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Abstract—This paper proposes a Hybrid mutation operator and self adaptive scaling differential evolutionary (HSDE) 
algorithm for solving OGEP (Optimal Generation Expansion Planning) with Security Constraint. Main  objective of OGEP 
is to minimize the total investment and operating costs associated with the addition of new units and to satisfy the reliability, 
fuel mix, and the demand criterion. The feasibility of the proposed approach was tested on Modified IEEE 30 bus system and 
modified Indian 82 bus system with three different objective function. Several cases were investigated to test and validate 
the robustness of the proposed method in finding the optimal solution. The proposed algorithm OAPSODV is being 
implemented for modified IEEE 30 bus system and modified Indian 82 bus system for 3 several stages to minimize the total 
cost of GEP. Fuzzy logic composite criteria is evaluated as second objective , weighted sum of total Cost and Fuzzy logic 
Composite criteria is considered as third objective . An innovative Multi Criteria decision making analysis (AHP, SAW, 
WPM) was carried out on the criteria’s like Weighted Cost, FLCC, Power loss, square of voltage stability index in all the 
three stages 
 
Keywords— AHP, HSDE, FLCC, MCDM, OGEP, SAW, and WPM. Hybrid mutation operator. Self-adapting parameter 
control strategy. Differential evolution algorithm. global optimization problems. 
 
I. INTRODUCTION 
 
In GEP, the objective is to expand the existing 
Generating  system to serve the growing load demand 
in the future by satisfying the reliability criteria. The 
GEP determines size ,place ,technology and the time 
of installing new generating  plants to satisfy 
forecasted load within the given reliability criteria 
over a planning horizon of typically 10-30 years. As 
GEP is a highly constrained, non-linear, discrete 
optimization problem, it is a highly challenging 
problem for the decision makers. The solution for this 
GEP problem may be obtained by complete 
enumeration of each possible combination in the 
entire planning horizon. 
One of the most significant problems faced by 
electric utility system planners is the problem of 
selecting the best expansion plan for  their system. 
The solution to TC-GEP [1] problem is finding the 
most economical generation expansion scheme, 
achieving certain reliability level to meet out the 
forecast demand which satisfies transmission and 
other constraints.  
A methodology for calculating the optimal generation 
capacity reserve and siting in power system planning 
considering transmission network. A model and 
algorithms to assess the performance of a certain plan 
of composite generation and transmission system 
expansion are presented . The transmission 
constraints have been included into integrated 
resource planning with static model . 
Kannan et al[2] proposed the metaheuristic 
techniques with modifications in a few techniques are 
applied to solve the GEP problem. The GEP problem 
is also modified using Virtual Mapping 
Procedure(VMP), Penalty Factor Approach (PFA)  

