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A graph demonstrating the effect of varying the learning rate, between 0.001 and 

0.6, on the performance of the PBIL is given in Figure 7.1. 
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0. 00007 

0.000055 

O~ 

O.O(lOO55 ; 

• • w O.QOOO5 Z 

" O.()()0()45 I 

oo~ 

o.ooooo~ : 

o O(l(lO3 . 

" 
NUMBER OF GENERATIONS 

Ic=","~oOOOC,c==,,".'O"CO"'- LR~0. 1 --l R_O.£ _ . LR_O. J - LR,,<] .• --LR.oO.5 - LR,o.e 

i FIGURE 7.1 EFFECT OFTHE LE ... RNING R"'T! ON THE PSll 

Figure 7.1 shows that for low learning rates between 0.001 and 0.01, the search 

is quite random and the solutions obtained are far from the best one. The 

equation for updating the probability vector was presented in section 5.5.2 as 

shown below (bestsamp is the trial solution with the highest fitness value 

obtained from each generation): 

J'1i] = (J'1i] x (1- LR)) + (LR x hest.mfnI'U]) 

If the learning rate is set to zero then the equation for updating the probability 

vector becomes: 
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SAVINGS IN THE SAVINGS IN THE SAVINGS IN THE SAVINGS IN THE SAVINGS IN THE 

LOCATION ANNUAL TOTAL ANNUAL TOTAL ANNUAL TOTAL ANNUAL TOTAL ANNUAL TOTAL 

COST COST COST COST COST 

3 2418 12970 

4 -179 743 2585 4428 6270 

5 -939 -778 -457 -135 187 

6 460 2020 5140 8260 11380 

7 -530 40 1180 2319 3459 

8 -76 948 2995 5042 7090 

9 -715 -331 439 1208 1978 

10 -936 -773 -446 -118 209 

11 -945 -789 -479 -168 143 

12 -967 -833 -567 -300 33 

13 -957 -814 -528 -242 44 

14 -943 -787 -473 -159 154 

15 -963 -550 

16 -939 -457 

17 -946 -484 

18 -939 -457 

19 -943 -787 -473 

20 -945 -789 -479 

21 -941 -781 -462 -143 176 

22 -284 532 2164 3795 5427 

23 -942 -784 -468 -151 165 

24 535 2170 5441 8711 11981 

25 -946 -792 -484 -176 132 
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FAILURE RATE [FAUL TSIKMIYRI 

_ .-
FIGURE 1.3 EFFECT OF FAILURE RArE ON r~E AN~UAL TOTAL COST 

As expected, the total cost increases for both the Levitin and Lebanon ne\1Norks 

as the failure rate per km is increased because the number of customer outages 

has also gone up. Intuitively, it would be expected that there is a linear 

relationship between the total cost and the failure rate. However, Figure 7.3 

shows that the total cost increases less than linearly as the failure rate is 

increased This is because the placement of the three sectionalisers. after the 

failure rate has reached a value of 0.2 faultS/kmlyr. reduces the annual cost of 

unsupplied energy for the network 

As the failure rate increases it would be expected that the System Average 

Interruption Duration Index (SAlOl) would also increase for the same reason 

mentioned above Figure 7 4 shows the effect of the failure rate on SAlOl in the 

Lebanon network. In section 3.3 1 It was shown that SAlOl is determined by 

dividing the sum of all customer interruption durations in a year by the number of 

customers served The variation shown in the graph can be attributed to the fact 
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that SAlOl only applies to those customers that have actually been affected by an 

outage on a system SAlOl decreases when the fault rate is increased to 0.2 

faultslkm/yr because the sec1ionalisers that have been placed reduce the number 

of customers that are affected by an interruption The SAlOl value continues to 

increase once again as the failure rate is increased because the number of 

sectionalisers installed remains at 4 up to a failure rate of 0,35 faultsikm/year 

'" 
" 
" 
w 

c • " " c 

, 
, 
, 
0 00 o. 0, 10 0,15 0, , 0 D 2 ~ 

FAILURE RATE [FAUL TSIKMNR] 

! '-FIGURE 7.4 EFFECT OF FAILURE RATE ON SAlOl 
I 

1 

0,30 0.35 

7.3.3 EI<'liECr OF TIlE COST 01<' tJNSCPPLIED K\-ERGY OX THE SYSTE.\I 

The effect of increasing the uni t cost of unsupplied energy on the total cost and 

SAlOl is shown in this section. The average repair time of a fault is kept constant 

at two hours and the failure rate is kept constant at 0.2 faultslkm/year. The 

results obtained for the Lebanon network are shown in the Table 7.7 and those 

forlhe Levitin network can be found in Appendix E. 
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NUMBER OF ANNUAL 
. COST OF I ANNUAL COST OF ANNUAL 
i I SECTIONALISERS SAlOl 

: SECTIONALISERS ,COST OF ENS 
TOTAL 

'" PLACED COST 

[RlKWh] 
I 

[hrslyrlcust] [R' [R' [R, 

0,?5 0 ?0,50 0 20 100 201 00 

0,50 , 1 ',,41 1? 174 ?5 142 31 316 

H" , U; 16232 42 <85 58 511 

'"' 
, 636 20200 57 851 7814', 

"" 
, 591 20200 77134 97 42~ 

;00 , 51)6 ?8400 106 380 134 (86 

'00 , 4,83 28400 141 839 170 ?1,5 

'00 , ~.70 28400 175801 205207 

TASl,E 7,7 EFFECr OF CE ON THEANNAUL roTAl, COST AND SAlOl 

Graphs showirlg the effect of the unit cost of unsupplied energy on SAIDI and on 

the anrlual total cost of the network are shown in Figures 7 5 ai1d 7 6 

As expected, the results show that as the unit cost of un supplied energy 

increases so does the total cost of the network. The relationship shown in the 

graph irl Figure 7.5 is not exactly linear because the increasing number of 

sectionalisers that are placed as the unit cost of unsupplied energy IS increased 

cause the annual cost of unsupplied energy to increase to a value that is less 

than the expected value. 

The value of SAlOl decreases as shown in Figure 7.6 when the cost of 

un5upplied energy per kWh is increased. With an irlcrease in the number of 

sectiooalisers, the average interruption duration for the customers must fall, 

hence the reduction of the value of SAlOl. The large increase in the unit cost of 

unsupplied energy justifies the program placing 7 sectionalisers when the cost of 

unsupplied energy is R5lkWh on the Lebanon network, For the Levitin network, 

the program places 19 sectiorlalisers when the unit cost of un supplied energy is 

5!kWh. More sectionalisers are placed on this network, as it is bigger than the 
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Lebanon network. The drop in the value of SAlOl due to an increased number of 

sectiOllalisers is demonstrated in the next section 

UNIT COST OF ENS [RlkWhl 

-------

FIGURE 7.5 EFFECT OF CE ON ANNUAL TOTAL COOT 

c , 
• 

UNIT COST OF ENS [RlkWhl 
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NUMBER OF AVERAGE 
ANNUAL COST OF ANNUAL COST OF ANNUAL TOTAL 

SECTIONALISERS REPAIR SAlOl 
SECTIONALISERS ENS COST 

PLACED TIME 

[hrs] L .... ·'.J mlltl [R] [R] [R] 

1 2.0 13.83 4058 34978 39036 

2 1.5 10.77 8116 22416 30532 

3 1.0 8.70 12174 13273 25447 

4 0.9 7.65 16232 10713 26945 

5 0.7 6.98 20290 7904 28194 

6 0.5 6.46 24348 4987 29335 



Univ
ers

ity
 of

  C
ap

e T
ow

n

If 

If 

same 

one more 

a 

ae.~re,aSE~S more 

on 

an 

a 

seem 

a 



Univ
ers

ity
 of

  C
ap

e T
ow

n

7.3.5 EFFEL'T OF DISCOUNT RATE O~ TOTAl, COST OF THE NETWORK 

In this section the importance of choosing a suitable value for the discount rate is 

shown. The discount rate is the rate used to determine the present value of 

future cash nows. The failure rate was kept at 0.2 faultslkmfyr, the repair time per 

fault occurrence as 2 hours and the cost of unsupplied energy as 50 cfkWh The 

results obtained for the Lebanon networK are illustrated in Figure 7.7. The results 

for the Levitin network are shown in Appendix E. 

