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ABSTRACT

This report presents the load flow analysis and load forecasting for

NEPA 11 Kv distribution network within Minna Metropolis.

The theory of load flow and load forecasting has been discussed. The
various methods of lcad flovw problems golutions are covered through this

theory. The various types of load forecasting are also coverad.

And finally, the load flow analysis 1s applied to NEPA 11KV distribution
netvork within Minna Metropolis, where the differant quantities associated
with the various lusea, that is, the voltages, the power real and reactive

ete ... have been calculated.
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CHAPTER ONE.

INTRODUCTION

1.1 Iutroductggg

It is essential to have information about the continuous evaluation
of the current performance of a powar and to analyse the effectiveness of
alternative plans for system expaneion to meet increassed load demand. This
snalysis requires calculation of numerous load flows for both normal and
emergency operating conditions, hence the necessity of load flow analysis.
Load flov analysia is, therefore, the basic calculation required to
deternine the characteristics of the steady state of electric systems

operating under normal conditions.

On the other hand, a reliable and sufficient power system requires
comprehensive and careful operation planning. The planning of the future
development of power system ip essential because satiefactory operation of
the system depends on knowing the effects of interconnections with other
pover systems, new loads, etc--- it 1s also important to kvow the variations
of loads on the system at any particular time. From this, we can see that the
need of load forecasting also arises, Load forecasting is the prediction

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

+

The sim of this present project work, ts therefore, to dascribe the
"theory of load flow analysis and lo;d foracasting and apply load flow

analysis to NEPA llkv network distribution within Minna netropolis.

1.2 Distribution networks,

Distributior networks differ from transmissior networka in several ways,
quite apart from voltage maguitude. The unmber of branches and sources is
much higher in distribution networks and the general structure is different.
A typical distribution system consists of a step—down (132/11kv) on lead tap-

1.




(iv). Effect of temporary loss of generation and transmission circuits

on system loading,

(v). Effect of temporary loss of generation and transmission circuits
on system loading.
(vi). Optimum system running conditions and load distribution
(vii). Optimum gysten losses.
(viii). Optimum rating and tap range of transformers

(ix). Improvement f{rom change of conductor size and system voltage

2,1,2 Bus Classification

Three types of buses are reprassnted in load flow calculations.
Associsted with each bus are four quantities which are the real and reactive
pover, the voltage magnitude and the phase angle. At a bus two of these

four quantities are specified. These buses are:

(). Voltage-controlled bus

Here the voltage nagnitudcv corresponding to the generation
and the real power P corresponding to its ratings are specified. It
is required to find ocut the reactive power generation § and the phase
angle of ths bus voitage . This type of bus generally corresponds to
either a generator vhare P is fixed by turhine govenor setting and V is
fixed by automatic voltage regulators acting on the machine excitation,

or & bus vhere the voltage is fixed by supplying reactive powar from static

shunt capacitors or rotating synchronous cowpensators, example at substations,

(14). Load bus

A this bus the real and reactive components of power are specified.
It 18 desired to find out the volcnjc magnitude and phase angle through
the load flovw solution. 1In a physical power system, this?;orrcspondn
to a load center such as a city or iu industry, where the customer demands
his pover requirements both P and ( are assumed to be unaffected by small

variations in bus voltage. 4

[P ——

T V- S
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led to the load flow programs for large powsr system studies astill employ
methods using the bus admittance matriy . This approach remains the most

economical from the point of view of computer time and memory requirements.

2.1.3.1 Load flow equations formulation using modal matrix method,

The load flow equations can be formulated using modsal matrix method.
We shall first consider a three-bus system to deriva the load flow equations

and, they are thus generalized for &n n-bus system, For inatance, consider

1, T,
P *
1
1‘3 l l i Yo = Yar 21 l, Iz-"

Iy L,

the figure 2.1.1,

fig. 2.1.1 Three-bus system.

I3y T135 Iy
3

T,
=L, * I, +1I

At nodé& 1 I 12 13

1

= Yyt (V= V) y, v (V) - Va)yy,

Vit * ViYye - V¥ Y VY3 -t V¥
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=V ot Y Y Y L

Where I is the shunt charging adwictance at bus 1 and

LI SR ST R STRRR AT

(RO
<
¢~

Y9 = = Y2
T3 = = Y13

Where lev—cad-Yl’ is the self admittances of bus 1.
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(i1).

(111).

(iv).

(v).

(Vi) .

2.1.3.3

The nodal analysis has been found to be particularly suitable for digital .
computer work,.aad is_ almost exclasively uged for routine network calculations.

It has the following advantages.

(1).

(11).

(111).

(iv).

).

(v1) .

(Vi’-) .

It 18 symmetrical, since Y - Y

ki where k and 1 and

ik

node numbers,

It is complex
Each off diagonal element Yki is the negative of the

branches admittance between nodes k and {, and is frequency

of value zero.

Each diagonal element Ykk is the sum of the admittance of

the branches which terminate on node k, including branches

to ground.

Because in all but the smallest practical networks very

- few non zero mutual admittances exist, the matrix Y {is

highly sparse.

Advantages of nodal admittance matrix method.

The numbering of nodes, performed directly from a system

diagram, is very simple. !

Data preparation is easy

The number of variables and equations is usually less

than with much method for pow:; netsorks

Network crossover branches present no di#ficulty.

Parallel branches do not increase the nusber of variables
) L _

or equations. , . L 1 h

Node voltages are available directly from the scdlutiom,

o AR e 1A s 1 s L0 i e b g

and branch currents are easily calculated. = *

Off nominal transformer taps can easily be repreaented{ é



(11). Low computer storage.

Thie is important for large systems and in the use of computers with

small core storage availability, example mini-computers for on-line application.

(111). Reltability of solution may be obtained for ill-conditined

problems, in outage studies and for real time applications.

{1iv). Versabilicy

An ability on the part of load flow to handle conventionsl and spacial
features (example: adjustment of tap ratios on transformers, different
representations of power systems apparatus), and its sultability for incor-

poration into more complicated process.

