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Abstract: In the recent years the power industry has faced many economic and environmental issues. This will 
effectively deal with issues including global warming, environmental pollution, and energy shortage. Economic 
load dispatch is the short term determination of the optimal output of a number of electricity generation to meet the 
system load at the lowest possible cost subject to the emission, transmission and operation constraints. Renewable 
Energy Sources (RESs) can be a preferable solution to the raised energy crises as well as environmental concerns. 
Wind power is the use of air flow through wind turbines to mechanically power generators for electricity. The 
rotor extract the kinetic energy of the wind, changing it into mechanical torque in the shaft and in the generation 
system converts this .torque into electricity. A combined economic load dispatch integrated with a renewable 
energy source can be optimized by using PSO optimization algorithm. The effects of wind power with the 
pumped storage plant on overall emission are also investigated here. A pumped storage hydroelectric power 
plant converts the gravitational potential energy of water flowing from a higher elevation through a penstock to 
a lower elevation where a water turbine is used to drive an electric generator. Day-ahead operational planning 
and an online adjustment procedure to be done for continuous operation of the system with the available data. 
The proposed technique will reduce the production cost and emission of the generated power. The IEEE 39 bus 
system has been taken for the simulation work of the proposed method with wind farms and pumped hydro plants.
Keywords: Renewable Energy Sources, Economic load dispatch, Combined Economic Emission Dispatch (CEED), 
PSO.

1.	 INTRODUCTION
Electrical power systems are designed and operated to meet the continuous variation of power demand.  
Economic dispatch have been used to plan over a given time horizon the most economical schedule of 
committing and dispatching generating units to meet forecasted demand levels and spinning reserve 
requirements while all generating unit constraints are satisfied.

A large interconnection of the electric networks, the energy crisis in the world and continuous rise in 
prices, it is very essential to reduce the running costs of electric energy. A saving in the operation of the 
power system brings about a significant reduction in the operating cost as well as in the quantity of fuel 
consumed. The main aim of modern electric power utilities is to provide high-quality reliable power supply 
to the consumers at the lowest possible cost while operating to meet the limits and constraints imposed on the 
generating units and environmental considerations. These constraints formulates the economic load dispatch 
(ELD)problem for finding the optimal combination of the output power of all the online generating units 
that minimizes the total fuel cost, while satisfying an equality constraint and a set of inequality constraints.

Combined Economic Emission Dispatch (CEED) is an optimization problem that allocates power to each 
committed generating unit so as to minimize the total operational cost and emission, subject to constraints 
like power balance, power limits of generators, ramp rate limits. The formulation takes into account ramping 
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and reserve costs, carbon-di-oxide emissions from expected dispatches, and the transitions over time. 
Significant research has been conducted throughout the world for development of sustainable, renewable 
and efficient energy systems in order to meet the requirements of increased population and to reduce the 
extensive use of fossil fuels. Increasing energy prices, environmental concerns and rapid depletion of the 
known fuel reserves have significantly increased the scope of renewable energy resources.

It is important to realize that the objectives of operations planning are (a) economic operation (to 
minimize total cost); (b) secure and reliable operation (to observe operating constraints of all equipment and 
to supply all loads without interruptions). Specific implementations and procedures are driven by system 
structure and available technology. The recent advances in computer technology and analytical tools for 
power system operation analysis have greatly affected operations planning procedures. For example, in the 
past, the economic objective was accomplished in the planning stage. The operations planner would compute 
the economic dispatch for projected electric loads and provide a list of generation operating schedules versus 
electric load. Then, the power system operator will use this list in order to operate the system. However, 
in actual operation, the system loading conditions and available units may be quite different from those 
assumed at the planning stage. The introduction of energy management systems provided the ability to 
optimize system economic operation in real time. Economic scheduling functions have been integrated in 
the real time control of power systems. Security functions have been also integrated in the control scheme. 
The integration of these functions has followed an evolutionary process.

2.	 COMBINED ECONOMIC AND EMISSION DISPATCH
Economic load dispatch is one of the main functions in electrical power system operation, management and 
planning. Security, reliability, economy and stability are characterized and included to form the dispatching 
objective or constraints in various forms. Typically, the main objective of economic load dispatch is to 
minimize the total production cost of the generating system while the required equality and inequality 
constraints must be satisfied. Nowadays, energy sources to produce mechanical power applied to the rotor 
shaft of generating units are of fossil fuels.

