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Thesis Title : VOLTAGE STABILITY ENHANCEMENT PLANNING FOR

POWER DISTRIBUTION SYSTEM IN CHANTHABURI

PROVINCE
Student Name : Mr.Danai Thongtawat
Student ID : 114970402005-0
Degree Award : Master of Engineering
Study Program : Electrical Engineering
Year of Achievement : 2010
Thesis Advisor : Dr. Krischonme Bhumkittipich

ABSTRACT

This thesis studies on voltage stability enhancement for 22 kV power distribution system in
Chanthaburi province by installing distributed generators. The appropriate size and location of the
distributed generators were calculated by using mathematical methods.

Chanthaburi’s 22 kV power system can be divided into 6 areas which are Muang district,
Tha Mai district, Kaeng Hang Maew district, Soi dao, Khlung district and Laem Singh district.
Power flow and power losses in each area were computed to estimate the optimal size and location
of the generators by using particle swamp optimization methodology. The result shown that
proposed installing generators could reduce the losses approximately 50% for each area and
decrease losses in Chanthaburi’s 22 kV power system by 20%.

Moreover, this solution is not only able to cut down power losses in the system but also

enhancing the voltage stability as well as increasing load capability.

Keyword : Voltage Stability, Distribution Generator, Power Distribution System
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Old System Voltage (kV)
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New System Voltage (kV)
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New System Voltage (kV)
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%% OPTIMAL PLACEMENT OF DISTRIBUTED GENERATION USING PSO %%

%% system MVA base

clear

clc

% Base MVA = 50 MVA

baseMVA = 50;
= 22 kV.

% Base kV

baseKVv=22;

%% Bus data

bus = [

%bus_i1 type Pd Qd Gs Bs area Vm Va baseKV zone Vmax Vmin

% == S T e — - D T T T T T T e —
1 3 O 0 0O 0 1 1 0 22 1 1.05 0.95;
2 1 0.00704 0.00528 0 0 1 1 0 22 1 1.05 0.95;
3 1 0.03088 0.02316 0 0 1 1 0 22 1 1.05 0.95;
4 1 0.00624 0.00468 0 0 1 1 0 22 1 1.05 0.95;
5 1 0.0088 0.00660 0 0 1 1 0 22 1 1.05 0.95;
6 1 0.00848 0.00636 0 O 1 1 0 22 1 1.05 0.95;

% 6 1 -2.4536 0.02 0O O 1 1 0 22 1 1.05 0.95;

