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ABSTRACT

This thesis proposes the analysis of optimal allocation analysis of FACTS devices using
particle swarm optimization method (PSO). FACTS device is the compensation device that can
inject the real and active power into the power system in order to improve the voltage stability and
power system reliability.

The analysis uses the IEEE 33 buses radial distribution system (RDS) for testing system.
The total real and reactive power is 3.72 MW and 2.3 MVar, respectively and uses Base MVA is
10 MVA and Base kV is 12.66 kV. The original real and reactive power loss is 221.4346 kW and
150.1784 kVar, respectively. The load flow analysis on distribution use backward-forward sweep
methodology and optimization technique by using PSO method.

The simulation results show that the original voltage at bus 1 is 0.98 p.u.. The weak bus is
occurred at bus 33 is 0.881317 p.u.. After used the optimization technique, the size of SVC and
STATCOM with 2.4431 MVA and 2.4939 MVA, respectively, The power loss is the installed at bus
12 decreased and the voltage bus is increased. The comparison between SVC and STATCOM
installation, SVC have aspect appropriate more installed STATCOM. Aspect weak decreased real
and reactive power loss is 27.54% and 43.17%. STATCOM decreased real and reactive power loss
is 27.12% and 41.60%. This thesis results show solve the voltage stability of power system after
installed SVC and STATCOM. The guideline to support the development of energy technology in

the future.

Keywords : Radial Distribution Systems, FACTS, Optimal Allocation, PSO Method
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h(x)<0, dou'lvoaums (2.8)
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X(x)=p{g2(x)v{max(o,h(x)ﬂz} (2.10)
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2.5.2 W&ﬁﬂfr’ufmﬂszaaﬁ (Objective Function)

Q

[

[y Jd v J [y {a ) a ] J [
Weansu G]Qﬂ53?Nﬂflﬂa"Ifl’]JiUuW"IﬁufJiJu"lﬂJTWi]”IimT U 13018 1Han0d19

=

Y
Usgnda msaamaslivhgydeluszuy luinordnusimsaasiasldihgapdeluaieds

u 9

{ I [y v @ ) {
vevhgatluflanduingilszasd dsaumsi @.11)

NL
min P =) g. {Vi2 +V?-2V,V cos (51 -0 )} (2.11)
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2.5.3 52UV U 1v1TaA Y (Constraints)
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=
Qs -Qp; +ZNB |V1 | ‘Vj ‘ ‘Yu ‘ sin (ei,j -5, +6j ) =0 (2.13)
=
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Constraints)

ARV (2.14)
™ <T, <T™ (2.15)
P <Pg; < PG (2.16)
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2.7.2 Static Synchronous Compensator (STATCOM)
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AN 4.1 Wamsmuams Imaveadde Iihszuudmihsuuusifea 33 i voq

U153 1U IEEE

Bus Voltage Angle Angle
No. p.u. (Radians) (Degrees)
1 0.980000 0.000000 0.000000
2 0.976920 0.000251 0.014381
3 0.976382 0.000052 0.002979
4 0.962435 0.001749 0.100210
5 0.972728 -0.001170 -0.067036
6 0.954758 0.002958 0.169480
7 0.958768 0.001192 0.068296
8 0.972010 -0.001520 -0.087089
9 0.947148 0.004193 0.240241
10 0.951955 -0.000420 -0.024064
11 0.971360 -0.001890 -0.108289
12 0.928222 0.002478 0.141978
13 0.948559 -0.001220 -0.069900
14 0.926237 0.003198 0.183231
15 0.924609 -0.001760 -0.100840
16 0.923616 0.004224 0.242017
17 0.910612 -0.004560 -0.261268
18 0.911888 0.005739 0.328820
19 0.904118 -0.005930 -0.339763
20 0.903467 0.007168 0.410696
21 0.898112 -0.007110 -0.407372
22 0.899822 0.009103 0.521563
23 0.897218 -0.006970 -0.399351
24 0.895557 0.007555 0.432869
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AN 4.1 wamsmuams Imaveadde Iiihszuudmihsuuusifea 33 i voq

M35 IEEE (79)

Bus Voltage Angle Angle
No. p.u. (Radians) (Degrees)
25 0.895664 -0.006760 -0.387319
26 0.894617 0.007132 0.408633
27 0.889331 -0.008460 -0.484722
28 0.894326 0.006991 0.400554
29 0.886983 -0.009940 -0.569520
30 0.885519 -0.010640 -0.609627
31 0.884101 -0.011080 -0.634837
32 0.882002 -0.012520 -0.717343
33 0.881373 -0.012700 -0.727656
Aaa lihgade (kw) 221.4346 kW
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nasnnirassmianns sVC il Taeliisnquaymamdwmisdaasiuanzauiga
Y Yo A a 3 9 A o A a 09.:’
uda Wddanmingavlumsaaas sve wWhldluszoy Ao Wah 12 TaemsdAads SVC vua
24431 MVA Ju9a%UIU OLIIND 90° ApuuIudNn Iz uui111e #an1531a9A1a19 9 U9
k4 v [
FLUVTMUBUVVISIAYA 33 T Y99WIA3F1U IEEE HAIRAAT SVC aaaaaglin 4.5 a1313a9 4.2

HAZAIT NN 4.3 MUAIAL

A1 4.2 HANTTIABIAIAN 9] YDITLTUUIIHUBUUITIAYA 33 TUd Y9WINIF U IEEE

Y
HAIAAAT SVC

Bus SVC Size T Q. Base kV Voltage
No. MVA kW KVar kV p-u.
2 3.7177 274.0090 135.4527 12.3766 0.977613
3 1.5768 280.3672 138.4400 12.3698 0.977074
4 3.3285 222.7545 116.7875 12.2396 0.966791
5 0.4602 282.9692 138.5794 12.3235 0.973423
6 2.9080 207.4799 111.1396 12.1765 0.961811
7 2.2847 233.3631 121.2164 12.1934 0.963141
8 0.4074 283.0948 138.5908 12.3145 0.972706
9 2.6800 192.4583 105.5894 12.1158 0.957013
10 1.6148 236.9958 121.7209 12.1075 0.956360
11 0.3292 283.5665 138.8343 12.3062 0.972056
12 2.4431 160.3745 85.2280 11.9640 0.945022
13 1.2366 244.0284 124.1527 12.0647 0.952979
14 23114 162.9829 85.9819 11.9393 0.943074
15 2.3315 161.3063 87.1492 11.9548 0.944296
16 2.1551 166.2557 87.0192 11.9068 0.940503
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M3 4.2 HANMTTIABIAWIN 9] VOITLUUTIHINBUVVITIAYA 33 Va YBINIAIFIU IEEE

Na9IAARAd SVC (719)

Bus SVC Size P, Qs Base kV Voltage
No. MVA kW KVar kV p-u.
17 1.7170 169.1077 86.0403 11.9458 0.943589
18 1.7657 173.3414 90.2351 11.7611 0.928997
19 1.5060 173.2861 86.8130 11.9639 0.945016
20 1.5814 176.0024 90.8349 11.6565 0.920735
21 1.3548 176.1842 87.4476 11.9885 0.946961
22 1.4831 178.4761 91.2422 11.6112 0.917159
23 1.3300 176.7823 87.4622 11.9935 0.947356
24 1.3094 185.6674 95.2996 11.5583 0.912975
25 1.2844 178.1469 87.6076 12.0047 0.948241
26 1.2576 188.5420 97.3076 11.5466 0.912054
27 1.1342 183.5291 90.2104 12.0690 0.953318
28 1.1945 193.0908 101.8132 11.5430 0.911769
29 1.0873 185.5801 91.8800 12.1025 0.955962
30 1.0351 188.8406 93.5708 12.1432 0.959181
31 0.9738 193.1782 95.3829 12.1956 0.963321
32 0.8787 200.8129 101.3804 12.3171 0.972913
33 0.8309 205.0104 103.0256 12.3787 0.977777
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Loss Reduction
Bus SVC Size Ploss Qloss
System Method %
No. MVA kW kVar

Real Reactive

Load Flow
221.4346 150.1784
Analysis
12 2.4431 160.3745 85.2280 27.57 43.24
15 2.3315 161.3063 87.1492 27.15 41.96
33 Bus
14 23114 162.9829 85.9819 26.39 42.74
PSO
17 1.7170 169.1077 86.0403 23.63 42.70
25 1.2844 178.1469 87.6076 19.54 41.66
6 2.9080 207.4799 111.1396 6.30 25.99
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HaIAAAI STATCOM

AN 4.4 HAMITIADIAAN 9 VOITTUUIMUNBULVITIAYE 33 e VoI 1ATI U IEEE

Y
HaIAAAY STATCOM

Bus STATCOM P, Q.. Base kV Voltage

No. Size MVA kW KVar kV p-u.
2 3.9234 274.0596 135.4762 12.3765 0.977609
3 1.6518 280.3923 138.5535 12.3697 0.977071
4 3.4796 222.9034 116.8124 12.2393 0.966772
5 0.4706 282.9817 138.6208 12.3235 0.973420
6 3.0298 207.6376 111.1676 12.1762 0.961781
7 2.3662 233.4468 121.3599 12.1931 0.963122
8 0.4156 283.1068 138.6318 12.3144 0.972702
9 2.7782 192.6051 105.6203 12.1153 0.956971
10 1.6515 237.0357 121.8752 12.1073 0.956341
11 0.3354 283.5781 138.8764 12.3062 0.972052
12 2.4939 160.4509 85.3447 11.9634 0.944972
13 1.2584 244.0549 124.2787 12.0645 0.952960
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M13197 4.4 HANITT1ADIAIAN ) VOITLVUIIMUIBUDULTIAYA 33 1Td VY0ININTFIU IEEE

HaIAANT STATCOM (919)

Bus STATCOM P, Qs Base kV Voltage
No. Size MVA kW KVar kV p-u.