This can cause a vast amount of carbon dioxide, sulfur dioxide and nitrogen oxides emissions in which 
atmospheric pollution is created. Emission control over environmental pollution caused by fossil-fired 
generating units and the enforcement of environmental regulations has received careful attention. Generation 
allocation of thermal power plants have emphasized the essence of pollution control in electrical power 
systems. However, taking only the operation of minimum environmental impact is impractical due to 
causing the higher production cost of the system.

Economic Dispatch (ED) optimization is the most important issue which is to be taken into consideration 
in power systems. The problem of ED in power systems is to plan the power output for each devoted generator 
unit in such a way that the operating cost is minimized and simultaneously, matching load demand, power 
operating limits and maintaining stability. The total generator operating cost includes fuel, labour, supplies 
and maintenance costs. For simplicity we consider fuel cost as the only variable cost since generally the costs 
of labour, supplies and maintenance are fixed percentages of the fuel cost. Hence only thermal plants are 
considered in this research. Over the recent years there has been much research in the area of the combined 
economic and emission dispatch problem. Gopal Krishnan et al, 2011 outlines a summary of techniques 
that have been applied so far to the combined economic and emission dispatch problem.

In the solution of the CEED problem, the point at issue is to minimize both fuel cost and emission, 
simultaneously, while satisfying equality and inequality constraints. Cost and emission functions, which 
are independent of each other, make the CEED problem bi-objective. Bi-objective problem solving can be 
done by two objective functions turned into a single objective function. This operation is enhanced using a 
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price penalty factor and the CEED problem is converted into a single-objective function. These objectives 
and constraints, and the formulation of the CEED problem.

During the minimization process, some equality and inequality constraints must be satisfied. In this 
process, an equality constraint is called a power balance. According to this constraint, the total power 
generated must supply the total power demand and total power losses in the network. Besides, an inequality 
constraint is called a generation capacity constraint. According to this constraint, the power output of each 
generator is restricted by min and max power limits. These two constraints are expressed as follows,

(i)	 Power balance constraint

	 P P PG loss
NG

i ldi
− −

=∑ 1
 = 0	 (1)

	 Where PLoss is called network losses, which can be assessed by B matrix and formulated as follows:

	 Ploss = P B BG G
NN

i ij jji == ∑∑ 11
	 (2)

(ii)	Generation capacity constraint

	 P P P< <G G Gmin maxi i i 	 (3)

3.	 PROBLEM FORMULATION
In this paper, the objective function is set to be the minimization of the generation cost and emission, as 
given in equation. For a specified power plant, both cost and emission can be expressed as a quadratic 
function, as described in equations as physical and operating constraints.

Objective function
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Where,

	 Fc, t(Pi, t) =	production cost function of a thermal unit,

	 SUi, t =	startup cost of a unit,

	 SDi, t =	shutdown cost of a unit,

	 Ch, t =	operation cost of a pumped storage unit,

	 Fc i
r
,  =	availability cost function of a unit,

	 ∆i t,
max  =	maximum permissible real power adjustment,

	 Ch t
r
,  =	cost of corrective action by a pumped storage unit,

	 F (Pc i i t
s

, , )  =	production cost function of a wind unit,

	 Ch t
s
,  =	operation cost of a wind unit.
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Equality Constraints

	 p p pi ti h th w tw, , ,= = =∑ ∑ ∑+ +
1 1 1

NG NH NW  = pD, t + ploss, t	 (5)

Thermal Power Plant

Total cost function

	 TC = a b t c ti i i ii
+ +

=∑ ( ) ( )PN 2
1

	 (6)

Total emission function

	 TE = ( ( ) exp ( ))( ) ( )A P P PN × + + + × ×
=∑ γ β α ξ λi i i i i i i ii

t t2
1

	 (7)

Demand

	 D(t) =	 P Ploss
N

ii
t t( ) ( )+

=∑ 1
	 (8)

	 OF =	Objective function

	 TC =	Total cost,

	 TE =	Total Emission,

	 D (t) =	Demand of Network,

	 Pi(t) =	Generating power,

	 Ploss(t) =	Active power loss,

	 wc =	Cost coefficient,

	 we =	Emission coefficient,

	 ai, bi, ci =	Positive fuel cost coefficient,

	 ai, bi, gi, xi, li =	Greenhouse gases emission coefficient.

