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ABSTRACT

A

This repert presents the computation of power flow for NEPA 11ky distnbusion
networs within Minna mstropolis,

-t

i A . [ g 3 gt £3 o, ” oy - b e v
ine heory of powar flow and load forecasting has heen disoussed. The various

[

method of power flow problems and solutions are covered through this theory, The
varous types of ioad forecasting are also covered.
Finally, the computstion of this power fow is applied fo NEPA 11hy distribution

network within Minng metropolis, where the different nuantities associated with the

buses, that s, the bus vollages, the real and reactive power flow have nheen

~

calcuiated using tomputer program

o~
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CHAPTER ONE
GENERAL INTROGDUCTION

1.1 INTRODUCTION

Fower distribution system required continuous and comprehansive analvsis in other
to evaluale the system performance and o delermine the effectiveness of alternative nlans
ays an important mle in producing a high standaed of

;uaé%iy nd in ensuring the madimum ulilization of power,

of the foliowing aress Mobil, Chanchaga, Salko,

Angodagh, Bosso, Limawa, Tunga, Maltumbi, Sabongar], Kpakungy, and Shiroro. Befors

pos

Minna was linked (o the national grid In 1976, there was a powsr station thal was calied

!
fespad oo XTI s xsbaimin srare vevenvoyid e 5 R IV NN PSR T o i
isoatad :,m,{ station, wiich was ingtailed in 1880, The power sighon has Hyes unis,

gach of wiich ganeraled about 1MW of power and due to low demand of power then,

'}..

ardy one of e unil was use before in 1978 when Niger siale was oreated and Minna was
mats the capital there wag ncreased in load dermand which raise from 1.3MW to 10MW
thie 10 increass in demand of power by people working n government mindsiry and
carastatals. This lad to the installation of more distribulion fransformer.

Presently, e dally power demand in the melropolis s sbout 248W. Minns &

aach from Shiroro power station. That is SH

THY and TRZ, The 33ky outpul of each of !
o slepedown ransformers, TR3 and TR4 of 15MVA (33/11KY) raling sach. TIKY sulput

I3

ferd on the respective bus bars for supply on four feadars

&

The four feeders presently used i the mebopoiis sre Chanchage fseder,
perhamentary feeder, Shiroro feeder and piggery feeder. Chanchaga and parliamentary

faeders are supplied by transformer {TR3), while Bhirorn and piggery feeders are supplied

-

by fransformer (TR4)

12 AIMS AND OBJECTIVES
he main gims and objectives of this project work 8 10 develop 8 compulsr

T

simulation program in Pascal language 1o evaluate the performance of the nebwork by

calculating the power flow, both real and reaclive power associaled with the busss 23 wall

as the bus vollages.
the present manual
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18 METHODOLOGY
in the analysis of power nstead of using actusl values of qus

usiigl 10 express tham as fractio

hese fractions ”"3 callesd par unit vaiue {denoled by FIL)Y and the per unl valus of any
ardity is defined 88 the ratio of the sclual value (in any unil) to the base o refersnce
valug in the sams uni,
The s u»z'“ ages of per unll represenistion ars
W Perumitdata representation vislds valuable relative magniude information.

of system containing fransformers of various ransformation ratio

rameters tends {o fall in relalively narrow numerical ranges making

14 LITERATURE REVIEW
THEQRY OF POWER DISTRIBUTION, LOAD FLOW AND FORECASTING

14,1 THEORY 5%’»” POWER DISTRIBUTION

According o Anthony J. Pansing { %?'M}, stated thal dinribution s the delivery of
elachric energy from the bulk supply & copsumens energy meter. He turther
ohserved that distribulion cinult normally

distrinitors. A meln feader onginale at the

PNE MCIVIGUSE G

stribution transformer al their ends. The distibution systerm use in the metropolis i
dial ciroull configuration {radial systern) which has a single cirouit maln fsedsr,
Distribution network differs from fransmission network in several ways, apart fom vollags

srbar of branches and scurces s much high in distribution network and

sneral fopology & gifferent,

rbution systermns consist of 8 siep down (example 132/11ky; on iead

tap-changing ransformer af & bulk saz;z,ég point feeding @ numbsr of cabies which can vary

ength from 2 few hundred melres to several kifomelers, A series of siep-down three

hase transformers for nstance 11/0.415ky are spaced along the route and from these

12 suppiied 1o consumers three phase, four wire network from which the single phase 18

nped for uliisation.




