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ABSTRACT 
Background: In competitive power markets, participants always like have contract with economic generators while satisfying the 
power flow constraints. As a result of contracted power transaction in the market, the power flow through the transmission lines 
may reach the line flow limit which paving ways for transmission congestion in the deregulated system. Objective: To overcome 
from this problem, rescheduling of optimal active powers of generators have been selected by the generator sensitivity to the 
congested line without affecting power system constraints and satisfying the participant’s requirements. Sensitivity of different 
generators in the system to the power flow in the congested line is calculated first. The more sensible generators are given priority 
in adjusting the power generation and thereby the total congestion cost is reduced. The recently developed metaheuristic and 
nature inspired, Black Hole Algorithm (BHA) is proposed to optimize the adjustment of power generation based on generator 
sensitivity in the congested duration. Results: The proposed new metaheuristic algorithm is tested on the large sized modified 
IEEE-57 bus system in congested state of bilateral transaction and multilateral transaction conditions. Conclusion: The numerical 
results suggested by the proposed black hole algorithm are compared with other contemporary metaheuristic algorithm like 
particle swarm optimization (PSO) and big bang big crunch (BB-BC) reported in recent literature. 
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INTRODUCTION 

 

In competitive power markets, the market players are encouraged to have maximum profits without 

violating the systems constraints. But the market participants will propose to make contracts with Generating 

Companies who offer lower power price to market participants for profit maximization. This may change the 

flow of power pattern in the transmission lines so as to move closer to the thermal limits causing congestion of 

the line. This unplanned power exchanges need to be regulated for alleviating the congestion in the transmission 

lines with a secure operation. Cost free methods and non-Cost free methods are used to regulate the system for 

effective performance without congestion. Fang and David [10] illustrates a strategy for the consequence of 

congestion management in a open transmission dispatch environment due to pool and bilateral/multilateral 

dispatches. Christie et al. [4] explained the congestion management problem when the consumers and producers 

utilize the electric energy beyond the transfer limits. The congestion leads to be more complex in the 

competitive power markets when compared to vertically integrated system, where it was managed by single 

utility. The approaches were varied with competitive markets, several techniques have been reported [6]. 

The Bibliographical survey [16] discusses the disputes in congestion management for competitive power 

markets and it also stress the various approaches like re-dispatch, auction based congestion management 
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methods and sensitivity factor based methods. Alleviating the congestion in a transaction with dc load flow is 

reported in Yang et al. [24] Impact of congestion management on reliability of power transaction is discussed in 

paper [18]. At the time of congestion management, the consequence of contingency limit by performing 

contingency analysis is reported [2]. The work in [23] introduces a particle swarm optimization (PSO) based 

optimal power flow for congestion management in pool market and the obtained results are compared with 

interior point method (IP) and genetic algorithm (GA) approach. Hazra and Sinha [14] proposed multi objective 

particle swarm optimization (MPSO) method for congestion management in transmission grids with cost 

efficient generation rescheduling and/or load shedding. 

The influence of FACTS devices applications are paid more attentions to power system problems among 

the system operators. Consideration of FACTS devices in the transmission systems will permit the maximum 

utilization of existing grid infrastructures and also FACTS allows to control better over the system [1]. The 

papers [25,8,22,9] proposes an attitude of power system planning with multiple FACTS devices location and 

evaluating its influence on operation problem with minimize the total annual cost and minimize the cost 

investment for the devices on the other hand to make the maximum benefit due to the installation of the. FACTS 

devices are able to relieve congestions with decreased power losses as well as avoid load shedding and 

generation re-scheduling leading to significantly decreasing the annual cost for power system operation. At 

normal state, FACTS are applied for optimal control to relive congestions where as in contingency state, 

FACTS are utilized to secure the system first then with minimum operating cost. 

Panigrahi and Pandi [17] reveals the rescheduling process by using bacterial foraging optimization (BFA) is 

employed to eliminate the congestion in the transmission line by generation rescheduling which associated with 

the minimum cost. Ant lion optimizer (ALO) algorithm [21], is recommended for generation rescheduling in 

congestion management for deregulated environment.  Dutta and Singh [7] suggested a method for reducing the 

number of generators participating for optimum rescheduling of their power while managing the congestion 

within in pool at lower congestion cost. Venkaiah and Kumar [20] recommended sensitivity based congestion 

management for rescheduling of optimal real powers of generators to the congested line. The papers [5,12], 

propose a method towards congestion management in renewable energy by integrating generator sensitivity 

factor (GSF) and bus sensitivity factor (BSF) for minimizing the congestion cost. In this present work, 

generation sensitivity based optimal rescheduling of real power is discussed for transmission congestion 

management. Rescheduling is optimized by identifying the more sensitive generators using the generator 

sensitivity factors. Total congestion cost is minimized by the simple but efficient black hole algorithm.  