4.	 WIND POWER PLANT
Underestimation and overestimation of the available wind energy, which may happen as a result of WF’s 
imperfect modelling, can impose additional costs on a private owner who participates in the electricity market. 
For this reason, it is necessary to model WF in a more detailed and accurate manner. In this study, a new 
WF cost function has been proposed in the ED formulation, which is composed of three sub-objective terms.

	 C = C C W C WN N
w ii p w i i av ii r w i i i aviiw w wwf wf
, , , , , , ,( ) ( ) ( )

= = =∑ ∑+ − + −
1 1 11

Nwf∑ 	 (9)

Where,

	 wi =	scheduled wind power for wind farm,

	 Wi, av =	available wind power for wind farm,

	 Cw, i(Wi) =	cost function for wind farm,

	 Cp, w, i(Wi, av – wi) =	penalty cost because of under estimation of wind power for wind farm,

	 Cp, w, i(wi – Wi, av) =	reserve cost because of over estimation of wind power for wind farm.

	 Cw = diPw	 (10)
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Pumped Storage Hydro Power Plant

Power Balance Constraint

	 PG
N

i hri ,=∑ 1
 = Pd, hr + lhr Pgp, hr – pwind – pthermal	 (11)

where,	 Pd, hr =	Total power demand

	 lhr =	Parameter to indicate operating mode of pumped storage unit,

	 Pgp, hr =	Power term related to pumped storage unit,

	 pwind =	Power generated by wind turbine,

	 pthermal =	Power generated by thermal source

Inequality Constraint

	 p p pi hr i hr i hrG G G,
max

, ,
min≤ ≤ 	 (12)

5.	 SOLUTION METHODOLOGY
The PSO has been used to solve the unit commitment, we focus on applying PSO methods to solve OPF 
problem. They are, conventional particle swarm optimization passive congregation - based PSO

Step 1: Specify the maximum and minimum limits of generation power of each generating unit, maximum 
number of iterations to be performed and fuel cost co-efficient of each unit.

Step 2: Initialize randomly the individuals of the population of all units other than the reference unit according 
to the limit of each unit. Many such population can be generated randomly for better sharing nature.

Step 3: To each individual population of the population array, employ B-coefficient loss formula to calculate 
the transmission losses P (L).

Step 4: The individuals of the reference unit is obtained from the equality constraint

	 P1 = (PD + PL) – (P2 + P3)

Step 5: Calculate the evaluation value of each population Pgusing the evaluation equations. Calculate the 
price penalty factor.

Step 6: Compute the new evaluation function.

Step 7: Compare each population’s evaluation value with its pbest. The best evaluation value among the 
pbest is denoted as gbest.

Step 8: Modify the member velocity v of each individual Pg.

Step 9: Modify the velocity V of each particle

Step 10: Modify the member position of each individual Pg. If Pg violates the constraints then it must be 
set to the near margin of that particular unit.

Step 11: If the evaluation value of each population is better than the previous pbest the current value is set 
to be pbest. If the best pbest is better than the gbest the value is set to be gbest.

Step 12: If the number of iterations reaches the maximum then go to step 13, otherwise go to step 3.

Step 13: The individual that generates the latest gbest is the optimal generation power of each unit.
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Figure 1: Flow chart for CEED using PSO

6.	 RESULTS AND DISCUSSION
In this paper, PS and wind unit generation is coordinated and optimized with a stochastic SCUC model 
through several coordination strategies. The evaluation of the proposed method is based on the total 
operation cost, wind energy curtailment, and the corrective action cost. The proposed scenarios would 
include generator and transmission line outages, as well as the hourly wind speed and load forecast errors. 
The operating strategies are investigated in details. It is shown that the system-level coordination of wind-
PS units may lead to the least total operation cost, wind energy curtailment, and cost of corrective actions 
in scenarios. It is also shown that a smaller wind energy curtailment may not lead to a lower total operation 
cost. The wind-PS energy coordination will lead to more wind energy curtailments as the coordination 
imposes additional binding operation constraints among scenarios.