TYPES OF DISTRIBUTION NETWORK
{1} Primary Distribution:  which carmes the load & higher than ulllisation vollage from
the substation {or other source) 1o the point whers the voliage is stepped down {o the value

abwhich the energy is ulilised by the consumar,

4y Secondary Distribution:  which includes that part of the system opsrating &l
gtilisation voitage, up to the meter at the consumer remisas.
PRIMARY DISTRIBUTION SYSTEM

ution systems nclude three basic types:

Hrimary dist

i Radial systems:  Distribution 8 3l the ulilisstion vollage. A singie primary

sepvice and distribution ansformer supply all fhe feeders. There I no duplication of

”»' 3 S
e{}ui;)sé W,

-

The radial type system s the simplest of gl choult arangement. 1 comprises

P aTal

separate feaders or oircults “radiating” cut of the substation or source, each feader usuall

"‘\~

ﬁ.}

serving & given area. The festder may be considered as consisting of & main of frunk
podion from which there radiale spurs or laterals to which distribution transformers are
connected as shown figure 1.4,

The spur or lateral are m,w%; connectad 1o the primary feeder through fuses, 50

thet 8 fault on cz?f;mi will not cause an inferruption 1o the entire feeder
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Fig, 1.4 Primary fesder schematic diagram showing frunk of maln feeds and laleral
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{1 Loop 8Systems:  Another means of restriciing the duration of in Herruchion
empioys fgeders, not clear which essentially grovide a two-way mrimary feed for oriticg]
consumers. Hers, should the sungly from one direction fall, the entire ioad of the foedc
may be carded from the olher end, but sufficient sgare cagacity must be provided I the
feader. This tyge of system may be operated with the Inop normally open or with the oo
normally closed,

{a}  Openloop: In the a:;::ez@. toop systern, the several sections of the feeder ars
connected togather through disconnecting devices, with the lnads connacied to the seversl
sections, and hoth ends of the feader connected 1o the suprly. Al a predefermined poing
i the feeder, the disconnecting device is deliberataly left open.  Fundamentally, this
consfitutes bwo feaders whose ends 2 rated by & disconnesting device, which may
e a fuse, switch, o dircult braaker,

The diagram is shown i figure 1.5 below

{‘,g B {'_Mé ?, )L.:;'}o'&eﬁ }4:.’,.‘_,0{ S e X2 WL
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Fig, 1.5 apenddoos ciroull schematic disgram

i the event of a faull, the section of the primary on which the ull ooours can bg

13

ervices re-gstabliished o the unfauitad portions Ty

Bt ot

83

disconpacted al both s ends and
closing the loop & the polnt where s normally left oren, and ra-ciosing the braaker gt the

sybsiation {or supgly source) on the other, unfaulled portion of the feader. Such loops are

not normally clesed, since a Tault would cause he breakers {or fuses) at both ends o

pren, lsaving the entire feeder de-energisad and no knowledge of whare the faull has

N

oocurrad. The disconnecting device betwesn section are rmanusglly operated and may be

rfgtivaly Inexgensive fuses, culouls, o swilthes,

¥
P




e expensive ciroull breakers, The breskers are actustad by

g

i

oult breakers on each end of the fsulted ;e:fz.‘:itéon,

wans of pzio,. wires which run from ciroult bresker to clroult breaker and

nstall and maitain, In some Inslances these pilo! wires may be rented

¢

o

A% shown in finure 18

:
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o hoid down costs, ciroulls breaker may be installed only betwesn cerlain ssction

of the loop, and ordinery, less expensive disconnecting device instalied betwesn the

P T T s FEOY S N P S A Fogy i goad e gns gpnrent e %5 o vt vadb ey e
intermediate sections. A faull will then de-snergised several sections of the loop; when the

fault 15 looated, the disconnecting devices on hoth ends of i

cpened and the unfaulted section re-energised by closing the proper clrouit breaker,

e

i) Primary Network System: This system i formed by lyping together primary mains
rdinarity found m radisl systems to form a mesh or grid. The grid is supolied by 3 number
of power transformers supplied In hum from subdiransmission and fransmission ines at
higher voitages. 4 ciroull breaker betwesn the transformer and grid, controlied by reverse
~ current and automalic re-ciosing refays, profect the primary network from feeding fault
current through the transformer when fauils ocowr on the supply sub-fransmission o

frarsmission lines, Fauits on sechions of the primaries constilufing the grid are solated Iy

cirouit breaker andd fuses,




SECONDARY DISTRIBUTION

Seondary distribution systems sperate at z‘&iaiéveeéy fow utifisation voltages and

prmary systems, nwolve considerations of service reliabillty and voltage requiation, The

secondary systerm may be of four general types:

