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Narongsak Ruangchom 2008: Evaluations of Bilateral Transactions in Electricity
Markets in Aspects of Optimal Dispatch and Transmission Pricing. Master of
Engineering (Electrical Engineering), Major Field: Electrical Engineering, Department
of Electrical Engineering. Thesis Advisor: Miss Parnjit Damrongkulkamjorn, Ph.D.

51 pages.

This thesis studies bilateral transactions in electricity markets in aspects of optimal
dispatch, system flow and transmission pricing using optimal power flow. The study also
introduces the evaluation of transmission pricing for all market participants by using nodal
prices. The study is done by using MATLAB program called MATPOWER with additional
codes for calculating bilateral transactions on a 30-bus system. Optimal power flow is applied
to the test system in 3 different cases. The first case study is the system with no bilateral
transaction; generators and loads sell and buy power through power pool. The second case is
when the system has one bilateral transaction; load at bus 2 buys all its required power from
generator at bus 2. The last case is when the system has several bilateral transactions; loads at
buses 2, 7 and 8 buy power from generator at bus 2. Using the optimal power flow results,
transmission costs, generator revenues and load expenditures in both bilateral and nonbilateral

cases are then calculated and compared.

The results from the 30-bus test system show that bilateral transactions could have
significant effects on system flow and nodal prices, causing transmission costs to change. The
study also concludes that transmission pricing, if applied properly to all market participants,
could be an effective tool for the system operator to regulate the use of transmission grids

effectively.
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e n58l 1 N6 2 N5 3
P/ P/ P/ P/ 17 P/
2 21.7 0 0 21.7 0 21.7
3 2.4 0 2.4 0 2.4 0
4 7.6 0 7.6 0 7.6 0
7 22.8 0 22.8 0 0 22.8
8 30.0 0 30.0 0 15.0 15.0
10 5.8 0 5.8 0 5.8 0
12 11.2 0 11.2 0 11.2 0
14 6.2 0 6.2 0 6.2 0
15 8.2 0 8.2 0 8.2 0
16 3.5 0 3.5 0 35 0
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20 22 0 2.2 0 22 0
21 17.5 0 17.5 0 17.5 0
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3. msImaveamadlnihluaeas

A X A o XA o v
IUBIVNNITHOVIYLUUUNINIA L‘]Juﬂ"liclf’f)ﬂ‘]Jl%j‘N

[

v

)

9
Y

ANUHUNIT

Tviaveq

29

o Y 1 d' d' (% 9] 2K A d' o w a d' [y 1 Y [
ﬂ1ﬁﬂ1ﬂﬂﬂuﬁ1ﬂﬁﬁ1ﬂl%@iﬂﬂﬂﬂﬁ 2 WIMsasuuasmumaimsHann e 2 0819TAY A

d' d' = = [ = 1 o w 9 d' ] Y] g’u =l d'
uaﬂﬂu@nﬁm 6 mauﬁaumaumm 2 NUNTU 1 W‘U’ZﬂﬂWﬁQMlW‘V\hﬂMl‘I’iaNWH‘Uﬁ 2 HUUAN

Y @ U = o w 9 A @ A dy A Y a A o 9 a
Glﬂﬁlﬂﬁl\iﬂu AIUNTU 3 ﬂ'lﬁ\iUlV\IV\hﬂUlWﬁ’E)’f)ﬂ%'lﬂ‘Uﬁ 2 INNVUUDINARAAN DT 2 AIOINAH

9|

o w dij A 9 U Y v dy ~ dy 19 9
mm"l%h/\hmﬂeuu I,‘IN’E)Gl,ﬁﬁulﬁﬂiﬂilcl‘l’iﬂ‘]Jﬂﬁ“h”E)"lﬂfJuE]ﬂGlaWﬂﬂaN Gﬂllﬂﬁﬂﬁ\i“h"é)slﬂﬁlﬂukl’ll

v
a9

Tunsaildguaszuuaes

mas v

Y

M990 6 maalninlvalueeda

v A& ' ' = 9) Y
Ulﬂaﬁl,uﬁ']flﬁ\nwm"llu ﬁ\iNaﬂiZﬂU@f]!ﬁﬂﬂiﬂ’]Wﬂ’]\illV\IV\h"U@\?5$‘U‘Ul‘lﬂ

