(1]
[2]
[3]
[4]
[5]
7
(8]
[9]

[10]
[11]
[12]
[13]

[14]

[15]

[16]

[17]

(18]
[19]

[20]

REFERENCES

G. Rothwell and T. Gomes. Electricity Economic: Regulation and
Deregulation. New Jersey: John Wiley & Sons, 2003.

L. L. Lai. Power System Restructuring and Deregulation. West Sussex: John
Wiley & Sons Inc., 2001.

J. H. Williams and R. Ghanadan. Electricity reform in developing and
transition countries: A reappraisal. Energy. 31 (2006): 815-844.

F. P. Sioshansi and W. Pfaffenberger. Electricity Market Reform: An
International Perspective. New York: Elsevier, 2006.

P. Attaviriyanupap. The Application of Evolutionary Programming-based
Optimization Method to Power System Generation before and after
Deregulation. Ph.D. dissertation Hokkaido University, 2002.

S. Hunt. Making competition work in electricity New York: Wiley, 2002.

M. Goto and M. Jima. Electricity Market Reform: A New Stage of Electricity
Liberalization in Japan. New York: Elsevier, 2006.

H. Asano. Regulatory reform of the electricity industry in Japan: What is the
next step of deregulation? Energy Policy. 34 (2006): 2491-2497.

R. W. Bacon and J. E. Besant-Jones. Global electric power reform:
privatization and liberalization of the electric power industry in
developing countries. Annual Reviews of Energy and the Environment.
26 (2001): 331-359.

G. Schramm. Issues and problems in the power sectors of developing
countries. Energy Policy. July (1993): 735-747.

N. Wamukonya. Power sector reform in developing countries: mismatched
agendas. Energy Policy. 31 (2003): 1273-1289.

B. Li, Dorian, J.P. Change in China’s power sector. Energy Policy 23 (1995):
619-626.

J. E. Besant-Jones. Reforming Power Markets in Developing Countries: What
Have We Learned? World Bank Group. Energy and Mining Sector
Board Discussion Paper 2006.

C. S. Greacen and C. Greacen. Thailand’s electricity reforms: privatization of
benefits and socialization of costs and risks. Pacific Affairs 77 (2004):
517-542.

P. Phongpaichit and C. Baker. Thailand’s boom and bust. Chiang Mai,
Thailand: Silkworm Books, 1998.

A. Andersen, D. Barker, D. Rossi, McKenna, and P. Shandwick. Thailand
Power Pool and Electric Supply Reform Study-Phase 1. Energy Policy
and Planning Office Thailand.

Problems Associated with Unit Commitment in Uncertainty. IEEE
Transactions on Power Apparatus and Systems. PAS-104 (1985):
2072-2078.

D. W. Bunn and E. D. Farmer. Reviews of short-term forecasting methods in
the electric power industry: John Wiley & Sons, Inc., 1985.

D. K. Ranaweera, G. G. Karady, and R. C. Farmer. Economic impact analysis
of load forecasting. Power Systems, IEEE Transactions on. 12 (1997):
1388-1392.

V. Siriariyaporn, D. J. Gotham, and F. T. Sparrow. Determining the Cost of
Uncertainty to Electric Utilities in Serving Highly Varying Loads.



[21]

[22]

[23]

[24]

[25]
[26]
[27]
[28]
[29]

[30]

[31]

[32]
[33]

[34]

[35]

[36]

[37]

[38]

113

IEEE International Conference on Electric Utility Deregulation,
Restructuring and Power Technologies, Hong Kong, 2004.

Sarjiya, B. Eua-arporn, and A. Yokoyama. Application of Decision Analysis
to obtain the best Short-term Operating Strategy. The 2007 Annual
Meeting Record IEE Japan, Toyama, Japan, 2007.

A. P. Douglas, A. M. Breipohl, F. N. Lee, and R. Adapa. Risk due to load
forecast uncertainty in short term power system planning. Power
Systems, IEEE Transactions on. 13 (1998): 1493-1499.

Sarjiya, B. Eua-arporn, and A. Yokoyama. Short-term Operating Strategy with
Consideration of Load Forecast and Generating Unit Uncertainty. JEEJ
Transaction on Power and Energy. 127-B (2007): 1159-1167.

Sarjiya, B. Eua-arporn, and A. Yokoyama. Determination of Short-term
Operating Strategy with Consideration of System Uncertainty using
Decision Analysis Model. International Conference on Electrical
Engineering 2007, Kowloon, Hongkong, 2007.