(i3 individuat Transformer - Bingle Service: individual transformer service s
applicable o certaln loads that are more or less molated, such as in rural ares whers
consumars are far apart and long secondary mains are fmpracticable, or where g particuar
consumer has an extraordingrily large or unusual load even th rough situated among @

number of ardinary consumers,

-3

b1 s?os{»«’ ‘f"‘?fgi,”':)"
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Fig. 1.8 single - service secondary supply

in this type of systerm, the cost of e several ransiormer and e su 1o plwer
iosses it the unifs may be greater (for comparative purposes) than those for ona

transtormer supplving & group of consumers from s associzied secry dary main, The
divarsity smong consumers’ joads and demantls 5 permit & ranaformer of smaller capacity
than the capacity of the sums of the Individual transformer 1o be instalied. On the oiher

nand, the cost and losses In the secondary main are ohviatad, as is also the yeftage drop

i the main, Where fow voltege may be undesirable for 2 particular consumer, may be
wedl 1 apply this type of service 1o the consumer. .
i Common secondary maln: This is the most common type of secondary a},wiu it

& of divarsity belween consumers’ loads and demands, as indicated be

—a
(&)
/‘G
:‘i 3
P
)
.

=l
Q
’<
v
A
JC”‘

mstances, he secondary main installed are mors or less continuos, but cut inio

5 raquire. As foads changs or inoraase, the

Hom each other as condition

on points may be readily changed, somelimes loading of the need o

whormner capacily. Also, addifional separate sections can he created

LAl

,‘

T instalied fo serve a boad or voltage conditions require.

and a new franst
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Banked Secondaries: The secondary syslermn emploving banked secondaries |

not very commondy used, although such instalistions axists and are QSL?&E’i'};‘ fmited 10

e

3 w3350

ovarhead systerm. This type of sysiem may be views

network and the secondary may be a long section o grid 1o which the ranstormer arg
connected,
Fuses o circull Dreskers gre use o profect he tansformer from any oull, a3

ndicated the figure name. Banked secondaries, while providing for fallure

ransformers, do not provide against faulls on the primery man o lesder. Further, 3
hazard on any transformer disconnected for any reason may resull from a back feed if f%“

secondary snergises the prmary (which may have be considered sate),
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sacondary network at present provide the

serve areas of high load @
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Secondary Networks: This net
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rk is created by connecting fogether the

nsformer supplied by two or more primary feeder, The
Can g

s highest degres of service raliablity
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ity, whare revenue just i oangd whers this




consumer may be supphed from

ok, Automatically operated cirous

scondary connection batween the translormer and the secondary

. network protecions are used to disconned

alze back up with fuss should the proted 4o el fo operale, he

and disconnact the fransformer from the seconcary AT,

TYPES OF CONSTRUCTION (OVERHEAD AND UNDER GROUND)

 ariginal distribution system pionesre d by Trhoma

,

dison was a dires

(n
m

current low-voliage system installed underground, he wédessgz'eaﬁ expansion of gleciic

pocy)

syelem was based principally on ihe adoption of aitermating current (hrough e

P

yrmers and e very e enorric overhesd type of construction,

White the maln imitation to the adoption of untierground system 8 sronomic, thars

are other reasons that argue againstile seiection. The necessity for ducts, for manholes,

\».

P

and for cable that require expensive nsulation gli tan

qmes e areal as iy averhead systems of oom; naralie

Whers oads becomes so greal, howsver, that the number of pole fings ant e

AT

congestion of conducions on 8 «oh lines became impractical from salely, operationsl and

sarance viewnoints, there is no allamative bul 10 clace the ngs underground. In SUCH

b conditions are usually 50 savere that difficulty s sxpedenced in buliding and

P e

maintaining overhead sysiams, MOTGOVE, the heavy waffic dselt prasents

hazsrds from vehicies eliking ths poles.

, underground system i nol exposed 1o damage and interruptions from

F

it

Cin the other hand, wihen touble does 00D, it i very much more ¢ifficult

e
<
poed
7
.
F]
A
A2
-~
.

ming 10 locate and repair than o in the overhead syslems. FO!

