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Sarawut Paspantong 2014: Power Generation Allocation Considering System
Congestion in Mixed Electricity Markets with Pool and Bilateral/Multilateral Contracts
using Group Curtailment Bids. Master of Engineering (Electrical Engineering), Major
Field: Electrical Engineering, Department of Electrical Engineering. Thesis Advisor:

Assistant Professor Parnjit Damrongkulkamjorn, Ph.D. 86 pages.

This thesis proposes the study of congestion management in energy transactions with
bilateral and multilateral contracts in electricity market. The bilateral transactions include the
firm bilateral and nonfirm bilateral contracts. The study applies the concept of optimal power
flow in order to optimally dispatch power generations. When there are transmission congestions
in the system resulting in the shortage of power generation in bilateral or multilateral contracts,
the independent system operator (ISO) uses the non-curtailment bids for bilateral contracts and
group curtailment bids for multilateral contracts to curtail the contract. The participants in
multilateral contracts must offer higher bids than the participants in the firm bilateral contracts
in order to receive the full amount of power generation on the contract. If the contract is
curtailed, the shortage power generation is compensated by the purchase from the pool.

Therefore the demand at each and every bus in the system is satisfied without being shed.

The algorithm is written in MATLAB in order to illustrate the study of bilateral and

multilateral transactions of the modified IEEE 14 bus system.
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min

Generator Pg . a b c
Bus MW) MW)
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2 90 20 0.025 30 0
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8 50 10 0.032 32 0
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O JU p Q S P Q S P Q S S
(MW) (MVar) (MVA) MW) (MVar) (MVA) MW) (MVar) (MVA) (MVA)

1 2 75.00 0.21 75.00 75.00 0.21 75.00 74.99 -1.21 75.00 75
1 5 36.57 6.18 37.09 36.58 6.13 37.09 4428 7.37 44 .89 75
2 3 36.74 -5.98 37.22 36.74 -6.01 37.23 41.67 -5.42 42.02 75
2 4 29.69 4.28 30.00 29.70 4.22 30.00 39.70 4.88 40.00 75
2 5 20.70 3.15 20.94 20.70 3.09 20.93 30.41 3.95 30.67 75
3 4 -8.07 15.49 17.47 -8.06 15.46 17.43 -3.30 15.35 15.70 75
4 5 -38.32 -3.63 38.49 -38.35 -3.58 38.52 -39.93 -2.18 39.99 75
4 7 4.16 18.54 19.00 4.20 18.42 18.89 15.91 16.85 23.17 60
4 9 7.31 9.21 11.76 7.32 9.18 11.74 11.59 8.84 14.58 60
5 6 10.25 4.36 11.14 10.23 4.32 11.10 25.47 5.60 26.08 60
6 11 12.81 7.95 15.08 12.82 7.93 15.07 10.27 7.87 12.94 30
6 12 8.64 2.99 9.14 8.64 2.99 9.14 8.31 3.03 8.85 30
6 13 20.69 9.61 22.81 20.70 9.60 22.82 19.38 9.54 21.60 30
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O 5 p Q S P Q S P Q S S
(MW) (MVar) (MVA) MW) (MVar) (MVA) MW) (MVar) (MVA) (MVA)

7 8 -23.88 7.15 2493 -23.82 6.97 24 .82 -11.88 4.47 12.69 30
7 9 28.04 10.66 30.00 28.02 10.72 30.00 27.80 11.28 30.00 30
9 10 0.00 0.32 0.32 -0.01 0.34 0.34 2.45 0.22 2.46 30
9 14 5.85 1.16 5.96 5.84 1.18 5.96 7.44 1.09 7.52 30
10 11 -9.00 -5.48 10.54 -9.01 -5.46 10.54 -6.55 -5.58 8.60 30
12 13 2.44 1.18 2.71 2.44 1.18 2.71 2.11 1.23 2.44 30
13 14 9.28 4.32 10.24 9.29 4.30 10.24 7.68 4.36 8.83 30
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System MVA base = 100 MVA

