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Abstract

In the electric power supply systems, there exist a wide range of problems involving optimization processes. Among them, the
power system scheduling is one of the most important problems in the operation and management ANY power system
optimization problems including economic dispatch (ED) have noconvex characteristics with heavy equality and inequality
constraints . The objective of ED is to determine an optimal combination of power output to meet the demand at minimum cost
while satisfying the constraints. For simplicity, the cost function for each unit in the ED problems has been approximately
represented by a single quadratic function and is solved using mathematical programming techniques .Economic load dispatch
has the objective of generation allocation to the power generators such that the total fuel cost is minimized and all operating
constraints are satisfied. Generally ELD is solved without accounting for transmission constraints, however, in deregulated
power system environment Economic load dispatch (ELD) has the objective of generation allocation to the power generators
such that the total fuel cost is minimized and all operating constraints are satisfied. Generally ELD is solved without
accounting for transmission constraints, however, in deregulated power system environment. A number of traditional methods
are used for solving ELD and other power system problems. During the last decade soft computing methods like particle
swarm optimization (PSO),GA and lemda iteration method have been increasingly proposed for complex optimization
problems. The paper reviews and compares the performance of the proposed PSO,GA and iteration method variants with
traditional solver GAMS for economic dispatch on TWO standard test systems having different sizes and complexity levels. A
large 38-unit power system is included for validating the results.

Keywords: Optimization of Economic load dispatch ,GAMS, Electric power generation; Thermal generator
constraints;

1 Introduction

Most of power system optimization problems including economic dispatch (ED) have complex and nonlinear characteristics
with heavy equality and inequality constraints [1]. Economic dispatch is one of the most important problems to be solved in the
operation and planning of a power system Power utilities try to achieve high operating efficiency to produce cheap electricity.
GA [7] Competition exists in the electricity supply industry in generation and in the marketing of electricity. The operating
cost of a power pool can be reduced if the areas with more economic units generate larger power than their load, and export the
surplus power to other areas than their load, and export the surplus power to other areas with more expensive units. On the
other hand, ELD is one of the most crucial issues of present energy management system. The objective of ELD in a power
system is to discover the best possible combination of power output for all generating units which will minimize the total fuel
cost as well as satisfying load and operational constraints. The ELD problem is extremely complex to work out because of its
large dimension, a non-linear objective function, and various constraints. several analysis on the ELD have been carried out till
now, suitable improvements in the unit outputs scheduling can contribute to significant cost savings [3]The benefits thus
gained will depend on several factors like the characteristics of a pool, the policies adopted by utilities, types of
interconnections, tie-line limits and load distribution in different areas. Therefore, transmission capacity constraints in
production cost analysis are important issues in the operation and planning of electric power systems. Soft computing based
approaches are also becoming very popular. Although these methods do not always guarantee global best solutions, they often
achieve a fast and near global optimal solution. Recently covariance matrix adapted evolutionary strategy has been proposed
problems. Large dimension problems are difficult to optimize using soft computing methods, as these techniques take a long
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time to converge; on the other hand, traditional methods like the GAMS solver computes the best result almost
instantaneously. Many researchers have been done for the problem as reported in the literature [8] [9]. At the early time, the
objective function of the ED problem was approximately represented by a single quadratic function so that mathematical
programming techniques could be implemented to solve it This paper proposes some modified PSO GA local minima and
enhance global search. [10]There has been phenomenal growth in mathematical programming techniques and development of
computer codes to solve large scale optimization models over the past four to five decades. There has also been noteworthy
development in relational database for improved data organization and transformation capabilities.. A number of efficient
modelling languages have been developed which makes use of both the development in improved database management and
mathematical programming techniques. One of the most popular and flexible languages among these is the General Algebraic
Modelling System (GAMS) [2]. GAMS module was originally developed through a World Bank funded study in 1988.

2 The General Algebraic Modelling System (GAMS) solvers

The General Algebraic Modelling System (GAMS) is specifically designed for modelling linear, nonlinear and mixed integer
optimization problems. [2] The system is particularly very advantageous with large, complex problems. GAMS allows the user
to concentrate on the modelling problem by making the setup simple. GAMS is especially useful for handling large, complex,
one-of-a-kind problems which may require many revisions to establish an accurate model.. The user can change the
formulation quickly and easily, and can even change from one solver to another. Similarly the use can easily convert from
linear to nonlinear optimization option with little trouble.[2] GAMS main window show in the fig 1 and fig 2 show .

