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ABSTRACT 

This report pre •• nta the load flow analy.ts and load foreca.tina for 

RlPA 11 ~v distribution network within Minna Metropolis. 

The theory of load flow and load forecastins baa been d1scu ... d. The 

VariOU8 methode of load flow probl... solutions are covered throuah this 

theory. The various types of load forecastina are also covered. 

And finally. the load flow analysi8 i. applied to JEPA 111V distribution 

network within Minna Metropolis. wher. the different quantities e.sociated 

with the varioU8 luse., that 1., the volta •••• the power real and reactive 

etc ••• have been calculated. 



TAIL! or CORTEHTS 

Title ,.'e .......•...•.................................................. ., .. 1 

D.claration •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 11 

Approval ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 111 

D.dic.tion •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• iv 

A.c:knovled,eaent •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• v 

Abstract ...................................................................... vi 

CltAPTI1\ 1 

1.1 In~roduct1on ••••••••••••••••••••••••••••••••••••••••••• •••••••• 1 ....... . 

1.2 Distribution n.tvorka •••••••••••••••••••••••••••••••••••••••••• 1 ....... . 

1.3 2 Us. of diaital computers in load flow studi.s ••••••••••••••••••••••••••• 

Theory of load flow and load forecasting 

2.1 Theory of load flov •••••••••••••••••••••••••••••••••••••••••••• ~ •• :.~~ 

2.1.1 Introduction •••••••••••••••••••••••••••••••••••••••••••• ••••. ~ ••••••• 

2.1.2 au. cla •• 1f1catlon ••••••••••••••••••••••••••••••••••••••••••.. 4 ...... . 
1.1.3 Load flow .quation formuletion ••••••••••••••••••••••••••••••• :f •••.••• 

2.1.3.1 Load flow equations tOl'llUlation usina nodal matrix .. thod •• q ••..... 

2.1.3.2 Properti •• of nodal a4aittance "l-•• trlx •••••••••••••••••••••.•••••••• 

2.1.3.3 Advantag •• of nodal admittance aatrix .ethod •••••••••••••• ~ ••••••• 

2.1.3.4 Developaent ot 1044. ,flow equatioDs •••••••••••••••••••••••• :I. ••••••• 

2.1.4 Solution technique. c~ load flow equation ................ :. ' •• ;to • ;-: 19 •• 

2.1.4.1 Prop.rti.s r!il6f-d in load flow solution •• thod •••••••••• /~ •• ~J' .. 
2.1.4.2 ',' /1 ~/2. Data for load flow .tudi •••••••••••••••••••••••••••••••••••••••••• 

2.1.4.3 /2. - 13 Direct aethod. of .olution •••••••••••••••••••••••••••••••••••••••• 

2.1.4.4 It.rative method of eolution ••••••••••••••••••••••••••••••• /~~.~~ 

2.1.4.4.1 Gauss •• tbod •••••••••••••••••••••••••••••••••••••••••••• • /~ • :-; 'f 

2.1.4.4.1.1 /s - l.b Ca.putat1onal f.atur ••••••••••••••••••••••••••••••••••.••••••• 

2.1.4.4.2 /6 -18 Gau •• -Seldal .. thod ••••••••••••••••••••• _ •••••••••••••.•••••••• 

2.1.4.4.3 , /0 /9 Aceeleration factor8 ••••••••••••••••••••••••••••••••••••• V •• ~. 



2.1.4.4.4 Newton-Raphson method 

i 2.1.4.4.5 Coaparison of lIethode 

2.1.4.4.6 Approximation to Ne.ton-Rapheon method 

2.1.5 Line flow equations 

2.1.6 a.pre.entation of transformers 1n load flow studies 

2.1.6.1 Fixed tap setting transformer 

2.1.6.2 Phase shifting transformers 

2.1.6.3 Tap changIng under load transformers 

2.1.7 Digital comput.r studi.e load flow 

2.1.8 Information obtained 1n load flow study 

2.2 Theory of load forecaating 

2.2.1 

2.2.2 

2.2.3 

2.2.4 

2.2.5 

2.2.5.1 

2.2.5.2 

2.2.5.3 

2.2.5.4 

CHAPTBR 3 

Introduction 

Types of forecast1nl 

Factors influencing load forecasting 

Load growth equation 

Foreeastinl methods 

Forecast by produce gr~h fsetoro 

NoraaU.,e method 

Car.lation mothod 

Foreeaeting with the ~ .. of ttae peries 

Application of load flow calculation to NEPA l1KV distribution 

network for Minna .. topolis 

3.1 

3.2 

3.3 

3.4 

3.5 

Introduction 

The REPA llKV distribution network 

Data preparation 

Using of per unit .Y8tem 

Stanl.tion program 

Iq - 25 

25 

26 

2~ - 2.r 
Z-:r 

2F/ 

28 

~ -81 

3D -31 

31 - 32 

32. - 33 

33 

33 - 54 

34 - 35 

3£" 

3.b 

31-

37 

38 

38- 39 

Lro - lfJ 

,+2-

q.2. 

---- - -- --~--------------~~-- - ------ --------- ------------' 



/ 

I 
i 

INTRODUCTION 
~---------

\. 

1.1 

It is essential to have information about the continuous evaluation 

of tbe current performance of a power and to analy.e the effectiveness of 

.lternative plans for sy.tem expansion to .. et increased load demand. This 

an.lysls requires calculation of numerous load flows for both normal and 

emergency operatin. conditions. hence tbe nec ••• ity of load flow ana1yels. 

Load flov analy.i. is, tberefore, the basic calculation required to 

deteraine tbe characteristics of the steady atate of electric systems 

operatinl under nor.al conditiona. 

On tbe otber band. a reliable and sufficient power system require. 

coaprebensive and careful operation planning. The planning of the future 

develop .. nt of pover system 1. es.ential because satiefactory operation of 

the system depende on knOWing the .ffects of interconnectione witb other 

power .yst .... new loads. etc--- it ia also important to know the variations 

of load. on the .yst •• at any particular time. From this, we can .88 that the 

need of load forecasting a180 ari.... Load forecasting 18 the predIction 

of future's load b.eed on the past or today's data. 

The ata of this pre.ent project work. 1. tberefore. to deseri&' tbe 

theory of load flow analYSis and load forec •• ting and apply load flow 

analy.is to NEPA l1kv network distribution within Minna netropoli». 

1.2 Distribution networks. 
----------~--~------

D18tributio~ networks differ fro. transmisston network. in several ways, 

quite apart frO'll voltage 1l1&gultude. The unmber of branches and sources is 

mucb hisher tn distribut1.on networks and the general structure is different. 

A typical distribution system consists of a 8tep-down (132/11kv) on load tap-

1. 



(1v). Effect of temporary los. of generation and transmission circuit. 

on system loading. 

(v). Effect of temporary 1088 of leneration and tran .. i.s10n circuits 

on syste. 10ad1nl. 

(vi). Optt.ua .yate. running conditions and load distribution 

(vii). Opti.ua system lo.~.s. 

lviil). Opttmua rating and tap rana. of transformers 

(ix). Improvement from change of conductor siae and system voltage 

Three types of bus •• are repr •• ented in load flew calculations. 

~.oc1.t.d with each bus are four quantities which are the real and reactlva 

povar, the volta,e aa,nitude and tha pba.e aDlle. At a bus two of th •• e 

four quantities ara epecified. Thes. bu.e. are: 

(i). Voltage-controllad bus 

and the real pover P corr •• ponding to its ratings are .pecified. It 

1. required to find out tbe reactive pover generatlon Q and the pbase 

an,la of tha bus volta,e • Thi. type of bu. ,anarally corresponds to 

either a ,enerator where P i. fixed by turline lovenor .etting and V i. 

fixed by automatic voltage regulators actina on the .. chine excitation, 

or a bu. where tbe voltaae is fixad by aupplyinl raactive power fra. atatic 

shunt capaCitors or rotatina synchronous coapenaators. exa.ple at substations. 

(11). Load bus 

A this bus the real and reactive ca.ponents of power are apecified. 

It i8 d.sired to find out the volt8.e aap1tude and phase anile throu,b 

the load flow solution. In a phyaical power system. this corresponds 

to a load center such .a a city or an industry, Where the cU8tomer demands 

hi. paver requireaent. both P and Q are assumed to be unaffected by saa11 

Variations in bu. voltage. 
4. 



led to the load flow pTo8ra.. for large power .ystem studie. etill e.plo, 

methods ustng the bus admittance matriy.. This approach remains the most 

economical from the potnt of view of computer ttae and aeeory requirements. 

2.1.3.1 

The load flow equations can be formulated ualng modal matrix method. 

We shall first consider a three-bus syet.. to derive the load flow equations 

and. they are thus seneralized for en n-bus system. lor instance, consider 

the figure 2.1.1. 
!1 

13 

_ ......... ..lIt-,.--~-l 

123 

fia. 2.1.1 Three-bue .yetea. 