ms1eWuni 01 doyansessuia i luszuusiass IEEE 14 17d

76

Bus Pg Qg Qmax Qmin Vg mBase Status Pmax Pmin
1 2324 -169 60 -50 1.05 100 | 120 50
2 40 424 50 -40 1.045 100 1 90 20
3 0 23.4 40 0 1.01 100 1 50 10
6 0 12.2 24 -6 1.00 100 /| 50 10
8 0 17.4 24 -6 1.02 100 1 60 10
mseenii n2 feya1lFsveaniosuiiallihluszuusiaea EEE 14 1
Bus Startup ~ Shutdown a b c
1 0 0 0.020 20 0
2 0 0 0.025 30 0
3 0 0 0.030 30 0
6 0 0 0.025 35 0
8 0 0 0.032 32 0
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Bus Type Pd Qd Gs Bs Area Vm Va  BaseKv Zone Vmax Vmin
1 3 0 0 0 0 1 1.05 0 0 1 1.05  0.95
2 2 2170 1270 0 O 1 1.04 -4.98 0 1 1.05  0.95
3 2 9420 19 0 0 1 .01 -12.72 0 1 1.05  0.95
4 1 4780 -390 0 O 1 1.02 -10.33 0 1 1.05  0.95
5 1 760 160 0 O 1 1.02 -8.78 0 1 1.05  0.95
6 2 1120 750 0 O 1 1.00 -14.22 0 1 1.05  0.95
7 1 0 0 0 o 1 1.02  -13.37 0 1 1.05  0.95
8 2 0 0 0 o0 1 1.02 -13.36 0 1 1.05  0.95
9 1 29.50 16,60 0 19 1 1.03  -14.94 0 1 1.05 095
10 1 9 580 0 O 1 1.04 -15.10 0 1 1.05  0.95
11 1 350 180 0 O 1 1.01  -14.79 0 1 1.05  0.95
12 1 6.10 160 0 O 1 1.01  -15.07 0 1 1.05  0.95
13 1 13.50 580 0 0 1 1.02 -15.16 0 1 1.05  0.95
14 1 14.90 5 0 0 1 1.03  -16.04 0 1 1.05  0.95
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From To T X b Rate Rate Rate Ratio Angle Status
Bus Bus A B C
1 2 0.01938 0.05917 0.0528 75 75 75 0 0 1
1 5 0.05403 0.22304 0.0492 75 75 75 0 0 1
2 3 0.04699 0.19797 0.0438 75 75 75 0 0 1
2 4 0.05811 0.17632 0.0340 75 75 75 0 0 1
2 5 0.05695 0.17388 0.0346 75 75 75 0 0 1
3 4 0.06701 0.17103 0.0128 75 75 75 0 0 1
4 5 0.01335 0.04211 0 75 75 75 0 0 1
4 7 0 0.20912 0 60 60 60 0.978 0 1
4 9 0 0.55618 0 60 60 60 0.969 0 1
5 6 0 0.25202 0 60 60 60 0.932 0 1
6 11 0.09498 0.19890 0 30 30 30 0 0 1
6 12 0.12291 0.25581 0 30 30 30 0 0 1
6 13 0.06615 0.13027 0 30 30 30 0 0 1
7 8 0 0.17615 0 30 30 30 0 0 1
7 9 0 0.11001 0 30 30 30 0 0 1
9 10 0.03181 0.08450 0 30 30 30 0 0 1
9 14 0.12711 0.27038 0 30 30 30 0 0 1
10 11 0.08205 0.19207 0 30 30 30 0 0 1
12 13 0.22092 0.19988 0 30 30 30 0 0 1
13 14 0.17093 0.34802 0 30 30 30 0 0 1
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Bus Voltage Generation Load Lambda

($/MVA-hr)

Mag(pu) Ang(deg) P (MW) QMVAr) PMW) Q(MVAr) P Q
1 1.0500 0.00 111.57 0.76 Z - 24.463  0.000
2 1.0369 -2.33 34.82 8.08 21.70 12.70 31.741 -31.741
3 1.0342 -6.37 50.00 40.00 94.20 19.00 35316 -35.316
4 1.0141 -5.05 - ¢ 47.80 -3.90 37.193 -37.193
5 1.0208 -4.19 F = 7.60 1.60 34.870 -34.870
6 1.0103 -5.62 43.10 24.00 11.20 7.50 37.155 -37.155
7 0.9759 -5.56 - = = = 33.526  0.000
8 0.9640 -2.99 23.88 -6.00 - - 33.528 0.000
9 0.9644 -7.43 S C 29.50 16.60  42.197 -42.197
10 0.9641 -7.43 5 = 9.00 5.80 41.628 -41.628
11 0.9828 -6.65 = = 3.50 1.80 39.572 -39.572
12 0.9924 -6.67 - S 6.10 1.60 38.215 -38.215
13 0.9846 -6.81 3 = 13.50 5.80 38.820 -38.820
14 0.9536 -8.33 - - 14.90 5.00 41.863 -41.863

