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Abstract: Congestion management is one of the major functions performed by system operators to provide the
operation of transmission system within operating limits. This paper proposes an effective method for
transmission congestion alleviation in deregulated power system in this paper we have tried to eliminate the
congestion in the transmission line by generation rescheduling with the cost involved in the rescheduling
process should be decreased. Congestion or overload in transmission networks is alleviated by rescheduling
the generators and/or load shedding. The two objectives conflicting in nature (1) transmission line overload
and (2) congestion cost are optimized in this paper. The multi-objective optimization technique, Non-dominated
Sorting Genetic Algorithm II (NSGA-II) method is used to solve this problem and gives a set of Pareto-optimal
solutions. Here in this proposed method line, overload is alleviated with generation rescheduling alone and load
shedding is not required. The proposed method has been tested on IEEE 30 bus system with two congestion
case. Here in this proposed method line, overload is alleviated with generation rescheduling alone and load
shedding is not essential.
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INTRODUCTION pricing based methods and (4) re-dispatch and willingness

In deregulated electricity market, the power system is removal with contingency constrained limits is considered
regulated near its rated capacity as each contributor in the in [2]. The impacts of congestion management on the
market is trying to gain as much as possible by utilization reliability of power transactions based on issues such as
of conventional resources. Congestion results when expected power curtailment, curtailment probability and
power flows through the transmission line are higher predictable the cost of congestion management and the
than allowed by the operating reliability limits. In a probability distribution of total power curtailment are
economical electricity market, congestion occurs when discussed in [3]. The auction based power transaction
the transmission network is unable to accommodate all bidding and its various issues are analyzed in [4]. The
of the desired transactions due to a violation of system impact of coordination based transaction curtailment in
operating limits. Congestion management means the the market environment is discussed in [5]. The Auction
activities of the transmission system operator to relieve based congestion management in the presence of some
transmission constraints in the competitive electricity interruptible loads with N - 1 contingency is discussed in
market. The problem of congestion management in the [6]. The transaction curtailment based congestion
deregulated environment is solved by many approaches removal on IEEE-14 node system based on DC load flow
in the recent works. The detailed literature survey on is reported in [7]. The concentric relaxation based
congestion management issues in the deregulated markets congestion removal is reported in [8] to decrease the
is available in [1]. There are four major ways to solve the amount of transaction curtailing. The validation of optimal
problem and they are (1) sensitivity factors based power flow in the deregulated environment using steepest
methods (2) auction based congestion management (3) descend method, genetic algorithm and evolutionary

to pay methods. The re-dispatching based congestion
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programming Based approaches are reported in [9]. The where and are incremental and decremental cost
generation rescheduling by evolutionary programming coefficients of i generator. and are changes in power
approach is discussed in [10]. The voltage stability index generation from preferred schedule in positive and
based relative electrical distance measurements to remove negative value at i generator
congestion are discussed in [11]. The multi-objective
framework to decrease both generation cost and line Minimize the Congestion of the Line:
overload index is given in [12]. A fuzzy interactive
multi-objective optimization for optimizing total social (2)
welfare, emission and network congestion factor is
reported in [13]. where L is line flow and L is the maximum line flow.

Problem Description: Control measures to be taken for OPF Problem Formulation: The objective function
relieve the congestion in transmission lines due to critical corresponding to the production cost can be
line outages, generator outages, or sudden load approximated to be a quadratic function of the active
disturbances are proposed. The objective function is to power outputs from the generating units. Symbolically, it
find the minimal shifts in generations and demands from is represented as:
initial market clearing values so as to alleviate line
overloads completely and also to maintain load bus Minimize (3)
voltages within the permissible limits for secure operation
of the system. The line limits and voltage limits can be where F (p ) = (a P +b P +c ) $/hr (4)
considered as a classical optimization problem with
penalty function, but if violated it forces the solution lies I= 1, 2, 3, ...., N is the expression for cost function
near its limits; to overcome this difficulty, these corresponding to i generating unit and a , b and c are its
constraints are taken as the objective functions. It is cost coefficients. P is the real power output (MW) of the
considered that any change from the market-clearing i generator. N is the number of generating units.
conditions implies a payment to the agent involved. The These include power balance constraints to take into
total cost incurred is a sum of increment in revenues for account the energy balance; feasibility of real and reactive
the participating producers for adjusting the power power generation, voltage limits at load buses and line
productions and sum of revenues for the participating flow limits. These limitations are discussed as under.
consumers for adjusting the power consumptions for
congestion management purpose. This total cost is a Generator Constraints: The output power of each
measure of the decrement in social welfare due to generating unit has a lower and upper bound so that it lies
congestion management. in between these bounds. It is represented by a pair of

Objectives: This paper presents an efficient method for
solving congestion management problem with two (5)
conflicting objectives in a pool-based electricity market.
The two objectives are congestion cost minimization and (6)
transmission line overload alleviation. Generation
rescheduling is done for relieving congestion; if it is not where PG and PG lower and upper bounds for real
sufficient to alleviate overload, then load shedding is power outputs of the i generating unit.
done. Here in this proposed method line, over load is Qg and QG lower and upper bounds for reactive
alleviated with generation rescheduling alone and load power outputs of the i generating unit.
shedding is not required. The proposed method has been
tested on IEEE 30 bus system with two congestion case. Voltage Limits: The voltage magnitudes of the each and

Minimize the Congestion Cost: simulation should be verified between its bound. This

(1) bound and mathematically represented by;
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(7) Congestion Management Methodologies: There are two

were V and V are lower and upper bounds of thei i
min max

voltages.