14 2.3545 163.0485 86.0639 11.9387 0.943024
15 2.3801 161.3696 87.6981 11.9545 0.944276
16 2.1892 166.3092 87.0696 11.9061 0.940453
17 1.7321 169.12 86.1770 11.9452 0.943539
18 1.7739 173.3665 90.3016 11.7605 0.928946
19 1.5111 173.2848 86.8586 11.9631 0.944948
20 1.5752 176.0275 90.8200 11.6559 0.920684
21 1.3525 176.1755 87.4400 11.9875 0.946876
22 1.4707 178.5065 91.1995 11.6106 0.917108
23 1.3264 176.7733 87.4499 11.9923 0.947262
24 1.2954 185.7033 95.1948 11.5576 0.912924
25 1.2786 178.1378 87.5945 12.0033 0.948130
26 1.2439 188.5788 97.1797 11.5460 0.912002
27 1.1235 183.5165 90.1754 12.0674 0.953189
28 1.1828 193.1262 101.6544 11.5423 0911717
29 1.0761 185.5641 91.8098 12.1010 0.955846
30 1.0236 188.8221 93.4928 12.1417 0.959062
31 0.9618 193.1576 95.3109 12.1940 0.963189
32 0.8682 200.7813 101.2478 12.3158 0.972810
33 0.8204 204.9763 102.9034 12.3772 0.977665
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A13190 4.5 MIMAWHUIAAGT STATCOM MinanzanIaesls PSO

STATCOM Loss Reduction
Bus Ploss Qloss
System | Method Size %
No. kW kVar
MVA Real Reactive
Load Flow
221.4346 | 150.1784
Analysis
12 2.4939 160.4509 | 85.3447 27.54 43.17
15 2.3801 161.3696 | 87.6981 27.12 41.60
33 Bus
14 2.3545 163.0485 | 86.0639 26.36 42.69
PSO
17 1.7321 169.1200 | 86.1770 23.62 42.61
25 1.2786 178.1378 | 87.5945 19.55 41.67
6 3.0298 207.6376 | 111.1676 6.23 25.97
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n.1 YoyaaIvIAg  VBIsTUVMIBIULISIAYE 33 Ua YBIMNIg 1M IEEE

n.2 Yoyalian1y q Vo9sZUUNHMINLUISIALA 33 T Y9931A3§ 1M IEEE



MANUIN N.1

Y

VoyaTian 19  VBITTULIHINBUUUISIAEA 33 U YIMIN3g 1M IEEE

M13197 .1 Foyaiaa1s 9 vesszuusmUBuUUITIReA 33 1d YoATFIU TEEE

From To R X B Rating
Bus Bus (p.u.) (p.u.) (p.u.) (MVA)
1 2 0.0058 0.0030 0 10
2 3 0.0102 0.0098 0 10
3 4 0.0308 0.0157 0 10
4 5 0.0939 0.0846 0 10
5 6 0.0228 0.0116 0 10
6 7 0.0282 0.0192 0 10
7 8 0.0255 0.0298 0 10
8 9 0.0238 0.0121 0 10
9 10 0.0560 0.0442 0 10
10 11 0.0442 0.0585 0 10
11 12 0.0511 0.0441 0 10
12 13 0.0559 0.0437 0 10
13 14 0.0127 0.0065 0 10
14 15 0.0117 0.0386 0 10
15 16 0.0177 0.0090 0 10
16 17 0.1068 0.0771 0 10
17 18 0.0661 0.0583 0 10
18 19 0.0643 0.0462 0 10
19 20 0.0502 0.0437 0 10
20 21 0.0649 0.0462 0 10
21 22 0.0317 0.0161 0 10
22 23 0.0123 0.0041 0 10
23 24 0.0608 0.0601 0 10
24 25 0.0234 0.0077 0 10
25 26 0.0194 0.0226 0 10
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M3190 0.1 Yoyaliaa1e q veeszuUTIMUIenULIEAea 33 1d Y9IATFIW IEEE (A0)

From To R X B Rating

Bus Bus (p.u.) (p.u.) (p.u.) (MVA)
26 27 0.0916 0.0721 0 10
27 28 0.0213 0.0331 0 10
28 29 0.0338 0.0445 0 10
29 30 0.0369 0.0328 0 10
30 31 0.0466 0.0340 0 10
31 32 0.0804 0.1074 0 10
32 33 0.0457 0.0358 0 10

MANUIN N.2

Y

Voyatian 19  VBITTULIHINLUUUISIAEA 33 U Y9IMIN3g 1M IEEE

M13199 1.2 Foyaiaas 9 vesszuusMUBUUUISIReA 33 1Td YoIATFIU TEEE

Bus Gs Bs Base
Type | Pload | Qload Area | Vm Va Area

No p-u. | p.u. kV
1 3 0.000 0.000 0 0 1 1 0 12.66 1
2 1 0.100 0.060 0 0 1 1 0 12.66 1
3 1 0.090 0.040 0 0 1 1 0 12.66 1
4 1 0.090 0.040 0 0 1 1 0 12.66 1
5 1 0.090 0.040 0 0 1 1 0 12.66 1
6 1 0.120 0.080 0 0 1 1 0 12.66 1
7 1 0.090 0.050 0 0 1 1 0 12.66 1
8 1 0.090 0.040 0 0 1 1 0 12.66 1
9 1 0.060 0.030 0 0 1 1 0 12.66 1
10 1 0.420 0.200 0 0 1 1 0 12.66 1
11 1 0.090 0.040 0 0 1 1 0 12.66 1
12 1 0.060 0.020 0 0 1 1 0 12.66 1
13 1 0.420 0.200 0 0 1 1 0 12.66 1
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M3190 0.2 Yoyaliaa1e q veeszuUTIMUIeIULIEIAYa 33 1d Y9IATF 1Y IEEE (A0)

Bus Gs Bs Base
Type | Pload | Qload Area | Vm | Va Area
No p-u. | p.u. kV
14 1 0.060 0.025 0 0 1 1 0 12.66 1
15 1 0.200 0.100 0 0 1 1 0 12.66 1
16 1 0.060 0.025 0 0 1 1 0 12.66 1
17 1 0.200 0.100 0 0 1 1 0 12.66 1
18 1 0.060 0.020 0 0 1 1 0 12.66 1
19 1 0.060 0.020 0 0 1 1 0 12.66 1
20 1 0.120 0.070 0 0 1 1 0 12.66 1
21 1 0.060 0.020 0 0 1 1 0 12.66 1
22 1 0.200 0.600 0 0 1 1 0 12.66 1
23 1 0.045 0.030 0 0 1 1 0 12.66 1
24 1 0.150 0.070 0 0 1 1 0 12.66 1
25 1 0.060 0.035 0 0 1 1 0 12.66 1
26 1 0.210 0.100 0 0 1 1 0 12.66 1
27 1 0.060 0.035 0 0 1 1 0 12.66 1
28 1 0.060 0.040 0 0 1 1 0 12.66 1
29 1 0.120 0.080 0 0 1 1 0 12.66 1
30 1 0.060 0.010 0 0 1 1 0 12.66 1
31 1 0.060 0.020 0 0 1 1 0 12.66 1
32 1 0.060 0.020 0 0 1 1 0 12.66 1
33 1 0.090 0.040 0 0 1 1 0 12.66 1
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Vmin

MANUIN V.1
Gs Bs area Vm Va baseKV zone Vmax

10 MVA;
Qd

Tilsunsumamuiams lviavesmad lnvaig MATLAB M-File
10;

t33.m
=12.66;

Youalla

inpu

% Base kV = 12.66 kV;

%% system MVA base
clear
baseKV

clc
%bus_i type Pd

% base MVA
baseMVA

%% bus data
bus = [

%

OCO0OO000000O0O0O0O0O0O0OO0O0O0OO0OO0OO0OO0OO0OO0OO0OO0OO0OOOOOOOO

A AT A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

A AT AT A A A A A A A A A A A A A A A A A A A A A A A A A A A

OCO0OO000000O0O0O0O0O0O0O0O0OO0OO0OO0OO0OO0OO0OO0OO0OO0OOOOOOOOO

OCO0O0000O0O0O0O0O0O0O0O0O0O0OO0OO0OO0OO0OO0OO0OO0OOO0OO0OOOOOOOO

5 5 o L
OISO T™M < N AN NN~N MNN~M 3481 N
OOOOOOOO200201010000600010000000

OOO00OOOOOOOOOOOOOOOOOOOOOOOOOOOO

To]
DO NDDDDONODDONO (o] © O NO SO AOONOOOOD
10001000400402020010201020010000
O00OOOOOO000000000000000000000000
Nl AT A A A A A A A A A A A A A A A A A A A A A A A A A A A
O NMTUOMNOVOODOANMNMILLONODO dNM
AANNMTOLOONMNOOODO Addd A dcdcdcd A A NNANNNNNANNNOOMOM

Pmin

Pmax
10

status

10
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Vg mBase
10 -10 1.05

Pg Qg Qmax Qmin
0

L
bus

%% generator data

gen
%



Yanaan
YayamMmn

%% Branch data
branch = [

% fbus thbus r X b rateA rateB rateC ratio angle status

% =-=== =-=== === === ===
1 2 0.0058 0.0030 0 10 10 10 0 0 1;
2 3 0.0102 0.0098 0 10 10 10 0 0 1;
2 4 0.0308 0.0157 0 10 10 10 0 0 1;
3 5 0.0939 0.0846 0 10 10 10 0 0 1;
4 6 0.0228 0.0116 0 10 10 10 0 0 1;
4 7 0.0282 0.0192 0 10 10 10 0 0 1;
5 8 0.0255 0.0298 0 10 10 10 0 0 1;
6 9 0.0238 0.01212 0 10 10 10 0 0 1;
7 10 0.0560 0.0442 0 10 10 10 0 0 1;
8 11 0.0442 0.0585 0 10 10 10 0 0 1;
9 12 0.0511 0.0441 0 10 10 10 0 0 1;
10 13 0.0559 0.0437 0 10 10 10 0 0 1;
12 14 0.0127 0.0065 0 10 10 10 0 0 1;
12 15 0.0117 0.0386 0 10 10 10 0 0 1;
14 16 0.0177 0.0090 0 10 10 10 0 0 1;
15 17 0.1068 0.0771 0 10 10 10 0 0 1;
16 18 0.0661 0.0583 0 10 10 10 0 0 1;
17 19 0.0643 0.0462 0 10 10 10 0 0 1;
18 20 0.0502 0.0437 0 10 10 10 0 0 1;
19 21 0.0649 0.0462 0 10 10 10 0 0 1;
20 22 0.0317 0.0161 0 10 10 10 0 0 1;
21 23 0.0123 0.0041 0 10 10 10 0 0 1;
22 24 0.0608 0.0601 0 10 10 10 0 0 1;
23 25 0.0234 0.0077 0 10 10 10 0 0 1;
24 26 0.0194 0.0226 0 10 10 10 0 0 1;
25 27 0.0916 0.0721 0 10 10 10 0 0 1;
26 28 0.0213 0.0331 0 10 10 10 0 0 1;
27 29 0.0338 0.0445 0 10 10 10 0 0 1;
29 30 0.0369 0.0328 0 10 10 10 0 0 1;
30 31 0.0466 0.0340 0 10 10 10 0 0 1;
31 32 0.0804 0.1074 0 10 10 10 0 0 1;
32 33 0.0457 0.0358 0 10 10 10 0 0 1;

%

1;

%%————— OPF Data ----- %%

%% area data

areas = [

1 1;

1:

%% generator cost data

% 1 startup shutdown n X0 y0O ... Xn yn

% 2 startup shutdown n c(n-1) ... cO

gencost = [
2 0 0 3 0 10 O;
1:

return;

AUIUT Zbus

% Zbus.m

function[zbus]=Zbus(branch)

% This function calculates the Bus impedance matrix of radial system
FN=branch(:,1);