R. Billinton and R. N. Allan. Reliability Evaluation of Power System. New
York: Plenum Press, 1996.

N. P. Padhy. Unit commitment-a bibliographical survey. Power Systems, IEEE
Transactions on. 19 (2004): 1196-1205.

H. G. Stoll. Least Cost Electric Utility Planning: John Wiley & Sons, Inc.,
1989.

L. Chao-An, R. B. Johnson, and A. J. Svoboda. A new unit commitment
method. Power Systems, IEEE Transactions on. 12 (1997): 113-119.

R. Baldick. The generalized unit commitment problem. Power Systems, IEEE
Transactions on. 10 (1995): 465-475.

T. Mitani, Y. Mishima, T. Satoh, and K. Nara. Optimal Generation Scheduling
under Competitive Environment. Systems, Man and Cybernetics,
2006. ICSMC '06. IEEE International Conference on, 2006.

D. Bertsekas, G. Lauer, N. Sandell, Jr., and T. Posbergh. Optimal short-term
scheduling of large-scale power systems. Automatic Control, IEEE
Transactions on. 28 (1983): 1-11.

B. Eua-arporn. Short-term Operating Strategy for Thermal Power Systems.
Ph.D. disseration The University of London, London: 1992.

A. L. Cohen and V. R. Sherkat. Optimization-based methods for operations
scheduling. Proceedings of the IEEE. 75 (1987): 1574-1591.

A. A. El Desouky, R. Aggarwal, M. M. Elkateb, and F. Li. Advanced hybrid
genetic algorithm for short-term generation scheduling. Generation,
Transmission and Distribution, IEE Proceedings-. 148 (2001): 511-
517.

H. Ma, S. M. Shahidehpour, and M. K. C. Marwali. Transmission constrained
unit commitment based on Benders decomposition. 1997.

F. N. Lee. Short-term thermal unit commitment-a new method. Power
Systems, IEEE Transactions on. 3 (1988): 421-428.

G. C. Liao. Application of an immune algorithm to the short-term unit
commitment problem in power system operation. Generation,
Transmission and Distribution, IEE Proceedings-. 153 (2006): 309-
320.

B. F. Hobbs, M. H. Rothkopf, R. P. O’Neill, and H.-p. Chao. The Next
Generation of Electric Power Unit Commitment Models. New York:
Kluwer Academic, 2001.



[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]
[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

M

D.

114

. J. Wood and B. F. Wollenberg. Power Generation, Operation, and Control.

2nd ed. New York: Wiley, 1996.

Takriti, J. R. Birge, and E. Long. A stochastic model for the unit
commitment problem. Power Systems, IEEE Transactions on. 11
(1996): 1497-1508.

. T. Rockafellar and R. J. B. Wets. Scenario and policy agregation in

optimization under uncertainty. Mathematics of Optimization
Research. 16 (1991): 119-147.

. P. Nowak and W. Romisch. Stochastic Lagrangian Relaxation Applied to
Power Scheduling in a Hydro-Thermal System under Uncertainty.
Annals of Operations Research. 100 (2000): 251-272.

Zhai, A. M. Breipohl, F. N. Lee, and R. Adapa. The effect of load
uncertainty on unit commitment risk. Power Systems, IEEE
Transactions on. 9 (1994): 510-517.

B. Gooi, D. P. Mendez, K. R. W. Bell, and D. S. Kirschen. Optimal
Scheduling of Spinning Reserve. Power Systems, IEEE Transactions
on. 14 (1999): 1485-1492.

N. Simopoulos, S. D. Kavatza, and C. D. Vournas. Reliability Constrained
Unit Commitment Using Simulated Annealing. Power Systems, IEEE
Transactions on. 21 (2006): 1699-1706.

Rampel. Toward an improved coordination of power plant and power
system control. IFAC Symposium on Power Systems, Modeling and
Control Application, Brussels, 1988.

. Y. Yamin. Review on methods of generation scheduling in electric power

systems. Electric Power Systems Research. 69 (2004): 227-248.

. B. Sheble and G. N. Fahd. Unit commitment literature synopsis. Power

Systems, IEEE Transactions on. 9 (1994): 128-135.

. Ongsakul and N. Petcharaks. Unit commitment by enhanced adaptive
Lagrangian relaxation. Power Systems, IEEE Transactions on. 19
(2004): 620-628.