,--
~~50000 

Ii; 400000 
0 
0 
~ ,~oo < 

i2 -,-
=00 , 

" DISCOUNT RATE r io] 

FIGURE 7.7 EFFECT OF DISCOUNT RATE ON THE TOTAL COST OFTHE NETWORK 

From the graph. it can be seen that as the discount rate is increased. the present 

value of the total cost of the system decreases. Discounting cash flows with 

higher discount rates always results in the present value decreasing. This can 

easily be seen if we kJOk at the foHowing equation (Khatib, 1997): 

PV= H(l_-c-"~l 
. r r(1+r)" 
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TypePMS 
Phase SF6 

•••••• I:H'lAJ3il. 

Hawker Siddeley ~ 
Switchgear 8 

Pole Mounted Sectionaliser 
Description 
The Hawker Siddeley 
Switchgear design of 
Sf6 Pole Mounted 
Sectionol'wrs was 
introduced to 
complement our well 
established range of 
PMI~ SF6 f'oIe Mounted 
Auto-Reclosers. 
Sedionolisers are 
designed to co­
ordinate with outo­
reclosers such as the 
f'rv1R. They are essentially 
Fault Make, Load Break 
Switchesv..rhich havean 
ability to count pulses of 
fault current open 
during the dead time of 
the controlling auto­
reclosers or c'lrcuit 
breake[ If the pUlses of 
fault current cease 
before the preset 
numoor, the 
Sectionaliser wHI reset 
ready to start counting 
again should another 
fault OCCU[ 

f MS S&cliJ ,'-;o;,'"", t,lted 'h',~, G" C,ationa ' Lock '" S",,!c 1 
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Manufoclur8d in Australia by ABB T&D Limited 
A.C. N.:m '00 508 

C<Jvered by Aus\l<'jian Paloot tJo. 558 2133 

AUTOLINK 
AlnJma:ic Electronic SectiOllaliser 
Systerr Voltage: Up to 36kV 
Lig,tnirog Impulse (BIL): 95, 125. 150 and 170kVp 
Ra~'.!d Current' 250A 
AcbJating Current: 
Fall ;! C(.unts: 

5 to 224A 
1 to 7 
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ApPENDIX B 

INPUT DATA FOR THE PROGRAM 
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EXAMPLE OF INPUT DATA REQUIRED TO RUN THE PROGRAM 

The input data that is required to run the program is demonstrated usi ng the 

simple network shown below. The 19 symbol is used to show the places on the 

network where sectionalisers have been installed. 

c 
• , 
• , 

i-- • , 
, 

t:::=: , 

Thf! following information for the network would be entered into the network data 

array 

Section Section Length Average : O·utage Sectionaliser I"" Load 
, 

Repair Time [kw] I Number Predecessor [km] 
; 

i Time [hrs] 

1 0 3 2 - 0 0 , 
2 1 4 2 - 0 100 

-----
3 1 2 2 - 1 0 

4 3 1 2 - 0 150 
-

5 3 1 2 - 0 250 

6 1 2 , 2 1 0 

7 6 1 2 - 0 100 

8 6 1 2 - I 0 150 
--
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The program automatically inserts the value entered by the user for the average 

repair time for a fault into the fourth column The outage column has been left 

blank as the values in this column are calculated and not entered by the user. 

The user needs to add "1's· and "D's" in the sectionaliser column if the user 

wishes to find the annual cost of unsupplied energy for user specified locations, 

otherwise. the program will automatically place sectionalisers when searching for 

the optimal solution 

The user will be asked to enter: 

1. The annual failure rate (faultslkmlannum), 

2. The average repair time for a fault. 

3, The unit cost for unsupplied energy (RlkWh). 

4. Installed cost of the sectionaliser (R) 

5, The number of years to discount the cost over, 

6, The discount rate. 
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ApPENDIX C 

MATLAB CODE FOR THE PROGRAM 
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fprintf('This program determines the optimal number and placement of sectionalisers on a 
power system.\n\n'); 

program menu 
number=Input('\n\nEnter choice 0, 1, 2, 3 or 4 now: '); 
while (number -= a ) 

switch number 
case a 

break 
case 1 

calculate ens 
case 2 

costens minimisation 
case 3 

specific_switch 
case 4 

ens minimisation 

otherwise 
disp('You have entered an invalid number') 
number=input('\n\nEnter choice a, 1, 2, 3 or 4 now: '); 

end 
program menu 
number=Input('\n\nEnter choice 0, 1, 2, 3 or 4 now: '); 
end 



Univ
ers

ity
 of

  C
ap

e T
ow

n

% This is the menu for the program. User selects the desired option 

fprintf('\nEnter 1 if you would like to calculate the ENS for a specific arrangement of 
sectionalisers. '); 
fprintf('\nEnter 2 if you would like to find the optimum number of sectionalisers for a 
system. '); 
fprintf('\nEnter 3 if you would like the optimal placement of a specified number of 
sectionalisers for the power system. '); 
fprintf('\nEnter 4 if you would like to see the placement of sectionalisers on the system 
with unlimited cost. '); 
fprintf('\nEnter 0 to exit. '); 
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function closest_upstream_switch = calc_cpp (switch_data, node) 

%closest upstream switch = calculate cpp(switch data, node) 
%This function finds the closest upstream sectionaliser 

closest upstream switch=Oi 
if ( swItch data(node,6)-= 0 

closest_upstream_switch switch_data(node,l); 
else 

if(switch data(node,2)==O)% check so that the matrix not exceeded e.g. node 8 
closest_upstream_switch = switch_data(1,2); 

else 
leaf=find(switch data(:,l)==switch data(node,2)); 
closest upstream-switch = calc cpp(switch data,leaf); 

end - - - -

end; 
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function failure rate = calculate failure rate(switch data, node) 
%failure rate = calculate failure rate (switch data, node) 
%This function calculates-the total failure rate downstream a section. 
%switch data is a matrix containing the distribution system data. 
%node is the section number which the failure rate is being determined for. 

failure rate=O; 

leaves = find(switch_data(:,2)==node); 

for i= l:length(leaves) 
%failure rate = failure rate + switch data(leaves(i),3)*switch data(leaves(i),6) + 

calculate failure rate(switch data,leaves(i)); -
failure rate = lure rate + switch data(leaves(i),3) + 

calculate failure_rate(swItch_data,leaves(i)); 

end; 
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function load = calc load(switch data, node) 
%load = calculate load(switch data, node) 
%This function finds the load-interrupted by the disconnection 
%of a particular section 

load=O; 
if ( switch data(node,4)-= 0 ) 

load = switch_data(node,4); 
else 

leaves = find(switch data(:,2)==node); 
for i= 1: length (leaves) 

load = load + calc_load(switch_data,leaves(i)); 
end; 

end; 
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%This function places the optimal number of sectionlisers on the system 
%with no cost restraints 

fitrec=[]; 
bestever=-inf; 
maxgen=lOOi 

%Array to store values for graph plotting 

%Number of generations for the PBIL 

Loads the data file that contains system data 
!notepad sysldat.dat 
disp('Press any key to continue after saving the data file ..... ') 
pause 

load sysdata.dat 
A=sysdata; 

%Loading of data file in Notepad which the 
%planner uses to enter the system data 

%load sysdata.m 
%A=sysdata: 
%load lebanon.m 
%A=lebanon: 
%load network.m 
%A=network; 

%Data files that already contain system data for 3 networks 
%and are used for testing the program 

failure rate = input('Enter a value for the failure rate per km: '); 
repair rate = input('Enter a value for the average repair time for a fault (hours): '); 
Ce = input('Enter a value for the cost of supplied energy(per kWh): R '); 

%Creation of matrix that holds all data required for calculaton of ENS 
for i=l:length(A(:,l)) 