TN=branch(:,2);
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R=branch(:,3);
X=branch(:,4);
B=branch(:,5);
n=length(R);
Z=n+1;
zbus=zeros(Z,2);
zbus(1,1)=0+j*0.000000001;
% j=sqrt(-1);
for i=1:n
a=FN(i);
b=TN(i);
zbus(b, :)=zbus(a, :);
zbus(:,b)=zbus(:,a);
zbus(b,b)=zbus(a,a)+R(1)+j*X(i);
end

Hanvulviaalvlal

% DLF.m
function
[V, 1, itt,maxmis]=DLF(bustype,Pg,Qg,P1,Ql,FN,TN,R,X,B,baseMVA,Vset)

% This function finds the load flow solution of distribution system

with
% one root node and other load buses in the system
N=length(bustype); % N is the number of nodes
n=N-1; % n is the number of sections
J=sqrt(-1);
V=ones(N,1)+j*zeros(N,1);% Flat start
for i=1:N

if bustype(i)==3

V(i1)=Vset; % Setting the value of voltages of 0.98 for

Generator bus

end
end
maxmis=0.0001; % Maximum mismatch
maxitt=100; % Maximum iteration
itt=0; %initial of iteration
dVmax=1; %initial of dV

M3 IUIY Backward/Forward Sweep

%%%%%%%%% 1teration Start %%%%%%%%%%

while itt<maxitt & dVmax>maxmis
itt=itt+1;
% Calculating Nodal Current
for i=1:N;
Pi(i)=(PI(i)-Pg(i));
Qi(1)=QQI(1)-Qg(1));
In(i,)=(Pi(D)-3*Qi(1))/(con(V(1))); % In is the load
current
end
for i=2:N;
1(G-D=In(1);

end
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%BACKWARD SWEEP

Vk=V;
for i=1:n;
a=N-1;
for b=1:n;
if FN(b)==a+1
c=TN(b);
1(a)=1(a)+1(c-1)+j*B(c-1)*V(atl);
end
end

1(a)=1(a)+j*V(a+l)*B(a)/2; %l is the branch current
end

% FORWARD SWEEP

for i=1:n;
k=FN(i);
V(+1)=VI)-(ROD+F*X@))* 1 (1) ;
dv(i)=abs(V(i+1)-Vk(i+1));

end

dvVmax=max(dV);

end

malvaalwal

% Basecase_33.m

%% DISTRIBUTION LOAD FLOW %%

%% system MVA base and kV base

clear

clc

input33;
969%%%6%6%%%%%%%6%6%%%% % %6%6%6%% % % %%6%6%%% % % %%6%6% %% % Y% %6%6%6% % % % %6%6%6% %% % % %6%%% %%
tic;

BN= bus(:,1);

bustype=bus(:,2);

PI=bus(:,3)/baseMVA;

QI=bus(:,4)/baseMVA;

Qsh=bus(:,6)/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);

Vset=0.98;

O — = —
zbus=Zbus(branch);

Rik=real (zbus); %Finding R bus

Xik=imag(zbus); %Finding X bus
e
%%NNNUN——————— == ———— Voltage Bus----——-——————————————— %%%%%%

% setting the value of voltage of 0.98 for Generator bus
[V I itt maxmis]=DLF(bustype,Pg,Qg,Pl,QI,FN,TN,R,X,B,baseMVA,Vset);

%%%6%%%6%%%%6%%%6%%%%6%%%6%%%%6%% %% %% 6% %% %6%% 6% %% %6%% %6 %%% %% %% %6%% %% %% %% %
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annahadldihgadansnizy

%%%%% Finding the Original Loss %%%%%%%%%%
for gg=1:N

Pi(99)=(Pg(99)-P1(99));

Qi (99)=(Qa(99)-Q1(g9));

end

Vm=abs(V); %*basekV;

Delta=angle(V);

for k=1:N
for I=1:N
alpha(k, D=Rik(k, 1)*cos(Delta(k)-Delta(l))/(Vm(k)*Vm(l));
beta(k, 1)=Rik(k, D*sin(Delta(k)-Delta(1))/(Vm(kK)*Vm(l1));
gama(k, D=Xik(k, )*cos(Delta(k)-Delta(1))/(Vm(kK)*Vm(l1));
geta(k, D=Xik(k, D*sin(Delta(k)-Delta(l))/(Vm(k)*Vm(1));
end

end

Plss=0;

Qlss=0;

for i=1:N
for k=1:N

PIss=Plss+(alpha(i,k)*(Pi(i)*Pi(k)+Qi(i)*Qi(k))+beta(i,k)*(Qi (i)*Pi(k)-
Pi(i)*Qi(k))); % appproximate loss calculation
QIss=Qlss+(gama(i ,k)*(Pi (i)*Pi(k)+Qi (i)*Qi (k))+geta(i,k)*(Qi (i)*Pi(k)-
Pi(i)*Qi(k))); % appproximate loss calculation
end
end
PLossORG=Plss*baseMVA*1000;
QLossORG=QIss*baseMVA*1000;

uaanalvianlal
—————— - SRS AN L A NNy —
% Result Printing
[/ —— O £ S} B WS N S o S W -\ T LW L N
fprintf("\n")
fprintf(” Line Flow and Losses \n")
fprintf(* -
—————————— \n");
fprintf (" --Line-- --- From bus injection --- --— To bus
injection --- -—- Loss (I"2*Z) ---\n")
fprintf (" from to -- P(kw) Q (kvar) P(kw)
Q(var) P(kW) QCkvar) \n®%)
forintef(* ----—-—----------o-ov o b b o —————————
—————————— \n");
% Calculate exact loss
Loss=0;
line_loss=zeros(N-1,1);
for i=1:N-1
z()=RCD+J*X(1);
a=FN(i); %From node
b=TN(1); %to node
IFF(1)=(V(@)-V(b))/z(1); %Ct at starting bus
1It(D)=vV(b)-V(@))/z(i); %Ct at ending bus
LFF(i)=V(a)*conj (Iff(i)); %Line flow at the starting bus
LFe(i)=v(b)*conj(1t(1)); %Line flow at the end bus
line_loss(i)=LFF(i)+LFt(i); %Line loss of a branch

Loss=Loss+line_loss(i);

fprintf("%6g" ,FN(i)),fprintfF("%6g",TN(i)), Ffprintf("
%9.3F", real (LFF(i)*baseMVA)*1000) ,fprintf(”
%9.3F", imag(LFF(i)*baseMVA)*1000) ;
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fprintf(” %9.3F" , real (LFt(i)*baseMVA)*1000) ,fprintf ("
%9.3F", imag(Lft(i)*baseMVA)*1000) ;

fprintf(” %9.3F" ,real (line_loss(i)*baseMVA)*1000), fprintf ("
%9.3F", imag(line_loss(i)*baseMVA)*1000) ;

fprintfF("\t\t \n");

end

Tlos=Loss*baseMVA*1000; %Total loss
real_loss=real (Tlos);
reactive_loss=imag(Tlos);

fprintf(" e
—————————— \n");

fprintf(” Total loss

fprintf(" %9.3f",real_loss),fprintf(" %16.3f",reactive_loss); Y%Formular
%Fprintf(" %9.3F",PlossORG), fprintf (" %16.3F",QlossORG); %exact loss
fprintf(" \n");

frintf(" e
—————————— \n");

%%%% Print the power flow solution on the screen %%%%
Pdt = sum(Pl); Qdt = sum(Ql); Qsht = sum(Qsh);
Pg(1)=0; Qg(1)=0;

Pg(1)=(Pdt+real _loss/(1000*baseMVA));
Qg(1)=(Qdt+reactive_loss/(1000*baseMVA)-Qsht);

Pgt = sum(Pg); Qgt = sum(Q9);

fprintf (" \n");

%disp(tech)

fprintf (" Maximum Power Mismatch = %g \n", maxmis)
fprintf (- No. of Iterations = %g \n\n", itt)
fprintf(* -----—-——---———_—_—_— - ———— ——— —

head = [~ Bus Voltage Angle ----- Load----- ---Generation--- Injected”

" No. Mag- Degree kw kvar kw kvar kvar "];
disp(head)
fprintf(* --—-—-——--——-———————————————

for n=1:N
fprintf (" %5g”°,n),fprintf(" %7.4€",Vm(n)),
fprintf (" %8.3f" ,Delta(n)), fprintf(" %9.3f",PI1(n)*1000*baseMVA),
fprintf (" %9.3f",Q1(n)*1000*baseMVA), fprintf("
%9 .3Ff" ,Pg(n)*1000*baseMVA),
fprintf (" %9.3f",Qg(n)*1000*baseMVA), fprintf(”
%8.3F\n",Qsh(n)*1000*baseMVA)
end
fprintf(*  ----——--——----—_—.—— - - . ———

fprintf (" Total )
fprintf (" %9.3f",Pdt*1000*baseMVA), fprintf(" %9.3f",Qdt*1000*baseMVA),
fprintf(" %9.3f",Pgt*1000*baseMVA), fprintf(" %9.3F",Qdt*1000*baseMVA),
fprintf(" %9.3f\n",Qsht*1000*baseMVA) ;
fprintf (" ----------»»-» - oo 00 ——————————————————————————-
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Vmin

saulasly PSO

=

U

MANUIN V.2

|

MUK UINANY SVC NiKianN
Gs Bs area Vm Va baseKV zone Vmax

o

Tdsupsumsm
10 MVA;
Qd

10;

t33.m
=12.66;

Youala

inpu

% Base kV = 12.66 kV;

%% system MVA base
clear
baseKV

clc
%bus_i type Pd

% base MVA
baseMVA
%% bus data
bus = [

%
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Pmin

Pmax
10

status
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%% generator data

gen
%



Yanaan
YayamMmn

%% Branch data
branch = [

% fbus thbus r X b rateA rateB rateC ratio angle status
% =-=== =-=== === === ===
1 2 0.0058 0.0030 0 10 10 10 0 0 1;
2 3 0.0102 0.0098 0 10 10 10 0 0 1;
2 4 0.0308 0.0157 0 10 10 10 0 0 1;
3 5 0.0939 0.0846 0 10 10 10 0 0 1;
4 6 0.0228 0.0116 0 10 10 10 0 0 1;
4 7 0.0282 0.0192 0 10 10 10 0 0 1;
5 8 0.0255 0.0298 O 10 10 10 0 0 1;
6 9 0.0238 0.01212 0 10 10 10 0 0 1;
7 10 0.0560 0.0442 O 10 10 10 0 0 1;
8 11 0.0442 0.0585 0 10 10 10 0 0 1;
9 12 0.0511 0.0441 O 10 10 10 0 0 1;
10 13 0.0559 0.0437 0 10 10 10 0 0 1;
12 14 0.0127 0.0065 O 10 10 10 0 0 1;
12 15 0.0117 0.0386 0 10 10 10 0 0 1;
14 16 0.0177 0.0090 O 10 10 10 0 0 1;
15 17 0.1068 0.0771 0 10 10 10 0 0 1;
16 18 0.0661 0.0583 O 10 10 10 0 0 1;
17 19 0.0643 0.0462 0 10 10 10 0 0 1;
18 20 0.0502 0.0437 0 10 10 10 0 0 1;
19 21 0.0649 0.0462 O 10 10 10 0 0 1;
20 22 0.0317 0.0161 0 10 10 10 0 0 1;
21 23 0.0123 0.0041 O 10 10 10 0 0 1;
22 24 0.0608 0.0601 0 10 10 10 0 0 1;
23 25 0.0234 0.0077 O 10 10 10 0 0 1;
24 26 0.0194 0.0226 0 10 10 10 0 0 1;
25 27 0.0916 0.0721 O 10 10 10 0 0 1;
26 28 0.0213 0.0331 0 10 10 10 0 0 1;
27 29 0.0338 0.0445 O 10 10 10 0 0 1;
29 30 0.0369 0.0328 0 10 10 10 0 0 1;
30 31 0.0466 0.0340 O 10 10 10 0 0 1;
31 32 0.0804 0.1074 0 10 10 10 0 0 1;
32 33 0.0457 0.0358 0 10 10 10 0 0 1;