P. Padhy. Unit Commitment Problem Under Deregulated Environment - A
Review. 2003.

. Carrion and J. M. Arroyo. A computationally efficient mixed-integer linear
formulation for the thermal unit commitment problem. Power Systems,
IEEE Transactions on. 21 (2006): 1371-1378.

P. Bradley, A. C. Hax, and T. L. Magnanti. Applied Mathematical
Programming. Reading, MA: Addison Wesley, 1977.

. P. Douglas, A. M. Breipohl, F. N. Lee, and R. Adapa. The impacts of

temperature forecast uncertainty on Bayesian load forecasting. Power
Systems, IEEE Transactions on. 13 (1998): 1507-1513.

. B. Dantzig. Linear Programming and Extentions. Princeton, New Jersey:

Princeton University Press, 1963.

. S. Vargas, V. H. Quintana, and A. Vannelli. A tutorial description of an

interior point method and its applications to security-constrained
economic dispatch. Power Systems, IEEE Transactions on. 8 (1993):
1315-1324.

. Ponnambalam, V. H. Quintana, and A. Vannelli. A Fast Algorithm for

Power System Optimization Problems Using an Interior Point Method.
Power Industry Computer Applications Conference, Baltimore -
Maryland, 1991.



[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

115

A. Merlin and P. Sandrin. A New Method for Unit Commitment at Electricite
De France. IEEE Transactions on Power Apparatus and Systems. PAS-
102 (1983): 1218-1225.

Estudio del costo de falla en el suministro de energia electrica. Sistemas de
distribucion. ENEL (Ente Nacional de I'Energia)-DISTRELEC Buenos
Aires, Argentina 1989.

T. Senjyu, K. Shimabukuro, K. Uezato, and T. Funabashi. A fast technique for
unit commitment problem by extended priority list. Power Systems,
IEEE Transactions on. 18 (2003): 882-888.

W. L. Snyder, H. D. Powell, and J. C. Rayburn. Dynamic-programming
approach to unit commitment. Power Systems, IEEE Transactions on.
2 (1987).

W. J. Hobbs, G. Hermon, S. Warner, and G. B. Shelbe. An enhanced dynamic
programming approach for unit commitment. Power Systems, IEEE
Transactions on. 3 (1988): 1201-1205.

Z. Ouyang and S. M. Shahidehpour. An intelligent dynamic programming for
unit commitment application. Power Systems, IEEE Transactions on. 6
(1991): 1203-1209.

T. S. Dillon, K. W. Edwin, H. D. Kocks, and R. J. Tand. Integer programming
approach to the problem of optimal unit commitment with probabilistic
reserve determination. Power Systems, IEEE Transactions on. PAS-97
(1978): 2154-2166.

J. M. Arroyo and A. J. Conejo. Optimal response of a thermal unit to an
electricity spot market. Power Systems, IEEE Transactions on. 15
(2000): 1098-1104.

F. Zhuang and F. D. Galiana. Towards a more rigorous and practical unit
commitment by Lagrangian relaxation. Power Systems, IEEE
Transactions on. 3 (1988): 763-773.

F. Zhuang and F. D. Galiana. Unit commitment by simulated annealing.
Power Systems, IEEE Transactions on. 5 (1990): 311-318.

A. H. Mantawy, Y. L. Abdel-Magid, and S. Z. Selim. A simulated annealing
algorithm for unit commitment. Power Systems, IEEE Transactions on.
13 (1998): 197-204.

G. K. Purushothama and L. Jenkins. Simulated annealing with local search-a
hybrid algorithm for unit commitment. Power Systems, IEEE
Transactions on. 18 (2003): 273-278.

S. A. Kazarlis, A. G. Bakirtzis, and V. Petridis. A genetic algorithm solution to
the unit commitment problem. Power Systems, IEEE Transactions on.
11 (1996): 83-92.

K. A. Juste, H. Kita, E. Tanaka, and J. Hasegawa. An evolutionary
programming solution to the unit commitment problem. Power
Systems, IEEE Transactions on. 14 (1999): 1452-1459.

C. C. A. Rajan and M. R. Mohan. An evolutionary programming-based tabu
search method for solving the unit commitment problem. Power
Systems, IEEE Transactions on. 19 (2004): 577-585.

I. G. Damousis, A. G. Bakirtzis, and P. S. Dokopoulos. A solution to the unit-
commitment problem using integer-coded genetic algorithm. Power
Systems, IEEE Transactions on. 19 (2004): 1165-1172.