 
and Intelligent Initial Population Generation (IIPG) 
approaches before solving for all three test systems 
using metaheuristic techniques. 
S.Kannan ,et.al [3]  proposed,a novel model and the 
objective of the model is to maximize the profit of the 
utility and also to ensure profits for the participating 
independent power producers (IPPs). With the 
introduction of IPPs, the utility can meet demand 
with a limited budget. Metaheuristic techniques are 
implemented for GEP  problem. 
S.Kannan ,et al. [4] proposed  GEP problem in a 
competitive environment involves the maximization  
of individual profits of each GENCO. In a 
competitive market, the decision-making of GENCOs 
depends on capacity investment on its forecasted 
demand, market clearing Price, business strategies, 
etc. However, there can be some  regulations on the 
total investments to suit fuel mix strategies and to 
prevent over/under capacity investments in the 
market.  Unlike traditional approaches, GEP in a 
competitive environment is very complex due to 
conflicts among Generating Companies (GENCOs). 
It is very difficult to formulate these changed GEP 
environments including GENCOs and the regulatory 
body in a mathematical form and solve the problem 
using conventional optimization technique. 
K.Karthikeyan,et al [5] discussed the basic objective 
of the GEP is to determine the best investment plan 
that minimizes present value of the investment and 
operating costs such that it will meet the load 
demand. Earlier for finding the solution of the GEP 
problem, the methods like DP ,tuType equation 
here.nnel constrained DP , Branch and bound method, 
and Benders-decomposition wereapplied. Some of the 
emerging techniques like  
GA,PSO,SA,TS,ES,HA,DE  for GEP problem were 
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proposed in literature .In this a new technique SADE 
has been applied for GEP and compared the results 
with DP and DE  
P.Murugan et al [6] proposed NSGA II algorithm for 
single objective Transmission Constrainted 
GEP.Multiobjective method is used for improving the 
performance in single-objective problem, the job 
shop scheduling problem with the use of helper 
objectives. By carefully decomposing the original 
single  objective function into multiple functionally 
different objectives and treating the problem as a 
multiobjective optimization problem makes the 
problem easier to solve than the usual single-
objective optimization procedure . 
P.Murugan[7,8]proposed multiobjective  optimization 
using NSGA-II algorithm  .Mostly GEP problem is 
considered as a single objective though it involves 
more than on e objective . The GEP problem is 
equivalent to finding a set of best decision vectors, 
over a planning horizon, that minimizes the 
investment and operating costs and maximizes the 
reliability (or minimizes the outage cost) subject to 
several constraints. The single-objective optimization 
problem with reserve margin and LOLP constraints. 
The first objective function expresses investment cost 
and the second objective function expresses the 
outage cost. Outage cost is evaluated using 
EENS(Expected Energy Not Served ) index. The 
demand constraint is introduced, since there is no 
separate reserve margin constraint. 
Contingency analysis[9] tool is one of them which 
determine the capability of the present state of the 
system to withstand possible near future disturbances. 
Periodic contingency analysis helps the operator in 
taking preventive/corrective measures. Power system 
security and contingency evaluation is one of the 
most important tasks encountered by planning and 
operation engineers of bulk power systems. Security 
assessment has been historically conducted in an 
offline operation-planning environment in which the 
steady-state and dynamic performance of the near-
term forecasted system conditions are exhaustively 
determined using tools such as full AC power flow 
and time domain simulations. These deterministic 
computation methods exhaustively examine many 
contingencies and search for security limits using a 
rigorous approach. 
Since the differential evolution (DE) algorithm was 
first introduced by Storn[10] in 1997,it has exhibited 
remarkable performance in various optimization 
problems, such as scheduling [11], optimization of 
machining parameters[12],engineering 
design[13],and numerical optimization[14].A suitable 
choice of mutation operator and control parameter 
setting can help the algorithm lead the population 
toward the global optimum instead of becoming 
trapped in local optima. Many research studies have 
been conducted on improvements of DE algorithm . 
We will give a brief introduction on the studies that 
primarily examined the mutation operators and 

control parameter setting. Those interested in a more 
detailed introduction to the state-of-the –art research 
on DE can refer to the surveys in [15] and [16]. 
One way to enhance the performance of the DE 
algorithm is to propose more efficient DE mutation 
operators. Islam et al.[17] proposed novel mutation 
and crossover operators for DE , in which a group 
best based mutation operator was proposed .In 
2010,Ali[18] introduced a DE algorithm with 
generalized differentials for which a novel mutation 
operator based on the generalized differential vector 
was proposed .Five new mutation operators that were 
applied to solve the optimization of directional over-
current relay setting .The method making use of the 
absolute weighted difference between the two 
individuals in the mutation operator and the laplace 
distribution to generate the scaling factor F obtains 
good performance. A suitable choice of mutation 
operator can produce , but there is often a lack of 
learning from previous experiences when generating 
the promising individuals. Motivated by this 
deficiency, various researchers have made several 
improvements to DE. Han et al. [19] proposed a 
dynamic group-based DE Algorithm with a 
generalized evolution process based on two mutation 
operators. The method divided into superior and 
inferior groups and applied different mutation 
operators to enhance the search ability. 
In this paper HSDE is applied to solve the OGEP 
problem [20-31].The Fuzzy Logic Composite Criteria 
and Multi Criteria Decision making methods are 
addressed in the subsequent sections. This algorithm 
is implemented for modified IEEE 30-bus system 
with six existing units and 3 new generating units 
with capacity 40Mw, 60Mw, 30 Mw with 6 years 
planning horizon. 
 
II. PROBLEM FORMULATION 
 
The optimal power problem seeks to find an optimal 
profile of active and reactive power generations along 
with voltage magnitudes in such a manner as to 
minimize the total operating costs of a thermal 
electric power system, while satisfying networks 
security constraints. The main goal of the OPF is to 
optimize a certain objective function subject to 
several equality and inequality constraints. The 
problem can be mathematically modeled as follows: 
Min  ( , )i iF x u     (1) 
Subject to  

0),( ii uxg     (2) 

maxmin ),( huxhh ii     (3) 
where vector ix  denotes the state variables of a 
power system network that contains the slack bus real 
power output  ( 1GP ), voltage magnitudes and phase 

angles of the load buses ),( iiV   and generator 
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reactive power outputs ( GQ ).Vector u  represents 
control variables that consist of real power generation 
levels ( GngP ) and generator voltages magnitudes 

( GngV ),  transformer tap setting ( KT ) and reactive 

power injections ( CcsQ ) due to volt-amperes reactive 
(VAR) compensations; i.e.,                                           

].....,...........

