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ABSTRACT

Electric supply industries in developing countries have mostly developed as state-owned
monopoly utilities. A typical monopoly utility is responsible for long-term system planning and day-
to-day economic operation of the system.  Financial resources are provided by or guaranteed by the
government.  At a certain stage of economic development, the financial requirement for power
system expansion becomes an impetus for adoption of the scheme of independent power producer
(IPP).  The private sector is encouraged to construct, own and generate power for sale to state-
owned utility under a long-term purchase agreement. This turns the state utility into the single
buyer of electricity. This IPP scheme has worked well and helped alleviate power shortage in many
developing countries. But the growth of the IPPs increases the cost of electricity and constrains
economic operation of power system. Many developing countries have been encouraged to adopted
new competitive ESI structure. This paper illustrates numerically that the IPP scheme in a monopsony
ESI structure increases overall costs of power generation and constrains economic operation. It
introduces a transitional model that can lead to a new ESI structure that encourages wholesale
competition. Development of the model takes into account economic, social, legal and technical
constraints existing in a typical developing country.

1. INTRODUCTION

Ever since its discovery, electricity has been used to provide its service to mankind.  It
provided lighting, other services and amenity, but has also become an essential economic driving
force.  It drives manufacturing industry, commerce, service industry, agriculture, and enhances
development of modern lifestyle.  It has been regarded as a welfare goods to be provided by state, [1].
However, this view has now been eroded by the neo-classical economic theory that competitive
markets are more efficient than government agencies at delivering basic services.  The electric supply
industry (ESI) was among the first sector to be privatized in the United Kingdom.  Economic theory
further teaches that divestiture of state-owned assets would have a flow-on effects of improved
resource allocation, innovation and greater employment opportunities, [2] and [3].

The electric supply industry (ESI) in developing countries in Asia are all undergoing, or are
under pressure to institute, wide-ranging changes.  These come under the pretext of reforms or
restructuring.  The extent of pressure and speed of reform in different countries may differ, but all
involve changing the structure of ESI operating in each country.  Another separate but accompanying
issue is privatization or change of ownership of the organizations of electric supply and delivery from
that of state to private sector.  This issue is equally complex.  In cases where the electric enterprise has
accumulated debts and the state is under pressure to be relieved of financial burden, it is under heavy
pressure to sell off the electric enterprise to raise funds or to relief the burden.  In case the state
enterprise is in sound financial position, management of the enterprise and private sector may be
incensed to open up the sector to private participation.
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Daily load curve
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Types of power plant Total generating capacity (MW) 
Utility 10,046 
Gas-fired thermal  3,134 
Coal-fired thermal (lignite)  2,216 
Gas and steam turbine combined-cycle 4,520 
Gas Turbine 176 
IPPs 11,497 
Gas-fired thermal  1,610 
Coal-fired thermal  1,346 
Gas and steam turbine combined-cycle 8,541 
Grand total 21,543 
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Thermal load for scenario 4
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Thermal load for 4.2 
(bilateral 20%) 

Thermal load for 4.1 
(bilateral 10%) 

Bilateral trading 
(load+self-reserve) 
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Scenario 1: base case All generators are economically dispatched  
Scenario 2: must-run PPA IPPs are operated under the must-run PPA constraint 

only. Contracted capacity is set at 100% installed 
capacity 

Scenario 3: must-run PPA with limited 
load range 

IPPs are operated under PPA constraints: 
1.   virtual must-run 
2.   limited load range 
Guaranteed capacity payment is set at 100% 
installed capacity 

Scenario 4: competitive PPA 
 

Guaranteed capacity payment is set at a fraction of 
installed capacity, with no must-run condition.  
4.1 bilateral trade 10% of capacity 
4.2 bilateral trade 20% of capacity 
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Scenario 
Average per unit energy cost 

($US/kWh) 
1 Base case 0.02895 
2 Must-run PPA 0.02915 
3 Must-run PPA with daily load range 0.02915 

