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Abstract—Power system congestion is one of the most 

challenging operational problems of system operator.  It is 

considered to be more important as it may initiate the cascading 

outages which force the system to collapse.  This paper proposed 

the upstream power flow tracing approach is employed to identify 

the most contributing generators to the congested line. Only these 

generator outputs are rescheduled using the Bare-bones Particle 

Swarm Optimization (BBPSO) algorithm to manage congestion. 

Moreover, this algorithm which minimizes the rescheduled 

values of generator power outputs.  The effectiveness of the 

proposed method has been tested on IEEE 118 bus system is 

carried out to demonstrate the effectiveness of the BBPSO 

algorithm. 
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I. INTRODUCTION  

The privatization and deregulation of electricity market is 
undergoing rapid changes with an aim of reshaping the 
industry.  Electricity markets are complex when the 
participants buy and sell of electric energy desire to transact 
power in bulk amount, unexpected congestion occurs due to 
violation of physical limits in transmission system.  The 
undesirable effects of the congestion include prevention of 
new contracts, increase of the electricity cost in some regions 
of the electricity market which endanger to the system 
security and reliability.  Sufficient an effective control action 
needs to reduce the line overloads to the security limit in 
minimum time. 

 Several techniques of congestion management have 
been reported in literature [1].  The sensitivity of the 
congested line to the line current is derived in Talukdar el al. 
[2] and literature on Optimal Power Flow (OPF) based 
congestion management schemes are proposed in [3-4]. A 
method of congestion alleviation by real power generation 
rescheduling based on the relative electrical distance concept 
has been introduced by [5] Yesuratnam and Thukaram.  
Amjady and Hakimi achieved lower congestion cost by using 
bifurcation theory along with dynamic voltage stability 
margin [6].  However, it is necessary to compute the 
sensitivity values for all the buses in the system which in turn 
results in a large amount of computational effort [7-8].  
Many researchers have solved congestion management 
problem using FACTS controllers in deregulated 
environment [9-11].  A method of overload alleviation by 
real power generation rescheduling based on the relative 
electrical distance concept has been introduced in [12].  In all 

these mathematical techniques the CM solution obtained are 
less effective and rather consume more operational time 
which is seldom permissible in practical power system 
problems.   

 To corrective action congestion management, 
Sudipta Dutta and Singh [13] proposed a applications of PSO 
for congestion management technique to optimal 
rescheduling of generators based on generator sensitivities.  
Bialek [14] have proposed power flow tracing approach to 
determine the contribution of each generator and this method 
is used for transmission pricing in the deregulated market.  
Rajathy and Harish kumar employed power flow tracing 
approach to find the most contributing generators and used 
Differential Evolution (DE) algorithm to reschedule their 
outputs so that congestion may be alleviated [15].  

 The three methods are used to solve in this paper, 
with the objective of minimum rescheduling cost.  The first 
method (method - 1) considers all generators in the particular 
area for rescheduling.  In the second method (method - 2) 
generators are selected based on Generator Sensitivity 
Factors (GSF) and their outputs are rescheduled optimally 
using FF algorithm to relieve congestion.  The third method 
(method - 3) employs power flow tracing approach to 
identify the most contributed generators to the congested line 
and only these generator outputs are rescheduled using 
BBPSO algorithm to alleviate congestion.     

II.    PROBLEM FORMULATION 

The optimal congestion management of rescheduling 
based on minimizing redispatch cost can be expressed as  

minimize         
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The power flow tracing algorithm for tracing the 
contribution of each generator in transmission system and 
allocate a charges as using the transmission line for each 
user.  It is based on Kirchhoff’s current law and proportional 
sharing principle.  There exist two methods for tracing the 
power flow namely upstream and downstream algorithms 
[15].  In this work, the upstream tracing algorithm is 
proposed to find the contribution factors of each generator to 
the flow of power in the transmission line.   

The total inflow Pi through node i can be expressed as  
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Equation (9) can be rewritten as 
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which shows the contribution of the Kth generator to ith 
nodal power.  

A line outflow in the line i – j from nodel i can be 
calculated using the proportional sharing principle, as 
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  is the generation contribution 

factor, which is the flow in the line i-j due to the Kth 
generation and  is the set of nodes supplied directly from 
node i. Based on the generation contribution factor, the 
generators are selected for the process of rescheduling. 