At nod. 1 11 • III + 112 + 113 

• VlYll + (VI - V2) Y12 + (VI - V')YI3 

• Vt {Yll + V1Y12 - V2Yl2 + V1Yl3 - V'Y13 

• Vl (Yll + Y12 + 1 13)' - V2YI3 - V3Yl3 
~ r 

Where Yl1 1s the shunt charging .6a1ttaoce at bu. 1 and 

Tli - Yll + '12 + '13 
J 

Y12 - - Y12 

T13 • - '13 

6. 
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(ii). 

(iii). 

(iv) • 

It is symmetrical, since Yki - tik where k and i and 

node numbers. 

It is complex 

Each off diagonal element tki is the negative of the 

branches admittance between nodes k and i, and is frequency 

of value zero. 

(v) • Each diagonal element Y
tt 

is the sum of the admittance of 

the branches which terminate on node k, including branches 

to ground. 

(vi) • Because in all but the smalleat practical networks very 

fev non zero mutual admittances exist, the matrix Y is 

highly sparse. 

2.1.3.3 

The nodal analysis has been found to be particularly suitable for digital , ,t 

eomputer work,.aad is,.a!mo§t exclusively used for routine network calculations. 

It baa the following advantages. 

(i). The numbering of nodes, performed directly from a syste. 

(ii). 

(ii1). 

(iv). 

(v) • 

(vi) • 

(vii). 

diagram, is very .imple. 

Data preparation is easy 

The number of variables and equations J.a usually les. 
'It f 

than with .ach method for power networks 

Network cros.over brenches present no difficulty. , 

Parallel branches do not increase t_e nuaber of variables 

or equations. 
, 
L ~ 

.. "" 
Node voltages are .. ailable directly fro. the: 'edlution, 

and branch currents are easily calculated. .,. 
"'.' 

Off nominal transformer taps can easily be represented. 

8. 



(li). Low computer atorase. 

Thi. ls important for larse syst ... and in the uae ot c~utera with 

emall core storas_ availability, example aiui-computera for on-line application. 

(lil) • ..liability of aolution may be obtained for ill-conditined 

probl ... , in outaae studies and for real tt.e applicationa. 

(lv). Veraability 

An ability on the part of load flow to handle conventional .nd apeclal 

feature. (example: adjuat .. nt of tap ratios on tranaforaera. different 

repr •• entatlona of power .y.t ... apparatus), and its suitability for incor-

poration lnto .are coaplicated proces •• 

(v). S1Bplicity. 

Tha e.ae of codlna a caaputer proaram of the load flow alaoritba. 

The type of .olution required for a load flow also deterain.. the method 

u.ed: 

accurate or approxt.8te 

unadjusted or adjusted 

off-line or on-line 

sinale ca.e or .ulti,le cas •• 

The first columns are requireaents needed for opttaal load flow aud 

stability studi.s, arut the second columna tho .. ue.el_ for ~sessio.a .ecurity 

of a ayst... Obviously, solutions .. y have a .txture of th ••• properti.s 

fro. .ither coluan. 

2.1.4.2 Oata for loal flow etudte •• .... --... ----------......--...... ..--..... .. ..-
Eitber che bus aelf-and mutual .&aittence. which compoae the bus 

. ;'. 

~ttal'lce ucru YINs or the 4riv1a& point out tranaf.~· ~~c:~s which 

coapoae Zws .. y b. us.d ln solriaa the load flow prOlt1ea •. :::~',~t.ttlna 
polnt in obcalnina the data wb.1ch .. t be furni.heel to'· thec.ter ta the 

one-line eliaara of the .yst... Valu.a ot aeries iapeclances and shunt 

11. 



admittance. of transmission lines are necessary so tbat the computer can 

deteraine all the Yb or Zb elements. Other essential inforaations us us 

include transforaar ratinas. and impedances, shunt capacitors ratiuss and 

transformer tap s.tt1na8. 

Operating :onditions must always be select~d for each study. At each 

bus, excftpt one, the real power into the network must be specified. The 

power drawn by a load is negative power input to the system. The other 

power inputs 4re from generators and positive or negative power entering 

over interconnections - In addition, at these buses either the net flow 

of reactive power into the network or the m'ignitude of the voltage must be 

specified, that is at each bus a decision is required whether the voltage 

magnitude or the reactive power flow is to be !Minta.ined constant. The 

usual case is to specify reactive power at load buses and voltage magnitude 

at generator buses, although somettmas reactive power is specified for the 

generators. In digital computer programs, prOVision is made for the calcu-

lation to consider voltage to be .. intained constant at a bus. 

2.1.4.3 Direct methods of solution ------------------
Thess basically invert the admittance matrix, a process consuming both 

in time and cODputer ctorage. Many methods are available and these include 

Gaussian elemnation. lJircct methods solve only lineat' s~sta1l1B» that is: 

[I] so [y1 [V] where [11 is specified. The fact thl.lt pOl1Er~ are specified 

makes, in practice. the problem non linear. A new ITslue for I must be 

* obtained from S - VI after each direct solution and this value used to 

obtain a new one. 

When solving the set of equl'lt!onc [A] f.J.J <= [b] tl1~ 'i~e:~·d~~.}1.ctor 

r • [bl - [A] [1:] is not zero ber-use of round1ng er1:ors ... ~~~r~\ibl~a8rise 
'4 ... ', .'.,." _ 

is sm1l11 the sc1ution n,;;.y be inllcurato. Such nn~r1~~n are often large and . 
sparse and for most rows the diagonal element'ts equal to the sum of the 

12. 
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the non-4ia8onal element8 and of 0pp081te alan. We can tberefore 8ay 

tbat the diract method i. not accurate when dealina will large pover .y.t .... 

Bence the introduction of tbe iterative .. thods. 

2.1.4.4 Iterative .. thods of 80lution. _ .. __ , •• __ .... ____ • ad •••• f __ 1_ 

.. the load flow equations (~ 11) are nonlinear, tbey can b. solved 

by an iterative .. thod. The.e iterative metbod8 include: 

(1). Gaua.' ... thod 

(11). Gau •• - Seid.1 .. tbod 

(iil). Newton - Rap~n .. thod 

But before th ..... thod. are expleined, a .pecific example 1. taken 

and th ..... tbod. are applied for the 801utlon of load flow equations. 

Let ua cons1ckr the ft .... 2.1.2 b.lov. 

--r--"---r-- 2 
3 

!!I!. .. ~!! ~~!.. flve bue aY8tea 

--z~--a..- 5" 
Thta 5 bua .yst .. baa tvo aenerator. at bu.e. 1 and 3 and three lou 

bus •• 2, 4 and 5. The nodal ad.lttance matrix ia a180 11ven .a fol1oW8. . 
Yn Y12 0 Y14 YiS 

121 Y22 Y23 0 0 
0., • 

" 

,.' " 
..... :: .. ~ 

Ip, • 0 Y32 Y33 Y34 0 
.. :,~:;: >: 
;- I 

.\ '.iI : 
" 

Y41 0 Y.3 Y44 Y.S ' , 
..... : 

Y,S! 0 0 YS4 Y55 

13. 



By using this noelal admittance matrix along with Gem (11), the load 

flow equations for the 5 - bus system are written as follows. A8sU1lllldng 

bus 1 as the slack bus, 

VI • VI specified fixed value 

V2 • --L ·[-2L;_..1~ (Y2l VI + Y23 V3)] 

Y22 V2 

V3 • 1 [~-i~ -(Y32V2 + Y34V4) 1 
Y33 V3 

V4 • 1 r_~ - tY41Vl + Y43V3 + Y4SVS)] 
Y44 L V4 

(12) 

To understand the procedure for solution of these equations, simplifying 

assumption i8 made at the stage that all the other buses except bus 1 are 

load. buees, that is buses where P and Q are specified. The adlllittances and 

voltage a a8 used in these equations are complex quantities and the number 

of nonlinear equations i8 (n - 1) where n is the number of bU8es in the 

syst ... 

2.1.4.4.1 Gauss method ... -..- _. 

In this method, the same set of voltage is used throughout a complete 

iteration instead of immediately substituting each new value obtained to 

calculate the voltage at the next bus. The flow chart for load flow 

solution using Gauss method 1s given in appendix A. 

" " . ~ ..' 

" ............ ",'. 

', .... <:; ... .. , 

14. 
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Let A - P - jQp for all P - I, 2, ----, ft, P + S p ..2 __ --- (13) 

Ypp 

S1a1larly let B • 2'" for all p. 1, 2, -- n, P + S P'l 
Ypp 

and tt· 1. 2. - - - n, If. 'I p. 