Total 263.37  66.84 259.00 73.50
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Brnch  From To From  Injection ToBus Injection Loss (I'2 * Z)

# Bus Bus Bus

PIMW) Q(MVAr) P(MMW) Q(MVAr) PMW) Q(MVAr)

1 1 2 75.00 0.21 -74.01 2.81 0.99 3.02
2 1 5 36.57 6.18 -35.90 -3.39 0.67 2.78
3 2 3 36.74 -5.98 -36.13 8.53 0.61 2.55
4 2 4 29.69 4.28 -29.21 -2.81 0.49 1.48
5 2 5 20.70 3.15 -20.47 -2.44 0.23 0.71
6 3 4 -8.07 15.49 8.26 -15.01 0.19 0.49
7 4 5 -38.32 -3.63 38.52 4.24 0.19 0.61
8 4 7 4.16 18.54 -4.16 -17.81 0.00 0.73
9 4 9 7.31 9.21 -7.31 -8.46 0.00 0.75
10 5 6 10.25 4.36 -10.25 -4.06 0.00 0.30
11 6 11 12.81 7.95 -12.60 -7.51 0.21 0.44
12 6 12 8.64 2.99 -8.54 -2.78 0.10 0.21
13 6 13 20.69 9.61 -20.36 -8.95 0.34 0.66
14 7 8 -23.88 7.15 23.88 -6.00 0.00 1.15
15 7 9 28.04 10.66 -28.04 -9.62 0.00 1.04
16 9 10 0.00 0.32 0.00 -0.32 0.00 0.00
17 9 14 5.85 1.16 -5.80 -1.06 0.05 0.10
18 10 11 -9.00 -5.48 9.10 5.71 0.10 0.23
19 12 13 2.44 1.18 -2.43 -1.17 0.02 0.01
20 13 14 9.28 4.32 -9.10 -3.94 0.18 0.38

4.368 17.64
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i
Bus Voltage Generation Load Lambda

($/MVA-hr)

Mag(pu) Ang(deg) P (MW) QMVAr) PMW) Q(MVAr) P Q
1 1.0500 0.00 111.58 0.72 - - 23.163  0.000
2 1.0369 -2.33 34.83 7.92 21.70 12.70 31.742  -31.742
3 1.0343 -6.37 50.00 40.00 94.20 19.00 35368 35.368
4 1.0142 -5.05 - v 47.80 -3.90 -37.290  37.290
5 1.0209 -4.19 - = 7.60 1.60 34771 -34.771
6 1.0105 -5.62 43.14 24.00 11.20 7.50 37.157 -37.157
7 0.9763 -5.56 - = = - 33.524  0.000
8 0.9647 -3.01 23.82 -5.83 - 7 33.524  0.000
9 0.9647 -7.44 G = 29.50 16.60 42.349 -42.349
10 0.9644 -7.43 3 = 9.00 5.80 41.755 -41.755
11 0.9830 -6.66 = = 3.50 1.80 39.638 -39.638
12 0.9926 -6.67 = - 6.10 1.60 38.232  -38.232
13 0.9848 -6.81 ™ = 13.50 5.80 38.848 -38.848
14 0.9538 -8.33 - - 14.90 5.00 41.968 -41.968

Total 263.37 66.81 259.00 73.50
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Brnch  From To From  Injection ToBus Injection Loss (I'2 * Z)

# Bus Bus Bus

PIMW) Q(MVAr) P(MMW) Q(MVAr) PMW) Q(MVAr)