a 4 ~ 1 oA A 19 @ A Y (9 q Y
AUATIEHNANITNTENUADFWIAINBDUN VU 2 !Wf]‘]JfNﬂuthGlﬂ

a nsal 1 n5al 2 n5al 3
e 5u P Q S P Q S P Q S
(MW) (MVAr) (MVA) | (MW) (MVAr) (MVA) | (MW) (MVAr) (MVA)
1 2 21.04 -2.34 21.17 | 21.04 -2.34 21.17 | 19.28 -2.49 19.43
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(MW) (MVAr)  (MVA) (MW)  (MVAr) (MVA) | (MW) (MVAr) (MVA)
13 12 ] 16.20 3592 39.41 16.20 3592 3941 | 1533 3990 42.74
12 14| 4.68 2.08 5.12 4.68 2.08 5.12 4.76 2.16 5.23
12 15| 6.07 3.18 6.85 6.07 3.18 6.85 6.32 3.52 7.23
12 16 | 5.31 5.04 7.32 5.31 5.04 7.32 5.27 5.70 7.76
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16 17| 1.76 3.14 3.60 1.76 3.14 3.60 1.72 3.78 4.15
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22 10| 5.13 8.54 9.96 5.13 8.54 9.96 4.93 8.79 10.08
22 21 |22.07 23.07 31.93 22.07 23.07 3193 |21.73 2349 32.00
23 15 |11.04 296 11.43 11.04 2.96 1143 | 10.65 2.94 11.05
24 22| 449 2.54 5.16 4.49 2.54 5.16 4.30 -2.02 4.75
23 24| 2.03 2.39 3.13 2.03 2.39 3.13 1.87 2.82 3.38
25 24| 1141 2.61 11.62 11.41 2.61 11.62 | 11.38  2.26 11.60
25 26| 3.54 2.36 4.26 3.54 2.36 4.26 3.54 2.36 4.25
27 251520 4.99 16.00 15.20 4.99 16.00 | 15.17  5.09 16.00
27 28 | 1145 2348 26.12 11.45 2348  26.12 | 10.67 24.64 26.85
27 29| 6.16 1.65 6.37 6.16 1.65 6.37 6.16 1.65 6.37
27 30| 7.10 1.63 7.29 7.10 1.63 7.29 7.10 1.63 7.29
29 30| 3.68 0.60 3.73 3.68 0.60 3.73 3.68 0.60 3.73
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M3199 6 (AD)

e Aol 1 A3l 2 A9l 3

a9 5y P Q S P Q S p Q S
(MW)  (MVAr) (MVA) | (MW) (MVAr) (MVA) | (MW) (MVAr) (MVA)

28 8 | 6.36 7.41 11.03 6.36 7.41 11.03 | 6.20 7.62 9.82

28 6 | 5.09 13.68 15.35 509 13.68 1535 | 448 1450 15.17
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6. 91m1nA19 (Market Clearing Prices)
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8. 51N & (Nodal Prices)
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1d
nsgl 1 N6l 2 N30l 3
1 3.662 3.662 3.606
2 3.689 3.689 3.630
3 3.754 3.754 3.700
4 3.771 3.771 3.716
5 3.744 3.744 3.686
6 3.779 3.779 3.723
7 3.801 3.801 3.744
8 5.382 5.382 5.740
9 3.823 3.823 3.777
10 3.846 3.846 3.806
11 3.823 3.823 3.777
12 3.810 3.810 3.766
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510178 ($/MWh)

e

nal 1 N5l 2 nol 3
18 3911 3911 3.872
19 3.926 3.926 3.886
20 3.910 3.910 3.870
21 3.854 3.854 3.825
22 3.843 3.843 3.798
23 3.813 3.813 3.786
24 3.884 3.884 3.867
25 3.932 3.932 3.970
26 3.999 3.999 4.038
27 3.916 3.916 3.902
28 4.106 4.106 4.139
29 3.966 3.966 3.948
30 4.051 4.051 4.034




36

9. AMANYAIVBINITZUY (Total Transmission Costs: TTC)
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M519h 14 Aaodavognan ($/h)

va nyal 1 nyal 2 nyal 3
TC! TC’ TC’ C! TC! C!
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2 9.403 0 5720 3.683 0 12.43
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v v y A
11. AAYAIVIIN YO