With these simplifications, the voltage equation now becomes: 

~ 
(vk )* 

p 
P • I, 2, --, n, P t S ---- (14) 

The bus voltage equations (14) can be solved by the GaU8s-Jreidel method. 

In this .. thad the new calculated voltage vk + 1 immediately replaces Vk 
p P 

and is used in the solution of the subsequent equations. And the process 

is continued until changes in all bus voltaaes are negligible. After the 

solution bas been obtained, the power at the slack bus and line flows can 

be calculated. The equation (12) in this case becomes. 

~ + 1. 1 [~ (Y21Vi + Y23~ > ] 2 
Y22 (~ )* 

2 

(Y32~ + 1 + Y34vt >] ~ + 1. L [~~~iJ~ -3 
Y33 

~ + 1 Hi J • 1 l4 - jC14 - (Y41Vl + Y43V3 - Y4SV~) 4 -c;r>r-
Y44 

It + 1 ] (lS) 
~ + 1 1 [ p~ - jQS - {YSIVI + YS4V4 ) . • 

S -- -.-
YSS (VS> 

is given as below: 

vk + 1 • 1 [ P - jQp -p - ::.2 __ _ 
Y _Jr. * 

pp (V-p> 

The flow chart for Guaes - .feidel method is given in appendiX B. 

16. 



fil_ 2.1.4 Plow chart for GuaS8 - Yeidel method. 

The procedure for solution is outlined below. 

1. ".use a flat voltage profile 1 + jo.o for all nodal voltages 

except the slack bus 1. Assume a suitable value of E the convergence 

criterion in if tbe absolute value of th4 IIlaximum cbange In volt.!l.io! between 

any two consecutive iterations is less than a pre specified value or tolerance 

E, the convergence 1s achieved and the iterative procedure is terminated. 

l(a) Set iteration count K - 0 

l(b) Set bus count P - I 

ICc) Check for slack bus. If it is a 81Bck bus, go to step 4(a), 

otherwise go to next step. 

2. Cheek which of the buses are voltage - controlled buses and which 

are load buses. For voltage - controlled buses go to next state-

aent, otherwise go to step 4. 

3. Replace the value of the voltage magnitude of voltage - controlled 

bus in that iteration by the specified value. Keep the phase angle 

same 88 in that 1tera~ion. Calculate Q for the generator bus. If 

Q lies between the lower and upper bounds, calculate the term 

(P - jQ) IV for this bus. Repeat this for 311 voltage - controlled 

buses and calculate this term and sustitute this term (V - jQ)/V 

in the load flow equation corresponding to the voltage controlled 

bue. Calculate the new value of voltage for the bus. It is to 

be noted that if thf~re are morE! th:tn one generator buses, the 

voltage magnitude of that bue only is replaced by its specified 

value, while calcula.ting Q and P of a partic~.t .. Q~~ The voltage 
<·~~{~~2:~.··:· ~<:{,~. 

of other generator buses viII be correspo~. :to':'1\_f:"lllue in that 

iteration. 

In ease any or all the voltage cor:trolhd buses'vid'late,the.reactive 

power genere.tion, the bus' will be treatp.d as a lead bus and the magnitude 

17. 



Constant that increases the amount of correction to bring the voltage closer 

to the value it is approaching. The multipliers that accomplish this i.proved 

convergence are called the acceleration factors. The difference between 

the newly calculated voltage and the best previous voltage at the bus i8 

multiplied by the appropr1ate acceleration factor to obtain a better correction 

to be added to the previous value. The acceleration factor for the real 

component of the correction may differ from that for the imaginary component. 

For any system, optimum values for acceleration factor exist, and poor choice 

of factors may result in less rapid convergence or make convergence impossible. 

An acceleration factor of 1.6 for both the real and imaginary components is 

usually a good choice. However studies may be made to determine the best 

choice for a particular system. 

2.1.4.4.4 

The load flow problem can be, can also be Robr",d by using Newton-Raphon 

method. using a set of non linear equations to expresse the specified real 

and reactive powers in terms of bUB voltages. The equation. for the method 

are derived as follows: 

• 
• • 

• 
• • 

We know that at any bus , the power is given by, 

p - jQ 
P P 

Let V • ep p~ 

and Y -p,£ 

Pp - jQp 

Let a180 V 

* '* • V 1 - V ~ 
P P P 

~ y V. 
Pt • 

+ jfp . 
Gp't - j B 

P .... 

- (ep + jfp) • 

- e + j£ 

"" 

(e 
p 

-+ jf) 
p 

Col - jfp) 
p 

«t. 1 

." 

,- 1 

~ (G
p

, - jBp ,) , .,;. 
leparating the real and the imaginary parts we have 

" . 

" i . '! 



n 

'p • z:. 
~. 1 

}. ~ .• c.,.+ t p .. ' 1\ • 

.•. ...................... _ ......... .........-.. (19) 

Thl. for.ulation re.alta in ••• t of nonlinear .t.ultaneou. equation •• 

Th. real aDd reactive power. P p and ~ are known and the r.al aDd iuailUlry 

co. poDente of voltase ep and f, ar. VDknGvD for all bus •• exc.pt the 

.lack bus, wher. the voltaa. ie .,.cified ancl r_iu fixed. Thue there 

are 2(n-l) .quation. to be solv.d for a load flow probl .. Wher. n is the 

DUllber of buaaa. 'nla hvton-laph801l _thod required that a eet of linear 

equation. be fOrMd expre •• ina the relation.hip b.tv.en chana.. in real .nd 

reactive powers and the coaponants of the bu. volt..... Aaauatna there i. 

only one saner. tor bua which i. taken .. the alaek bus and all other bue •• 

are load buse •• va set: 

d
P ---~ 

• 

AQ2 ~ 

~·t I 
I 

• 
I 

A~ A<to. -
2(n-l) x 1 

~ 
d'~n , 

•• I 

A~ -
2(n-1) x 2 (n-1) 

Wher. the coefficient aatrix i. the Jacolion. 

A ... 
I 
I , 
I 
I . 

In short fom thie equation (20) can be written .a: 

f' 

"::' ... '. : . 

• .. 

------ (20) 
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J 1 
• I 

-r 
Af 1 

J 3 

In ca •• tb •• yatea containa all type. of bo.... tb •• et of equations ia 

written aas 

oP J 1 J 2 ---1---
AQ • I 

J 3 J • 

- ---1--

The .1eMllta of the JecoU.on aatrlx utrlx can b. derivad frOli tIM thra. 

load flow ectuatiou (27) - (19). 

'lb. off - «I1&&ou1 a1 ... nts of J 1 are 

• 

and the dlaaona1 .1 .... '. of J 1 are 

) P • 2e G + f. - f B + , PPq 'Pq PPP -

• 2. G P pp 

The off-d1qona1 of J 2 are 

~P2 • .p.pq + fpa ... q ~ p 

&- fq 

and the dialona1 .1 ... nta are 

q • 1 
q + p 

.il. 

(21) • 

(22). 

..... . -...•• . .... (23) 

. '. :.~~ . 
• :t~'· .~.' .? (24) 

, , 
, 



The off-dla,onal .l ... nta of J
3 

are 

~Q_ • • B + f G 
~ P Pq P P.' 
deq 

aDd the dlalonel al..ent8 ara 
n 

2. 
p - ~ (fqG 

Pq 
q • 1 
q + , 

q. p ~~-~--- --~ (25) 

---, M' - (26) 

the off-d1aaonal and dt.aaona1 .1 ... nta of J 4 re.pectlvaly are 

()~ • - a G + f pip. • q ~ p ----- (27) , '. 
dfq 

n 

d-~ • 2 fpl,p + £ (e. G + f I - • -1 
'q q 'q 

Of, 
• ~ p 

The off-d1aaoua1 aDd d1aloaal el ... nta of JS are 

d~~~~ • 0, tt + p 

de~ 

• 2 e. , 

!be off-dla,onel aDd dtaaonal el ... nt. of J 6 are 

) (21) , 

(29) , ' 

(30) 

d/v,2 • 0, q tI p n;- --- (31) 

au ~'V,/2 • 2 f , -, E (32) 

-
41p 

.ext ve calculate the raaidual eolUBD vector eonalatloa of~l, ~Q 
,".,:; 

and ! AV!2. Let Pap' Qap aDd IV.p' b. tbe .,.ctfled "'~.~".~,t \tlM bua p. 

Aaeuatq a auttabls value of solution (flat volta •• pl'Oft.1.~~·~·''''' ,.ae) the 
." ": ..... 0" 

value of P, Q, !V! at the varlous bu.e. are ealculat.d~>:~- , •.. ~;'; ':.':'.' 
'. ". ~ , .: ...... .. . . 

• ~', " .:' • 'eO '. 

, . 
',.' I' 

: ...... 

AO Q _ 00 

~ -,. 8, " 
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(33) 

Where the superscript zero means the value calculated corresponding to 

initial gues8, that is zeroth iteration. 