%

1:
O006Y6069666% 6% 6% 6696 Y6% 6066 Yb Y66 YoY% 666 Ye% b6 Ye %6 e6%%

bustype=bus(:,2);

N=Iength(bustype); % N is the number of nodes
n=N-1; % n §s the number of sections
J=sart(-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
itt=0;
dVmax=1;

PI=bus(:,3)/baseMVA;
QI=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);
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% 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

us Uil

%%%6%%%%————————————————— Voltage Bus---——————————————————— %6%%6%%%%%

while itt<maxitt&dVmax>maxmis

itt=itt+1;

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

% FORWARD SWEEP

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

end

dVmax=max(dV);

end

for gg=1:N
Pi(99)=(Pg(99)-P1(99));
4 Qi (99)=(Q9(99)-Q1(g9));
en

Vm=abs (V) ; %*baseKV;
Delta=angle(V);
for hh=1:N
for ii=1:N
alpha(hh, ii1)=Rik(hh,ii)*cos(Delta(hh)-Delta(ii))/(Vm(hh)*Vm(ii));

75



beta(hh, ii1)=Rik(hh, ii)*sin(Delta(hh)-Delta(ii))/(Vm(hh)*Vm(ii));
gama(hh, i1)=Xik(hh,ii)*cos(Delta(hh)-Delta(ii))/(Vm(hh)*Vm(ii));
geta(hh, ii1)=Xik(hh,ii)*sin(Delta(hh)-Delta(ii))/(Vm(hh)*Vm(ii));
end

end

AANNAMMHUWAZVINAVDI SVC

LL1=2; %0limit 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=-10;%limit of min size SVC
SH1=10; %limit of max size SVC
SL2=-10;%limit of min size SVC
SH2=10; %limit of max size SVC
SL3=-10;%limit of min size SVC
SH3=10; %limit of max size SVC

ATUIVY Zbus

% Zbus.m
function[zbus]=Zbus(branch)
% This function calculates the Bus impedance matrix of radial system
FN=branch(:,1);
TN=branch(:,2);
R=branch(:,3);
X=branch(:,4);
B=branch(:,5);
n=length(R);
Z=n+1;
zbus=zeros(Z,2);
zbus(1,1)=0+j*0.000000001;
% J=sqrt(-1);
for i=1:n
a=FN(i);
b=TN(i);
zbus(b, :)=zbus(a, :);
zbus(:,b)=zbus(:,a);
zbus(b,b)=zbus(a,a)+R(1)+j*X(1);
end

Hanvulviaalvlal

% DLF.m
function [V, 1]=DLF(bustype,Pg,Qg,P1,Ql,FN,TN,R,X,B,baseMVA)

% This function finds the load flow solution of distribution system with
% one root node and other load buses in the system

N=length(bustype); % N is the number of nodes
n=N-1; % n is the number of sections
J=sart(-1);
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V=ones(N,1)+j*zeros(N,1);% Flat start
for i=1:N

if bustype(i)==

V(i1)=0.98; % Setting the value of voltages of 0.98 for Generator

bus

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

N15A1UIY Backward/Forward Sweep

% lteration Start

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

end

%BACKWARD SWEEP

=1:n;
f FN(b)==a+1

c=TN(b);

1(@)=1(@)+1(c-D)+j*B(c-1)*V(a+l);

end
end
1(a)=1(@)+j*V(a+tl)*B(a)/2; %l is the branch current

end

% FORWARD SWEEP

for i=1:n;
k=FN(i);
VA+1D)=V(K)- (R +F*X1)))*1(T);
dv(i)=abs(V(i+1)-Vk(i+l1));

end

dVmax=max(dV);

end

Wendulnaallal

% DLFVS.m
function [V, Ilq, Im]=DLFVS(m,bustype,Pg,Qg,P1,Q1,FN,TN,R,X,B,baseMVA)

% This function finds the load flow solution of the distribution system

N=Iength(bustype); % N is the number of nodes
n=N-1; % n is the number of sections
J=sart(-1);
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V=ones(N,1)+j*zeros(N,1); % Flast start
for i=1:N

if bustype(i)==

V(i1)=0.98; % Setting the value of voltages of 0.98 for Generator

bus

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

N5 1IN Backward/Forward Sweep

% lteration Start
while i1tt<maxitt&dVmax>maxmis
itt=itt+1;
% Calculating Nodal Current
for i=1:N;
Pi(i)=(PI(i)-Pg(i));
QE(1)=(QI(1)-Q9(i));
In(D)=CPi(i)—J*Qi(i))/(conj(V(i))); % In is the load current
end
for i=2:N;
1(i-1)=In(i);

end

% BACKWARD SWEEP

Vk=V;
for i=1:n
a=N-1i;
for b=1:n;
if FN(b)==a+1
c=TN(b);
1(a)=1(@)+1(c-1)+j*B(c-1)*V(a+l);
end
end
1(a)=1(a)+j*V(atl)*B(a)/2; % 1 is the branch current
end
for i=1:n
Jp(i+1)=real (1(i)); % Real part of the branch Current
Jg(i+1)=imag(1(i)); % Imaginary part of the branch Current
End

MIBUNNIZUAN NI T

% Finding the requied reactive current to support bus voltage
AA=0;
BB=0;
RR=0;
XX=0;
aa=m;
for i=n:-1:1;
if TN(i)==aa;
AA=AA+(R(1D)*Ip(aa)-X(i)*Jq(aa));
BB=BB+(X(1)*Jp(aa)-R(i)*Jq(aa));
RR=RR+R(i);
XX=XX+X (1) ;
aa=FN(i);
end
end
EQn1=RRN2+XX"2;
Eqn2=2*((0.98-AA)*XX+(BB-0)*RR) ;
Egn3=(0.98-AA)"2+(BB-0)"2-0.98"2;
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Eqn=[Eqnl Egn2 Eqn3];
Roots=roots(Eqn);
for i=1:2
iT abs(Roots(i))<1;
Ig=Roots(i); % The required reactive current to support bus
voltage
break
end
end
aa=m;
for i=n:-1:1;
if TN(i)==aa
Jqg(aa)=Jq(aa)+lq; % Updating the value of reactive current
upstream
aa=FN(i);
end
end
J=sart(-1);
for 1=1:n;
Im(i)=Jp(i+1)+j*Jq(i+l); % Updating the value of branch current
end

% FORWARD SWEEP

for i=1:n;
k=FN(i1);
V@ I+1)=V(K)-RED+J*X(@)))*Im(i);
dv(i)=abs(V(i+1)-Vk(i+1));

end

dVmax=max(dV);

end

mammurdarianzanlagly PSO

% Particle Swarm Optimization®%

% TestPSO.m

clear

clc

input33;

% 1nput33;

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

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

PI(1)=(Pg(1)-PI(i));
Qi(1)=(Qa(i)-Q1(1));

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(i)*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

Vm=abs (V) ; %*baseKV;
Delta=angle(V);
XC=1.1708;
XL=0.4925;
alphaSvC=90*pi/180;
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for alphaSvC=90*pi/180;
Be=(2*alphaSVC-sin(2*alphaSVC)-pi*(2-XL/XC))/pi*XL;
ISVC=V(aa)*Be;
Q=V(aa)"2*Be;

end

for hh=1:N
for i1i=1:N
alpha(hh, ii)=Rik(hh,ii)*alphaSVC;
beta(hh, i1)=Rik(hh,1i)*sin(Delta(i)-Delta(k))/(Vm(i)*Vm(k));
gama(hh, i1)=Xik(hh,ii)*cos(Delta(hh)-Delta(ii))/(Vm(hh)*Vm(ii));
geta(hh, ii)=Xik(hh,ii)*sin(Delta(hh)-Delta(ii))/(Vm(hh)*Vm(ii));
end

end

Bummundanmnzanlagly PSO

% Start Particle Swarm Optimization
%

H=[1:

for gg=1:100
NG = 2;
population
generation
W= 1;
W_MAX = 0.9; W_MIN = 0.4;
Cl=2; C2=2;

PL = zeros(1,population);
Pbest=1;

bestG=1;

30;
50;

Fadinamaslnih

% Limit Power Generation
%
for oo = 1:population
PG_MIN(1,00) -10;
PG_MIN(2,00) 10;
PG_MAX(1,00) 1;
PG_MAX(2,00) =33;
end

velocity = 0.5*PG_MAX;

qu P,Q UazfyuInaa

% Random for P,Q-gen and location
%

RAND_PGL = rand(NG,population);

PGL = RAND_PGL.*PG_MAX;
Pii=Pi;
Yp———————————————————— MAIN Generation LoOp -------——————————————————————— %

for zz = l:generation

% Finding the Loss by generate
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% PGL(2, :)=round(rand(l,population).*PG_MAX(2,:));
PGL(2, :)=round(PGL(2,:));
for mm=1:population
for m=2:N
if PGL(2,mm)==m
Pii(m)=Pi(m)+PGL(1,mm);
end
end

if (PGL(2,mm)>1)& (PGL(2,mm)<70)&(PGL(1,mm)<sum(Pl))

for jj=1:N
for kk=1:N

PL(mm)=PL(mm)+(alpha(jj ,kk)*(Pii(ij)*Pii(kk)+Qi (ij)*Qi(kk)). ..
+beta(Jj,kk)*QiGJ)*Pii(kK)-Pii(j)*Qi(kk)));

end
end
else
PL(mm)=10;
end

Pii=Pi;
end

PL=(PL-min(PL))/(max(PL)-min(PL));