A(i,3)=A(i,3)*failure_rate; 
A(i,4)=repair rate; 
A(i,S)=A(i,3)*A(i,4); 
A(i,7)=A(i,7)*Ce; 

end 

%Failure rate per section 
%Average Repair time 
%Outage time per section 
%Cost energy supply interruption per section 

%Calculation of cost of system's unsupplied energy without sectionalisers 
Load = sum(A(:,7)); 
for i=l:length(A(:,l)) 

TOTENS(i,l) = A(i,3)*A(i,4)*Load; 
end 
Tot_ENS=sum(TOTENS(:,l)); 

B zeros(maxgen,4); %Matrix holds all the output values 
C = zeros(length(A(:,1)),3); %Matrix that holds the final sectionaliser placement 

%Calculation of energy supply interruption per hour of each section 
for i=l:length(A(:,l)) 

load after = calcu load(A,i); 
A(i,7)=load_after i-

end 

%Creation of probability vector initialised to 0.5 
PV=O.S*ones(l,length(A(:,l))); 

%Calculation of fitness values for trial solutions generated 
for g=l:maxgen 

bestfit=-infi 
for t=1:20 

ts=rand(size(PV))<PV; 
A(:,6)= ts'; 

%Generation of random trial solutions 
%Replacement of switch column by trial solution 

%minimising ens is same as maximising l/function 
f = l/minsysensl(A,Load,Ce); 

%determination of the best solution in each generation 
if f>bestfit 

bestfit=f; 
bestsol=tsi 

end 
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end 

%Equation to adjust the probability vector 
PV=O.9*PV+O.l*bestsol; 
PV=PV-O.005*(PV-O.5); 
fitrec=[fitrec,bestfit]i 

%Determinination the best trial solution ever 
if bestfit>bestever 

bestever=bestfit; 
besteversol=bestsol; 

end 

%Output to the screen 
fprintf('Maxgen: %g gen: %g best: %g 

%g\n',maxgen,g,l/bestfit,l/bestever) 
B(g,l) maxgen; 
B(g,2) g; 
B(g,3) l/bestfiti 
B(g,4) l/bestever; 

end 

bestever: 

wklwrite('ens_minimisation.xls',B) %Writes the output to an excel file. 

%Plots a graph of fitness vs the number of generations 
plot (fitrec) 
xlabel('Number of Generations') 
ylabel('Fitness') 

besteversol 
%Calculates the number of sectionalisers in the best solution 
num switches=length(find(besteversol)); 
minens=l/besteveri 
C(:,l)=besteversol'i 
wklwrite('ens minimisation2.xls',C) %Writes the output to an excel file. 
fprintf('The minimum total system cost is R %g with %g sectionalisers. 
',minens,num_switches) 
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function minsysens1 = minsysens1(A,Tot_Load,Ce) 

%minsysens = minsysens(A)calculates the ENS for a system with 
%no financial constraints. 

mu = 0.02; 
tor = 1i 
gamma = mu*tor; 
p = 0.000; 
Ts = 0.03; 
Ce = 1i 
Cue = 7; 
node column = A(:,1); 

%failure rate of sectionaliser 
%repair time of sectionaliser 

%Probability of sectionaliser failure 
%time for breaker to reclose after sectionaliser opens 

switch column = A(:,6); 
num_swItches = sum(switch_column)i 

ENSDATA=zeros(length(node column),7); %matrix holds all the values for calculation of ENS 

%Calculation of the closest upstream switch for each section D(i) 
for j=1:length(node column) 

closest upstream-switch = calc cpp(A,j); 
ENSDATA(j,2) closest_upstream_switch; %CPP column 

end 

% Matrix formation for the calculation of system's annual cost of ENS 
for k=1:length(node_column) 

% Calculation of ZD(i) 
if ENSDATA(k,2)==0 % check so that matrix not exceeded 

ENSDATA(k,3)=Tot_Load; %main breaker trips causing total isolation 
else 

ENSDATA(k,3) = A(ENSDATA(k,2),7); %Load interrupted due to D(i) 
end 

% Calculation of d(i) 
if A(k,6)==0 % Check to see no switch is present in the section 

ENSDATA(k,4)=ENSDATA(k,2); %1f there's no switch then d(i)=D(i) 
else 

end 

if A(k,2)==0 % check so that matrix not exceeded 
ENSDATA(k,4)=A(1,2);%Places a zero (breaker trips) if ENSDATA(k,2)==0 

else 
ENSDATA(k,4)=ENSDATA(A(k,2),2); %1f there is a switch in i,find d(i). 

end 

% Calculation of Zd(i) 
if ENSDATA(k,4)==0 % check so that matrix not exceeded 

ENSDATA(k,5)= Tot_Load; %main breaker trips causing total isolation 
else 

ENSDATA(k,5) = A(ENSDATA(k,4),7); %losses due to isolation of d(k) 
end 

ENSDATA(k,6) 
ENSDATA(k,7) 

A(k,3)*Ts*Tot Load; %Calculation of energy losses due to main breaker 
A(k,5)*ENSDATA(k,3); %calculation of local isolation energy losses 

end 
minsysens1=sum(ENSDATA(:,6))+sum(ENSDATA(:,7)); 
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%This function (costens minimisation) determines the optimal number and location of 
%sectionalisers on the system. 

fitrec=[]; 
bestever=-inf; 
maxgen=100; 
LR=O.l; 
FF=O.OOS; 
trialsol=20; 

%Array to store values for graph plotting 
%Lowest value that the function can evaluate to 
%Number of generations 
%Learning rate 
%Forgetting factor 
%Number of trial solutions in each generation 

Loads the data file that contains system data 
!notepad sysdata.dat 
disp(IPress any key to continue after saving the data file ..... ') 
pause 

%load sysdata.dat 
%A=sysdata; 

%Loading of data file containing the system data 
%from notepad 

%load sysdata.m 
%A=sysdata; 
%load lebanon.m 
%A=lebanon; 
%load network.m 
%A=network; 

%Data files that already contain system data for 3 networks 
%and are used for testing the program 

fprintf('\n') 

failure rate = input('Enter a value for the failure rate per km: '); 
repair rate = input('Enter a value for the average repair time for a fault (hours): ')i 
Ce = input ('Enter a value for the cost of supplied energy(R per kWh): '); 
installed cost=input('Enter the installed cost of the sectionaliser: R '); 
n=input('Enter the number of years to discount the costs over: '); 
r=0.06; 
h=installed_cost*1.14/(1/r-1/((r)*((1+r)An ))); %Annualised cost of sectionaliser 

%installed cost * 14% overhead divide by 
annuity factor 

%Creation of matrix that holds all data required for calculation of ENS 
for i=l:length(A(:,l)) 

A(i,3)=A(i,3)*failure rate; 
A(i,4)=repair rate; -
A(i,S)=A(i,3)*A(i,4); 
A(i,7)=A(i,7)*Ce; 

end 

%Failure rate per section 
%Average Repair time 
%Outage time per section 
%Cost energy supply interruption per section 

%Calculation of system's unsupplied energy without sectionalisers 
Load = sum(A(:,7)); 
for i=l:length(A(:,l)) 

TOTENS(i,l) = A(i,3)*A(i,4)*Load; 
end 
Tot_ENS=sum(TOTENS(:,l)); 

B zeros(maxgen,4); %Matrix holds all the values of the output 
C = zeros(length(A(:,l)),l); %Matrix that holds the final sectionaliser placement 

%Calculation of energy supply interruption per hour of each section 
for i=l:length(A(:,l)) 

load after = calcu load(A,i); 
A(i,7)=load_after;- %Load interrupted per section 

end 

F = A;%Matrix to store the data when an additional sectionaliser is added 

%Creation of probability vector initialised to O.S 
PV=O.S*ones(l,length(A(:,l))); 

%Calculation of fitness values for trial solutions generated 
for g=l:maxgen 
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bestfH=-inf i 
for t=l:trialsol 

ts=rand(size(PV) )<PV; 
A(:,6)= ts'; 

%Generation of random trial solutions 
%Placement of trial solution into switch column 

%Calculation of function value 
f = 1/minsysens2(A,h,Load,Ce); 

%Determination of the best solution in each generation 
if f>bestfit 

bestfit=fi 
bestsol=ts; 

end 
end 

%Equation to adjust the probability vector 
PV=(l-LR)*PV+(LR*bestsol)i % 
PV=PV-FF*(PV-O.5* (ones (l,length(PV) ))); 
fitrec=[fitrec,bestfit]i 

%Determinination the best trial solution ever 
if bestfit>bestever 

bestever=bestfit; 
besteversol=bestsol; 

end 
%Output to the screen 
fprintf('Maxgen: %g gen: %g best: %g 

%g\n',maxgen,g,l/bestfit,l/bestever) 
B(g,l) maxgen; 
B(g,2) gi 
B(g,3) l/bestfit; 
B(g,4) l/besteveri 

end 

bestever: 

wklwrite('costens_minimisation.xls',B) %Writes the output to an excel file. 