Baving calculated the Jacolian matrix and the residual column vector 

corresponding to the intial guess (initial solution) the desired increment 

voltage vector can be calculated by using any standard technique 

(preferably Gauss elimination with spar8ity techniques). The next better 

solution will be 

• e: + 

• 

Tbese values of voltages will be used in the next iteration. The process 

will be repeated and in general the new better estimates for bus voltages 

will be 

The process is repeated till the magnitude of the largest element in 

the re8idual coluan vector is le88 than the re8pecified value. 

The flow chart for load 

given in appendix C. 

• ....... '!I .. 

. ' ...... :', . ~ . 
;. ... .. . ~ ,. 

, ' 
t, .•.• 

. ' 
't., . . '. 
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The procedure of solution is outlined below. 

1. Assume a suitable solution for all buses except the slack bus. Let 

Vp • 1 + jo.o for p • I, 2 -- n. p • s, Vs • a + jo.o. 

2. Set conversence criterion • E. that is if the largest of alsoute 

of the residues exceeds E the process is repeated, otherwise it is terminated. 

3. Set iteration count K • 0 

4. Set bus count p • 1 

5. Cheek if p is a slack bus. If yes, go to step 10 -

6. Calculate the real and reactive powers Pp and Qp re.peeticely 

using equations (17) and (18) respectively. 

7. Evaluate Apk • P _ pk 
p sp p-

8. Cheek if the bus in question is a lenerator bus. If yea, 

compare the ~ with the limita. If it exeeeda the limit, fix the reactive 

power leneration to the correspondinl limit and treat the bua as a load 

bus for that iteration and go to next step. If the lower limit is riolated 

set Qpsp • ~. If the limit is not riolated evaluate the following 

residue 

I~Vp/2 _ IVp/ 2
sp - 1v!/2 and go to step 10. 

9. Evaluate A c¢ • Qsp - Q! 
10. Advance the bus count by I, that is p • P + 1 and cheek if all the 

bus.s been accounted. If not, go to step 5. 

11. Deteraine the largest of the alsolute of the residue. 

12. If the larae.t of the alaolute value of the residua 18 less than 

13. 

14. 

IS. 

E, 10 to step 17. 

Evaluate elements for the Jacobian 

Calculate voltage increments ... k 
p and 

Calculate new bu8 voltaaes 
k + 1 e -p f: + 1 • f: + Afk. p 

Evsluate cos J and sin Gp of all voltages. 
p 

~4. 

... .• ' ,~" 

.~. 

.; 
. ii , 

:r , 

i 
! 
I 



16. Advance iteration count I • k + 1 aod so to etep 4. 

17. Ivaluate ~ aDd li .. power. ADd print the re .. lt •• 

8ince th. auaua. - Sei .. l 18 UDdoubtHly auperio to Queua. _thod, the 

co.pariaon 1. re.tricted only between Guau.a - Seldel .. thod and Nevtoa-Raph.on 

_thod n4 that too when Y bu. utrlx le und for probl .. forwulaticm. FrOil 

the view of coaputer .-.ory requlr ... nca, polar coordinat •• are preferred 

for aolution ba.H on RevtOO-lapb80D .. thod and rectansular coordinate. for 

Guaun - kidel .. thod. 

The tiae taken to perfor. ODe iteration of the ca.putation i. relatively 

... ller in cu. of Guaue - Seidel _thod .u c01llpared to Nevtou-laphsOll but 

the uu.ber of iteratioae required by Cuaua-Seidel _thod for a particular 

ayat.. are Ireat.r a. coapared to Jevton-Rapheon .. thod and they incr.... with 

tbe iner.... in the ata. of the ayac... In ca .. of Nevtou-laphaon metbod 

the aa.bar of iceracioue i • .ore or le.a independ.nt of the etae of the 

8yate. and vary betveen 1 aDd 5 iterationa. The CODveraenee characteriatica 

of Nevton-laphaon .. thod are not affected by the .. laction of a alack bu. 

whereaa that of Guau.. - Seidel ia aoBet1aea very a.riouely affected and tha 

.. lection of • particular bua .. y reault in poor conversence. 

The .. in advantage of proar..a1na and ~.t efficlent us_ of cora .emory. 

Nevertbele.s. for laTa_ power .yet.... Newton-P~ph.on ta found to ba wore 

cODYeraence characterintlca. Even ~Ih ~oa-Raphnon method can aolve 

.at of the practical probl.... it ., fall in re.pect of SOlIe ill-condition" 

probl_ ""ere other aclvanced .. ell_tical proar.-1na tecbnl~~~ M~e the aon-
'''~'';? ::". ,:-: ....... ~.~:;~ ~--:::r..':. "\ ., 

liaear prolraaaina techeiqu. can be u •• el. To bave .n., ..... ~: ..f.~~ •. of 
~ . I,., .t .... j ,. 

the COIIPutatlon t~ tabo b,. Bevton-laphaon .. cbod, l.-,~~·.~~.t~ 
take. le •• thaa 10 eeccmels to obtaia a load flow soluttori~ ~f'·.1~:~~~Y.~" 

"1:' 

startlal vith a flat ~ltaae .olution of (1 + jo.o). Tb1a includes the 

foraulat1on of nodal i.lttaace utrix anel ita acor .. _ U.me. 
, 25. 
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2.1.4.4.6 

It 1s well C!cwn that a small change iu phase angle changes the flow 

of active power and d~ee not affect much the flow of reactive power. 

S1m1larly, a small chenge in nodal voltage affects the flow of reactive 

power whereas the active power practically does not change. Keeping these 

facts in mind and using the polar coordinates. the set of linear load flow 

equetions can be written in matrix form as follows: 

AP 

• (34) 

AQ IAV/ 

Bere J 1 corresponds to the elements ~ P which exist. 
aJ 

J 2 
corresponds to the elementa )P which do not - exist, therefore, 

d Ivl are zero. 

J
3 

corresponds to the el ... nta ~ which do not exiat and, 
4& 

therefore 

J 4 corresponds to the el ... nta ~ which exist. 

d/VI 

This certainly simplifies the calculation and results in smaller computation 

time. 

2.1.5 

After the iterative solution of bus voltages is completed, line flowa 

can be calculated. The current at bus p in the line connecting b". p to ! 

is ipq - (V V ) + V t 
p - q Ypq P ~ 

2 

Where Ypq is the line admittance 
~ ..... 
~. . 

Y1 is the total line cha.rging admittance. 
pq 

'", :"':, ...• .'-.. 
, .~ 

.......... 4 •• 

V 1 is the current contribution at bus p due to line'charging. 
p~ 

2 
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the power flow. real .... r.aetf. ... 1. 

P - jQ • v,* 
" pq 

-2 

WIlere P pq 1. the real ,over flow frOIl ka p to q aad Qpq 1. tbe reactive 

power flow ft'Oll bWI p to ca-

S1Ularly at bu q. the pover flow fro. bus q to p isn 

* -v qp 

the power loe. 1n 11ne , - q 1. the algebralc aua of the power flova 

2.1.6 

The tappe. tranefor.er operattac at off-ftOa1Dal t., po81tloo. ,rov!de 

.. an8 of exchaDliua reactl.. power between aetworks operati~ at different 

volta.... aa4 between ,AnArator. A1.l4 the network eyat.. to whicb they are 

COftUected. lt 1e therefore required to refl.ct tbl. into power balance 

equat1cma. 

A traneformer with off - noatnal turn. rat10e ean be r8'l'e.Aot84 by 

It. tapedanca. or a4a1ttanc., connected 1n .ar1e. with an 1de.1 auto-trane-

for-.r. AD equivatent ericu1t rapr ••• ntatioa to be u.Ad 1n load In load 

flow studi.A" 1. shown ill tbe f llVft 2.1.6. 

";'. 

27. 
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I, 

!<.! - 1)1" 
aa 

-.. . 

Where a is the turns ratio. 

y /a 

fig_ 2.1.6 equivalent 

.". cricuit. 

The parameters of the equivalent circuit are as follows. 

When the off nominal turns ratio is representated at bus p for a trans-

former connecting p and q. the self - admittance at bus is: 

y • y + v pq pI ~p2 -+ 

The mutual admittance f1"Oll p to q is: 

y 
pq . -

a 

Th. self - admittance at bus q ia: 

The autual - admittance fra. q to pis: 

. -

2.1.6.2 

+ 

.~. " ',I "':;'.':~ : 

A pbase shifting transformer can be represented in load flow'studies 

by its impedance or admittance. connected in series with an ideal auto-



transformer having a complex turns ratio 3S shown in figure 2.1.7. Then the 

terminal voltages are related by E - a + jbs where E and E are the 
p 8 P s 

primary and secondary voltages respectively, and a + jbs is a complex 
s 

turns ratio. 