1FAA1 Pbest, Gbest

% Set Pbest, Gbest
%

bestP
bestG

min(PL);
min(bestP,bestG);

for uu = 1l:population
if PL(1,uu)==bestP
Pbest = PGL(:,uu);
end
if PL(1,uu)==bestG
Gbest = PGL(:,uu);
end

end

2NAN PG

% Update PG

W = ((W_MAX-W_MIN)*zz)/generation;
(W_MIN*zz)/generation
MAX-(((W_MAX-W_MIN)/generation)*zz)
MIN +(((W_MAX-W_MIN)/generation)*zz)
for p = 1l:population
velocity(:,p) = W*velocity(:,p) + Cl*rand(1)*(Pbest-
PGL(:,p))+C2*rand(1)*(Gbest-PGL(:,p));

W =
% W=w_|
w=w_

% for r = 1:NG

% if velocity(r,p) > 0.5*PG_MAX(r,1)

% velocity(r,p) = 0.5*PG_MAX(r,1);

%

% elseif velocity(r,p) < -0.5*PG_MIN(r,1)
% velocity(r,p) = -0.5*PG_MIN(r,1);

% end

% end

PGL(:,p) = PGL(:,p) + velocity(:,p);
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end

EVbest(zz,1) = bestP;
EVbest(zz,2) bestG;
PPbest(:,zz)=Pbest;
GGbest(:,zz)=Cbest;

H(:,g99)=Gbest;

end

% callLoss_Real
No_real
mean(result(:,3))
% EVbest

% [PPbest*®,GGbest"]

% No_real.m
% Finding Optimal Size of the SVC When SVC supply Real Power Only

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

Pi (i)=(Pg(i)-PI(i));
Qi (1)=(Qa(i)-QI ()

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(i)*Vm(k));
gama(i,k)=Xik(i,k)*cos(Delta(i)-Delta(k))/(Vm(i)*Vm(Kk));
geta(i,k)=Xik(i,k)*sin(Delta(i)-Delta(k))/(Vm(i)*Vm(Kk));
end
end

annarimadliihgadassniSay

% Finding the Original Loss
Plss=0;
Qlss=0;
for i=1:N

for k=1:N
% approximate loss calculation

PIss=Plss+(alpha(i,k)*(Pi(i)*Pi(k)+Qi (i)*Qi(k))+beta(i,k)*(Qi(i)*Pi(k)-

Pi(1)™Qi(k)));
% approximate loss calculation
QlIss=QlIss+(gama(i,k)*(Pi(i)*Pi(k)+Qi (1)*Qi(k))+geta(i,k)*(Qi(i)*Pi(k)-
Pi(1)*Qi(k))):

end
end
for i=1:N

sum=0;

for k=1:N

if k—=i
sum=sum+(alpha(i,k)*Pi(k)-beta(i,k)*Qi(k));
end
end
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% PSVC is the optimal size of the SVC to be placed at node i.
PSVC(1)=PI(i) - sum/alpha(i,i);
end
96%%%6%6%%%%%%%6%6%%%% % %6%6%6%%% % %6%6%%%% % % %6%6%6%% % % %6%6%6%% % % % %6%6%%% % % %%6%6%% % % % %6%6%6%% % % % %%
%%lteration for finding the size of SVC for each bus when SVC supports Voltage
for m=2:N
dDPG=1;
dDPGmin=0.0001;
while dDPG>dDPGmin
SVC=PSvC(m);
Pg(m)=PSVC(m)+Pg(m);

Sulviaalula?d

% running the Distribution Load Flow with Voltage Support
%m is the bus where SVC with voltage support is to be installed
[V, 1q]=DLFVS(m,bustype,Pg,Qg,PI,Ql ,FN,TN,R,X,B,baseMVA);
Vm=abs(V);
Delta=angle(V);
XC=1.1708;
XL=0.4925;
alphaSvC=90*pi/180;
for alphaSvC=90*pi/180;
Be=(2*alphaSVC-sin(2*alphaSVC)-pi*(2-XL/XC))/pi*XL;
I1SVC=V(aa)*Be;
Q=V(aa)"2*Be;
end

é’wmmgu Alpha, Beta, Gama a3 Geta

%Updating the value of alpha, beta, gama and geta
for i=1:N
for k=1:N
alpha(i,k)=Rik(i,k)*alphaSVC;
beta(i,k)=Rik(i,k)*sin(Delta(i)-Delta(k))/(Vm(i)*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

owanmadlviassves sve

%Updating the Real Power supplied by SVC
for i=1:N
Pi(i)=(Pg(i)-PI(i));
g Qi(i)=(Qg(i)-QI(i));
en

sum=0;
for k=1:N
if k~=m
sum=sum+(alpha(m, k)*Pi(k)-beta(m,k)*Qi(k));
end
end
PSVC(m)=PI(m) - sum/alpha(m,m); % PSVC is the optimal SVC size to be
placed at node i.
dDPG=abs(PSVC(m)-SVC);
Pg(m)=Pg(m)-SVC;
Vp(m)=real (V(m));
Va(my=imag(V(m));
lga(m=1q;
end
end
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mmadlihsueanuazmnesunamesves sVC

% Finding the reactive power of SVC and SVC power factor
for 1=2:N;
Pg(i)=Pg(1)+PSVC(i);
Pi(i)=(PI(i)-Pg(i));
Qi (1)=(QI(1)-Q9(i)); o
In(i)= (Pi(1)-J*Qi(#))/(conj (V(i)))-3*1qq(i);
Inp(i)=real(In(i));
Ing(i)=imag(In(i));
Qi (1)=Va(i)*Inp(1)-Vp(i)*Inq(i);
Pg(i)=Pg(i)-PSVC(i);
QSVC(i)=Q;
end
for i=1:N
SVCPF(i)=cos(atan(-QSVC(i)/PSVC(i))); % Power Factor of SVC
end

o v d’dd’ A £ v %
1ﬂﬂ1uﬂHQﬂﬂﬂﬁﬂﬂ%ﬂﬁﬁ@ﬂﬂﬁﬂﬂﬂﬂm%]ﬂmﬂﬁSVC

O

%Finding the best location to place SVC of corresponding size
for i=1:N

Pi(i)=(Pg(i)-PI(i));

Qi(i)=(Qg(i)-QI(i));

end

%%%%%%6%%%%%%%%%%%6%% %% %% %6%% %% %% %% %% %% % 6% %% %% % %% %% %% % %% %% %% % % %% % %% %% %% % %% %%

%%%%%%%%%% SVC From PSO %%%%%%%%%%%%%%
% gg=generation
% PSVC=Fbest;

PSVC=H;

9%6%%%%6%%%6%%%%%%%%%%%%%%%%%%%%%%%%%%

Ploss=zeros(gg,1);

Qloss=zeros(gg,1);

for m=1:9g % location of SVC
for nn=1:N

if PSVC(2,m)==nn
Pi(nn)=Pi(nn)+PSVC(1,m);

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

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

Qloss(m)=Qloss(Mm)+(gama(i,k)*(Pi(1)*Pi(K)+Qi (iI)*Qi(k))+geta(i,k)*(Qi(1)*Pi(k)-
Pi(1)*Qi(k))); % approximate loss calculation
end

end

Pi(nn)=Pi(nn)-PSVC(1,m);
end

end

end
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for i1=1:99;
result(i,1)=PSVC(2,1);
result(i,2)=PSVC(1, i)*baseMVA;
result(i,3)=Ploss(i)*baseMVA*1000;
result(i,4)=Qloss(i)*baseMVA*1000;
end

HAAINAN ST IMKUIRAA AL VINAUBY SVC Jaalyd PSO

BusRanking=sortrows(result,[3]);
% BusRanking=result;
fprintf("\n")
fprintF("\t\t\t Optimal placement of SVC using particle swarm
optimization.\n")
fprintF(CC\t\t\t\t\t Program By: JAKKARIN WISETYA\n\n")
fprintf("\t\t\t *** Considering reduce real power loss in system. ***\n\n")
fprintF("\t\t\t The Real Power Loss in the original System = %3.4F
KW\n*" ,PIss*baseMVA*1000)
fprintF("\t\t\t The Reactive Power Loss in the original System = %3.4F
KvVar\n®,Qlss*baseMVA*1000)
fprintf("\n")
fprintfF("\t\t\t---——— -
\n")
FprintFC\E\t\tBUS\t\t SVC SIZE\t\t PLoss\t\t QLoss\n")
fprintF("\t\t\tNo:\t\t MVA \t\t kW \t\t kvar\n®)
fprintfF(C\t\t\t—-—-——-——— -
\n")
for m=1:9g;%N-1;
fprintf("\t\t\t %g", BusRanking(m,1))
fprintF("\t\t %3.4f", BusRanking(m,2))
fprintf("\t\t %3.4f", BusRanking(m,3))
fprintf(" \t%3.4f", BusRanking(m,4)), fprintf(" \n")
end
fprintfF"\t\t\t----———— -
\n*®)

% mean(result(:,3))

Tilsupsumrmdrivdaazyauad SVC

%% OPTIMAL PLACEMENT OF SVC 33 BUS RADIAL DISTRIBUTION %%
%CaseSVC.m

7
% this program finds the optimal SVC size and location when SVC supply real
power only

clear;

clc;

input33;

% inputBus33;

bustype=bus(:,2);

PI=bus(:,3)/baseMVA;

QI=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,PI,Ql ,FN,TN,R,X,B,baseMVA);
zbus=Zbus(branch);
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% Finding Optimal Size of the SVC When SVC supply Real Power Only

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

PI(1)=(Pg(1)-PI(i));
Qi(1)=(Qg(1)-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(i)*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(Kk));
end
end

annammadlithgadansnisuy

% Finding the Original Loss
Plss=0;
Qlss=0;
for i=1:N

for k=1:N
% approximate loss calculation

PIss=Plss+(alpha(i,k)*(Pi(i)*Pi(k)+Qi (i)*Qi(k))+beta(i,k)*Qi(i)*Pi(k)-

Pi(i)*Qi(k)));
% approximate loss calculation
QlIss=QIss+(gama(i,k)*(Pi(i)*Pi(k)+Qi (i)*Qi(k))+geta(i,k)*(Qi(i)*Pi(k)-
Pi(i1)*Qi(k)));

end
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
% PSVC is the optimal size of the SVC to be placed at node i.