(v). Simplicity.
The sase of coding & computer program of the load flow algorithm,
The type of solution required for a load flow also determinas the method
used:
accurats or approximate
unadjusted or adjusted
off~-line or on-line

single case or multiple cases

The first columns are requirements needed for optimal load flow and
stability studies, snd the second columns those needed for isuuins security
of a system. Obviously, solutions may have a mixture of :ﬁiao propertiaes

from either column,

2.1.4.2 Data for load flow studies,

Either the bus self-and mutual admittances which conpoaa the bus
admittance matrix Ybu or the driving point out transtot inpcdlucel wvhich
compose zbu may be used in solving the load flow problcu Ihc stsrttns
point in obtaining the data which must be furnished to zho co-puccr 1: the
one~-line diagram of the asysten. Values of series impedances and shunt

11.



admittances of transmission lines are necessary so that the computer can

determine all the Y or zbus elements. Other essential informations

bus
include transformer ratings, and impedances, shunt capacitors ratings and

transformer tap settings.

Operating conditions must 2lways be selected for each study. At each
bus, except ons, the real power into the network must be spacified. The
power drawn by a load is negative power input to the system. The other
power inputs are from genaratore and positive or negative powéf entering
over interconnections - In addition, at these buses either the net flow
of reactive nower into the network or the magnitude of the voltage muat be
specified, that is at each bus a dacision 13 required whether the voltage
magnitude or the reactive power flow is to be maintained constant. The
usual case ia to specify reactive power at load buses and voltage magnitude
at generator buses, although sometimes reactive power is specified for the
generators. In digital computer programs, provision is made for the calcu-

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

2.1.4.3 Direct methods of solution

These basically invert the admittance matrix, a process consuming both
in time and computer ctorage. Many methods sre available and these include
Gaussian elemination. Direct methods solve only 1linear s¥stems, that is:

[1] = [Y][V] where [XI] is specified. The fact that powers are specified
makes, in practice, the prcblem non lincar. A new value 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 equationc [AJ{R] = [b] thé3£§7iﬁ§3;ﬁyec:or
r = [b] -~ [A] [x] is not zer:s because of rounding ertor3{”§i¥§§g;é9.axiae
when 1ll-cenditloned equations are obtsined %n which‘altﬁ;ﬁgﬁféhérraaidual
is emall the sclution nay be {nacurate. Such pntrices are often large and
sparse and for most rows the diagonal elemenc;is equal to the sum of the

12.



the non-diagonal elements and of opposite sign. We can therefore say ‘
that the direct method is not accurate when dealing will large power systeams.

Hence the introduction of the iterative methods.

2.1.4.4 Iterative methods of solution,

As the load flow squations (qu 11) are nonlinear, they can be solved

by an iterative method. These iterative methods include:

{(1). Gausa's method
(11). Gauss -~ Seidel method

(111). Newton - Raphpn method

But before these methods are explained, a specific example is taken
and thease methods are applied for the solution of load flow equations.

Let us consider the figure 2.1.2 below,
4 2 3

Y23z Y32 —-{@
b Y=Yy, :

'j“:.’“; fig. 2.1.2: five bus eystem

—p

Yus: Yy y

5
v
This 5 bus system has two generators at buses 1 and 3 and three load

buses 2, 4 and S. The nodal admittance matrix is also given as follows.

[ Ty T2 O Y14 s ]
Yy Y22 Y3 0 0
Tpy = o Y32 Y33 T34 0
Y, O t“ Y5
LY'“ 0 0 Y, Vs J

13.



By using this nodal admittance matrix along with eqn (11), the load
flow equations for the 5 - bus system are written as follows. Assumming

bus 1 as the slack bus,

V, = V. specified fixed value

1 1
v, = 1 - -
2 £2_; 192 (Tor ¥y + Yp3 V)
22 Y2
v, = 1 [g__.;: 193 - (Y32V2 + Y34V4)
33 V3
LA U I CONE N\ AL A Y‘,‘svs)]
Y L
44 Vl,
Vg = 1| Bg - 305 - (YSIV1 + Ysava) (12)
YSS V*

To understand the procedure for solution of these equations, simplifying
assumption is made at the stage that all the other buses except bus 1 are
load, buses, that is buses where P and Q are specified. The admittances and
voltages as used in these equations are complex quantities and the number
of nonlinear equations is (n - 1) where n ig the number of buses in the
system.

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 is given in appendix A,

14.
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Ypp
Sintlarly let B = Ypy for all P=1,2, —— 1, P45

Pq
Ypp

and 9 = 1, 2, ~~~-n, i-} P

With these simplifications, the voltage equation now becomes:

k+1 n
v - .
P VT:R* - Z:BM": P = 1,2, —, 0, P§8— (14)
(v ) ’
P 1.- 1
9+

2.10“04.2 Gauss = ‘eidel method

The bus voltage equations (14) can be solved by the Gauss- Yeidel method.
In this method the new calculated voltage v: +1 immediately replaces V:
and is used in the solution of the subsequent equations. And the process
is continued until changes in all bus voltages are negligible. After the
solution has been obtained, the power at the slack bus and line flows can

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

Erle 1 olmp- 02 (v + YpvE) ]
22 |(v3)"

wrlay ra-3e - vyt ls vl
*

133 | (v5)
- k+1
+ 1

WU m A [Rs % - (ran v e -y

Y“ ( 4 )
et o1 Pg - 305 - (Y51V1+Y54V4k+1)' (13)
5 — | =l '

YSS (VS)

-.’Qidel method

is given as below:

p -1 ol B SR
vk +1 - P - . k+1 '” ‘ vl -1Hvk7 ‘
P """"Yl -—-igg 2: YP ‘V‘ “ - YP‘ ’ (16)
PP (V';) q-1 §=r+1 3

The flow chart for Guass —ﬁidel method is given in appendix B,
16,



fig. 2.1.4 Flow chart for Guass - Yeidel method.

The procedure for solution is outlined below.

1.

Assume 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 the absolute value of the maximum change in voltaga between

any two consecuiive iteraticas is less than a prespecified value or tolerance

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

1(a)
1(b)
1(c)

2,

3.

Set iteration count K = 0
Set bus count P = 1
Check for slack bus. If it ig a slack bus, go to step 4(a),

otherwise go to next step.

Check which of the buses are voltage - controlled buses and which
are load buses. For voltage ~ controlled buses go to next state—

ment, otherwise go to step 4.

