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Optimization of Installation of FACTS Device to Avoid Thermal Constraints

Taking into Account Economy in Power System Planning

Matsuo Yutaka, Member, Yokoyama Akihiko, Member (University of Tokyo)

FACTS devices such as high-speed phase shifter and variable series capacitor enable us to control active
power flow in order to avoid thermal constraints on transmission lines, resulting in an increase of the network
loadability and a reduction of production cost. However where to place these devices is an essential matter
because their effects considerably depend on the locations. From an economic point of view, the investment
cost must be taken into account as well as the reduction of the production cost. Therefore we propose to
maximize return on investment(ROT) by searching not only the best location of FACTS devices but also the
rating of each device. This problem is expressed as combinatorial optimization problem nested by nonlinear
optimization problem. To solve this problem, tabu search incorporated with nonlinear programming method
is used. And we discuss the remedial control of FACTS devices and simultaneous consideration of multiple
load conditions. By considering remedial control, we can make better use of FACTS devices. Multiple load
conditions bring us more appropriate solutions. Because the consideration makes our problem more difficult
to solve, some efforts are necessary to be made. Numerical results are shown for a 3-generater 41-line model

system and a b-generator 42-line model sysytem.
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Fig.1. Optimization algorithm
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Fig. 2. Initial power flow of 3-generator model system
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Fig.3. Power flow of solutions in 3-generator
model system
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Table 4. Solutions with remedial control (Returnmm =0)
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Table 5. Solutions with remedial control (Returnmm = 5.0)
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Fig.6. Reactance map of 5-generator model system
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Table 6. Solutions under load condition 1
OO0 | ROI goooooog Cost(Return) Inv. oo
1.74 4-7 0 10.67° 0 PS 86.0(5.2) 29942 1
2 1.41 5-6 0 0.244pu O SC 87.1(4.1) 29286 1
3 1.40 4-7 0 10.77° 0 PS 82.3(8.9) 63521 2
12-13 0 15.73° O PS
4 1.37 4-7 0 10.43° 0 PS 82.6(8.6) 62876 2
10-13 0 15.16° O PS
5 1.27 4-7 0 10.71° 0 PS 84.5(6.8) 53169 2
10-13 0 0.300pwu O SC
6 1.25 12-13 0 15.68° O PS 83.4(7.8) 62727 10
5-6 0 0.243pu O SC
7 1.23 10-13 0 15.24° O PS 83.6(7.6) 62389 12
5-6 0 0.242pu O SC
8 1.22 4-7 0 13.78° 0O PS 83.4(7.9) 64269 2
4-7 0 13.78° 0 PS
9 1.19 4-7 0 10.79° 0O PS 80.9(10.3) 86787 15
10-13 0 8.46° O PS
10-13 0 8.46° O PS
10 1.17 4-7 0 13.91° 0O PS 79.8(11.5) 97585 3
4-7 0 13.91° 0 PS
12-13 0 15.20° O PS
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Table 9. Solutions in 5-generator model system under all load condition 1,2 and 3

Cost(Return)
oo oo1 oo 2 oo s

00 | ROI 0oooooo 111.2(0.0) | 91.3(0.0) | 147.1(0.0) | 120.6(0.0) | Inv. | OO

1 | 337 470 10° 0 PS 101.3(9.9) | 86.2(5.1) | 117.8(29.3) | 115.6(5.0) | 29470 | 1

2 | 285 | 10130 12° O PS 102.4(8.8) | 87.9(3.3) | 124.9(22.2) | 111.6(9.0) | 30880 | 1

3 | 2.56 130 14° O PS 103.0(8.3) | 88.2(3.1) | 115.8(31.3) | 119.0(1.6) | 32290 | 1

4 | 253 350 9° 0 PS 104.0(7.3) | 89.0(2.3) | 120.8(26.3) | 117.8(2.8) | 28765 | 1

5 | 2.50 240 9° O PS 104.1(7.2) | 88.6(2.6) | 119.3(27.8) | 119.6(1.1) | 28765 | 1

6 | 242 470 10° 0 PS 97.3(13.9) | 83.7(7.6) | 114.3(32.9) | 108.9(11.8) | 57530 | 2

10-13 0 8° 0O PS

7 | 239 470 10° 0 PS 98.7(12.6) | 84.6(6.7) | 115.6(31.5) | 110.9(9.8) | 52670 | 2
10-13 0 0.300pwu O SC

s | 2.29 470 10° 0 PS 99.2(12.0) | 85.3(5.9) | 116.2(30.9) | 111.1(9.5) | 52400 | 2
9-11 0 0.270pu O SC

