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A Study on the Mitigation of Market Power using Contingent Transmission Rights
in Competitive Electricity Markets.
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(Park, Jungsung * Chung, Koohyung - Kim, Balho)

Abstract — Transmission congestion is one of the key factors to local market power in competitive electricity markets.
Financial transmission rights provide the financial protection to their holders by paying back the congestion rent. A
variety researches have shown that the existing trading mechanisms on transmission right can exacerbate market power.
This paper proposes an alternative methodology in mitigating the local market power using the Contingent Transmission
Rights on the locational marginal pricing scheme. The proposed methodology was demonstrated with the Optimal Power

Flow.
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Table 1 Generator cost function factor

w2 7 A B C oA & Fvw
G1(Bus 1) 55 13.82 0.001940 350
G2(Bus 1) 50 13.35 0.001890 360
G3(Bus 1) 50 13.55 0.001562 380
G4(Bus 2) 65 188 0.004820 180
G5(Bus 2) 60 189 0.004941 170
G6(Bus 3) 80 255 0.007941 200

WHAE 885 => F(Pg)=A+ BPgs+ C(P;)

T 2 83 Xz
Table 2 Load data

RAWE 318 FHMW)
Bus 1 100
Bus 2 100
Bus 3 1200
Total 1400
G100 1 Line 1 2 © 64

8 33 2N AlEAE
Fig. 3 3-bus test system
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Table 3 Result of optimal power flow

A Fw) | B4R emMw) | Benefit® %)

Gl 247.7 14.78 63.86 ArLel 9
G2 360.0 14.78 220.21 12698
G3 380.0 14.78 192.22

G4| 1626 20.36 6180 |BAFY %9
G5 1485 20.36 43.36

G6 101.1 27.10 0.60 460.80
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Table 4 Benefit & CTR changes with G1

Gen |Generat| Nodal

(3096)| ion price
Gl | 245 1541
G2 | 360 1541
G3| 380 1541
G4 | 165 20.39
G5 | 1509 | 20.39
G6 | 99.1 27.07

Revenue | PCOST | Benefit| CTR

377741 | 3557.34 | 220.06 |\CTR|CTR
5550.48 | 510094 | 44953 § 13 | 23
5858.84 | 5424.55 | 434.28 1113
3364.51 | 3298.84 | 65.66 9
3077.00 | 3023.90 | 53.09
2683.03 | 2685.03 | -1.99

85441

250.96 | 502.67

Gen |Generat| Nodal
409%)| ion price
Gl | 210 27.08
G2 | 360 27.08
G3 ] 380 27.08
G4 | 180 27.08
G5 | 170 27.08
G6 | 100 2708 | 2708.8

Revenue | PCOST | Benefit| CTR

5688.48 | 3042.75 | 2645.72 [CTR|CTR
9751.68 { 510094 |4650.73| 13 | 23
10293.44 | 5424.55 | 4868.88
4875.84 | 3605.16 | 1270.67
4604.96 | 3415.79 [1189.16
270941 | -0.61

0.00 [ 0.00

0.00 | 0.00

A(d: E 49 CTR 139 1711.39)3 24 204 2l &
FAYq) g $4AC: ¥ 49 CTR 139 250.9%6)22 Al
¥ 4 gtk vhasiAE CTR 238 24 294 24 14
AXNA g1 2A 322 7HE Line 29 27/ ozt 43
oln] ZHe B 29 wABI B4 19 L] ¥ o
Holot, 4 M2 52F ZHE AEAS 283 YL
ut &,

¥ 5% 19 5v G4 21719 DAY §FA3e o2
49 8 CTR 71X ¢ W3 s 4HE Rojr}

x 5 WHMI|-G4 8FH3|o wE 2 ¥ CTR #st
Table 5 Benefit & CTR changes with G4

Gen {Generat| Nodal
(10%) ion price
Gl 2477 | 1478
G2 360 14.78
G3 | 330 14.78
G4 | 162 20.37
G5 | 1492 | 20.37
G6| 1011 | 27.10

Revenue| PCOST | Benefit CTR

3661.25 | 3597.38 | 63.86 |CTR|CTR
5321.16 | 510094 | 2202 | 13 | 23
5616.78 | 5424.55 | 192.22
3300.58 | 3237.09 | 63.49
3039.80 | 2989.22 [ 50.57
274041 | 2739.81 | 0.60

1830.12 913.69

246.47 | 49367

Gen |Generat| Nodal
(65%)| ion price
Gl | 1225 | 2847
G2 | 360 28.47
G3 | 380 28.47

Revenue | PCOST | Benefit| CTR

348855 | 1777.06 [1711.49 |CTRICTR
10252.08 | 5100.94 |5151.13| 13 | 23
10821.64 | 5424.55 | 5397.08

Ga| 180 | 2847 | 512604 | 3605.16 | 152087 | *¥
G5 | 170 | 2847 | 4841.26 | 341579 [142546] |
G6 | 1875 | 2847 | 533962 | 514042 | 19919 | * > |
at
4500
4000
3500
3000
2500
22{3) 2000
1500
1000
500
.
500 o
BBUMN
[C—MI$% -~ CTR 13 25A] ~a--CIA 23 2FA| -~ A CTR 274l |