Replace the value of the voltage magnitude of voltage - controlled
bus in that iteration by the specified value. Keep the phase angle
same as in that iteraction. Calculate ¢ for the generator bus. If
Q iies between the lower and upper bounds, calculate the term

(P -~ jQ) /V for this bus. Repeat this for all voltage - controlled
bugses and calculate this term and sustitute this term (V - jQ)/V

in the load flow equation corresponding to the voltage coutrolled
bus. Calculate the new value}of voltage for the bus. 1t is to

be noted that if there are movre than one generator buses, the
voltage magnitude of that bus only is replaced by its specified
value, while calculating Q and P of a partiqg&dt7hu; The voltage
of other generator buses will be correspongigg,fé‘_h _v@lﬁe.in that

iteration.

In case any or all the voltage contrsllad buses Vi&iéfg;thé,réactive

power generestion, the bus will be treated ac & lcad 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 improved
convergence are called the acceleration factors. The difference between

the newly calculated voltage and the best previous voltage at the bus is
multiplied by the appropriate 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 diffexr f{rom 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.

2010“-4.‘ Newton - Rﬂghﬂon method.

The load flow problem can be, can also be solved by using Newton-Raphon
method, using a set of non linear equations to expresse the specified real
and reactive powers in terms of bua voltages. The equations for the method

are derived as follows:

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

* L )
- - - Y v
I T Yp = rqe 1
q=1

Let V__ = + 3f
pg” S T 3%

and Yp'l - Gp?‘ -JBP$

n
J. By -t = (e +3fp), 21 Cpq = g W3
t-

n

. . _ * ©
AU IS LI BN L i: Py T
n ) (eg + ife

1 =14,

Reparating the real and the imaginary parts we have

Let also V = e + if

i



n
o -12;‘ 'p(‘q%ﬁ f48pq ) + fp(fqGpg= €q B o) =—-—(7)

n
% ? irp (eqbt £q8,,) "v“‘lcv-t"‘l’vz)j e (18)

2 2 2
Also /vp/ . + f% (19)

Lrnoeer

This formulation results in a set of nonlinear simultaneous equations.
The real and reactive powars ?p and Qp are known and the real and imeginary ‘%
com ponents of voltage op and fq are unknown for all buses except the |
slack bus, vhere the voltage 1s specified and remains fixed. Thus there
are 2(n-1) equations to be solved for a load flow problem where n is the
number of buses, The Newton-Raphson method required that a get of linear
equations be formed expressing the relationship betwesn changes in real and
reactive powars and the components of the bus voltages. Assuming there is
only one generator bus which i{s taken as the slack bus and all other buses

are load buses. wve get:

(ar] Pr, 25, o7, oh | [am]
2 ¥ !
3?2 an ¢ afn ;
! ; ‘ i
A% 2P, ﬁg an‘-ma% Ae, _“”““am
de, CY d Fn 2,

9’1 afn 2%
!

AQ| 1A, Abn 2, A,

| ——

L) [per 2e, 32 Hf

2(n-1) x 1 2(n-1) x 2 (o-1)

Whare the coefficient matrix is the Jscolion,

.
.
L
“
.
L 2
L]

In short form this equation (20) can be written as:

z0.



~

Ap J 2 Ae

[

por o - —-_-—-‘-——-

Aq J af

|
i 3 1 9
In case the systee contains all types of buses, the set of equations {e

written as:

ar W I -1: sz [ae
|
Ba il I T -
——— m-._:_m A{
2 L
“UVP/ LJ5 I
R 4 ! -

The elemants of the Jecolion matrix matrix can dbe derived from the three

load flow squations (27) - (19).

The off ~ diagonal elements of Jl are

G - B » 210
B, = o8 acppq,qu (21)
?ep

and the diagonal elements of Jl are

¢}
.?:B - 200, + f’n’q - fop * b (o G foq

J q=1
.
P
q adp
- 20 G + _f_ ( + B ) ,”m (22).
17rq |
q=1
qQsp
The off~-diagonal of Jz are
5152 ‘pqu + prPq s 9F P oo ‘ .
2 fq
and the diagonal elements are
‘t%‘ ) - L
Ridol Z: (£q0pq = salyg) = (24
2 - ‘

q ¢ P

2.
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The off-~diagonal elements of J3 are

+ -
2% " B £ G 0 A= b (25) |
a.q E i

and the diagonal slements are

¢, = Z (g8, - g B, ) (26)
P . q=1 ;

Q¥ p
The off-diagonal and diagonal elements of J 4 Tespectively are (I

3% 7 7 S £l 97 @ (27)
gfq
- 2e3 o .ﬁ
% fp Z: (eq G+ £, B, ) (8
35 q=1 :

adp S
The off-diagonal and diagonal elements of J. are e

v - o’ e —a—— 29 - N
vy 14 ¢ @)
deg
2

d J/V/" = 26, em—— G0)
e, |
The off- disgonal and diagonal elements of J, are i
PYAS /2 = 0, Q9 ¢ p | —— (1) ‘
2
a2V 27, | ——

Next we calculate the residual column vector consisting ofér. AQ

and /BV/%. et p* Qgp @04 /¥, / be the specified ruiintst u .; tln bus p.

N e 5 TR B

Assuning a suitable valuo of -olution (flat voltage proﬂ.l& lmm cdu) tha

value of P, Q, /V/ at the various buses are calcnlaud. ’f.lun_ St

3 Wiad it m s AR

(]
AR, = P =
aQ, = Q:

22.



2 2 2
18V/° = /vsp/ - /v; ) (33)

Where the superscript zero means the value calculated corresponding to
initial guess, that is zeroth iteration.

Having calculated the Jacolian matrix and the residual column vector
corresponding to the intial guess (initial solution) the desired increment

. Ae
voltage vector [Af.] can be calculated by using any standard technique

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

solution will be

f1 o+ af

These 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
k+1 k k
= e + e
eP P A‘P
k+1 k k
] - § 0+ af
P ) 4 P

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

the residual column vector is lees than the respecified value.

The flow chart for load flow solution using Newtopf?qphsdﬁ method is

given in appendix C.

e



The procedure of solution is outlined below,

1.

P

2.

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

V = l+jooforp=1,2-—n,p=gs, Vs = a + jo.o0.

Set convergence criterion = E, that is if the largest of alsoute

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

3.
4,
5.

6.

7.

8.

compare

Set iteration count K = o

Set bus count P=1

Check if p is a slack bus. If yes, go to step 10 -~
Calculate the real and reactive powers Pp and QP respecticely
uging equations (17) and (18) respectively.