G. L. Nemhauser and L. A. Wolsy. Integer and Combinatorial Optimization.
New York: Wiley-Interscience, 1999.



[74]

[75]

[76]

[77]
(78]

[79]

(80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

(88]

[89]
[90]

[°1]

116

R. E. Bixby, M. Fenelon, Z. Gu, E. Rothberg, and R. Wunderling. MIP:
Theory and Practice closing the gap. Norwell, MA: Kluwer, 2000.

K. Holmstrom, A. O. Goran, and M. M. Edvall. User's Guide for
TOMLAB/CPLEX. Available:
http://tomopt.com/tomlab/products/cplex/, 2006.

W. F. Esser, P. Ghose, and K. Chen. Decision analysis for electric power
systems engineering and management. Power Apparatus and Systems,
IEEE Transactions on. 96 (1977): 447-456.

R. A. Howard. The Foundations of Decision Analysis. Systems Science and
Cybernetics, IEEE Transactions on. 4 (1968): 211-219.

G. B. Sheble. Decision Analysis Tools for GENCO Dispatchers. Power
Apparatus and Systems, IEEE Transactions on. 14 (1999): 745-750.

Task-Force. Problems associated with unit commitment in uncertainty. Power
Apparatus and Systems, IEEE Transactions on. 104 (1985): 2072-
2078.

S. J. Wang, S. M. Shahidehpour, D. S. Kirschen, S. Mokhtari, and G. D.
Irisarri. Short-term generation scheduling with transmission and
environmental constraints using an augmented Lagrangian relaxation.
Power Systems, IEEE Transactions on. 10 (1995): 1294-1301.

K. S. Swarup and S. Yamashiro. Unit commitment solution methodology
using genetic algorithm. Power Systems, IEEE Transactions on. 17
(2002): 87-91.

P. Attaviriyanupap, H. Kita, E. Tanaka, and J. Hasegawa. A hybrid LR-EP for
solving new profit-based UC problem under competitive environment.
Power Systems, IEEE Transactions on. 18 (2003): 229-237.

D. N. Simopoulos, S. D. Kavatza, and C. D. Vournas. Unit commitment by an
enhanced simulated annealing algorithm. Power Systems, IEEE
Transactions on. 21 (2006): 68-76.

L. Guangbin and R. Billinton. Operating reserve risk assessment in composite
power systems. Power Systems, IEEE Transactions on. 9 (1994): 1270-
1276.

B. Eua-arporn and B. J. Cory. Efficient round-off method in power system
production cost and reliability calculation. 27th Universities Power
Engineering Conference Bath, England, 1992.

B. Eua-arporn. Fuzzy interrupted energy assessment rate based on actual
system performance. Power Systems, IEEE Transactions on. 20
(2005): 156-163.

B. Eua-Arporn and B. J. Cory. Short-term thermal generation scheduling with
application of probabilistic and deterministic ~methodologies.
Advances in Power System Control, Operation and Management,
International Conference on, 1991.

M. Shahidehpour, H. Yamin, and Z. Li. Market Operations in Electric Power
Systems: Forecasting, Scheduling, and Risk Management. Canada:
John Wiley & Sons, Inc., 2002.

R. Ferrero and M. Shahidehpour. Optimal reserve allocation and pricing.
Power Engineering Society General Meeting, 2003, IEEE, 2003.

E. H. Allen, E. H. Allen, and M. D. Ilic. Reserve markets for power systems
reliability. Power Systems, IEEE Transactions on. 15 (2000): 228-233.

E. H. Allen and M. D. Ilic. Reserve markets for power systems reliability.
Power Systems, IEEE Transactions on. 15 (2000): 228-233.




117

[92] C. Wang and S. M. Shahidehpour. Effects of ramp-rate limits on unit
commitment and economic dispatch. Power Systems, IEEE
Transactions on. 8 (1993): 1341-1350.
N. Petcharak. An Enahanced Lagrangian Relaxation Program for Constrained
Hydrothermal Generation Scheduling. Ph.D. dissertation Asian
Instirute of Technology, Pathumtani Bangkok: 2006.