Gen Ge‘nerat No-dal Revenue| PCOST | Benefit CTR
(30%)| ion price

Gl | 25676 | 1482 [381763 | 374449 | 73.13 |CTR|{CTR
G2 | 360 14.82 | 53352 | 510094 | 23425 | 13 23
G3| 380 14.82 | 56316 | 542455 | 207.04
G4 126 20.54 | 2589.04 | 2510.32 | 78.72
G5 | 1668 | 2054 | 342740 | 334967 | 771.72
G6 | 1096 | 27.24 | 298550 | 2969.26 | 16.24

1920.08 | 958.60

184.89 | 37033

Gen |Generat| Nodal
(70%)|  ion price
Gl | 2942 | 14.96
G2 | 360 14.96
G3| 3% 14.96
G4 54 21.04
G5 | 170 21.04

Revenue | PCOST | Benefit CTR

4401.82 | 4289.10 | 112.71 |CTR |{CTR
5386.32 | 510094 | 28537 | 13 | 23
5685.56 | 5424.55 | 261.00
1136.21 | 1094.25 | 41.95
3576.97 | 3415.79 | 161.17

2267.12|1131.86

G6 | 1418 | 27.75 | 3935.23 | 3854.93 | 8030 | o | ¥
Gen Generat| Nodal
(00 Revenue| PCOST | Benefit CTR

%) ion price

ad 4 UHI|-G1 2o wWE o W
Fig. 4 Benefit change with G1
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Gl | 3223 | 15.07 |4857.06 | 4710.18 | 146.88 |CTR |CTR
G2 | 360 15.07 | 54252 | 5100.94 | 32425 | 13 | 23
G3| 380 15.07 | 57266 | 542455 | 302.04
G4 0 21.43 0 0 0

G5| 170 2143 | 3643.95 | 3415.79 | 228.15
G6 | 167.7 [ 2816 | 4723.10 | 4580.66 | 142.43

2549.89|1273.03

0.00 0.00
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Table 6 Benefit & CTR changes with G6 Table 7 Benefit & CTR changes with G2
Gen Ge.nerat No'dal Revenue |PCOST | Benefit CTR Gen Ge'nerat No.dal Revenue | PCOST | Benefit CTR
(50%6) on price (5%) on price
Gl | 246.2 | 14.77 | 363760 [ 3575.19} 62.41 |CTR|CTR Gl | 2657 | 1485 | 394591 |3864.07| 81.83 [CTR{CTR
G2 360 14.77 5319 |510094 | 21805 | 13 23 G2 342 14.85 | 5079.04 | 4836.76 | 24228 | 13 23
G3 380 1477 | 56145 |5424.55| 189.94 193539 | 96650 G3 380 14.85 | 5643.38 | 5424.55 | 218.82 30417 | 2648.11
G4 164 20.38 | 3342.48 | 3277.09 | 65.394 G4 | 1626 | 2036 | 3311.83 |3250.03| 61.80
G5 | 1498 | 20.38 | 3053.07 | 3002.68 [ 50.39 21955 | 55094 G5 | 1485 | 2036 | 3024.64 | 2976.28 | 48.36 o600 | 45287
G6 100 2789 | 27894 [270941| 79.99 ’ G6 | 101.1 | 27.10 | 274041 | 2739.81| 061
Gen Ge.n erat No.d al Revenue{PCOST | Benefit CTR G_e " Ge.nerat No.d al Revenue | PCOST | Benefit CTR
(55%) | 1lon price (35%) | 1on price
Gl | 2347 | 1473 | 3457.36 | 3405.33| 52.03 |CTR |CTR Gl 350 26.86 | 9403.1 |5129.65]4273.45|CTR|[CTR
G2 360 14.73 | 5303.16 {5100.94 | 202.21 | 13 23 G2 234 26.86 | 6286.64 |3277.38{3009.25| 13 23
G3 | 3779 | 14.73 | 5566.84 |5393.86 | 172.97 1926401 96176 G3 380 26.86 110209.08|5424.55 | 4784.52 00 | 000
G4 159 20.49 | 3605.24 | 3521.21 | 84.03 G4 180 26.86 | 4835.88 | 3605.16 | 1230.71
G5 | 161.5 | 2049 | 3310.10 |3240.82| 69.27 22760 | 65637 G5 170 26.86 | 4567.22 |3415.79{1151.42 000 | 000
G6 90 28.44 | 2560.23 | 2439.32 | 120.90 G6 86 26.86 | 2310.47 |2331.73 | -21.25
Gen |Generat) Nodal | o ¢|PCOST|Benefit| CTR Gen |Generat) Nodal | @ e|PCOST| Benefit| CTR
(58%) ion price (65%) | ion price
Gl | 2316 | 1471 | 340892 |3359.71| 49.20 |CTR|CTR Gl 350 2858 [10003.35[5129.65] 4873.7 | CTR {CTR
G2 360 1471 | 5298.84 |510094| 19789 | 13 23 G2 126 28.58 | 3601.20 | 1762.10§ 1839.1 [ 13 23
G3 | 3741 | 1471 |5506.37 [5337.20 | 169.17 1oa524] 97116 G3 380 28.58 |10860.78 | 5424.55 | 5436.22 000 | 000
G4 180 20.57 | 3703.14 | 3605.16 | 97.97 G4 180 28.58 | 5144.58 | 3605.16 | 1539.41
G5 | 169.3 | 2057 | 3483.00 [ 3402.10| 80.904 35050 | 70205 G5 170 2858 | 4858.77 | 3415.79 | 1442.97 000 | 000
G6 85 2876 | 2445.11 | 2304.87 | 140.23 G6 194 2858 | 5544.71 |5325.86 | 218.84 |
UM MAA A S£HAUE Ol XAH AZX|ued 2bspgrot 273
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Table 9 Beneﬂt & CTR changes with G5