Evaluate ZkPk = P - Pk
p 8p p -

Check 1if the bus in question is a generator bus. If yes,

the Q; with the limits. If it exceeds the limit, fix the reactive

power generation to the corresponding limit and treat the bus as a load

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

set stp = Q {n’ If the limit is not riolated evaluate the following

residue

9.
10.

11.
12,

13.
14.
15.

Evaluate cos

/£>Vp/2 - /VplzBp - /V:/2 and go to step 10.
k k
Evaluate A Qp Qsp Qp
Advance the bus count by 1, that is p = p + 1 and check if all the

buses been accounted. If not, go to step 5.

Determine the largest of the alsolute of the residue.

If the largest of the alsolute value of the residue is less than

3

i

E, go to step 17,

Evaluate elements for the Jacobian

Calculate voltage increments Ac; and b;’ e

Calculate new bus voltages e p - ep +‘ “gp_lnd =
k+1 k k e T o
- + . R
§P §P A§P

S and sin Sp of all voltages.
P



16. Advance iteration count K = k + 1 and go to step A,

17. Evaluate bus and line powvers and print the results.

2.1.4,4.5 Cowparison of solution methods,.

8ince the Guauss ~ Seidel is undoubtedly superio to Gususs method, the
conpnrioon.io restricted only between Guauss - Seidel method and Newton-Raphson
method and that too when Y bus matrix is used for problem formulation. From
the view of computer memory requirements, polar coordinates are preferred
for solution bassed on Newton-Baphson method and rectangular coordinates for

Guauss ~ Seidel mathod.

The time taken to perform one iteration of the computation is relativaly
sualler in case of Guauss ~ Seidel method as compared to Newton-Raphson but
the number of iterations required by Guauss-Seidel method for a particular
system are greater as compared to Newton-Raphson method and they increase with
the increase in the size of the system. In case of Newton~-Raphson method
the numbar of iterations is wore or less independent of the size of the
system and vary between 3 and 5 iterations. The couvergence cheracteristics
of Newton-Raphaon method are not affected by the gelection of a slack bus
vheraas that of Guauss ~ Seidel is sometimes very seriously affected and the

selection of a particular bus may result in poor convergence.

The main advantage of programming and most efficient use of core memory. !
Neverthelems, for large power eyatews. Newton-Paphson is found to be more
convergence characteristice. Even though Newton-Raphson method can solve %
most of the practical probleme, it may fail in respect of some {ll-conditioned ‘

proeblems where other advanced mathematical programming teghni i “ulikG the non-

linear prograsming teehniquao can be used. To have an'f" f"lihtn qun of
the computation t.ing taken by Newton-Raphson method, IMM 3@/”“!0”:‘-
takes less than 10 seconds to obtain a load flow solutton of 46 bua ayst-n
starting vith a flat @iltase polution of (1 + j0.0). Thin 1neludea the

formulation of nodal ﬂh-ittaaco matrix and its storage time.
23.



2,1.4.4.6 Approximeticn tc Newton-Raphson method

It ig well known thet & small change iu phase angle changes the flow
of active pewer and dees not affect much the flcw of reactive power.
Similarly, & small change 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

equations can be written in matrix form as follows:

- - (34)
AQ o J, J lav/

b

Here J, corresponds to the elements 23? which exist.
)
J, corresponds to the elements AP which do not exist, therefore,

a/V/ are zero.

J3 corresponds to the elements P Q which do not exist and,

28

therefore zero.

J, corresponds to the elements 29 wvhich exist.
3/
This certainly simplifies the calculation and resuits in smaller computation
time.
2.1.5 Line flow equations.

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

can be calculated. The current at bus P in the line comnecting bus p to ¢

t
- -V +V
1s 1pq A ¥pa * Yp Tpg
2
Where ypq is the line admittance
ylpq ig the total line charging admittance. ,6”«§']5{15_f;*7?
v yl is the current contribution at bus p due to line charging.
P __R4.
2

26.



The power flow, real and reactive, is

P ~-1Q

ra " Ipq T Y o

or

P —-;;QN-v*(v -v)y +V vyl
Pq P p” a'7pa T 'p 'p'pq

2

Where qu is the real power flov from bus p to q and qu is the reactive

power flow from bus p to q.

Similarly at bus q, the power flow from bus q to p is:

* * ' * * 1
P - -y -
pa " %q " Vg Cqlq = " * V4 * V¥
2

The powsr loss in line p - q is the algebraic sum of the power flows
P - ’ - .
(Ppq = 30pq) a0d (P = 3Q,,)

2,1.6 Reprasentation of transformers in load flow studies.

The tapped tianaforn.t operating at off-nominal tap positions provide
neans of exchanging reactive powsr between networks operating at different
voltages, and bstween generators and the network system to which they are
connected, it {s therefore required to reflect this into power balance

squations.

2.1.6.1 Fixed tsp sstting transformars.

A transformer with off - nominal turns ratios can be represented by
its impedance, or admittance, connected in series with an ideal auto-trans~
former. An asquivatent ericuit vepresentation to be used in load in load

flow studies 1is shown in the figuvre 2,1.6,

27.



IP !
fig. 2.1.6 equivalent
1A - Dy,

7 cricuit,
aa ("5)9}1

-
-3}

Where a 1s the turns ratio.

The parameters of the equivalent circuit are as follows.
When the off nominal turns ratio is representated at bus p for a trans-

former counecting p and q, the self - admittance at bus is:

.

Y -y

+
Pq pl y

p2

+
Pq pn

The mutual admittance from p to q is:

Y
Pq Pq

-—apem

The self - admittance at bus q is:

- + + — 4 -
Taq Yq1 Yq2 Yep Yan

The mutual -~ admittance from q to p is:

2.1.6.2 Phase shifting transformers.

.. .»' PA
-

A phase shifting transformer can be represented in loadwflovﬂéiudiea

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

8.



transformer having a complex turns ratio as shown in figure 2.1.7. Then the
terminal voltages are related by Ep - ag + jbs where Ep and Es are the
primary and secondary voltages respectively, and a, + jbs 4s a complex

turns ratio.

dsfjbs: 1
: o S
| | Ire |
R —_—
4.,.- *'/57_

fig. 2.1.7 Phase shifting transformer representation.

