
C" ,neity e'L.r tho not req ir^ ,nt qui' rocrvo 

c. -o ty.* 

. ^h ro are two cparato poor rste o +eft 
;-~ o Crjod in I3rngiadaab, the sourooe and øovorago 

Or C C Ot i it r oupp y bc tteon tho two &rz o diffor botu+ t 
tC 	e, tai it pr loci arc nice different, 

5.' he proble r of interruption of ,poor cupii 
otoij of 1a d and high enorijt oesos do to varicuc 

tocio.L d!ttcienctee leve cmr-idorablq aftootoci and 
rcctvictca thc CroJth of tho econ : 

It to not only n co, easy that thoco and of r 

-.~tc or1 rr1:' e8 to t cup1.y of e1ctr1.Ity be prod 

m =--nlnod thew a3 `#, It 10 aloe abuoiuto r ooctio. 

to c z o tho it b .lzmce be twoon the icnoretjon ,r ytj  

bon 	oloctric ty 1 and also a00083 tie fut r'o d=,-n,1 

pattccb bacod on a rational policy to no: the ro ui.a 
r c of the dcvo1opcnt aotivitr of both thi ru :*tel ena 

u ^, c ctoro of t t tuntry'o caono j. 

17 



In t  r.br-on o of to r! cttvo plzn of the 
C*:LV,, It tt13 net POzOib1r to uuoc3o th future cr_ nd 
pottor In to rnr of economic netLvity, ti it c3cnttwio 
of C t b and th' l atio and area of those oconc to 

0. 

It 1;0 vor d1'f$.qu1t to epnro u dotailod  
4r1 uiyci 	ro1ictio lo1 land of different 

In thifl chnptc tbv dersd projection inclu. 
d 0) c ahs+;•t 	forccat of load doand for loaab rrom 

bi &ZtflptiOfl : r tV& &)(1' L  i. It d*  and 

1:2) a on 'torn foroa of for t not ten yarn and, tucnty 
o'rc of lid do c d for eadh area by courtion. 

A-bo n. -fnlycth of future Cy r► ) iad :cam of  
Ic tuu&c t itt diffc-ro too tquoa of  

In crrit of - 

Total rctgt lo td -  	Zono 	otal lead do- rd 
tot oonc 3cy1 -̂  d 

r1binod none 	 Totti Iona 
Polit 1 
dIctricts  

T : rn r *o rinr typos  of foroact1nS trop . oc, 

18 



quito Oiq,io n th Uc3l rcutino to vnrV 

S,--- ;C,1ftc.Itod otatictical Didolaa and 3ub,joot .vo hu uri   

cthotti. ThUCO tock iquoo chi` be furthr cl aaa ' 

Mc: c *2 tortini8tta, pobxibt1iat1a or GtOChaDtiC, 

bixr,2 ctooriOS cwis 

.Pond o titpO1itiOfl to one of the b)ct and 

	

a 	? uoin tocbniquo of for a atin . Tho boic doh 
.on no t .tto' flow sophiutt . o4 tc niqua we t r to 

oiUon, to that pttori T4i1 car over ticQ, 
V .40 , mora ii1o3 to bo vn1id in chort tor, TWO Lido 
to m Ia 1Oy to i o t prop to in Oort to 

	

' 	 o inn.. t-' n we not forUcQot nip r by Ga Qty 

	

to 	oi curvo Azncti n at tho 4oaired t) future point 
hhh o thou no dote3nt1tia Oxtrapolatt # c1nc no 

attm.-r 10 € to account for random orrora in the data 
or oD n Aso n1'ticnl coo„► if uncortainty or oz of Scs 
vc` o Is to tx qutmtifi.od uoin ototiattc i ontlMa 

o n + r4 mention of ., thon the basic toct30O 

oo. o3 probnbi do ottrapoiation. The iioo at stool, Ct10  
(3) to gnernto a for r t from random jnputo 

_!crvo fran bictorieni data in very coon note s d3Y 

'h Lout C3t1Ofl curvofittingtoc ►tqua 'r 
: ~;e3officicnto and oZpo!s rnta of a functi+ in a 

19 



0+ oc of n th c rrtly d Of 1cd* CquarOa. 

3.2(2 crr 1 tcdol or  cor'olzton to ntq e s 

h c toobn quo inhuolveD on oquatt cin u4. c 	Como 
.-c CM?4Ap bctuocn ` * a stto a m b r of to opendcat 

as that of economic an I Boar ,hic 'aotcro. 
x~. tZiQ o+ €1 C} prof cc 	itheizattca13ij th-. ttbez on Cz C 2 1 

. 	ch1p and thug ,£'O`C'IO thO torce1t3tor to UflOC3C 
o2 v27 t1 o irate » .atic r-riipbetsoon load grot th 
pO7c cad other a acux t IG fnator8. a 4ndvantoo 
h^ Ic thcr ncad to roracr t de o rc pyo and economic 
cotc ¶picai ruc frctoVU circ popu1atton Qupioytflt« 

bU 	pornitc3, appumco LturrtionobuøSnm lndlar;toz 

. i tcc (t2ortLtuxo, ' 13 1i,< t7. p c3 nr t Lri4 

v 10 y oto) and th U o uro u od In cor It 	oo 

. o 3.3 	.. 	 : $4 

=.,e ,UUthtly- to c e iQU3 uro tidG uhcn tore 10 
+2c ox' no r lovz ,n . qwnt1tcttvo ditr tcz1lub10 o i ' . 

to tO , In t' coo cases of little or no data, butzzn 3u +t 
off' vurl c £notori which ctr t have an It,pciot 0t load 

crGti 	t t 1 s,, Is 	q ile4, 

0t) 	 IJ 

'r tho past tou rnrr cotoil doinod 



;iy2c1 oI iO n ce coin up Thhjv toa1injic or  

tC'' '-' OrocaLt b7 (idAI i.ç fOrocictd rntoathir conoitivo 

(.j) mal t a oz Cancitivolp I ; U20 rocont tec niquo, 

tcemjquc POftitc t3 onthor condittonc to b tno1u o 

utt c':co tn yaracrsat. 13 8i Ir this approachinc1uo 

le De e~rm o oo wo al ve thcr load jai. 

jj • wato histoiieal uatboi' . 8onOitivo u on 

e tbrr nsitiv, cpouuntc of pea a 	t 

uainc cathor load : doi, . 

lit, Faaroonct menn  and era rtnn..e o " fl 	cc t~rnc 3 

of do n4. 
IV Lztrnpolnto vmntb :L' It d coi1 nd fo ci 

t2Ofl o4 v , tco of tonth =Vncitivo 
cczponnt, 

cry. bb cx'rino mean, v rinncr c d dow 1 	' riat 
of tOt:4l ?z.U±. forecast,, 

4 t tiro this forcziotina tcc iqu* a dzta b .c 

off' ct iccat 12 ycara 10 ,c'c s ded,.t5) 

3,3 

;4noir, non Unoar and oconcntric bo b Q h vo 

bCCn u U for nns ctn the coil etod c itz and for 

21 



2 2~ 

3, 3• 

Ahc thio ccr2cc dota o p sE ' Oin 19?3 uoc 
r..̀ .~, jc d undor tho itnor rQrc8Dion O& . and tho 

; rogzonatcn a uotiona are as  

(1) k o' -,actor t flrion 

13,.1 883 + 30e2k15X* 	(3,3.1) 

52,76) + 7,78284 	(3.3.2 ) 

(3) ; e .? 	n 1o. 	a no i Ubv .O 
t to 

 

19O.828 + 3eoO243X 	(33,3) 

Ic: o z: dierxto a1ar. CUM 10 4 a rx= 4 lit NU 

cu arc r ccunt ctortlnZ t ith 1973 a 1.  
c tc 1tu or ctpolttn ; t oro oq iitionr veto t3 : 

c i ..2OOO 

	

	 .. 	w. 	vhto follciio 

1 d 10 ?.7i cipio and s 000unU 

( ) 	~ 	S. oon+d doC ?o lOnot CqurLr oquc tion ' .tO 

t;^ t In eLC0 of pour & 38I historical d: x. c for 5J3Ct  

Lam. i :'.tea 1973.74 to 19?8 79, Tho CGCOnd doi,ea 
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y=c.-mobn 4c X.2 

	

vi .o8?539 2M 4 2.O3tiOe42 	(3.3 L ) 
:; CtLfldC for y' , ► count otct2na vg.th I 	for 

2 a; c:ito can .rt load dDn nd Sn t u) 

ri 7ranof .~r'~at r~~ r$ 	•-tea---. ~,,,. s 	~,.._ 	y,-' r,r .. ... 	 r 

~. 	itctoricz1 t. a f r c t r gtr  'crr 1973.7 t 

1..79do not o on fo 1 to 	Du: ' pnttons. i'cr iCV O 
b 1iia caro alto tho ciccnd dorcx eurvo tito P, 

r ?. iso poioz oquatcn l a 
`2o 169i + t+,53 15 + O 7190. its„ ... 	(3.3,;) 

(3)  

. 	d dcroo curvoc fit var r ofl for thea btctori 

.1 c rt . c poisoi dcn d for tthe p c io*I £ro ' 97 7` 

to 1978* . The t.°> 	tm load oquation for Lzn11.ar oc% 

c.o v~3o Im 

	

o 215.1403 + 162615)+2t * 2*751,.3544 	3.3,  
le i 

or th iboc#o throe peter oqunti a/atnr ds for c 

e ,---it fat i'tinC with I for 1973 	nn3 indtc,iso 

l©^ d dcrz 

.i 	L.  L! 	 - A'; a+ . L'v--s=~~ 	• .i 	,. j 	S+ 	4 	-i , vF ~~ 4 *+ ~'T,y'Vi+ 



The ii it r j . s.00 o1 o-V po r d mnao 
a• u it n o data for 1973?4 to  19779 tU mid t~ ; 

ott1 trcn4 to not r►c flocto ,,1 by the read,>lc. 	2I) 
n moor' 10 fbrro t a, 

Tho rons.Unczr trrnd prof t I.% tho c to + 

&1TI io found to bo beat rL cto 	x nonu.Unczv 
thefor' of n qundr<ri io ution0 

e nari i1ncar curva fitting uflt1yCiL J1t 0 
ct,, "w;ost Cflt 	nZ 13Qb to l &tt P € tC1y. 

c3 aroo t o.1 ii to ibuni to fit boot In c me o t O 

bt rcicn d.~t for tho stvo pt rod 
J 

n 	`al os r ny dfinttn trend and as a moult tt -, aic i 

dcco =Ddo1 7ta iiit!i n h b do; a o of 	 r, The 

 k th. to botug tWW zoco of the two rrtj cnu* tho 

modal to ibund to fit best au the inf1unco of t 
L' 	1'o .on & t ,p uhoO absolute awjnituclo to soh co .o~ 

o ._ . ' 	to t '3t of t O ut roGtan, to a of Od out. 

3RD*  

Tho orrenotod .* dr u de ,d borond 1980 

be oor otod by . providtnrj hiker rato o2 CrotGi 
T.;:' 	 :: nr3 cuo to tb foliotrirt„ 	gi ►c; 

c. Lrc 1980 an Da tai+:, .rtes of crc.,,tb o2 

trc inC n cod band tho fQmClCtOd rtc, 

24 
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(based on data - 1973..80). 

(b) 	That the forecasting ower desa nd by forecasting 

energy and. load factor donot tally with the forecasted 
power demand which is forecasted separately. Forecasted 
pryer deed separately  gives 2cwer valus which results too 
hii 10 d factor e ( For axaaple the energy Leman for year 

1999 2000 is foutyt 	I94Z6GWH and power 264" results 
load factor of 0.84 which 3s too high. T figure should 
be 471OW with a load factor 0.47 which is expected]. 

Iow the year wise forecasted load dsand by 

adding the R '5 deeand forecast which Is based upon the 
pre dentin! dire iVS* to that of the ySer W .*meted 

growth of airngladesb Fbwer. D.v.loi*ent l3oard loads Eben 
and oevtore1 deeds ino1wded , , permit growth th far goat 

zone mac! 16 percent growth for that of the West zone till 

1963) are as alxvwn In th* table b.3cws 

29"0060 	 501 

1990 - 81 	 539 
1981 

1963-84 	 1125 
1984«-85 	 1482  



Which *tssa.d a faster growth rate 1,e. 16 percent in the 
West :fir to co 199% bec se Of the teat that the area 

a@- suffered suppressed deae4n, for both generation shortage and 

inadequate aye expansion facilities. 

o. to rsource constraint, and also to avoid 
ov.r-inveetaent an average growth rate of 26 percent upto 
1965 has been considered. This has been/allow 1ng1adeeh 
mer D.v.:Iopuient Board to *at Wiring ei*and without risking 
too much financial bar an a result of uswautad expansion 

of the system or due to supply gap within the resource *1 

cat ed. for }nglad.sh Power Dwelopsent Board $ Own systøs  
dam, e*oluding Rural Electrification Bad, an *ver'sge 
growth rate of 12 percent. has been aid. This load in 
after keeping in view all sectoral loads, excluding rural 
land& tO be served by Ramal S1act i tiaet1ton Boards The rural 
'la k has been constdea a. per Rel Eleatrifjcation Z3oard. 
So, it is estimated that with the resources available for 
the power sector$, a sexist* of 1035 NW can be met at 19! 35 

(at the and of secov five your plan)* It is +estimnta by 
Planning Coseisaion,the zone wise share of an1+ flesh Power 
Developeent Soar*.a own peak deeand will be two-third for 

,art and one-third for west by 1965 an grad to azioting 
share of the forth for 1at and one-quarter for West zone. 