iong and sypenditures are rmade for mantaining service reliability; these

3
b uw

I

clude duplioate faciiies, hwow over schemes, natwork, Also, the lesser abiily 10f
padiation it an underground :z:y‘tez“{ dnes not permit
onduion and ezmigmeni ;“s“»'&;zsibi'-? Wil

i

fe‘mmﬁ', e coonomic advantage of overhead

\ also has conlributed 1o & gresier pressure for underyy i

OWEVE, **m:ﬁ i a very greal extent for some e,

2o




142 LOAD FLOW
AS. Pabla { 38’3; observad thal in order o evaluste the performance of & powsy
distribution network and o examing the effectiveness of proposed sliarations o a systern
i the planning stage, it s essential thal a bpad fow analysis of & network is camed oul
The load fiow studles are normally carried cut io determing:
iay The flow of active and resclive power in 8 nefwork Dranches.
(b Mo clroults are overloaded, and the busbar vollages are within acceptable mits,
foy Etect of additionsl or alteralions on 2 system
@y Effect of foss of cireuits under emergency condifions
fey Qptimum system pading condilions
i i system josses,
hix lnad fiow in distribution network is caried out in tiglly two forms. in the
case of simple radigl networks, the load flow is largely seifeviden However, I

irtarconnecied nelworks having a number of seres or parallel paths, the problam is more

oomputer i now almost universally accepted In sludying load
POWER SYSTEM EQUATION

Formulation of the Probleny The nelwork matrix squation provides an exiremsly suftable
mathematical model of an alectrical nelwork, With the help of this equation Wwv fy
describg the eristios of the network as well as the interconnection of these
glerments. The

“Fpeing z Ly PR e y o pieatadon b R “ o - Praragpt o o A & 2
matri, The indspendent varable can be vollage o cumrent and coresponding e

iermenis of the network malix arg impedance or admitlance, The form of nelwork
natrices used in the equation depends on the Tame of relerence, namely, bus, loop o
frame of reference, the varisbles are nodal voltages and

yrrents, in the loon frame of refarence the varighles are icop voltages and loop currents,

\.H

Sine the loop frame of reference d

sraly usad in the siudy of foad flow problems. The camplexity of dats preparation further

ETWORK PERFORMANCE EQUATIONS
The equation describing the performance of the network of a power system using
e bus frame of referance Inimpedance form s

g = sl I BUS 11

bus = £ hus

e

i admittance omm is




— Foie SRR
= nus & bus ke iaass e erieraananeis

N

-
b
H

QO

> Ebys = vector of node voitages measurad with respect o the reference

tR¥avats
node

= yeoior of impréssed nods surents
£bus = bug impedanos matry
¥ s = bus admillance mairix

The bus mpetance and admillance malrices can be formed for the network
nciuding the ground bus. The elements of the matrces, then, will include the effects of
shurd glemenis o ground such 28 Bne charging and shunt slerents of transforme

£

souivatents, When the ground bus s included and selected & the reference nods, the bus

b

voltages in the network performance equations {1.1) and

ey

1,23 are measured with ¢

tf the ground bus 5 nol inchuded In the network, the slements of the bus Imperdance

iiiance malices will nol include e elfects of shunt slements and one of the

{S)

ses of the nebwork must be seiected as the reference node. In s oase, the effects of
shunt slements are reated as curant sources gl the huses of the nebwork and the bus

imiiages in the performance equations (1.1 and {1.2) are measurad with respact i the

£

seiented reforence bus.

.

Using the lop frame of reference, the nelwork periompance equation i e
impedance form i3
E Loop = Ztoop oo
Or in admittance form is
{loos = Yioon Eloop
Whan the loop impedance and admillance malrices are formsd for the network nol
inchuding shunt elements, the dimension of the malrices s L x L, where 1is the number of
finks or basic loops calouisted fom
Lzgen+d
& g the number of slements, including the shurt connaclions, and n s the number of

ez, In this case, the effects of shuni elements are treated as current sources &l the

%

huses of the network

i the shunt slemenis 28 g

e

included in forming the loop matrices, the number of
slements of the network is inreased by a5, The iolal number of glaments 5, then, e + &3
murnbar of nodes iz increased 1o n = 1. Consequently, the number ot loops and the

sion of ihe loop malrioes are ncreasss by es -1

The difiprent forms of nebwork equations are surmmarised in 1 1.4




Farameter form

fimpedance) ()

Ebus = £ bus T oop

[ 8]

fvag
i
{

Looo Eloop = 2 bus | oo fhus = Y bus & bus

i r,f aguation

T reneat oo Y .y sy b i
{he real and reactive powsr al any bus P is

Po-JGp  =Eplp
And the current is

itive

¥is

men fowing into the sys

ouind are inciude

Whers 1o s posi

Ip o= Ppoop - YpEp
Whare Yo is the okal shunt admittance &

flowing from bus P o ground.
Ling flow equation

Afier the itorative

caloulated. The Currentatbus plog s
g = En-EgyYpo+Ep ¥ing

Where Ypg = ine admittance
Yipg = wtal ine charging admuliance

s

PR YL AL 3 ol
Ay -~ carrd reeasyies
53% iy ﬁ”‘i Qifrrent oonyg

Ly

},

Fin the parameter malr

bis voltages

bution &t bus pdue o line ¢h

3.0 the for

o

s complsied, line

arging

iiation of the net

HOWS can

Iy
i

A% /‘P S
w'u’v?‘a

%

i, then equation

2 shunt current




3
.