The different admittances are as follows:

The self-adumittance at bus is given by:

I -7 p2 Pq pn

PP pl

The mutual admittance is:

Y - - Y
qp 29

as + jibs

Similarly the self-admittance at bus q is:

X = y

+ — —
qaq ql Yq2 y y

Qp _ qn

s
Anol the mutual admittance is:

In the representation goftap changing under loadﬁ(:“wi:“

Ypq " - pq ' N d

oY

8g- jbs S

e Voo

2.,1.6.3 Tap changing under load transformers. :K< :
" ’ ‘ N L

N

it ia necessary to change the turns ratio to obtain thayggvT;“;‘

of voltage at a specified bus. This can be accomplished by bﬁé&ﬁiﬂé the

turns ratio by a small in crement & a once in any iteration wvhen the voltagg: 3

9.




magnitude of bus q is such that

/ IV:/ - IVqlnch-dulcdl > E,

The standard change in tap setting of TCUL transformers is + 5/8
percent per step. The self~admittance Ypp and the mutual admittance Y
- qu must be recalculated for every change in the tap setting of the
transformer connecting buses p and q. The equivalent circuit with the

shunt and series admittances is shown in the figure 2.1.8.

® ®

Whare VP and Vq are the voltages at bus p and q respectively.

2,1.7 Digital computer studies of load flow,

Pover companies use vary claborate programs for making load flow studies.
A typical program is capable of handlifts systems of more than 200 buses, 3000
1lines and 3500 transformers, Programs can be expanded to even greaster size

provided the available computer facilities are sufficiently large.

Data supplied to the computer sust include numerical values such as
impedances of the different lines and an indication of whether a bus is a

swing bus, or regulated bus whare the voltage magnitude 1: hf.l?,w 3

generation of reactive power Q, or a bus with fixed P m&’ i
Q generation vsually Bust be specified as well as the IM linc kuo—
voltampar®s . Unless otherwise spacified, programs usually assume a bau of

100 MVA, 30.

YW~ fig.o1s  Equualent T
Iry circuil of Teul transfamer.
Yea V
L.0fleh)-Ya )y ? (1-4) I Ve
%h ; %j Ps —Fi.
L 1



Total line charging in megavars specified for each line accounts for
shunt capacitance and equals Vri times the rated line voltage in kilovolts
times Ichg» divided by 103. This equals wCn /V/2 where /V/ is the rated
line~to-line voltage in kilovolts, and Cn is the line-to-neutral capacitance
in forads for the entire length of the 1line., The program creates a nominal
- representation of the line by dividing equally between the two ends
of the line the capacitance computed from the given value of charging
megavers. For a long line, the computer could be programmed to computer the

equivalent for capacitance distributed evenly along the line.

2.1.8 Information obtained in a load-flow study.

The information which is obtained from digital solutions of load flow
is an indication of the great contribution digital computers have made to the
power system engineer's ability of obtain operating information about the
system not yet built and to analyse the effects of changes existing systems.
the following discussion is not meant to 1list all the information obtainable
but should provide some insight into the great importance of digital computers

in pover system engineering.

The print out of results providad‘by the computer consists of a number
tabulations. Usually the most important information to bi;consideted first
is the table which lists each bus number and name, bus - éiltage magnitude
in per unit and phase angle, generation and 1oad at each bus in megawatts
and megavars, line charging, and megavars of static capacitors or reactors
on the bus. Accompanying the bus information is the flow of megawatts and
megavars from that bus over each transmission line comnected to the bus.

The totals of seystem gonetaticn_tnd loads are listed in megawatts aqg negavers,

In the operation of power systems any appreciable pxpi‘ 'pﬁi{igc on the

- Sh

primary of a transformer caused by a change of load may'ﬁi§§#§t dis£rab1e
to change the tap setting on transformers provided with adjustable taps in
order to maintain proper voltage at the load., Where a tap~changing trans-

3i.
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former has been specified to keep the voltage at a2 bus within designated

tolerance limits, the voltage is examined before convergence is complete,
If the voltage is not within the limits specified, the program causes the
computer to perform a new set of iterations with a one-step change in the
appropriate tap setting. The proceas Is repeated as msany times a5 necassary
to causa the solution to conform to the desired conditions. The tap setting

is listed in the tabulated results.

A systesm may be divided into areas, or one study may include the systems
of sevaral companies esach designsted as a different area. The computer will
cxanin; the flow betweern areas, and deviations from the prescritad flow will
be overcoms by causing the appropriate change in generation of a selected
generator in each area. In actual system operation interchange of power
betveen areas is monitored to determine whether a given area is producing

that amount of power which will result in the desired interchange.

Anong other information that may be obtained is a listing of all buses
vhere the veltage magnitude is above or below some limite that must be
specified. A list of line loadings in megavoltampers can be obtained. The
printout will also 1isc the total megaivatt (/1/21) and megavar (/1/21) losses
in the system and both P and Q mismatch at sach bus. Mismatch is an iondication
of the precisensss of the solution and is the difference between P (and also

ususlly Q) entering and leaving each bus.

2.2 THEORY OF LOAD FORECASTING

2.2,1 Introduction,

It is evident that load forecasting 1s a crutial activtty‘in"llctriw

city supply. Forecasts are based on the previous year ‘s 10!41:: !cr the
period in question updated by factors such general load 1acr¢alot. -njor
nev loads, and weather trends. Both power demsnd and energy forscasts sre used,

the latter often being the morxe rca&§i§ obtained. PFrom energy forecasts

i B



demand values may be determined. Energy trends tend to be less erratic than
peak power demsnds and are considered better growth indicstors; however load

forecasts are glso erratic in nature,

As weathar has much greater influence on residential than on industrial
demands, it may be preferable to assemble the load forecast in constituent
parts to obtain the total. In many cases, the seasonal variations in peak
demend are caused by weasther-reneitive appliances such as heaters, air con-
ditioners etc ~--~. A knowledge of the increasing use of such appliances is

therefore essential. The many physical factors affecting loads, example

wveather, national economic health, popular T.V programs, public holidays etc--

nake forecasting a complex process demanding exparience and analytical abilicy,

2,2.2 Types of forecasting.