7.	 CONCLUSION
It is recognized that the optimal combined economic emission dispatch (CEED) of thermal systems results in 
reduction of cost as well as emission. CEED is the problem of determining the schedule of generating units 
subject to device and operating constraints. In Economic dispatch of wind energy using with PSO fuel cost 
is less and emission is more. The formulation of combined economic emission dispatch (CEED) has been 
discussed and the solution is obtained by particle swarm optimization method (PSO). The effectiveness of 
these algorithms has been tested on systems comprising ten units wind, thermal and pumped storage hydro 
compared for total fuel cost and emission cost.



821Economic Emission Dispatch of Thermal Units with Wind Power and Pumped Hydro Power Plant

T
ab

le
 1

 
O

ut
pu

t f
or

 th
er

m
al

 u
ni

ts

Hours

Po
w

er
 g

en
er

at
io

n 
of

 u
ni

ts
 (M

W
)

Generation 
cost ($)

Emission 
cost(ton)

Startup 
cost($)

Total cost($)

Max capacity 
(MW)

Total demand 
(MW)

Loss (MW)

Reserve 
(MW)

1
2

3
4

5
6

7
8

9
10

1
45

5
26

6
0

0
0

0
0

0
0

0
16

24
8.

97
83

51
.9

6
0

16
24

8.
97

91
0

70
0

21
.4

21
0

2
45

5
31

5
0

0
0

0
0

0
0

0
17

10
3.

44
91

20
.9

3
0

17
10

3.
44

91
0

75
0

20
.9

16
0

3
45

5
28

3
13

0
0

0
0

0
0

0
0

18
73

7.
23

89
32

.9
55

0
19

28
7.

23
10

40
85

0
18

.3
29

0

4
45

5
38

8
13

0
0

0
0

0
0

0
0

20
57

1.
08

10
87

4.
62

0
20

57
1.

08
10

40
95

0
23

.8
90

5
45

5
30

6
13

0
13

0
0

0
0

0
0

0
21

31
8.

88
96

30
.3

6
56

0
21

87
8.

88
11

70
10

00
21

.9
17

0

6
45

5
38

3
13

0
13

0
25

0
0

0
0

0
23

15
9.

28
11

02
3.

5
90

0
24

05
9.

28
13

32
11

00
23

.9
23

2

7
45

5
43

5
13

0
13

0
25

0
0

0
0

0
24

06
9.

89
12

22
3.

38
0

24
06

9.
89

13
32

11
50

25
.7

18
2

8
45

5
45

5
13

0
13

0
30

0
25

0
0

0
24

52
0.

35
12

72
0.

43
26

0
24

78
0.

35
14

17
12

00
25

.2
21

7

9
45

5
45

5
13

0
13

0
12

1
20

25
0

0
0

26
81

5.
76

12
78

3.
62

17
0

26
98

5.
76

14
97

13
00

26
.7

19
7

10
45

5
45

5
13

0
13

0
16

2
58

25
10

0
0

28
53

6.
64

12
98

0.
48

30
28

56
6.

64
15

52
14

00
25

.7
15

2

11
45

5
45

5
13

0
13

0
16

2
80

25
28

10
0

29
04

7.
98

13
00

4.
03

30
29

07
7.

98
16

07
14

50
25

.8
15

7

12
45

5
45

5
13

0
13

0
16

2
80

25
55

17
17

29
04

7.
98

13
00

4.
03

30
29

07
7.

98
16

62
15

00
26

.2
16

2

13
45

5
45

5
13

0
13

0
16

2
0

25
55

13
0

27
22

1.
61

13
08

8.
93

0
27

22
1.

61
15

27
14

00
25

.4
12

7

14
45

5
33

2
13

0
13

0
12

6
0

0
10

10
10

26
47

1.
14

12
86

9.
54

30
26

50
1.

14
14

97
13

00
26

.7
19

7

15
45

5
28

1
13

0
13

0
58

0
0

0
0

0
25

08
1.

76
12

69
8.

43
0

25
08

1.
76

13
32

12
00

28
.4

13
2

16
45

5
38

4
13

0
13

0
25

0
0

0
0

0
22

26
7.

93
10

01
0.

69
0

22
26

7.
93

13
32

10
50

22
.8

28
2

17
45

5
45

5
13

0
13

0
25

0
0

0
0

0
21

37
7.