%Plots a graph of fitness vs the number of generations 
plot (fHrec) 
xlabel('Number of Generations') 
%ylabel('Fitness') 

%Determines the number of sectionalisers 
num switches=length(find(besteversol)); 
minens=l/bestever; 
C(:,l)=besteversol'; 
E= [A ( : , 1) A ( : ,2) C (: , 1) ] 
wklwrite('costens minimisation2.xls',E) 
fprintf('The minimum total cost is R %g 
A(:,6)=besteversol'; 

%Calculation of SAIDI 

in the best solution 

%Writes the output to an excel file. 
with %g sectionalisers. \n\n',minens,num_switches) 

for i=l:length(A(:,l)) %Load interrupted by isolation of each section 
load after = calcu 10ad(A,i); 
ENSDATA(i,l)=load after; 

end -

%Calculation of the closest upstream sectionaliser for each section 
for i=l:length(A(:,l)) 

closest upstream switch = calc cpp(A,i)i 
ENSDATA(i,2) closest_upstream_switchi 

end 

for i=l:length(A(:,l)) 
if ENSDATA(i,2)==O %Check so that matrix not exceeded 

%Main breaker trips causing total isolation 
ENSDATA(i,3)=sum(A(:,7) )*A(i,3)*A(i,4); 

else 



Univ
ers

ity
 of

  C
ap

e T
ow

n

%Cost of ENS due to local isolation 
ENSDATA(i,3) = ENSDATA(ENSDATA(i,2),1)*A(i,3)*A(i,4);% cost of losses caused by 

local isolation 
end 

end 
SAIDI = sum(ENSDATA(:,3))/sum(A(:,7)); 
fprintf('The value of SAIDI for this sectionaliser arrangement is %g.\n\n',SAIDI)i 

%Financial evaulation of the system 

number=input('Enter 1 if you would like to determine the difference in the savings in cost 
by the placement \nof an additional sectionaliser in a specified section to the current 
sectionaliser arrangement or\nEnter 2 if you would like the PV of the annual total cost of 
the system over a specified period \nEnter 0 to exit: '); 
if isempty(number) 

disp('Please enter a valid number') 
fprintf (' \n\n ') 
number=input('Enter 1 if you would like to determine the difference in the savings in 

cost by the placement \nof an additional sectionaliser in a specified section to the 
current sectionaliser arrangement or\nEnter 2 if you would like the PV of these annual 
total cost of the system over a specified period \nEnter 0 to exit: '); 
else 

while (number-=O) 
switch number 
case 0 

break 
case 1 

%Determines the feasibility of adding an additional sectionaliser 
node=input('\n\nEnter the section that you would like to place the additional 

sectionaliser on: '); 
F(node,6)=1; 
change cost=unsupenergy(F,h,Load)-minens; 
F(node-;6) =0; 
if change cost>O 

fprintf('\n\nThe additional sectionaliser in section %g results in an 
additional annual \ncost of R %g and is therefore not feasible.\n\n',node,change_cost)i 

else 
fprintf('\n\nThe additional sectionaliser in section %g results in a savings 

of R %g. \n\n' ,node, (-l*change cost)); 
end -
number=input('\nEnter 1 if you would like to recalculate for another section 

otherwise \nEnter 2 to determine the discounted costs of the energy losses \nEnter 0 to 
exit: ') i 

, ) ; 

case 2 
%Discounts the system's total costs over a specified number of years 
period=input('\nEnter the number of years to discount the costs over: '); 
discount rate=input('\nEnter the discount rate of the project as a percentage: 

PV=financiall(minens,period,discount rate); 
fprintf('\nThe present value of the distribution systems costs over a period of 

%g years \nat a discount rate of %g %% is R %g. ',period,discount rate,PV); 
number=input('\n\nEnter 1 to determine feasibility of sectionaliser addition 

\nEnter 2 to determine the system total cost over a specified number of years \nEnter 0 to 
exit: ')i 

end 
end 

otherwise 
disp('You have entered an invalid number') 
number=input('Enter 1, 2 or 0 now: '); 
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function minsysens2 = minsysens2(A,h,Tot_Load,Ce) 

%minsysens2 minsysens(A)calculates the ENS for cost ensminimisation 

mu = 0.02; %failure rate of sectionaliser 
%repair time of sectionaliser tor = 1; 

gamma = mu*tor; 
p = 0.000; %Probability of sectionaliser failure 
Ts = 0.03; %time for breaker to reclose after sectionaliser opens 
Ce = I: 
Cue = 7; 
node column = A(:,l); 
switch column = A(:,6); 
num_swltches = sum(switch_column): 

ENSDATA=zeros(length(node_column),ll); %matrix holds all the values for calculation of ENS 

%Calculation of the closest upstream sectionaliser for each section D(i) 
for j=1:1ength(node column) 

closest upstream-switch = calc cpp(A,j); 
ENSDATA(j,2) closest_upstream_switch; %CPP column 

end 

% Matrix formation for the calculation of system's annual cost of ENS 
for k=l:length(node_column) 

% Calculation of ZD(i) 
if ENSDATA(k,2)==0 % check so that matrix not exceeded 

ENSDATA(k,3)=Tot_Load; %main breaker trips causing total isolation 
else 

ENSDATA(k,3) = A(ENSDATA(k,2),7); %Load interrupted due to D(i) 
end 

% Calculation of d(i) 
if A(k,6)==0 % Check to see no switch is present in the section 

ENSDATA(k,4)=ENSDATA(k,2); %If there's no switch then d(i)=D(i) 
else 

end 

if A(k,2)==0 % check so that matrix not exceeded 
ENSDATA(k,4)=A(1,2);%Places a zero (breaker trips) if ENSDATA(k,2)==0 

else 
ENSDATA(k,4)=ENSDATA(A(k,2),2); %If there is a switch in i,find d(i). 

end 

% Calculation of Zd(i) 
if ENSDATA(k,4)==0 % check so that matrix not exceeded 

ENSDATA(k,5)= Tot_Load; %main breaker trips causing total isolation 
else 

ENSDATA(k,5) = A(ENSDATA(k,4),7); %losses due to isolation of d(k) 
end 

% Calculation of d(D(i)) 
if ENSDATA(k,2)==0 %check so matrix is not exceeded 

ENSDATA(k,6)=A(l,2); %Places a zero (breaker trips) if ENSDATA(k,2)==0 
else 

ENSDATA(k,6)=ENSDATA(ENSDATA(k,2),4); %Places d(D(i)) into ENSDATA(k,6) 
end 

% Calculation of d(d(i)) 
if ENSDATA(k,4)==0 %check so matrix is not exceeded 

ENSDATA(k,7)=A(1,2); %Places a one if ENSDATA(k,2)==0 
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else 
ENSDATA(k,7)=ENSDATA(ENSDATA(k,4),4);%Places d(d(i)) into ENSDATA(k,7) 

end 

% Calculation of Z(d(D(i))) 
if ENSDATA(k,6)==O % check so that matrix not exceeded 