® ® 
Q l +j l,s : 1 

@ ® I I ¢ I 411" 
I ':1'1-

;> 
) . 

"",t- . 
""".$ 7. 

fig. 2.1.1 Phase shifting transformer representation. 

The different admittances are as follows: 

The self-admittance at bus is given by: 

Ypp - yp1 + Yp2 --- + Ypq --- + 'pn 

a 2+b2 
8 S 

The autual admittance is: 

y - - y 
qp -~ 

as + jbs 

Similarly the self-admittance at bus q is: 

y - Y 1 + Y 2 --- + Yqp --- + , qq qq. qn 

Anol the mutual admittance is: 

2.1.6.3 
" .' ~<.:.// ;"' .. 

III the repre.""tatlon aoltap chaDl\ing """ar load '<1M ... 
it is necessary to change the turns ratio to obtain the"4~,~piCucte .. , . ,..... .,'~: ~.' 

. " 

of voltage at a specified bus. This can be accomplished by ~.'i" the 

turns ratio by a small in crement A a once in any iteration when the voltaa. 

Z9. 

\ 



..,aitude of bue q is aueh that 

! IV!! - /Vq'sChedUled! > E. 

the staDdard chan,e in tap .ettina of TCUL transformers i8 t 5/8 

percent per .tep_ the .elf-adaittance Y and the autual &daittance Y pp pq 

• Yqp .uet be recalculated for every ehanae in the tap aettina of the 

tranafot'Mr connectiq bue.s p aael q. The equivalent circuit with the 

shunt aDd .eri •• ada1ttane •• 18 abown ln the flaure 2.1.8. 

ID (!) 

Where Vp aDd Vq are the voltale. at bu. p and q r •• pectively. 

2.1.1 

Pover co.panie .... very claborat. prolr ... for ..t1na load flow studie •• 

A typical prolr.. la capable of 1umdl1111 .yat... of .ore than 200 buB... 3000 .. 
linea aad 500 tranafor.era. Protr ... can be expanded to even Ireater al •• 

provided the availabl_ coaputer facilitiee are aufficlently larle. 

Data auppliacl to the coaaputer .. t include n .... rical valuea such.. i 

t.peclaDce. of tbe diff.rent lta .. and an indication of Vbether a bue la a 

av1nI bus. or re",lated bua Ware the volta.e 1I41nitude 1. h<:~,!!%>~~'.t by 
. " . \:"" ... :i-'~... ;" .... ,~ .. : •. ,. {' ••• 

saner.tion of r.active power Q. or a bue witb fixed p.~ ~ "'~" ~:.of P .nd 
w:: .'. ~"" ,,,\~ 

Q saneration usually auat be apecif1ed .a vell aa tbe 1" ,:lif. li~" kllo-
.;. 

voltaaparA • Unle.a otbervi •• apacified, proll'_ ..... lly .a .... ba •• of 

100 MVA. 
30. 



Total line charging in "aavars specified for each line accounts for 

shunt capacitance and equals v:; times the rated line voltage in ki10yolts 

times I chg ' divided by 103• This equals wen /V/2 where IVI is the rated 

line-to-line voltage in kilovolts, and Cn 1s the line-to-neutral capacitance 

in forads for the entire length of the line. The program creates a nominal 

representation of ~he line by dividing equally between the two ends 

of tbe line the capacitance computed from the given value of charging 

.. gavers. lor a long line, the computer could be programmed to computer the 

equivalent for capacitance distributed evenly along the line. 

The information which is obtained fro. digital solutions of load flow 

is an indication of the great contribution digital computers have made to the 

power ayatea engineer's ability of obtain operating information about the 

system not yet built and to analyse the effects of changes existing systeas. 

the following discussion is not meant to list all the information obtainable 

but should provide some insigbt into the great importance of digital computers 

in power syst.. engineering. 

The print out of results provide~, by the computer consists of a number 

tabulations. Usually the most important information to b~,consid.red first 
t 

ia the table which liata each b1II num.ber and nas, bus - .1tage magnitude 

in per unit and pbase angle, generation and 'load at each bus in .. gawatts 

and megavars, line chargins. and _Iavars of static capacitors or reactors' 

on the bus. Accoapanyina the bua lafonaation is the flow of _gawatta and 

megavars from that bus over each transmission line connected to the bus. 

The totala of syatea generatioa .. ct loads are listed in megawatts a"" .. gavers. 

power systeu any appreciable 4~:_?"~~. on the 
:";~":~"" .'.;:': .. 

caused by a change of load may to "~~~~-t . d.sh-able 

In the operation of 

primary of a transforaer 

to chana- the tap setting on transformers provided with adjus-tabl. taps in 

order to maintain proper voltage at the load. Where a tap-changing trans-

3'. 



former has been specified to keep the voltage at a bUB within de.ignated 

tolerance 11mits, the volta,e i9 examined before conver,.nce i8 coaplete. 

If the voltage i. not within the li~1t. apecified, the prolram cause. the 

coaputer to pertor. a new aet of iterations with a ona-atep change in the 

appropriata tap .etting_ The proc.a. 1. repeated a8 many ttm.. ~s nacaasary 

to cauaa the solution to confora to che desired condltions. The tap •• ttlnl 

18 listed 1n the tabulated re.ults. 

A system may ba divided Into areas. or one study may include the .ystems 

of aeveral companies each design.ted as a differant area. The computer vlll 

exaaine the flow between areaa, and dev1atiooe from tbe pre.erited flow vill 

be overcome by causin, tbe appropriate change in lenaration of a .alecte. 

lenerator in each area. In actual ayet .. operation int.rchanse of power 

between areas ia monitored to determine Whether a liven are. ie producina 

that a.ount of power which Will reeult In the deelred intercban,e. 

Among other Inforaat1on that .. , b. obtaine. i. a llstina of all bu •• s 

where the voltage u,ultude i. above or below a.. 11111t8 tbat .... t be 

apecif ied. A li.t of line loHlnae in _aavolt .... r. can be obtain". The 

printout Will al.o liet the total .... lv.tt (/1/2.) &ad ... avar (/I/lx) loase. 

in the ey.t •• aDd both P and Q a1sBatch at .ach bus. Ml ... tch i. an iudlcation 

of th. precl •• n.aa of the .olution anel ia the differanca becv.an P (enel alae 

usually Q) ent.rlna anel le.vin8 each bu8. 

2.2 THEOIlY OF LOAD I'OlUtCAftl11G -...-.... ...................... __ .... rp 

It la evident that load forecaatln, 1e a erutlal .ctivit~~~nl~ctrl-
.;~: •. : ".~.,~_ ~;,~ • . ,1 

city aupply. Foreca.ta ara ba.ect on the previous y.ar'. ,~ ..... fOii-tbe 

perl04 ill queation upcl4te. by factors such left8ral 10acl 1Iler ....... · Mjor 

t\8V loade, and weather tl'end.. Both power cI.aaucl and eu1'lY foreca.t. are used. 

tbe latter oftn bei1ll the 1IDra read1; obtaiDM. rro. enarIY forec •• te 



...... ~alue. .., be deterained. Inar&1 trend. tead to b. 1... erratic thaD 

puk power d._nel. uwl ara couUerad Mtter .rowth 1nclic.tor., bove~er load. 

forecaata are a1.0 erratic 1ft nature. 

Aa weather baa auck areater influence on re.idential than on indu.trial 

deun4a, it .Y b. preferable to ••• eable the '.oed forecast in constituent 

part. to obtain the total. In.any cases, the s8a80nal variations in p.ak 

deaand are cau •• d by w.ather-r.n.ltiv~ applianc~. ~ueh ae heat.re, air con-

dition.r. etc ---. A knowled.e of tbe increa.lnl uee of such appliance. i. 

therefore •••• ntlal. The .. ny pbystcal factors affecting loads, ex..,le 

veatb.r, national economic health, popular T. V progrAIRS t public hoUdays 8te--

.ate foreeastlUi a complex process demaDdlna experience and analytical ability. 

TWo Ca..oft tta. .ca1e of ~rtaQee to load foraea.ttna axi.t. The •• are 

(1) lODl-t.ra for.castina. vtth ti .. horizone on the or4ler of ., to 20 

y.ars and 

(ii). Short-t.r. for.castint of an lntssr.ts. activ. load deaand of an 

urban power .yet. is often r.quired for eeonOllie leuration 

ach.dulina aDd security cbeck1nl. It al.o h.1p. the power plant 

operator 1n allocatina the lenerator spinning r ••• rge to ... t tbe 

peat load d ... nd for the are. - Lona-tera foreea.ttnl i. aD •••• ntial 

nee •• ,ity for any countt'Y In view of the 10118 ••• t_ti.on period 

tor the power project.. Df1und f"r I'\lCh .1.actTic1ty 1. forMastin. 

by a&eneiee such a~ NIP. (-'tional ~ow.T eleetrit AuthoTlty>. The 

techniques used by t~ .. P.. as_nei.. are .. tnly baaed on tb. .. .... 