Y%adapt
7 1 0.008 0.006 0O 0 1 1 0 22 1 1.05 0.95;
8 1 0.0104 0.0078 0 O 1 1 0 22 1 1.05 0.95;
9 1 0.00736 0.00552 00 1 1 0 22 1 1.05 0.95;
10 1 0.00816 0.00612 O O 1 1 0 22 1 1.05 0.95;
11 1 0.0032 0.0024 0 0 1 1 0 22 1 1.05 0.95;
12 1 0.0056 0.0042 0 O 1 1 0 22 1 1.05 0.95;
13 1 0.00656 0.00492 00 1 1 0 22 1 1.05 0.95;
14 1 0.01056 0.00792 00 1 1 0 22 1 1.05 0.95;
15 1 0.004 0.003 0 0 1 1 0 22 1 1.05 0.95;
16 1 0.00384 0.00288 00 1 1 0 22 1 1.05 0.95;
17 1 0.0016 0.0012 O O 1 1 0 22 1 1.05 0.95;
18 1 0.00656 0.00492 00 1 1 0 22 1 1.05 0.95;
19 1 0.0176 0.0132 O O 1 1 0 22 1 1.05 0.95;
20 1 0.0192 0.0144 O O 1 1 0 22 1 1.05 0.95;
21 1 0.0056 0.0042 O O 1 1 0 22 1 1.05 0.95;
22 1 0.01008 0.00756 00 1 1 0 22 1 1.05 0.95;
23 1 0.0016 0.0012 O O 1 1 0 22 1 1.05 0.95;
24 1 0.00096 0.00072 0O 1 1 0 22 1 1.05 0.95;
25 1 0.00288 0.00216 0O 1 1 0 22 1 1.05 0.95;
26 1 0.00144 0.00108 00 1 1 0 22 1 1.05 0.95;
27 1 0.0032 0.0024 O O 1 1 0 22 1 1.05 0.95;
28 1 0.00144 0.00108 00 1 1 0 22 1 1.05 0.95;
29 1 0.00128 0.00096 0O 1 1 0 22 1 1.05 0.95;
30 1 0.00512 0.00384 00 1 1 0 22 1 1.05 0.95;
31 1 0.01168 0.00876 00 1 1 0 22 1 1.05 0.95;
32 1 0.00256 0.00192 00 1 1 0 22 1 1.05 0.95;
50 1 0.0024 0.0018 0 O 1 1 0 22 1 1.05 0.95;
51 1 0.01472 0.01104 00 1 1 0 22 1 1.05 0.95;
52 1 0.00904 0.00678 00 1 1 0 22 1 1.05 0.95;
53 1 0.01056 0.00792 00 1 1 0 22 1 1.05 0.95;
54 1 0.00512 0.00384 00 1 1 0 22 1 1.05 0.95;
55 1 0.012 0.009 O O 1 1 0 22 1 1.05 0.95;
57 1 0.008 0.006 O O 1 1 0 22 1 1.05 0.95;
58 1 0.00336 0.00252 00 1 1 0 22 1 1.05 0.95;
59 1 0.0048 0.0036 0 O 1 1 0 22 1 1.05 0.95;
60 1 0.00416 0.00312 00 1 1 0 22 1 1.05 0.95;
33 1 0.0048 0.0036 0 O 1 1 0 22 1 1.05 0.95;
34 1 0.00416 0.00312 00 1 1 0 22 1 1.05 0.95;
35 1 0.0056 0.0042 0 0 1 1 0 22 1 1.05 0.95;
36 1 0.00672 0.00504 00 1 1 0 22 1 1.05 0.95;
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37 1 0.0128 0.0096 O O 1 1 0 22 1 1.05 0.95;
38 1 0.0024 0.0018 0 O 1 1 0 22 1 1.05 0.95;
40 1 0.01936 0.01452 0 O 1 1 0 22 1 1.05 0.95;
41 1 0.016896 0.012672 0 O 1 1 0 22 1 1.05 0.95;
44 1 0.024 0.018 O O 1 1 0 22 1 1.05 0.95;
39 1 0.00656 0.00492 0O 1 1 0 22 1 1.05 0.95;
45 1 0.0016 0.0012 O O 1 1 0 22 1 1.05 0.95;
47 1 0.00656 0.00492 0O 1 1 0 22 1 1.05 0.95;
48 1 0.004 0.003 0 O 1 1 0 22 1 1.05 0.95;
49 1 0.016 0.012 O O 1 1 0 22 1 1.05 0.95;
46 1 0.00664 0.00498 0 O 1 1 0 22 1 1.05 0.95;
58 1 0.024 0.018 O O 1 1 0 22 1 1.05 0.95;
50 1 0.00656 0.00492 0O 1 1 0 22 1 1.05 0.95;
60 1 0.00512 0.00384 0O 1 1 0 22 1 1.05 0.95;
63 1 0.00696 0.00522 0 O 1 1 0 22 1 1.05 0.95;
65 1 0.02208 0.01656 0 O 1 1 0 22 1 1.05 0.95;
64 1 0.0072 0.0054 0 O 1 1 0 22 1 1.05 0.95;
42 1 0.00304 0.00228 0 O 1 1 0 22 1 1.05 0.95;
43 1 0.00656 0.00492 0O 1 1 0 22 1 1.05 0.95;
66 1 0.012 0.009 O O 1 1 0 22 1 1.05 0.95;
67 1 0.00464 0.00348 0 O 1 1 0 22 1 1.05 0.95;
68 1 0.0016 0.0012 O O 1 1 0 22 1 1.05 0.95;
69 1 0.00256 0.00192 0 O 1 1 0 22 1 1.05 0.95;
70 1 0.00512 0.00384 0O 1 1 0 22 1 1.05 0.95;
71 1 0.0056 0.0042 0 O 1 1 0 22 1 1.05 0.95;
73 1 0.0152 0.0114 O O 1 1 0 22 1 1.05 0.95;
74 1 0.00656 0.00492 0 O 1 1 0 22 1 1.05 0.95;
72 1 0.00656 0.00492 0 O 1 1 0 22 1 1.05 0.95;
75 1 0.0056 0.0042 O O 1 1 0 22 1 1.05 0.95;
76 1 0.01056 0.00792 0O 1 1 0 22 1 1.05 0.95;