The power fiow, real and reactive is

Hog - Japg = Erpipn

“T)
,S«.?
<
5.3
¥
{i
4
13
*
3
i1t
3
H
i
A2
Rl
s
~F
L3
g
i1
P
P
11
e
-
pad
b
>

Where ot bus o the real nover flow from bus P i G i ?‘:”’” and the reactive powsr 3
i b
‘\

Log. Similarly, et bus of he power lowgio Mg
Pap -~ Jidop =E*p{Eg-EplYpu+ EpEa¥ing ... 1.4}
2
The power loss in ne o s the algebraic surm of the power flows determined from
pguations (1.4} and (1.5}, [{GW Slagg and ALK EY - Abled, (1268}
Solution Techninues.
The techriques used for solving load-fiow profilems arg

5% Herative method

{3
iy
o
&
Q\

3,

0 Gauss - seidel Herative method

iy Mewlon - Raphson Berative method { also referred 1o 88 the ward -Hale mathod),

nne of the network is then oldained from he equalion:

allowe the bus voitages o be calculated from the expression;

141 )
e -2 Yoo Edgl, P =47 i, S

g

[

o=
edln AT a]
[ Ll

voitage is then substifuled back o the expression fo caicuiale Dus

Phaire O pren il
fhis i contirued unld

ent solufion of the bus vollagss.

i




GAUSE-BEIDEL [TERATIVE METHOD

This methad s almost identical 1o the Gauss Herative method except that |
vollages infe the expression fo oblain e new value of the bus
ccent value of bus voltage s subshiuted nlo the expression. In othe

wiss method only e bus vollages from the previcus ierslions as

E

a4

Seidel method, for evaluating the nth bus vollages for the ideration

e

ey

-

{11} bus while the bus voltage for the previous fterations are used for the

£y

NEWTON-RAPHSON ITERATIVE METHOD
This method of solving non linear squation was adopled by ward andd HMale. 1His by
ar the most sophisticated of the basic methods, Not only haall work in most cases withou
risk of divergence, but i will also as 3 rule converge faster than the prodseding methods
destribed.

he method s based on the folfowing theory consider the simuitansous equations:

(X5, X 2, wememrnnen , xg-';, = 0
f ,

& + s:‘.sxz @, G
i + Aupt £

These equsiions can then be expanded using the

spoontd order lerms, since the emors Axy, are small, wa get

B0 e ) e A0 (O AR PO e = )

'Awwl

e 73X 2

{'j{’l" ~~~~~~~~~~~~ = ’;:3

dxz dxe

e
o
%,
v
posess

fing this in a malrx fonm, we havs

Whera Jig referred 1o gs the Jacobian an 5 squal )




{ddfofdXe} ™ [ifafdxay

The corrections o the initial guess AXO are sgqual o

Ao £03Y e SR T74th SETIN I

it terms of the load flow problem, the power stbus Pis

Sp = Pp-JQp =Ep'lp "’ﬁ’“"> Ypats
q =1

$in
Lol
e
L~
b
Lo
13
A
1%
<
£
¥
o]
3

torecasting is & very crucial activity In eleclicity 5;3;:;;;:%’3;, Forecast are bases on the
previous year loading for the perind in question updated by factors suoh ax general ioad
morease, major new load, and weather trends. Both power demand and energy forecast
are used, the later often being the more readily obtained. Energy trends tends i be less
erratic than peak power demands and are considersd belter growth ingicalors; however
inad forerasts are also erratic In nalure,

Az weather has much infiuence on residential than on industrial demands, # may be

prefarable to assamble the load forecast in constituent pars 1o obiain the olal In many

cases, the sessonal vardations in pesk demand are gaused by o

. Ty - £ oyl
SEHAN0ES such as heaters, aircondiionsrs, A now! 93’1*‘? of the | ?Ci’@?:ﬂi:’?{} HEE OF BUCH

whiannes s therslore essential, The many physical fackors aéf’f soling ioads, sxamples

.:‘2""

waaiher, :og“w TV programmes, public holiday, make forecasting a complex process

sy

o, . o Som THY g enien
i Long term forecasting, with time horizon on the order of 15 to 20 years.