Beyond 1964-65, a wdfors annual growth rate of 9 percent 

26 

has been as staid for Urban peak dema d and 12 percent average 
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nth rate for the whole system pmt demand and projected 
upto 1980.90. The #stalls of year wise ng1adsh Power 
flew l+taeer t 1ard, Ing1adeeb Rural 1Z1tctrification Board and 

system and also zoriae peak demands have been liLi4 out in 

table 3.4.1. 

Due to shortage of generating capacityspecially in the  

Western zone„ the recorded maxim des*nd of 436 NW In 1978.79 

.ora not irc3Udød the amount of power which Bangladesh Power 
Do 1opment Board could have supplied to its !onstaere,,, but 

could not do # due to peak load restrictions. In the year 

191 9.80, a ci demand of 44jMW(Zaat 333MW and West 108W* 
isolated fit) wais recorded* A demand of 486MW, Including  
gees d demand for ter year 1979"BO has been considered While 
proectIng the tuts dew. 

ConsI4.rin all of the above and also judging the 
proprotion of peak demand for the whole country, the following  

nth rates hav been considered, 

1980 	85 	11°/a 16A 16f 

l98590 	' 	'o  9)  

1990 *95 	Is `. ex 1110 

1995 ► 2000 	77 771 107 



Ali 	HI3 LEI3 	 J k'UB jr'e 4L3 

	 re 
ovnz* 	 ml 
pr*3vi0uv 

.Q9 	331 	w 	 10 	1.36 	4w 	 436 

6O 	 1-13 	Z 	9,040 	9 	+C6 	It 

.81 	33 	9. 	8 	52 	- 	17 	542 	It 
-82 	Ii2i 	1? 	167 	14 	588 	12,00 	31 	619 	11+. 

.83 	t() 	33 	198 	27 	656 	12,00 	60 	7W 	16, 

.81+ 	703 	61 	234 	51 	737 	12.00 	112 	(1.-- 	18,  

.85 	550 	113 	275 	9? 	825 	12,600 	210 	1035 	22,  

90 	4 	322 	423 233 	129 	9000 	555 	1.821. 	12 

-95 	113 	725 	622 483 	1864 	8,00 	119 	3071. 	11 

.200 	173 1426 	672 908 	2611* 	7.00 	2337 	k -51 	10,  
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tt. 	* 	• 1M% 

Power did forecas have boon d* up to district 

. 	, Urban aM nirsi cl.asification Is also a e for each 
district. The cosputer progras of year wise aM also district  
wise forecasted ke 	s,h4ve bain laid in Appendix - P1 & 

tA,7L 1l 
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CHAPT -.4 

DflUCTION 

After properly forecasting the load deal of an 

area the next important task is the optimum design of distri-

bution system planning properly for ensuring declared die► 

triburtion voltage and frequency at all load points#  reliable 

and economic demand supply with  a certain (6,) maximum 
allowable voltagge drop. 

Optimum design is that design ab. ich offers minimum  

cost satisfying Its all the constraints* Optimum a design of 

distribution system is that design which gives the min  
cost Per KVA distribution, satisfying all the conditions 

which mentioned above like ensuring declared proper distri-

bution voltage and frequency at all load points# reliable 

demand supply with a certain maximum allowable (67.) voltage 

drop„ 

The factors affecting the optimum design of diatr ► 

bntion 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 such greater for which laying of distribution 

networks in an optimum manner is important. Ibwever,, the 
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factors effecting the optlm= cast of distribution cystsr 

are 	 o  tharefores, direct pr.ciss tor&1ae are affable 

for opttua design of distribution system*  

On* aster wed be to find thS Opti eizø of 
area of sb.atstiQn for ain1 	Cost after calculating the 
factor '"b C by which th area chi to got o 1** cost)# 

Pros which 	can also find the tlaa* aub..etatton load 

knowing the loa4 d±ns1ty.. the opt aJiber of s st*tiort 

finallythe opts size of co*1uctor narnadng a certain 

!sazi: 	allowable volt ge drop (6, ). Pros this netbed  
cnsid.ring Jesaore 8adar subdivisLon Lstr1 ; 	syst+ 

I have ca1alatsd the air" optisised varIable factors fros  

which a design £nginosr can select easily the n aber of 

sub*ststions with Its rating accord. to Its existing load 

desand in t existing area with visa conductcr sizer for 

si *a cost. With the help of this apt 	design of 

distribution ribution Syst * design 1ngineeralso Integrate the 

giber and size of additional distribution aubststlozi req- 

red to meet the increased load d nd with the d. 

e ar i►n of the area bye X , Ming sthiraa amount of std,.. 

tion.1 coat (i.e. dove .peneIon can also be add*). 

Ther. is more than one sppr .ch to carr3rOUt  such 

design. One approach Is discussed here„ Zivins law 



assumes that the fixed cost of sub-station etc. are 
negUgible. Xf other costs are  "fin it to consideration 

then the cost equation is modified. The costs to be 

considered are I.  

1'. 	Cont of high voltage branch loops. 
2„ 	.cost of distribution s -station1. 

3o 	Cost of low voltage cabala. 

Considering Jveeore 3adar substation dietri 

bution system the *bow components of cost are as follov3s 

The high voltage feeders are laid nloog certain 
paths for opts c tran*iaaion of pOwer from generation 

station to Intermediate load centro (ZLC) and branch loops 

tine provided to the distribution substations from these 

.i.nes, for the shove mentioned Jeasore Sade Power distri-

bution system the UC lie. the 33 1 KY substation is at 

Chittra t which distribution substations are at an 

sv err distance of 1.5 Km*  Cost of 21 KY high voltage 

branch ioops depends on the distance between the through 

going feeders send KVA rating of each distribution aub. 

station. Let the cost of an average branch feeder be 

'U lYaka which is the sun of is constant sat variable 

31 

components. 



If we lot, thh cost (i uto In 1c  s) per ! . of 

11 1(V Ui fr Colt i o Cable in y axis c o 'ros o f 	different 

Musa of cable croi s -section in s: « rte. (!)ta- .gran tt1e 

4.1.o) in x axis, we can have the curves l..#k * in fig. 4..1.a. 

r cotmbirdar,, this curve and data from table 4.:..+a, rather 

curve can'e drawn like in :fig. 4.l.b t}ice dif£arei~it 

Values of cable coot(Thko in Hca) per T'*1. in y axis with 

Cor son"ing (fifferont valuos of its, ',VA r iti . 

"roi the ti 4.Z.ho. the fj. r part(U ) of hi h 

Voltae e eb1 a cost is the length 	"can be feuntl  

1*7 x iO r, .  	; . For the averao of 1,5 Kr, i ice Vk3 .' ?t t 

feeder lonr th (ii) for each r' i3tri but4o r su st :ion the 

f1 :ed pz..-t of !U711 voltne cable oost,, 

2.55 	105̀  urea 	...... (4.3...1) 

Prores the 	Vicars th-** vvrt.=1.131e x" t (U2) of 

high voltve oahle coat will : V.'-:ria Aiith he vagi' Uon of 

cable ratir , is the slope of the curve '3 It which cin be 
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7n a 	r:. L) 1 ., (cup,ii 4 by U,P.Uk:etc lcct.l*lt r 1zr2) 

11 iM 3 !nt ?0O u. 	► 
11 3 'o I C 

7 : 	1 3 e o 1 	•l„c 	o 

11 ,.,' O  3 	DO 70  

11 k11 3 CX C 50 	*Cm 

Data goy 	* 4* b* 
£ i ctrle: 1 -mr ct._ DtRs .Q of ,t u njnl Conductor I I L 
ra)cr icod Cable 04=1=m con ducto - cep 65°c) 

arc 1t :t .ty distribution rnzi a. by C.P. jrritzn1  

Jo, of + 	a 	 £t4 ratir 
+I Cmc  

cccn r. fir. ron..t rct1nr 	 coc t f r 

3:12$ c 68 1295,58  

3z35 10 60 1521+,201* 

3z0 1O 100 Vi05.3 2.? 
3€ .10 125 2381.5? 3* 3 

395 155 2953»146 

312Oe 175 333 +, I9 8 L. 

3z150e Z0 3610.5110 

3Z1$5' 230  38.1 5 
3 ? 	a  260 e953.6653 
3z ` 	7 275 5439.+537 7«3 
3z3COt :c.. 310 5906.2933 
3 	0 1t y; 340 01i.t.68 x'02 

9+2 
5.0 

303 
2.7 

J 
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3 X 400 	 ---.~ 

3X50 	3X100 	 3X200 	 3X300 	 3X400 

Cable cross- section in Sq. mm 

CHARACTERISTICS OF 11 KV 3 CORE PAPER INSULATED ALUMINIUM 
CONDUCTOR ( Cost Vs Cross- sectional area ) 



3.3. 

3.3X105=6857 Toka/Km 
4812.5 	 KVA 

5,000 

Faced part of high voltage cable cost. . 1.7 X 105  Tako / Km 

I 	 1 	 1 	 I 	 1 

625 	1250 	 2500 	3125 	3750 	 5000 

KVA rating of conductor 

CHARACTERISTICS OF 11 KV 3 CORE PAPER INSULATED ALUMINIUM 
CONDUCTOR ( Cost Vs KVA rating ) 



U 	(1Q7ix_;c? 
5OCC 187.5 

CS 

 48125 
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6857 -4LR 
	

#4f (4. i,2) 

or the average distance of 15 i'rn. of 11 f.V high 

vv1tage cable trot., IL . to distribuUon sub-st ttiori . the 
vt1uo of 

L'2 -*6 57x1,5= 1C) ,E36 aka/VA .. .. .. (4.1.3) 

Tow tn total cost of high volta a branch icops 
per KV " °rhich depentls on. the distance t :oen throe •h going 

feeder an4 I(V rating(l) of fU 9tr b tion 	tiOt% it the 
Of its con ant -AryO variable parts of high  vol ge ca to 

cot for o ich distribution substation, 

U 	U1 +• U2 

( 	x9! + 1,86 ) Paka V.' . 	.. • (4.1.5) 

4.2  

The total cost of distrt tion cu atation consists 

of a fixes p rt which includes cost of buii4in n# m, itt gear 

and a small, pt of transfoior cost awl lot this p:art of 

cost ie P73 r ,... Tnkw a The so cond part r' c ent.1s or t t 3Ub_ 

tntio' output k.V#x and consists of ti 1re part off' the 

cost of trarnsformer. T t this part of cost ,Vr 10 ~ 0 ' ka 
P'A. 
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* s►si V.4%1 Pa,. •A# 

It wi moots the . iaated capital cost in Thka 
of I1,b .415 11  distribution subs on versus transformer 
six* In KVA as supplied by J ngladesh Power D.v*Iop**nt Bard 
ehown in table 4..2, we wiU.. got the curve `fie in fig. 4.2. 

From this figs the 'line Mfl which to designated as .8' 
is the cost of a fixed art which includes cost of buildnga, 

switches and a a1l part of trnafoa r cost, From the 

. . Same fig. the value Of 0 10 found to h, 

?he second part which is shown In the am 
figure by the slope of the carve 	and which Is deli, ted 
by "A* + + n s ren the size of the trnsforaer i.e. depends 
on the output 1 VA of the t sera `dam the fig. 5.2.. 

the slope of the curve 0  

.. 231 ThkeM 	 ..,I... '4. . 

For the low voltage cable the constant cost 
being t.he cost of ex 	on, laying the cable and a .small 
part of the cable, This s part depends on the total length 
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It 

1.755-0.6)X105  
500 	s 231 Taka/ KVA 

1 155 

8: Cost of fixed part . 60.000 Taka 

I 	 I 	 1 	 1 
0 	 100 
	

200 	 300 	 400 	 500 

Transformer rating in K VA  -------------- 

.2 CHARACTERtSUCS OF 11/0.415 KV SUB- STATION ( Cost Vs KVA rating 
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of the route covered by the Cable and it may be use 

proportional to the size of the Cable i.e. it in the cost  

Of cable condUctivity, Lt '4'' be the constant part of 
cable cost per KW and 00" be the cost par KVA of the  

variable par. 

 axyt 

if we plot the cost (' ca) per meter of low 

voltage cable On y axis corre spars ing to different values 
of cable croassectian In eq. w. in x axLs(Data from table  

can have the ourw like in fig. 4.3.a. Again 

by p: t ting the co (?aka) per mater of for voltage cable 

alcng4th the cost of xcav tion - and laying the cable 

in y axis correepo t lag to different values Of cable 

os*- cin in sq. ma. in axis( .ate from Table 4..a.). 
V's can got the  upper ew  r in fig. 4..3.s The vertical 

cistanor bet"en t s two wv. a (upper and lower one) 

which is constant throughout is the cost of excavation and 
laying the cable only as desisted by d2, 

From the sane figure the constant part of the 

cable cost is bra by dl, where an the cost of excavation 
and laying the cable which is also a constant cost is shown 

by d2. w the total constant coat 'using the coat of 



dI : Fixed part of the cable cost = 27,000 Taka / Km 

a ~- 	'k - 'Cost of excavation and laying the cable = 23,000 taka / Km 

d • di + d2 27,000 t 23.000 50,000 Taka / Km 

7 

6 

E 
Y 	 P 
5' 

a 

Cost of supply the cable +excavation and laying 	 Cable cost only a the cable. 
U3 

d 	 4.5 

i 
z 

M - Slope : ( 5 - -5) X 105 , 375 Ta ka / K m 

	

1200 	Sq. mm 

1 	 +,e M : 0.375 Takc /m 
Sq.mm 

1 	 f 
0 	 3XM 	 3X2.00 	 3X300 	 3Xh00 

Nominal cable size in Sq. mm. --.- 	y►. 