% bus Pg Qg Qmax Qmin Vg mBase status Pmax Pmin

%% Branch data
branch = [

% fbus tbus r X b rateA rateB rateC ratio angle status
% p—— p—— pr— pr— oD oD oD oD e /e s ———
1 2 0.0058 0.0030 0 10 10 10 O O 1;
2 3 0.0308 0.0157 0 10 10 10 O O 1;
3 4 0.0308 0.0157 0 10 10 10 O O 1;
4 5 0.0308 0.0157 0 10 10 10 O O 1;
5 6 0.0308 0.0157 0 10 10 10 O O 1;
6 7 0.0308 0.0157 0O 10 10 10 O O 1;
7 8 0.0308 0.0157 0O 10 10 10 O O 1;
8 9 0.0308 0.0157 0 10 10 10 O O 1;
9 10 0.0308 0.0157 O 10 10 10 O O 1;
10 11 0.0308 0.0157 O 10 10 10 O O 1;
11 12 0.0308 0.0157 0O 10 10 10 O O 1;
12 13 0.0308 0.0157 O 10 10 10 O O 1;
13 14 0.0308 0.0157 0O 10 10 10 O O 1;
14 15 0.0308 0.0157 O 10 10 10 O O 1;
15 16 0.0308 0.0157 O 10 10 10 O O 1;
16 17 0.0308 0.0157 0O 10 10 10 O O 1;