Two common time scale of importance to load forecasting exist. Thess are

(1) long-term forecasting, with time horizons on the order of 15 to 20
years s2nd |
(11). Short—term forecasting of an integrated active load dewand of an
urban pover system is often required for economic ganeration
scheduling and security checking. It also helps the power plant

operator in allocating the generator spinning reserve to meet the

peak load dewmand for the area - Long-term forecasting is an essential

necessity for any country in view of the long gestertion period
for the power projects., Demand for such electricity is forecasting
by agencies such as NEPA (Mational Power electric Authority). The
techniques used by thee§ agancias are msinly based on the assum-

ption of taking on average year and thep praj-etiag-tﬂﬁﬂiitvth

every year based on s certain pattern of aanuuattan. li'

2.2,3 Factors influencing load forecast.

33.
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The load grovth of a geographical area served by a utility company
is the most important factor influencing the expansion of the distribution

system. The figure 2.2.1 4{ndicstes some of the factors which influence the
load forecast.

PopuB.t:”~ ”{‘hﬂfcal
suwﬂu éut&.

geaaAorhiuAl
Jaote’kt

Lodd
A—f»sitj

Load
(demand)
forecast

tnelustrial
plans

fig. 2.2.1 Factors influencing load forecast.

As one would expect, locad growth is very much dependant on the
commnity and its development., Thus the level of the overall sconomic
eactivity, the relative levels of the activity, the relative levels of
the activity in the different sectors of the sconomy, the tachnologies s
wvhich are adopted for production of goods and services etc --, are all,
factors that influence the load forcasting. Economic indicstors demographic
data, and offictial land use plans all gerve s8s rawv input to the forecasting

procedure.

2.2.4 Load grovth equation

The load growth of the geographical area served by a uttliéiléoipnny

1s the most important factor influsncing the expfreion of the distribution



system. Therefore, load forecasting of load increases is essentisl to the
planning procedure. Pitting trends after transformation of data is a common
practice in technical forecasting. An arithmetic staight line that will
not fit the original data may fit for exsmple, the logarithms of the data

as typified by the exponential trend,

(2.2,1)

This expression is gometimes called a growth equation, since it 1s

after used to explain the phenomenon of growth through time. For example, 1if

the load growth rate is known, the load at the end of n th year is given by

n
?n - Po (1 +g) (2.2.2)

Where load at the ernd of the n th year

<
]

initial load

o'ﬁ
]

g = annual growth rate

n = number of yeras.

Now, 1f it is so that ?n -y P = a2, 1l4+ge=bandn=x, then

t’* o

equation 2,2.2 is identical to the erponential trend equation 2.2.1.

2.2.5 Porecast methods,

The forecast method are diverse and based on extrapolation, that is
the ability to look into the future proceeding from the past and today's
information. Many works relating to the energy problems reveal chdApoosibi;
1ity of wide-scale employment of the probality theory methods and mathematical

statistice for solving the planning problems.

A number of most popular methods in load forecasting include

{4). forecast by produce growth factors

(11). normative mathod
(111). correlation method

(iv). forecasting with the use of time saéloo.
3s.



2.2.5.1 PForecast by produce grovth factors.

This is made by progjecting the growth trend in the past into the
future. For instance, if the growth factor KT-I of the power consumption

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

Cp = (L+E ) €, (2.2.3) |

and KT-I - CI—I

Cr_2 |

Where CT-I’ CT—Z are the consumption for the (T-1)th and (T-2)th years.
This method 1s simple but inaccurate because the data in the past (growth

factor KT-I) are applied to the future without any refinement. Omn some

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

computers make it obsolete.

2.2.5.2 Normative method.

The power demand is also forcast by the so-called normative method
vhich normalizes apecific power consumption per unit produce of various

enterprises and branches. Now the forecast is:

¢, = = Cp i Fy (2.2.4)
i
Where 4 = number of branch or enterprise 3%!
:,.,;*
CT ;s - forecast specific power consumption ‘
» .
Fi = forecast output.

%
This method is widespread for forecasting power demand for 53 -~ 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

Rt o SR
is limited because the power systems are not furnished with iafr ?ﬁoﬁ on

the expansion of the energy consuming branches of industry.

%
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2.2.5.3 Correlation method.

This is a wmathematical modelling method. It relates the statistical
data of power consumption with main factors affecting the power demand.
Extrapolating such relations for the future gives the forecasting. The
correlations may exist between the power consumption and gross 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
short-term forecasting though the number of the main variables increases

with reduction of the forecasting period.

2.2.5.4 Forecasting with the use of time series.

This is also a mathematical modelling. This method is based on the
extrapolation of correlation method. The time series is striturally

represented as two components taking the form.

() = ?”(t) + V(t) (2.2.5)

Here ?ﬂ(t) descrites the determinate component of the series and is
called a trend; the component V(t) gives the random deviations from the

trend vhich 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 comprising the system and the
basic particular of their operation, average weather indicators and the like.
Howver the unsteadiness of many factors affecting the power consumption
causes the random deMtations from the trend, example at the ambient tem-

perature fluctuations-

1f a mathematical model can be selected Y(t), it is :cgé‘ xg?p}icablc
for forecasting by extrapolation for a period of (t + t).>efh!ff;ihclst
for the moment (t + Ht) will be: |

Y, (e + o) = Pt SO+ V(e + B - (2.2.6)
Where % (t + A t) is the value obtained by extrapolating the series

Sﬂ(t) by the moment (t + 4 t) apq v ’7(1: + &t) by extrapolation of V(t).




CHAPTER THREE,

APPLICATION OF LOAD FLOW CALCULATION TO NEPA 1lkv DISTRIBUTION

NETWORK FOR MINNA METROPOLIS.

3.1 Introduction

In the present chaptexr, the load flow analysis ls applied to the NEPA

11kv discribution network within Minna metropoiis.

Four different feeders supply Minna matropolis in electricity. The

11kv network distribution comprises six buses.

3.2 The NEPA likv distribution network.

Two 33kv lines come from Shiroro hydroductric power station. At the
Shiroro substation situated near Shiroro Hotel, two 15MVA step~down trans-
formers are used to step-down the 33kv to llkv, At this stage, there is a
bus where four llkv feeders teke their power to supply Minnas metropolis.

These four feeders are commonly named:

(1). the parliamentary feeder,
(i1). the piggery feeder,
(i111). the Shiroro feeder,

(iv). the Chanchage feeder.

The Chanchaga feeder supplies the area comprising custom house, Nigeg
State Secretariat complex and Chanchaga quaters. The Shiroro feeder is th&
one supplying the Shiroro quaters, bay clinic quaters and Maitumbi area.
The piggery feeder supplies Minna down town, Bosso town and Maikunkule area.

ind finally the parliamentary feeder is concernad with the area of Kpa

bungu and its surroundings.