F() = CHARACTERISTICS OF LOW VOLTAGE (UPTO 1100 V) ALUMINIUM CONDUCT( 
`P,VC!_JNSULA1ED CABLES. ( Cost Vs Cross- sectional area ) 



(ftupplisd by the Uttar .Prndeah//lectricity Board) 

JLrAQ C.AB1U4 (a) +C,jble Cost 	ly 

	

240 
	

00 

	

15o 
	

Igo 

	

70 
	

110 

(b) Cost of supp1 the cable + ezavation end dying tho 
+ b ,* (P W,I) , esti tto book supplied by ioorso* University 

electrical construction division) 

d 

300 

240 

225 

185 
150 

95 
70 

500 
38i 

320 
300 

260 

130 
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dl = Fixed part of the cable cost = 27,000 Taka / Km 

6 	 'Cost of excavation and laying the cable - 23,000 Taka / Km 

d . di t d2 : 27,000 + 23,000 :50,000 Tako / Km 

6 - 

E 
Y 	 P s 5 

x 

Cost of suftply the cable +excavation and laying 	 Cable cost only 
The cable. 

u 3 

d 	 4.5 
z 

2 

M = Slope = 	Taka / K m 
' 4200 	 Sq. mm 

i,e M 	0.375 Taka /m 
Sq. mm 

0  d 
• 0 	 3X100 	 3X2.00 	 3X300 	 3X400 

t4aminol cable size in Sq.  mm. 	-- ~. 

Fig() =.CHARACTERISTICS OF .LOW VOLTAGE (UPTO 1100 V) ALUMINIUM CONDUCT( 
PVC .fNSULATEQ CABLES: ( Cost Vs Cross- sectional area ) 



excavation, laying the cable and 4 aU part Of the 

cable which is the a m of the above two cOspOnent parts 

of constant cost„ 

logo 	4 • To 	constant cost 

so 0Ofltnt part of cable coat * Cost Of earn+ 
vatiort and iaying. 

• 27,E . 23,000 

* 	ms s, 

A It depends on the total length of the rout* coveredby 

the cable and the total length of the route covered by the 
calge for each distribution eub ata n is *sue propor- 
tional

propor 
 to the size of the cable then fros the cbm (4.34) 

equation, 	4 ze #0O0`  e/KVA, 

ror the above ention*d area if the 	 Is N 

KVA, for each distribution substation then the total 

constant part of cable cost, 

4 a 50,000T 	YA a 50,000 H Take. 

,r plotting thø truce cost per eietsr In 'Y*ka versus 

the KVA rating of ^ Vin n4uotor(flata from table 4.3.b) 

the ø&rva U , fig., 4.3.b, cn be found out*, The cost 

per meter per KVA of Phe ►fi e part of the conductor Is 

37 



i 	 k~ 

.w: 2.'llw Ctnd tot i.C. Intaulatod 	omc6 and L. oLj 
2oo ko ' a `t2n Vaxtitje Up a 1100 Volts 

(t 	COncu*to ► AQp3zTAtUrQ 70°C) 

(LiQr3 -* &tom - C:bloo nnd Tabidw 7th Rvioid 	ti z1 

3nttQd". 

lsc.. 	s 	CrOc s Lcatiofl3j Cu 	~ o L A- A r€ ti ,; oaf 	X4..6 : 
•A 	off' ecnduotc * Ire 	 an4ucto 	, 

13 ,o 1041 1 

18 12 938)1 2 

23 1 .,3t._ 
30 21.561c033 

51 36* 658855 
?0 50,31 076 

86 6i.81893 

105 75.) 7t.11t 

130 93*1j41 

155 is *41417 
Io 129.3B 2 
205 1P#?.35 	22 
2l0 172.51226 
265 190.tit3229  
2230 2011 *2643 
315 6,t 223L 
375 269.5'514' 

o 301 	" 
4x60 3tp5.wO2 

25 

G 

10 

le 

35 

9D 

0 

5 

10 

150 

I 

44 
30 
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51DO 

025 
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X20 
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300 
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Fi.+g. 4.3 (b-) CHARACTERISTICS OF LOW VOLTAGE (UPIO 1100 V) ALUMINIUM CONDUCTOR 
LPVC ,INSUI.AtED CABLES. ( Cost Vs KVA rating ) 

ME 25 	50 	75 	100 	125 	150 	175 	200 
KVA roting of conductor -------* 

17( 

26( 

21C 

IBC 

I SC 

C 

9C 
0 
0 

sa 

30 
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the slaps AC of tbe cuivc in fig. 4,.b. The slop as 

t lcuUtod from thi saw figurer  

Slops-c *1.1  

me equivalent lith (12) of the table muter 

KVA for each distribution sub-station whose area is A(eq.a) 

will be, 

12 	wmeter 

, o, the cost per KVA of the variable part of low vol tage 

cables, 

C. 	&Iça * 12 
a 1.1x12 "`aka/VA 

From w th`C a LI xJi7 	a/JWA. 	ril ;fit*(4*3o4) 

Distj ton VII 

Xn order to obtain optt*1sed design of a distri- 

bution systems  the following factors shoa1d be considered as 

In the following fir* 

As re that the load in an a ( ,.a) of a given 

size with the constant load density L  (KVA/sq.a) is H 

EVA. If the dimensions of the area are changed by a factor 
'b', then the load changes to bN * The variable part of the 

NI 
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r 

cable cost per KVA (a* dIsinata4 earlier by 0) bscra.e be. 

As a result the cost per KVA for the area having ►d b PI is 

given by, 
U 

Coat/kYA . (.— * 	• . U2 + + 4 . Ir e) Trks/)W'A 

0 I 	+ U,„ + d + O I T,~VA 	*..*c►.4..) 

	

To fir. size of the area far n 	cost, 

db 	.b 	'gyp m 
(Js b) 

a 	+2 .0  

which gives U+B 

From which we can get they disensions of the area which we 

changid for mid cost by a factor 

U.n 1/4 
. ( -3c. _-- 

_.,  
• 

i 	 r 

feu .i •r 
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:..: 	i:^ eh000n a cm to such that 0, .D a tic thon to cc tout 

in th tt condition the optima arcs to cco cc tie ctocon 

r 	a the O of fic  Mod Pato of tho cost of outowctrt c r. d 

V .,, nctto to oq ual to the vnrtabie part of the notuc'u cwto 

V I `?lvtn' C low io n  1 pp tc d to th ,c iyotci the 	 "!Euoi coot 

. ' 'socia in the c 	eto' chCJ1 cqua1 the intorect c (ewoi. 
c2r on cha.rroo on the coot t5htcah care 'a toll to n of t coat„ 

IVSc Icon that this coot to tu.co the coot of con d o o htoh 
'sjC,je..toa Mnt for opt' !D utt U ration of onductoro to exrcnt 

CICity in the conductor can be tncreaccd to hiabor 1cc7o2o,  
(:C Cay no bO tdvizob10 , h roVary bocznzoo of tt o zccCcmi, 

3t y, ISUC to the reducad oiZictcncr of the c rctc i for a 

tic c r dictrtbutod on the zayetc a loococ ore oVo6' o 

CCO Z In tier. t the volts p drop fcr thta ebomp r otc 	11 

t; 3' or. .lam a rocult the also of the cub atation rww o 
7c DC on the basic of cbovo eittoton, Thx the octo otno 

r: j to colactod on the bCo of ntcu DzJtcctb10 volt o 

► cd loco on ! ha ntco, 

C1culttnrj the value of fnctcr 'b' trot 4 a 	si . a~► 3 ) 
tin 	a tri luo of f *ct 'b1 in the on, . - #' . ,t 

O •:.a fit the o t 	east per 	linUi, the tocol oTtcui coot 
fto for :.mob dictributton cub ct€ ttc n can be ebtoined br tut  i.. 

iyws I3. ¶ho iW:' dmnd of a:a h rizc to the cot 	 titei can 

to cuinad frz 4Uf ( I+.1) i.e. IO tetra. OOtt3 D cast in 
cic for oath diotri rtian nub-otntlOn 



the aver-xgc cost of conductor Is detcs~inod 
tho C 	OCiOn for VO]tatjo drop on the conc1uetor. 'h 	ond 
on cc nictor is dependent on covoral fnctore vizs. 

. btmpo and rtzo of area covored by the cu •otation, 
U. liumbax apt conductors nnd their routos. 

., Load density In the area and Ito variation 
iv. Out of bake load. 
v. Position of sub station In the area 

vi, Taporin of 	► CtOrO sate. 

x oglocting voltao drop due to inluctanCo, 1 
the ntE1un allot nblO voltage drop from dintribution cu 
station to load point bo 1) percent and phaco voltage be 

v ltc,r tahon. to clivor 1 i VA of power fro aupp1r point to 

load trlth a conductor reaiitivity of 9 ohc/notor/oq.ii, 

'ho distance from Sapp t' point to load io'lt I 
end nloctinC the voltage drop due to inductance the 
value of n wtnal cz'o&c.coctiQn of conductor is given by 

	

iloninal oraoo section a —.=2 	MWO w,►.,w r ► s 
:rtion the actual lrngt a of conductor In grater than 3. , 

41 



lot . ; ''o c c%ccd by a factor *. 'Y' cn11od the J 

W ° e vaiuo øan be found by tr in the 

value o' '1 ration of ndi'et to met di otLnco 

frci t c 	ttatlon to a cdtriblo mribar of aqua . ' 

tcttoG 1ói4 points on tha nottori. Its vriio 
ucrdaf j UOa bcttQon 1,3 and 1,6, Jt ntaoni fn to 

ald' Limas+ , vo t .̂sae i.ro : io t~nba ci f' or vb .0 
is o ti- to unbaLm d :fid ao tioU a+i for 'ector, lot 
 be inrozzod by a fetor ' q' uo to 
i 	r, Its cuC;Gc t d vGluav are 1,! to 1, 8, It 

tb ec i Lit on4uotQr la hi & per octer c+.c q 

cro&cc'.tion, then th sort o. conductor to delivor 

I USA c poiorp 	a cuppr point to iot1 t,iU bc#* 

Coot o conduo r/RVA a !i (3j )z Øflrrnu1 C?OL'XiOttOfl  

oto factor, unbniexoo factor*. 

___________

__ KVA 

r' 	1CV 

a It 112 	̀ 1t'A . 9 w, * .. (. Lb 

l bi! , 	►be trtzutod at a constant and it b'itg the 

42 
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It t1O load la acc4 ~: d to bo conccjntratr,d at 

CJD .Oi 'C' fr.z th ub'.ctation cuth that the coot 
of C. ; 2n load on thto radiuo 3r zro an coot of  
the' 	ova tiic tvon can teen for the tÔtOI load of 
i t 	total coot of conductorr will 

(tt ro 13C 

i7 	4.1.. . «• 

or 	'a 	4 ' /'Avg  
$+01 

C lO th nr,.c,o  d nrnncC frz the cub-ot, ti of 
an 2L 'U 	Qvf rr r cont pc , r i eft 1a iMO. In oacc 

of 	r.rea of radius it' then the valuo of volta„rc 

drop 2x1 on for tsflifO 2b of mod load .c 

m Z. . Uotaily tho area ch po aro not 
f 



44 

i : e: + "':r t. 	'0' to dflrpd to tt to '_h is  
:o c cCrnnft.. If Cr to the diU0 o ' QY t&On of 

c.1 c•  	Uat cireio, the r ro i ccU ho 
2 

a 	.J' C , 	 Cr  

C:: y :^ D t, vcn by tflCA 	or itflAC/2 

¶7~ : ":, t* 	.oc of rntIon of oquIvn10 	oIrc10 	i . , , v 3 

tr , c :1c t-oon 1.O to 1. 23, ?Orn square It to i.0V c.'ai 3 
'o a R c x;10 uitb t:1 ratio of aidoo It is 2,.228„ If 

tl o 

 

2z 	city le f L' the th3 coz t Is 	 r 

If tho cubictation In not ioc ,tod at tip c ad 
of ~°'' w. 	thO coOt lea zcrocod y tho o n rioit r f o c'' 

o stat tho Cost oquation nap 

eat O r t b c bccn otic d that the volt o d'op upto QU 
1i .."l flwC le tho act and IC the oafs. In practice 

