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Optimal Transmission Expansion Planning Considering the Uncertainties of
Power Market

BB -2 mE
(Min-Kyun Son - Jin-O Kim)

Abstract - Today,

as the power trades between generation companies and power customer are liberalized, the

uncertainty level of operated power system is rapidly increased. Therefore, transmission operators as decision makers for
transmission expansion are required to establish a deliberate investment plan for effective operations of transmission
facilities considering forecasted conditions of power system. This paper proposes the methodology for the optimal solution
of transmission expansion in deregulated power system. The paper obtains the expected value of transmission congestion
cost for various scenarios by using occurrence probability. In addition, the paper assumes that increasing rates of loads
are the probability distribution and indicates the location of expanded transmission line, the time for transmission
expansion with the minimum cost for the future by performing the Montecarlo simulation. To minimize the investment
risk as the variance of the congestion cost, Mean—-Variance Markowitz portfolio theory is applied to the optimization
model by the penalty factor of the variance. By the case study, the optimal solution for transmission expansion plan

considering the feature of market participants is obtained.
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¥ 2% IEEE RTS System® F3tulolgE JellE= b
load duration® Peak$} Off-Peak® FEI L $RAME 1~
5d Atoje] dx® R3ZFVIEH 5~103 Alojg Axd ¥
3}E7}%—% 7+ s

2 (N B EFH L9 E%?ﬂi} 33 gEHEst 32 I Ay el HAFES Vg, E 4% load
o W 9Y=e sdE QA 4 = TEAR HAF 2y duratlon factor?l Peak®t Off-Peak® dd $¢9 HatA %
e 4 (233 2o AzbE e
E: 3 1 28712 AFEGTH W2 5709 AlLigl2
Table 1 Five scenarios with participation factors of generators

Node 1 2 7 13 15 16 18 21 22 23
Avel el 0.056 0.056 0.079 0.095 0.070 0.053 0.133 0.137 0.095 0.226
At 22 0.056 0.056 0.079 0.095 0.080 0.063 0.113 0.117 0.105 0.236
A} 93 0.056 0.056 0.079 0.085 0.060 0.043 0.143 0.147 0.095 0.236
Ay ed 0.056 0.056 0.079 0.105 0.070 0.053 0.133 0.137 0.105 0.206
Al}e] 25 0.046 0.046 0.069 0.105 0.080 0.063 0.133 0.137 0.095 0.226

E 2 |EEE RTS System £35t ool
Table 2 Load data of IEEE RTS System
Node | 1 2 [ 3] a4l 5T 6] 77 38] 10 ] 131415 16]18]19] 20
Z7|8 5t (04) / The base loads (0 year)
Off-Peak | 108 97 180 74 71 136 | 125 | 171 | 175 | 195 | 265 | 194 | 317 | 100 | 333 | 181 | 128

Peak 140 | 126 | 234 96 92 177 | 163 | 222 | 228 | 254 | 345 | 252 | 412 | 130 | 433 | 235 | 186

0~54 Afole] ¥ R31Z57HE / The annual increasing rate of loads between 0 year and 5 year

b K 0.051 [ 0.131 | 0.051 | 0.051 | 0.131 | 0.051 | 0.131 | 0.051 1 0.131 [ 0.051 | 0.051 | 0.051 | 0.051 [0.051]0.051]0.131{0.051

EFHA 006500701 0.065 ! 0.021 ]0.021 | 0.065 | 0.070 | 0.065 | 0.070 | 0.065 | 0.065 | 0.065 | 0.065 }0.021]0.065{0.070|0.021

5~10d Aloje] dx¥ B5FIJ1E / The annual increasing rate of loads between 5 year and 10 year

g+ 0.052 | 0.080 | 0.052 | 0.060 | 0.060 | 0.052 | 0.080 | 0.052 | 0.080 | 0.052 | 0.052 | 0.052 | 0.052 |0.060|0.052|0.080{0.060

ZH A} 0.008 | 0.018 | 0.008 | 0.021 | 0.021 | 0.008 { 0.018 | 0.008 | 0.018 | 0.008 | 0.008 | 0.008 | 0.008 | 0.021|0.008{0.0180.021
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Table 3 Occurrence probabilities of the scenarios

P [AHER AL AdE e A e A e
1 2 3 4 5
&& proy| 0.1 0.2 04 0.2 0.1

k3 4 load duration factorel £&F
Table 4 The classification of load duration factors

A1zt (hour) LD,
Off Peak (ld=1) 4871
Peak (ld=2) 3889
14 8760
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z 654 mf FIIH= STME
Table 6 Number of added transmission lines in 5 year

From-To | 3-24 | 6-10 | 9-12 |10-12]12-23}13-23
FAF 4 3 2 2 3 1

From-To | 14-16 | 15-21 115-24)16-17/16-19,17-18
FHNE 5 5 2 5 2 2

23], A 54z ulstd FrrFHolof ¥ == 3-24,
-10, 14-16, 15-21, 16-17, 17-18 A}¢]9] A2 & 0@ XL} 5
of gF=olop T A2 F7t Frlagenz Razrt
of mE st Azre] AEFE F7MEe wi olE
2 Ego 9 7tEH3 235FY W AR AREn
s At

® 5 69 uige] we AFRE ® 7oA ugdiz Ut
ERugo] 87120x10° $ & AXsz =d, B Haw
4 sl 237t 9o EFuES g2 AAHtEA 294
g onrt 5o, 238 E Jlgos $AMEE F o
AR E 1099 Ao e W Pu &9 Frie w)
3 Eguge Mdasrt ke Fge @ B BAES
9 Ezo] AAHEL AL HolEg, E AHATY
e A4z g4u g3 EPuse) 439 Addn B
=3

#7104 Sto EMs 2
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Table 7 Optimal result for 10 years

dz&gn &
®)

1.5697 > 107 | 3.3442x 10° | 8.7120 % 10° | 2.7753 x 107

41 8(9) ERHE(P) | AAH&(H)

5.2 Mean-Variance Markowitz 0|22 Hg3 FHH
&Mz EHEHAE

£ 8 vud FHAHAE FFALEL AL v L&A
2o Mean-Variance Markowitz X EZ 2 ©|&&
4, ERu L EFHX HdE Ax § E 3
g £y Aot & 5 69 g vy 53
xE 10-12 Ato] M2 FIHEA kvt 19 F .
= 10-12 Alolof] FrtE= AZAFE AYSH E D, 6
get® T3t

E 85dY wf Frige STME

L2 oy o

E 5 62 $AME &30 E, $HAE 394, 4 Table 8 Number of added transmission lines in 5 year

Az ¥ &L 1087 S489e W HA0 He 3
So $ANE BFTA Ygtolth, R8Z B we A From To 10-12
s sdzte e SAAZ BAEAL aFHA wAD E=duihs 3
6~10d Atole] A 7tEHe HdE EF) utg vlg x 9 EFEXol HYEEl AXNE HMEsIX| LUS W2}
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