92
91

59
.8

7
0

21
37

7.
92

13
32

10
00

21
.7

33
2

18
45

5
45

5
13

0
13

0
25

0
0

0
0

0
23

17
7.

04
11

04
5.

31
0

23
17

7.
04

13
32

11
00

24
.9

23
2

19
45

5
45

5
13

0
13

0
30

0
25

0
0

0
24

52
0.

34
12

72
0.

44
26

0
24

78
0.

34
14

17
12

00
25

.3
21

7

20
45

5
45

5
13

0
13

0
16

2
58

25
10

0
0

28
53

6.
65

12
98

3.
48

20
0

28
73

6.
65

15
52

14
00

25
.7

15
2

21
45

5
45

5
13

0
13

0
11

1
20

25
0

0
0

26
60

9.
53

12
74

1.
94

0
26

60
9.

53
14

97
13

00
26

.7
19

7

22
45

5
45

5
13

0
0

67
20

0
0

0
0

23
53

0.
93

12
30

9.
13

0
23

53
0.

93
12

82
11

00
27

.7
18

2

23
45

5
42

3
0

0
25

20
0

0
0

0
19

93
5.

48
11

20
7.

05
0

19
93

5.
48

11
52

90
0

23
.7

25
2

24
45

5
36

7
0

0
0

0
0

0
0

0
18

01
2.

03
10

09
9.

78
0

18
01

2.
03

91
0

80
0

22
.4

11
0



822 G. Santhoshkumar, K. Vijayakumar, K. Selvakumar, R. Palanisamy and D. Karthikeyan

T
ab

le
 2

 
O

ut
pu

t f
or

 w
in

d-
th

er
m

al
 u

ni
ts

Hours

Po
w

er
 g

en
er

at
io

n 
of

 u
ni

ts
(M

W
)

Generation 
cost ($)

Emission 
cost (ton)

Startup 
cost($)

Wind (MW)

Wind Cost 
($)

Wind Speed 
(m/s)

Total cost($)

Max capacity 
(MW)

Total demand 
(MW)

Loss (MW)

Reserve 
(MW)

1
2

3
4

5
6

7
8

9
10

1
45

5
26

6
0

0
0

0
0

0
0

0
16

24
8.

97
83

51
.9

6
0

11
.3

16
9.

6
7.

78
4

16
41

8.
57

91
0

70
0

21
.4

21
0

2
45

5
31

5
0

0
0

0
0

0
0

0
17

10
3.

44
91

20
.9

3
0

26
.9

40
3.

5
11

.6
79

17
50

6.
94

91
0

75
0

20
.9

16
0

3
45

5
28

3
13

0
0

0
0

0
0

0
0

18
73

7.
23

89
32

.9
55

0
21

.9
32

8.
5

9.
73

19
61

5.
73

10
40

85
0

18
.3

29
0

4
45

5
38

8
13

0
0

0
0

0
0

0
0

20
57

1.
08

10
87

4.
62

0
41

.3
61

9.
5

16
.5

41
21

19
0.

58
10

40
95

0
23

.8
90

5
45

5
30

6
13

0
13

0
0

0
0

0
0

0
21

31
8.

88
96

30
.3

6
56

0
41

.3
61

9.
5

17
.5

14
22

49
8.

38
11

70
10

00
21

.9
17

0

6
45

5
38

3
13

0
13

0
25

0
0

0
0

0
23

15
9.

28
11

02
3.

5
90

0
41

.3
61

9.
5

17
.5

14
24

67
8.

78
13

32
11

00
23

.9
23

2

7
45

5
43

5
13

0
13

0
25

0
0

0
0

0
24

06
9.

89
12

22
3.

38
0

41
.3

61
9.

5
16

.5
41

24
68

9.
39

13
32

11
50

25
.7

18
2

8
45

5
45

5
13

0
13

0
30

0
25

0
0

0
24

52
0.

35
12

72
0.

43
26

0
26

.9
40

3.
5

11
.6

76
25

18
3.

85
14

17
12

00
25

.2
21

7

9
45

5
45

5
13

0
13

0
12

1
20

25
0

0
0

26
81

5.
76

12
78

3.
62

17
0

37
.5

56
2.