It c rz oo ed a 	at, t1 	riphory jotntc Xe th 	+c o 

 T"uc tho boot uc of conductor cm not 'kms cz 

and 	thorof rot ineroa000. T factor of trzercaco 10  
to y b . Tho facto? duo to IvornIti y ha to o 

no It e; 'duo 10 bntmon 1,,t75 and 1 	If the ndUctC'O 

a,Q 	:.: d tbci cots rociuction in cost can bo +e pootod. 
Lot to feotor bo oocounted by 't' tiWWra Ot Win a va ~o 
la oo 	t pity. The cost In uirr ► of tho aba rO Loetor a, 
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cOst L eDniuctor 	3 	 jr 	(kN#t~N#1 

ri!t oqui1 too mad coct 	is t1z 
op 	1cr A of an avorago nctLvea from tho Qqutton 

10 4 3 	 1 	L Lrr- 
r
e 

A 	r 
Cot i p q 

41 T 

[Owc~ ctqt& j 
a -' tho tholo diotrbut4cn cyctco tthoiit tuz2r 

loco c v1uo of t = I ond of copr conthctc* toco Q 

(rocc.t) 20 0.01724 or/D/ty 2 then puttnj tho foU(,1LE3 
cn:tC 7niu3o tho valuo of optic= ocr for ooh dctc 

bo fotmd cue, c1c 

	

can tznotrij tba oz voiuoo 

end z'. 

q c 



*?vr t Jot,core cndau oulj.divioion diatrtbuttci  
Z: 	is ; .~ 	; ' k a goiiottne a u o '+moich van Ibund 

zit 'i 	O Qcp1icr thO opt 2u c era f r oicb 

 ctuti.a cwt ba aimt cut b3r !znoujvtj tho 
i 	 :x ,t r (L) of that: aroz MAch anczod to bo pct. 

ti cpcctfie I x nod but it variac roz tea to 
t co 0 

U, e~► 2.55 z 10 ' nkt. (fvom fig. I+, i e.. r d oquLt oi  
} 

0.6 i 105 n1 m ( m ftc, +.2 ani equ tioi ,2, I ) 

a (2. + 0.6) 105 a 3.I a 10 Ta a*. 

T' opt 	cub..ottton to d rnn bo obtoinod 
o tlt= Oub.ctrtion orca in 6q.o, (obtico4 

f-) c'c: tiQ7 3w )4,Ia) titb tbo load don t7 (1.) In 04 ir 

Y 

ons
. 

(i oPttQ2 J IWA 	ror L in ICfA pnr13q,a cmd 

L0 	Qt 

TIU noi tho c ►duottvity eoct or thy, siziniib10 

co i Off nct'o "t In c21culotod by oao'utnl that tho tca4 

46 



i -' C ...'- oc'Judo Ic to rod, t b conductor crocc. 
Crev c So Inr or no 'fit courao and r3 ncoo it Cjt 

to c' c' ond. 

145 

tib C 	tho ttci. icrsCth or tho routo oovrcd br tho 
lou vo2jo cr blo In proportionalto tho oIzo t c oblc, 
If v 

	

	not n o tb2.c oz cwpt1 Qi Los r oj,11octi thin.  
but Co rc,a ftrct th ocrtcnt c'30t of  

?O .no cib to lo Coro ulthout cc 	kr;  tho Vr i Qb 1O 	t 

o* ti.3t cnintjtni tho olopo of tho curvo 1x ..a« 4• ^, 
bo p .ri oinrj th Wh tho or ,no, thon tho 

oaiO 4U bo cc follouo s 

"mod pert Of b h voltag - cabs., cot U 

,par i5 2r tho r c crogo lcn ;th of 	x2.11 bo U' 	tna 
rLc1 Iatof Pith voltogo oabl . ooct 'up  t yea r 

Y" h  v Wt) ttth tho orci o longtb of 1. and tth load 
dcosl of 11 tW uUl ho U ZJi1(to) . `-110t tho total 
co (U) of hh voitatjo brach looc In t't m ca of to 

+ooaC tc t c c1 vartcWLO ;mac, 1.0. 

• 
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a 	 thc adiuo of m+ t cm of tho orct . 
TO c c rto tha ncinc1 of oc c.o otton of tho eeblo It 

t r X, CCCcQd that 00tu31 canduic torn Oro tintnpo c9 ram 
Itc c ito ton th 1.0 cuch that Itt cup t' tho 10 c6 

crc,n.ci2od by tbo cub.otntion. Tho ton th (1) Of 

c ib Io tIn  

tor, 

"" 	actor 

'no 	o z ition 5*4*11. uo can ht oo 

3;3;n 

' 4e~: too th coco.O3ction r 
3 " 	* 	, r7 

Lcttna tho value Of It and J toptinun) °+o aot, 

O l :n na tnc 1 Scotian 

::, 
	i2 L co q2J 	3 



49 

U o1s4  N 0 U2  13 	. (U , Ulu) ., Td 	(L.5Ø1) 

9 

Ito bbtor() lot tho coat of ftxod part ti1c a molt. 
do 	+,.r" of but1d+ t ỳ s, a tchcar nnS at otmil part of 
t *r,N13, 0.c coot be 'fl' ekct. The tocond pztrt u!?itb to  

t 	o 10 port of coct dopendoon the output ISA of  
t 	ricforor. Lot Cato pat be ' Q 4  Tr a. per WA Then 

fZ 	iM mad dons the total cost of dottbution  
otctci vil bo a 1 4 all Frio  

o 1 ctmna the eonotnnt part of ab10 cot, tiro 
var&cbio cost of Ivoltage (abiO covet,  fix* 

if io coneidor the ujvaiant ienjth of 

the 2z ¶tOltnGe cobb per !A be 12$ then a1. tI1 be t1 
coca 	IVA of the 7ni'tnbIe part and for 1i tVA load 

d 	C 2  Tr m, viU be the coot of variabbo part of 

icu' 2 !ct cr!bbo,, 

the totQ i co per icir, 

# L  • 

r 	 U2 1 
	 (1*050 ) 

11 e ► A. t,hero Lo load don a i't y in I YA pr L ►,fl, 

 Itroo in Cq.c). 

tg 	Mfr-' total COQt per  

• 
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of the arOo aro +iin1 by ti 	oto' 
'b tha Id c 	ntor to b2 ti 1,o. 1 b2A. 

c ; ~a a 	, tbcn tho oquatlon 	) ) boo o sw 

tct et per UV 	s~► U2 	+ 0 #  

r 

ent .c2t1flC both the oidoa of tho equation4,5.5 
t rW _c° ret to b and oquati j It to x'o - 
to CCt tto v lm of b thick Civea tho ciniz cont por 

A. 

db 3 bIfj  

1. PuttingU1 ' U' lI  

b 

l  
+I3 )73 Lym- 

...L 

) 77/ 3 
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40 (Oj &c) 

2/3 CL — 

00*000  

UOU u 	cqu ttton (l • ), to tact optinuri tirort. tth1 1,SVcD 
cDCt .psi' aiV,%# OO till hnVQ to difforcntjcto both 

the cc of tho equation 	.th r poet to A 
It to zro, 1,0. 

Lfr ~. 	1 *Fj 
SEA  

c ''•r 
'j7 

i~   	, 	from tth1chl, 
0 ab 	 2/3 

Yw COdciin. an &roa uhero the end don ty to for 

o . io 1000 IVA/Icra, the opt1znJr3 roc a 11 bit r 
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uIc:-lcu1c d ofzw icr from fifuro 4*1 + f, 4.2 1, 4*3 0 V-.11a 
a 	4„4.1, ).•21 rind 4.3,2 ;Pam Jooaoro t thz' cu 
t .v* C 	atrittcn€7at w frz equi tion (!,►5.7) 

10 

Li.i 
223 

o (' .Q1'59 327 " a i 	1.0100632  

F c zbM dictribution Oy toz if oc nvtdtr tho CrOC 
Wo .Z lb2 

0*5ka1 0056%19~2 r 1 	V I .0763 I , 	2 
ani ` t" c1cuisto tho eort per IA for the above C3tOC  
pona:r4: x troc, thon p1ott1n t.h*co coot por IJA aginct 

corroc a1tn ; c roti to coo frorn f1 o "# ' + l a* that tho 

10 c ni o of coot pt r ItVA to U ocoiw uhon the a ree 

tz QG1C0632 s 0 ' *am 1cho can. conclude t xt the  

ottr, vi1uo of area for tho aboventicn d9l.0trtbutt 
c ;cz f` 	equationn 	ill be • 

 o 	 In uhic the coot pr r 

K!A 	inict,, above and bo1ot of uc coot per l iA 
Different Qz1luoo of erc a Q-►(ainOt co °ro 

pc i coot pc 1V for the ebovo flcntiOflod J000  

c1txttort rotc to chop in tic, 4.5.' a. In uhi ii to 
to thc zing co /itVI co roopondin to are I.01 632 

c vo and boloou of vhtcc11 coca/AMM 10 too *. 
"'L.. V27a if io emcidor for Urban a rcr o for n cr f j t. c 



Area In Sq. Km. -----~ 

Fig.4.5.1 SHOWS THE VARIATION OF COST PER KVA WITH THE VARIATION OF LOAD 
DENSITY L. AND AREA A. ( Without considering seqyn 0 )  

0 	 1- 	 2 	 3 	 4~'~ 

5.0 

4.0 
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C 

2.0 
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   d b t io a O .iod dcnity t411 bo tauo1  hid-top 
th:con l4 cPnOityin rural orc in Bu jla ' c , L!x 

w ; T vor o aBaa c rr an #o 	%- 
 

ii 	'S ;w 451 1Lb) 

tfiv vo 	 U1 0 2.5 905 x+c a 

0 o C OCO i 	 t . 
r' t~ U'~ ~ ~Dg`~~ ~~~~ VA 	1 	~ ti b a +~ 

!3i ' c c3/ZVA 
Q1 di 0 0 1.10 	/r .STA 

to non wauoa for rel ora Amo land 8oi w . 
nab 3DDe, l2zo L« R 	• ho cant par 

VOaMUC a s OUB 

 

czin bo dran as in fig, 	ce In all 
thO Morn the point 14 cth o the ott4cut cost pc tCV 

flrJjflg to tho ,point of optinm Gaon i tbcy rfd 
bolct 0 ' t3 is orco tho coat r AVA Xll inc opo hic'j 
alto ctiofioc oho op iruti a s oq t ( .5.6) in 
Oil t abovo tbroo casco. 

:.• . 	tho Oguntlon (40505) 

iir 	ii 
b 1► t' 

Ut . 3 tho valuoo as boioo 

b 	 4bo Wo 19 

"off' 	above dictributici cy c r, if v* coneidor the ' 	oe 
of V' , 	fir# 11 o O.2, 0,►` #1.'~1D 50'1 I s 1„59 and If to tr 1 

t! cost per H A for trhn 3bov+J corrLondjn 	~' t 
t;o V111 coo tbt t 	io , &ct v~.~ .uo of coot pm' ► A v.1 



Sit 

cc c n the vriur of b io1'oO 5'0i5 onub .+ b tic 
e"_... conaiutc Vint i 	`- t t!3 	` X 054 t! c O .tj 

V vt ► 'bio I 	3jj 1 3 In Ublah 
L 

tho 0j ; pry 1 1 '1 i t t to CUn j abov o and bo1os off' hl 's 
Cost Lr 04 t t11 jno cc 4ftornt vluc of b 

aca 	Cr. Qp 2d. cot POr' J W.J to Shown In ftc. 