T

It is also important to mention that, at the different load centers,

11kv/415v step - down transformers are used to supply customers.

38.
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3.3 Data preparation.

For the computer program that is to be used for simulation, data have
to be prepared. These data comprise the resistances, the admittances 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 susceptances,

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

The active resistance per kilometer r, 1s given by:

Yo (V1) /km = ii vhere )’ is the resistivity of the conductor used,
F

F is the cross-sectionsal area.

The total resistance of the particular line is obtained by multiplying

T, by the total length of the line in km.

(11). The reactance x,

xg (U)/km = 0.1445 log . Bam + 0.0157 where
R is the radius of confuctor, Dgyp = 1.26D for horizontally arranged

conductors.

The total reactance of the line is obtained by multplying x4 by the

total length of the line in km,

(141). The susceptance by is given by:

-6
by Q/lm = 7:58_____xio

10810 Devp
R
For the present project work, practical values of ¥y = O.ISSJILﬂ'/kn.

Xo = 0.410/F/km and b, = 7.59 guhA/F/im are used. And the following

table 1s obtained.

AD.
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Bus n° name Bus n© name Length (km) Resistance (V1) Reactance (L) Susétptan“}nhlb

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 Shircrc Substation 6 NAA 11KV panel 27.714 4.30 11.362 210.350
2 Shiroro Hotel 3 Power Station 4,785 0.741 1.961 36.318
2 Shiroro Hotel 4 Chanchaga Water Works 9.214 1.417 3.748 69.387
2 Shiroro Hotel 5 IBB House 7.071 1.096 2.900 53.668
3 Power Station 4 Chanchaga Water works 9.214 1,428 3.778 €9.934
3 Power Station 5 IBB House 5.071 0.786 2.079 38.488
3 Power Station 6 NAA 11KV panel 22,714 3.5i0 9.312 172,400
5 IBB House 6 NAA 11KV panel 23.857 3.700 9.781 181.075

Table 3;1& Line data.

£i.



3.4 Use of per unit syatem.

In this project work a base of 100 MVA is used. The base KV is 11KV, ‘

From these two values a base impedance is calculated and is given by:

base impedance = (base, kg)2 - l&f
base MVA 100

- 1.21

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

of the different lines in per unit values. é

The bus data, that 1is, the voltage, the active and reactive power
n
associated with each bus are given'the table 3.2. These values are in per

unit.
Load Generation
Bus name volts MW MVAR MW MVAR
1 Shiroro Substation 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
5 1BB House 1.0 + jo.o 0.0085 0.0052 0 0
6 NAA 11KV panel 1.0 + jo.0 0 0 0 0

Table 3.2: bus data

3.5 The similation program,

For the simulation of the present work, a gASCAL program is used.

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

&2



CHAPTER FOUR

RESULTS AND DISCUSSION

The result from the simulation program are printed out in 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 fuses. As we have a total number of six Buses, six different

values of voltages are printed out.

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

line connecting one Bus to another is printed out.

For example Bue 1 1s conmected to all other five Buses. To the computer
prints the real and reactive power flowing from hua 1 to each of the
other five Buses. It is to be noted that Blus 1 1s the slack Bus. The
total bus power is obtained by summing the flows on the lines terminating

at the Bus. So a summnary of the hua powers is given below.

Load
Bus no active power reactive power
(Rw) (RVAR)

1 30.74 22.42 %

2 22.1 16.18 :

3 2.08 1.52
¥

4 11.8 8.6

5 10.6 7.75

6 1.41 - 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 is,

8

10°, to get the real value in watts. So the values of power given above

43



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 is due to the fact that the system under study does not include any
powver generation system. The one in the system, that 1s, bus no. 3

is not more generating. 8o all the buses are load buses.



CHAPTER PIVE

CONCLUSION AND RECOMMENDATION

3.1 CONCLUSION

A review of the objectives of this work is briefly highlighted in this
section. The work has taken a general look on load flow analysis and

load forecaating and the various methods of solution used in both

casgses.

However, the main area of contribution of this project work is the
development of the simulation program. The program is written in
PASCAL using Gauss-Seid€l method of solution., With this program,
the user will be able to calculate the bus voltages, the real and
reactive powers associated with each bus in apower distribution
network. therefore the simulation program is the major contribution

of this present project work.

5.2 RECOMMENDATIONS

A practical project of this type needs a lot of finance, which of
course is the brain behind this simulation program. ' The school

of Engineering in general and the department in pgrticular should
normally help the students to carry out such projects by providing
them adequate financial asaistance, as it i3 done in some of the
higher ingtitutions of learning in the countgjg' This proposition

should be taken into sccount for the next coaming years.

Finally I suggest that, some companies, like the National Electric
Power Authority (NEPA) in the present case, should be associated in

carrying out such projects.
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Appendix D Program load fiow(input,outputi;
Erggram to computc Load fiow for 11 KV NEPA Distribution

Nctwork within Minna Mctropolis.

Salifou Sandagou (80/1565)

bepartment of Eicctrical/Computer Engincering

‘cderal University of Techonoiogzy

inna.

Dcveloped by -

=t

January, 1997

usca

crit,dos;

=g

0 n

C bt

wa u'
<

arrayvz =
arrayl =

Y, Y5, Y¢, Pac, Prc
v, Vinstar, A, Vold
tol, sumi, sumZ, sum
p, o, iter,row,col

converged

Froccdurc rcad data;
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Y5{1,23:=2,13;Y5{1,3}:=0.01;Y5{1,47:=0.24;Y5[1,0}3:=0.62;7Y5{1,6]1:=0.30;
YS5i{Z,11:=2.13;Y5{2,31:=0.47;Y5{2,4}:=0.%25;Y5{Z,5]:=0.32;Y5{Z,67:=0.00;
Y5i{3,1}:=0.51;Y5{3,23:=0.47;Y5{3,43:=0,.24:;Y5{3,51:=0.45;Y5{3,6]:=0.09;
Y5{4,17:=0.24;YS5{4,2]:=0.25;Y5(4,3]:=0,24;Y5{4,5]7:=0.00;Y5{4,67:=0.00C;
Y5{5,1j:=0.62;¥8{5,27:=0.32;Y5{5,3]:=0.45;YS{5,47:=0.00;Y5{5,6]:=0.059;
Y5{6,11:=0.,30;Y5(6,21:=0.00:Y5(6,57:=0.09;Y5(6,43:=0.00;YS[6,51:=0.08;