Transmission Line Loading: The line flows to all the
transmission lines should be within its line capacity given
by MVA ratings. This can be given as:

(8)

where S is the line flow capacity of i transmission line.i
max th

Power Balance Constraints: This constraint is based on
the principle of equilibrium between total system
generation and total system loads. That is given by set of
non-linear power flow equations:

(9)

(10)

where P and Q are the real and reactive powerGi Gi

injections at i bus, respectively. The corresponding loadth

demands are given by P and Q . The magnitude andDi Di

angle of bus admittance matrix is given as |Y | and O ,ij ij

respectively. and is the magnitude and phase angle
of voltage at i bus, respectively. i= 1, 2, 3, ...., No. of bus.th

Severity Index: The objective of power system control is
to maintain a secure system state, that is, to prevent the
power system from contingencies. This contingencies
lead to overloading of the transmission lines. The severity
of a contingency to line overload may be expressed as
Severity Index (SI)

(11)

m is the integer exponent whose value is fixed as 1 in
this paper. In this study, contingency analysis is
conducted for base case generations and loadings
(obtained by initial market clearing values) and the SI was
computed for each contingency. The line outage which
yields highest value of Severity Index is identified as
worst contingency. Here line overloads are simulated
using outage of critical lines and sudden increase in load
demands.

broad paradigms that may be applied for congestion
management. These are the cost-free means and the
not-cost-free means. The past include actions like out-
aging of congested lines or operation of transformer taps,
phase shifters, or FACTS devices. These means are
termed as cost-free only because the marginal costs
(and not the capital costs) involved in their usage are
nominal. The not-cost-free means include:

Rescheduling generation. This leads to generation
operation at an equilibrium point away from the one
determined by equal incremental costs. Mathematical
models of pricing tools may be incorporated in the
dispatch framework and the corresponding cost
signals obtained. These cost signals may be used for
congestion pricing and as indicators to the market
participants to rearrange their power injections/
extractions such that congestion is avoided.
Prioritization and curtailment of loads/transactions. A
parameter termed as willingness-to-pay-to-avoid-
curtailment is introduced. This can be an effective
instrument in setting the transaction curtailment
strategies which may then be incorporated in the
optimal power flow framework. OPF formulations
incorporating both (1) and (2) above.

The dispatch problem has been formulated with two
different objective functions: cost minimization and
minimization of transaction deviations. Congestion
charges can be computed in both the cases.

NSGA-II Based Congestion Management: Generation
rescheduling alleviates congestion in the transmission
line with the cost involved in the rescheduling process
minimized by NSGA II. NSGA is a popular non-domination
based genetic algorithm for multi-objective optimization.
It is a very effective algorithm but has been criticized for
its computational complexity, lack of elitism and for
choosing the optimal parameter value for sharing
parameter share. A modified version, NSGAII was
developed, which has a better sorting algorithm,
incorporates elitism and no sharing parameter needs to be
chosen a priori. NSGA-II, which is more efficient
(computationally speaking), uses elitism and a crowded
comparison operator that keeps diversity without
specifying any additional parameters. Non-dominated Sort
of Genetic Algorithm (NSGA-II) is used to minimize the
congestion cost and line congestion by rescheduling the
generators.
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NSGA II Algorithm for Congestion Management: above. The parameters used for NSGA II are Population
Step 1: Set up NSGA II parameters like population size, size: 50: No. of generation: 100; Tournament selection;
number of generations, distribution indices for crossover Simulated binary crossover with rate: 0.9; Polynomial
(mu) and mutation (mum). Here mu and mum are 20 and 20, mutation with rate: 0.1.
respectively. The proposed technique is tested on IEEE 30 bus

Step 2: Read line data, bus data, incremental and toolbox
decrement bidding costs for each generator. When
applying evolutionary computation algorithm, the first Case Study: Here three congestion cases are considered.
step is to decide the control variables embedded in the Case 1 is outage of lines 1-3, Case 2 is outage of lines 1-2
individuals. In this work, control variable is generator real and outage of generator 2, Case 3 is outage of lines 1–3
power redispatch. Hence the control variables are and load at all buses raised by 50%. The total load
generated randomly satisfying their practical operation increases by 50% even though not realistic in deregulated
constraints system, but it is considered to have a severe congestion

Step 3: For each chromosome population, calculate gives better solution without any load curtailment.
objective function-1 and run Newton Raphson power flow So all the above issues have been solved by using
to calculate the objective function-2. improved version of NSGA called NSGA II that can be

Step 4: Newton-Raphson Power Flow handles the equality Pareto-optimal set. So this efficient NSGA II algorithm has
and inequality constraints. been proposed to solve the congestion management

Step 5: Non-domination sorting of population is carried that can provide set of alternative solutions to the
out. Moreover, then tournament selection is applied to operator instead of single solution.
select the best individuals based on crowding distance.