4050 *01 is Shia pt 1 to the c1nitr oott qar cpr cttnrj 

of '' V0901` aborn and biu o' thi+ 

ac tia trill now mott r r ttr tnflnrnc( o . tb coactzt. 
paw; of of iot' 1øltnto c: bic cott thiob woo docinn- 
tca cc 041 a ad v o cm'itoL uniu od an ncrliCiblo, iso 
t.L" c W ' to tnc2xdo ix x constant pnr o' loco va ti c 
c b c=t '4' in total *; t par' .A In nil t1v above 

ccc t 	a conctant eoCt I d' which otrieti3r dopersdo 

c. i3 oti voltcobio lon tb wiU 2nrcneo in all Waw' 
' . to Off" total coct per £t ' , bo Qftoot of vich 	o- 
all azo ,e h In fin. 4*poi of tstal coat per WA to 

to ,lco the ,crab of mal. cost pr i, 'L\ v krttc i 

t mv; badictnncoo(,-un1toTcIo Ick' without ir 

Trott bi bog .r, too iUplcscoDcit of tbQ point of 

nr4~"~?"%. coot p iV'A ' ' aloo i uotrvtod In ,g , 
4*5.1. In all tho upper Qv so in 	)* 01 (a) ,(b) 
a 	co osn the o'aot of 's 	it 'i ,t h tho , 
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TII 	+ w 	cludIn 144 and 	-•t/it 1A Dice vttbbout 
any t t 	1C f" lontci diGpizcnt. It fbi1aso from 

til s 	if't 
 

tO Coc1cn pirt of 7 t voltane N cab1, cost # d' 
does not vc cn7 any offoat on tho vi luoc  of 'b' rind "+c 
(1 G) t IA ? CIvoo to vinic w v+ lue of total coot pi-,' 

aifoetoru 3 

(occontt 	cto?), q (wb1nco fa or) X( uto 
facts ),# V- 0 oquatton4,* . L+ ® for coot pr I'_ itfl 
bo o2ic4i CD bc1o, 

o /W 	oC B~ 	a 	 tr 

and riic 	c4rr1n tho friotor I d' the cot r r i `Y. 
cuntLO v U1 bo aC  

ttoro 1 	1 i coy 0 	1,15 3 1.2 2 1,4 

ells o a I z #95 a 1#2 a '~ ~►)+5 .0 1.6 1 11 z 3.3D2 x~ 

c 	34, 202 
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0 1 a 	1,2 2 i. 	n 3,202 dl 

An bcgc 	.' t c It to CAA optj r r u tihtch tii.l 
tdnjri c 	par 1tVA for thIO condition to 1 . bo to 
dioO butt: tho Didoa of tho equwtion 	tdth 

r a c 	and oquit ng t3 2oro tsl t . ito tho 
vnlua cog o cm arc3o, 

2/3 
jc" cu .) 1 
L C i3,2Q2 j 	...►.0 . .1O 

r 	ortc 	 nd 1,5.10 ford t 'cront valuo3 
-t too . 4 ._ ,t' (L, It loo plot coot in thou c ndo T s 

par LVt vr c o ,t ro in u .tom Ana s1U1 girt mac lute In 
.fro kk 05r * 0' , Xn t 	.euro three veto o f C Oa are 

thoro in v 10;` tap P( ' emov to houn c3n 13 	n;,; 'd 
" cs o no 	eirvoa circ pith out o aidoz'#n(3 the 
factor '$a't • In an the cuivo a 14 points are the opicur  

trex pjisac 	apontiinr to tinit2ut cost I troch antic. 

~ -dUr war It uc c+ s ejd ir to f for 'n' duo to 

.vor4 t cic 	tth conoidorUa all oth r" fz etoro ub+ 
( Qy), K tJ oqztiticn 4, 8, for coot pr ItV4 tIl1 be 

eo f&ei cc bolou, 

n 
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4- 

C  
U1 

0 	0.25 	0.5 	0.75 	1.0 	125 	1.5 	175 	2.0 
Area in Sq. K m--------:. 

Fig.4.5•2 SHOWS THE VARIATION OF COST PER KVA WITH THE VARIATION OF LOAD 
DENSITY L AND AREA A. t Considering seqy ) 



57 

aa. 	wr:.~.. 	w., f icto '4' , tho coat p ':i 1V4 equ tic 
titil tc 

r rc oqu i t O fctors are natoffoe tna u ich a 
c 	1 Uit thO rt1 A co the optimm ►rG A UtU kin 

0CitX C. 	i.o , 	calOo ror t O iX n tt*n viii be 

A ► 	3. 2 	4,650 0 

if c:o 	coc In t ourmndc kA per IWA vazsjc urea In 

cq. L r:c&1nC to oquntlonC 4.5 1i end 4o5,v12 LOr 

a' viucD of load donoity to utU got riguEv +.%3 

I 13r- to ,t,Wrc c-ti 	im o 	+5R i 4,v 5*1 2 4 Thtit la 'emt,2., 

t 4~ 4 (21 to will (lot the upper Ourvvc mare no heap 	 oo 
e :nQ ,+ -Iia tTx 	otor '4' • in all the curvoc 

in t ;:', 	~o above the 	ijznpp coat per WA occurz it to 

Poi c;? C1i 1Ot thtc DatIL3fiOd ifl thc ab+c 

o c 4dcr the r iaun t.1.iorcb lc, .volt t o 

4w a ice, D rZi cc►t In dt 	.bution line fro 1 C to Io 

2nt 	e 3 t ith cil other £LLotor thici o idrod be 
(caCm)o c 	a uc ttc 4„%%11, Lor c3ztor I VA +it.i T 
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3.51 

51 

3 

1 

0.5 

/ M 

O05 	025 	0.5 	0,75 	1.0 	1.25 	1.5 	175 	20 
Area to Sq. Km. 

Fig.4.5.3 SHOWS THE VARIATION OF COST PER KVA WITH THE VARIATION OF LOAD 
DENSl1Y L AND AREA A. ( Considering segyn 



;• *--,~ t O od o 3 emoldQroa bO1O ti flZ4.flt1 t CCC ► 
r or ttic ctrductor rsi11 l cr a1 to _. 

": u *.; tbo tonal) i l Aa 1z3igitod 	7rC 3 thio 
c I: to cast t14h in tLcoøittod 4th *a* br ioj .tm 

VCM`-3 9 .ait oi potar vi 	 ' 'lr 

I1 x (]Z , 	fly ,nut eroecocztion of tbo 

co  u tcw  

z#~ 	. 	105 x L, u 	_ 

i z 2031 

z t o $ t ho c t uctor ro not tap cro 1 (.o. 1), t ca  

ti1i bo 

	

U +L 	11 	c 	 A 

	

.4 	n 	2.31 
R 

U •3  U ) 1 • 0 



cc O4'Z 105 

2.31 

Ca 3.4'~x 10 3 

a 

a 3.8a2038 zid-3 

.:' 	nttatirtg Oqunti 0 )».5«14 with r ptct to A .(2 
ctiis to zrro vc will Got optiou opt 	 yarn thigh win 
cz ci1nirwn coOt por iWA, 

t 
fir: ' t3 IL 	a i 0  

48 before 0z41nr of 	of td 44U bo in 

an t .5..14 for total coot per RVAe ror the a.bovo 
mar^ for .rft nt rc1uon of ioid denoity C 1, 

vo ;. 	tract in thoucanan't por INA r 	a 	n in 
Eb. vo vii got cunei I o in 1C go ' .5*4 .. in 

:.o Quro upr cu eti o shorn cment'id ri '4' tom 
nc 1 ur r curoc rho uithout oonidorin the factor ' 41 • 
1 Q': tw enxvoDMin1=3 Cwt Pur tntrnn costi Aoc 6rsatt vola 
c c:, 1Darea vh1ohcatiofiod all the aboo e4uattoO Ov CL 

uttc a dnDi Lzicer cn so loot the ottzwz fir. 
~,.. r 	► ' 

 
tir rub to onditionc anti for any Value of . oc 

•C:': t7 vich vcrtmo 	D tip to ttro. 
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Area in Sq. K m. 
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6.75 

6.0 

625 
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-. 3.75 
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3.0 

U225 
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75 

Fi. •J•'5•i4 SHOWS THE VARIATION OF COST PER KVA WITH THE VARIATION OF LOAD 
DENSITY L AND AREA A. t Considering seqyn D ) 
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From fIg. 4.5,1 to '1g•  4,5.4 we can have the 

detailed information regarding variation of total cost par CVA 

with corresponding variation of area considering and e so 

witty corsI*arizg factors ►p* #neM the start pdt  
Of 1m voltage tb1* cost Cd). In the figures, three different 

arts of azrves are a)w,wn in ach fid in which each sit of 
owl?.s 	nu 	the venation of total cost per 

EVA with the variation of rte. without cor*aid.ring the constant  
part of low voltage Cable cost O,r, where as the upper Curve 

&)Vs the variation of total Bost per EVA including the 
constant part of lar Voltage + '' cost (d ). For different 

clues of Iced density  CL), we can ,get the corresponding  

dUt+ rent values of cpm area from these firs for fi- 

erent conditionaC for s,e,q,y,n,D). 

goo  from theme figures a doh &ginerr can get the 

detailed information regarding opts dew. of az 	.sting 
distribution system and also for' opt i** ecnsion of die, 

tribution sib with the increase of Its load u area In rear 

future. From the above optiaisd dew ate m 	 *ginseer can 

select *&al ► the number of distribution subestaUon with Its 

rating according to the ares and the load demand. 	also 
.1. t the rsber Bund size of addi ►r*l distribution equipment 

riquired to met the increased load find in future so that 
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the overall aystoa vu l be opt. 

Haw !v,nsid+sring Jss re Sadar 	tton distribution 

system whose 198041 load tlaand was 3a5 VA with area aper 

lately a ,q.Kis. froa wr ,+h the load duty, L 33 cVA/ 
8 sq. ..» 4a1. C s ► 	`? per *q.K►.) * 'Pro* figure 
4.'x.1 w. sea th tt 	► . 	yl V 	+~ t 	wo 	tO a"csr 
the above opt x ao 	pt, uwa 500sto be 

1*603+ s .K*. whish is *ach less than the existing ares. 

TheretO)'e to meet the load dater* of t be above given am, 

aiid also for oaks provision  to set the future load +dam 

with ex*neion of area we can easily chose bva the figure 
the amber ar d rates of dlstributian 't 	t rr* required. 

Astjajng the rata of warn of area to be proportioned to 

the rate of growth of population n which at present in Dan& da 

10 2.7 percent per an" seat or*d in Appealix As the area 

will be + 	t to *pproxiaat.ya 	9.14 eq.Ki5. in the year 

1985w%p for which the forecasted load ded is 6600 KV? 

asntionad in chapter 3. The cc, aspoaling vtluis for are* 

and load forecast are 10.44 sq.Ks. ad 9350 KY? +re dive, 
for the year of 19)91,, Thin respective future load 
density will be 722 '? per aq.Kmt in the year 1. Y.86 
896 KY? per sq.Ka. in the year 1990-91. 

If we want the above aentioned distribution + ystea 

to be optima in the year 1990'91 we can orloot opts ** area 
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cor rs nt ing to IMd density CL) spp!oxlaately 1,001 KVA 

per sq. Kà.(oosponrLng to 896 KVA per .1a,) which is 

1.0101 aq. a. This ains to mot th► foracasted iced dOMW 

for the torstad whole ar in the year 1990-91,, we viU 
require 11(.1..n) dstribt ,on 	»s tion of 1,004 KVA 
rating. In 19 !41,, to set the total 1.d did $50 

XVA for the sra of 6 sq. Ka,, i.e.. for the IDad d.n ty(L) 
of 481.25 KYA per sq.Ka, (a 	ia*tely 500 KVA per sq. .) r 
we would require 5 (fi ) distribution sUb-stut, io of 800 VYA 
rating as fros fig. .54.,E  the optisum ares for 500 KYA 

per sq,K , load density to 1.9)34 sq.Ka, In sisilar saiin.r 
in -t  year 85-66, to sake the above s3retea optiima we can 

out the opt area fros t e ease figure coo ' eepo Lng 
to 7 ZWA p.r sq.lta. 	. 750 1 VA per 	.) which is 
1.2236 sq.PM. Irc which to --i the system a i*am In 

98 
 

we will require 8 (e 	) distribution substation 
of SVA rating. That is if the systea would supply the 
load deaand by 5 distribution b stun in 1980-81, having 
each of 800 V 'A r ting*  then the systea would  be optima by 
adding armther 3 + 3strj t n aub-station of 3., 	VA rating 
in 1985.06. Sisilerly,, it would be optlaia in 199041 if 
we, would add ssaotMr 3(thre.) i... total. 11) distribution 
sub-station of 1 @000XVA rating. 
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iksiv r1  at psnt the systema La hav1ai total 

installed achy of 6,OO C A of 42 distribution b- 

statien an in single liar di►grmp U* by ntlsd.sh 
Poway D v.lowent HoarM of rating rang 	VA to 
5OOCVA•  5o , ween integrst thi existing s►stee with the 
pr X08" optinised system b r rs* vi end replacing the 
r.quir d zuaber of distribution 	 ►tion ** d.s„ 
above 

' O can follow the so* procedure oDnaidering 
rectors#  3shspe `air)„ 0 Ciccvntricitt factor), 4 
( 	i*nt factor)* y(rou#s fnator).. n( due to diversity) 

and saad 	aLl ova'bj. voltage drop D (7.),, fro* the figures 
4.5,2 to 4.3.4. 



3tfign • of P iu 'Iiia Circuit 

5,1 	cot3t of 33 icy 31gh Voltage bzora 

loops, 

2 Cost of 33/11 41V Cu 6 ttor 

5.3 	mt of II W b1oe 

504 	Opti tet iu1gn of Priazy'Main 

505 	Xntugrition of Lxiting . rite, with 

tho prOpo3ed , amo 



_sir 	 R!thLti 

After designing d1 ri1*tian system the next 

i*portont ta5k in the system plarming 3s the Opt 

of priaary *in circuit before making opti*r design Of 

*ubrtran*isson syr, To sake the design of Primary Main 
Circuit Opti the most important consideration is the Coat 
oonatdaratiofl. 