17 18 0.0308 0.0157 O 10 10 10 0 O 1;
18 19 0.0308 0.0157 O 10 10 10 0 O 1;
19 20 0.0308 0.0157 O 10 10 10 0 O 1;
20 21 0.0308 0.0157 O 10 10 10 0 O 1;
21 22 0.0308 0.0157 O 10 10 10 0 O 1;
22 23 0.0308 0.0157 O 10 10 10 0 O 1;
23 24 0.0308 0.0157 O 10 10 10 0 O 1;
24 25 0.0308 0.0157 O 10 10 10 0 O 1;
25 26 0.0308 0.0157 O 10 10 10 0 O 1;
26 27 0.0308 0.0157 O 10 10 10 0 O 1;
27 28 0.0308 0.0157 O 10 10 10 0 O 1;
27 29 0.0308 0.0157 O 10 10 10 0 O 1;
2 30 0.0308 0.0157 O 10 10 10 0 O 1;
3 31 0.0308 0.0157 O 10 10 10 0 O 1;
31 32 0.0308 0.0157 O 10 10 10 0 O 1;
5 33 0.0308 0.0157 O 10 10 10 0 O 1;
33 34 0.0308 0.0157 O 10 10 10 0 O 1;
34 35 0.0308 0.0157 O 10 10 10 0 O 1;
35 36 0.0308 0.0157 O 10 10 10 0 O 1;
36 37 0.0308 0.0157 O 10 10 10 0 O 1;
37 38 0.0308 0.0157 O 10 10 10 0 O 1;
33 39 0.0308 0.0157 O 10 10 10 0 O 1;
34 40 0.0308 0.0157 O 10 10 10 0 O 1;
36 41 0.0308 0.0157 O 10 10 10 0 O 1;
41 42 0.0308 0.0157 O 10 10 10 0 O 1;
37 43 0.0308 0.0157 O 10 10 10 0 O 1;
6 44 0.0308 0.0157 O 10 10 10 0 O 1;
7 45 0.0308 0.0157 O 10 10 10 0 O 1;
8 46 0.0308 0.0157 O 10 10 10 0 O 1;
9 47 0.0308 0.0157 O 10 10 10 0 O 1;
47 48 0.0308 0.0157 O 10 10 10 0 O 1;
48 49 0.0308 0.0157 O 10 10 10 0 O 1;
10 50 0.0308 0.0157 O 10 10 10 0 O 1;
50 51 0.0308 0.0157 O 10 10 10 0 O 1;
51 52 0.0308 0.0157 O 10 10 10 0 O 1;
52 53 0.0308 0.0157 O 10 10 10 0 O 1;
53 54 0.0308 0.0157 O 10 10 10 0 O 1;
54 55 0.0308 0.0157 O 10 10 10 0 O 1;
51 57 0.0308 0.0157 O 10 10 10 0 O 1;
57 58 0.0308 0.0157 O 10 10 10 0 O 1;
58 59 0.0308 0.0157 O 10 10 10 0 O 1;
59 60 0.0308 0.0157 O 10 10 10 0 O 1;
57 61 0.0308 0.0157 O 10 10 10 0 O 1;
61 62 0.0308 0.0157 O 10 10 10 0 O 1;
58 63 0.0308 0.0157 O 10 10 10 0 O 1;
63 64 0.0308 0.0157 O 10 10 10 0 O 1;
63 65 0.0308 0.0157 O 10 10 10 0 O 1;
50 56 0.0308 0.0157 O 10 10 10 0 O 1;
11 57 0.0308 0.0157 O 10 10 10 0 O 1;
12 67 0.0308 0.0157 O 10 10 10 0 O 1;
67 68 0.0308 0.0157 O 10 10 10 0 O 1;
68 69 0.0308 0.0157 O 10 10 10 0 O 1;
69 70 0.0308 0.0157 O 10 10 10 0 O 1;
70 71 0.0308 0.0157 O 10 10 10 0 O 1;
69 72 0.0308 0.0157 O 10 10 10 0 O 1;
72 73 0.0308 0.0157 O 10 10 10 0 O 1;
73 74 0.0308 0.0157 O 10 10 10 0 O 1;
72 75 0.0308 0.0157 O 10 10 10 0 O 1;
75 76 0.0308 0.0157 O 10 10 10 0 O 1;
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%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
bustype=bus(:,2);

N=length(bustype); % N is the number of nodes
n=N-1; % n is the number of sections
J=sqre(-1);

V=ones(N,1)+j*zeros(N,1);% Flat start
for aa=1:N
if bustype(aa)==3

V(aa)=0.98 ; % Setting the value of voltages of 0.98 for

Generator bus

end
end
maxmis=0.0001; % Maximum mismatch
maxitt=100; % Maximum iteration
1tt=0;
dVmax=1;

PI=bus(:,3)/baseMVA;
Ql=bus(:,4)/baseMVA;
FN=branch(:,1);
TN=branch(:,2);
R=branch(:,3);
X=branch(:,4);
B=branch(:,5);
Pg=zeros(N,1);
Qg=zeros(N,1);

% Calculated Impedance
Z=n+1;

zbus=zeros(Z,2);
zbus(1,1)=0+j*0.000000001;

for bb=1:n
a=FN(bb);
b=TN(bb) ;
zbus(b, :)=zbus(a, :);
zbus(:,b)=zbus(:,a);
zbus(b,b)=zbus(a,a)+R(bb)+j*X(bb);

end

Rik=real (zbus); % Finding R bus

Xik=imag(zbus); % Finding X bus

%%%%%N NN - ———————————————— Voltage Bus---—-—-————————————————— %%%%%%%%

while itt<maxitt&dVmax>maxmis
itt=itt+1;
% Callculating Nodal Current
for cc=1:N;
Pi(cc)=(PI(cc)-Pg(cc));
Qi (cc)=(Ql(cc)-Qg(cc));
In(cc, :)=(Pi(cc)-j*Qi(cc))/(conj(V(cc))); % In is the load
current
end
for cc=2:N;
1 (cc-1)=In(cc);
end

%BACKWARD SWEEP

Vk=V;
for dd=1:n;

