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A b s t r a c t 

In order to adopt effective des igning strategies, the 
practical Distribution Engineer h a s to have a set of 
tools. These will have to be easy to understand, imple­
ment and develop. A modern spreadsheet which i s wel l 
equipped with most of these requirements i s used in 
th i s s tudy for modell ing electrical power distribution 
systems. The novelty of th i s method i s the application of 
the spreadsheet for the .solution of an engineering 
problem. This i s rare, since spreadsheets were origi­
nally developed mainly for financial modelling. 

Due to the nature of load flow studies, many calcula­
t ions require to be repeatedly performed for each and 
every busbar in the system. Inversion of matrices in the 
c a l c u l a t i o n s i s a l s o d e m a n d e d , w h e n c e r t a i n 
algorithms are used. Both these facilities along wi th 
trigonometric and other functions are readily available 

, w i th the modern spreadsheets , where these facilities 
are built in to the package itself, al lowing easy compu­
tations. 

The results from th is technique were tested against the 
proven Newton-Raphson Load Flow Technique (NRLF) 
wi th very satisfactory agreement. 

Although there are a l imited number of recorded in­

stances where spreadsheets have been used for engi­

neering applications, exploitation of the spreadsheet to 

th i s depth, as done in th i s^ tudy i s rare-

L i s t o f P r i n c i p a l S y m b o l s 

Pi - The active power injected at bus i 

Qi - The reactive power injected at bus i 

Ci - The capacitance of the voltage compensating 
capacitor banks a t bus i 

Bi •• - The shunt susceptance at bus i 

Vi - The voltage magnitude at bus i 

Ii - The nodal current magnitude at bus i 

Qi - T h e voltage angle at bus i wi th respect to refer­
ence bus 

Yik - The ikth e lement of Y matrix 

Gik - The ikth e lement of G matrix 

Bik - The ikth e lement of B matrix 

k i - Implies that k i s connected to i or coincident 
w i t h i 

LO I n t r o d u c t i o n 

Distribution load flow studies have to be carried out 
constantly in order to design a good distribution system. 
This becomes highly necessary when the loading on 
exist ing networks grow due to rapid industrial isation 
and urbanisation. The following characteristics of gen­
eral distribution networks are borne in mind w h e n de­
veloping the proposed model. 

1. The values of l ine resistances are comparable wi th 
corresponding line inductances. 

2. The voltage angles a t the bus bars are very small . 

3 . All the distribution transformers are off load tap 
changing type (OFTC) and could be on the nominal 
tap. 

4. The effects of shunt admittance at distribution 
levels are extremely small . . 

5. Except for the bus 1, where power i s injected, the 
loads a t all other buses are known. 
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B a s e d on the above characteristics the following as­
sumptions are made i n the study. 

i. Al l voltage angles are small . Hence the result ing 
second order t erms could be neglected. 

ii. AU s h u n t e l ements except the capacitor banks have 
negligible effect on the system. 

iii. Loads a t all busbars other t h a n at the slack bus are 
known. 

Here t h e normal a.c. load flow equations to a power 
sys tem i s reduced to a s imple se t of non-linear equations 
u s i n g a technique similar to that u s e d on the D.C. 
Network Analyser by Karunaratne(3) and the Modified 
D.C. Load Flow Technique by Lucas, Induruwa and 
Malembeka5. Then iterative techniques are used to 
arrive a t the solution. Since t h e number of bus bars 
involved a t distribution levels i s far greater t h a n that at 
h igher transmiss ion voltage levels , i t would take a 
longer t ime to converge i f the "Jacobian" matrix i s to be 
inverted, or t h e bus admittance matrix, changed wi th 
each iteration. The se t of equations developed under 
th i s s tudy results in a constant "Jacobian" matrix of the 
same order'as the Jacobian in the Newton-Raphson 
Load Flow (NRLF) technique. This al lows greater flexi­
bility to the user so that load flows could be carried out 
a t different loading patterns us ing the same constant 
"Jacobian" inverted only once. 