Hgamside: C:\Documents and Settings\mckinney\My Documents\ga..
File Edit Search Windows Utilities Help

FECEE) =B

GAMS

Modeling forthe Real World

Fig. 1 GAMS main window

the optimization solver ,in GAMS modelling system solve the different problems of linear, nonlinear and mixed integer
optimization problems.

GAMS
Caompilation
of Model

Input file:
MODEL

Outpst file:
RESULTS

Optimization
SOLVER

Fig 2. Optimization solver

Using the tools show in the table 1 and table 2,recently use of GAMS are using the different area show in the table 3
and worldwide use this tools show the fig.3 The basic structure of a mathematical model coded in GAMS has the

IJERTV21S90714 www.ijert.org 2360



International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181
Vol. 2 Issue 9, September - 2013

components: sets, data, variable, equation, model and output The tool kit in GAMS gives algorithms for each category of
problem. GAMS also has the unique feature of providing a common language that can make use of a variety of solvers

Fig 3 Academic + Commercial Users Worldwide OF GAMS

Table 1: Structure of GAMS model [2]

Sets
Declaration and assignment of tmembers
e = {buses, generators, lines etc.
IDrate in the form of Scalars, Parameters
and Tables
Declaratien and assignment of walues
e.g . fgenerator ratings, costs, line
patrameters, IM7A and WOV A loads eto)
IDecision Variables
Dreclaration, assignment of typ e,
bounds, initial walues
eo . fgeneration lewel, line flosws, load
bus woltage s, tap setting etc
Fguations
Declaraticons and definiticn e g, {leoad
flow constraints, voeltage limit,
generaticon limits on VWA and W A,
cost functicon eto. 3
BTodel and Solve Statements
Dreclaration, assignment of approprate

solver e g, {IwWlodel OFPF, Solwve OFF
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Table 2 Methods of Solving Optimization Problems.[3,4]

IJERTV21S90714

5No | Sobver Thwpe Diescription
1 ) Linsx programeming The model cnnot conkin nonlinssr or discrele (birery and integer)
vaizhlks
1 NLE Monlinesr programming In e mals] major fonlinssr forms as only contimous fncions
Hovezr, the mods] dossnot contzin disrests varizhls
3 CHLE Monlinesr programeing with discontimous derivatives. This modsl can conkin hetemsnsms
fusction. The sotution of fiis problem s more complicated han NLE
4 iy Falzned mivsd inkssr prosremming Ths wey can cmiin disorsl verizbles ot disorste
fequirsments a2 notsringant Inkear and binery varizdbles can t2lz any valees within bounderiss
5 MIP Mized infzm=r progrzmming It is similer to BMIE biot ths requirsments fo discrstensss of
vaizbles znd squefions a2 strinsat Disosl warizbles shout tzle disorsts wzlues within
boundariss
& FMINLE Ralzned mized intemr nonlinssr progrzmming The model can contsin both discrats varishies 2nd
mijor nonliness forme Distrete requisent ars ot shingsnt This clas o problens 2= for
solutioncomplexity izlike NLP
7 MINLE Mizsd infzzr nonfinesr progemmine The =me chersckristics 23 for BMINLE but the
requirsmants bo discretensss ane ey sringsnt
B MZP Mized Complementry Broblzm
g CH5 Conshzined Monlinzr Syatem
Table 3 GAMS Are Using The Different Area[4]
Apgriculiral Economics Applied General Equilibrivm
Chemical Engineering Economic Development
Econometrics ENERGY
Environmental Economics Enginzering
Finance Forstry
International Trade Mvilitary
Macro Economics Physics
Menagement Science Ivhthematics

3. Economic load dispatch Formulation

The objective of an ELD problem is to find the optimal combination of power generations that minimizes the total generation
cost while satisfying an equality constraint and inequality constraints. The fuel cost curve for any unit is assumed to be
approximated by segments of quadratic functions of the active power output of the generator. For a given power system
network, the problem may be described as optimization (minimization) of total fuel cost as defined by (1) under a set of
operating constraints

i m
2
F, =Y F(B)=Y (a,R* +b,F +c,)

I=1 I=1 (1)
where is Fr total fuel cost of generation in the system ($/hr), ai, bi, and ciare the cost coefficient of the i th generator, Piis the
power generated by the i th unit and n is the number of generators. The cost is minimized subjected to the following generator
capacities and active power balance constraints.