Step 6: Crossover and Mutation operators are carried out
to generate offspring (Qt) and the new vectors obtained
must satisfy the limits if not set it to the appropriate
extreme.

Step 7: Calculate the value of each objective function of
Qt and merge the parent and offspring population to
preserve elites.

Step 8: Again perform non-dominated sorting on the
combined population based on crowding distance
measure and obtain the best new parent population
(Pt +1) of size N out of 2N population, so this would
be the parents for next generation and this process is
carried out till a maximum number of generations are
reached.

Step 9: Finally Pareto front is achieved, i.e., a set of
solutions satisfying both objectives are obtained.

The multi objective optimization using NSGA II
algorithm is developed and tested for the cases mentioned

system. All system data are extracted from MATPOWER

in the system and to show that the proposed algorithm

find diverse set of solutions and converge near the true

problem with two objectives considered simultaneously

RESULTS AND DISCUSSIONS

Table 1: Severity index of IEEE 30-bus system

Outage of Line Severity index

1-2 3.1464

1-3 3.1743

3-4 1.1189

2-5 1.0781

2-4 0.0654

6-7 0.0564

5-7 0.0454

4-12 0.0456

Table 2: Generator data

Fuel Cost Coefficients

Generating --------------------------

Bus No. Power in MW P max P min Ai Bi Ci

1 138.59 360.2 0 0.038 20 0

2 57.56 140 0 0.25 20 0

5 24.56 100 0 0.01 40 0

8 35 100 0 0.01 40 0

11 17.93 100 0 0.01 40 0

13 16.91 100 0 0.01 40 0
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Table 3: Congestion Case
Case Line Line Limit MVA Line Flow MVA (Before Congestion Case) Line Flow MVA (After Congestion Case)
1 1-2 130 127.03 194.55

2–6 65 48.32 81.95
4-12 32 22.02 45.57

2 1-3 130 126.03 247.34
3-4 130 25.09 186.55
4-6 65 42.02 102.24

3 1-2 130 127.03 274.53
2-4 65 37.86 101.87
2-6 65 48.32 112.65

Table 4: After scheduling process
Case Line Line Limit MVA Line Flow MVA (Before Rescheduling) Line Flow MVA (After Rescheduling)
1 1-2 130 194.55 128.5

2–6 32 81.95 24.61
4-12 32 45.57 29.42

2 1-3 130 247.34 124.76
3-4 130 186.55 116.87
4-6 65 102.24 59.48

3 1-2 130 274.53 122.86
2-4 65 101.87 59.22
2-6 65 112.65 42.74

Table 5: Change in power after rescheduling process
Case Pg1 Pg2 Pg3 Pg4 Pg5 Pg6 Congestion cost in $/hr
1 -64.6 -0.14 4.34 6.1 22.83 18.93 6874.54
2 -69.4 -37.4 48.58 18.84 19.8 19.85 5542.24
3 -79.6 4.7 2.85 22.6 38.7 17.1 5968.75

Fig. 1: Pareto Solution for Case1, 2 and 3
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CONCLUSION 5. Fang, R.S. and A.K. David, 1999. Transmission

This paper presents an algorithm for congestion Trans Power Syst., 14(3): 877-83.
management in a pool based electricity market based on 6. Tuan, L.A., K. Bhattacharya and J. Daalder, 2005.
NSGA-II. The proposed method effectively relieves the Transmission congestion management in bilateral
congestion econmically with minimum shifts in generation markets: an interruptible load auction solution. Electr
real power from intial market clearing values. Line Power System Res., 74: 379-89.
overload due to unexpected line outage and sudden load 7. Yang, H., R. Zhou, Y. Zhang, 2006. A study of the
variations are considered in this work. The proposed curtailment model for bilateral transaction in power
method is tested on various line outage and load market environment. In: IEEE PES on PSCE, 29
variations. However only three congestion cases are October- 1 November; 2006. pp: 1663-7.
presented namely case 1, case 2 and case 3 for IEEE 30 8. Skokljev, Ivan and Maksimovic Viktor, 2007.
bus system. The best cost obtained using NSGA-II for Congestion management utilizing concentric
case 1, case 2 and case 3 are 6874.54$/hr., 5542.24$/hr. and relaxation. Serbian J. Electr Eng., 4(2): 189-206.
5968.75$/hr. respectively. By NSGA II method, the set of 9. Sood, Y.R., 2007. Evolutionary programming based
non dominated Pareto-optimal solutions are available, optimal power flow and its validation for deregulated
operator can use his discretion for selecting the proper power system analysis. Electr Power Energy Syst.,
solution for either for congestion alleviation or 29(1): 65-75.
congestion cost minimization. 10. Gnanadas, R., N.P. Padhy and Y.G. Palanivelu, 2007.
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