,..........,..............[

11

12

csCnt

GngGGngGi

QQTT

VVPPu 
            

(4)  
where ng  = number of generator buses,  

           nt = number of tap changing transformers. 
            cs = number of shunt reactive power 
injections. 
Some well-known four types of objective functions of 
OPF problem are identified as below:  
OPF objective functions: In this generation expansion 
planning problem, mainly three objectives were 
considered. Minimizing the total cost of the system 
which includes investment cost, maintenance cost, 
outage cost and salvage cost,. minimizing the fuzzy 
logic composite criteria indices, minimizing the 
weighted sum of total cost objective and  FLCC 
objective 
Minimization of Total Cost Objective function: The 
Total cost function (objective function) is represented 
by the following expression[10]: 

    Vector of newly introduced unit in stage s 
 xth element of newly introduced unit in 

stage s  

  
   Cumulative capacity vector of existing units in 

stage s, MW 
D     discount factor 

  variable used to indicate that maintenance cost is 
calculated in the middle of the year  

length of the planning horizon 
S’=2(s-1)       
T’=2T-S’ 
T=6     years 
s = stage  
1 stage=2years 

  Investment cost of the newly added 
units at stage s 

 Capital investment cost of newly 
added unit 

 the operation and maintenance cost 
of existing and the newly introduced units  

 the outage cost of the existing and 
the newly introduced units  

 the salvage value of the newly 
added unit at stage s 
Minimization of FLCC objective: The paper presents 
a new approach to assessment of the power system 
security. Using fuzzy membership functions of post-
contingent quantities, it quantifies the security state of 
a power system, which uses off-line screening for the 
most vulnerable system states. It introduces Fuzzy 
Logic Composite Criteria (FLCC) of the power 
system using system variables characterized by fuzzy 
sets of a trapezoidal form. The FLCC uses the voltage 
stability indices at the load buses and reactive power 
outputs of generators as post-contingent quantities in 
addition to real power loadings and bus voltage 
violations to evaluate the network contingency. 
Minimization of weighed sum of total cost and FLCC 
objective : The   Weighed sum of  Total Cost and the 
FLCC objective were considered  as third objective .  

     (10) 
Where Cc  is Total Cost objective and FLCC is Fuzzy 
logic Composite Criteria objective  and w1,w2 are 
weights.Three methods of Multi Criteria Decision 
Making[19]& Ranking are assigned by using MCDM 
methods namely AHP, SAW, WPM. 
Constraints: The  GEP  problem has to satisfy the 
five constraints.  
Upper construction limit: If  be the units to be 
committed, in the expansion plan at stage S,  must 
satisfy the maximum construction capacity of the 
units to be committed. 
0                                   (11)        
where,  is the maximum construction capacity 
of the units in stage S 
Reserve margin: The selected units must satisfy the 
minimum and maximum reserve margin. 
(1+ )

     (12) 
where,  is the minimum reserve margin in 
MW 

  is the maximum reserve margin in 
MW 

  is the demand at stage s,in MW 
  is the cumulative capacity of unit x 

at stage s in MW 
Reliability criterion: The selected units along with 
the existing units must satisfy the reliability criterion, 
Loss of Load Probability (LOLP). 
where, 
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LOLP(Yx )                      (13) 
ε is the Reliability criterion expressed in LOLP. 
Power flow constraints: The N-R (minimum singular 
value decomposition)OPF is used to evaluate Fuel 
Cost[11] and check various power flow constraints. 
All the constraints (14) to (19) are checked for 
violation and the economic dispatch for each 
generating unit is conducted by varying the 
generation level. The operation and maintenance cost 
is calculated using the OPF algorithm. The OPF 
algorithm basically conducts the economic dispatch 
by satisfying all the power flow constraints[12] 
(MVA limits, voltage, etc) finds the online generating 
capacity of each unit. . 
The various power flow constraints used are: 
The active power balance equation is 

 