PSVC(1)=PI(i) - sum/alpha(i,i);
end

%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% %% %% %% %% %% %% % %% %% %% %% %% %% % %% %% %% %% %% % %% %%

MIAUMVUIAVBY SVC

%%lteration for finding the size of SVC for each bus when SVC supports Voltage
for m=2:N
dDPG=1;
dDPGmin=0.0001;
while dDPG>dDPGmin
SVC=PSvVC(m);
Pg(m)=PSVC(m)+Pg(m);

Sulviaalvlad

% running the Distribution Load Flow with Voltage Support
%m @s the bus where SVC with voltage support is to be installed
[V,1q]=DLFVS(m,bustype,Pg,Qg,PI,Ql,FN,TN,R,X,B,baseMVA);
Vm=abs(V);
Delta=angle(V);
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XC=1.1708;

XL=0.4925;

alphaSVvC=90*pi/180;

for alphaSvC=90*pi/180;
Be=(2*alphaSVC-sin(2*alphaSVC)-pi*(2-XL/XC))/pi*XL;
ISVC=V(aa)*Be;
Q=V(aa)"2*Be;

End

DNANYYN Alpha, Beta, Gama Uaz Geta

%Updating the value of alpha, beta, gama and geta
for i=1:N
for k=1:N
alpha(i,k)=Rik(i,k)*alphaSVC;
beta(i,k)=Rik(i,k)*sin(Delta(i)-Delta(k))/(Vm(i)*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(Kk));
end
end

owanmadlniassves sve

%Updating the Real Power supplied by SVC
for i=1:N
Pi(i)=(Pg(i)-PI(i));
4 Qi(i)=(Qg(i)-QI(i));
en

sum=0;
for k=1:N
if k~=m
sum=sum+(alpha(m,k)*Pi(k)-beta(m,k)*Qi(k));
end
end
PSVC(m)=PI(m) - sum/alpha(m,m); % PSVC is the optimal SVC size to be
placed at node i.
dDPG=abs(PSVC(m)-SVC);
Pg(m)=Pg(m)-SVC;
Vp(m)=real (V(m));
Va(my=imag(V(m));
lga(m=1q;
end
end

mimasinihsueanuazmnnesunamasves SVC

% Finding the reactive power of SVC and SVC power factor
for i=2:N;
Pg(1)=Pg(i)+PSVC(1);
Pi(i)=(PI(i)-Pg(i));
Qi (1)=(QI(i)-Qg(i)); o ]
In(i)= (PI(1)-J*Qi(#))/(conj (V(i)))-J*1qq(i);
Inp(i)=real(In(i));
Ing(i)=imag(In(i));
Qii(1)=vq(i)*Inp(1)-Vp(i)*Inq(i);
Pg(1)=Pg(i)-PSVC(i);

QSVC(i)=Q;
end
for i=1:N

SVCPF(i)=cos(atan(-QSVC(i)/PSVC(i))); % Power Factor of SVC
end
%Finding the best location to place SVC of corresponding size
for i=1:N
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9%6%%6%%6%%%%%%%%%%6%%6%%%%%%%%%%6% %% % %% %% % %% %% %% % %% %% % %% %% %% % %% %% % %% %% % %% %% %% %%
Ploss=zeros(N,1);
Qloss=zeros(N,1);
for m=2:N % location of SVC

Pi(m)=Pi(m)+PSVC(m);

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

for k=1:N

Ploss(m)=Ploss(m)+(alpha(i,k)*(Pi(i)*Pi(k)+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 (i)*Qi(k))+geta(i,k)*(Qi(1)*Pi(k)-
Pi(i)*Qi(k))); % approximate loss calculation
end
end
Pi(m)=Pi(m)-PSVC(m);
end

clc

for 1=1:N-1;
result(i,1l)=i+1;
result(i,2)=PSVC(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

HAAINAN TN UIRAAINAZVUIAUDI SVC

BusRanking=sortrows(result,[1]);

fprintf("\n")

fprintf("\t Optimal Size of SVC for Each Bus and Corresponding Losses\n")
fprintfF(C\t\t\t\t\t Program By: JAKKARIN WISETYA\n\n")

fprintf("\t The Real Power Loss in the original System = %3.4F
KWA\n*® ,Plss*baseMVA*1000)

fprintf("\t The Reactive Power Loss in the original System = %3.4f
kVar\n®,Qlss*baseMVA*1000)

fprintf("\n")

FprintfF(C\E\t\tBUS\t\t SVC SIZE\t\t PLoss\t\t QLoss\t\t

BasekV\t\t\n")

fprintfF(CC\t\t\tNo:\t\t MVA \t\t kW \t\t kvVar\t\t KV\t\t\n")
fprintf("\t\t-------—-—— - - o o e e e -

for m=1:N-1;
fprintF("\t\t\t %g", BusRanking(m,1))
fprintf("\t\t %3.4f", BusRanking(m,2))
fprintF(C\t\t\t %3.4f", BusRanking(m,3))
fprintf(C"\t\t\t %3.4f", BusRanking(m,4))
fprintf(" \t\t%3.4Ff", BusRanking(m,5)), fprintf(* \n")
end
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Vmin

sanlagly PSO

=

AMHUIAANT STATCOM Tt

MANUIN V.3

=\

)

Gs Bs area Vm Va baseKV zone Vmax

10 MVA;
Qd

Tlsunsums
10;

t33.m
=12.66;

Youala

inpu

% Base kV = 12.66 kV;

%% system MVA base
clear
baseKV

clc
%bus_i type Pd

% base MVA
baseMVA
%% bus data
bus = [

%
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%% generator data

gen
%



Yanaan
YayamMmn

%% Branch data
branch = [

% fbus thbus r X b rateA rateB rateC ratio angle status
% =-=== =-=== === === ===
1 2 0.0058 0.0030 0 10 10 10 0 0 1;
2 3 0.0102 0.0098 0 10 10 10 0 0 1;
2 4 0.0308 0.0157 0 10 10 10 0 0 1;
3 5 0.0939 0.0846 0 10 10 10 0 0 1;
4 6 0.0228 0.0116 0 10 10 10 0 0 1;
4 7 0.0282 0.0192 0 10 10 10 0 0 1;
5 8 0.0255 0.0298 O 10 10 10 0 0 1;
6 9 0.0238 0.01212 0 10 10 10 0 0 1;
7 10 0.0560 0.0442 O 10 10 10 0 0 1;
8 11 0.0442 0.0585 0 10 10 10 0 0 1;
9 12 0.0511 0.0441 O 10 10 10 0 0 1;
10 13 0.0559 0.0437 0 10 10 10 0 0 1;
12 14 0.0127 0.0065 O 10 10 10 0 0 1;
12 15 0.0117 0.0386 0 10 10 10 0 0 1;
14 16 0.0177 0.0090 O 10 10 10 0 0 1;
15 17 0.1068 0.0771 0 10 10 10 0 0 1;
16 18 0.0661 0.0583 O 10 10 10 0 0 1;
17 19 0.0643 0.0462 0 10 10 10 0 0 1;
18 20 0.0502 0.0437 0 10 10 10 0 0 1;
19 21 0.0649 0.0462 O 10 10 10 0 0 1;
20 22 0.0317 0.0161 0 10 10 10 0 0 1;
21 23 0.0123 0.0041 O 10 10 10 0 0 1;
22 24 0.0608 0.0601 0 10 10 10 0 0 1;
23 25 0.0234 0.0077 O 10 10 10 0 0 1;
24 26 0.0194 0.0226 0 10 10 10 0 0 1;
25 27 0.0916 0.0721 O 10 10 10 0 0 1;
26 28 0.0213 0.0331 0 10 10 10 0 0 1;
27 29 0.0338 0.0445 O 10 10 10 0 0 1;
29 30 0.0369 0.0328 0 10 10 10 0 0 1;
30 31 0.0466 0.0340 O 10 10 10 0 0 1;
31 32 0.0804 0.1074 0 10 10 10 0 0 1;
32 33 0.0457 0.0358 0 10 10 10 0 0 1;

%
1:
O006Y6069666% 6% 6% 6696 Y6% 6066 Yb Y66 YoY% 666 Ye% b6 Ye %6 e6%%

bustype=bus(:,2);

N=length(bustype); % N is the number of nodes
n=N-1; % n is the number of sections
J=sart(-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
itt=0;
dVmax=1;

PI=bus(:,3)/baseMVA;
QlI=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);
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AUIAUONNAUSY

% 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

us Uil

%%%6%%%%————————————————— Voltage Bus---——————————————————— %6%%6%%%%%

while itt<maxitt&dVmax>maxmis

itt=itt+1;

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

% FORWARD SWEEP

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

end

dVmax=max(dV);

end

for gg=1:N
Pi(99)=(Pg(99)-P1(99));
4 Qi (99)=(Q9(99)-Q1(g9));
en

Vm=abs (V) ; %*baseKV;
Delta=angle(V);
for hh=1:N
for ii=1:N
alpha(hh, ii1)=Rik(hh,ii)*cos(Delta(hh)-Delta(ii))/(Vm(hh)*Vm(ii));
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beta(hh, ii1)=Rik(hh, ii)*sin(Delta(hh)-Delta(ii))/(Vm(hh)*Vm(ii));
gama(hh, i1)=Xik(hh,ii)*cos(Delta(hh)-Delta(ii))/(Vm(hh)*Vm(ii));
geta(hh, ii1)=Xik(hh,ii)*sin(Delta(hh)-Delta(ii))/(Vm(hh)*Vm(ii));
end

end

AadNaM I IazvINAY8I STATCOM

LL1=2; %0limit 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=-10;%limit of min size STATCOM
SH1=10; %limit of max size STATCOM
SL2=-10;%limit of min size STATCOM
SH2=10; %limit of max size STATCOM
SL3=-10;%limit of min size STATCOM
SH3=10; %limit of max size STATCOM

ATUIVY Zbus

% Zbus.m
function[zbus]=Zbus(branch)
% This function calculates the Bus impedance matrix of radial system
FN=branch(:,1);
TN=branch(:,2);
R=branch(:,3);
X=branch(:,4);
B=branch(:,5);
n=length(R);
Z=n+1;
zbus=zeros(Z,2);
zbus(1,1)=0+j*0.000000001;
% J=sqrt(-1);
for i=1:n
a=FN(i);
b=TN(i);
zbus(b, :)=zbus(a, :);
zbus(:,b)=zbus(:,a);
zbus(b,b)=zbus(a,a)+R(1)+j*X(1);
end

Hanvulviaalvlal

% DLF.m
function [V, 1]=DLF(bustype,Pg,Qg,P1,Ql,FN,TN,R,X,B,baseMVA)

% This function finds the load flow solution of distribution system with
% one root node and other load buses in the system

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

92



V=ones(N,1)+j*zeros(N,1);% Flat start
for i=1:N

if bustype(i)==

V(i1)=0.98; % Setting the value of voltages of 0.98 for Generator

bus

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

N15A1UIY Backward/Forward Sweep

% lteration Start

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

end

%BACKWARD SWEEP

=1:n;
f FN(b)==a+1

c=TN(b);

1(@)=1(@)+1(c-D)+j*B(c-1)*V(a+l);

end
end
1(a)=1(@)+j*V(a+tl)*B(a)/2; %l is the branch current

end

% FORWARD SWEEP

for i=1:n;
k=FN(i);
VA+1D)=V(K)- (R +F*X1)))*1(T);
dv(i)=abs(V(i+1)-Vk(i+l1));

end

dVmax=max(dV);

end

Wendulnaallal

% DLFVS.m
function [V, lq, Im]=DLFVS(m,bustype,Pg,Qg,P1,Ql,FN,TN,R,X,B,baseMVA)