 

Black Hole Phenomenon: 

In th18  century John Michel and Pierre Laplace were proposed the concept of Black Holes by integrating 

Newton’s law. They formulated the theory concept that, a star becoming invisible to the eye as a Black Hole. 

The gravitational influence of the Black Hole is too high that even the light cannot escape from it. If a star 

moves nearer to the Black Hole it will be swallowed by black hole and disappears. Nothing can be far from 

greater influence of the Black Hole. The event horizon is a critical radius around the Black Hole known as 

radius of event horizon. Around this radius, the escape speed is equal to the speed of light and it cannot escape 

when passes through it. Nothing can escape from within the event horizon because nothing can go faster than 

light. The Schwarzschild radius is determined by equation (1), [13,19,16,11]. 

2

2

C

GM
R                    (1) 

Where, G is the gravitational constant; M is the mass of the Black Hole; C is the speed of light. 

If any object moves closer to event horizon or crosses the radius of Schwarzschild, the object will be 

absorbed into the Black Hole and it will be permanently disappeared. The presence of Black Holes can be 

distinguished by its consequence over the objects surrounding in it. 

 

Black Hole Algorithm (BHA): 

The black hole algorithm is similar to other population-based algorithms, the populations are randomly 

distributed as a candidate of solutions for given problem. These algorithms start with a randomly generated 

agents and moves them through certain operators. For instance, all the candidates are moving towards global 

best, like in GA via the mutation and crossover operations. In PSO, each particle moves towards the individual 

best and global best in each iteration. In this new algorithm, a number of starts are created and the best star is 

being selected as black hole. The Black Hole has capable of absorbing other stars toward it in each iteration. If 

any star moves towards the black hole it will be swallowed and destroyed completely. Under this situation, a 

new star is created randomly in the search space to retain the population size constant. The mathematical 

formulation for absorption of stars by the Black Hole is as given below: 

    ))(,)(1,0(1 tixBHxrandtixtix            (2) 
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Where,  1txi
and  txi

are the locations of the thi  star at iterations t+1 and t respectively. 
BHx   is the 

location of the black hole in the search space. rand is a random number in the interval [0, 1]. While moving 

towards the black hole, a star may reach a location with lower objective value than the black hole. In such a 

case, the black hole moves to the location of that star and vice versa. Then the BHA will continue with the black 

hole in the new location and then stars start moving towards this new location. In addition, there is a probability 

of crossing the event horizon during moving stars towards the black hole. Every candidate solution that crosses 

the event horizon of the black hole will be sucked by the black hole. Every time a candidate star dies, another 

candidate solution is born and distributed randomly in the search space. This is done to keep the number of 

population size constant. The next iteration takes place after all the stars have been moved. The radius of the 

event horizon in the black hole algorithm is calculated using the following equation. 

 


N
i if

BHf
R

1

              (3)  

Where,  
BHf  is the fitness value of the black hole; 

if  is the fitness value of the thi  star; N is the number of 

candidate solutions. When the distance between a candidate solution and the black hole is less than the radius R, 

that candidate is collapsed and a new candidate is created and distributed randomly in the search space.  

 

Mathematical Problem Formulation: 

This optimization problem has two parts: Formulation of the generator sensitivity index and the objective 

function.  

 

Formulation of generator sensitivity index: 

Sensitivity of generators in the system are different to the power flow through the congested line. Change in 

real power flow in a transmission line k connected between bus i  and bus j   due to change in real power 

generation in generator g is termed as generator sensitivity (GS).  
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Where, 
ijP the real power flow in the congested line-k; 

GgP is the real power generated by the thg  

generator. 

The basic power flow equation on congested line can be written as: 

)sin()cos(2
jiijBjViVjiijGjViVijGiVijP          (5) 

Where, 
iV and 

i are the voltage magnitude and phase angle respectively at the thi  bus; 
ijG and 

ijB represent, respectively, the conductance and susceptance of the line connected between buses i and j . 

Neglecting the P-V coupling, (5) can be expressed as: 
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The first terms of the two products in (6) are obtained by differentiating (5) as follows: 
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The active power injected at a bus-s can be represented as:
 

DSPGSPSP   

Where 
DSP  is the active load at bus-s. 

SP  can be expressed as 
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Where, n is the number of buses in the system. 