1 9 1 9}&' G d‘ = o [
ﬂﬂ%ﬁ'”lf]ﬁﬁﬂl@ﬂ@f]fﬂﬁiﬂiﬂaﬂ uaed lua1s 19N 15 IMsAIUIMATaNMS 21)-(25)

1 v 9
FANUMIUENNURNIZNIANTMIFoUVUNING drsunsal 2 a1 lFaeaedinedauniny

P
A &

v ~ [ U v @ <3 ' d o {
ﬂi‘fil 1 9IUNTNU 3 W‘]J'Nﬂﬁﬂﬂﬁ\ﬁd\lﬂnw%sllunﬂ‘ﬂﬁ !Lﬁﬂ\‘iGl,ﬁjlﬂH'J'llﬁfliﬁaﬂﬂ'lﬂWict]ﬁff]"U'lﬂu@ﬂ
[ ~ g’a Yo w 9 A a 9 1 v 1 ds@} =
AN 100% ﬂ\‘lﬁluﬂ‘im 3 uuiwllﬂﬂWﬁ\?hl’l/\l’I/\l'l‘i/]iJiWﬂWQﬂ%i\i UANDINYATIYTININUYU B
o Qlﬂldy o w Y d'dy [ g}; 1 9 1 Ao
mwﬂmynmnauaﬂ@amﬂmmﬂmm"lwwmcumnﬂm ﬂ\3uuﬂ'lalﬂfﬁ'lflﬁﬂﬂﬂ'luﬂmﬂ'lﬂ‘i'lﬂW
Ao K d Ay o MY 1o a a 9 o o
N ’ﬁi]\i!ﬂuﬂﬁulﬂﬂﬁﬂllaigﬂﬂﬁ1m1iﬂu1h11%1ﬂ@EJN?J‘]J‘igﬁ‘V]‘ﬁﬂWW NI NUAUUAYUNIT

asmunngsauldaedsiig

v ¥
M5190 15 Aa10dvodFo ($/h)
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e nsal 1 N30 2 N3 3
TC’ TC' TC’ TC' TC’ TC'

10 0.999 0 0.999 0 1.230 0
12 1.930 0 1.930 0 2.376 0
14 1.068 0 1.068 0 1.315 0
15 1.413 0 1.413 0 1.739 0
16 0.603 0 0.603 0 0.742 0
17 1.551 0 1.551 0 1.909 0
18 0.551 0 0.551 0 0.679 0
19 1.637 0 1.637 0 2.015 0
20 0.379 0 0.379 0 0.467 0
21 3.015 0 3.015 0 3.712 0
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24 1.499 0 1.499 0 1.846 0
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30 1.826 0 1.826 0 2.249 0
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System MVA base = 100 MVA

M5rIndi 1 Joyansosduia lihluszuusiaes EEE 30 1w
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Bus Pg Qg Qmax  Qmin Vg mBase Status Pmax  Pmin
1 23.54 0 150 -20 1 100 1 80 0
2 60.97 0 60 -20 1 100 1 80 0