% This function finds the load flow solution of the distribution system

N=length(bustype); % N is the number of nodes
n=N-1; % n is the number of sections
J=sart(-1);
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V=ones(N,1)+j*zeros(N,1); % Flast start
for i=1:N

if bustype(i)==

V(i1)=0.98; % Setting the value of voltages of 0.98 for Generator

bus

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

N5 1IN Backward/Forward Sweep

% lteration Start
while i1tt<maxitt&dVmax>maxmis
itt=itt+1;
% Calculating Nodal Current
for i=1:N;
Pi(i)=(PI(i)-Pg(i));
QE(1)=(QI(1)-Q9(i));
In(D)=CPi(i)—J*Qi(i))/(conj(V(i))); % In is the load current
end
for i=2:N;
1(i-1)=In(i);

end

% BACKWARD SWEEP

Vk=V;
for i=1:n
a=N-1i;
for b=1:n;
if FN(b)==a+1
c=TN(b);
1(a)=1(@)+1(c-1)+j*B(c-1)*V(a+l);
end
end
1(a)=1(a)+j*V(atl)*B(a)/2; % 1 is the branch current
end
for i=1:n
Jp(i+1)=real (1(i)); % Real part of the branch Current
Jg(i+1)=imag(1(i)); % Imaginary part of the branch Current
End

MIBUNNIZUAN NI T

% Finding the requied reactive current to support bus voltage
AA=0;
BB=0;
RR=0;
XX=0;
aa=m;
for i=n:-1:1;
if TN(i)==aa;
AA=AA+(R(1D)*Ip(aa)-X(i)*Jq(aa));
BB=BB+(X(1)*Jp(aa)-R(i)*Jq(aa));
RR=RR+R(i);
XX=XX+X (1) ;
aa=FN(i);
end
end
EQn1=RRN2+XX"2;
Eqn2=2*((0.98-AA)*XX+(BB-0)*RR) ;
Egn3=(0.98-AA)"2+(BB-0)"2-0.98"2;
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Eqn=[Eqnl Egn2 Eqn3];
Roots=roots(Eqn);
for i=1:2
iT abs(Roots(i))<1;
Ig=Roots(i); % The required reactive current to support bus
voltage
break
end
end
aa=m;
for i=n:-1:1;
if TN(i)==aa
Jqg(aa)=Jq(aa)+lq; % Updating the value of reactive current
upstream
aa=FN(i);
end
end
J=sart(-1);
for 1=1:n;
Im(i)=Jp(i+1)+j*Jq(i+l); % Updating the value of branch current
end

% FORWARD SWEEP

for i=1:n;
k=FN(i1);
V@ I+1)=V(K)-RED+J*X(@)))*Im(i);
dv(i)=abs(V(i+1)-Vk(i+1));

end

dVmax=max(dV);

end

mammurdarianzanlagly PSO

% Particle Swarm Optimization%
% TestPSO.m

clear

clc

input33;

% input33;

% Start Particle Swarm Optimization
%

H=[1;

for gg=1:100
NG = 2;
population
generation
W= 1;
W_MAX = 0.9; W_MIN = 0.4;
Cl =2; C2=2;

PL = zeros(1,population);
Pbest=1;

bestG=1;

30;
50;

Fasinamaslnih

% Limit Power Generation

%

for oo = 1l:population
PG_MIN(1,00) = -10;
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PG_MIN(2,00) = 10;
PG_MAX(1,00) = 1;
PG_MAX(2,00) =33;

end

velocity = 0.5*PG_MAX;

au P,Q taz@mrinanaeng

% Random for P,Q-gen and location
%

RAND_PGL = rand(NG,population);

PGL = RAND_PGL.*PG_MAX;
Pii=Pi;
Yp———————————————————— MAIN Generation LoOp -------———————————————————————

for zz = 1l:generation

% Finding the Loss by generate
% PGL(2,:)=round(rand(l,population).*PG_MAX(2,:));
PGL(2, :)=round(PGL(2,:));
for mm=1:population
for m=2:N
if PGL(2,mm)==m
Pii(m)=Pi(m)+PGL(1,mm);
end
end
if (PGL(2,mm)>1)& (PGL(2,mm)<70)&(PGL(1,mm)<sum(Pl))
for jj=1:N
for kk=1:N

PL(mm)=PL(mm)+(alpha((j,.kk)*(Pii@j)*Pii(kk)+Qi(j)*Qi(kk))...
+beta(Jj ,kk)*QiGJ)*Pii (k) -Pii(Jj)*Qi(kk)));
end
end
else
PL(mm)=10;
end

Pii=Pi;
end

PL=(PL-min(PL))/(max(PL)-min(PL));

1FAA1 Pbest, Gbest

% Set Pbest, Gbest
%

bestP
bestG

min(PL);
min(bestP,bestG);

for uu = 1:population
if PL(1,uu)==bestP
Pbest = PGL(:,uu);
end
if PL(1,uu)==bestG
Gbest = PGL(:,uu);
end

end
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2NAN PG

% Update PG

W = ((W_MAX-W_MIN)*zz)/generation;
% W = (W_MIN*zz)/generation
% W=W_MAX-(((W_MAX-W_MIN)/generation)*zz)
% W=W_MIN +(((W_MAX-W_MIN)/generation)*zz)
for p = 1l:population
velocity(:,p) = W*velocity(:,p) + Cl*rand(1)*(Pbest-
PGL(:,p))+C2*rand(1)*(Gbest-PGL(:,p));

% for r = 1:NG
% if velocity(r,p) > 0.5*PG_MAX(r,1)
% velocity(r,p) = 0.5*PG_MAX(r,1);
%
% elseif velocity(r,p) < -0.5*PG_MIN(r,1)
% velocity(r,p) = -0.5*PG_MIN(r,1);
% end
% end
PGL(:,p) = PGL(:,p) + velocity(:,p);

end

EVbest(zz,1) = bestP;
EVbest(zz,2) = bestG;
PPbest(:,zz)=Pbest;
GGbest(:,zz)=CGbest;

H(:,g99)=Gbest;

end

% callLoss_Real
No_real
mean(result(:,3))
% EVbest

% [PPbest”®,GGbest"]

% No_real._m
% Finding Optimal Size of the SVC When SVC supply Real Power Only

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

PI(1)=(Pg(i)-PI(i));
Qi(1)=(Qa(i)-Q1(1));

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(i)*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(Kk));
end
end
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% Finding the Original Loss
Plss=0;
Qlss=0;
for i=1:N

for k=1:N
% approximate loss calculation

PIss=Plss+(alpha(i,k)*(Pi(i)*Pi(k)+Qi (i)*Qi(k))+beta(i,k)*(Qi(i)*Pi(k)-

Pi(i)*Qi(k)));
% approximate loss calculation
QlIss=QIss+(gama(i,k)*(Pi(i)*Pi(k)+Qi (i)*Qi(k))+geta(i,k)*(Qi(i)*Pi(k)-
Pi(i)*Qi(k)));

end
end
for i=1:N

sum=0;

for k=1:N

ifT k~=i
sum=sum+(alpha(i,k)*Pi(k)-beta(i,k)*Qi(k));
end

end
% PSTATCOM is the optimal size of the STATCOM to be placed at node 1i.

PSTATCOM(i1)=PI(i) - sum/alpha(i,i);
end

9%6%%%%6%%%6%%%%%%%%%%%%6%%%%%%%% %% %%6%%% % %% %% %% % %% %% % %% %% %% % %% %% % %% %% % %% %% %% %%
%%lteration for finding the size of STATCOM for each bus when STATCOM supports
Voltage
for m=2:N
dDPG=1;
dDPGmin=0.0001;
while dDPG>dDPGmin
STATCOM=PSTATCOM(m) ;
Pg(m)=PSTATCOM(m)+Pg(m) ;

Sulviaalvlad

% running the Distribution Load Flow with Voltage Support
%m is the bus where STATCOM with voltage support is to be installed
[V, 1q]=DLFVS(m,bustype,Pg,Qg,P1,Ql ,FN,TN,R,X,B,baseMVA);
Vm=abs (V) ;
Delta=angle(V);
RC=0.0017;
XSTATCOM=0.145;
KSTATCOM=0.9;
G=1/RC;
Be=1/XSTATCOM;
Vdc=V(aa);
for alphaSTATCOM=90*pi/180;
P=(V(aa)"2*G+kSTATCOM*Vdc*V(aa)*G*cos(Delta(i)-
alphaSTATCOM)+kSTATCOM*Vdc*V(aa)*Be*sin(Delta(i)-alphaSTATCOM));
Q=-(V(aa)"2*Be-kSTATCOM*Vdc*V(aa)*Be*cos(Delta(i)-
alphaSTATCOM)+kSTATCOM*Vdc*V(aa)*G*sin(Delta(i)-alphaSTATCOM));
end

DNIANYN Alpha, Beta, Gama Uaz Geta

%Updating the value of alpha, beta, gama and geta

for i=1:N
for k=1:N
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alpha(i,k)=Rik(i,k)*alphaSTATCOM;
beta(i,k)=Rik(i,k)*sin(Delta(i)-Delta(k))/(Vm(i)*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

owanmadlviassves STATCOM

for i=1:N
Pi (i)=(Pg(i)-PI(i));
Qi(i)=(Qg(i)-QI(i))
end
sum=0;
for k=1:N
if k-=m
sum=sum+(alpha(m,k)*Pi(k)-beta(m,k)*Qi(k));
end
end

PSTATCON(m)=PI(m) - sum/alpha(m,m); % PSTATCOM is the optimal STATCOM
size to be placed at node i.
dDPG=abs (PSTATCOM(m)-STATCOM) ;
Pg(m)=Pg(m)-STATCOM;
Vp(m)=real (V(m));
Va(m)=imag(V(m));
lga(m)=Iq;
end
end

mmadlihsueanuaziminesunamasves STATCOM

% Finding the reactive power of STATCOM and STATCOM power factor
for 1=2:N;
Pg(i1)=Pg(1)+PSTATCOM(i);
Pi(i)=(PI(1)-Pg(i));
Qi (1)=(QI(1)-Q9(i)); NN
InCi)= (PI(I)-j*Qi(1))/(conj(V(i)))-j*1qq(i);
Inp(i)=real(In(i));
Ing(i)=imag(In(i));
Qi (1)=vVa(i)*Inp(1)-Vp(i)*Inq(i);
Pg(i)=Pg(i)-PSTATCOM(i);
QSTATCOM(1)=Q;
end
for i=1:N
STATCOMPF (i)=cos(atan(-QSTATCOM(i)/PSTATCOM(i))); % Power Factor of
STATCOM
end

A

° 1 Aaa v Yy v
1’iWl"I!l‘WlN‘Vlﬂ‘i’lﬁﬂl‘l"l’t)alﬂﬁ’i’)ﬂﬂﬁﬂx‘lﬂﬂ"llu"lﬂslli’)ﬂ STATCOM

O

%Finding the best location to place STATCOM of corresponding size
for i=1:N
Pi(1)=(Pg(i)-PI(i));
Qi (1)=(Q9(i)-QI(i));
end
9%%%6%6%%%%%%6%6%6%%%% % %%%6%%% % %%6%%%% %% %%6%%%% % %%6%6%% % % % %%6%%% % % %%6%6%%% % % %%6%%% % % %% %