ENSDATA(k,8)= Tot Load; %main breaker trips causing total isolation 
else -

ENSDATA(k,8) = A(ENSDATA(k,6),7); %losses due to isolation of d(D(i)) 
end 

% Calculation of Z(d(d(i))) 
if ENSDATA(k,7)==O % check so that matrix not exceeded 

ENSDATA(k,9)= Tot Load; %main breaker trips causing total isolation 
else -

ENSDATA(k,9) = A(ENSDATA(k,7),7); %losses due to isolation of d(d(i)) 
end 

ENSDATA(k,lO) 
ENSDATA(k,ll) 

A(k,S)*(((1-p)*ENSDATA(k,3))+(p*(ENSDATA(k,8)) )); 
garnrna*((1-p)*ENSDATA(k,S)+(p*(ENSDATA(k,9)) ))*A(k,6); 

end 
minsysens2 surn(ENSDATA(:,lO))+sum(ENSDATA(:,ll))+(num_switches*(h+(mu*Ts*Tot_Load))); 
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% This function (specific switch) determines the optimum placement of a 
% specified number of sectionalisers 

fitrec= [] ; 
bestever=-infi 
maxgen=lOOi 
LR=O.li 
FF=0.005i 
trialsol=20; 

%Array to store values for graph plotting 

%Learning rate 
%Forgetting factor 
%Number of trial solutions in each generation 

Loads the data file that contains system data 
!notepad sysldat.dat 
disp('Press any key to continue after saving the data file ..... ') 
pause 

%load sysdata.dat 
%A=sysdatai 

%Loading of data file in Notepad which the 
%planner uses to enter the system data 

%load sysdata.m 
%A=sysdata; 
%load lebanon.m 
%A = lebanon; 
%load network.m 
%A=network; 

%Data files that already contain system data for 3 networks 
%and are used for the program 

fprintf ( '\n' ) 
num switches = input ('Enter the number of sectionalisers for optimal placement: '); 
fprIntf ( '\n' ) 

failure rate = input('Enter a value for the failure rate per krn: '); 
repair rate = input ('Enter a value for the average repair time for a fault (hours): '); 
Ce = input('Enter a value for the cost of supplied energy(per kWh): R ')i 
installed cost=input('Enter the installed cost of the switch: R '); 
n=input('Enter the number of years to discount the costs over: '); 
r=input('Enter a value for the discount rate as a percentage: '); 
h=installed cost*1.14/(1/r-l/((r)*((1+r)An ))); %Annualised cost of sectionaliser 

- %installed cost * 14% overhead 

%Creation of matrix that 
for i=l:length(A(:,l)) 

A(i,3)=A(i,3)*failure 
A(i,4)=repair rate; 
A(i,5)=A(i,3)*A(i,4); 
A(i,7)=A(i,7)*Ce i 

holds all data required for calculation of ENS 

rate; 

end 

%Failure rate per section 
%Average Repair time 
%Outage time per section 
%Cost energy supply interruption per section 

%Calculation of cost of system's unsupplied energy without sectionalisers 
Load = sum(A(:,7))i 
for i=l:length(A(:,l)) 

TOTENS(i,l) = A(i,3)*A(i,4)*Load; 
end 
Tot_ENS=sum(TOTENS(:,l)); 

B zeros(maxgen,4); 
C = zeros(length(A(:,1)),3); 

%Matrix holds all the values of the output 
%Matrix that holds the final switch placement 

%Calculation of energy supply interruption per hour of each section 
for i=l:length(A(:,l)) 

load after = calcu load(A,i); 
A(i,7)=load after;- %Load interrupted per section 

end -

F = Ai %Matrix to store the data when an additional sectionaliser is added 

%Creation of probability vector initialised to 0.5 
PV=0.5*ones(1,length(A(:,1))); 

%Calculation of fitness values for trial solutions generated 
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for g=l :maxgen 
bestfit=-inf; 

for t=1:15 
ts=rand(size(PV))<PV; %Generation of random trial solutions 
%ts is a function that randomly places sectionalisers 
%ts = rand_switch-placement(length(A(:,l)),num_switches); 
A(:,6)= ts'; %Placement of trial solution into switch column 
%Calculation of function value 
f=1/minsysens3(A,h,num_switches,Load); 

%Determination of the best solution in each generation 
if f>bestfit 

bestfit=f; 
bestsol=tsi 

end 
end 

%Equation to adjust the probability vector 
PV=(l-LR)*PV+(LR*bestsol)i 
PV=PV-FF*(PV-O.5*(ones(1,length(PV)))); 
fitrec=[fitrec,bestfit]; 

%Determinination the best trial solution ever 
if bestfit>bestever 

bestever=bestfit; 
besteversol=bestsol; 

end 
%Output to the screen 
fprintf('Maxgen: %g gen: %g best: %g 

%g\n',maxgen,g,l/bestfit,l/bestever) 
B(g,l) maxgeni 

end 

B(g,2) g; 
B(g,3) l/bestfiti 
B(g,4) l/bestever; 

bestever: 

wk1write('specific_switchl.xls',B) %Writes the output to an excel file. 

%Plots a graph of fitness vs the number of generations 
plot (fHrec) 
xlabel('Number of Generations') 
ylabe1('Fitness') 

bestswitchposition= besteversol'i 
optimum_solution = [A(:, 1), A(:, 2), 

fprintf ( '\n' ) 
disp('node predecessor switch'); 
for i=l:length(A(:,l)) 

besteversol']; 

fprintf('%g %g %g\n',A(i,1),A(i,2),bestswitchposition{i,1)); 
C(i,l) A(i,l); 
C (i, 2) A(i, 2) i 
C(i,3) bestswitchposition(i,l); 

end 
wklwrite('specific switch2.xls',C) %Writes the output to an excel file. 
minens=l/besteverj-
fprintf('The minimum cost unsupplied energy is R %g with %g sectionalisers. 
\n\n',minens,num switches) 
A(:,6)=besteversol'; 

%Calculation of SAIDI 
for i=l:length(A(:,l)) %Load interrupted by isolation of each section 

load after = calcu load{A,i); 
ENSDATA(i,l)=load_after; 

end 

%Calculation of the closest upstream sectionaliser for each section 
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for i=1:length(A(:,1)) 
closest upstream switch = calc cpp(A,i); 
ENSOATA(i,2) closest_upstream_switchi 

, end 

for i=1:length(A(:,1)) 
if ENSOATA(i,2)==O %Check so that matrix not exceeded 

%Main breaker trips causing total isolation 
ENSOATA(i,3)=sum(A(:,7))*A(i,3)*A(i,4); 

else 
%Cost of ENS due to local isolation 
ENSOATA(i,3) = ENSOATA(ENSOATA(i,2),1)*A(i,3)*A(i,4); 

end 
end 
SAlOl = sum(ENSOATA(:,3))/sum(A(:,7)); 
fprintf('The value of SAlOl for this sectionaliser arrangement is %g.\n\n',SAlOl); 

%Financial evaulation of the system 

number=input('Enter 1 if you would like to determine the difference in the savings in cost 
by the placement \nof an additional sectionaliser in a specified section to the current 
sectionaliser arrangement or\nEnter 2 if you would like the PV of the annual total cost of 
the system over a specified period \nEnter 0 to exit: '); 
if isempty(number) 

disp('Please enter a valid number') 
fprintf ( , \n \n' ) 
number=input('Enter 1 if you would like to determine the difference in the savings in 

cost by the placement \nof an additional sectionaliser in a specified section to the 
current sectionaliser arrangement or\nEnter 2 if you would like the PV of these annual 
total cost of the system over a specified period \nEnter 0 to exit: '); 
else 

while (number-=O) 
switch number 
case 0 

break 
case 1 

%Oetermines the feasibility of adding an additional sectionaliser 
node=input('\n\nEnter the section that you would like to place the additional 

sectionaliser on: '); 
F(node,6)=1; 
change cost=unsupenergy(F,h,Load)-minens; 
F(node-;-6) =0; 
if change cost>O 

fprintf('\n\nThe additional sectionaliser in section %g results in an 
additional annual \ncost of R %g and is therefore not feasible.\n\n',node,change_cost); 

else 
fprintf('\n\nThe additional sectionaliser in section %g results in a savings 

of R %g.\n\n',node, (-1*change_cost)); 
end 
number=input('\nEnter 1 if you would like to recalculate for another section 

otherwise \nEnter 2 to determine the discounted costs of the energy losses \nEnter 0 to 
exit: '); 

