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Abstract: The growing use of energy in the world necessitates the development of power networks. However,
developing new transmission lines requires a great deal of time and cost, so it will be very cost-effective to use
the same lines with higher transmission capacities, if possible. In this regard, in recent years, by introducing
of FACTS to power networks, their use in industrialized countries has become commonplace to increase the
capacity of transmission lines. In this paper, the optimal adjustment of reactive power sources in the power
network with FACTS series and parallel devices (TCSC, SVC) in order to coordinate them with each other
and using fuzzy logic based on evolutionary algorithms such as particle swarm to reduce active power losses,
operating system costs including the cost of FACTS devices and congestion in transmission networks. Finally,
this will be proven by simulating the IEEE 30-Bus test network and placing FACTS devices on it.

Index Terms: FACTS devices, evolutionary algorithms, reactive optimization, SVC, TCSC
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Fig. (12): The convergence diagram of the considered cost
function in the second scenario for three consecutive
implementation
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Fig. (14): The convergence diagram of the considered cost
function in the third scenario for three consecutive
implementation
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Table (2): Generator information available on the IEEE 30-Bus Network
W IEEE aul ¥+ a5od 55 59250 slog3l55 Sledll (Y) Jsor
Min | Min
Shutd
nit | Bus A B C | Pmax | Pmin | up | down Razlp I;gmﬁ’ S{:zrrz;p ;:H;);m
u u A%
/MWh? /MWh MW MW) | ti ti
(SMWH) | (SMWH) | () | (MW) | (MW) | time | dime | G0 ) GO8 GO
() |
Gl 1 0.0200 15.00 0 80 15 2 2 25 25 70 60
G2 2 0.0175 14.75 0 80 15 2 2 25 25 70 60
G3 13 0.0250 16.00 0 50 10 3 3 15 15 70 60
G4 22 0.0625 14.00 0 50 10 4 4 15 15 70 60
G5 23 0.0250 16.00 0 30 5 3 3 10 10 70 60
G6 27 0.0083 15.25 0 55 10 4 4 15 15 70 60

Table (3): Summary of output information by matpower application in the first scenario
Jsl g5,k ;0 MAtpOWer ol (o> 9,5 ledlbl aods () Jgax

1 Syatem Summary

How many? How much? P (MW) Q (MVAT)
Buses 30 Total Gen Capacity 435.0 -95%.0 to 550.0
Generators & Om=-line Capacity 435.0 =95%.0 to 550.0
Commmi tced Gena L3 Generation {(actual}) 288.4 92.0
Loads 21 Load 283 .4 126.2
Fixed 21 Fixed 283.4 126.2
Dispatchable 1] ispacchable =0.0 of -0.0 =0.0
Shuntcs 1 Shunt {(inj) -0.0 21.0
Eranches 41 Losses (I°2 = Z) 5.01 23.05
Transformers 4 Branch Charging (inj) = 36.3
Inter-ties a Total Inter-tie Flow 0.0 a.0
hreas 1
Mindmum Haximum
Veltage Hagnitude 1.006 p.u. B bus 26 1.067 p.u. B bus 1
Voltage Angle =11.50 deg B bus 30 0.00 deg E buas 1
P Loases (I“2*R) = 0.87 MK € line 2-5
0 Losses ([(I"2%*X) = 3.66 MVAr B line 2-5
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Table (4): Summary of output information by matpower application in the second scenario
p30 6ol g1, Matpower aoliyy >, Sledbl aods «(F) Jgax

| System Summary |
How many? How much? P (MW) Q (MVAr)
Buses 30 Total Gen Capacity 435.0 -95.0 to 550.0
Generators 6 On-line Capacity 435.0 -95.0 to 550.0
Commicted Gens 6 Generation (actual) 289.4 75.4
Loads 21 Load 283.4 126.2
Fixed 21 Fixed 283.4 126.2
Dispatchable 1] Dispatchable -0.0 of -0.0 -0.0
Shunts 2 Shunt (inj) -0.0 41.5
Branches 41 Losses (I"2 * Z) 5.97 26.34
Transformers 4 Branch Charging (inj) - 35.6
Inter-ties v] Total Inter-tie Flow 0.0 0.0
Areas 1
Minimum Maximum
Voltage Magnitude 1.003 p.u. @ bus 24 1.068 p.u. @ bus 11
Voltage Angle -11.81 deg @ bus 30 0.00 deg @ bus 1
P Losses (I*2*R) - 0.99 MW @ line 2-6
0 Losses (I*~2+X) - 3.72 MVAr @ line 2-5

Table (5): Summary of output information by matpower application in the third scenario
poms 550 ks 5l Matpower asli,; >3 Sledlbl aods (B) Jgax

1 System Summary |
How many? How much? P (MW) Q (MVAr)
Buses 30 Total Gen Capacity 435.0 -95.0 te 550.0
Generators 6 On-line Capacity 435.0 -95.0 to 550.0
Committed Gens [ Generation (actual) 288.5 71.0
Loads 21 Load 283.4 126.2
Fixed 21 Fixed 283.4 126.2
Dispatchable 0 Dispatchable -0.0 of -0.0 -0.0
Shunts 2 Shunt (inj) -0.0 67.6
Branches 41 Losses (I*2 * Z) 5.08 48.98
Iransformers 4 Branch Charging (inj) - 36.6
Inter-ties 0 Total Inter-tie Flow 0.0 0.0
Areas 1
Minirmum Maximum
Voltage Magnitude 1.007 p.u. @ bus 26 1.065 p.u. @ bus 2
Voltage Angle -25.91 deg @ bus 30 0.00 deg @ bus 1
P Losses (I*2*R) - 0.84 MW @ line 2-5
Q Lossas (I"2+*X) - 15.43 MVAr @ line 1-2
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