,tion of tatins Oft av.r ••• y.ar and tben ,rOj.ctt~'v":~h 
", ~./' . " '.<;~/ . 

•• eTY year baaed Oft • certain patt.rn of a •• UBft~. 
~ '. 

t 
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'lba 1 __ .. b 
u.u &rovt of a ,aoaraphical area .. rvad by a utl11ty COMpany 

la the eoat iaportaftt factor influanclna tbe a.panaion of the dtatribution 

ayat... The fiaura 2.2.1 indicataa ao.a of the factora which influenca the 

10acl forecaat. 

'actora influancina load foraca.t. 

AI on. would expact, lou arovth is vary 1IUcb dependant on the 

com.unity aDd ita d.v.lo,.ant. Tbua tbe lev.l of the ovarall ac~c 

aactivlty, the ralativa lavala of the activity. tha ralative leval. of 

the activity in tha dlfferant •• ctora of the eeODOll)', cha taclmobtal..·. 
" 

vh1ch are adopted for productioD of aooda and •• rvica •• tc --. ara all, 

factora that lnfluenc. the load forca.tina. Economic indica tore deaoaraphlc 

data, aocl official and u •• plaaa all .srv ••• raw input to the foraca.tlaa 

proc.dur •• 

2.2.4 .?"T<&'~·~·+?~~~·.·· 
'. r:."', ' .. ~ - ' . • •• 

, .. -.-c.;,; ...... ;' .... 

The load It'owth of the g.osraph1cal are. saned by a uttlltY~OIIp8ny 

1. tbe most important factor lnflu8nclna the axplpelon of the dletrlbutioa 

34. 
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s,st... Therefore. load forecast ins of load incr ..... i ••• sential to the 

planD1na proeedure. Jlttina trend. after tran.for.ation of d.ta 1s a comaon 

practice in technical foraca.tln«. An aritbaetic sta1&bt line that vil1 

not fit the original data may fit tor example. the logarithms of the data 

as typifled by the expoftaQtlal trend. 

----.-.-. r ___ • ___________ ......... (2.2.1) 

This expression ls someti ... called a growtb equation. aince it ia 

after u •• d to .xplaln the phenOMoon of gt'OVtb tbrough t1_. ror .... 1 •• if 

the loa4 arowth rate is known. the load at the end of n th year 1. aiven by 

Where 

p • P (1 + I)n 
n 0 

.. --........... ---..... -.......................... (2.2.2) 

p -n 
load at tbe eDd or tbfl n tb year 

p - initial load o 

8 • annual arowth rate 

n • nuaber of yera •• 

Now, if it is 80 thet Pn • Yt , '0 • a, 1 + g • b snd n • X, tben 

equation 2.2.2 t. 1dentical to tbe ~nt1al trend equatlo~ 2.2.1. 

2.2.5 rOTecut method •• . .- ._-_. --

The foreca.t .. thod are dlver .. aud bued on f\'Xtt'spolat1cm. that ia 

the abi11ty to look into the future proceed1na fro. the paet ....... y'. 

infomation. Many vorb relatlng to tbe enerlY pTobl ... reveal the possibi

lity of v14e-acale ..,lo,..nt of the proba11ty theory .. thode ao4 .. tbeaatical 

.'stiatica for solving tbe p1aDn1DC probl .... 

A number of most popular ~thods in load forecast1na include 

(i). foree&st by produce growtb factors 

(il). normative motbod 

(iii). correlation method 

(lv). foraesetiDa with the US" of ti_ .. ~te •• 
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This is made by progjecting the growth trend in the past into the 

future. For instance. if the growth factor 'T-l of the power consumption 

for the past years is known, the forecast for the Tth year is: 

•.. . -----~---- (2.2.3) 

Where ~-l' CT_2 are the consumption for the (T-l)th and (T-2)th years. 

This method is simple but inaccurate because the data in the past (growth 

factor ~-l) are applied to the future without any refinement. On some 

occassions, this technique offers tolerable occuracy, however the advent of 

computers make it obsolete. 

2.2.5.2 Normative method. ___ a __________ ~ 

The power d ... nd is also forcast by the so-called normative method 

which normalizes specific power consumption per unit produce of various 

enterprises and branches. Nov the forecast il: 

------------ - ..... _- (2 2 4) • • 

Where i • number of branch or enterprise 

CT•i • forecast specific power consumption 

Fi • forecast output. 
'{\ 

This method is widespread for forecasting power demand for S - 20 years 

over separate areas. It is also applicable to shorted period but, likewise 

the first method, involves gross errors. Besides the use of this technique 

is limited because the power syst... are 
:-";~~ ..... :"~ 

not furnished with/4i __ iton on 
y.: . .' ~ .. !' 

the expansion of the energy consuming branches of industry. 
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2.2.S.3 Correlation method • . . -- -_. ... -_. 
This is a mathematical modelling .. thod. It relates the statistical 

data of power consumption with .. in factors affecting the power demand. 

Extrapolating such relations for the future gives the forecasting. The 

correlationa .. y exist between the power consumption and gro.s product, 

labour productivily, power availability per man etc - - - The relation 

between the power generation and the gross product is more rigid for fore

casting 5 to 10 years into the future. The correlation are also used for 

sbort-tera forecasting though the number of the .ain variables increases 

with reduction of the forecasting period. 

2.2.5.4 

This is also a mathematical modelling. This method is based on the 

extrapolation of correlation .. thod. The time series is striturally 

represented as two components taking the form. 

yet) - f (t) + V(t) (2.2.5) 

Here ~(t) descrites the determinate component of the series and is 

called a trend; the coaponent Vet) gives the random deviations froathe 

trend which are probalistic or indeterminate. 

The trend reflects the average steady laws of the value Y variation 

as a function of time, such as the consumers coaprising the system and the 

basic particular of their operation, averaae weather indicators ana the like. 

Bowver the unsteadiness of many factors affecting the power consumption 

• causes the random deWtations from the trend, example at the .abient t..-

perature fluctuations-

If a mathematical model can be selected yet), it is rea~!~'.p',licable 
.... 1.:'.; ~ '.', :". 

for forecasting by extrapolation for a period of (t + 

for the 1II01R8nt (t + bt) will be' 

Y
f 

(t + l:.t) - 'If(t + "t) + Vf(t + At) --- (2.2.6) 

Where 9l (t + A t) is the value obtained by extrapolating the series 

£/(t) by the 1I01IM1nt (t + A t) an~~.'7'~_~~~_t~ __ ~~_~tra~~~~:~:f.V(t)._~J 



CHAPTER THREE. -----------
APPLICATION O~· LOAD F' .... OW CALCULATION TO NEPA llkv DISTRIBUTION ----- _.. .. ------------ . --_...--_--.. -----------.. _--......---

NETWORK POR MINNA METROPOLIS. --------------- ... ------

3.1 Introduction 

In the prescnt chapter, the load flow analysis 1& applied to the NEPA 

likv dis'tribution network within Minna m~tropolil3. 

Four different feeders supply Minna metropolis in electricity. The 

11kv network distribution comprises six buses. 

3.2 The NEPA 11kv distribution network. ___ a _ .. ____ •• • 1 ... __ -... .... ___ .__ __ 

TWo 33kv lines comafromShiroro hydroductric power station. At the 

Sbiroro 8ubstation situated near Shiroro Rotel, two lSMVA step-down trans-

formers are used to step-dovn the 33kv to llkv. At this stage, there is a 

bus where four llkv feeders take their power to supply Minna metropolis. 

These four f~eder8 are commonly named: 

(i). the parliamentary feeder, 

(ii). the piggery feeder, 

(iii). the Shiroro feeder. 

(iv). the Cbancbage feeder. 

The Chanchaga feeder supplies the area comprising custo. houee, Niget 

State Secretariat complex and Chanchaga quatereo The Shiroro feeder is the 

one supplying the Shiroro quaters, bay clinic quaters and Maitumbi area. 

The piggery feeder supplies Minna down town, Bosso town and Maikunkule area. 
, 
And finally the parliamentary feeder is concerned with the area of Kpa 

bungu and its surroundings. 
I -, • 

- .... ~ ..... 

It is also important to mention that, at the different 10 .... enters, 

llkv/41Sv step - down transformers are used to supply customers. 
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3.3 

For the computer program that is to be used for simulation, data bave 

to be prepared. These data comprise the resistances, the ad~ttances and 

susceptances of the different lines connecting the different buses together. 

These are obtained by first measuring the lengths of the various lines. Then 

the following formulae are used to calculate the values of the different 

parameters, that is, the resistances, the reactances and the susceptancea. 

(i). Calculation of the resistance of a conductor (line). 