Short term forecasting of an integrated aclive lcad demand of an wban power

system is often required for enonomic generation scheduling and security checking,




it aiso helps the plant oparaior in allocating the generaler spinning reserve o m
the peak ioad demand for the area. Demand for such slectriclty s forecasting by

agencias such as NEPA The technigues used by thess agencies are mainly basad

averaogs vear nading and then mrolecting the orowth
0 ‘ad d

gvery year based on g cerlain paltern of assumption
FACTORS INFLUENCING LOAD FORECASY

The load growih of g geographical area served by g ulility company & the most

impivtand Tactor influencing the sxpression of the distribution sysiem. The figure below

shiws 50m % of the faclors, which influsnces the load foreoast,

. < 2‘ A i
O, ™, I RN
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nioal ares served by a ulilily company 5 the most

sangion of the dstribution system. Thereforg, load-

sential 1o the planning procedure, Fitling trends after

sansformation of dats as & common practice in technicsl forecasting. An arlthmedic straight
eTede fi'?-.

fng that will not fir the original data may it for exarnple, e iogarithms of the dala a3

shown by exponential frend

This expression s sometime calied @ growth squation, since it s used o explain the

if the load growth I8 known, the load &
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WheraPn = Load gt the end of the nth year
Po = initial foad

3
:

inifial growth rate

B = rumber of years

g, 1 =g o= boand no= x, then equalion s dentical (o the

FORECAST METHODS

The forgeast methods are diversed and based on exirapoiation, thal © ability lo ook

¥

into the fulure, the past and ioday's information. Many works relgling o e energy

orcbiems reveal the possibility of wide-scale employment of the probabilily theory methods

Ai}

slanning probis

2 sighistics for solving ih

and mathemat

A nurnber of most popuiar maethicd in load forecasting include
{13 Forgcast by produce growth factor.
i MNormative method

£reey

iy Correlation method

c,ﬁ

vy Forecasting with e use of me series,

FORECAST BY PRODUCE FACTOR
This is made by projecting the growth wends in the past into the fulure. For

instance, if the growih facier K -1 of the power consumption for the past years 18 known,
the forecast forthe Thhyearls Cr= {1+ K10y
And K1 =0

Where O -1 and O+ -2 are consumption for the {T-1ith and {T-2) th years.

This method is simple but inaccurate because the data in the past {growth factor
(K ¢ -1} are applied fo the future without any refinement. On some oocasions, these

5 nffer iolerable accuracy, howsver the advert of computers make it ohsolete,

HORMATIVE METHOD
The power demand is also forecast by the so-called normalive methoed, which

sumplion per unil produce of varous enterprises and
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15 PROJECT QUTLINE
Chapter one infroduces the project and literaly ire review on power distribution, foad
fiow and ’f::em&;g
Chapler two deals with the application of power fiow analysis 1o NEPA 1IKY
fribution network

o . ¥
m

Chapter thres discusses the resulls obizined from ihe compulgr 8y T ation

DICOrar.

i

Finally, Chapler four discusses e conclision reached and recommendations
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o
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of buses, the locgtion of static capaciiors, shunt reactors, and hose network slements in

which off-norminal tums ratios of ransformers are 1o be represented.

The aix buses thal constiute the NEPA 11KV disiribution network for Minns

{3 Shiroro subsiation bus code number

dip  Shiroro Hotel bus code number £

Y

{H}  Former powsr station bus code number \

o

it Chanchans Water W ke cods number
ViV \,-'Qd:!{/::cf-';;}a} [=35 ’r;{:{ S COo0e S sY

o

fvi IBE house bus oode number

£33

Vit NAA TIKY nanal bus code numbar

The connections betwesn hese vnes are shown in figure 2.1

<1 DATA PREPARATION

For the computer program that s 1o be used for simulation, data have 1o be

H P

oblained by first measuring the length of the ine. Thus, the foliowing caloulations are carry-
out to obiained the values of the different fines parametars, that s, the impedance and fine
charging admitiance all in per unit values,

For the diglebution nelwork, the size of the conducior used s 150mm® in oross-

sectional area. The impedances and admittances of the transmission fnes are caloulzied

For Aluminur conductor with orss-sectinongl ares = 150mm? sffective resistanc

R 3,147 QAN

Msﬂ ‘(v"'\‘_(';" 3
Heactanne X =0124 L Em

Capaciance |, C= 0405y fhm

i per unil, the Iing parameters can be calculated thus

£

Fase Power VA = By =V

,M
bl
i
v

0 PO i M- -
Base Curant & =

‘«jb
Bass impedance (O = Ly =V =Yg
by 5’3‘4
26
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¥ = iufe
= 2% 342 x50 « 0405 1 10