The costs to be coneiderid 	$ 

1. Cost of 33 KV High Voltage branch loops 
. Goat of 33/11KV 	1 atatLo , 

3. Cost of 110 oabl, 

Thi high voltage feeders are laid along certain 

the for tis'a tr*r is n of power maw generation station 

to th. grid sut'» tion(13,2/33) end brace lamas are provided 

to the 33/1 1 KV tubateti on (I ) from these lis. For the 

Jas, re afar power distribution syst+n the grid subststion 

(132/33) Is at Chachrn from which IAC are at an average  

distance of 3 Ks, Cost of 3V high voltage fah loops 

depends on the distance  bet a through going feeders and 

KVA ram of 33/31 KY aubstatLon. let the cot of an 

ave branch feeder be Uh« 



it we plot. the o st ( k►) Per cwt„ or 35x' p+r 

insUlated lUgh Voltage CatU in y axis corro"Odi 

different wlu., of cable . cross eectton(as before for 11. ZY) 

ins. age in x axis  ( e' from 'able 5.1 k •) • We cl 1 IaYs 

the irve like In fig. 5.l.*. 	a ilar. way. * Cher curve 

dry as in fig, 5.i.b.1 taking different v41u a of 
Cable 	eka per Km. 	in y axis corrospor*ting to its 
VA rating in x axtsCflata tram table .L b. ). 

Pros the figs 5*1*b.. the fixed '"t(Uh) of high 

voltage cable cost Is the length OM and on be found 1.0 x 1O 
TakA per Ka For the average 1engtb (11) of 3 Km. 33 KV high 
voltage feeder for each 33/l KY sub.•s a tion the fixed part 
of high VoltageCable cost., 

0 

U5 

00000 M~.1411J~ 

Pro. the sa*e igw'*, the Viable pert(U) of 
igb voles cable cost which varies with the variation of 

cable rut i% is the slop* of the 	, and can be cel' 
meted as, 

fpr MN w 	11IP1Mi. "' ! 
32,0(X)  
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Fig.5,1(a) CHARACTERISTICS OF 33KV 3 CORE PAPER INSULATED ALUMINIUM 
COM'UCTOR ( Cost Vs Cross. sectional area ) 



rs~rrr+w~+L....~ 

.  	. 6..a ( apL1od by U,?. Jtato il atriatt r mm. 

33 IT .3 c3~.t 1;O0 	,ems, 	 1,9 
33 ` 3 cc; 2O Cq. O.o, 	 9.88 

Ar atJ 

to :* C.C. .1 b) 

Bir a t c 	. ct riot tea Of !ivaIfliW3 Cov1uctor 

33 I. 1' c; :y thcu1ctod ibi 	conductor C 

(i of* C2cr2ctty 4ttrtbution Mmuu1 by w ~,P,,.a l) 

No. of 	V O3 
RMvC+ 3✓r.^ SrTiv 3.A-. • 	j~4i 4 y 	4.t  

210i3 135 

285 °' 160 
360 rl20 180 

31 210 

555 2 

675 .'4 ''5 
720 o 3ø0 285 

goo a~ 320 

1 	!Oa3,. " x34 

K VA rata or co (it 

~Ir1Y/r1Y111Y~M 

7716.28 
91 , 23 
1o'F-8 x,38. 

12003,11 

13717. 

15718,36  
162&9,9 	9,C3 

18294, 

a806..3 	1,9  
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KVA rot+ng of conductor -----. 

F.ig.5.1(b) CHARACTERISTICS OF 33 KV 3 CORE PAPER INSULATED ALUMINIUM 
CONO CTOR ( Cost Vs KVA rating 1 



l,L 

or the twerage distance ce of 3 Ks. of 33 KV high 
voles cable from and sub-station to interndiate load 
+centre (XLG) the value of, 

U - 54.69 x 3,0 " 164,07 aka V  

the total Cost of 33 KV high voltage Pratt loops per 
KVA, which dependi on the distance between through going 
feeder and KVA ti O) of 33/11 KV s u w station In the +ti 
of its constant sad variable parts of 33 KY high vole 
caber cost for each 33/11 1V suetation, 

Uh * U U 

N 
• 3S4. 0i) "VA 

The total cost consists of a fixed part which includes 

cost of 41diz s, wltohgmr and a saall part of transforair 

cost,* Let this part of cost be 'fl' ikr. The sscov d part 

depends on the natation output K1 and consist* of a 

largo part of the cost of transformer. Lot tilt pert of cost 
l'aka per KYA. 

- .r 	~_.. 	:ar; ^ . 	f 	 ac , 

Zf we plot. the *stiaatod cost (supplied by 	M*sh 
1wsr Developeint Joard as in table 5,2) of 3/11 KV' s 
station versus tz*nsfor,er size in KVO►, we will got th Cu v* 

like in fig. 5.2. From this fig, the MN, which Is dsaW*ated  
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Fig.5.2 CHARACTERISJICS OF 33/11 KV SUB- STATION ( Cost Vs MVA rating ) 
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ata for t .*►5 

upy Uod by th BariijiadeSh Purer D r 10 ent Board (L'D ) 

tr: 
in to 

3 	33111 I` a .o tat.' 

(a) z VA 

(b) 10 t 	ar4 spate 
	

3 1#2.2 	61000 	400.22 
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is the coat: of a fixeg part which ina1uiov cost 
of buildings, switchgear v$ a a11 part of a trsnsfors.r 

cost IS 6,,C 	kw 

The setx)nd part which Is øhovn in the sate figure 

y th slope of the curve SO aM which is designated by 

'Aa' depeztls on the output KVA of the tw o 	, From 

the ft 5,2 the s 	of the ctzr"us g0 , 

ii.elo ~ Ox10~ 

• is 100 Thks1)tVA 10 z 10 

`r'* sub- cti , 4,1 as fount earlier for 11 XV 
csbla*, 

4. 	U * 107 ax 205 ka/ s,  

fros qn. 4,1,2, 	C a U a *5 

or average 	of 1.5 Km. (tram Son. 4.1. 3) 

C #4 U2 " 102086 aka/KVA. 

Pros which, V U. 112 

w ( 

***0*0.(4..1. *) 

102.86)T &^V ... C4►. 



In order to obtein optisised design of priamry  
main the seac procedure can be followed ae in sub aèO'tJn 

4.4, taking 33 SCV line tij 11 KV 214s (i.e. Uh a 1 )' 
332/35 XV  sUb t n as 33/U sub- s tion,, 53/U Sub 'ste on 

as ll/.4l3 KJ st' »ata on ( i.e. 13h  as b e  *n- A ae ) az 
11 RV line asQ.415 V i ( ..e. U as 1 * U2  as ), . 
with the anamption that the total length at 	 route 
covered by the 11 V cab .e to proportional to the size of 
this cable. 

Without taking this asstption, but asking 
firat the conatant co3t of .1 Ky ib1e is zeio,, i.e. With 
the. sass e1ape the 	M in fig, 4.].b. wLll pass through 
the *rig. . Thon the deeigz% will be an tolls* 

Fixed Part of high voltage cable Cost Uh  Thka 
per Ks. for the average lengthof 11  will be Uhl Via„ 
Variable pert of high voltege cable cost U2b take per K.. 
per KVA with th average  lszg of I I  and with load demand 
of fl KVA will be U201, T; a. Than the total coat Uu  o 
high voltage trench loops is the s of its constant and 
variable parts i .e,, 

Uhil  + U h l  *w (Uh+ U2  3ka.......(5.4.l)  



As before for the load chard of 9 t'VA, the total 
cost of 33/11 Xi aub.'*tstion to the p of its constant 

,*rt variable parts, i.e • 

Total cost - ( 	u) Take 	s.. # * 0 # .4~►2) 

Where, ah is the fixed part and Ah is the variable part of 

tranaforsercoat 

U eglec ing the constant part of 11 XV cable cot, 

the variable coat of 12. KY cable Ch be the cast per motor 
per KVA, It we conal . r* the equivalent lenith of the 11 Kai 
Cable r KVA bS 2 than 7.2 will be the cost per KVA of 

the veriab1e part -and for N tWA load deasat CNl2 Th.I will 
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be the cost of variable  part of U KV cable. 

tbw the total cost per KYA,. 

. ,die * A► t ~. 

w.... r15.4.3) 

.15.444 

Where, r . IA 



tho cthXnGjofl$ o' tho area arc ohanga4 b v a 

factor I W O ".1m the load ah ..ngoa to b i 1*0.. L 

a?Oa c an3oc to 

ct+ 

 

12 chmnoe to b12, 

Again . 	1, Prom iichl, 12 	~~ r 

Than tho cjta1on (5.4,,').) 'bocce 00 

~c,,,  .~.ry  (B , U!  )  ~n 

Total coot p 	'►1►'~ A ` ' 	 7 M 2„" . a c  

t4ov to cot 	ivluo o' b tbich c . o the r nI. um cost pert r 

H ('~i4) 	 # b  db 	 db 	 'T b  

or 

4 

or 	 ,. 	 F ttU5 U'i?i Um  

or 
3 

b z  . 

• 0 	 J! 

(%UIh) 3 
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X µ 

 



.x from cquc t i on (!.l.5), to Gut opt .r 
Orono 	° 

 
cvoami n+! crust par 1TP V  

0 

2 

or i 

b 
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Pr c 	le: C :;t1 " arcs + tS 	Abd  

 t # ifmc tofo , fro 	'.4.6 and 5.4.7 	ill 
got t1, r o of b and ,A tftob 1U gio the nin1u 
coat p :{Vin ` and bO1c 3 of uhicb oho Coni po ' t VA 

io boforo two  tt ? abovo Qql t$ond 	and 5,o t,7)  
it uo p1cE U c vaXuc o of ofl um aroo co aopandl 

v31v3 of coot ' W4 uitcut cono1drinrj  
to to 	i o ( qu 	) vo viii acct a cum fir pr rti 	r 
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viiro C 7̀  J. In th co of►ot if wo plot for diffornt  
valtoa of L, io for the vatuoo of L ifko 2O,,1OOO and 

*coo V 	* 	X11 got curvoo se in tigro w,  5,l.1 
`ha 	or load density (L) 1th to vci ri tt  

of o: 	me rind e t per IVA ig zip in fig. 544*1(d) b 
by c ca 3no. In all Thor ft ;roo th variations 
of '1emalty L) are ohcmrn in tho vats man r, 

&cam welD  conoiderin vcpoee. and finally 

Do(p1fl,G rO tie tstii cot eurvon lute In Mauro , , , ate. 
.' g"o '5 w ',.3 	Q+ rape ive y , The o ffoc 
for octorinz e,nttant est ' d' in s om 	,g.'o 

o * (c) 	dattod iron,, and for othQr fLiw,en '4 
c r 	 fan diaccost in tb caco of . 
t .be 4 	y to in uld.eb the value of opt icut area are 
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Fig,5•b.I SHOWS THE VARIATION OF COST PER KVA WITH THE VARIATION OF LOAD 
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5. 

Pr N fig. 5.4.1 to fig, 5.4.4 we can htve the  

detailed inforia*tion epi y. variation of total Cost per 

KVA with corms nd n*g s iation of area considering also also 

without considering factors s'q ,n,t)  aM the Constant p t 
of low Voltage cable coat '*d P. Your different curves are , 
&1n in the fig. 54.1. in this fi re,#  curve (a) whish to 
shown b+y dotted li shows the variation of total cost per 
KVA (for portray value of L is equal to 250 KVA per . w. ) 
corresponding  to area. including the effect of 'd'  shoving  
the optiaa area ate* Other auxvrs like (b)#(c)#(4) are 
shown the Variation of total cost per KV4 corr*spot,Ung  
area without consic rtng the factor d for 250,  1 # 	and 
4,000 A per sq.K s. of L respectively. in other figures 

such as figs. 5.4.20  5.4.3 and 5.4,4 are showing the variation 

Of total Cast per KVA with corresponding variation of area 

including the total cost per KVA for opt M area considering  

to tors se , Seqyn smt s qyn I) respectively. In each figure 

the variation of load density (L) with the Variation of 

Opti area and cost per KVA are shown by the chained lire* 

Proa these firs for different values of lead d city O, 
we can get the corresponding different values of opts area 
for different conditions C for $egyn 0) . 
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4►ti3~ 	 4n4h1 ccn L1J 74 t 

titJMiS.r wt•...h In fo.i1..Jr tion ro fla 	n o;'tjrmr docs n of  

cy otin dictributton rtcoand oiu for 
of-t c ' cnZ:matcn of pri ry z aina with di tribution cyDt 
ft t ;:.nc oaaod 10 id r nd aro t in near tuturn. ism for 
above o: u4a o do3ign a da3in ngi Vr can co1cc t oaf 
th 	of 33/11 1W rub.stritton faith it rte uccordij 
to t  ansa ciz d tho load dxn d. Ho can alc o L O1cOt tIIO 
nubt, c Cleo of tdtttt1.omal primary cmtiw Oquiuccnt 

ro 
 

to coot the incrc a od load dnd In Aituo so 
: a ' 

 

G7orcU t ¶jj bo Optimno 

,J COnQidQ2tU JoccoroOad 	cubodivirian dictrtw 

but2,i cotc In "htcb pr -. mains aro conmuctod adiaU7. 
and t , :o i9cO 1 iocd decmnd vat) 335O WA c4th area appy"" -* 
ma V * i n, 	ubi cli the load Ler sity0 L a 3 i 	D 

i to 500 IW per 3q, 
f u 5,►4.1 we too that teas L a 500 t ,VA/Sq,, » if -vi tent 
to Ct t Y: required 34 d nd by on Ono 33/11 x tui*► 
cta tG icn fro tho abovo optirai.cod + vt n tho optic r 
arOa 	oto bfa 17.3673  cq,K . vhith is rach 'bta1 r thtr  

tO QL f a Ot , Thoroforo. to rant ') load did f" r 
th zbuoivon c; ca and also for caUinc; provtton. to t. t 
ttio 	o oo dcr1rnd with czpa Tian of Ca uo c O3aiJ 
oiooco, 	au *- . t.1 tho nub►° r and rating of 33/ 
1 i'ZJ C".:'* ctloi rrquir . 
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Cic1dotn3 for o ctod 1od 4c ►nd 	If 
VO 