The active resistance per kilometer 1'0 is given by: 

ro (Jt ) Ikm -;f where;P is the resistiVity of the conductor used, 
7 

1 is the cross-sectional area. 

The total resistance of the particular line 1s obtained by multiplying 

1'0 by the total length of the line in km. 

(ii). The reactance Xo 

lOo (...n. )/b .. 0.1445 log10 

R is the radius of confuctor, DGMD • 

conductors. 

BGMD + 0.0157 where 
II 

1.26D for horizontally arranged 

The total reactance of the line is obtained by multplying Xo by the 

total lenath of the line in km. 

{iii). The susceptance bo ia given by: 

1) IliaD 7 58 .. C <.! - _!-_____ " 10 

10glO DGHD 
R 

For the present project York. practical values of TO • 0.155 A./; l'al, 

Xo • O.41.fL1;/km and bo - 7 oS91phAlllkm are used. And tbe 'following 

table is obtained. 

!~' . >~:,. >:-
.,/ 
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Bus nO name Bus nO DaIle Length (ba) Resistance (..I\.) Reactance (..n.) Susc.Pta~" 

1 Shiroro Substation 2 Shiroro Hotel 1.071 0.166 0.439 8.129 

1 Shiroro Substation 3 Power Statio 4.428 0.686 1.815 33.608 

1 Shiroro Substation 4 Chanchaga Water works 9.428 1.461 3.865 71.558 

1 Shiroro Substation 5 IBB House 8.428 1.306 3.455 63.968 

1 Shircro Substation 6 liM 11KV panel 27.714 4.30 11.362 210.350 
"' . 

2 Shircro Hotel 3 Power Station 4.785 0.741 1.961 36.318 
.... 
..u 

2 Shiroro Hotel 4 Chanchaga Water Works 9.214 1.417 3.748 69.387 

2 Shiroro Hotel 5 lliB Bouse 7.071 1.096 2.900 53.668 

3 Power Station 4 ellanehaga Water works 9.214 1.428 3.778 69.934 

3 Power Station 5 InB Bouse 5.071 0.786 2.079 38.488 

3 Power Station 6 NAA llltV panel 22.714 3.520 9.312 172.400 

5 IBB House 6 NAA llltV panel 23.857 3.700 9.781 181.075 

Table 3.1: Line data. - ._-



In this project work a base of 100 KVA is used. Tbe base IV i8 llKi. 

from the •• two value. a ba •• impedance is calculated and is given by: 

2 baae impedance • f~!!e, k!) 
ba.e MVA 

• 1.21 

• 112 -
100 

This will enable us to express the impedance (hence the admittances) 

of the d1fferent lines in per unit values. 

The bus data, that 1s, the voltage, the active and reactive power . ,no. 
associated with each bus arE' 8iven"tlte toble 3.2. TIlese values are 1n per 

unit. 

Load Generation 

Bus name volts KW MVAR KW MVAIl 

1 Sbiroro Sub.tation 1.06 + jo.o 0 0 0 0 

2 Shiroro Hotel 1.0 + jo.o 0.01275 0.0078 0 0 

3 Power Station 1.0 + jo.o 0.0034 0.00208 0 0 

4 Chanchaga water works 1.0 + jo.o 0.0085 0.0052 0 0 

S IIlB House 1.0 + jo.o 0.0085 0.0052 0 0 

6 NAA IllCY panel 1.0 + jo.o 0 0 0 0 

Table 3.2: bus data 

lor the s1lllulation of the pr6sent work. a PASCAL program 18 used. 

The program is given in appendix D. The Guauss-Seidel method is used. 
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CHAPTER FOUR 

IISULTS AND DISCUSSION 

The result from the simulation program are printed out 1n appendix E. The 

bus voltages associated with each bus are first printed out. This is 

followed by the print out of the real and reactive powers flowing between 

the various luses. As we have a total number of six tuses, six different 

values of voltages are printed out. 

Concerning the line flows, the real and reactive power floWing in each 

line connecting one nus to another is printed out. 

For example nus 1 1s connected to all other f1venuses. To the computer 

prints the real and reactive power flowing from nUB 1 to each of the 

other five nuses. It is to be noted that~us 1 ls the slackhus. The 

total nus power 1s obtained by summing the flows on the 11nes tera1natlng 

at the nus. So a summary of the nUB powers ls given below. 

Load 

Bus no actlve power 
(Kw) 

1 30.74 

2 22.1 

3 2.08 

4 11.8 

5 10.6 

6 1.41 

reactive power 
(KVAR) 

22.42 

16.18 

1.52 

8.6 
, . 

7.15 

1.03 

'. -.. . -... 

It is to be noted~ however, that the results printed out by computer are 

in per unit values. A base MVA of 100 is used. So the actual value 

is obtained by multiplying the p.u value by the base value. that ls. 

108 , to get the real value in watts. So the values of power given above 
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are the real values. 

Looking at these results we can see that the largest real and reactive 

powers are at bus one. And the smallest real and reactive powers are 

bus 6. From the print out we can also see that there is no any generation. 

This i. due to the fact that the system under study does not include any 

power generation system. The one in the system, that is, bus no. 3 

is not more generating. So all the buses are load buses. 



COlICLtJStON ARD UCOHM!lG>ATIOlI1 

, • 1 COlfCLtJ8ION 

A review of the objectives of this work is briefly hiahlighted in this 

.ection. The work ba. taken a ,eneral look on load flow analy.is and 

load forecasting and the var10us .. thode of solution used 1n both 

ca.es. 

However, the .. in area of contribution ot this project work is the 

development of the s~latlon proaraa. The proar .. i. written in 

PASCAL usina Gau.s-Sel~ method of solution. With this proaram, 

the user will be able to calculate the bus voltales, the real and 

reactive povers associated with each bus in .power distribution 

network. therefore the simulation program i. the aajor contribution 

of this preaent project work. 

'.2 1lICOMKElfDATIORS 

A practical project of this type needs a lot of finance. which of 

course is the brain behind this stmulatlon proar ... "The scbool 

of Inaineerins in ,eneral and the depart.ent in particular sbould 

noraally belp the students to carry out such projects by providing 

tbea adequate financial assistance, a8 it ia done in some of the 

bisber institutions of learn ina 1n the country., This propOSition 
'\ 

should be taken into account for the next coming years. 

Finally I eUlsest that. some coapanies. like the National Electric 

Pover Authority (NEPA) in the pre.ent caee, .hould be aa.oci.ted in 

carrying out euch projects. 
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Appendix D· P~og~am load flow(input,output); 

{ P~Og~·a.m to compute Lona IlOW fo~ 11 KV NEPA Dist~ibution 
Netwo~k within Minnu Metropolis. 

Developed by:- 5ulifou 8andagou (90i1565i 
Department of ElectriculiComputer Engineering 
Federal Unive~sity of Techonology 
Minnn. 

Dnte January, 1997 
} 

uses 

crt,dos; 

CuN5T 
itermnx = 150; 
n = 6; 

TfPE 
nrrnyZ = u1'ruy[1 •• 6,1 •• 6] of renl; 
arrayl = o.1'1'o.y[1. .6] of real; 

VAH 
y, Y5, YP, Puc, Pre 
V, Vinsto.r, A, VoId 
tol, suml, sumZ, sum 
p, (I, ite1',row,col 

converged 

Proccdure read do.to.; 
BEGIN 

arro.y2; 
o.rro.yI; 
reo.l; 
integct'; 

boolean; 

Y[I,IJ:=3.60; Y[1,Z]:=2.13;Y[1,3]:=0.51;Y[1,4]:=0.24;Y[I,5J:=O.6Z; 
Y[1,6]:=0.30; 
Y[2,1]:=2.13;Y[2,2j:=3.18;Y[Z,3]:~0.47;Y[2,4):=0.25;Y(2,5]:=0.32; 
Y[ Z , 6] : =0 • 00 ; 
Y[3,1]:=0.51;Y[3,2]:=0.47;Y[3,3J:~1.79;Y(3,4]:=0.24;Y[3,5]:=0.45; 
Y[3,6]:=0.09; 
Y[4,1]:=0.24;Y[4,2J:=0.25;Y[4,3]:=0.24;Y[4,4]:=0.73;Y[4,5]:=0.00; 
Y[4,6]:=0.00; 
Y[5, 1J :=0.62 ;Y[5, Z]: =0.32 ;Y[5, 3]: =0. 45 ;H5 ,4] :=0 .00;y[5, 5] :=1. 40; 
Y[ 5 , 61 : =0 • 09 ; 
Y[6,1]:=0.30;Y[6,2]:=0.00;Y[6,3]:=0.09;Y[6,4]:=0.00;Y[6,5J:=0.09; 
y[ 6 , 6] : =0. 28 ; 