= [127.235 X 105 (KM

Base Powsr Sp = HHBAVA

HBasg Vollage Vy = THRY
Fllmpedance Zou= 2K

Ly
Puadmilance YP U= 1
FARY &2 203 By

2

<

23

-
:\

~
3
H
s

iy

i Tl

b

S
Ford = R+ X

= 0,147 + 0,124

i

¥ pu o F 7235w 108 x 121 x 100
100w 108

= L00E p

The hus nower af the bus {except the slack or reference bus) are caloulaiad fron

& ransformer ralings.

o

For example, for 2 franstormer of 0.58VA

MY A rating = (350

43

e

ase Power Sy =

kd

$

{3
Fer unit valug = 05=0005py

3

. by oif £ DL e P A Y B T
{’}'cf. \,\ AR 'u{{:i';' {«»’g ‘\}C? - \,.-‘ngg ‘;vi-.}.’\)j \jb.’?f
o s o £ O Pan U BT o =l (04 o
Real Power, P « (004 Cos 3687 =0.004 pu

f}
A3
<
53
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For 34 MVA
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Heal Power P = DO Cos 3887 = 0008 o,

BO06 nu
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Por unit vaige e 5 = D5 o

i

Heal Power, P 0015 Cos 3087 = G017 ow

“ . o AL e TN R O - G s
Regctive Power, 3 = DB S 3ERY e = G008 nu
I ey $hn i - h e, menrirn b £33 134 M

For the presant work, seres impedance is 01215 + 0025 pu.

Therefore the iolsl seres impedance of the parlioular line s oblainad by mulliplying 01215
= {03025 p.u by the total length of the line is KM

T fondeon

Fhe fine charging admittance is oblaingd by mulliplying [0.00015 p.u by the total

P Ty A

he ine in K. And the following tabls 2.1 1s obilained.

TABLE 2.1 LINE DATA SPECIFICATION

SUS CODE | LENGTH 00 TIMPEDANCE Zpg (p.u) LINE

it | CHARGING

' RESISTANCE | REACTANCE | ADMITTANG
P

(0256 0.0000

X
o
[
o

1 5%
- 2.00 0.2430 0.2050 0.00030
14 9.67 L 0.9912 0.00145
15 55 0.5740 0.50084
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23 35 3 {1 G 00053
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e €03 K03 T
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aned

30
{3
T e

& £43

. im e
5y 5D

3G 4, 0.5164 {.4356 2.0
K2 17 .80 2827 18245 .0028
55 12,63 23850 RV 03,0020

27




TABLE 2.2 BUS DATA SPECIFICATION

Hro

;wu%s,adv

A&&;n* Bug

Cieneralion

Load

0GR 5 T W

P Voltage (pu) | Megawalls | Megavars | Real  Power| Reactive
’ {aRE); Powsr O

—— (P.Y)
0 i 6 b

¥ { 00120 10080

0 f 0.0032 0.0024

{ { 0.0080 {0080

{3 ¥ 0.0040 o.o0e
8 { 0 0 0

TABLE 2.3 LINE ADMITTANCES
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The Simulation Program:

P

Bascal program is used for the simulation of ihe present WO

sscal is usad hecause of the simpiicity of the program and aiso very 8asy (0 gxanuls an @

compuber,
Tha program is given in appendi B . The gauss seidel method of sclution is used,

pas



CHAPTER THREE
RESULTS AND DISUSSION

The resulls from the simulation progranm are printed oul in appeEn ndix ©. The bus
yeitaces associated with esch bus ar8 Sirst printed out. This is foliwed by the print out of

T B T2 Te o N T FT o i B Aoyt
e regl and readd fye powel r o betwesn g vanous muses, Since Werg 5 no direst

coupiing of buses, with six numbers of buses, 2 total of ¥ sirty elemenis of real 2 and reactive

a

ess
]
s
prucss
4o
2

Also, with a total number of wix buses, six different vaiuss of vollages &f
st Copcarning the fine flows, the real and reschive power 10 Howing ineach ine connesting

ane bus fo anciher & printed out rhe resulls printed cul by compuier a%e i per Ll

Sues, A base of 100MVA S used. S0 the actual valug 18 obtained by multiplying the per

3
3
M
o

it vailug by the base MVA, that 15 107, to get the real vaiug i watts. From ihe print oul
joTett Y

we can giso ses hat there 1s 10 generation, this 18 due to the fact thad, the systam ynier

re tnad buses.