P _=P=pP_ _ fori=12.---n

T.mom
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where Pi, min and Pi, max are the minimum and maximum
power output of the i th unit.

PD = ZP _"PLa:.':

T
i=1 )
where Pbo is the total power demand and Puoss is total transmission loss.
The transmission loss PLoss can be calculated by using
B matrix technique and is defined by (4)

P_Lcr_;: = EE P:"Br_r Pj

=1 j=1 (4)
where Bij,,s are the elements of loss coefficient matrix B

4 Results and Discussions

The performance of traditional optimization approach using the NLP minimization module of GAMS has been compared with
DE,BBO, Iteration method and PSO, for two test cases having different sizes and complexity levels as described below.
Simulations were carried out using MATLAB 7.0.1 on a Pentium IV processor, 2.8 GHz. with 1 GB RAM.

4.1 Description of the test cases

The performance of traditional optimization approach using the NLP minimization module of GAMS has been compared
GA, Iteration method and PSO and its variants for two test cases .

1) Test case I: This system is taken from [ 5] . It has 4-generating units supplying a total load of 520 MW. Transmission
losses are neglected while minimizing cost function given by eq. (1) subject to constraints given by (2) .The fuel-cost
characteristics are given in Table 4.[5]

2) Test case 2: This system is taken from [6] . It has 38-generating units supplying a total load of 8550 MW. Transmission
losses are neglected while minimizing cost function.

Test Case -1
This system comprises of 4 generating units and the input data of 4-generator system are given in cost coefficients of

generating unit Table 4.[5] Here, the total demand for the system is set to 530 MW. and different load demand 200 to 1200
MW The obtained results for the 4-generator system using the GAMS are given in Table 6 and the results are compared
with those from pso classical ,pso accelerated and gradient method . in finding a global optimal solution presented In The
Table [5].

Table 4 cost coefficients of generating unit [5]

Unit @MW) LMW | (5 | BTME) | UMW)
! 730 18.24 | 0.00875 30 120

2 080 1887 000754 30 160

3 650 1905 | 000310 30 200

4 900 1790 | 0.00423 100 300
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4.2 Comparison of Results for 4 unit system
The minimum cost reported for the 4 unit system with pso classical and pso accelerated or gradient method are 12919.96$ or
12919.76 [5 ].The best cost $ 12919.75 has obtained by the GAMS and Result has compared with PSO ,gradient method show

intable 5.
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Table 5 Comparison of Results for 4 unit system

Variable PSSO PSSO Gradient GAMS
Classical Accelemted method
P1 (AW 88 554 92536 92 493 92.494
P2 (MW 65.340 65 539 65 559 65.560
P3 (MW 134 662 130293 130431 130.427
P4 (MWW 231 444 231.632 231.517 231.519
Total power 520.00 520.00 52000 520,00
MW ]
Total fuel 129199 12919.76 1291976 1291975
cost($/h) & 4
Time (sec) =<1 =1 =1 0.16

4.3 Effect of load variation for 4 unit system
Load was changed from the test case (I ) 200 MW to 1200 MW) and it was found that the system did not convergence for
800 MW. It can be seen from Table 6. And show in the fig 4.with increase in load the optimal cost was found to increase.

