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ABSTRACT

This paper proposes a coordinated constrained optimal power dispatch (CCOPD) algorithm
for bilateral contract market (BCM) with curtailment bids, balancing electricity market (BM) and
ancillary services market (ASM). The CCOPD problem is decomposed into social welfare maximization
subproblem which is solved by the mixed-integer linear programming (MILP) and real power loss
minimization subproblem which is solved by the linear programming (LP). The social welfare
maximization subproblem and the real power loss maximization subproblem are solved iteratively.
The proposed CCOPD algorithm maximizes the overall social welfare of BCM, BM and ASM
simultaneously subject to power balance, ancillary services requirements and line flow constraints.
The CCOPD algorithm is tested on the modified IEEE 30 bus system with six generation companies
(PowerGens) submitting curtailment bids in BCM, and offers to sell electricity and ancillary services
in BM and ASM, respectively. The social welfare of the CCOPD is shown to be higher than constrained
optimal power dispatch without coordination among BCM, BM and ASM.

1. INTRODUCTION

So far, the Energy Policy and Planning Office of Thailand (EPPO) had proposed to restructure
the Thai electricity supply industry using the New Electricity Supply Arrangement (NESA) [1]. Under
NESA, most of power purchase transactions are in the form of bilateral agreements whereas a small
power exchange (PX) will be used as a system balancing mechanism. The proposed NESA structure is
shown in Fig. 1.

The Electricity Generating Authority of Thailand (EGAT), who currently owns and operates
most of power station and transmission grid in Thailand, will be unbundled into GridCo and three
generation companies (PowerGens). NESA encourages PowerGens and IPPs to compete in selling
electricity to the retailers and large consumers through bilateral contracts instead of power pool in the
earlier recommended ESI structure [2]. The regulated GridCo owns and operates the high voltage
transmission system under the instruction of independent system operator (ISO). In distribution level,
the Metropolitan Electricity Authority (MEA) in Bangkok and vicinity and Provincial Electricity Authority
(PEA) in the rest of Thailand, who own and operate the low voltage distribution grids, will be formed as
the regulated electricity delivery company (REDCo). Each REDCo, which combines the distribution
company (DisCo) and supply company (SupplyCo), delivers and sells electricity to consumers. DisCo
owns and operates the low voltage distribution system whereas SupplyCo sells the electricity to the
captive consumers. Additionally, commercial retail companies (RetailCos) compete in selling electricity
to non-captive consumers. The imbalances between contractual and physical electricity consumptionin
real time are handled by a balancing mechanism in balancing market (BM).
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Curtailment Bid From 
Bus 

(Gen) 

To 
Bus 

(Load) 

Quantity 
(MW) Price 

($/MW) 
Quantity 
(MW) 

Contract with dispatchable load 
11 3 2 4.12 0.2 
5 30 10 5.13 1.1 
5 8 27 5.15 3.0 
13 15 7 5.17 0.8 
5 4 8 6.20 0.8 
2 12 10 7.11 1.1 
2 5 18 8.11 1.0 
13 24 8 8.15 0.9 
5 5 22 8.19 2.4 
8 5 27 8.19 3.0 
13 5 9 9.17 0.8 
2 19 9 10.11 1.0 
11 16 4 10.16 0.4 
11 23 3 11.11 0.3 

Contract with non-dispatchable load 
11 7 20 4.00 2.3 
5 14 6 5.21 0.6 
13 29 2 8.17 0.2 
2 21 16 9.92 1.8 
13 17 8 10.19 0.9 
1 26 4 10.70 0.4 

Contract with non-dispatchable load 
13 20 2 12.15 0.2 
1 10 5 12.29 0.6 
1 18 3 12.78 0.3 
1 2 20 13.67 2.2 
1 5 8 13.67 1.2 
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Gen 
Bus 

From 
MW 

To 
MW 

Offered Prices 
($/MWh) 

0 5 9.00 1 

5 15 15.40 

0 10 8.05 2 

10 18 20.25 

0 10 7.46 5 

10 15 20.20 

0 10 7.05 8 

10 15 20.00 

0 10 6.25 11 

10 15 15.50 

0 10 10.23 13 

10 18 20.50 
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Load 
Bus 

From 
MW 

To 
MW 

Bid 
Prices 

($/MWh) 
0 5 17.60 2 
5 10 7.55 
0 2 17.50 3 
2 4 6.50 
0 5 17.50 4 
5 7 9.50 
0 5 17.25 5 
5 12 8.25 
0 3 17.10 7 
3 6 5.75 
0 8 12.45 8 
8 12 6.00 
0 3 17.50 10 
3 5 8.50 
0 4 16.50 12 
4 8 9.50 
0 3 17.75 14 
3 5 7.00 
0 2 16.00 15 
2 4 7.45 