If there is any constraint violation, then the 
combination of units which gives next lower cost is 
considered. The equality constraints are satisfied by 
running the power flow program. The generator bus 
real power generations ( giP ), generator terminal 

voltages ( giV ), transformer tap settings ( iT ), the 

reactive power compensation ( CiQ ) are the control 
variables and they are self-restricted by the 
representation itself. The active power generation at 
the slack bus ( gsP ), load bus voltages ( LiV ) and 

reactive power generation ( giQ ), line flows ( iS ), 

and voltage stability ( jL )-index are state variables 
which are restricted through penalty function 
approach.  
Penalty function approach for constraints handling: 
The optimization problem is solved until the 
equations of optimality are satisfied. The limits are 
also checked, if any variable violates the limit, then a 
penalty function is imposed on it.. In this paper, the 
constraints are incorporated into fitness function by 
means of a penalty function method. In this method a 
penalty factor multiplied with the square of the 
violated value of variable is added to the objective 
function and any infeasible solution obtained is 
rejected. The extended objective function to handle 
the inequality constraints of state variables including 
load bus voltage magnitudes and output variables 
with real power generation at slack bus, reactive 

power generation output and line loading can be 
defined as: 

where pK , qK , vK , and sK are the penalty factors 
for the real power generation at the slack bus, the 
reactive power generation of all generator buses or 
PV buses and slack bus, the voltage magnitude of all 
load buses or PQ buses and line or transformer 
loading  respectively. ( )Glh P , ( )Gih Q , ( )ih V  and 

( )ih S are the penalty function of the real power 
generation at slack bus, the reactive power generation 
of all PV buses and slack bus, the voltage magnitudes 
of all PQ buses  and line or transformer loading 
respectively. NL is the number of PQ buses.  
The penalty function can be defined as: 

where h(x) is the penalty function of the variable x, 
and xmax and xmin are the upper limit and lower limit of 
variable x respectively. 
 
III. IMPLEMENTATION OF HSDE  TO OGEP 
 
The following steps describe detailed procedure of 
proposed HSDE [20-31] method.  
Step1: Generate randomly initial population  

with size (NpopxN) and store them in archive X 
 

where  
All elements of vector Xi  is   set of decision variables 
called as particles. 
Step 2: Randomly generate velocities for all the 
elements of which 
should be within the limits . 
Step3: Set iteration Count it=0. 
            it=it+1. 
Step4: Run NR load flow  program for particles and  
calculate the  line flows (SFF), voltage stability 
index(VS),Bus Voltages (VP) and  Reactive 
Powers(QG) of Generators .Check the severity of  
SFF,VS,VP and QG using Fuzzy rule base( 
Fuzzification  and  Defuzzification). 
Step5: Calculate the optimum fuel cost which is 
considered in maintenance cost calculation of GEP. 
Step6: Evaluate the objective function values (any 
one at a time) 
 Cost Function CC (GEP).  
 FLCC objective . 
 Weighed CC and FLCC objective using . 

Step7: Sort out the local best and global best 
solutions and best fitness. 
Step8:  Select three   random individuals which are 
mutually different from each other and Update the 



International Journal Of Electrical, Electronics And Data Communication, ISSN: 2320-2084  Volume-3, Issue-11, Nov.-2015 

HSDE Algorithm Based Optimal Generation Expansion Planning Considering Security Constraints 
 

40 

velocity (PG    VG   Tap      QC) using the following 
equation  

 
                                                                                (24) 
Step 9: Check for limit violations (PG   VG Tap  QC).  
Step10: Check for stopping criteria, if iterations reach 
maximum, go to next step else go to step 4. Repeat 
the steps 5 to 10 again. 
Step11: Obtain the global  best solution. 
 