4.1 Transitional model – competitive PPA 
with 10% bilateral trade 

0.02875 

4.2 Transitional model – competitive PPA 
with 20% bilateral trade 

0.0249 
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Gen 
ID(1) 

Plant 
Type(2) 

Fuel 
Type(3) 

Pmin 
(MW) 

Pmax 
(MW) 

Heat Rate 
(MMBTU/hr) 

        a b c 
1 CC G 256 358 -2839.60 7.200 0.0030 
2 CC G 187 307 1.00 7.300 0.0020 
3 CC G 187 307 4.60 7.550 0.0015 
4 T G 240   525.5 354.03 8.800 0.0004 
5 T G 240   526.5 421.20 8.340 0.0008 
6 T G 268 576 531.90 8.500 0.0017 
7 T G 268 576 320.12 9.200 0.0004 
8 GT G 14 176 1.00 12.000 0.0022 
9 T L 150 276 357.23 10.625 0.0043 
10 T L 150 276 1061.23 6.030 0.0105 
11 T L 150 276 571.96 4.410 0.0063 
12 T L 150 276 571.96 4.410 0.0063 
13 T L 90 140 63.23 9.603 0.0011 
14 T L 90 140 63.23 9.603 0.0011 
15 T L 90 140 63.23 9.603 0.0011 
16 T L 90 140 63.23 9.603 0.0011 
17 T L 150 276 1442.04 6.300 0.0066 
18 T L 150 276 618.07 6.300 0.0066 
19 CC G 180 355 864.13 6.000 0.0043 
20 CC G 180 355 449.21 7.970 0.0001 
21 CC G 250 316 122.80 6.800 0.0025 
22 CC G 426 562 -1.60 5.700 0.0025 
23 T G 180 310 213.80 8.980 0.0001 
24 T G 180 310 213.53 8.900 0.0015 
25 T G 180 310 213.70 8.960 0.0001 
26 CC G 236 630 636.00 5.700 0.0017 
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Gen 
ID(1) 

Plant 
Type(2) 

Fuel 
Type(3) 

Pmin 
(MW) 

Pmax 
(MW) 

Heat Rate 
(MMBTU/hr) 

Gen 
ID(1) 

Plant 
Type(2) 

27 CC G 236 630 598.10 5.700 0.0017 
28 CC G 236 700 1414.19 5.700 0.0011 
29 CC G 376 678 820.30 8.130 0.0000 
30 T G 50 70 8.88 11.227 0.0000 
31 T G 50 70 30.12 12.590 0.0000 
32 CC G 250 700 532.00 6.500 0.0015 
33 CC G 250 700 540.00 6.500 0.0015 
34 CC G 250 700 532.00 6.500 0.0015 
35 T G 140 735 -489.36 6.959 0.0030 
36 T G 140 735 -489.40 6.959 0.0030 
37 CC G 230 300 -0.01 7.300 0.0035 
38 CC G 230 300 -0.01 7.300 0.0035 
39 CC G 230 300 0.00 7.300 0.0035 
40 CC G 230 300 0.00 7.300 0.0035 
41 CC G 350 713 657.37 7.491 0.0000 
42 CC G 160 350 922.00 7.094 0.0000 
43 CC G 350 700 -562.70 7.930 0.0000 
44 CC G 343 700 922.00 7.094 0.000 
45 T C 200 673 1083.40 9.324 0.0000 
46 T C 200 673 1075.40 9.324 0.0000 
47 CC G 100 350 922.00 7.094 0.0000 
48 CC G 100 350 922.00 7.094 0.0000 
49 CC G 200 700 532.00 6.500 0.0015 
50 CC G 200 700 532.00 6.500 0.0015 
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Fuel type Fuel cost ($US/MMBTU) 
Natural Gas 3.9 

Lignite 1.8 
Coal Import 2.1 

 




