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Abstract— The deregulation of the electricity industry in the 

word has made the problem of transmission congestion 

increasingly significant. It aggravates the smooth 

functioning of competitive markets. Also congestion 

problems are threatening to system securities. Therefore, 

investigation of techniques for congestion-free-wheeling of 

power is of paramount interest and necessary for the sake of 

system security. In this paper Particle Swarm Optimization 

technique is used to solve the congestion problem from the 

system. Here in this paper standard IEEE-30 System is used. 
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I. INTRODUCTION 

Regulated power sector can be described as integrated utility 

where generation, transmission and distribution are coming 

under single organization like India. A single organization is 

very difficult to manage overall transaction from generation 

to consumption and also reduces the efficiency.  

To improve the efficiency, the modem electric 

utilities are introducing privatization in their sectors. This 

call for separation of the generation, transmission and 

distribution function i.e. Generation Companies (GENCOs), 

Transmission Companies (TRANSCOs) and Distribution 

Companies (DISCOs). The reasons for the reforms are many 

and varied both for developing and developed countries [1]. 

To maintain the coordination between GENCOs, 

TRANSCOs and DISCOs there will be an operator in 

restructured power system, he is Independent System 

Operator (ISO).  

In restructured power system, there will be possible 

for congestion in transmission line. Various cases for 

congestion like i) Uniform line loading ii) Line outage iii) 

Bilateral and multilateral transactions between source and 

loads. These transactions are modelled as either bilateral 

transaction.  Some literature intended to present reducing the 

number of participating generators in rescheduling. It also 

optimally reschedules their real power output while 

managing congestion at minimum rescheduling cost. 

Congestion Management (CM) can be carried out by 

rescheduling of real power generation based on cluster/zone 

method utilizing Transmission Congestion  

Distribution Factors (TCDFs) [1]. In another paper 

generator rescheduling is done by using Genetic algorithm 

for minimizing cost of rescheduling [2]. Generation 

sensitivity factor (GSF) has been used to identify the 

generators which affect more on congested lines. The 

optimal rescheduling of generators using particle swarm 

optimization is used by some researcher [3]. The method of 

particle swarm optimization is an evolutionary algorithm 

and was first introduced by Kennedy and Eberhart in 1995 

[4].Another paper [5] mainly intended to present a technique 

for reducing the number of participating generators in 

rescheduling. 

In addition it also optimally reschedules their real 

power outputs while managing congestion at minimum 

rescheduling cost by using particle swarm optimization 

algorithm. The Fitness Distant Ratio Particle Swarm 

optimization (FDRPSO) based optimal power flow is 

introduced for Congestion Management problem first time 

in [6] to solve nonlinear program like congestion in 

restructured electric power network 

The optimal power flow problem based on 

Bacterial Foraging Algorithm is proposed in [7]. This 

method is used to relieve the congestion, improves the load 

ability and voltage stability, and reduces the line losses and 

cost of production by controlling the power flow in the 

network. The proposed method is demonstrated on IEEE 30 

bus system and the results are to be compared with other 

optimization methods. Bacterial Foraging Algorithm (BFA) 

mimics the foraging strategy of E. coli bacteria which try to 

maximize the energy intake per unit time. “Foraging 

strategies” is the methods for locating, handling, and 

ingesting food. After many generations, poor foraging 

strategies are either eliminated or shaped into good ones. . 

Logically, such evolutionary principles have led scientists in 

the field of “foraging theory” to hypothesize that it is 

appropriate to model the activity of foraging as an 

optimization process [8]. A paper [9] presents some 

modification to the original algorithm that simplifies the 

algorithm structure which improves the performance. 

II. PROBLEM FORMULATION 

The generators in the system under consideration have 

different sensitivities to the power flow on the congested 

line. A change in real power flow in a transmission line k 

connected between bus i and bus j due to change in power 

generation by generator g can be termed as generator 

sensitivity to congested line (GS)[10]. Mathematically, GS 

for line k can be written as 

GSg = 

    

    
 ……      (1) 

Where Pij is the real power flow on congested line-

k; is the real power generated by the generator. The basic 

power flow equation on congested line can be written as, 

(2) 

where  i  and Vi and are the voltage magnitude and 

phase angle respectively at the ith bus; Gij and Bij represent, 

respectively, the conductance and susceptance of the line 

connected between buses i and j; neglecting P-V coupling, 

(1) can be expressed as 

GSg = 

    

   
 

   

    
   + 

    

   
 

   

    
      (3) 
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The first terms of the two products in (3) are obtained by 

differentiating (2) as follows: 

 

(4) 

 

(5) 

The active power injected at a bus-s can be represented as, 

    (6) 

Where PDs is the active load at bus-s. Ps can be expressed as, 

  (7) 

Where is the number of buses in the system. 