Differentiating (9) w.r.t. 
S and

t , the following relations can be obtained. 
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The detailed derivation of the GS can be found in (Dutta and Singh, 2008)   

 

Objective function: 

Generators having large value of sensitivity index as the most sensitive to the power flow in the congested 

line and preferred to participate in congestion management. Based on the bids received from the participating 

generators, the amount of rescheduling required is computed by solving the following optimization problem.    
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Where 
gP  is the real power adjustment at bus g  and

gC  are the incremental and decremented price bids 

submitted by generators. These are the prices at which the generators are willing to adjust their real power 

outputs. 0

kF is the power flow caused by all contracts requesting the transmission service. max

kF   is the line flow 

limit of the line connecting bus i  and bus j . gN   is the number of participating generators, 
1n is the number of 

transmission lines in the system, min

gP  and max

gP denote respectively the minimum and maximum limits of 

generator outputs. It can be seen that the power flow solutions are not required during the process of 

optimization. The power balance, except accounting for losses, is taken care by (15). However, final generation 

allocation at slack bus is obtained at the end of optimization process which takes care of system losses; although 

(15) includes change in active power at slack bus. This is the added advantage of the proposed formulation.
 

 

Equality constraints:  Real power balance: 

0)cos(
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Reactive power balance: 
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Inequality constraints:  Real power generation limit: 

ngiPPP GiGiGi ,...1maxmin           (20) 
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Reactive power generation limit: 

ngiQQQ GiGiGi ,...1maxmin           (21) 

 

Incremented or decremented real power limit: 

 

)()( maxmaxminmin
gigigigigigigi PPPPPPP         (22) 

 

0;0  
gigi PP            (23) 

The flow chart shown in figure (1) depicts the implementation of BHA in total congestion cost 

minimization. 

 
Fig. 1: Flowchart for rescheduling of active power using BHA 

RESULTS AND DISCUSSIONS 
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Modified IEEE 57 bus system is taken for testing the efficiency of the proposed algorithm. In the modified 

system the generator buses are given numbers aerially and the load buses follow them. In the modified IEEE-57 

bus system, there are 50 load buses, 80 transmission lines, and 7 generator buses with a total load of 1250.8 MW 

real power and 336.4 MVAR reactive power. Line data and bus data for system is taken from the reference [3]. 

Here, bilateral transactions and multilateral transactions conditions are considered for congestion management. 

Two popular algorithms, namely PSO and BB-BC are taken for comparing the performance of the proposed 

algorithm.  

 

Bilateral transactions: 

In deregulated power markets, there are bilateral transactions between generating companies (GENCOs) 

and distribution companies (DISCOs) causing overload in lines. Injecting power at one bus and consuming the 

same amount of power at any other bus is generally known as bilateral transactions. In this case, two bilateral 

transactions are taken, in the first transaction 20MW of power is being injected at the bus number 9 and same 

amount of power is consumed at bus number 13 and in the second transaction, another 10MW power is being 

injected at the bus number 3 and same amount of power is consumed at bus number 41.   

When these transactions are allowed, it is found that line numbers 8 and 10 are congested. The power 

transfer limit of line number 8 is 200 MW and for line number 10 is 50MW respectively and the power flow in 

the congested line number 8 is 204.9707 MW and 56.4711MW of power flows in congested line number 10 

accounting net power violation of 11.4418MW. 

To identify the sensitivity of the generators to the line flow in the congested lines, sensitivity indices are 

calculated.  Table (1) shows Generator Sensitivity factors of congested lines for bilateral transactions 

 
Table 1: Generator Sensitivity factors for bilateral transactions 

Congested lines 
       

Line no:8 0 0.0213 0.0931 0.4016 0.6311 -0.2132 -0.0777 

Line no:10 0 0.0021 0.0090 0.1062 0.1723 0.2237 -0.0116 

 

By using sensitivity factors the generators power are rescheduled as shown in table (2) with lower 

congestion cost and also the obtained results are compared with PSO and BB-BC algorithms. Here cost 

suggested by the BHA algorithm is 2838.0 $ as the minimum one, whereas PSO method reports 3890.6 $ and 

BB-BC 3273.7 $. 

 
Table 2: Optimal rescheduled power for bilateral transactions 

 BBBC  Technique PSO Technique BHA Technique 

 
155.8592 174.7656 151.8052 

 
100.0000    99.9855    94.1063    

 
45.3448    46.3399    42.7881    

 
89.7372   79.2741   90.1145   

 
435.7097    447.7755    449.7918    

 
89.0122   83.5117   80.5799   

 
356.8375 341.6406 363.6362 

Congestion Cost 3273.7   3890.6 2838.0 

Loss 21.7006    22.4929 22.0220 

   

Change in real power flow pattern based on the influence of generator sensitivity shows the ups and downs 

in the rescheduled pattern to corresponding generator are clarified in figure(2). At the same time the change 

power flow pattern shows that all the three algorithms attempted to relieve congestion with its own pattern 

 



19      R Ramachandran and M. Arun., 2016/ Advances in Natural and Applied Sciences. 10(15) October 2016, Pages: 13-22 

.  