IV. RESULTS  
 
The adapted IEEE 30-bus test system consists of six 
generating units interconnected with 41 branches of a 
transmission network with a total load of 283.4 MW 
and 126.2 MVAR. The bus data and the branch data 
are taken from Appendix A. The shunt injections are 
provided at buses 10,12,15,17,20,23,24 and 29. 
Branches numbered 11, 12, 15 and 36 are off-nominal 
transformers with tap ranges of  10%. In this case 
study, bus 1 is considered as the swing bus. The cost 
coefficients and maximum and minimum limits of 
real power generations are given in Appendix-A. The 
maximum and minimum values for the generator 
voltage and tap changing transformer control 
variables are 1.1 and 0.9 in per unit respectively. The 
maximum and minimum voltages for the load buses 
are considered to be 1.05 and 0.95 in per unit.  
Parameters of GEP: The Construction limit is set as 
1.The lower and upper boundaries for reserve margin 
are set as 20% and 40%. LOLP limit is set to 
0.001.Discount factor is selected as 0.1.Cost of EENS 
is assumed as 0.05 $/kwh. Investment cost is 
calculated at starting of the planning period , 
maintenance cost is calculated in the middle of the 
planning period ,salvage cost is calculated at the end 
of the planning period .  
Discussions: 
To meet the forecasted load demand, GEP is 
essential, either expansion of existing units or 
addition of new generator units without expansion of 
transmission network. In  this Generation expansion 
planning  problem ,the strategy we followed is 
addition of one new generator of 40 Mw(unit with 
minimum investment Cost)  capacity  at bus 7 to meet 
the additional load demand (120%)  in stage 1.Fuel 
cost is calculated with the inclusion of this new unit 
for the optimal Pg values.In the second stage ,one 
more additional unit  of 40Mw(next unit with 
minimum investment cost) is added at the same bus 7 
to meet the demand of 140% .The fuel cost is 
calculated by considering the average of  two newly 
added units .To meet the  Demand in the third stage  
(160%) an additional unit of capacity 60Mw(next unit 
with minimum investment cost) is added at the same 
bus 7.Fuel cost is calculated by considering the 
weighed sum of three newly added units (40,40,60). 

Convergence characteristics of total cost, FLCC, 
voltage deviation, L2 index in stage one for CC 
objective is shown in Figs 1-4. Convergence 
characteristics of bus voltage, phase angle, power 
flows, power loss in stage one for CC objective is 
also is observed. 
The control parameters are tabulated in Table 1. From 
the table it is observed that the total cost is increasing 
from normal case to the contingency case in all the 
three objectives. In stage 1 the power loss increases 
from normal case to the contingency case in the first 
two objective functions, there is a reduction in loss in 
the weighed objective case. EENS, LOLP values 
remains the same irrespective of objective in each 
stage. FLCC value increases from normal case to the 
contingency case in the three objectives. 
Stage wise Comparison of cost and power loss is 
given in the Table 1.This table infers there is gradual 
increase in cost in each stage in the contingency case 
where as in the normal case, slight deviations in the 
cost. The severity of line loading ,voltage profile, 
voltage Stability index and reactive power output for 
CC cost objective, FLCC objective and weighed sum 
of CC and FLCC objective  in each stage before 
optimization and after optimization ,in both the cases 
normal operation and network contingency are 
tabulated. The Contingency analysis and ranking 
using AHP, SAW, WPM in each stage are tabulated 
for each stage respectively. Among the three 
methods, SAW and WPM methods give similar 
results. 

 
Fig 1 Characteristics of Total Cost FLCC,Voltage Deviations, 

L index in  Stage1for CC objective 

 
Fig 2 Characteristics of Total Cost FLCC,Voltage Deviations, 

L index in  Stage1for CC objective 
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Fig 3 Characteristics of Total Cost FLCC,Voltage Deviations, 

L index in  Stage1for CC objective 

 
Fig 4 Characteristics of Total Cost FLCC,Voltage Deviations, 
L index in  Stage1for CC objective 
 

Table 1 
Stage1 Control parameters for three objectives in normal and contingency cases 

 
 
Case wise analysis: 
The objective of proposed OAPSODV Algorithm for 
Optimal GEP is  to determine the minimum  total 
cost, minimum  FLCC and minimum  weighed cost. 
It is applied to the modified IEEE 30- bus test system. 
To meet the forecasted demand of 341 MW, an 
additional generator of 40 MW ,which has minimum 
investment cost is chosen to be added to the existing 
units of capacity 435 MW of the system at bus 7. This 
additional unit satisfies the construction constraint, 
reserve margin constraint, reliability constraint and 
power flow constraints. 
Case 1: Minimization of Total Cost Objective: 
Minimization of total cost(sum of investment cost, 
maintenance cost, outage cost & salvage cost ) is 
considered as first objective .Two operations, namely  
normal  operation and network contingency operation 
(outage of one transmission line connected between 
8-11 buses) are analyzed. All the control parameters, 
generator active and reactive powers, generator 
voltages, transformer taps , best total cost ,best FLCC 
,best real power loss ,best L2index ,best voltage 
deviations, best minimum singular value, ENS 
(energy not served factor), LOLP (loss of load 
probability), best minimum and maximum voltages 
,time taken for iterations are tabulated in both 
operations. The first two columns of Table 1 gives all 
the control parameters in minimization of Total cost 
objective .Total Cost is compared in both normal and 