III. PARTICLE SWARM OPTIMIZATION 

Particle Swarm Optimization (PSO) is a novel  
optimization method and universal population-based 
stoachastic optimization approach developed by kennedy 
[16-17]. In a PSO system, particles fly around in a 
multidimensional search space. During flight, each particle 
adjusts its position according to its own experience, and the 
experience of neighboring particles.  It adjusts its position by 
tracking its personal best position pbest and global best 
position gbest during the evolutionary process. The j-th 
dimension of particle i updates its velocity vi,j and position 
xi,j according to the following Eqs.(15)-(16). 

     (15) 

                                                      (16) 

where is the j-th dimension velocity of particle i in 

iteration t;  

is the j-th dimension position of particle i in iteration 

t;  

is the j-th dimension of personal best position of 

particle i in iteration t;  

is the j-th dimension of the global best position in 

iteration t; ω is the inertia weight; C1 and C2 acceleration 

constants ; and are two random numbers from a 

uniformly distributed in the range of [0, 1]. It has been 
suggested that the inertia weight is preferable to be initialized 
to a large value, enhancing the ability of global exploration, 
and gradually decreasing for a search changing to 
exploitation. 

IV. BARE-BONES PARTICLE SWARM OPTIMIZATION 

Clerc and Kennedy proved [18] that the particle will 
infinitely approach to a weighted average value of personal 
best and global best position when the number of iterations is 
large enough. The equation is as follows: 

                                      (17) 

The above theory provides a powerful evidence for the 
Bare-bones Particle Swarm Optimization (BPSO) which was 
developed by Kennedy. In BPSO, the velocity and position 
of the particle are updated according to the following 
Eqs.(18)-(19). 

                                           (18) 

                                                           (19) 

where and σ = denote the mean and 

variance of the Gaussian distribution, respectively. Note that 
the new position is created in a Gaussian probability 
distribution based on the pbest and gbest information. 

International Journal of Scientific Research and Review

Volume 5, Issue 2, 2016

ISSN NO: 2279-543X

Page No: 118



 

Fig. 1:  Flow chart for FF algorithm based congestion management 
problem 

V. RESULTS AND DISCUSSION 

The IEEE 118 bus system has been considered for 
effectiveness of the proposed BBPSO algorithm to solve 
congestion management problem using power flow tracing 
approach. The optimal rescheduling of (method-1, method-2 
and method-3) active power of generators to relieve 
congestion in the network is done by FF algorithm.   

The proposed algorithm has been applied to IEEE 118-
bus system [20].  It consists of 186 transmission lines, 54 
generators buses and 64 load buses.  Slack node has been 
taken bus 1.  A total load demand of 4242 MW is dispatched 
in deregulated market.  The FF algorithm parameters selected  
as follows:  α = 0.5, β= 0.2, γ = 1.0, the firefly population is 
50 and maximum number of iteration is set to 100. 

In this case, transmission line no 138 (between buses 89 
and 90) get congested due to adding the 5% of load from 
base case load.  The congested line details are presented in 
Table 1. 

 

TABLE 1 CONGESTED LINE DETAILS OF IEEE 118-BUS SYSTEM 

Congested line 
Active power 

flow (MVA) 

Line limit 

(MVA) 

Overload 

(MW) 

138 

(between buses 89 & 90) 
259.32 200 59.32 

In this work, the line overload alleviate by optimally 

rescheduled the generators by minimum congestion cost.  

The rescheduling are chosen based on the power flow 

tracing approach.  The GCF values corresponding to this 

congested line are given in Table 2. 

TABLE 2, GCF VALUES OF 54 GENERATORS OF THE IEEE 118 BUS 

SYSTEM 

Gen 

bus 

No. 

GCF  
(10-3) 

Gen 

bus 

No. 

GCF  
(10-3) 

Gen 

bus 

No. 