, ) ; 

case 2 
%Oiscounts the system's total costs over a specified number of years 
period=input('\nEnter the number of years to discount the costs over: '); 
discount_rate=input('\nEnter the discount rate of the project as a percentage: 

PV=financial1(minens,period,discount rate); 
fprintf('\nThe present value of the distribution systems costs over a period of 

%g years \nat a discount rate of %g %% is R %g.',period,discount rate,PV); 
number=input('\n\nEnter 1 to determine feasibility of sectionaliser addition 

\nEnter 2 to determine the system total cost over a specified number of years \nEnter 0 to 
exit: ')i 

otherwise 
disp('You have entered an invalid number') 
number=input('Enter 1, 2 or 0 now: '); 
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end 
end 
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function minsysens3 = minsysens3(A,h,spec_switches,Tot_Load) 

%minsysens3 minsysens3(A)calculates the ENS for specific_switch 

mu = 0.02; 
tor = 1; 
gamma = mu*tor; 
p = 0.00; 
Ts = 0.03; 

node column A(:,l); 

%failure rate of sectionaliser 
%repair time of sectionaliser 

%Probability of sectionaliser failure 
%time for breaker to reclose after sectionaliser opens 

switch column = A(:,6); 
%load column A(:,7): 
num_switches = sum(switch_column); 

ENSDATA=zeros(length(node column),11); %matrix holds all the values for calculation of ENS 

%Calculation of the closest upstream switch for each section D(i) 
for j=l:length(node column) 

closest upstream-switch = calc cpp(A,j): 
ENSDATA(j,2) closest_upstream_switch; %CPP column 

end 

% Matrix formation for the calculation of system's annual cost of ENS 
for k=l:length(node_column) 

% Calculation of ZD(i) 
if ENSDATA(k,2)==0 % check so that matrix not exceeded 

ENSDATA(k,3)=Tot_Load; %main breaker trips causing total isolation 
else 

ENSDATA(k,3) = A(ENSDATA(k,2),7); %Load interrupted due to D(i) 
end 

% Calculation of d(i) 
if A(k,6)==0 % Check to see no switch is present in the section 

ENSDATA(k,4)=ENSDATA(k,2); %If there's no switch then d(i)=D(i) 
else 

end 

if A(k,2)==0 % check so that matrix not exceeded 
ENSDATA(k,4)=A(1,2) ;%Places a zero (breaker trips) if ENSDATA(k,2)==0 

else 
ENSDATA(k,4)=ENSDATA(A(k,2),2); %If there is a switch in i,find d(i). 

end 

% Calculation of Zd(i) 
if ENSDATA(k,4)==0 % check so that matrix not exceeded 

ENSDATA(k,5)= Tot_Load; %main breaker trips causing total isolation 
else 

ENSDATA(k,5) = A(ENSDATA(k,4),7); %losses due to isolation of d(k) 
end 

% Calculation of d(D(i)) 
if ENSDATA(k,2)==0 %check so matrix is not exceeded 

ENSDATA(k,6)=A(1,2); %Places a zero (breaker trips) if ENSDATA(k,2)==0 
else 

ENSDATA(k,6)=ENSDATA(ENSDATA(k,2),4); %Places d(D(i)) into ENSDATA(k,6) 
end 

% Calculation of d(d(i)) 
if ENSDATA(k,4)==0 %check so matrix is not exceeded 

ENSDATA(k,7)=A(1,2); %Places a one if ENSDATA(k,2)==0 
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else 
ENSDATA(k,7)=ENSDATA(ENSDATA(k,4),4);%Places d(d(i)) into ENSDATA(k,7) 

end 

% Calculation of Z(d(D(i))) 
if ENSDATA(k,6)==O % check so that matrix not exceeded 

ENSDATA(k,8)= Tot_Load; %main breaker trips causing total isolation 
else 

ENSDATA(k,8) = A(ENSDATA(k,6),7); %losses due to isolation of d(D(i)) 
end 

% Calculation of Z(d(d(i))) 
if ENSDATA(k,7)==0 % check so that matrix not exceeded 

ENSDATA(k,9)= Tot_Load; %main breaker trips causing total isolation 
else 

ENSDATA(k,9) = A(ENSDATA(k,7),7); %losses due to isolation of d(d(i)) 
end 

ENSDATA(k,lO) 
ENSDATA(k,ll) 

A(k,5)*(((1-p)*ENSDATA(k,3))+(p*(ENSDATA(k,8)))); 
gamma*((1-p)*ENSDATA(k,5)+(p*(ENSDATA(k,9)) ))*A(k,6); 

%function penalised each time solutions are produced with more or less sectionalisers than 
the specified number 
minsysens3 = 
sum(ENSDATA(:,lO))+sum(ENSDATA(:,ll))+(spec switches*(h+(mu*Ts*Tot_Load)))+((num_switches-
spec_switches) *10000000); -
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%This function (Calculate ens)calculates the annual cost of ENS for a 
%switch arrangement specified by the user 

!notepad sysldat.dat 
disp('Press any key to continue after saving the data file ..... ') 
pause 
load sysdata.dat 
A=sysdata; 

%Loading of data file in Notepad which the 
%planner uses to enter the system data 

%load sysdata.m 
%A=sysdata; 
%load network.m 
%A=network; 
%load lebanon.m 
%A=lebanon; 

%Data files that already contain system data for 3 networks 
%and are used for testing the program 

fprintf('\n') 
failure rate = input ('Enter a value for the failure rate per kill: '); 
repair rate = input('Enter a value for the average repair time for a fault (hours): '); 
Ce = input('Enter a value for the cost of supplied energy(R per kWh): '); 
num switches=sum(A(:,6)); 
installed cost=input('Enter the installed cost of the sectionaliser: R '); 
n=input('Enter the number of years to discount the costs over: '); 
r=input('Enter a value for the discount rate: '); 
h=installed_cost*1.14/(1/r-l/((r)*((1+r)An ))); %annualised cost of sectionaliser 

%Creation of matrix that holds all data required for calculation of ENS 
for i=l:length(A(:,l)) 

A(i,3)=A(i,3)*failure rate; 
A(i,4)=repair rate; -
A(i,5)=A(i,3)*A(i,4): 
A(i,7)=A(i,7)*Ce; 

end 

%Failure rate per section 
%Avereage Repair time 
%Outage time per section 
%Cost energy supply interruption per section 

%Calculation of cost of system's unsupplied energy without sectionalisers 
Load = sum(A(:,7)); 
for i=l:length(A(:,l)) 

TOTENS(i,l) = A(i,3)*A(i,4)*Load; 
end 
Tot_ENS=sum(TOTENS(:,l)); 

%Calculation of cost of ENS for the specified arrangement 
unsupplied_energy = minsysens4(A,h,Load); 

fprintf('The minimum cost unsupplied energy is R %g with %g sectionalisers. 
\n\n',unsupplied_energy,num_switches) 

%Calculation of SAIDI 

%Load interrupted by isolation of each section 
for i=l:length(A(:,l)) 

end 

load after = calcu load(A,i); 
ENSDATA(i,l)=load_after: 

%Calculation of the closest upstream sectionaliser for each section 
for i=l:length(A(:,l)) 

closest upstream switch = calc cpp(A,i); 
ENSDATA(i,2) closest_upstream_switch; 

end 

for i=l:length(A(:,l)) 
if ENSDATA(i,2)==O %Check so that matrix not exceeded 

%Main breaker trips causing total isolation 
ENSDATA(i,3)=sum(A(:,7))*A(i,5); 

else 
%Cost of ENS caused by local isolation 
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ENSDATA(i,3) ENSDATA(ENSDATA(i,2),1)*A(i,5)i 
end 

end 
SAlOl = sum(ENSDATA(:,3))/sum(A(:,7)); 
fprintf('The value of SAlOl for this sectionaliser arrangement is %g.\n\n',SAIDI); 