                        

Fig. 2: Change in power (bilateral transactions) 

 

Line flow patterns are changed when congestion relief is attained by rescheduling the power generation is 

followed and there is no violation of thermal limits.  Effectiveness of this algorithm is depicted in figure (3). 

Convergence quality of BHA for bilateral transaction is plotted in figure (4). The algorithm takes about 60 

iterations to establish the global best results 

 
Fig. 4: Convergence behavior of BHA in for bilateral transactions 

 

 
 

Fig. 3: Power flow through the lines (bilateral transactions) 

 

Multilateral transaction: 

In this case, multilateral transaction are there within GENCOS and DISCOS creating insecure mode of 

operation to the system. Injecting the power at any bus and consume the same amount by more than one bus is 

known as multilateral transactions.  The first transaction of 50 MW of power is injected at bus number 4 and the 
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power is consumed at bus number 15 as 20MW and at bus number 19 as 30MW. In the second transaction, 25 

MW of power is injected at bus number 10 and this is consumed by bus number 47 as 10 MW and bus number 

56 as 15MW. 

Now congestions are created in the transmission lines 5, 8 and 10 due to two transactions. The effect of 

above transactions in the system is that three transmission lines as congested. To alleviate the transmission 

congestion, generators sensitivities are analysed to reschedule power generation from the corresponding market 

clearing price. Table (3) shows the generators sensitivity factors for congested lines. 

 
Table 3: Generator Sensitivity factors for multilateral transaction 

Congested 

lines        

Line no:5 0 0.0133 0.0584 -0.3088 -0.1761 -0.1148 -0.0458 

Line no:8 0 0.0214 0.0939 0.3990 0.6310 -0.2139 -0.0783 

Line no:10 0 0.0020 0.0090 0.1052 0.1715 0.2238 -0.0116 

 

The optimal real power generations are rescheduled by the influence of sensitivity factors to alleviate the 

congestion with lower congestion cost. The table (4) shows the reschedule real power of all generators ,those 

optimal values are obtained from all the above mentioned algorithms with satisfying the equality and inequality 

constraints  of the system. Among the three algorithm BHA gives minimum congested cost as 6028.2 $, whereas 

6494.1 $ from BB-BC and   6566.4 $ from PSO. 

 
Table 4: Optimal rescheduled power (multilateral transaction) 

Rescheduled 

power 

BBBC  Technique PSO Technique BHA Technique 

 
135.8945 184.1733 154.6688 

 
100.0000 92.6939 100.0000 

 
87.4114 44.0997 43.6182 

 
89.3565 79.7630 89.5093 

 
424.5687 450.6397 444.1082 

 
89.2517 73.5527 76.6197 

 
354.9772 357.6012 373.3880 

Congestion Cost 6494.1 

 

6566.4 

 

6028.2 

Loss 30.6660 31.7235 

 

31.1122 

 

 

Change in real power patterns to alleviate congestion in line are shown in figure (5). Real power pattern 

suggested by all the three algorithm are plotted in the figure (6).  

 

 
 

Fig. 5: Amount of change in power for multilateral transaction  
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Power flows in the lines before and after congestion management are shown in the figure (6), three lines of 

the 80 transmission lines are congested. The line flow limit of 5, 8 and 10 are 50MW, 200MW and 50 MW 

respectively. During the time of congestion, the power flow through the congested lines are 53.1822MW, 

224.6511MW and 63.6805MW respectively. The net power violation of under congestion period is found to be 

41.5138 MW. After optimizing the real power generation rescheduling, by the above said three algorithms using 

generator sensitivity congestions are shown in table (5). In this case also, BHA method reports the lowest 

congestion cost and subsequently power flow of congested transmission lines are 32.0453MW, 197.433MW and 

49.957MW after the congestion relief. The convergence of BHA algorithm is shown in figure (7). The algorithm 

converge by taking only 40 iterations proving its strength.  

 
 

Fig. 7: Convergence behavior of BHA for multilateral transaction 

 

 

 Fig. 6: Power flow through the lines for multilateral transaction 

 

Conclusions And Future Scope: 

In this proposed work, two main causes of bilateral and multilateral transactions are considered. For 

optimizing the total congestion cost, the simple and easy to implement BHA algorithm is exploited. IEEE 57 

bus system is taken for validating the results. The optimal solutions obtained from the proposed method are 

compared with that of the other two algorithms of PSO and BB-BC. It is clear from the results that BHA 

performs better than PSO and BB-BC algorithms. The proposed method reports optimal transmission congestion 

cost while satisfying the system constraints.  

The optimization of transmission congestion cost by BHA algorithm is much encouraging. The present 

work may be extended in the future by attempting with contemporary algorithms. 
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