GCF 
 (10-3) 

1 0.0002 42 -0.0001 80 -0.4000 

4 -0.0000 46 -0.2000 85 -32.6 

6 -0.0001 49 -0.0001 87 -36.4 

8 -0.0000 54 -0.1000 89 -51.8 

10 -0.1000 55 -0.0000 90 -374.5 

12 0.0005 56 -0.0000 91 -302.8 

15 0.0000 59 -0.2000 92 -1.71 

18 0.0001 61 -0.0002 99 -2.76 

19 0.0000 62 -0.0001 100 -4.02 

24 0.2000 65 -0.1000 103 -2.04 

25 0.0000 66 -0.0000 104 -4.07 

26 0.0000 69 0.1000 105 -1.06 

27 0.1000 70 0.1000 107 -1.01 

31 0.0001 72 0.1000 110 -6.02 

32 0.0000 73 0.1000 111 -3.04 

34 -0.1000 74 0.2000 112 -1.04 

36 -0.0000 76 0.3001 113 0.0001 

40 -0.0000 77 0.4000 116 -0.1001 

 

Table 2 represents the generators at buses 85, 87, 89, 90, 
and 91 have high values of GCF. Hence, these generators 
will take part in CM problem and hence are responsible for 
congestion in line connected between 89 & 90.  Thus, they 
are chosen for redispatching to alleviate congestion.  The 
amount of active power required for each participating 
generator to rescheduled.  Total congestion cost found by 
BBPSO algorithm and compared with the other algorithms 
like CPSO, PSO-TVIW, PSO-TVAC, VEPSO and PSO-
ITVAC in Table 3.   

It is clear from Table 3, that the cost incurred for the CM 
for the proposed BBPSO algorithm method (836.91$/h) is 
the lowest one among all the costs obtained from other 
methods reported in literature.   The total redispatch powers 
and congestion cost of all the methods are shown in Fig. 2. 

The congestion costs obtained in three methods are given 
in Table 4 and it is inferred that method-3 gives a minimum 
congestion cost as compared to other methods. The 
convergence characteristics of FF algorithm for the IEEE 
118 bus system is shown in Fig 3.  Fig 3, shows the 
congestion cost as slowly decreasing with the number of 
iterations and at last obtaining its lowest value. 
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TABLE 3,  COMPARISON OF RESULTS FOR IEEE 118-BUS SYSTEM

Active power 

rescheduling 

(MW) 

Generator Sensitivity Factors 

power flow 

tracing 

approach 

CPSO 

[20] 

PSO-TVIW 

[20] 

PSO-TVAC 

[20] 

VEPSO  

[21] 

PSO-ITVAC 

[19] 

BBPSO  

algorithm 

1P  -5.9 -5.5 −4.4 -4.8 −3.2 -2.6 

85P  -15.3 -12.1 −10.3 -9.9 −3.9 -3.8 

87P  -31.5 -28.2 −22 -22.7 -4.3 -3.7 

89P  -62.0 -59.8 −58.5 -60.5 −68.1 -57.2 

90P  85.1 76.4 69.4 75.5 60.9 61.6 

91P  26.8 29.8 24.7 26.5 18.6 11.8 

Total P  226.6 211.7 189.3 198.67 159.1 140.7 

Cost ($/h) 1183.8 1088.4 970.7 969.87 896.0 836.91 

 

 

Fig. 2 Total Redispatch Power and Congestion Cost – IEEE 118 Bus 

System 

TABLE 4.  COMPARISON OF CONGESTION COST OBTAINED 
FROM BBPSO 

Methods 

Congestion Cost  

(Rs /hr)  

BBPSO algorithm 

Method-1 (All) 1257.86 

Method-2 (GSF)  838.21 

Method-3 (GCF) 836.91 

 

 

Fig. 3 Convergence Characteristics of BBPSO Algorithm for IEEE 118 Bus 
System 

 

VI. CONCLUSION 

In this paper congestion management problem IEEE 118 bus 

system using power flow tracing approach to reduce 

congestion cost. The major contribution of the paper CM 

problem solved using Intelligent BBPSO algorithm to 

minimize the rescheduled power of generators based on the 

power flow tracing algorithm.  Only most contributed 

generators are identified to the congested line and only these 

generators are rescheduled.  In this paper congestion is 

simulated by considering the increased load condition.  

BBPSO algorithm is capable of giving optimal solution with 

least congestion cost.  To validate the result, it is compared 

with the other algorithms like CPSO, PSO-TVIW, PSO-

TVAC, VEPSO and PSO-ITVAC.  Comparison ensures that 

the proposed method is effective for CM problem with good 

convergence characteristics.   
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