2.0 Load Flow Calculations 
The modified Power Flow Equations represented in 
matr ix form for a sys tem wi th n busbars have been 
derived i n Appendix I. (vide equation A l ) . Since the 
sys tem of equations represented by equation A l i s sin­
gular, to m a k e i t non-singular, equation corresponding 
to b u s 1 h a s been removed. 

The result ing equation i s a s follows. 

w 

0 ) 

where the corresponding terms of the LHS vector for the 
i th busbar are given by : 

t p • 'n*« l «.to + - w c .y . e . - a « - * i t A i i w < -

and the corresponding term o f t h e vector W for the i th 
busbar i s g iven by, 

Equation (1) can also be rewritten a s follows. 

a ( n - 0 x \ 

where M = 

Multiplying both s ides by £ H ]] 
* V 1 f "1 [prvy 1 

vv 0' 
atn-Jxr 3.fo~i)iraCrv<t) atn-V)»t| 

The above equation could be rewritten slightly differ­
ently as shown below, 

p A 

6 

(2) 

(3) 

Separating the unknown vector in to two sub vectors, 
equations (2) and (3) are obtained 

[ V ] = [ A ] Us} 
( n - l ) x l ( n - l ) x 2 ( n - l ) 2 ( n - l ) x l 

[ W ] = [ B ] [ S ] 

(n - l )x l ( n - l ) x 2 ( n - l ) 2 ( n - l ) x i 

Us ing iterative techniques, 

[yt] - [A3 f>M3' 

1 

(The supercript denotes the iteration count). 
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3.0 A p p l i c a t i o n o f t h e S p r e a d s h e e t 

Macro facilities offered by the LOTUS 123 Release 2.01 
package w a s selected for th i s study and uti l ised in de­
veloping the final load flow program result ing in a set of 
sequential spreadsheet instructions. This could be 
depicted by the FLOW CHART in figure 1. 

3.01 Reading bus and l ine data 

A s the first input, the number of busbars i n the mod­
elled power system is entered at a specified cell in the 
spreadsheet. Once th i s i s complete, the voltage level of 
the power system h a s to be entered. Now the MACRO 
will create a table (fig. 2) and awai t input of all relevant 
bus data available for the modelled system. Here DATA 
FILL facility i s uti l ised to create a specific row for each 
bus bar in the system.[G] and [B] submatrices of specific 
size are created at selected locations us ing the RANGE 
NAME CREATE facility along wi th the number of 
busbars obtained earlier from keyboard. By this method 
the ranges created, or the order o f the matrices created 
will only conform to the order ofthe sys tem of equations 
under consideration. 

3.02 Forming submatrictes [G] and [B] of 
Jacobian . 

After the ranges for the submatrices are formed, the 
GET VALUE feature of the package i s used to obtain all 
l ine data from the keyboard. The ikth and kith e lements 
for each line in the submatrices [G] and [B] are then 
calculated directly. These data are reserved at specified 
cells within those specified ranges created earlier, within 
the m a i n spreadsheet for later use . The diagonal ele­
m e n t s of these submatrices are calculated us ing the 
facility of addition of ranges and are stored at appropri­
ate locations of the matrices formed earlier, us ing the 
P U T facility of the package. 

3.03 Formation o f t h e Jacobian [M] from 
submatrices [G] and [B] and i ts invers ion 

• 
The Jacobian CM] is formed by us ing the copying facility 
of the spreadsheet to another specified range within the 
same spreadsheet, after excluding the bus bar 1 to make 
the matrix non-singular. This Jacobian along wi th the 
matrix inversion facilities of LOTUS are used to invert 
the Jacobian directly without application of other matrix 
inverting techniques. 

3.04 Formation of vector [S] a n d Calculation of 
b u s voltages and Angles 

The bus data stored earlier in the table, are then copied 
to another location in the spreadsheet after introducing 
suitable initial guesses for the unknown data. The 

vector [S] is formed by calculating the corresponding 
first value of the vector [S] and copying this equation for 
the rest of the busbars. This vector along wi th the 
inverted Jacobian i s used wi th the matrix multiplica­
tion facilities of the package, to calculate voltages at 
unknown busbars us ing equation (2). This process is 
continued after calculating the corresponding voltage 
angles us ing equation (3), wi th updated voltage values 
obtained from equation (2) unti l solution converges. 