Differentiating w.r.t.  t and s the following relations can 

be obtained:                                  

  (8) 

Neglecting P-V coupling, the relation between 

incremental change in active power at system buses and the 

phase angles of voltages can be written in matrix form as 

[ΔP] n×1 = [H]n×n * [ ] n×1 

Where n is the number of buses, 

[ ] n×1 = [H]
-1

n×n * [ΔP]n×1  

[ ] n×1 = [M] n×n * [ΔP]n×1  

Therefore, 

[H]
-1

n×n = [M]n×n 

Matrix M is solved to get the values of  
   

    
   and 

   

    
 

And this values are put in equation (3) to find the value of 

GSg   [10] 

It is to be noted that the generator sensitivity values 

thus obtained are with respect to the slack bus as the 

reference. So the sensitivity of the slack bus generator to any 

congested line in the system is always zero.  

GSg denotes how much active power flow over a 

transmission line connecting bus-i and bus-j would change 

due to active power injection by generator g. The system 

operator selects the generators having non uniform and large 

magnitudes of sensitivity values as the ones most sensitive 

to the power flow on the congested line and to participate in 

congestion management by rescheduling their power 

outputs. 

Optimization of generator output is require here to 

remove congestion from the system. GSg denotes how much 

active power flow over a transmission line connecting bus-i 

and bus-j would change due to active power injection by 

generator g. The system operator selects the generators 

having non uniform and large magnitudes of sensitivity 

values as the ones most sensitive to the power flow on the 

congested line and to participate in congestion management 

by rescheduling their power outputs. 

The amount of rescheduling required is computed 

by solving the following optimization problem: 

F (Cgi) =∑   (   )   
  
     (9) 

 Subject to Energy Balance equation  

∑          
  
   , 

Pmin<Pgi<Pmax 

Qmin<Qgi<Qmax 

Where, P gi , Q gi = Active and reactive power of generator 

I respectively, 

P min, Qmin = Lower limit of active and reactive power of 

the generators 

P max, Qmax = Upper limit of active and reactive power of 

the generators. 

III. PARTICLE SWARM OPTIMIZATION 

In this paper each particle has N variables where N is the 

total number of generators taking part in congestion 

management. 

Each variable represents output of participating 

generators submitting the bidding curves. Particle evolution 

based on fitness of particles and selection operation of GB 

(global best) and (local best), is used to meet the constraints. 

Fitness is an index used to evaluate the superiority of the 

particle. Traditionally, the objective function is regarded as 

the fitness function and the inequality constraints are 

converted to penalty functions and added to the objective 

function. The drawback of this method is that an excellent 

particle can be misjudged as inappropriate for the penalty 

factors. Besides, penalty parameters are usually assigned by 

empirical approach and are deeply affected by the problem 

model. For the sake of avoiding this, a binary fitness has 

been used: one for optimal objective and the other for the 

binding constraints. Optimal objective fitness is equal to the 

value of the expression which represents the cost of active 

power rescheduling and hence the cost acquired to curb 

congestion or congestion cost. Binding constraints fitness 

value is adopted to scale the level of violation, calculated as 

follows: 

                                         Zmin – Z, Z < Zmin 

Binding_fitness (z) =       Zmax,  Z> Zmax 

                                              0, else  

Where z is the value of the inequality constraint, 

Zmin and Zmax are the lower and higher limits of the 

inequality constraints [3]. 
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IV. THE PSO ALGORITHM [3] 

1) Step 1) Particles are generated and initialized with 

values of position and velocity. Each particle has N 

dimensions where N denotes the number of 

participating generators, and the values of these N 

variables are the amount of rescheduling required 

by generators to manage congestion. 

2) Step 2) Equation is tested based on the system 

states represented by an individual particle. If that 

particle does not satisfy the equality constraints, it 

is regenerated. 