5
13

.6
22

27
54

8.
26

14
97

13
00

26
.7

19
7

10
45

5
45

5
13

0
13

0
16

2
58

25
10

0
0

28
53

6.
64

12
98

0.
48

30
41

.3
61

9.
5

17
.5

14
29

18
6.

14
15

52
14

00
25

.7
15

2

11
45

5
45

5
13

0
13

0
16

2
80

25
28

10
0

29
04

7.
98

13
00

4.
03

30
39

.4
59

1
14

.5
95

29
66

8.
98

16
07

14
50

25
.8

15
7

12
45

5
45

5
13

0
13

0
16

2
80

25
55

17
17

29
04

7.
98

13
00

4.
03

30
41

.3
61

9.
5

21
.4

06
29

69
7.

48
16

62
15

00
26

.2
16

2

13
45

5
45

5
13

0
13

0
16

2
0

25
55

13
0

27
22

1.
61

13
08

8.
93

0
41

.3
61

9.
5

16
.5

41
27

84
1.

11
15

27
14

00
25

.4
12

7

14
45

5
33

2
13

0
13

0
12

6
0

0
10

10
10

26
47

1.
14

12
86

9.
54

30
21

.9
32

8.
5

9.
73

26
82

9.
64

14
97

13
00

26
.7

19
7

15
45

5
28

1
13

0
13

0
58

0
0

0
0

0
25

08
1.

76
12

69
8.

43
0

4.
4

66
6.

84
25

14
7.

76
13

32
12

00
28

.4
13

2

16
45

5
38

4
13

0
13

0
25

0
0

0
0

0
22

26
7.

93
10

01
0.

69
0

25
.5

38
2.

5
10

.7
03

22
65

0.
43

13
32

10
50

22
.8

28
2

17
45

5
45

5
13

0
13

0
25

0
0

0
0

0
21

37
7.

92
91

59
.8

7
0

13
.1

19
6.

5
8.

75
7

21
57

4.
42

13
32

10
00

21
.7

33
2

18
45

5
45

5
13

0
13

0
25

0
0

0
0

0
23

17
7.

04
11

04
5.

31
0

13
.1

19
6.

5
8.

75
7

23
37

3.
54

13
32

11
00

24
.9

23
2

19
45

5
45

5
13

0
13

0
30

0
25

0
0

0
24

52
0.

34
12

72
0.

44
26

0
21

.9
32

8.
5

10
.7

03
25

10
8.

84
14

17
12

00
25

.3
21

7

20
45

5
45

5
13

0
13

0
16

2
58

25
10

0
0

28
53

6.
65

12
98

3.
48

20
0

32
.9

49
3.

5
12

.6
49

29
23

0.
15

15
52

14
00

25
.7

15
2

21
45

5
45

5
13

0
13

0
11

1
20

25
0

0
0

26
60

9.
53

12
74

1.
94

0
26

.9
40

3.
5

11
.6

76
27

01
3.

03
14

97
13

00
26

.7
19

7

22
45

5
45

5
13

0
0

67
20

0
0

0
0

23
53

0.
93

12
30

9.
13

0
25

.5
38

2.
5

10
.7

03
23

91
3.

43
12

82
11

00
27

.7
18

2

23
45

5
42

3
0

0
25

20
0

0
0

0
19

93
5.

48
11

20
7.

05
0

32
.5

48
7.

5
12

.6
49

20
42

2.
98

11
52

90
0

23
.7

25
2

24
45

5
36

7
0

0
0

0
0

0
0

0
18

01
2.

03
10

09
9.

78
0

32
.5

48
7.

5
12

.6
49

18
49

9.
53

91
0

80
0

22
.4

11
0



823Economic Emission Dispatch of Thermal Units with Wind Power and Pumped Hydro Power Plant

T
ab

le
 3

 
O

ut
pu

t f
or

 w
in

d,
 th

er
m

al
 a

nd
 p

um
pe

d 
hy

dr
o 

st
or

ag
e 

un
its

Hours

Po
w

er
 g

en
er

at
io

n 
of

 u
ni

ts
(M

W
)

Generation 
cost ($)

Emission 
cost(ton)

Start-up 
cost($)

Wind (MW)

Wind Cost 
($)

Wind Speed 
(m/s)

Strategy

PPH

Total cost($)

Max capacity 
(MW)

Total demand 
(MW)

Loss (MW)

Reserve 
(MW)

1
2

3
4

5
6

7
8

9
10

1
45

5
33

4
0

0
0

0
0

0
0

0
17

43
0.