[93]



. *
-

JWIAINTiunIINg 18
CHuLALONGKORN UNIVERSITY

_ -
- N
vr
i
i
=
s e
- X *..‘
p ot ok
I
|l -
‘. l-,'
R .:_w‘ﬁ z
- -‘I
ey l;F-L-'
Bl 4
- 0 A .
4
i < ] -




119

Appendix A: A modified IEEE-24 bus system

This test system is derived form [80]. Table A.l presents the parameters of the

original polynomial cost functions and Table A.2 shows the parameters of the

piecewise-linear cost functions for the 26-units system. Table A.3 presents the

demand considered for this system and graphically is shown in Figure A 4.

Table A.1 Original polynomial cost functions of a modified IEEE-24 bus system

No | Bus | $MWH? | $/MWh $ %

1 | 15 | 0.0253 | 25.5472 | 24.3891 —

2 | 15 | 0.0265 | 25.6753 | 244110 | =" ;r““‘” -|-|-"”‘22
3 | 15 | 0.0280 | 25.8027 | 24.6382

4 | 15 | 0.0284 | 25.9312 | 24.7605 i 10
5 | 15 | 0.0286 | 26.0611 | 24.8882 JTL JTL o
6 ] 0.0120 | 37.5510 | 117.7551 Bus 16 Bus 19 Bus 20
7 | 1 | 0.0126 | 37.6637 | 118.1083

8 | 2 | 0.0136 | 37.7770 | 118.4576

9 | 2 | 0.0143 | 37.8896 | 118.8206

10| 1 | 0.0088 | 13.3272 | 81.1364

11| 1 | 0.0090 | 13.3538 | 81.2980

12| 2 | 0.0091 | 13.3805 | 81.4641

13 | 2 | 0.0093 | 13.4073 | 81.6259

14 | 7 | 0.0062 | 18.0000 | 217.8952 |

15| 7 | 0.0061 | 18.1000 | 218.3350

16 | 7 | 0.0060 | 18.2000 | 218.7752

17 | 15 | 0.0046 | 10.6940 | 142.7348

18 | 16 | 0.0047 | 10.7154 | 143.0288

19 | 23 | 0.0048 | 10.7367 | 143.3179

20 | 23 | 0.0049 | 10.7583 | 143.5972

21 | 13 | 0.0026 | 23.0000 | 259.1310

22 | 13 | 0.0026 | 23.1000 | 259.6490

23 | 13 | 0.0026 | 23.2000 | 260.1760

24 | 23 | 0.0015 | 10.8616 | 177.0575

25 | 18 | 0.0019 | 7.4921 | 310.0021

26 | 21 | 0.0020 | 7.5031 | 311.9102

Bus 23

Figure A.1. A modified IEEE-24 bus system

Linearization of Polynomial Cost Function

The polynomial cost functions is replaced by piecewise linear cost functions where

the elbow T, is obtained by dividing the range between minimum generation (Ppin)

and maximum generation (Pmax) of each unit into two equal segments. The

incremental price (F; and F;) are such that the price at Ppin, T, and Ppay are equal to

those obtained with the polynomial functions.
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production cost ($/h)

o
min,i Ty P ax Pz_‘ (W)

Figure A.2 Linearization of polynomial cost function

Linearization of start-up cost function

As shown in Figure A.2, the exponential start-up cost function is replaced by two-
stairwise values, denoted by K' and K®. These values represent hot start-up cost
(HST) and cold start-up cost (CST) respectively. The cold start-up cost is associated
with the units which is started-up after the unit has been down for more than a certain

minimum time period. This minimum period, we call as cold down time (CDT).

K= — — — TR ——— —_—— )
ﬂ K‘ ,—"‘- I
17 ! - |
'I
3 - | |
’l
s / I |
© 4 | |
© ’
b~ 2 | |
w i
| |
| |
| | B
CsST

off-line time (hours)

Figure A.3 Linearization of exponential start-up function



Table A.2 Unit data with piecewise linear cost function and other operational limits for the modified IEEE-24 bus system