 

Load 
Bus 

From 
MW 

To 
MW 

Bid 
Prices 

($/MWh) 
0 1 17.00 16 
1 2 6.30 
0 2 17.00 17 
2 7 8.00 
0 1 17.15 18 
1 2.5 5.25 
0 1 17.75 19 
1 5 5.75 

20 0 5 17.36 
0 3 17.75 21 
3 8 9.75 
0 1 17.20 23 
1 2.5 7.80 
0 1 17.50 24 
1 5 6.50 
0 1 17.85 26 
1 2.5 8.50 

29 0 2 10.20 
0 2 17.10 30 
2 4 4.27 
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AGC Offer TMSR Offer TMOR Offer Gen 
Bus Price 

($/MW) 
MW Price 

($/MW) 
MW Price 

($/MW) 
MW 

1 6 7 7 8 10 15 

2 7 11 5 12 5 13 

5 6 12 6 8 10 14 

8 8 13 5 10 7 15 

11 9 14 8 12 8 16 

13 7 5 9 12 9 12 
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Electricity Ancillary Services Gen 
Bus BCM 

(MW) 
BM 

(MW) 
AGC 
(MW) 

TMSR 
(MW) 

TMOR 
(MW) 

1 40 5 3.463 0 0 
2 53 10 0 8.085 13 
5 73 10 5.924 0 0 
8 27 10 0 7.56 2.645 
11 29 9.9 0 0 0 
13 36 10 0 0 0 

Total 258 54.9 9.387 15.645 15.645 
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Electricity Ancillary Services Gen 
Bus BCM 

(MW) 
BM 

(MW) 
AGC 
(MW) 

TMSR 
(MW) 

TMOR 
(MW) 

1 40 5.15 3.467 0 0 
2 53 10 0 8.173 13 
5 73 10 5.92 0 0 
8 27 10 0 7.473 2.646 
11 29 9.93 0 0 0 
13 36 10 0 0 0 

Total 258 55.08 9.387 15.646 15.646 
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Electricity Ancillary Services Gen 
Bus BCM 

(MW) 
BM 

(MW) 
AGC 
(MW) 

TMSR 
(MW) 

TMOR 
(MW) 

1 40 5 3.524 0 0 
2 53 10 0 8.289 13 
5 73 10 5.865 0 0 
8 27 10 0 7.36 2.649 
11 28.98 10 0 0 0 
13 36 10 0 0 0 

Total 257.98 55 9.389 15.649 15.649 
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Item 
CEP 

Scheme 

CEASP 
Scheme 
without 
Bilateral 
Contract 

Curtailment 

CEASP 
Scheme 

with 
Bilateral 
Contract 

Curtailment 
Social Welfare in BCM, BM, and ASM ($/h) 238.723 239.100 239.504 
        Social Welfare in BM ($/h) 456.785 457.183 457.712 
        Social Welfare in BM and ASM ($/h) 238.723 239.100 239.589 
        Curtailment Cost in BCM ($/h) 0.000 0.000 0.0844 
Electricity Market Clearing Price in BM ($/MWh) 12.45 11.67 11.67 
Total Power Dispatch (MW) 312.90 312.93 312.98 
       Electricity Market Clearing Quantity in BM (MW) 51.77 51.82 51.90 
       Total Electricity Generation in BCM (MW) 258.00 258.00 257.98 
       Real Power Loss 3.13 3.11 3.10 
Total Payment of ISO ($/h) 905.563 844.964 856.069 
        Payment to PowerGens for Electricity in BM ($/h) 661.501 600.881 611.861 
        Payment to PowerGens for AS in ASM ($/h) 244.061 244.083 244.124 
        Payment for Bilateral Contract Curtailment ($/h) 0.000 0.000 0.0844 
Total Consumer Payment ($/h) 1057.158 1010.444 952.113 
        Payment of Consumer in BM for Electricity in BM ($/h) 665.831 624.790 616.453 
        Payment of Consumer in BM for AS ($/h) 41.715 41.760 41.202 
        Payment of Consumer in BM with Bilateral Contract    
        Curtailment  ($/h) 

0.0000 0.000 0.0844 

        Payment of Consumer in BCM for AS ($/h) 207.528 207.561 204.479 
        Payment of Consumer in BCM for incremental  
        transmission loss  ($/h) 

100.369 94.573 96.045 

ISO Surplus ($/h) 151.595 165.480 96.045 
Average Electricity Price in BM ($/MWh) 13.667 12.863 12.674 
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