7
94

53
.8

8
0

11
.3

16
9.

6
7.

78
4

P
–1

14
17

48
6.

3
91

0
80

0
21

.4
11

0

2
45

5
36

8
0

0
0

0
0

0
0

0
18

03
1.

83
10

12
2.

98
0

26
.9

40
3.

5
11

.6
79

P
–1

14
18

43
5.

3
91

0
85

0
20

.9
60

3
45

5
34

3
13

0
0

0
0

0
0

0
0

19
78

6.
37

99
60

.2
1

55
0

21
.9

32
8.

5
9.

73
P

–1
14

20
55

0.
9

10
40

95
0

18
.3

90

4
45

5
32

4
13

0
0

0
0

0
0

0
0

19
44

8.
05

96
04

.5
5

0
41

.3
61

9.
5

16
.5

41
S

0
20

06
7.

6
10

40
95

0
23

.8
90

5
45

5
24

4
13

0
13

0
0

0
0

0
0

0
20

23
3.

68
87

14
.6

8
56

0
41

.3
61

9.
5

17
.5

14
S

0
21

41
3.

2
11

70
10

00
21

.9
17

0

6
45

5
31

9
13

0
13

0
25

0
0

0
0

0
22

03
6.

44
97

33
.9

3
90

0
41

.3
61

9.
5

17
.5

14
S

0
23

55
5.

9
13

32
11

00
23

.9
23

2

7
45

5
36

9
13

0
13

0
25

0
0

0
0

0
22

90
9.

85
10

72
3.

92
0

41
.3

61
9.

5
16

.5
41

S
0

23
52

9.
4

13
32

11
50

25
.7

18
2

8
45

5
40

8
13

0
13

0
25

0
25

0
0

0
23

59
8.

96
11

58
2.

07
26

0
26

.9
40

3.
5

11
.6

76
S

0
24

26
2.

5
14

17
12

00
25

.2
21

7

9
45

5
37

8
13

0
13

0
25

20
25

0
0

0
23

51
1.

27
10

84
4.

15
17

0
37

.5
56

2.
5

13
.6

22
G

10
4

24
64

7.
8

14
97

12
00

26
.7

19
7

10
45

5
45

5
13

0
13

0
34

20
25

10
0

0
25

04
3.

19
12

65
1.

86
30

41
.3

61
9.

5
17

.5
14

G
10

4
25

79
6.

7
15

52
13

00
25

.7
25

2

11
45

5
45

5
13

0
13

0
76

20
25

10
10

0
25

88
6.

38
12

64
9.

73
30

39
.4

59
1

14
.5

95
G

10
4

26
61

1.
4

16
07

13
50

25
.8

25
7

12
45

5
45

5
13

0
13

0
11

4
20

25
10

10
10

26
66

6.
18

12
75

2.
72

30
41

.3
61

9.
5

21
.4

06
G

10
4

27
41

9.
7

16
62

14
00

26
.2

26
2

13
45

5
45

5
13

0
13

0
44

0
25

10
10

0
24

79
5.

25
12

70
2.

89
0

41
.3

61
9.

5
16

.5
41

G
10

4
25

51
9.

8
15

27
13

00
25

.4
22

7

14
45

5
40

8
13

0
13

0
25

0
0

10
10

10
23

59
9.

2
11

58
2.

38
30

21
.9

32
8.

5
9.

73
G

10
4

24
06

1.
7

14
97

12
00

26
.7

29
7

15
45

5
45

5
13

0
13

0
26

0
0

0
0

0
24

43
3.

18
12

72
8.

75
0

4.
4

66
6.

84
S

0
24

49
.1

8
13

32
12

00
28

.4
13

2

16
45

5
28

4
13

0
13

0
25

0
0

0
0

0
21

43
8.

78
92

12
.9

2
0

25
.5

38
2.

5
10

.7
03

S
0

21
82

1.
3

13
32

10
50

22
.8

28
2

17
45

5
24

7
13

0
13

0
25

0
0

0
0

0
20

78
3.

15
86

81
.1

0
13

.1
19

6.
5

8.
75

7
S

0
20

97
9.