3) Step 3) the binding constraints fitness values for 

the particles are determined. If a particle does not 

satisfy the fitness requirement, it is regenerated. 

4) Step 4) the optimal objective fitness values are 

calculated for all the particles. Then the values of 

position best and global best are determined. 

5) Step 5) Position and velocities of particles are 

updated. 

6) Step 6) if the maximum number of iterations is 

exceeded or some pre-specified exit criteria is 

satisfied, the program is stopped. Else returned to 

Step 2. 

V. RESULTS & DISCUSSION 

IEEE-30 system is used here to solve the congestion 

management problem.IEEE-30 system has 24 load buses 

and 6 generator buses. System is made ill by gradually 

increasing the loading of the system.  

Load increased by 25% more than the base case 

load so 3 lines of IEEE 30 system has overloaded. So 

because of this excessive loading system lines get 

overloaded and system get congested. Line 1-2, Line 3-4 

and Line 4-6 get overloaded. 

From Bus To Bus Line Flow 
Line Limit 

(MW) 

Power 

Violation 

(MW) 

1 2 184.13 130 54.13 

3 4 66.75 65 1.75 

4 6 65.65 60 5.65 

Total Power Violation = 61.53 MW 

Table 1: 

Congested line data showed in table number-I, total 

violation of 61.53 MW are found in system. The values of 

generator sensitivities computed for the congested line 1-2 

are presented in Table II. 

Generator No. Generator Sensitivity 

1 Reference 

2 0.883 

3 0.855 

4 0.734 

5 0.724 

6 0.684 

Table 2: 

Close values of sensitivities point out that the 30-

bus system is practically a very small system compared to a 

realistic power network. All the generators show strong 

influence on the congested line flow. This is because a small 

system is generally very tightly connected electrically. Thus, 

all the generators are chosen to participate in congestion 

management and the next part of the algorithm. 

Generator rescheduling and their incremental cost 

are calculated by using PSO are as follows in Table (iii) 

Generator 

Number 

Generator 

Rescheduling 

(MW) 

Incremental 

Cost 

($/MWh) 

1 -16.4134 

38.52 

 

 

2 34.6442 41.28 

3 2.3030 53.40 

4 28.0503 16.1064 

5 10.0000 26.3488 

6 1.1998 44.7072 

TOTAL RESCHEDULING = 59.78 MW 

TOTAL COST OF RESCHEDULING=3179.76 $ 

Table 3: 

Parameter related to rescheduling and pre 

rescheduling is shown in Table-(IV). 

Parameter 
Pre-

rescheduling 

Post-

rescheduling 

P loss (MW) 16.6290 8.4720 

Power Flow on 

Previously 

Congested Line(1-

2) 

184.13 103.86 

Power Flow on 

Previously 

Congested Line(3-

4) 

66.75 36.37 

Power Flow on 

Previously 

Congested Line(4-

6) 

65.65 31.89 

Power Balance = 0.00007 ≈ 0.00 

Table 4: 

By utilizing the value of generator sensitivity index 

the amount of rescheduling is reduced and also the cost of 

rescheduling is reduced. Parameters post rescheduling and 

pre rescheduling is shown in Table-(V). 

Parameter 
Pre-

rescheduling 

Post-

rescheduling 

 

P loss (MW) 

 

16.6290 

 

8.820 

Power Flow on 

Previously Congested 

Line(1-2) in MW 

 

184.13 

 

109.23 

Power Flow on 

Previously Congested 

Line(3-4) in MW 

 

66.75 

 

37.60 

Power Flow on 

Previously Congested 

Line(4-6) in MW 

 

65.65 

 

32.89 

Power Balance = 0.00008 ≈ 0.00 

Table 5: 
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So all the congested line is come into its thermal 

limit and congestion is removed from the system at 

minimum cost and all the constrained are in its prescribed 

limit. 

VI. CONCLUSION 

The present paper focuses on demonstrating a technique for 

optimum selection of generators for congestion management 

and additionally the application of PSO in the solution of the 

congestion management problem. Generators from the 

system are selected for congestion management based on 

their sensitivities to the power flow of the congested line 

followed by corrective rescheduling. The problem of 

congestion is modelled as an optimization problem and 

solved by particle swarm optimization technique. The 

method has been tested on IEEE 30-bus. 
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