G t 1
Gen e.nera No‘da Revenue [PCOST | Benefit CTR
(5%) 10n price

Gen {Generat| Nodal

. R Revenue| PCOST /| Benefit CTR
(15%) on price

Gl | 266.7 [ 14.85 | 3961.82 |3878.92( 8290 |CTR|CTR
G2 | 360 1485 | 5347.8 [5100.94| 24685 | 13 | 23

Gl | 2477 | 1478
G2 | 360 14.78

3661.25 (3597.381 6386 [CTR|CTR
5321.16 [5100.94| 22021 | 13 | 23

G3 | 361 14.85 | 5362.65 [5145.11 | 217.54
G4 | 1626 | 2036 | 3311.83 |3250.03| 61.80

5295.10 [ 2643.58

G3 | 380 14.78
G4 | 166.7 | 20.40

5616.78 | 5424.55| 192.22
3401.84 [3332.25| 69.59

5467.46 | 2729.63

G5 | 1485 [ 20.36 | 3024.64 | 2976.28 | 48.36
G6 | 101.1 | 27.10 | 274041 | 273981 0.60

226.09 | 452.87

G5 | 1445 | 2040
G6 | 1011 | 27.10

2948.81 |2894.21 | 54.59
274041 [2739.81| 0.60

218.76 | 43819

Gen |Generat| Nodal

~ . . Revenue |PCOST | Benefit CTR
(35%)| ion price

Gen |Generat| Nodal

R : Revenue | PCOST | Benefit CTR
(55%) 0on price

Gl | 350 2697
G2 | 360 26.97

9441.95 [5129.65| 43123 |CTR|CTR
9711.72 |5100.94 |1 461077 | 13 | 23

Gl | 277.1 | 1489 [ 412740 1403293 | 9447 {CTR|[CTR
G2 | 360 14.89 | 5362.2 {510094| 26125 | 13 | 23

G3 | 247 26.97
G4 | 180 26.97

6663.31 [3492.14 [ 3171.17
4355.86 | 3605.16 | 1250.69

0.00 0.00

G3 | 380 14.89 | 5660.1 |5424.55]| 235.54
G4 180 20.80 | 3745.26 { 3605.16 | 140.09

5613.44 | 2802.51

G5 | 170 2697
G6 93 2697

4586.09 | 3415.79 | 1170.29
2508.86 |2520.18] -11.321

0.00 0.00

G5 | 765 | 2080 |1591.73 |1534.76| 56.96
G6 | 1264 | 2750 | 3477.01 |3431.09] 45.91

104.15 | 20862

Gen |Generat| Nodal

R . Revenue { PCOST | Benefit CTR
(60%)| 1ion price

G t| Nodal
Gen e.nera 0. @ Revenue|PCOST | Benefit CTR
(100%)] 1on price

Gl | 350 2848 | 9970.1 15129.65)4840.45CTR|CTR
G2 | 360 2848 |10254.9615100.94 |5154.01| 13 | 23

Gl | 317.1 | 1505 | 4772.35 |4632.63 | 139.72 |CTR|CTR
G2 | 360 1506 | 5418 |510094| 31705 13 | 23

G6| 188 2848 | 5355.36 | 5154.66 | 200.70

G3 | 152 2848 | 4329.87 |2145.68 | 2184.18 000 | oo G3 | 380 15.05 5719 {5424.55| 294.44 s26.08 | 2008.67
G4 180 2848 | 512748 |3605.16|1522.31 | ) G4 180 21.36 | 3845.16 | 3605.16 [ 239.99 ] ]
G5} 170 2848 | 4842.62 | 3415.79 | 1426.82 000 | 000 G5 0 21.36 0 0 0 000 | 000

G6 | 1629 | 2808 | 457537 |4444.22| 131.14
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