3.05 Calculation of Line F lows 

Substituting the final solution for individual voltages 
and voltage angles in equations A 4 and A5 directly 
(Appendix I), the active and reactive power flows are 
calculated for the l ine connecting bus 1 and bus 2. This 
is then copied for the rest of the system since the 
calculating process is the same for all the busbars. 

4.0 A p p l i c a t i o n o f t h e T e c h n i q u e a n d 
R e s u l t s 

The technique was tested by applying i t to the 10 bus 
system shown in figure 3. The NRLF technique was 
applied to the same system in order to check the accu­
racy of the technique developed. A comparison between 
the two techniques on the loadings are shown in Table 
I and the corresponding power flows are compared in 
Table II. 

It is observed that the system of equations converge 
very fast requiring only one iteration for convergence. 

5.0 C o n c l u s i o n 

The results obtained for the tes t network show that the 
results from the proposed technique are in good agree­
ment wi th those from the NRLF technique, the reported 
deviation being extremely low (order of0 .0001 which i s 
the set accuracy level for convergence). 

Another key advantage offered by the proposed tech­
nique i s i ts requirement to invert the Jacobian only once 
for a particular se t of data. This i s very useful w h e n 
carrying out repeated load flow calculations at different 
loadings, applied to the same network. This i s increas­
ingly useful at distribution voltage levels where, the 
load curve t end to vary widely over t ime. U s i n g this 
method only the loads need to be changed and no 
repeated matrix inversion is necessary. 

Also in this method, memory uti l isation i s rational for 
the given number of busbars. 

Since m a n y of the packages available for distribution 
simulation s tudies , are very expensive and require 
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sophist icated computers to run, need ing extensi­
v e training, t h i s package could be used a s a low cost, 
e a s y to understand, economical method of solving dis­
tribution load flow problems w i t h very nunimal famil- *3-
iarisation. 

This i s a novel application of t h e spreadsheet , and th is 
s h o w s t h a t there i s m u c h more scope for t h e u s e of 
spreadsheet i n solving engineering problems. g 
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APPENDIX I 

At distribution levels is insignificant and therefore, can be 
ignored 
At bus 1,under balanced conditions. 

li-Mi-Wi2 = Vi Tlkfk 

V i l f l Vit2l 

P1-JQ1 <COSQ1+JSITO1>-JwC1V1(COS01+JSII01> 

P1COSQ1+Q1SISB1 +wC1V1SI591 +j <P1SIIG1-Q1CC)S81̂ .1y1C0SQ1) 

22 
= <k6i <ClkVkC.X8k-BlkVkSIÎ >*j(BttCpS©k̂  

Assuming that all 6~s are snail so that second order terars can be 
neglected. Cos8 = 1 ; SlnB = G for all 6. 

Sow the equation becoaes, 
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- <k7i < c i k V B i k W + J < B i k v k + G i k W } 

Equating real parts, 

r i + Q i e i * * i * A = £ i < G i k V B i k W 

v. 

Equating imaginary parts/ 

Let VfcGfc = Vk for all k 

Representing the above equations In matrix form for a a bus systea 

P-rQ9 + wCVQ 
V 

P9-t> - wCV 
V 

2n x 1 

G -B 

B 6 

2n x 2n 

(Al) 

2a x 1 

Since the systev of equations represented by (Al) is 

singular, inorder to aake i t noa singular, for purposes of 

inversion, factors pertaining to bus 1 (slack bus)are transferred 

tc the left hand side. 