Y5[1,2]:=Z.13;Y5[1,3]:=0.51;Y5[1,4]:=0.24;Y5[1,5J:=0.62;Y5(1,6]:=0.30; 
Y5[2,lJ:=2.13;Y5[Z,3J:=0.47;Y5[2,,;]:=0.25;Y5[2,5]:=0.32;Y5[2,6]:=0.00; 
Y5[3,1]:=0.51;Y5[3,2]:=0.47;Y5[3,~]:=0.24;Y5[3,5]:=0.45;Y5[3,6]:=0.09; 
Y5[4,1]:=0.24;Y5[4,2]:=0.25;Y5[4,3J:=0.24;Y5[4,5]:=0.00;Y5[4,6]:=0.00; 
Y5[5,l): =0.62 ;Y5[5, 21: =0.32 ;Y5(5,:Q: =0.45 ;Y5[5 ,4]: =0. 00 ;Y5[5 ,6]: =0.09; 
Y5[6,l):=0.30;Y5[6,2j:=0.00;Y5[6,3l:=0.09;Y5[6,4]:=0.00;Y5[6,5]:=0.09; 

YP[1,Z]:=0.024;YP(1,3]:=0.015;YP[l,4j:=0.035;YP[l,5):=0.040;YP[1,6j:=0.02Z; 
YP[2,1]:=0.024;YP[2,3]:=0.016;YP[f,4]:=0.032;YP[2,5):=0.016;YP[2,6]:=0.00; 
YP[3,l]:=0.015;YP[3,2]:=0.016;YP[3,4):=O.02;YP[3,5]:=0.045;YP(3,6j:=0.035; 
YP[4,1]:=0.035;YP[4,Z]:=0.03Z;YP[4,3J:=0.OZO;YP(4,5]:=0.00;YP[4,6]:=O.OO; 
YP(5,l]:=0.04;YP[5,2]:=O.016;YP[5,3]:=0.045;YP[5,4]:=O.OO;YP[5,6j:=O.10B; 
YP(6,1]:=0.022;YP[6,2j:=0.OO;YP[6,3J:=O.035;YP[6,4]:=O.00;YP[6,5]:=0.108; 
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A[I]:=O.OO; A[2]:=0.015; A[3]:=0.004; A[4]:=0.01;A[5]:=0.01; A[6]:=0.00; 

Vinstar[1]:=1.05; Vinstar[2]:=1.0; Vinstar[3]:=1.0; 
Vinstal'[ 4] : =1. 0; Vinstar [5] : =1. 0; Vinstlll'[ 6] : =1. 0; 

tol:=O.OOl 

end; 

ProecdUl'c compute V; 
Bcgin 

iter:=O; 
REPEAT 

iter:= Iter+l; 
FOR p:= 1 TO n uu 

Vold[p]:=V[p]; 

FOR p:= 1 TO n DO 
BEGIN 

sum:=O.O; 
FOR 0:=1 TO n DO 

IF pOo THEN 

V[p]: =( (A[p]iVinstar[p]j-sum)Fi[p, pJ; 

converged:=aDs{V[p]-Vold[pjj < toll 

END; 

p:=O; 
REPEAT 
p:=p+l; 
converged:=abs{V[p]-Vold[p]) < toll 
UNTIL {p=n; OR NOT converged; 

UNTIL convcrgcd OR {itcr = itcrmaxj; 
writcln; 
IF NOT converged THEN 

WI' i te ( : no: ) ; 
wri teln ( : convcrgence to specified tolerancc aftcr:. i tcr, : i tCl'ations: ) ; 

Ei'4u; 

Proccdurc computc powcr; 
Begin 

FOR p:=1 TO n DO 
FOR 0:=1 TO n DO 
if pOo then 
Bcgin 

PaclP, 0]: =V[p].{ (V[p]-V[ 0] )~YS[p, Qj-V[pj.YP[P. QJi2 j.O. 85; 
Pre[p, Q]: =V[pF { (V[p]-V[Q] j-iYS[p, q]-V[p] .YP[ p, q]i2 ;*0.62; 

END; 
END; 
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(4 Beginning of thc mnin program .j 

BEGIN 
c1rscr; 
row:=3; 
ooTOXY( 20, Hi) ; 
write(:Plense wnit computation in progrcss ••• :); 

rend dnta; 

compute V; 

compute power; 

(4 Results Section .) 
c11'scr; 
WI' Heln ( : Bus v 0 nages v· J; 
writeln(:---------------:); 
FOR p:=l TO n DO 

writeln{:V:,p,: = :,V(p]):,. 
writeln; 
write( : Press [Enter: ,:.-, '::Qninu(; ••• :); 
I'cpeo.t until keYPl'cased; 

cirscr; 
rO~\l~:=3; 

~·otoxr( 19,1 j; wri teln( : Acti ve Power 
gotoxy(19,2);writeln(:------------

FOR p:=l TO n DO 
FOR Q:=l TO n DO 

IF pOll THEN 
BEGIN 

. . , . . , 
Reactive Power:); 
--------------:); 

gotoxy(10,row);writeln{:P: ,P,Q,: = : ,Pac[p,Q], : ,Pre[ p , Q] ) ; 

END. 
(. 

row:=row+1; 
IF row=ZO THEN 

BEGIN 
gotoxy(10,row+Z); write(:Prcss [Enter] to continue .•• :); 
1'ow:=3; readln; 
repeat until keyp1'esscd; c11'scr; 

gotoxy{l9, 1) ;writeln(: Active Power 
gotoxY{19,Z);w1'ite1n(:-----------

END; 
END; 
write1n; 

.. , 

.. , 
Reacti ve Power:); 
--------------:); 

wri tcln{ : Maximum number of iterations allowed is :, i termax); 
write1n; 
w1'ite1n{:No of iterations after which convergence occured is : ,iter;; 
write1n; 
write(:Press [Enter] key to ',;xit ••• :); 
readln; 
repent until keypressed; 

END OF PROGRAfoi (LOADFL!jj;) 
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Bus Voltages V APPENDIX E 

VI = -fi.987883891lE-03 
V2 = 7. 7223185384E-03 
V3 = -2.1342399709E-03 
V4 = 1.4053054921E-02 
V5 = 8.8393275694E-03 
V6 = 5. 33181I7Z66E-03 

Press [Enter] to eoninue ••• 

Active Powc:r 
------------

PiZ = 1.856089930lE-04 
PI3 = 1.4391594947E-05 
P14 = 2. 9268100021E-05 
Pl5 = 5. 7455404473E-05 
Pl6 = 2. 1496028275E-05 
P21 = 2. 050588623 lE-04 
P23 = 3.000262347iE-05 
P24 = -1.1199717291E-05 
PZ5 = -2. 751757261iE-06 
P26 = O.OOOOOOOOOJE+OO 
P3l = -4.5195955115E-06 
P32 = 8. 3730124622E-06 
P34 = 7.0089873l0TE-06 
P35 = 8.871122626,JE-06 
P36 = 1.15l222l345E-06 
P41 = 5.73830123LE-05 
P42 = 1.62194·72945E-05 

Press [Enter] to con[inue ••• 

RESULTS 

Reactive Power 

1. 3538538313E-04 
1.0497398667E-05 
2. 1348496486E-05 
4. 1908647968E-05 
1. 56794559l9E-05 
1.4957234663E-04 
2. 1884266534E-05 

-8.1692055537E-06 
-2.0071641200E-06 

O.OOOOOOOOOOE+OO 
-3. 2966461378E-06 

6.1073737959E-06 
5.1l2437803lE-06 
6.4707012100E-06 
8. 3971496869E-07 
4. 1855844319E-05 
1.1830674383E-05 
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Activc Powcr Rcactivc Powcr 
------------ --------------

P43 = 4. 4306950128E-05 3. 2318010682E-05 
P45 = O.OOOOOOOOOOE+OO O.OOOOOOOOOOE+OO 
P46 = O.OOOOOOOOOOE+OO O.OOOOOOOOOOE+OO 
P51 = 6. 9908628906E-05 5.0992176379E-05 
P52 = Z.5551730502E-06 1.8637732837E-06 
P53 = 3.4950162179E-05 2. 5493059472E-05 
P54 = O.OOOOOOOOOOE+OO O.OOOOOOOOOOE+OO 
P56 = -9. 7628850800E-07 -7.1211632348E-07 
P61 = 1.4452195000E-05 1.0541601059E-05 
P62 = O.OOOOOOOOOOE+OO O.OOOOOOOOOOE+OO 
P63 = 2.3102625899E-06 1.6851327i26E-06 
P64 = O.OOOOOOOOOOE+OO O.OOOOOOOOOOE+OO 
P65 = -2.5762502555E-06 -1.8791472452E-06 

Maximum numbcr of itcrations llilowcd is 150 

No of i tCl'lltions aftcr which C:)lWcrgCncc occurcd is 4 

Prcss [Enter J key to exit ••. 
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