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Abstract

The transmission valuation methodology we propose here captures the interaction between
generation and transmission investment decisions recognizing that a transmission expansion can impact
the profitability of new resources investment, so that a methodology should consider both the
objectives of investors in resources and the transmission planner. In this perspective, this paper
purports to develop the mixed-integer programming based transmission expansion planning
optimization software, which is well designed to determine the construction time and place of new
generators, transmission lines, and substations as well as their capacities to minimize total
expenditures related to their investment and operations while meeting technical constraints such as
capacity margin, constitution ratio of power resources, spinning reserves, energy and fuel constraints,
transmission line outages and losses, pi—type branching, and so on. Finally, Garver's simple system is
adopted to validate not simply the accuracy but the efficiency of the proposed model in this paper.

Key Words : Transmission Expansion Planning, Mixed Integer Programming,
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Fig. 1. Overall structure of transmission expansion
planning optimization software
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Table 1. Generator Information
- wa A=y | 259 ?LEEHP A B C )
[MW] [MW] [ /Geal] [Gecal/MW2] | [Gecal/MW] | [Geall
Gl bl 250 100 10 0.001 0.1 0.1 7)1 &
G2 bl 250 100 20 0.001 1.0 10 71&
G3 b3 350 100 30 0.001 1.2 15 7)1 &
G4 b3 350 100 40 0.001 14 20 7|&
G5 b6 350 100 40 0.001 16 25 7| &
G6 b6 350 100 40 0.001 2.0 30 #H A
G7 b2 350 100 10 0.001 0.1 0.1 TS
G8 b5 450 100 40 0.001 2.4 40 KRTh
=z 2. M2 JE
Table 2. Transmission line information
Al 2F A e5A 3 g A ~[pul A2 & ZFHMW] H] 31
bl b2 cl 0.004 200 7|&
bl b4 cl 0.006 200 71&
bl b5 cl 0.002 200 71&
b2 b3 cl 0.002 200 7|1&
b2 b4 cl 0.004 200 7|1 &
b2 b6 cl 0.003 200 7)1 &
b3 b5 cl 0.002 200 71E
b4 b6 cl 0.003 200 7| &
b2 b3 c2 0.002 200 21t
bl b6 cl 0.002 250 At
b2 b5 cl 0.002 250 At
b4 b5 cl 0.002 250 At
b6 b7 cl 0.002 250 At

IT
ar

3 7ot 2

Table 3. Load information

A tl F-SHMW] | t2 F3HMW] | t3 F-8HMW] | t4 FsHMW] | t5 F3sHMW] | t6 +3HMW]
bl 200 100 200 100 200 100
b2 220 110 220 110 220 110
b3 240 120 240 120 240 120
b4 260 130 260 130 260 130
b5 200 100 200 100 200 100
b6 200 100 200 100 200 100
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Table 4. Generator output in base case
7] tl t2 t3 t4 t5 t6
Gl 250.00 250.00 250.00 250.00 250.00 250.00
G2 250.00 250.00 250.00 250.00 250.00 250.00
G3 350.00 160.00 350.00 160.00 350.00 160.00
G4 194.53 - 194.53 - 194.53 -
G5 275.47 - 27547 - 27547 -
G6 - - - - - -
E 5 7F 49 ME =R
Table 5. Transmission line flow in base case
AAEA | ERA | 34 tl t2 t3 t4 t5 t6
bl b2 cl 95.47 137.75 95.47 137.75 95.47 137.75
bl b4 cl 109.07 117.08 109.07 117.08 109.07 117.08
bl b5 cl 95.47 145.17 95.47 145.17 95.47 145.17
b3 b2 cl 200.00 85.17 200.00 85.17 200.00 85.17
b2 b4 cl 68.14 37.87 68.14 37.87 68.14 37.87
b2 b6 cl 7.33 75.05 7.33 75.05 7.33 75.05
b3 b5 cl 104.53 -45.17 104.53 -45.17 104.53 -45.17
b4 b6 cl -82.79 24.95 -82.79 24.95 -82.79 24.95
4.2 Atg] &1 = 19960791 A% & = itk o] uf ZF w7 e
=3 SRS 2FFS F 6 2 E 74 2
At AR T2 A e] FApe S/du] Fats 2) 7] Grol B4 b2ell ik -
thro) B4kanat gk, E 0Anlge 9030940 dolm, F A gol
1) 223 b2sk w2 b3 Abolel] shite] @sk 37k 4l 9110449)9) 7ashs e & 4 gink o) ) 7wk
A A4S 719 e AR 2FEFS 28 E E 9% 7
T Y82 17AULT7T09h R F xdv]-8o] t}.
HE 6 ME QMR ZRe EHMY| £
Table 6. Generator output when a new line is constructed
ki tl t2 t3 t4 t5 t6
Gl 250.00 250.00 250.00 250.00 250.00 250.00
G2 250.00 250.00 250.00 250.00 250.00 250.00
G3 350.00 160.00 350.00 160.00 350.00 160.00
G4 287.50 - 287.50 - 287.50 -
G5 182.50 - 182.50 - 182.50 -
G6 - - - - - -
Z1 - ZA7)AN ks = A A|247 Al2S, 2010 2€ (23

=l
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Table 7. Transmission line flow when a new line is constructed
AFEA | ERA | 3A tl t2 t3 t4 t5 t6
bl b2 cl 80.21 130.27 80.21 130.27 80.21 130.27
bl b4 cl 115.12 113.52 115.12 113.52 115.12 11352
bl b5 cl 104.67 156.21 104.67 156.21 104.67 156.21
b3 b2 cl 151.08 48.11 151.08 48.11 151.08 48.11
b3 b2 c2 151.08 48.11 151.08 48.11 151.08 48.11
b2 b4 cl 92.47 40.02 92.47 40.02 92.47 40.02
b2 b6 cl 69.90 76.46 69.90 76.46 69.90 76.46
b3 b5 cl 95.33 -56.21 95.33 -56.21 95.33 -56.21
b4 b6 cl -52.40 23.54 -52.40 23.54 -52.40 23.54
bl b6 cl - - - - - -
b2 b5 cl - - - - - -
b4 b5 cl - - - - - -
b6 b7 cl - - - - - -
E 8 WD AMol Aol UHY| &
Table 8. Generator output when a new generator is installed
A7) tl t2 t3 t4 t5 t6
Gl 250 250 250 250 250 250
G2 250 100 250 100 250 100
G3 350 - 350 - 350 -
G4 120 - 120 - 120 -
G5 - - - - - -
G6 - - - - - -
G7 350 310 350 310 350 310
G8 - - - - - -
E 9 WA| AMol Ao M2 xRl
Table 9. Transmission line flow when a new generator is installed
AR | 2R 3] 4 tl t2 t3 t4 t5 t6
bl b2 cl 65.46 42.84 65.46 42.84 65.46 42.84
bl b4 cl 134.24 71.93 134.24 71.93 134.24 71.93
bl b5 cl 100.31 135.23 100.31 135.23 100.31 135.23
b3 b2 cl 130.31 -84.77 130.31 -84.77 130.31 -84.77
b2 b4 cl 135.90 65.05 135.90 65.05 135.90 65.05
b2 b6 cl 189.87 93.02 189.87 93.02 189.87 93.02
b3 b5 cl 99.69 -35.23 99.69 -35.23 99.69 -35.23
b4 b6 cl 10.13 6.98 10.13 6.98 10.13 6.98
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Table 10. Comparison of total generation cost in each case
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