9 | 228 11120 7° 0 PS 105.0(6.2) | 90.4(0.8) | 127.4(19.7) | 114.3(6.3) | 27355 | 1

10 | 227 | 560 0.300pu O SC | 104.1(7.1) | 87.1(4.1) | 122.6(24.5) | 120.2(0.5) | 31300 | 1

00 1e000000000000D0 4500000 41200000
0 0o0oopooo0oooooboo: ODOOoO00O0O:2,00001000:05, 0000 2000:02, 0000 3000: 0.3,
PSO0O0OOO0:1°000,8CO00000: 0.015pw. OOOOODOOOO 6000

07 500000000200000000000

. . g a
Table 7. Solutions under load condition 2
og | ROI oooo Do oo Cost(Return) Tnv. oo 0 10 P.Paterni, S.Vitet, A.Giard, M.Bena and A.Yokoyama: “Op-
1 9.96 4-70 944”0 PS 118.1(29.0) 29075 1 timal Set of Phase Shifters for Avoiding Thermal Constraints
2 9.70 1-30 13.42° 0O PS 116.2(30.9) 31884 1 using Genetic Algorithm “, ICEE-97, A-03 (1997)
3 9.65 2-40 9.11° 0 PS 119.3(27.8) 28844 1 0 20 P.Paterni, S.Vitet, M.Bena and A.Yokoyama: “Optimal Lo-
4 918 350 852° 0 PS 121.0(26.1) 98424 1 cation of Phase Shifters in the French Network by Genetic
Algorithm”, IEEE PES SM, PE-078-PWRS-0-04-1998 (1998)
5 7.99 | 1-2 0 0.300pu 0 SC 122.1(25.0) 31300 ! 030 0O00obOo0oooOo0oooooooooboobobooooooooooon
6 7.84 | 5-6 0 0.300pu O SC 122.6(24.5) 31300 1 0OFACTS 000000000000 D 1100000 BOOO
7 7.76 5-6 0 9.57° 0 PS 117.7(29.4) 37832 1 0 028 (1999)
8 7.65 1-20 7.42° 0 PS 120.5(26.6) 34801 1 040 00D000O00D0OD0O0O:000000000O0D000 (1995)
9 | 72110130 6.31°0 PS | 127.7(19.4) | 26870 | 1 usboboooooooooooooooboooooon 0647
10 7.21 | 11-12 0 6.31° 0 PS 127.7(19.4) 26870 1 (1997)
Oe60 ODO0ODODOOOOOODmMOOOOOODOOOOO0O0OO0O0OOO

00 20000000000000 2700006700000 00000000, PSE-98-3 (1999)
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Table 8  Solutions under load condition 3

o o 0O oooooOgsod10 20000090 30
00 | ROI 0ooooooo Cost(Return) | Inv. | OO goooooooooooooooonosoo
1 3.05 10-130 7.38° 0 PS 112.2(8.4) 27621 1 oooo0oo0ooooooooooooooon
2 2.84 | 10-13 0 0.300pu O SC 114.0(6.6) 23200 1 0oo00000O0O0oOo0oo0o0on
3 2.79 9-11 0 0.276pu O SC 114.2(6.4) 22986 1
4 2.49 9-11 0 4.75° O PS 114.2(6.4) 25768 1
5 2.40 13-15 0 5.23° 0 PS 114.4(6.3) 26105 1
6 2.40 12-14 0 5.23° 0 PS 114.4(6.3) 26105 1
7 2.34 11-12 0 7.40° O PS 114.2(6.5) 27636 1
8 2.06 4-70 13.11° 0 PS 108.3(12.3) 59719 2
10-13 0 8.00° O PS
9 2.01 | 14-15 0 0.270pu O SC 114.6(6.1) 30235 1 000 0OO000O0O03101009000590 3000
10 1.98 14-15 0 5.23° 0 PS 114.4(6.3) 31710 1
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