78



a=N-dd;
for b=1:n;
it FN(b)==a+1
c=TN(b);
1(a)=1(a)+1(c-1)+j*B(c-1)*V(a+l);
end
end
1(a@)=1(a)+j*V(a+l)*B(a)/2; %Il is the branch current
end

% FORWARD SWEEP

for ee=1:n;
ff=FN(ee);
V(ee+1)=V(FF)-(R(ee)+j*X(ee))*1(ee);
dvV(ee)=abs(V(ee+l)-Vk(ee+l));

end

dvVmax=max(dV) ;

end

for gg=1:N
Pi(99)=(Pg(99)-P1(g9));
g Q1(99)=(Qg(99)-Q1(g9));
en

Vm=abs (V) ;%*baseKV;
Delta=angle(V);

for hh=1:N
for 1i=1:N
alpha(hh, 1i1)=Rik(hh, i1)*cos(Delta(hh)-Delta(ii))/(Vm(hh)*Vm(ii));
beta(hh, i1)=Rik(hh,ii)*sin(Delta(hh)-Delta(ii))/(Vm(hh)*Vm(ii));
gama(hh, 1i1)=Xik(hh, ii)*cos(Delta(hh)-Delta(ii))/(Vm(hh)*Vm(ii));
geta(hh, 11)=Xik(hh,ii1)*sin(Delta(hh)-Delta(ii))/(Vm(hh)*Vm(ii));

end
end

LL1=2; %limit of min location
LH1=33;%limit of max location
LL2=2; %limit of min location
LH2=33;%limit of max location
LL3=2; %limit of min location
LH3=33;%limit of max location
SL1=0.05;%0imit of min size DG
SH1=2; %limit of max size DG
SL2=0.05;%0limit of min size DG
SH2=2; %limit of max size DG
SL3=0.05;%0limit of min size DG
SH3=2; %limit of max size DG
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% this program finds the optimal DG size and location when DG supply real
power only

clear;

clc;

% InputBus69;

input33;

% EnputBus33;

bustype=bus(:,2);

PI=bus(:,3)/baseMVA;

Ql=bus(:,4)/baseMVA;

FN = branch(:,1);

TN = branch(:,2);

R = branch(:,3);
X = branch(:,4);
B = branch(:,5);

N=length(bustype);

Pg=zeros(N,1);

Qg=zeros(N,1);

V=DLF(bustype,Pg,Qg,P1,Q1,FN,TN,R,X,B,baseMVA);
zbus=Zbus(branch);

% Finding Optimal Size of the DG When DG supply Real Power Only

Rik=real (zbus); % Finding R bus
Xik=imag(zbus); % finding Xbus
for i=1:N

Pi(1)=(Pg(i)-P1(i));
Qi(i)=(Qg(i)-QI(i));

end
Vm=abs(V);
Delta=angle(V);
for i=1:N
for k=1:N
alpha(i,k)=Rik(i,k)*cos(Delta(i)-Delta(k))/(Vm(i)*Vm(k));
beta(i,k)=Rik(i,k)*sin(Delta(i)-Delta(k))/(Vm(1)*Vm(k));
gama(i,k)=Xik(i,k)*cos(Delta(i)-Delta(k))/(Vm(i)*Vm(k));
geta(i,k)=Xik(i,k)*sin(Delta(i)-Delta(k))/(Vm(i)*Vm(k));
end
end
% Finding the Original Loss
PIss=0;
Qlss=0;
for i=1:N
for k=1:N

% approximate loss calculation
PIss=Plss+(alpha(i,k)*(Pi(D))*Pi(K)+Qi (1)*Qi(k))+beta(i,k)*(Qi(i)*Pi(k)-
Pi(1)™Qi(k)));
% approximate loss calculation
QIss=Qlss+(gama(i,kK)*(Pi(D)*PiI(K)+Qi (1)*Qi(k))+geta(i,k)*(Qi(1)*Pi(k)-
Pi(i)*gi(k)));
en

end
for i=1:N
sum=0;
for k=1:N
it k—=i
sum=sum+(alpha(i,k)*Pi(k)-beta(i,k)*Qi(k));
end
end
% PDG is the optimal size of the DG to be placed at node i.
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PDG(i1)=Q1 (1) - sum/alpha(i,i);
end
Ploss=zeros(N,1);
Qloss=zeros(N,1);
for m=2:N % location of DG