%%%%%%%%%% STATCOM From PSO %%%%%%%%%%%%%%
% gg=generation
% PSTATCOM=Fbest;

PSTATCOM=H;

9%6%%6%%6%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
Ploss=zeros(gg,1);
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Qloss=zeros(gg,1);
for m=1:9g % location of STATCOM

for nn=1:N
if PSTATCOM(2,m)==nn
Pi(nn)=Pi(nn)+PSTATCOM(1,m);

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

Ploss(m)=Ploss(m)+(alpha(i,k)*(Pi(i)*Pi(k)+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(i)*Pi(k)+Qi (1)*Qi(k))+geta(i,k)*(Qi(i)*Pi(k)-
Pi(i)*Qi(k))); % approximate loss calculation
end

end

Pi(nn)=Pi(nn)-PSTATCOM(1,m);
end

end
end

for i=1:9gg;
result(i,1)=PSTATCOM(2,1);
result(i,2)=PSTATCOM(1, i)*baseMVA;
result(i,3)=Ploss(i)*baseMVA*1000;
result(i,4)=Qloss(i)*baseMVA*1000;
end

HAAINAM S UHUIAAAINAZUYUIAYDI STATCOM lagl¥ PSO

BusRanking=sortrows(result,[3]);
% BusRanking=result;
fprintf("\n")
fprintf("\t\t\t Optimal placement of STATCOM using particle swarm
optimization.\n")
fprintF(C\t\t\t\t\t Program By: JAKKARIN WISETYA\n\n")
fprintF("\t\t\t *** Considering reduce real power loss in system. ***\n\n")
fprintF("\t\t\t The Real Power Loss in the original System = %3.4F
KW\n* ,PIss*baseMVA*1000)
fprintf("\t\t\t The Reactive Power Loss in the original System = %3.4F
KVar\n®,Qlss*baseMVA*1000)
fprintf("\n")
fprintF("\t\t\t---——-——-———
\n*®)
FprintF("\t\t\tBUS\t\t STATCOM SIZE\t\t PLoss\t\t QLoss\n")
fprintfCC\t\t\tNo:\t\t MVA \t\t kW \t\t kvar\n®)
fprintfF("\t\t\t---——--—— -
\n")
for m=1:9g;%N-1;

fprintF("\t\t\t %g", BusRanking(m,1))

fprintf("\t\t %3.4f", BusRanking(m,2))

fprintF("\t\t %3.4f", BusRanking(m,3))

fprintf(" \t%3.4f", BusRanking(m,4)), fprintf(" \n")
end
fprintf("\t\t\t------ -\ -
\n*®)

% mean(result(:,3))
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Tilsunsumriduvid ez viaves STATCOM

%% OPTIMAL PLACEMENT OF SVC 33 BUS RADIAL DISTRIBUTION %%
%CaseSTATCOM.m

7
% this program finds the optimal STATCOM size and location when STATCOM supply
real power only

clear;

clc;

input33;

% inputBus33;
bustype=bus(:,2);
PI=bus(:,3)/baseMVA;
QI=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,PI,Ql,FN,TN,R,X,B,baseMVA);

zbus=Zbus(branch);

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

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

PI(1)=(Pg(1)-PI(i));
4 Qi(1)=(Qa(i)-Q1(1));
en

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(i)*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

annarimadliihga@easniSy

% Finding the Original Loss
Plss=0;
Qlss=0;
for i=1:N

for k=1:N
% approximate loss calculation

Plss=Plss+(alpha(i,k)*(Pi(i)*Pi(k)+Qi(i)*Qi(k))+beta(i,k)*(Qi(i)*Pi(k)-
Pi(i)*Qi(k)));
% approximate loss calculation
QlIss=QIss+(gama(i,k)*(Pi(1)*Pi(K)+Qi (iI)*Qi(k))+geta(i,K)*(Qi(i)*Pi(k)-

Pi(i)*Qi(k)));

end
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

% PSTATCOM is the optimal size of the STATCOM to be placed at node i.
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PSTATCOM(1)=P1(i) - sum/alpha(i,i);
end

%%%%%%6%%%%%%%%%%%6%%%6%%%%6%% %6 %%% %% %% 6% % %% %% %% % %% %% %% % %% %% %% % % %% % %% %% %% %% %%

NMIAUNVUIAUDI STATCOM

%%lteration for finding the size of STATCOM for each bus when STATCOM supports
Voltage
for m=2:N
dDPG=1;
dDPGmin=0.0001;
while dDPG>dDPGmin
STATCOM=PSTATCOM(M) ;
Pg(m)=PSTATCOM(m)+Pg(m) ;

Sulviaalnlad

% running the Distribution Load Flow with Voltage Support
%m is the bus where STATCOM with voltage support is to be installed
[V, 1q]=DLFVS(m,bustype,Pg,Qg,Pl,Ql,FN,TN,R,X,B,baseMVA);
Vm=abs(V);
Delta=angle(V);
RC=0.0017;
XSTATCOM=0.145;
KkSTATCOM=0.9;
G=1/RC;
Be=1/XSTATCOM;
Vdc=V(aa);
for alphaSTATCOM=90*pi/180;
P=(V(aa)"2*G+kSTATCOM*Vdc*V(aa)*G*cos(Delta(i)-
alphaSTATCOM)+kSTATCOM*Vdc*V(aa)*Be*sin(Delta(i)-alphaSTATCOM));
Q=-(V(aa)"2*Be-kSTATCOM*Vdc*V(aa)*Be*cos(Delta(i)-
alphaSTATCOM)+kSTATCOM*Vdc*V(aa)*G*sin(Delta(i)-alphaSTATCOM));
end

DNANYN Alpha, Beta, Gama a2 Geta

%Updating the value of alpha, beta, gama and geta
for i=1:N
for k=1:N
alpha(i,k)=Rik(i,k)*alphaSTATCOM;
beta(i,k)=Rik(i,k)*sin(Delta(i)-Delta(k))/(Vm(i)*Vm(k));
gama(i,k)=Xik(i,k)*cos(Delta(i)-Delta(k))/(Vm(i)*Vm(Kk));
geta(i,K)=Xik(i,k)*sin(Delta(i)-Delta(k))/(Vm(i)*Vm(k));
end
end

owanmadlviassves STATCOM

%Updating the Real Power supplied by STATCOM
for i=1:N
Pi(i)=(Pg(i)-PI(i));
4 Qi(i)=(Qg(i)-QI(i));
en

sum=0;
for k=1:N
if k-=m
sum=sum+(alpha(m, k)*Pi(k)-beta(m,k)*Qi(k));
end
end
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PSTATCON(m)=PI(m) - sum/alpha(m,m); % PSTATCOM is the optimal STATCOM
size to be placed at node i.
dDPG=abs (PSTATCOM(m)-STATCOM) ;
Pg(m)=Pg(m)-STATCOM;
Vp(m)=real (V(m));
Va(m)=imag(V(m));
lga(m)=1q;
end
end

mmadlihsueanuaziminesunamesves STATCOM

% Finding the reactive power of STATCOM and STATCOM power factor
for 1=2:N;
Pg(i)=Pg(1)+PSTATCOM(i);
Pi(i)=(PI(i)-Pg(i));
Qi (i)=(Q1(i)-Qg(i)); AN
In(i)= (Pi(1)-j*Qi(i))/(conj(V(i)))-j*lqa(i);
Inp(i)=real(In(i));
Ing(i)=imag(In(i));
Qii(i)=va(i)*Inp(i)-Vp(i)*Inq(i);
Pg(i)=Pg(i)-PSTATCOM(i);
QSTATCOM(1)=Q;
end
for i=1:N
STATCOMPF (i)=cos(atan(-QSTATCOM(i)/PSTATCOM(i))); % Power Factor of
STATCOM
end
%Finding the best location to place STATCOM of corresponding size
for i=1:N
Pi(i)=(Pg(i)-PI(i));
Qi(1)=(Qg(i)-QI(1));

end
9%6%6%%6%%%%%%%6%%%%%%%%%%%%6%%6%% %% %% %% % %% %6% %% % %% %6% %% % %% 6% %% % %% %% % %% %% %% %% % %% %%

Ploss=zeros(N,1);
Qloss=zeros(N,1);
for m=2:N % location of STATCOM
Pi(m)=Pi(m)+PSTATCOM(m) ;
for 1=1:N % i is the bus contating STATCOM...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(1)*Pi(k)
-Pi(i)*Qi(k))); % approximate loss calculation

Qloss(m)=Qloss(m)+(gama(i ,k)*(Pi(i)*Pi(k)+Qi (i)*Qi (K))+geta(i,k)*(Qi (i) *Pi (K)-

Pi(i)*Qi(k))); % approximate loss calculation
end

end
Pi(m)=Pi(m)-PSTATCOM(m);
end

clc

for i=1:N-1;
result(i,1l)=i+1;
result(i,2)=PSTATCOM(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
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BusRanking=sortrows(result,[1]);
fprintf("\n")

fprintf("\t Optimal Size of STATCOM for Each Bus and Corresponding Losses\n")

fprintF(CT\t\t\t\t\t Program By: JAKKARIN WISETYA\n\n®)
fprintf("\t The Real Power Loss in the original System
KWA\n" ,Plss*baseMVA*1000)

fprintf("\t The Reactive Power Loss in the original System
kvar\n®,Qlss*baseMVA*1000)

fprintf("\n")

%3.4fF

%3.4fF

fprintfC\CMVLG——-—-—-—-—-—--- o o o -

FprintF("\t\t\tBUS\t\t STATCOM SIZE\t\t PLoss\t\t QLoss\t\t

BasekV\t\t\n")

fprintfF(CC\t\t\tNo:\t\t MVA \t\t kW \t\t kvar\t\t

for m=1:N-1;
fprintf("\t\t\t %g", BusRanking(m,1))
fprintF("\t\t %3.4f", BusRanking(m,2))
fprintf(C"\t\t\t %3.4f", BusRanking(m,3))
fprintF(C\t\t\t %3.4f", BusRanking(m,4))
fprintf(" \t\t%3.4f", BusRanking(m,5)), fprintf(" \n")
end

KVAE\E\N")

fprintfF("\t\t----——— - o o

——————————— \n*)
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Abstract

This paper presents the study of optimal allocation
analysis of FACTS devices. FACTS device is the compensation
device that use for injection the reaction and active power into the
power system in order to improve the voltage stability. This study
uses the IEEE 33 buses system for testing system. The total
power is 3.72 MW and 2.3 MVar and the power loss is 221.4346
kW and 150.1784 kVar. The load flow analysis on distribution
use forward-backward sweep methodlogy. The simulation results
show that the FACTS devices can improve the voltage stability

on the redial distribution system.

Keywords: Radial Distribution Systems, FACTS, Optimal

Allocation
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