Saw t h e s y s t e a beccaes 

0 * V 

2<n-l)xl 2(n-l)x2(n-l) 2(n-l)xl 
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where the corresponding terms of the LBS vector for the 1 t h busbar 

are given by, 
f 

* i " = V S i e i ^ i + w C i v i e r G i i V B i i v i 

and the corresponding t e r n of the vector V fo r the 1 * ^ busbar 1 3 

given by, 

* ~ V i = V i « i 

E q u a t i o n ( 1 ) c a n a l s o b e r e w r i t t e n a s f o l l o w s 

r 

2 ( n - l > x l 2 < n - l > x 2 < n - l > 2 < n - l > x l 

r 

V h e r e X 
G B - B m 

M u l t i p l y l a g b o t h s i d e s by [ X ] - 1 

r i 
v 

2 < n - l > x l 2 ( a - l > x 2 < n - l > 2 < n - l ) x l 

The a b o v e e q u a t i o n c o u l d b e r e w r i t t e n s l i g h t l y d i f f e r e n t l y a s s h o w n 

b e l o w , 
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Seperating the unknown vector In to two sub vectors equations (A2> 

and (A3) are obtained 

t TJ s I A 3 [ S 3 <A2 ) 

<n-l>xl <a l̂>x2<n-l> 2<n-l>xl 

I V ] = [ B ] C S 3 < A3 > 

(n-l)xl <n-l>x2<n-l) 2<n-l)xl 

Using ltratlve techniques, 

£ VP 1 = I A 1 [ SP"1 3 

t . vp+l ] • [ B'] [ &P 1 

<The superscript denotes the iteration count) 

Respective line power flows in the systea could be calculated fron, 

S U = B I * 

- " i t E i * - * J * 3 " i J * 3 

for all i f J 

Separating this equation in to real and laaginary parts, 

?ij = C i J V i 2 " 6 i j V i v J C 0 S < B i - 8 J ) + B^V^SIKB^)—<A4> 

Qij s B i j v i 2 " B i j v i v j C 0 S < 8 r B j > " 6ijVjsx,(Bi"fiii)—<A5) 

Where , ?^ and Q j j denote the corresponding active and reactive 
power flows between bus i and bus J for a l l busbars in the systea 
except i=J 
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• APPE3TDIX I I 

. BDS VOLTAGE . • ' AIGLE(DEG) 
: SELF "• KDCLF • .BRLF • XDCLF • 

1 ' . • 1 1 0 0 
2 0 . 9 9 8 8 3 0 . 9 9 8 8 1 7 0 . 0 2 9 3 1 0 . 0 2 9 6 2 1 
3 0 . 9 9 7 6 9 0 . 9 9 7 6 6 7 0 . 0 5 8 4 1 0 . 0 5 9 0 7 1 
4 0 . 9 9 7 0 3 0 . 9 9 7 0 0 3 0 . 0 7 5 8 2 0 . 0 7 6 7 7 6 
5 0 . 9 9 7 0 . 9 9 6 9 7 5 0 . 0 7 3 9 5 0 . 0 7 5 
6 0 . 9 9 6 8 3 0 . 9 9 6 7 9 9 0 . 0 7 7 9 2 0 . 0 7 9 0 1 
7 0 . 9 9 4 7 9 0 . 9 9 4 7 4 4 0 . 1 2 9 1 9 0 . 1 3 0 9 2 
8 0 . 9 9 3 9 6 0 . 9 9 3 9 0 7 0 . 1 5 0 0 3 0 . 1 5 2 0 6 2 
9 0 . 9 9 3 6 2 0 . 9 9 3 5 6 1 0 . 1 5 8 5 9 0 . 1 6 0 7 7 1 