contingency operation, a marginal increase of 0.1393 
xe+09$ is observed in contingency case. 
Convergence characteristics of Total Cost 
,FLCC,Voltage Deviation ,L index in Stage one  for 
CC objective is shown in Figs 1-4. Convergence 
Characteristics of Bus Voltage ,Phase Angle ,power 
flows ,power loss in stage one for CC objective were 
also plotted. 
Case 2: Minimization of FLCC Objective 
The second objective function is minimization of 
FLCC objective. FLCC is combination of Line 
loadings, bus voltage profiles, voltage stability index, 
and reactive power output. The severity of these 
components of FLCC is verified by Fuzzy 
membership functions. The severity of 
NLL,VP,VSI,QP  are tabulated in two cases namely 
Normal operation and network Contingency 
operation, before optimization and after optimization 
in five different runs for all the   three objective 
functions. FLCC  is compared in both normal and 
contingency operation , a value of 31.25 significant 
increase is noticed. 
Among all the three objectives shown in Table 1 
marginal deviations are observed in the line loadings 
of more severe variable(>100%) in CC objective  in 
network Contingency  after optimization case when 
compared to the before optimization case .Slight 
deviations are noticed in the third objective(Weighed 
sum CC and FLCC) reactive power output of  most 
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severe variable. FLCC based severity index are 
higher after optimization with the proposed HSDE 
algorithm under both normal operation and network 
contingency cases. A remarkable change is seen in 
the voltage profile (0.95-1.05pu) ,voltage stability 
index(<1.0) but which are within the limits in all the 
three cases. FLCC value changes drastically in both 
CC and weighed CC and FLCC objectives. Slight 
deviations are observed in FLCC value in FLCC 
objective. 
Case 3: Minimization of Weighed Cost & FLCC 
objective: 
In the third objective Minimization of Weighed Cost 
,the new AHP,SAW,WPM methods are used to give 
the best ranking .To discuss the multi criteria decision 
making  analysis, the decision making analysis 
methods like AHP,SAW,WPM are considered. 
Analytical Hierarchal Process(AHP),Simplex 
Additive Method(SAW),Weighing Product Method 
(WPM) is introduced to obtain the best result 
considering the priority matrix for all the criteria’s 
like Weighed Cost, FLCC, Power Loss ,Lj2 index 
.Total Cost is compared in both normal and 
contingency case, a marginal increase of 1.1003 
xe+09$  is observed in contingency case and   FLCC  
is compared in both normal and contingency case , a 
value of  590.4 significant decrease is noticed.In stage 
1 top rank is given for least Cost, highest FLCC, 
highest Power Loss and least L2  value in both normal 
operation and network Contingency cases. 
 
CONCLUSION 
 
Though there are several optimization method 
implemented (PSO, DE, SFLA, TS, ES, EA), Hybrid 
optimization method are not implemented in literature 
for GEP. In this paper the methodology of HSDE 
algorithm implementation for the GEP is illustrated. 
In each stage (2years=1stage) ,the three objectives  
Total Cost (Investment Cost, Maintenance Cost, 
Outage Cost, Salvage Cost) ,FLCC objective and 
weighed sum of Total Cost and FLCC for both cases 
(normal operation, network contingency )are 
evaluated. The Total Cost in the three objectives is 
less in normal operation case when compared to the 
network contingency case .Comparing the real power 
loss in the Total cost objective, increase in the 
network Contingency Case than the normal case. 
The feasibility of the proposed approach was tested 
on Modified IEEE 30-bus system with three different 
objective functions. Several cases were investigated 
to test and validate the robustness of the proposed 
method in finding the optimal solution. We consider 
five alternatives of four attributes where these 
attributes are Total Cost, FLCC, Power Loss,L2 

Index. For the study conducted, shifting the weight of 
one attribute can affect the weight of other attributes 
and the final score of all alternatives also changed. 
Normally, the attributes chosen for decision making 
are conflicting; it’s implied that the improvement at 

one attribute may result in the deflation of other 
attributes. Also, weight can be assigned considering 
the relative importance of attributes. The change in 
the value of weight one attributes leads to change in 
ranking alternatives. 
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