Name | Puin | Pama FC MUT |MDT | IS |IUDT | T, Fi F, |CDT | HST | CST | Lamdal | Lamda2
Gl 24 12 86 0 0 0 -1 7.2 2579 (2603 1 0 0 1 2.98
G2 24 12 86 0 0 0 -1 7.2 [ 25.93 |26.18 1 0 0 1 2.98
G3 24 12 87 0 0 0 -1 7.2 2607 12634 | 1 0 0 1 2.98
G4 2.4 12 87 0 0 0 -1 72 | 262 |26.48 1 0 0 1 2.98
G5 24 12 88 0 0 0 -1 7.2 | 26.34 | 26.61 1 0 0 1 2.98
G6 4 20 268 0 0 0 -1 12 | 37.74 13793 | 2 |32.642 | 40 6 1947
G7 4 20 269 0 0 0 -1 12 1 37.87 | 3807 | 2 |32.642| 40 6 19.47
G8 4 20 270 0 0 0 -1 12 13799 | 3821 | 2 |32.642] 40 6 19.47
G9 4 20 271 0 0 0 -1 12 | 38.12 | 3835| 2 |32.642| 40 6 19.47
G10 | 15.2 76 286 3 2 1 3 45.6 | 13.86 | 1439 | 3 |81.606 [ 100 2 447
Gl1 | 15.2 76 286 3 2 1 3 456 | 139 | 1444 | 3 |[81.606 [ 100 2 447
Gl12 | 15.2 76 287 3 2 1 3 456 (1393 | 1449 | 3 |81.606 | 100 2 447
G13 | 15.2 76 288 3 2 1 3 45,6 | 1397 | 1454 | 3 | 81.606 | 100 2 447
Gl14 25 100 672 4 2 0 -3 60 | 18.53 19 4 [114.25| 140 3 7.3
G135 25 100 675 4 2 0 -3 60 | 1862 | 19.08| 4 | 11425 140 3 7.3
Glé6 25 100 678 4 2 0 -3 60 | 18.71 [ 19.16 | 4 | 114.25 | 140 3 7.3
G17 [ 54.25| 155 737 5 3 1 5 108.5 | 1145 [ 1191 | 6 [244.82| 300 5 9.13
G18 | 54.25 | 155 738 5 3 1 5 1085 1149 | 1196 | 6 |244.82 | 300 5 9.13

G19 | 5425 | 155 740 5 3 1 5 1085 | 11,52 | 12 6 [244.82 | 300 5 9.13
G20 | 54.25 | 155 742 5 3 1 5 108.5 | 11.55 | 12.04 | 6 |244.82 | 300 5 9.13
G21 | 6895 | 197 1857 5 4 0 -4 137.9 | 23.54 | 2387 | 8 |326.42 | 400 5 9.22
G22 [ 6895 197 1865 5 4 0 -4 137.9 | 23.64 [ 2397 | 8 |326.42| 400 ) 9.22
G23 | 6895 | 197 1872 5 4 0 -4 1379 | 23.74 | 2408 | 8 |326.42 | 400 5 9.22
G24 140 | 350 1728 8 5 1 10 245 | 1145 [11.77 | 8 [426.42 | 500 4 7.62
G25 | 100 | 400 1079 8 5 1 10 240 | 8.15 | 8.73 10 | 816.06 | 1000 B 7.96
G26 | 100 | 400 1082 8 5 1 10 240 | 8.17 | 8.5 10 | 816.06 | 1000 4 7.96
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Nomenclature for Table A.2:

FC
MUT
MDT
IS
IUDT

: Fixed Cost at minimum generation ($)

: Minimum Up Time (hours)

: Minimum Down Time (hours)

: Initial Status (0 = initially down; 1 = initially up)

: Initial Up/Down Time (+X = initially has been up at X hours; -X =

initially has been down at X hours)

Ty

Fy

Fa

CDT
HST
CST
Lamdal
Lamda2

: Elbow point between segment#1 and #2

: Incremental Cost at 1™ segment ($/MW)

: Incremental Cost at 2™ segment ($/MW)

: Cold Down Time (hours)

: Hot Start-up Cost ($)

: Cold Start-up Cost ($)

: failure rate used in Chapter 3 & 4 (fails/year)
: failure rate used in Chapter 5 (fails/year)



Demand for IEEE-24 bus system

Hour Demand
1 1700
0] 1730
3 1690
4 1700
5 1750
6 1850
7 2000
8 2430
9 2540
10 2600
11 2670
12 2590
13 2590
14 2550
15 2620
16 2650
17 2550
18 2530
19 2500
20 2550
21 2600
22 2480
23 2200
24 1840

3500

2800

r
—
(=]
[=]

demand (MW)
5

700

—e+—demand
—a— available capacity

T T T T T T T T T T T T T T T T T T T T T T

1 2 3Idgbqa8andadyidi~atB it 42318 14 15 16 17 18 19 20 21 22 23 24
hour

Figure A.4 Demand and available capacity for IEEE-24 bus system
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Appendix B: A modified EGAT system
This data of cost functions of the EGAT system are derived from [93]. Other operational limit data are collected from several sources which

correspond to the capacity and the fuel type. Table B.1 presents the operational unit data including piecewise-linear cost functions. The demand
of the system is shown in Table B.2 and comparison between the available capacity and hourly demand are graphically shown in Figure B.1.