Pi(m)=Pi(m)+PDG(m);

for 1I=1:N % i is the bus contating DG...we will test by placing one
by one in each bus

for k=1:N

Ploss(m)=Ploss(m)+(alpha(i,k)*(Pi(1)*Pi(kK)+Qi (i)*Qi(k))+beta(i,k)*(Qi(i)*
PI(K)-Pi(1)*Qi(k))); % approximate loss calculation

Qloss(m)=Qloss(m)+(gama(i,k)*(Pi(1)*Pi(K)+Qi(1)*Qi(k))+geta(i,k)*(Qi(i)*P
1(K-Pi(i)*Qi1(k))); % approximate loss calculation
end
end
Pi(m)=Pi(m)-PDG(m);
end
clc
for i=1:N-1;
result(i,l)=i+1;
result(i,2)=PDG(i+1)*baseMVA;
result(i,3)=Ploss(i+1)*baseMVA*1000;
result(i,4)=Qloss(i+1)*baseMVA*1000;
result(i,5)=Vm(i+1)*baseKV;
end
BusRanking=sortrows(result,[3]);
fprintf("\n")
fprintf("\t Optimal Size of DGs for Each Bus and Correspondlng Losses\n")
fprintfF(°"\t The Real Power Loss in the original System = %3.4F
kW\n*" ,PIss*baseMVA*1000)

fprintf("\t The Reactive Power Loss in the original System = %3.4F
Kvar\n-® ,Qlss*baseMVA*1000)
fprintf("\t The Voltage Average in the original System = %3.4F
KVAn®,Vm(1)*22)
fprintf("\n")
fprintFC\t\t-——-—-—--------- o 0 o o i e i —————————————— \n®)
FprintFC\E\t\tBUS\t\t DG SIZE\t\t PLoss\t\t QLoss\t\t\n")
fprintFCC\t\t\tNo:\t\t MW \t\t kW \t\t kvar\t\t\n")
fprintF(C"\t\t-—————————— - \n")
for m=1:N-1;

fprintfF(C°\t\t\t %g", BusRanking(m,1))

fprintF(C°\t\t %3.4f", BusRanking(m,2))

fprintF(C°\t\t\t %3.4Ff", BusRanking(m,3))

fprintFCC\t\t\t %3.4Ff", BusRanking(m,4))

fprintf(" \t\t%3.4f", BusRanking(m,5)), fprintf(" \n")
end
fprintfC\t\t-H------- - - -\ - 0o o 0 o 0 o 0 0 b i i i ———————————— \n")
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Abstract

Now in Thailand has distributor electricity walking
with alternating current systems 3 phase 4 wire. Will think must
cable the electric line in the distance far which there is tall
investment in tool buying. Especially electricity distribution must
use greatly in distribution walking for send to go to still load. If
become distribution direct current system replaces will have
distribution amount is down are left 2 wire the heel. Thus for time
saving has in the calculation then writes calculation program of
direct current distribution system with renewable energy . By use
a program MATLAB emphasize writing in the format of GUI

(graphic user interface) for lead the data that feed to go to

calculate and show come out in graph picture from a program will
that write to upward show the value of pressure late end pressure
late the trend totals up. Length distributor all the size of the origin
at must use the heel splits the center of the distributor. By a
program has character usability easy format and have usability
explanation of a program thoroughly for convenient user builds

program usability

Keywords: distribution system, GUI (graphic user interface)
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Abstract

This paper presents the sizing and location of
distributed generation by using particle swarm optimization at 22
kV Chanthaburi province’s power distribution system. The
comparison with IEEE 33 buses case study is used for ensuring
the proposed algorithm. The simulation results show that voltage
amplitude and power loss of the system can improve by using

distribution generation.

Keywords: distribution generation, particle swarm optimization
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New System Reactive Power Loss (kVar)
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