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Reactive Power Optimization in the Presence of FACTS Devices
Using Evolutionary Algorithms based on Fuzzy Logic
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In this paper to set the parameters of FACTS devices, genetics and particle swarm optimization with fuzzy
logic techniques have been used. To optimize the reactive power consumption and reduce the line
congestion, two types of FACTS devices; thyristor controlled series compensator (TCSC) and static var
compensator (SVC), are used. Optimal location of FACTS devices on the network, which is under heavy
loads, results to reduce the power losses, reactive power control and thus reduces the operating costs of the
power system. In this paper, the fuzzy membership functions are used in order to determine the weak
network buses in order to install the SVC. The values of reactive power through the lines are leads to locate
the line which the TCSC should be installed. The method presented in this paper have been compared with
other methods (e.g. analysis of eigenvalues) for optimal location of FACTS devices. The results of the
simulations presented in this paper, proves the efficiency of the proposed method.

Index Terms: FACTS, evolutionary algorithm, reactive power optimization, TCSC, SVC.
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Fig. (6): The flow chart of proposed method
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Table (3): Locations of TCSC and SVC for different algorithms
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Table (4): Limits of controlling parameters of IEEE 30 bus system
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Table (5): Total reactive power flow in system for different
reactive loading conditions
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Table (6): Bus voltages and phase angles with and without SVC for 200% reactive loading using GA and PSO

A ool 92351, lgF a0 Ve

3 GA §PSO lopn oSl lawgs aSils 10 SVC ceas jlamy g 3 1) aSls sla ol 504 51 aygly 5 asels () Jgox

b5t aul; b5ty el b5ty sl L 5ty aselo W o W a
. . . . O3 583 495 O g dkelo L
Lwgs ;:CTS Ly CI::CTS Jauypl;gCTS Ja,.,yPI;gCTS ACrS acrs b
-2.849 0.996 -3.072 1.005 -7.9367 0.9936 7
-2.595 0.977 -2.926 0.971 -9.9888 1.0001 15
-3.037 0.968 -3.592 0.981 -9.9989 0.9971 17
-2.884 0.965 -3.745 0.980 -10.1912 0.9866 21

Table (7): Bus voltages and phase angles with and without SVC for 200% reactive loading using FGA and FDE

Ol doyo Yo -

,» Fuzzy-DE 4

Fuzzy-GA (gl )55 Lawgs aSed 10 SVC e jlam g B3 1) aSd slauls 5 56 aggls 5 aals «(V) Jguzr