Table 6 : Results of optimal dispatch with changing

S No. |[LOADMW) | COST(S/h) | Violation CPU
tim ef s)
1 2000 NTWY T2B89TS -0.000 0.15
2 FOOCNITRTY 2616 594 Q000 .16
3 EDTITaN Aty 10554°753 0000 O 16
El SO0 Ry 1TZ53308E 0000 o1
] SOOI 14516398 -0_000 016
s TOONITRT) 16534 556 0.000 016
7 SO0V 18191. 724 -0_000 015
] SOOI Y 18191. 724 0_000 0.15
9 1 OO O WA 18191.724 0000 o.16
10 12000 TETY 18191.724 O.000 016

4.4 Effect of Generator Outage contingency
In practical power system operation power generators often become faulty and are not available. In this paper
each generator is considered out of service one by one for load demands of 200, 300, 400, 500, 6000, 700 , 800,
900 ,1000 and 1100 MW for test case I. Comparison of best results of one by one generator outage can be seen
from Table 7 and graphical representation is shown Figure 5. Results of optimal dispatch with generator outage
contingency for load demand 400 has been shown in Table 8.so that outage of Genl maximum cost of

$10544.753 was computed. Least operational cost ( $10785.296) was found for outage of Gen.4.
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Table 7 : Comparison of best results of one by one generator out for different loads (test case I)

S.NO | LOAD(MW)| P1(COST) | P2(COST) | P3(COST) | P4(COST)
1 200 6734.900 | 6703.802 | 6705.902 | 6805.727
2 300 8649.964 | 8618.697 | 8621.043 | 8777.827
3 400 10612.679 | 10573.537[ 10589.687 | 10785.296
1 500 12605.048 | 12558.083 | 12600.556 | 12441.024
5 600 14627.024 | 14572.334 | 14257.724 | 12441.024
6 700 15876.924 | 14979.500 | 14257.724 | 12441.024
7 800 15876.924 | 14979500 | 14257.724 | 12441.024
8 900 15876.924 | 14979.500 | 14257.724 | 12441.024
9 1000 | 15876.924 [ 14979.500 | 14257.724 ] 12441.024
10 1100 | 15876.924 | 14979.500 | 14257.724 | 12441.024

18000

16000

14000

12000
LOAD{MW)

10000
1 P1{COST)

8000

6000

4000

2000

Fig 5: Generator outage cases for different load demands (Test case I)

Table 8 :Results of optimal dispatch with generator outage contingency (test case I: PD=400 MW)

SNo |Allunits | Pl out P2 out P3 out P4 out
Pl 74.766 0000 83.253 94960 | 114874
P2 50.000 | 60286 0000 68421 91.531
P3 80388 | 11739 | 104344 0000 193595

P4 194847 | 222117 | 212403 | 236619 0000
Total  [10554.733 | 10612.679| 10573.537| 10589.687 | 10785.296
Cost(Sh)
Test case 2