. 10 . : 0 . 9 7 6 1 1 0 . 9 7 5 9 8 6 0 . 6 1 4 2 2 0 . 6 1 8 2 7 8 

TABLE I • 

FROM • TO ACTIVE POVER REACTIVE POVER 
ERLF XDCLF ML? XDCLF 

1 2 . 0 . 4 8 1 6 5 0 . 4 8 1 7 3 2 0 . 4 6 0 6 1 0 . 4 6 0 6 3 3 
1 5 0 . 6 3 5 0 7 0 . 6 3 5 3 1 6 0 . 6 0 1 8 7 0 . 6 0 1 9 3 7 
1 10 1 . 0 3 5 1 6 1 . 0 3 7 7 6 6 0 . 9 9 2 9 3 0 . 9 9 3 5 2 9 
2 ' 1 ' - 0 . 4 8 0 8 5 - 0 . 4 8 0 9 2 - 0 U 6 0 3 1 - 0 . 4 6 0 3 3 
2 3 0 . 3 8 0 8 5 0 . 3 8 1 0 1 7 0 . 3 7 0 3 1 0 . 3 7 0 3 7 1 
3 . 2 - 0 . 3 8 0 2 3 - 0 . 3 8 0 3 8 - 0 . 3 7 0 0 9 - 0 . 3 7 0 1 4 
3 4 0 . 2 4 0 2 3 0 . 2 4 0 3 9 1 0 . 2 4 0 0 9 0 . 2 4 0 1 4 2 
4 3 - 0 . 2 4 - 0 . 2 4 0 1 5 - 0 . 2 4 - 0 . 2 4 0 0 5 
5 1 - 0 . 6 3 2 3 9 - 0 . 6 3 2 6 - 0 . 6 0 0 8 8 - 0 . 6 0 0 9 4 
5 6 0 . 0 5 0 0 1 0 . 0 5 0 0 4 2 . 0 . 0 4 5 0 . 0 4 5 0 1 5 

• 5 7 0 . 5 8 2 3 8 0 . 5 8 2 9 2 7 0 . 5 5 5 8 7 0 . 5 5 6 0 6 2 
6 5 - 0 . 0 5 - 0 . 0 5 0 0 3 - 0 . 0 4 5 - 0 . 0 4 5 0 1 
7 5 - 0 . 5 8 0 5 5 - 0 . 5 8 1 0 8 - 0 . 5 5 5 2 - 0 . 5 5 5 3 8 
7 8 0 . 3 8 0 5 5 0 ; 3 8 1 0 3 5 0 . 3 6 5 2 0 . 3 6 5 3 7 2 
8 7 - 0 . 3 8 0 1 - 0 . 3 8 0 5 8 • - 0 . 3 6 5 0 4 - 0 . 3 6 5 2 
8 9 • 0 . 2 1 0 1 0 . 2 1 0 3 9 1 0 . 2 0 0 0 4 0 . 2 0 0 3 9 
9 8 - 0 . 2 1 - 0 . 2 1 0 2 8 - 0 . 2 - 0 . 2 0 0 1 

10 1 
•r" 

- 0 . 9 9 9 9 8 - 1 . 0 0 2 3 2 - 0 . 9 7 9 9 9 - 0 . 9 8 0 5 4 

TABLE I I 

SRLF - . 

XDCLF -

RESULTS FROX UEVTOI RAPHSOU LOAD FLOV. STUDIES 

RESULTS FROM PROPOSED D. C. LOAD FLOV TECHNIQUE 



(START ) 

• \«»p UNE t BUSBAR DAU\ 
fORHlb) ft. IB) SUBMITRK OF JACOBIAN 
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A B C D E F 6 
NUMBER OF BUSBARS W 

VOLTAGE LEVEL 33 

BUS P Q VOLT THETA REHA 

1 0 SI 

2 - 0 1 -0-09 0-998817 0 000517 LO 

i - o n - 0 - 1 1 0-997667 0-00103 1 10 

T) 4 - 0 - 2 4 • 0-2* 0-99710J 0-00134 0 10 

12 S 0 0 0-99497S 0-00)3 09 BR 

13 4 - 0 OS . 004S 0-996799 0-001 37 9 LO 

U 7 - 0-2 - 0-19 0-9917 4 4 0-00 2 28 S ID 
« a - o - i 7 -0-16S 0-993907 0-0026S4 LO 
16 9 - 0 . 2 1 - 0-2 0-99 3S61 0 0 0 i * 0 6 10 

17 10 • 1 • 0-98 0-97S966 0 - 010791 10 
U 
19 
20 

FIGURE - 2? 

FIGURE - a . 