s ol 5,
L 5Ws sl b sty aals FACTS L 5ts 4; L 5Ly asels . Og 5y axels
L. FACTS L. FACTS Fuzzy-GA Luug L.y FACTS Og 5y al; (pu) FACTS b
Fuzzy-DE Fuzzy-DE (deg) Fuzzy-GA FACTS (deg)
(deg) (pw £ (pu),
-4.5246 1.0122 -1.465 1.025 -4.4881 1.0126 3
-10.1905 0.9875 -3.848 0.986 -10.1033 0.9885 22
-10.3183 0.9878 -5.119 0.988 -10.2336 0.9889 27
Table (8): Comparative analysis of active power loss using PSO, GA, FGA and FDE
Fuzzy-DE 4 Fuzzy-GA GA PSO slaps,; s8] g odel cavs 4y 4t Slali avglio ((A) Jgox
(MW) FACTS @lgol jga> o aSs wlals Slgol ooy lls 5551, ol 6,138,
Fuzzy-DE Fuzzy-GA GA PSO (MW) FACTS ]
2.2988 2.1798 2.2804 2.2176 7.227 100
2.5632 2.8591 2.5769 2.4694 7.511 150
3.0001 2.8940 3.6529 2.9229 8.054 200
Table (9): Operating costs with and without FACTS devices using PSO, GA and FGA
Fuzzy-GA 3 GA PSO L..g FACTS Glgsl jsa> pac g j9a> 10 pias 51 (5,0 po 0 432 :(A) Jgox
; . . loas; ey
T Ssze e srd e e e | i l’b § i "h Gl o A0 L
Ly golazil bug oolasil by ol FACTS wlpll,  T97 @S0k SR Bk b “f" ’I‘__
(F‘izjy'?l) o3kes) PSO opkGA  Fuzzy-GA L.y =% FACTSSO s FACI; (Yo opkes) %J(,;)w
a- S Ogts . P . Ca /
o (a-¢) (Vs @b) (¥ (D) (s gk O ”’zi; ) ¥ °?;)’“ ) @)
c
2.6113 2.5232 2.5264 1.1875 1.2756 1.2724 3.7988 100
2.5483 2.5647 1.3756 1.3993 1.3829 3.9476 150
2.6349 2.586 2.2836 1.5981 1.6470 1.9494 4.233 200
Table (10): Operating costs with and without FACTS devices using PSO, GA and FDE
Fuzzy-DE GA PSO L. FACTS Slgol jea> pie g j5a5 ;0 plus 5 (5,00 0,00 4030 :()V +) Jgox
=972 ) 97y 97edye Slopose sladipze | i M"Q sloas e G200 A5 e L
Lsgs goladl Loy golatll Ly goladl FACTS wlyly T X S5% il ey ol ) sl “f’l )"“
Fuzzy-DE 5elee) PSO pekee) GA Fuzzy-DE Lug g FACTS o LS FACTS (s . L =5 oIy
(a- Yo gebe) (Y3 45k PSO )T o )
d) (a-¢) (Yo (a-b) (;¥» (d) Y ogelee) (C) (0) (Y5 ogele) (a)
2.5808 2.5232 2.5264 1.2180 1.2756 1.2724 3.7988 100
2.6002 2.5483 2.5647 1.3474 1.3993 1.3829 3.9476 150
2.6487 2.586 2.2836 1.5843 1.6470 1.9494 4.233 200
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Fig. (9): Variations of operating costs for 200% reactive loading
using FGA and FDE
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Table (11): Optimal Amount of controlling parameters by GA and FGA
Fuzzy-GA 5 GA slaps oS lawgs ool caws 4 (J S sl il b gy polie :(V)) Jgox

b y5ileygisl 5 5 )55l 55 5351, Ol TCSC i), SVC (uibipses =
) (pw (pw (pw 39
9 -
Fuzzy-GA GA Fuzzy -GA GA Fuzzy -GA GA Fuzzy-GA GA % <
1.0935 1.0139 853% %02803727%44 0.000478 0.001642 0.20791 0.27311
1.0306 1.0177 : . 0.04977 0.038385 : 0.15632 o
1.0210 1.0406 0033859 0.056271 0.002181 0.001578 0.02406 0.12249 =
' ' 0.16875 0.079355 0.000568 0.001955 0.04484 0.002796
. it 0.020404 0.154203 : : :
1.0005 1.0098 %8;‘923639 82;222 0.006994 0.001021 0.008260.5 0.025107
1.0393 0.9607 0.4681 043835 0.055786 0.02757 030082 0.10994 S
0.9736 0.9741 0.2863 0.001155 0.004722 0.01884 022345 0.03735 &
0.9804 0.9324 0.8923 0.071282 0.004567 0.004362 0
Table (12): Optimal amount of controlling parameters by PSO and FDE
Fuzzy-DE 9 PSO iy, Loy odel Caws 4 SS sl yial )by Ay polie :(VY) Jeux
1253l jghendl 5 5 1,515 5551, s TCSC i1, SVC uibipusses = 3
(pw) (pw) (pw) (pw) 3 -2
Fuzzy-DE PSO Fuzzy-DE PSO Fuzzy-DE PSO Fuzzy-DE PSO B \1
0.03448 021014
1.0791 0.9916 -0.06 0.12688 0.000593 0.000222 0 0.18907
1.0665 1.0456 0.1536 0.29206 0.010777 0.020389 0.050745 0.186513 S
1.0689 1.0312 0.32757 03363 0.003551 0.002623 >0 0.23434 =
0.9843 1.0310 0.07221 y 0 0.02897 0.268698
0.10881 0.035845
0.0505
0.9989 0.9806 20.08 Oy 0 0.002487 o 0.17929
1.0167 1.0372 0.26907 0.385608 0.044093 0.06131 0 0.226787 S
1.0515 1.0310 0.44969 027008 0.005337 0.001060 0 0.163165 a
0.9585 0.9615 0.4000 025554 0 0.002965 0.261999
0.35803 :
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