 

t: tea Qb070 cont o ad prat ry nrino to bo opt Lcu  
ttz ir 199"19 oenn cloct optic ur. cis cors► 

PoaCl';; is 10 d don 	(L) cpp iia it 1,000 I V'A pop 
t;t ex , , (crrooV d " to 896 1W4 ; r : ,  
10.t? .;1, ttn tic tno to met thoQ toreonctod 10 td 
+ ~ ~ 

 
or tho foroc3atod holo crci In the yr 199091, 

o -4 2-u1 Zc:qiiire on 33/11 6ubct3t1on of 'fit} !'TA„11i 19M 

81, t coot the toti1 load dot 2d of 3850 int.' for tho 
e. c o~ C eco. ho, i.e. for the load d aft r (U la 
c b 5M V4 per LJ, i, uo old aqutro ono 33/11 IV 
cuottton of 11T1 ratinC. &1 	rs for 198566 fDQQ 
t c 	fig o for 10 d cbnOitt 71O, ortiuzø area Is 
i7,$73 L4, I. and to rn t o the GyQtet opts blO 
cn C, 	the 33/11 IV o stQtton twcoz'dini to Into- 

to o Oz ctj eyeteizt ttth the proposed optlDico1 

o t o Q on foUot7 the s o procod*aro c i410 n; 

ffC "O O.O.q,7,n erni )CitUti a11+ 	)Ja o2tciro drop 

D (6 r) E n th* ftcuroc 5.L.2 to 



Diacucton and Conclusions 



The tesult of studying the affects of sous 

ten on the total cost of the distribution system wore 

prsssbtsd and dtseussd In chapters 4 and 	 a# results 
pawvids va3iable in1bistion on the eptieisation of distri. 
bion systea. Zius th system pear can have $ bitter 
persp*ctis of the dry procedures  of diet bu c 	stsTa, 
VW planner has to tike Into aeec*mt the rets of the tort 
madcni tam mrd ibrocsst given In fitter 3. 

The s a. t relationship between the 	 tit ' bing 
IbrOcaStad and factors influencing it should be tested 
p21 graphical  *Vats. The graphical scatter chart to an 
essential pr.lIsinery r'srt to satheestiosi asni: ,ati o 

i graph aontsinø nor* intbrettian than an equstLon, 

an equation is onlr is rbc hand notation of the + *. Tb.  

both thi In . +? 	E . ` of each point and ,+neral ted of 
*1 the points which the emotion can't du. 

No tndivI4ui or seal group can possibly knov 
enob about *11 the factors +aft+ 	future to be abla 
to develop an adegttte forecast, such a person ev group of 
amu. can arae. hi stori eel data and use various t.c)mtc ►s 

dray a Nv ca r2ston about possible future tends + eles, 
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c 	V utic!tQ e 	a 	'tea t o  

	

ww otiU c ffor LV+ ptsi ho 	Lo ► a? C Gh 

itca e of r fccoct m 

C~ 1-10 tc 	uctc to ditbut.on crctc too cc 
r 	20 c: s c. o cunt bO 7c?*cm ?o1 U blo 	ox c•0 
C 	1O Q fl2OI?tiGfl C22 10 d to ; CC flOU7 

~~ 	and Ulu 	tho 	one 	~o~ o. 

G flfu 2onc otnbo a s t 

(1) 	A tho 	o.=. for five 	0 VSot. end G cX 
for tci rO *O cnd t1icnt4r yc o b'oc3aat moo drama► 	trema of 
2 c moo* t~orc14flQflo0 . aot cud t z cj cbizr4 rcs Qt  pow 

c t Ze c3 d010 have boon 	ttw cxnd ccto, 
wf 	 l + a ?*'' cirpo rM 440 
7otp Vic:' o =,e bo to* 	b 

+tb tt oo tho hoop vCO & cd  
r cuon dno v .o*ii nor,gid a 'r o awAb Vic(26 3 

~ ~ 10 as o ► a 
 

reoj 2.3 t oa co'o the to pz oc 
C, 	min G'S ffero+ upp cot2 do d bootaco o? ttr' 

Cc 

	

	r tot co ' lan of t z go co ato ccc c m e 
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.1i` 	*fir ! 

Power is one of tho wst iaortant inputs for 
productive activities.  As a basic I tr a►struntwr it plays a 
cnoiai role in determining the rata of ecoi *io aM social 
dewlopeent in any 	 try, 

The total mer gyration capacity in the then 
Sant Pakistan was only W in 1947. It rose to 475MW by 
the CM of 1970. SIrd larly the aa,da daM. for paver 
rove from 42 MW in 1960 to 103M In 1965 aM to 22W in 3910, 
The average  growth rate or d 	was 15 percent during 
the period. I 	the per pLta oonaption of elect- 
ricity was only 14.1 Kwh in 1970, o of the :"west In the 
world. Iven at this law lam . the power system had developed 
certain labalsnce51 such as iabidanoe between generation and 
distribution +suety 	unbalanced 	r 1 develapeent. 
Tb. systemalso tettered. wido*prad destruction and +d e* 
ddurin the ver of iMopndenc in 1911. Details *bout the 
pram power a o of 	 L dash are provided later In this 
App. i*.A. 

A•l•1* _ 	., . 	; 

Bangladesh lies In the North Eastern part Of the South 

Awn b. Con in roughly ` ..n 20.75°  and 25.15 north 
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1 tit re srvl 83.300  axKt  92.750  east longitudes, me 

wry is bounded by the ry of 13ax cl on the South#  India  

on the We*t and North nd *raa on the iat, The area of the 
country In 55,5 ! M.  f*LIQI. 

26ngirnd.ab *njo generally a trpics1 *D on 
c1ltat.. A 	the "x seasons wi er, Oa' anti *O7L$Oofl 

are prominent. " ripesc'aturc usnlly fluctuates hetwo.n 45°s. 

r, ►°" Wil" aint* 	830P daily y **xiw m during winter 
which begins in November and ends In wry. The highest 

err record  tape In su * Is 116°I. ,nsoon stet 
in June end stays rally upto October. This season amts 
for 80 peroanto. ' the total rain fall. 

rw 

flangladesh to the 8th largest country In the world  
in ase of the siz. of. population, Th. 1974 census eatleated  
thO total, population  a 7 A minions , The average family size 
is ate 6 mesons per household. Out of the total population 
about 91 peroent live in rw l areas whla o&V 9 percent U r 
in urban areas. Population duty has Won elated at 1286 
CilPofl5 Per sq. mile, The .ent rate of potion growth 

is stated as 2.7 percent per ate. 

4 r i .sue. . 

The country has a unitary form of Govt. headed by 
the 	sid* , On the executive d* # th Govt. works through 
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different Ministries which ' 'r sponsible for policy making 

in all spheres of national life. There are a m b r of 

. uting agencies kern as autozue 	ore tions and 

Dir. otorstes  ur4or the control of such of the developsent 

ainistries each of which is res onsibla for execution of d VS*. 

lopsent progrsnB. These Corporations d T . +̂ or*tes have 
rogio w l offices In all aver the country which are engaged in 

carrying out dev*lope.nt uctiv'itian in their respective fields. 

he cowry C been divided Into 5 tiaras for 

general adDiniatration per! ss Division — District 
SUbU'DiVi.a n *' Thar a- Uri, Iob of the first four tiers 
is 'eat by a Govt. funatioiwr r and the Urn is solely 
under the charge of loan Govt. 

I3angladeeh ,eraed its jnfrastructural t. logy 

fros a worlt quite faailiar with the special problems that 

its .nvironaient motes. The y +cal sake—up of #: country 

restate in very high construction* Costs for siany types of 

inns eats, the soft soil provide poor foundation and piling 
is often necessary for large  building*#  the t s t a'- i n 

and so nsoon flood a drainage emblems end Datn result 
in roads and structures big wasted away. The pstcIwork of 

rivers nevsseitates expensive  bridging for roads and railways 
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iU *1) increases the cost of nation wide power, natural 

gas and teleaceaunication id.. On the other hand* th. 

rivers do permit the dv.loumet of water tru&port hut even 

then their su3 b3*t to liitited by the IQV for in the winter 

months end the Heed for dredging to avoid silting up* 

Transport and counxccttion systew often allied 

as es tial prei and it ion foreconomic jrowth &sundev.loped  

in Ban la4esh due to which the cost Of fuel, gas, t.lecoi*e-

unication grids and other things relating to mer leasee 

err 

 

%t$tel9 Ina s J5 cost of natlan wide ;mer. 

This scctor yrs a wide range of activities which 
are trs ].y i*portant to the national .cOH and welfare 

of the 30Ci.ty which 	 also responsible for the cost of 

Creation of a healthy and well educate. population 

I.e lent both from the ecorKaic and social point of view 

which is also related with power economy* 

Til! #~ 3 .. #. I 	~L.*A 	i *.: 	• 

w rr, specially, tore devping country Like 
ours constitutes: an i pot ant infrastructur, of national 
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t*coty. Per capita Oen.rstion of Eleatrio1 &rgy as 

well as per capita mtptlon of the s*e is coruid~ere. 

as n iWrtant Indicator of the de roe of ve1opeeAt of a 

thy. Country wise grcth In diffo 	$ ear* t 31y 

in industry„ *icuiture1 Cowarres end services is t ►r ' or 
i.e. directly dependent on a cheap & adequate # ai i r riiabl• 
supply of Electrical  XCtrXca1 rievgy. The sole responsibility of 
GVW. cheap irid r l bie per to each type of corer 
has been rj5t on ausgd.sh VOw•Z evQlopaent mrd 
( ) which in turi gierttes, 1r eta, distributes end 

se11 c el c rical 	rjr throughout  the country. 

rm tezhnj ai oiit of view the die power 

system in : 	i1&t h►s bn d±viod into two zones viz. 

i t Zone nmd V,: t Zone, sepsrzte4 by a Wi40 end wit river 

___   	g4, neration of power in 

'est Zone iar'g.ly depends on rnaphully bydro err station 

arnt indigenous rets gas 	* ganeratI stations.  Where 

as in the 	 Zone power is ping generated mostly fXtOS  

costly i grrd furnace oils, 	 rtt* Sfld di. 	*1140 At 

preeent two sepsr ate grid are being eathta$ned, one In 

each zcrne, which are supposed 	 be connected by a inter  
con+tar alied FAøYa.Wt3P Lrit.rconnector by this year(1962), 

initis11,y pled to bø euerized at 13*V but ult t ly 

to be reed to 2 V, 
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A.2.1. 	.._ _ _ _......,,3~. ____ 

The exists installed  + ►city, in both East and 

est 

 

Zones are prised below  

Tht1 existing installed capacity r last grid 

Area is 506.25  

ThtaI existing in t"led capacity for West grid area 

is 127 MW, 

A,2. 

The intercorvwctor which has been s2ray stated 
in running troa Ohor'ssal to Xsazrdi through 	 IlLZtg  

III riles. Present rril transmission lines used by .ng3adssh 
Power T)evelopaent Tard Is energized at 132XV but there is 
one single line from Rajshithi to Shirsjganj via Fsbns anti 

Ulitp ra which Is at presust energized at &AV but ssc.saw 1 
steps 	bring taken to convert it to 13" 

The total mileage of 66KV sz 132KV trenLssLon 
lines In est zOne azxt 'test zone combined d 948.3 miles out 
of which In east zone 5i7.3 Silas anti in W*gt sono 401 alas* 
In addition to this there e 	some lines zKter cons r uc c* 
which will be ccsmisaioned in near fug,. 
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BwWladosh Power fl1ops.nt Hoard. ($ B) held 
the responsibility of distributing power to all its naars 

or eajor towne,# cities, vUlages *to, til recently, ly, of lat 
another org*nination has been constituted  t 	of Rural 

2etrjSicatLon floard 	i), having responsibility ity of cons. 

tructins distribution lines,  forming B,iddutayon &iaities on 

Coopurativo basis, arranging necessary  connections to #4i. 

vidtasle +Dregs in Rel Areas. 1w rrp th* ,in ros-

poneibility lies with'ang1adeeh Power I)avvlopmant card. 

in doing so they have one 3. Ysub-tran iss oon line and one 

11 KV ar*t one 0.415 KY distribution lines for taking power 

to consumers promises. From some bulk +c ns rs they have 
distribution 

special 33 IcY/lines. : The existing network consists of •2332 
.os of 33 lines and Z7 *nos of 12KV and 0.415KV lines 

serving a total of 4t3)21 r. of Donnaincluding 677 
, s. of high tension and "Lor tension industrial oc nstrers* 

tA.s . ea 	 '' 6►, a,  
fletail pm*r projects s of flang1adehtrenaaission Uno from 
2:0KY to 33KV with its grid sub-station are shown in fig.A• 1. 