Table B.1 Unit data with piecewise linear cost function and other operational limits for the modified EGAT system

Name Fuel type Pmin | Pmax | FC MUT [MDT | IS [IUDT|{ T1 [VC1| VC2 [CDT | HST | CST | Lamda
Gl [ GAS 105 [ 160 | 96463 5 4 1 5 132.5] 919 [ 919 6 3500 | 7000 5
G2 | GAs 105 | 160 | 96463 5 4 1 5 132.5] 919 [ 919 6 3500 | 7000 5
G3 | GAS 105 | 160 | 96463 5 4 1 5 132.5 | 919 | 919 6 3500 | 7000 5
G4 | GAs 105 | 160 | 96463 5 4 1 5 132.5 [ 919 | 919 6 3500 | 7000 5
G5 | COAL 80 145 | 42289 5 4 0 -4 1125 529 | 529 6 3500 | 7000 3
G6 | COAL 80 145 | 42289 5 4 0 -4 | 112.5| 529 | 529 6 3500 | 7000 3
G7 | COAL 80 145 | 42289 5 4 0 -4 | 112.5 [ 529 | 529 6 3500 | 7000 3
G8 | coAL 80 145 | 42289 5 4 0 -4 | 112.5] 529 | 529 6 3500 | 7000 3
G9 | COAL 150 [ 291 | 77705 S 4 1 5 220.5 | 518 | 518 6 7000 | 14000 5
G10 | coAL 150 [ 291 | 77705 5 4 1 5 220.5| 518 | 518 6 7000 | 14000 5
G11 | coAL 150 [ 291 | 77705 5 4 1 5 220.5| 518 | 518 6 7000 | 14000 5
G12 | coAL 150 | 291 | 77705 5 4 1 5 220.5 | 518 [ 518 6 7000 | 14000 5
G13 | coAL 150 | 291 | 77705 5 4 1 5 220.5| 518 | 518 6 7000 | 14000 5
Gl4 | coAL 150 | 291 | 77705 5 < 1 5 220.5| 518 | 518 6 7000 | 14000 5
GI5 | gas 15 18 11984 1 ] 0 -1 16.5 | 799 | 799 1 525 | 1050 6
Gl6 | gas 15 18 11984 1 1 0 -1 16.5 | 799 | 799 1 525 | 1050 6
G17 | GAS 15 18 11984 1 | 0 -1 I6IN H 991 |l 799 1 525 | 1050 6
G18 | GAS 15 18 11984 1 1 0 -1 16.5 | 799 | 799 1 525 | 1050 6
G19 | GAS 15 18 11984 1 1 0 -1 16.5 | 799 | 799 1 525 | 1050 6
G20 | GAS 15 18 11984 1 1 0 -1 16.5 | 799 | 799 1 525 | 1050 6
G21 | GAS 15 18 11984 1 1 0 -1 16.5 | 799 | 799 1 525 | 1050 6
G22 | GAs 15 18 11984 1 1 0 -1 16.5 | 799 | 799 1 525 | 1050 6
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G23 | GAs 15 18 11984 1 1 0 -1 165 | 799: | 799 1 525 | 1050 6
G24 | gas 15 18 11984 1 ] 0 -1 16.5 | 799 | 799 1 525 | 1050 6
G25 | MIX GAS 60 70 [ 109197 3 2 1 3 65 | 1820 | 1820 3 1400 | 2800 2
G26 | MIX GAS 60 70 [ 109197 3 2 1 3 65 | 1820 | 1820 3 1400 | 2800 2
G27 | GAS 120 | 163 [ 145595 5 4 1 5 141.5 | 1213 | 1213 6 3500 | 7000 5
G28 | GAS 120 | 163 [ 145595 5 4 1 5 141.5 [ 1213 | 1213 6 3500 | 7000 5
G29 | GAS 120 | 163 [ 145595 5 4 1 5 141.5 | 1213 | 1213 6 3500 | 7000 5
G30 | gAs 120 | 163 [ 145595 5 4 1 5 141.5 | 1213 | 1213 6 3500 | 7000 5
G31 | B.OIL 170 | 340 [296962 [ 8 5 1 8 255 | 1747 | 1747 9 8750 | 17500 4
G32 | DIESEL 90 120 | 136051 4 2 1 4 105 | 1512 [ 1512 3 1750 | 3500 3
G33 | DIESEL 90 120 | 136051 4 2 1 4 105 | 1512 | 1512 3 1750 | 3500 3