£
JS\]

eonsideration doss nol involve powas generation. 50 & the huse:

i




CHAPTER FOUR
CONCLUSION AND RECOMMENDATION

41 CONCLUSION
The aime and objectives of this project wink i achieved, singe the simulation
srogram developed is capable of caluudaling the us-bar voliages, ling fow both real and

FRECHVEe DOWEr BOW.

he program i wiitten In Pascal using the Gauss-seidel method of solution of

solving power flow problems, Wilh this pmgram e yser wil be able o compule the bug

har voltage and real and readtive power How i @ power nalwork
The puriber of eration after which convergence otcurred s & that shows e method of

soltion i effective for 2 smsh network of this kind.

47 RECOMMENDATIONS

want to recommend thatl, utity company like the Na tangl Electric Power Authonty

Ll RS

NERA) should encourage studenis 10 carty On | sroject work with her, especially a prosect
ik of this kind, This wil go along way i assisling NEPA o mprove on her sarvices 1o

ansymens by mainiaining the stelbiity of power supply and in this way peop e will be

willing 1o pay thelr bills g:«mmpiiy.

&




APPENDIX A

Fow Chart for power flow computation usk gihﬁ Gau gidel 11 y:i Vefooi ;'{
vt
M.ead i w'e;w?“‘a‘m Y -{éym‘ % £ i §
<4 oy dFn Ce SHEEY L X
 ALEANIE. BomE MUIMGgE 4F 1300 fer gl
e S Bxowfh Pr8 shee WS m &+ i0.0
Cob Ghorabomt Losity  KE® j
A -
Fovm  Povomider OF wolisfe Cfwabion AP gn )
RN L - S
L1 mas AR R IR SE Lk S Choade.  INYaimn o g |
(3T R Coasitt e
Tatd
fror Slack
inil ?/
C Golve  WeHrGe %‘%ﬁ‘*%‘m Ay ézwm giﬁ '
i ﬁé’ o g ;;:«»g EL ﬁ? "%f -
A i )
‘én’
_,f: L ospipge OR byl ¥,
ﬁ‘?‘{f.e:g-ffez ¥
&
&‘3‘? x‘)&{m a@x
sz LG ]
ot g -
e R by v{, ~ 1
Y [V Y g;i;%,q;c P d TP ; z
?‘%‘g'
A}" fr&
Fared ﬁ-fw“‘ >
\Yf”éfaﬁwﬁ
g
- y . ﬁﬁg{”‘f%?’*’ i
Foviy s Lo o . sd ; e
- _ ZHani ¥ {ess o 4 s
(Fetih o A Lamiierge P 5 Flowd an Praddey

Lanie F
A e

28

ab Rlack by




b

o

o

W

o

REFERENCES

GLENN Y

AHRMED M

STAGG AND
EL-ABIAD (1868)

ANTHONYS. PANSING (1086},
$.0. UWAIFG 11994
B 1 WEEDY AND
B.J. CORY (1999
CHING - LIEN HUANG {1996);

;

OLLE L ELGERD (3977):

{::sé’ ;j\%d A&,\é'u/w {g %

ARKILLA

'.

}

Eleciric Energy Systems Theory,
FaoGraw - Hill Book ‘wj"” AN,
Naw York, pp, 218 - 271

Computer Methods In Powsy
System Analysis; MoDraw-Hill
Fook Company, New York, pp. 257 - 287,

Electrical Distribution Enginsery g:
Hayden Book Cormpany, Newlders

Electrical Powsr Distribution Planning and
i‘s&v&?rspmw’-*' h%“%i"ﬁ:ube Press Limited,
1)

agos, pp. 40101

Electric Power Systems; Johr
And Sons, pp. 22

P
i
a3
=3
<
M}
L
£57%
3:\)

fjs
>

Simctric Power Systerns Fesearch; U5

Yol 38 PP ?6. 169,

Basic blectric ?* wiar Enginesing,
Addison-Wesley Publishing Company
BOSTON, po. ’34%42; :

Computer Analysis of Power syslems,

3oL

John Wiley and Sons, pp. 7174

Flectric Power Distribution Systems;
Tata MolGraw-Hill Publish

New Delidl, pp. 46-51,

ing Company Limited,




AT
£

el

g2

"
s

a

E23

¥

al @
Taalin

o]
A

£

s

7

ARGV LA DRI 20 PRINLEAM

1%

SNy

2 X

Rl

g

B
B

Y




e T, et
EPERT

4

e

o



i

Fos
2

v

iR

PR
e

.
v

1
i
3

¥t

o3
s i

-
3
L.

-

Wy
Wil

rrt el
raiad

W

1




sy
2 3

ks

piwe

7

-
Ao W

BOIEEA

ps
$108

LLVE

p—




e

Ky

1
bt

-
5,

04 {3

~3
o0