22 21.59 0 62.5 -15 1 100 1 50 0
27 26.91 0 48.7 -15 1 100 1 55 0
23 19.2 0 40 -10 1 100 1 30 0
13 37 0 44.7 -15 1 100 1 40 0
msawuandi 2 Jeyadrldeveuntesiuiialulihlusiaes EEE 30 1
Bus Startup Shutdown n a b c
1 0 0 3 0.02 2 0
b 0 0 3 0.0175 1.75 0
2 0 0 3 0.0625 1 0
23 0 0 3 0.00384 3.25 0
27 0 0 3 0.025 3 0
13 0 0 3 0.025 3 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 0 135 1 1.05 095
2 2 217 127 0 0 1 1 0 135 1 1.1 0.95
3 1 24 12 0 0 1 1 0 135 1 1.05 095
4 1 76 16 0 0 1 1 0 135 1 1.05 095
5 1 0 0 0 0.19 1 1 0 135 1 1.05 095
6 1 0 0 0 0 1 1 0 135 1 1.05 095
7 1 228 109 0 0 1 1 0 135 1 1.05 095
8 1 30 30 0 0 1 1 0 135 1 1.05 095
9 1 0 0 0 0 1 1 0 135 1 1.05 095
10 1 5.8 2 0 0 3 1 0 135 1 1.05 095
11 1 0 0 0 0 1 1 0 135 1 1.05 095
12 1 11.2 7.5 0 0 2 1 0 135 1 1.05 095
13 2 0 0 0 0 2 1 0 135 1 1.1 0.95
14 1 62 16 0 0 2 1 0 135 1 1.05 095
15 1 82 25 0 0 2 1 0 135 1 1.05 095
16 1 35 18 0 0 2 1 0 135 1 1.05 095
17 1 9 58 0 0 2 1 0 135 1 1.05 095
18 1 32 09 O 0 2 1 0 135 1 1.05 095
19 1 95 34 0 0 2 1 0 135 1 1.05 095
20 1 22 07 0 0 2 1 0 135 1 1.05 095
21 1 175 112 0 0 3 1 0 135 1 1.05 095
22 2 0 0 0 0 3 1 0 135 1 1.1 0.95
23 2 32 16 O 0 2 1 0 135 1 1.1 0.95
24 1 87 67 0 004 3 1 0 135 1 1.05 095
25 1 0 0 0 0 3 1 0 135 1 1.05 095
26 1 35 23 0 0 3 1 0 135 1 1.05 095
27 2 0 0 0 0 3 1 0 135 1 1.1 0.95
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Bus Type Pd Qd Gs Bs Area Vm Va BasekV Zone Vmax Vmin
28 1 0 0 0 0 3 1 0 135 1 1.05  0.95
29 1 24 09 0 0 3 1 0 135 1 1.05  0.95
30 1 106 19 0 0 3 1 0 135 1 1.05  0.95
MmN 4 doyamodaluszuusiaes IEEE 30 1

From To T X b Rate  Rate  Rate Ratio Angle Status
Bus Bus A B C

1 2 0.02 0.06 0.03 130 130 130 0 0 1

1 3 0.05 0.19 0.02 130 130 130 0 0 1

2 4 0.06 0.17 0.02 65 65 65 0 0 1

3 4 0.01 0.04 0 130 130 130 0 0 1

2 5 0.05 0.2 0.02 130 130 130 0 0 1

2 6 0.06 0.18 0.02 65 65 65 0 0 1

4 6 0.01 0.04 0 90 90 90 0 0 1

5 7 0.05 0.12 0.01 70 70 70 0 0 1

6 7 0.03 0.08 0.01 130 130 130 0 0 1

6 8 0.01 0.04 0 32 32 32 0 0 1

6 9 0 0.21 0 65 65 65 0 0 1

6 10 0 0.56 0 32 32 32 0 0 1

9 11 0 0.21 0 65 65 65 0 0 1

9 10 0 0.11 0 65 65 65 0 0 1

4 12 0 0.26 0 65 65 65 0 0 1

12 13 0 0.14 0 65 65 65 0 0 1

12 14 0.12  0.26 0 32 32 32 0 0 1

12 15 0.07  0.13 0 32 32 32 0 0 1
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From To T X b Rate Rate  Rate Ratio Angle Status
Bus Bus A B C

12 16 0.09 0.2 0 32 32 32 0 0 1
14 15 0.22 0.2 0 16 16 16 0 0 1
16 17 0.08 0.19 0 16 16 16 0 0 1
15 18 0.11 0.22 0 16 16 16 0 0 1
18 19 0.06  0.13 0 16 16 16 0 0 1
19 20 0.03 0.07 0 32 32 32 0 0 1
10 20 0.09 0.21 0 32 32 32 0 0 1
10 17 0.03 0.08 0 32 32 32 0 0 1
10 21 0.03 0.07 0 32 32 32 0 0 1
10 22 0.07 015 0 32 32 32 0 0 1
21 22 0.01 0.02 0 32 32 32 0 0 1
15 23 0.1 0.2 0 16 16 16 0 0 1
22 24 0.12  0.18 0 16 16 16 0 0 1
23 24 0.13 0.27 0 16 16 16 0 0 1
24 25 0.19  0.33 0 16 16 16 0 0 1
25 26 025 0.38 0 16 16 16 0 0 1
25 27 0.11 0.21 0 16 16 16 0 0 1
28 27 0 0.42 0 65 65 65 0 0 1
27 29 022 042 0 16 16 16 0 0 |
27 30 0.32 0.6 0 16 16 16 0 0 1
29 30 024 045 0 16 16 16 0 0 1
8 28 0.06 0.2 0.02 32 32 32 0 0 1
6 28 0.02 0.06 0.01 32 32 32 0 0 1
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