G34 | B.OIL 100 | 186 | 178633 5 4 1 5 143 | 1786 | 1786 6 4375 | 8750 5
G35 | B.OIL 100 | 186 | 178633 5 4 1 5 143 [ 1786 | 1786 6 4375 | 8750 5
G36 | MIX GAS 155 | 294 222809 | 5 4 1 5 224.5 | 1437 | 1437 6 7000 | 14000 5
G37 | MIX GAS 155 | 294 [222809| 5 4 1 5 224.5 | 1437 | 1437 6 7000 | 14000 5
G38 | MIX GAS 155 | 294 [222809 | 5 A4 1 5 224.5 | 1437 | 1437 6 7000 | 14000 5
G39 | gAs 135 | 158 | 150726 | S 4 1 5 146.5 [ 1116 | 1116 6 3500 | 7000 5
G40 | GAs 135 | 158 | 150726 | 5 4 1 5 146.5 | 1116 | 1116 6 3500 | 7000 5
G41 | GAs 210 | 281 |222740| 5 4 &l 5 245.5 | 1061 | 1061 6 7000 | 14000 5
G42 | gas 210 | 281 [222740 | 5 4 1 5 245.5 | 1061 | 1061 6 7000 | 14000 5
G43 | MIX GAS 320 | 720 | 495416 | 10 6 1 10 520 | 1548 | 1548 | 11 [ 17500 | 35000 4
G44 | MIX GAS 320 | 720 [ 495416 | 10 6 1 10 520 | 1548 | 1548 | 11 [ 17500 | 35000 4
G45 | ALT. GAS 260 [ 336 305072 | 8 5 1 8 208 [ 1173 ] 1173 9 8750 | 17500 4
G46 | ALT. GAS 260 | 336 | 305072 | 8 5 1 8 298 [ 1173 | 1173 9 8750 | 17500 4
G47 | ALT. GAS 260 | 336 | 305072 | 8 5 1 8 298 | 1173 | 1173 9 8750 | 17500 4
G48 | ALT. GAS 260 | 336 | 305072 | 8 5 1 8 298 | 1173 ] 1173 9 8750 | 17500 4
G49 | ALT. GAS 260 | 336 |305072| 8 5 1 8 208 | 1173 ] 1173 9 8750 | 17500 4
G50 | ALT. GAS 260 | 336 |305072| 8 5 1 8 298 | 1173 | 1173 9 8750 | 17500 4
G51 | ALT. GAS 250 | 350 1293339 | 8 5 1 8 280 | 1173 | 1173 9 8750 | 17500 4
G52 | ALT. GAS 250 | 350 1293339 | 8 5 1 8 280 | 1173 | 1173 9 8750 | 17500 4
G53 | ALT. GASWEST | 215 | 333 | 266286 | 8 5 1 8 274 [ 1239 | 1239 9 8750 | 17500 4
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Nomenclature for Table B.1:

FC : Fix Cost (Baht)

MUT : Minimum Up Time (hours)

MDT : Minimum Down Time (hours)

IS : Initial Status (0 = down; 1 = up)

[UDT : Initial Up/Down Time (+ : initially up; - : initially down)
Tl : Knee point between segment#1 and #2

ICI1 : Incremental Cost at 1* segment (Baht/MW)
IC2 : Incremental Cost at 2™ segment (Baht/MW)
CDT : Cold Down Time (hours)

HST : Hot Start-up Cost (Baht)

CST : Cold Start-up Cost (Baht)

Lamda : failure rate (fails/year)



Table B.2 Demand for EGAT system on Saturday, December 25™ 2005

Hour Demand
1 10024
2 9825
3 9624
4 0724
5 9824
6 10823
7 11073
8 11206
9 12330
10 12513
11 12664
12 11864
13 12063
14 13063
15 13214
16 13163
17 12713
18 14113
19 14814
20 13964
21 12964
22 12157
23 11547
24 11023

demand (MW)
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Figure B.1 Demand and available capacity for EGAT system
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