%Financial evaulation of the system 

number=input('Enter 1 if you would like to determine the difference in the savings in cost 
by the placement \nof an additional sectionaliser in a specified section to the current 
sectionaliser arrangement or\nEnter 2 if you would like the PV of the annual total cost of 
the system over a specified period \nEnter 0 to exit: ')i 
if isempty(number) 

disp('Please enter a valid number') 
fprintf ( '\n \n' ) 
number=input('Enter 1 if you would like to determine the difference in the savings in 

cost by the placement \nof an additional sectionaliser in a specified section to the 
current sectionaliser arrangement or\nEnter 2 if you would like the PV of these annual 
total cost of the system over a specified period \nEnter 0 to exit: '); 
else 

while (number-=O) 
switch number 
case 0 

break 
case 1 

%Determines the feasibility of adding an additional sectionaliser 
node=input('\n\nEnter the section that you would like to place the additional 

sectionaliser on: '); 
F(node,6)=1; 
change cost=unsupenergy(F,h,Load)-minens; 
F (node~6) =0; 
if change cost>O 

fprintf('\n\nThe additional sectionaliser in section %g results in an 
additional annual \ncost of R %g and is therefore not feasible.\n\n',node,change_cost); 

else 
fprintf('\n\nThe additional sectionaliser in section %g results in a savings 

of R %g. \n\n' ,node, (-l*change_cost)); 
end 
number=input('\nEnter 1 if you would like to recalculate for another section 

otherwise \nEnter 2 to determine the discounted costs of the energy losses \nEnter 0 to 
exit: ')i 

, ) ; 

case 2 
%Discounts the system's total costs over a specified number of years 
period=input('\nEnter the number of years to discount the costs over: '); 
discount rate=input('\nEnter the discount rate of the project as a percentage: 

PV=financiall(minens,period,discount rate); 
fprintf('\nThe present value of the distribution systems costs over a period of 

%g years \nat a discount rate of %g %% is R %g. ',period,discount rate,PV); 
number=input('\n\nEnter 1 to determine feasibility of sectionaliser addition 

\nEnter 2 to determine the system total cost over a specified number of years \nEnter 0 to 
exit: ')i 

end 

end 
end 

otherwise 
disp('You have entered an invalid number') 
number=input('Enter 1, 2 or 0 now: '); 
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function minsysens4=minsysens4(A,h,Tot_Load) 

%minsysens4 minsysens4(A)calculates the ENS for calculate ens. 

mu = 0.02; 
tor = I: 
gamma = mu*tor; 
p = 0.00; 
Ts = 0.03; 

%failure rate of sectionaliser 
%repair time of sectionaliser 

%Probability of sectionaliser failure 
%time for breaker to reclose after sectionaliser opens 

node column A(:,l); 
switch column = A(:,6); 

• num_swltches = sum (switch_column) ; 

ENSDATA=zeros(length(node_column),12)i %matrix holds all the values for calculation of ENS 

%Calculation of energy supply interruption per hour of each section 
for i=l:length(node column) 

load after = calcu 10ad(A,i); 
ENSDATA(i,l)=load_afteri%NB load interrupted per section 

end 

%Calculation of the closest upstream switch for each section D(i) 
for j=l:length(node column) 

closest upstream-switch = calc cpp(A,j); 
ENSDATA(j,2) closest_upstream_switch; %CPP column 

end 

% Matrix formation for the calculation of system's annual cost of ENS 
for k=l:length(node_column) 

% Calculation of ZD(i) 
if ENSDATA(k,2)==0 % check so that matrix not exceeded 

ENSDATA(k,3)=Tot_Load; %main breaker trips causing total isolation 
else 

ENSDATA(k,3) = ENSDATA(ENSDATA(k,2),1); %Load interrupted due to D(i) 
end 

% Calculation of d(i) 
if A(k,6)==0 % Check to see no switch is present in the section 

ENSDATA(k,4)=ENSDATA(k,2); %If there's no switch then d(i)=D(i) 
else 

if A(k,2)==0 % check so that matrix not exceeded 
ENSDATA(k,4)=A(l,2);%Places a zero (breaker trips) if ENSDATA(k,2)==0 

else 

end 
end 

ENSDATA(k,4)=ENSDATA(A(k,2),2); %If there is a switch in i,find d(i). 

% Calculation of Zd(i) 
if ENSDATA(k,4)==O % check so that matrix not exceeded 

ENSDATA(k,5)= Tot_Load; %main breaker trips causing total isolation 
else 

ENSDATA(k,5) = ENSDATA(ENSDATA(k,4),1); %losses due to isolation of d(k) 
end 

% Calculation of d(D(i)) 
if ENSDATA(k,2)==0 %check so matrix is not exceeded 

ENSDATA(k,6)=A(1,2); %Places a zero (breaker trips) if ENSDATA(k,2)==O 
else 

ENSDATA(k,6)=ENSDATA(ENSDATA(k,2),4); %Places d(D(i)) into ENSDATA(k,6) 
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end 

% Calculation of d(d(i)) 
if ENSDATA(k,4)==O %check so matrix is not exceeded 

ENSDATA(k,7)=A(1,2); %Places a one if ENSDATA(k,2)==O 
else 

ENSDATA(k,7)=ENSDATA(ENSDATA(k,4),4);%Places d(d(i)) into ENSDATA(k,7) 
end 

% Calculation of Z(d(D(i))) 
if ENSDATA(k,6)==O % check so that matrix not exceeded 

ENSDATA(k,8)= Tot_Load; %main breaker trips causing total isolation 
else 

ENSDATA(k,8) = ENSDATA(ENSDATA(k,6),1); %losses due to isolation of d(D(i)) 
end 

% Calculation of Z(d(d(i))) 
if ENSDATA(k,7)==O % check so that matrix not exceeded 

ENSDATA(k,9)= Tot_Load; %main breaker trips causing total isolation 
else 

ENSDATA(k,9) = ENSDATA(ENSDATA(k,7),1); %losses due to isolation of d(d(i)) 
end 

ENSDATA(k,lO) 
ENSDATA(k,ll) 
ENSDATA(k,12) 

A(k,5)*(((1-p)*ENSDATA(k,3))+(p*(ENSDATA(k,8)) )); 
gamma*((l-p)*ENSDATA(k,5)+(p*(ENSDATA(k,9) )))*A(k,6); 
ENSDATA(k,3)*A(k,5); 

ENS DATA; 
minsysens4 sum(ENSDATA(:,lO))+sum(ENSDATA(:,ll) )+(num_switches*(h+(mu*Ts*Tot_Load))); 
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function financiall=financiall(annual_cost_ens,plant_life,discount_rate) 

%financiall=financiall(annual cost ens,plant life,discount rate) 
%This function calculates the-discounted costs over a specIfied number of years 

I 

format bank %displays in dollars and cents 

%fprintf('\n'); 

r = discount_rate/IOO; 

financiall=annual cost_ens*(l/r - 1/((r)*(I+r)A(plant life))); 
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function 
rand switch placement=rand switch placement (vector length,num switches, Position probabilit 
y) - - - - - - -

%function used to generate random trial solutions 
%rand switch placement=rand switch placement (vector length,num switches) 
%input the length of vector-and number of sectionalsers required for random placement 

Iswitch_vector = zeros(l,vector_length); 

while num switches>O 
position = fix(vector_length*rand)+l; 
% check to ensure that the switch isn't placed in the same place in the vector i.e 

don't get 2 switches 
%placed in position [1,1] in switch vector 
if switch vector(l, position) == 0 -

switch-vector (1, position) = 1; 
num swltches=num switches-I; 

end 

end 
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ApPENDIX 0 

RESULTS FOR THE TESTS PERFORMED ON THE LEBANON 
NETWORK 
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LEBANON RADIAL 15KV NETWORK 
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LEBANON RADIAL 15KV NETWORK 