YP{1,27:=0.024;YP{1,37:=0.015;YP{1,471:=0.,035;YP{1,5]:=0.040;YP{1,6]:=0.02Z;
YP{2,1]1:=0,024;YP{%,3]:=0.016;YP{Z,4]1:=0,03Z;YP{2,5]:=0.016;YP{Z,6]:=0.00;
YP{3,17:=0.015;YP{3,2]:=0.016;YP{3,4]1:=0.02;YP{3,5]:=0.0456:YP{3,67:=0.035;
YP{4,1]:=0.035;YP{4,2]1:=0.032;YPi4,3]:=0.020:;YP{4,5]:=0,00;YF{4,6]:=0.00;
YP{5,13:=0.04;YP{5,27:=0.016;YP{5,37:=0.045;YP{5,4]:=0.00;YP{5,67:=0.108;
YP{6,1]:=0.02Z;YP{6,2]:=0.00;YP(6,37:=0.035:YP[6,4]:=0.00;YP{6,d]:=0.108;
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array{i..6,i..6] of rcai;
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arrayz;
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rcai;
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boolcan;
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Proccdurce compuic V;
Begin

<

iter:=
KEFEAT
iter

g
=
bt T3 oo

- - o=

Vipl:={({A{pi/Vinstar{p])-sum)/Y

—
p ]
o
tnd
-

converged: =abs(

converged:=abs{Vipj-voldipi) < tol;

UNTIL converzed OK {iter = itermax);
writein;
1¥ NOT converged THEN

writc{'no’};

writcln(’convergence to specificd tolcrance after’,iter, 'itcrations?y;

END;

Proccdurc computc powcr;

Begin
FOE pi=1 TO n DO
FOK ¢:=1 TO n DO
if p<>g then
Ecgin
Pacip,qj:=vVipi*{{Vip]-Via])*¥S{p,aj-Vipi*YF{p,aj/2)*0.85;
Preip,al:=Vipl#{{Vipi-Via]l)*¥S[p,ai-Vipi*YFip,al/2)*0.6Z;
END;
END;
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{*

rcad data;

computc V;

computc power;

{# FKcsuits
cirscr;

writcin{ ‘Bus
writcln(’®

¥FOR p:=1 TO n DO
writein{’'v’,p,’

writcln;

Scetion #)

Beginning of the main progzram #)

= L,Wipiiw

write{'Press {Enteri oo
repeat until keypresscd;

gzotoxy(i0,row) ;writcin

POW: =Irow+1;
1F row=z{

gotoxy{i0,row+Zj;

row:=3;

repeat untii keypresscd;
gotoxv(lﬁ li,writulni’Activc
gotoxyi{id, 2} ;writcin{’

END;
END;
writeln;

writcin{ 'Maximum numbcr of itcrations allowed is

writeln;

writcin{'No of itcrations aftcr which converg

writcin;
writce{’Precss
rcadin;
rcepeat until

END OF

THEN

rcadin;

-

{Entcr] key to

coninuc...’

{*'P',pya,’

writc{‘'Pr
cirs

Power

kcypressed;

PROGEAM { LOADF

LowW)
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JXiE. e

css |

Cr.

TRy

1

Ent

e,
s

Rcactive Power’

yPaciv,ul,

-

cry

cnce occurcd is

- -

.

to continuc...’J;

*yitermaxj;

yiterys

*yPreip.all;
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Bus Voltages V APPENDIX E RESULTS

Vil = -6,98758838911E-03
VZ = T.7%ZZ3185384E-03
V3 = -2.134Z399709E-03
Vi = 1,40030049Z1E-0Z
V0 = B.B393Z7D094E-03
V6 = 5,331811TZ66E-G3

Prcss [Enteri to coninuc...

Active Powcer Rcactive Power

FiZ = 1.8060899301E-04 1.,3538038313E~04
P13 = 1.4391594947E-05 1.0497398667TE-0D
Pid =  Z,9Z681000Z1E-05 2,1348496486E-05
Pid =  5.745D404473E-05 4,1308647968E-05
Pi6 = Z,14900Z8Z75E-05 1.5679455919K-05
PzZi =  Z.000D8B6Z31E-04 1.4957234663E-04d
PZ3 =  3.000Z06Z3474E-05 2.1884Z66534E-03
FZd = —1.113311/4u15 U5 -8.1692055537E-06
5 = -Z.751757Z611E-06 -2, 0071641200E-06
PZ6 = u 000000000 IE+00 U, 0000000000E+00
P31 = -4,5195955113E-00 ~-3.2966461378E-06
P32 = 8.37301246Z2E-006 6.,1073737359E-06
P34 = 7.0083873107E-06 5,11Z4378031E-06
P35 = B.BT112Z26Z65E-06 6.470701Z100E-00
P36 = 1.151ZZZ1345E-00 B8.3971496869E-07
Pdl = D.738301Z237:E-05 4,1855844319E-05
PéZ = 1.6Z1847Z945E-05 1.1830674383E-05
Press [Enter] to conuinuc,..

52



Active Power Kcactive Power

Pdé3 =  4.,430069501ZEE-0D 3.2318010682E-05
Pi5 = 0.0000000G0OCE+GO 0. 00000000GUE+00
PiG6 =  §.,000000000CE+G0 0, 000000000CGE+TG0
Pb1 = ©.,99086Z8%0cE-05 5.0992176379E-0D
PbZ = Z.5B53173050ZE-06 1.863773Z8378-006
PO3 =  3.495016217%E-05 Z.D4533059472E-05
b4 =  §.000000000CE+GO 0.0000000000E+00
o6 = -9.70Z885080CE-07 -7.,12116323488-07
P61 = 1.445Z135000E-05 1.0541601059E-05
P62 = §.0000000000E+00 0.0000000000E+00
P63 = Z.310Z63Z5895E-06 1.06851327126E-06
Fbd = u 0000000000E+00 0. 0000000000E+00
PG = -Z.570Z50Z555%-00 -1.879147Z452E-06

-

Maximum numbcr of itcrations aillowed is 150

-

No of itcrations after which convergence occurcd is 4

=3

Press (Enter] key to coxit...
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