:.ter . 	yr:~ 4 	r 	 4 	- .I ~►.• 

The load despatching center for the eastern system 

l4 Iooat + At the 8iddhirgan3 Power Station, approximately 
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40 IVa, east of Dacca, Thi* load deepatchinjj centre is 
upped with a aiZe load despatching board but is not 

equ1,p.d with 3.V. ( .r cion) f'so. itl.s to display the 

an off status of the circuit 'Mekars nor with T.M,, 

(T ]a*.tery) equipaent for *et.rtr#g display. All load  
deapatching operationsare .done b means of a power )ine 
carrier telephone* 

The load despatchingcsnt*r of the Western Grid 
is bested to the 	i ra Sub-station close to 1Chulna end 

e etions ere 	i2* to those of the 	tom ,rid... 
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A PJ $D j 

cout.r program for ofIou .ting factors A8C AW 
I 

Distrie = wise foreciteting of tri and aryl lead 
dMtsnd or tngIadosh. 

842 meter program for . ree std :lad dwan4 of 
1ang1advs) . 

5.3Camput.r program for ca1cu1,ting of ti ibwLtftt1øfl  

ares. considering fa tors 	oni r,. 

4 	G'mp perPz'ogra for eaicuitthg of Optiirna jtatjon si 
con®ideri factors 8e.cyn *fld Maximum All abl* 
voltage drop conditions. 
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Atli) FFR 	 1 	1 
CAL~ULATI iC ABC AND DISTRICT-WISE FORECASTING OF URBAN AND 
DYMENSION A(29) Rc29) C(29) 0(29) 
OPENN(Ur,IT=1 , DFvf CK:='OAK' , FLLE=' AUa, 0AT' ) 
PRIi4T 2 
FORMAT(/9X 'CALCULATING ABC FOR DISTRICT-WISE FORECASTING 

OF URBAN LOAD DEMAND FOR BANGLADESH,'//) 
PRINT 6 
11  14/)  
TEAD(1,*)X1,X2,X3,D1,f)2,03  
FOR:1AT (i X ' Z=' 14)  
FORP4 AT(9X.' A' lox, B' ,12X 'C' , 10X,'XS' , 10X,')2' , 1 OX,' X3' 
lox 'bi',tox,i)2' lOX 'D31 ) 
A(I5 D1-X1*((n2-Dl)/(RC2-X1)-(X2+X1)*(D3*CX2-~!1)-Dl*(X2-X3) 
+O2*(X1-X3))/((X2-X1)*(X3*X3+X1*X2-X2*X31X1*.),3))) 
-X1*Xl*(D3*(X2-X1)-hi*(X2-X3)+D2*(X1-X3))/ 
CCX2,-X1)*(X3*X3+X1*X7.-X2*X3-X1*X3)) 
H(I)=(D2-171)/(X2-X1)-(X2+X1)*(D3*(X2-X1)-D1*1X2-X3) 
*D2*(X1-X3))/((X2-X1)*(X3*X +X1*X2-X2*X3-X1*~3)) 
C(I)=(D3*(X2-X1)-D1*(X2-X3)+D2*(X1-X3))/ 
((X2-X1)*(X3*X3+X1*X2-X2*X3_ X1*X3)) 
PRINT 200 A(I) S(I) CU) X1 X2 X3,D1 02 03 
TYPE 200,A(I),13(I) 	( ), 1, 2,~(3,D1,IS2,t 3 
FORIAT(//9(4 ,F8.45) 
I=1+1 
IF(I NE.24) GO TO 100 
PRINK' 3 
F0R:!AT(//3X,1O5('*')//) 
PRI,VT 4 
FORflAT(//3X,'PISTRICT-WISE FORE CASTING OF URBAN 

LOAD DEMAND FOR BANGLADESH.'//) 
NNX=22 
DO 400 J =1,23 
PRINT 5 
FORtlAT (/3X, 90 (' *')//)  
IFCJ.E0.1)PRINT11 
IF(J.E0,2)PRINT12 
IF(J.E0.3)PRINT13 
IF(J,E0.4)PRINTI4 
IF(J.EQ.5))PRINTIS 
IFCJ.EQ.6)PRINT16 
IF (J,EQ.7)PRINT17 
IF J.EQ.R)PRINT18 
XF(JEA, ) PRT_NT19 
IFCJ,EQ.10)PRINT20 
IF(J„E:O.11)PPINT21 
IF(J,EN.12 ) PRINT22 
IF(J.E0.13)PRINT23 
IFCJ,EQ.14)PRINT24 
IF(1J.>;0.15)PRINT2! 
Zk"CJ,E(3,16)PRINT26 
IF ( J,EO.17 PRINT27 
IF(J.Et).1R)PR INT26 
TFCJ,EQ,19)PRIN"29 
IF(J,Eta,20)PRINT30 
IF(J,EQ,21)PRIrtT31 
IF(J,r~.Q.22 ) PRIl~T32 
IF(J,EQ.23)PRINT33 
FORt1AT(/3X,60('*'),9X,'CTG.LESS CTG E/S'//) 
FOR"tAT(/3X,60(!*'),9X,'CTG. HILL TRACTS'//) 
FOR'•tAT C /3X, 60( ' *') , 9X,' COMILLA'//)  
FORMAT /3X, 60 (' *') , 9X, 'DACCA LESS DACCA E/S' /, 
FORMAT /3X, 60(' *') , 9X,' JAMALPUR' //) 
FORMAT /3X, 60 (' *' ) , 9X, ' D1YMENSINGH' // ) 
FURNAT /3X,60('*'),9X,} NOAKHALI!//) 
FORrAT /3X,60('*' ,9X,'SYLHET'//) 
FOR►1AT (/3X, 	60 { ' *') , 9X , ' TANGAIL' // ) 
FORMAT(/3X,60(+* 1 ),9X,'BARISAL'//) 
FOP?'ATC/3X,60('*'),9X,'HCGRA'//) 
FORr'AT(/3X,60('*'),9X,'DINAJPUR'//) 
FORPAT(/3X,60(' *' ),9X,'FARIDPUR' //) 
FORMAT(/3X,60('*'),9X,'JESSLIRE'//) 
FOR,'AT(/3X,60 ( '*' ) ,9X,'KHlJT,NA'//) 
FDRfi1AT(/3X,60('*'),9X,►KUSHTIA'//) 
FORMAT(/3X,60('*'),9X,'PARNA'//) 
FORMAT(/3X,60('*'),9X,'PATUAKHALI'//) 
FORMAT(/3X,60('*'),9X,'RAJSHAHI'//) 
FORMAT(/3X,60(' *' ),9X,'RANJGPUR' //) 
FORMAT /3X,60('*'),9X,'EAST ZODUE'// 
FOR?;AT (/ 3X, 6Q (' *') , 9X, '`WEST ZONE'// 
FORMAT(/3X,60('*'),9X,'BAPNGLADESH'//) 
PRIVY 1 
FORMAT(/8X 'A',14X,'B',14X,'C',17X,'X',16X,'D 
IF (J GF„ 215 PINX=27 
DO 450 I =l,PNX 
NIT=1977 
IFC IIX,EQ.27)NIT=1972 

(MW)',8X,'YEAR' 
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CALULATI1IG ARC AtI DISTRICT■WISE FORECASTING OF URBAN AND 
DTMENSInN A(29) R(29) C(29) D(29) 
QPENN(UIIIT=1,DFVICE='DAK',FIL,E-'Al1D,DAT' ) 
PRIIIT 2 
FQRI~AT(/9X,'CALCULATING ARC FOR DISTRICT-WISE FORECASTING 
OF URBAN LOAD DEMAND FOR BANGLADESH,'//) 
PRINT 6 
1=1 
READ(1,*)X1,X2,X3,D1,02,D3 
TYPE 7 1 
FQR:IAT(1X,'I=' 14) 
FQRVAT(9X,'A' fOX,'f3',12X 'C',10X,'X1',10X,'~2',IOX,tX3' 
lox 'D1',10X,'D2 10X 'D3') 
A(I1=D1-X1*((D2-D1)/(~f2-X1(X2+X1)*(D3#(X2- 1 )-D1*(X2-X3) 
+D2*(X1-X3))/((X2-X1)*(X3*X3+X1*X2'X2*X3-X1* 3))) 
-XI*X1*(D3*(X2-X1)-Ill*(X2-X3)+02*(Xi-X3))/ 
((X2-X1)*(X3tX3+X1*X2-X2*X3-X1*X3)) 
B(I)=(D2-D1)/(X2-X1)-(X2+X1 )*(D3 (X2-X1)~D1 X2-X3) 
+02*(X1-X3) )/((X2-X1)*(X3*X3+X1*X2-X2*X3.X1*l3)) 
C(I)c(D3*(X2-X1)-D1*(X2-X3)+D2*(X1-X3))/ 
((X2-X1)*(X3*X3+X1*X2-X2*X3•X1*X3)) 
PRINT 200 A(I),S(I) C I) Xi X2 X3,D1 D2 03 
TYPE 200,A(I),6(I)  (X),(1,~(2,~(3,D1,12,63 
FOR '4AT(//9(4X,F6,d ) 
1:1+1 
IF(I NE.24) GO TO 100 
PRINq` 3 
FARP1AT(//3X,105('*')//) 
PRINT 4 
FQRT1AT(//3X,'DISTRICT-WISE FORE CASTING OF URBAN 
LOAD DEMAND OR BANGLADESH.'//) 
NNX=22 
DO 400 J =1,23 
PRINT 5 
FORMAT(/3X,90('*')//) 
IF(J.E0,1)PRINT11 
IF(J.E0 2)PRINTI2 
IF(J,E0.3 PRINT13 
IF(J.EO.4 PRINTI4 
IF(J,E0.5 PRINTI5 
IF(J,En.6)PRINTI6 
IF(J,E0,7)PRINT17 
IF(J,EQ.R)PRINTIR 
IF() 0 E0,9)PRINT19 
IF(J,E~0.10)PRINT2O 
IF(J,F0.11)PRINT21 
IF(J,E0.12)PRINT22 
IF(J,EQ.13)PRINT23 
IF(J.FQ.14)PRINT24 
IF(J,k:Q.15)PRINT25 
IF(J.E0,16)PRINT26 
IF(J,EQ.17)PRINT27 
IF J,EQ.lR)PRINT28 
IF(J,EQ,19)PRINT29 
IF(J,EO.20)PRINT30 
IF(J,EO.21)PRINT31 
IF(J,EQ.22)PRINT32 
IF(J.EQ.23)PRINT33 
FORMAT(/3X,60('*'),9X,'CTG.GESS CTG EIS'//) 
FORMAT(/3X,60('*'),9X,'CTG, HILL TRACTS'//) 
FORMAT(/3X,60('*',9X,'CQNILLA'//) 
FORMAT(/3X,60( '*'),9 X,'DACCA LESS DACCA E/S'//) 
FDRI4AT(/3X,60('*'),9X,'JAMALPUR'//) 
FORMAT(/3X,60('*'),9X,'MYMENSINGH~//) 
FORMAT(/3X,60('*'),9X,'N0AKHA1,I'//) 
FORMAT(/3X,60('*'),9X,'SYLHET'//) 
FORMAT(/3X,60 '*' ,9X,'TANGAIL'//) 
FORMAT(/3X,60('*') ,9X,'OAPISAL'//) 
FOR1'iAT(/3X,60('* 1 ),9X,'RAGRA'//) 
FORMAT(/3X,60('*'),9X,'DINAJPUR'//) 
FQRrtAT(/3X,60('*'),9X,'I'ARIDPUR'//) 
FORMAT(/3X,0('*'),9X,JESSORE'//) 
FORIRAT(/3X,60 ( '*'),9X,'KHUILNA'//) 
FDR14AT(/3X,60('*'),9X,'KUSHTIA'//) 
FORMAT(/3X,60('*'),9X,'PARNA'//) 
FORMAT(/3X,60('*'),9X,'PATUAKHALI'//) 
FORMAT(/3X,60('*'),9X,'RAJSHAHI'//) 
FORMAT(/3X,60('*'),9X,'RANGPUR'//) 
FQRMAT~/3Xr~i0('*'),9X,'EAST ZQt1E'//~ 
FORMAT /3X,60('*'),9X,'WEST Z(7NE'// 
FQR11AT(/3X,60('*'),9X,'BANr,LADESH'//) 
PRINT 1 

RURAL LOAD DEMAND FOR BANGLADESH, 

95 

FQR11 AT(/8X 'A',14X,'B',14X,'C',l7X,'X',l6X,'D(MW)',BX,'YEAR',/) 
IF(J CE,215NNX=27 
DO 450 I =1,NNX 
NIT=1977 
IF(~O'X,EQ.27)NIT=1972 



NEAR=tEIT+x 
 r.1',t-rrEAR+~ 

D(I)=A(J)+R(J)*X+C(J)*X*X 
PRIVT 300A(J),B(J)) C(J),X,D(I) NEAR NM 
F`ORMAT(3X,F11.7,4X,'11.7,4X,F11,~I,SX,t7,3,9X,F9.3,7X,I4,' ' ,14/) 
CONTINi11 
STOP 
END 
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