REGULAR FONT - SECTION NUMBERS 
BOLD FONT -AVERAGE LOADS IN KW 

1 

53 

2 

48 49 50 

I 51 1
52 

3 315 150 
47 

310 

4 
44 45 

60 
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43 95 
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6 36 37 
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470 33 
10 55 

90 

1300 

22 
r--- 45 

II 

21 
I-- 550 

12 
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16 17 
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38 39 
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26 27 
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OPTIMUM PLACEMENT OF A SPECIFIED NUMBER OF SECTIONALISERS FOR THE LEBANON NETWORK 

REPAIR TIME NUMBER OF SECTIONS SAlOl ANNUAL ANNUAL TOTAL 
PER SECTION SECTIONAUSERS SECTIONALISERS COST OF COST ENS COST 

PLACED PLACED ON SECTIONAUSERS 
[hrs] [h R [RJ 

2 1 10 4058 34978 
2 2 36,10 8116 29831 
2 3 48,36,10 12174 25142 
2 4 48,36,10,23 16232 21143 
2 5 48,44,36,23,10 20290 19284 
2 6 48,47,44,36,23,10 24348 18416 

OPTIMUM PLACEMENT OF A SPECIFIED NUMBER OF SECTIONALISERS VARYING THE REPAIR RATE FOR LEBANON 

REPAIR TIME NUMBER OF SECTIONS SAlOl ANNUAL ANNUAL TOTAL 
PER SECTION SECTIONAUSERS SECTIONAUSERS COST OF COST ENS COST 

PLACED PLACED ON SECTIONALISERS 
[hrs] [h [R] 
2.0 1 10 34978 
1.5 2 36,10 22416 
1.0 3 48,36,10 13943 
0.9 4 48,36,10,23 9701 
0.7 5 48,44,36,23,10 7026 
0.5 6 48,47,44,36,23,10 4987 
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MINIMISATION OF THE ANNUAL COST OF ENS BY VARYING Ce FOR THE LEBANON NETWORK 

COST OF NUMBER OF SECTIONS SAlOl ANNUAL ANNUAL TOTAL 
ENS SECTIONALISERS SECTIONALISERS COST OF COST ENS COST 

PLACED PLACED ON SECTIONALISERS 
[RlKWh] R 

0.25 0 0 20100 20100 
0.50 3 48,36,10 12174 25142 37316 
1.00 4 48,36,28,10 16232 42285 58517 
1.50 5 23,48,44,36,10 20290 57851 78141 
2.00 5 48,44,36,23,10 20290 77134 97424 
3.00 7 48,47,44,36,23,10,4 28406 106380 134786 
4.00 7 48,47,44,36,23,10,5 28406 141839 170245 
5.00 7 48,47,44,36,23,10,6 28406 176801 205207 

MINIMISATION OF THE ANNUAL COST OF ENS BY VARYING THE FAILURE RATE FOR THE LEBANON NETWORK 

FAILURE RATE NUMBER OF SECTIONS SAlOl ANNUAL ANNUAL TOTAL 
SECTIONALISERS SECTIONALISERS COST OF COST ENS COST 

PLACED PLACED ON SECTIONALISERS 
[f/km/yr] R 

0.01 0 0 2010 2010 
0.05 0 0 10050 10050 
0.10 0 0 20100 20100 
0.15 0 0 30151 30151 
0.20 3 48,36,10 12174 25142 37316 
0.25 4 48,36,10,4 16232 26343 42575 
0.30 4 48,36,10,5 16232 31544 47776 
0.35 4 48,36,10,6 16232 36744 52976 



Univ
ers

ity
 of

  C
ap

e T
ow

n

ApPENDIX E 

RESULTS FOR THE TESTS PERFORMED ON THE LEVITIN 

NETWORK 
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OPTIMUM PLACEMENT OF A SPECIFIED NUMBER OF SECTIONALISERS FOR THE LEVITIN NETWORK 

REPAIR TIME NUMBER OF 
PER SECTION SECTIONALISERS 

PLACED 
hrs 
2.0 1 
2.0 2 
2.0 3 
2.0 4 
2.0 5 
2.0 6 

SECTIONS 
SECTIONAUSERS 

PLACED ON 

2 
72,2 

72,35,2 
72,36,9,3 

75,41,36,4,2 
72,39,21,4,2 

SAlOl 

[intlyr/cust] 
11.07 
8.21 
5.74 
5.19 
4.67 
4.23 

ANNUAL ANNUAL 
COST OF COST ENS 

SECTIONALISERS 
[R] 

4058 
8116 
12174 
16232 
20290 
24348 

TOTAL 
COST 

OPTIMUM PLACEMENT OF A SPECIFIED NUMBER OF SECTIONALISERS VARYING THE REPAIR RATE FOR 
THE LEVITIN NETWORK 

REPAIR TIME NUMBER OF SECTIONS SAlOl ANNUAL ANNUAL TOTAL 
PER SECTION SECTIONAUSERS SECTIONALISERS COST OF COST ENS COST 

PLACED PLACED ON SECTIONALISERS 
[hrs] [intlyr/cust] [R] 

2.0 1 2 11.07 4058 
1.5 2 72,2 6.16 8116 
1.0 3 72,36,2 3.15 12174 
0.9 4 73,39,35,2 2.33 16232 
0.7 5 74,39,35,4,2 1.63 20290 
0.5 6 73,39,35,21,4,2 1.06 24348 
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MINIMISATION OF THE ANNUAL COST OF ENS BY VARYING Ce FOR THE LEVITIN NETWORK 

COST OF NUMBER OF SECTIONS SAIDI ANNUAL ANNUAL 
ENS SECTIONALISERS SECTIONALISERS COST OF COST ENS 

PLACED PLACED ON SECTIONALISERS 
R 

4 72,36,9,3 16232 
5 72,39,36,4,2 20290 
8 74,57,39,36,21,9,4,2 32464 
10 96,75,72,57,41 35,21,9,4,2 40580 
12 96,78,72,70,57,54,41,35,21,9,4,2 48696 
16 96,79,75,72,70,57,55,54,41,37,33,21,16,9,4 2 64928 
16 96,78,75,72,70,57,55,54 41,35,33,21,16,9,4,2 64928 
19 96,88,78,75,72,70,57,55,54,43,41,35,33,21,16 77102 

MINIMISATION OF THE ANNUAL COST OF ENS BY VARYING THE FAILURE RATE FOR THE LEVITIN NETWORK 

FAILURE 
RATE 

[f/kml r 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 

NUMBER OF 
SECTIONALISERS 

PLACED 

3 
3 
4 
5 
6 
6 
7 
9 

SECTIONS 
SECTIONALISERS 

PLACED ON 

72,37,2 
72,36,2 

72,36,9,3 
72,39,36,4,2 

72,39,21,35,4,2 
72,39,35,,21,4,2 

72,57,39,36,21,4,2 
96,72,57,39,35,21,9,4,2 

SAIDI ANNUAL 
COST OF 

SECTIONALISERS 
[R] 

12174 
12174 
16232 
20290 
24348 
24348 
28406 
36522 

ANNUAL 
COST ENS 

12140 
23080 
31751 
37365 
42062 
50341 
54613 

TOTAL 
COST 

R 
37292 
57655 
91691 
116736 
140924 
183676 
221499 
258384 

TOTAL 
COST 

[R] 
24314 
35254 
47983 
57655 
66410 
74689 
83019 
89932 
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EFFECT OF FAILURE RATE ON ANNUAL TOTAL COST AND SAlOl FOR 
THE LEVITIN NETWORK 
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EFFECT OF Ce ON ANNUAL TOTAL COST AND SAlol FOR THE LEVITIN 
NETWORK 
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- --- --------

EFFECT OF INCREASING THE DISCOUNT RATE ON THE TOTAL COST 
FOR THE LEVITIN NETWORK 
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