1 1 2 75.00 0.21 -74.01 2.81 0.99 3.02
2 1 5 36.58 6.13 -35.90 -3.35 0.67 2.78
3 2 3 36.74 -6.01 -36.14 8.57 0.61 2.55
4 2 4 29.70 4.22 -29.22 -2.74 0.49 1.48
5 2 5 20.70 3.09 -20.47 -2.38 0.23 0.71
6 3 4 -8.06 15.46 8.26 -14.98 0.19 0.49
7 4 5 -38.35 -3.58 38.55 4.18 0.19 0.61
8 4 7 4.20 18.42 -4.20 -17.70 0.00 0.73
9 4 9 7.32 9.18 -7.32 -8.44 0.00 0.75
10 5 6 10.23 4.32 -10.23 -4.02 0.00 0.30
11 6 11 12.82 7.93 -12.61 -7.49 0.21 0.44
12 6 12 8.64 2.99 -8.54 -2.78 0.10 0.21
13 6 13 20.70 9.60 -20.36 -8.94 0.34 0.66
14 7 8 -23.82 6.97 23.82 -5.83 0.00 1.14
15 7 9 28.02 10.72 -28.02 -9.69 0.00 1.04
16 9 10 -0.01 0.34 0.01 -0.34 0.00 0.00
17 9 14 5.84 1.18 -5.80 -1.07 0.05 0.10
18 10 11 -9.01 -5.46 9.11 5.69 0.10 0.23
19 12 13 2.44 1.18 -2.43 -1.16 0.02 0.01
20 13 14 9.29 4.30 -9.10 -3.93 0.18 0.38

4.367 17.62
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i3
Bus Voltage Generation Load Lambda

($/MVA-hr)

Mag(pu) Ang(deg) P (MW) QMVAr) PMW) Q(MVAr) P Q
1 1.0500 0.00 119.27 0.54 - - 24371  0.000
2 1.0377 -2.35 59.48 11.44 21.70 12.70 32974 -32.974
3 1.0324 -6.90 50.00 40.00 94.20 19.00 35.121  35.121
4 1.0093 -6.02 - ¢ 47.80 -3.90 -35.789  35.789
5 1.0156 -5.10 7 = 7.60 1.60 34.146 -34.146
6 1.0037 -8.71 23.70 24.00 11.20 7.50 36.185 35.685
7 0.9749 -7.96 - = = - 32.761  0.000
8 0.9671 -6.69 11.88 -4.17 - g 32.761  0.000
9 0.9627 -9.83 C C 29.50 16.60 40.118 -40.118
10 0.9617 -9.95 3 = 9.00 5.80 39.730  -39.730
11 0.9785 -9.47 = = 3.50 1.80 38.130 -38.130
12 0.9859 -9.72 > S 6.10 1.60 37.186 -37.186
13 0.9787 -9.81 S = 13.50 5.80 -37.728  37.728
14 0.9500 -11.00 - - 14.90 5.00 -40.390  40.390

Total 264.33 71.81 259.00  73.50




85

m1auIni ve Mad i lvaluaedvesszuunaae IEEE 14 17d n3fiN 3

Brnch  From To From  Injection ToBus Injection Loss (I'2 * Z)

# Bus Bus Bus

PIMW) Q(MVAr) P(MMW) Q(MVAr) PMW) Q(MVAr)

1 1 2 74.99 -1.21 -74.00 4.22 0.99 3.02
2 1 5 44.28 7.37 -43.29 -3.29 0.99 4.08
3 2 3 41.67 -5.42 -40.90 8.66 0.77 3.25
4 2 4 39.70 4.88 -38.84 -2.26 0.86 2.62
5 2 5 30.41 3.95 -29.91 -2.43 0.50 1.52
6 3 4 -3.30 15.35 3.45 -14.96 0.16 0.40
7 4 5 -39.93 -2.18 40.14 2.84 0.21 0.66
8 4 7 15.91 16.85 -15.91 -15.75 0.00 1.10
9 4 9 11.59 8.84 -11.59 -7.68 0.00 1.16
10 5 6 25.47 5.60 -25.47 -3.94 0.00 1.66
11 6 11 10.27 7.87 -10.11 -7.54 0.16 0.33
12 6 12 8.31 3.03 -8.21 -2.83 0.10 0.20
13 6 13 19.38 9.54 -19.08 -8.94 0.31 0.60
14 7 8 -11.88 4.47 11.88 -4.17 0.00 0.30
15 7 9 27.80 11.28 -27.80 -10.24 0.00 1.04
16 9 10 245 0.22 -2.45 -0.22 0.00 0.01
17 9 14 7.44 1.09 -7.36 -0.93 0.08 0.16
18 10 11 -6.55 -5.58 6.61 5.74 0.07 0.15
19 12 13 2.11 1.23 -2.10 -1.22 0.01 0.01
20 13 14 7.68 4.36 -7.54 -4.07 0.14 0.28

5.330 22.55
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