The coefficient of fuel cost and maximum and minimum power limits are given in table 10 [6].The power demand is to be
8550 (MW).The results corresponding to DE/BBO,BBO,PSO,NEWPSO and GAMS are detailed in section table 9 .the
comparison of results of all methods shown in table 9.
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Table 10: Fuel cost coefficient of Test case | Table 9 comparison of best result load (8550MW)
Unit % bi G B | S Dutput(MW) | DE/BBO BBO |PSOTIVAC | NEWPSO | EPEPSO | GAMS
(EMW) (SMW) 1] W) (W) PL 125606060 | 422730%65 | 443.858 550,000 3180777 418300
1 64781 [T 03133 220 550 F2 436605054 | 422147833 | 42856 512283 475417 218390
2 G482 7269 0.3133 220 330 P3 472883184 | 43577R411 | 43 455733 3201288 421431
3 B4670 7955 0.3137 200 500 P4 420663161 | 445.4B1250 500,000 301083 500.0000 500,000
4 gae70 7433 0.7 200 200 Ps 470663103 | 428475752 | 410530 443545 500.0000 421431
5 B2E70 7855 03127 200 500 Ps 120,66316 | 426648254 | 4E2.BE4 355308 500.0000 421431
g Caul 753 09127 200 200 P7 120.663185 | 426110088 | 400.453 15720 500.0000 421431
! B4670 7853 0.3127 200 500 pé 42; 55315; Aznl 50(;553 u;.ofn 32;3.-51; mom FRIFED
g ser0 1323 0.2427 a0 200 PR n.;oooooo n;. ;mnr Lln.‘.;:-; 11‘.3-1' ;u.oooo 114,000
g 172832 915.7 0.7075 114 500 - - i il -
0 172832 2157 0.7075 112 500 P10 114000000 | 114115388 137.274 200472 1327526 114,000
11 176003 Y] 07515 112 00 P11 118758000 | 115418862 135.233 114,000 1140000 116343
12 173028 PEYE) 0.7083 114 00 P12 127.072600 | 127.511404 155401 242,107 144.0000 123438
13 91340 12501 0.4211 110 500 P13 110.000000 110.00024E 121,718 118.ERE 1100000 110,000
14 53440 17986 05145 ag 365 P14 20000000 | 90.02175T1 00024 102802 20.0000 90,000
15 GL46E 17885 05601 27 365 P15 BLO00000 | 52.00D0000 07241 52.032 52.0000 92,000
16 77282 172908 0.5691 120 325 P18 120.000000 120.036495 125106 120,000 1200000 120.000
17 150928 7381 25881 65 315 P17 150,508000 | 180303835 162,108 156582 1410035 158603
18 285372 11495 38734 65 315 P15 55000000 | 65.0001141 55,000 84285 55,0000 £5.000
19 271676 1265.1 3.6842 65 315 P13 S5.000000 | 5.0001370 £5.000 85,041 £5.0000 65,000
20 39197 696.1 0.4921 120 272 P20 72 271800501 w742 154104 1200000 272000
21 45576 6602 0.5728 120 272 FaL 72 271872258 221353 22534 2720000 272000
22 28770 B803.2 0.3572 110 260 P22 260,000000 | 252732054 130,504 208208 260.0000 260,000
23 36902 8182 0.8415 20 180 P23 130,648516 | 125823075 124260 BE.T1D 50.0000 127514
24 105510 33.5 52.123 10 150 P2 10000000 | 10.4434771 11535 10.000 10.0000 10,000
25 23233 BO5 4 11421 60 135 P25 113.305034 | 108.417723 77.103 £0.000 92,8577 111051
26 30853 1071 20275 35 110 F2s BE.0SE8158 | B2.3772854 55015 20.459 55,0000 86797
7 17044 8336 3.0744 35 75 PIT 37.5051018 | 35.4110655 75000 39670 35.0000 36.668
28 81073 1887 16.765 20 70 RIE 200000000 | 20.D028EE0 11562 20.000 20.0000 2,975
2 124767 10244 26.355 20 70 p29 200000000 | 20.00B2554 20829 20,285 20.0000 20,000
30 121315 837.1 30.575 10 70 P30 20.0000000 | 20.0000C00 0328 22,810 20.0000 20,000
:; ;ZD?BE' 1;?: :: ?32 :E Eg p3g 20.0000000 | 20.0000000 20000 20.000 20.0000 20,000
k . - P 200000000 | 20.0033250 21840 20.416 20.0000 20,000
33 B3224 16338 23815 25 60
" 281 255 108 T = P33 25.0000000 | 25.0086%88 25520 25,000 25.0000 25,000
- - P31 160000000 | 15.0222107 24281 113128 15,0000 18,000
35 Balsz 26258 18.362 & - P33 E0000000 | 5.000D4260 5567 2122 £.0000 BI00D
36 103518 1633.8 23815 25 60 PS; 2; 2;0050550 2';00'0 2: e 2;0000 25,000
37 Ecall 7 g8l 20 28 P37 z;.'azoom z;oonnsn 3;.512 z-:-n.om 3;0000 ztlm
38 13518 5353.9 8.683 20 38 ) o T ) i ) '
P38 210821792 | 20.8076302 2mo3s 25104 20.0000 20,797
costs/h) | 9,417,235.78 | 9417,633.63 | 0500,448,30 | 0,506,44831 | 9387,925.4% | 9,220,800.00

5 Conclusion

This paper presents an efficient and simple approach for solving the economic load dispatch (ELD) problem The
performance of PSO variants was compared with traditional NLP solver GAMS for economic dispatch problem of
four test cases. Soft computing techniques like the PSO use random operators for achieving the optimal result
therefore in every fresh trial, these methods converge to different solutions near the global best solution. The
traditional NLP algorithm like the GAMS uses mathematical operations to achieve the best solution so they are
always consistent and converge to the unique global minimum solution. The time taken by soft computing
techniques is quite large as compared to GAMS. The time requirement increases tremendously with problem
complexity (like the inclusion of losses) and with increase in problem size. No such issue is there with GAMS.
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