7
13

32
10

00
21

.7
33

2

18
45

5
34

7
13

0
13

0
25

0
0

0
0

0
22

52
7.

5
10

28
9.

07
0

13
.1

19
6.

5
8.

75
7

S
0

22
72

4
13

32
11

00
24

.9
23

2

19
45

5
41

3
13

0
13

0
25

0
25

0
0

0
23

68
6.

86
11

69
8.

38
26

0
21

.9
32

8.
5

10
.7

03
S

0
24

27
5.

4
14

17
12

00
25

.3
21

7

20
45

5
45

5
13

0
13

0
42

20
25

10
0

0
25

21
0.

74
12

64
1.

78
20

0
32

.9
49

3.
5

12
.6

49
G

10
4

26
00

8.
2

15
52

13
00

25
.7

25
2

21
45

5
38

8
13

0
13

0
25

20
25

0
0

0
23

69
6.

99
10

71
.7

5
0

26
.9

40
3.

5
11

.6
76

G
10

4
24

20
4.

5
14

97
12

00
26

.7
29

7

22
45

5
44

4
13

0
0

25
20

0
0

0
0

22
50

3.
88

12
06

7.
22

0
25

.5
38

2.
5

10
.7

03
S

0
22

88
6.

4
12

82
11

00
27

.7
18

2

23
45

5
45

5
0

0
37

20
0

0
0

0
20

74
5.

69
11

98
4.

4
0

32
.5

48
7.

5
12

.6
49

P
–1

14
21

11
9.

2
11

52
10

00
23

.7
25

2

24
45

5
41

2
0

0
0

0
0

0
0

0
18

80
8.

18
11

09
4.

92
0

32
.5

48
7.

5
12

.6
49

P
–1

14
19

15
1.

7
91

0
90

0
22

.4
10



824 G. Santhoshkumar, K. Vijayakumar, K. Selvakumar, R. Palanisamy and D. Karthikeyan

Table 4 
Thermal Units Data

 Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 Unit 10

Pi(max) 455 455 130 130 162 80 85 55 55 55

Pi(min) 150 150 20 20 25 20 25 10 10 10

Ai 1000 970 700 680 450 370 480 660 665 670

Bi 16.19 17.26 16.6 16.5 19.7 22.26 27.74 25.92 27.27 27.79

Ci 0.00048 0.00031 0.002 0.00211 0.00398 0.00712 0.00079 0.00413 0.00222 0.00173

MUi 8 8 5 5 6 3 3 1 1 1

MDi 8 8 5 5 6 3 3 1 1 1

Hcosti 4500 5000 550 560 900 170 260 30 30 30

Ccosti 9000 10000 1100 1120 1800 340 520 60 60 60

Chouri 5 5 4 4 4 2 2 0 0 0

I. state 8 8 -5 -5 -6 -3 -3 -1 -1 -1

αi(ton/h) 10.3391 10.3391 30.0391 30.0391 32.0001 32.0001 33.0006 33.0006 35.0006 36.0001

βi(ton/MW) –0.24444 –0.24444 –0.407 –0.407 –0.38132 –0.38132 –0.39023 –0.39023 –0.39524 –0.39864

γi(ton/MW2h) 0.00312 0.00312 0.00509 0.00509 0.00344 0.00344 0.00465 0.00465 0.00465 0.0047

Table 5 
Wind Power to Speed

Wind Speed (m/s) 3 4 5 5.5 6 7 8 9 10 11 12 13 13.5 14 15 16-25

Output Power (W) 20 50 75 100 125 200 450 600 900 1050 1250 1400 1500 1550 1600 1650

Table 6 
Pumped Storage Hydro Plant

Water levels

Max. water level in the upper reservoir 1160 m

Min. water level in the upper reservoir 1135 m

Max. water level in the lower reservoir 734 m

Min. water level in the lower reservoir 726 m

Turbines

Turbine type f 10 dia 2600

Normal rpm 500

Max. operating rpm 867

Max. single turbine operation gradient 428 m

Max. double turbine operation gradient 423 m

Min. double turbine operation gradient 391 m

Max. turbine flow rate 30 m^3/s

Max. output at turbine coupling 115 mw

Mean. output at turbine coupling 104 m

Max. operating pressure in the spiral casing 6178 mpa
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