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ABSTRACT

Transmission congestion management is one of the critical and
important tasks of the system operator. Transmission line
congestion is considered to be more important as it may initiate
the cascading outages which forces the system to collapse. This
paper presents a transmission congestion management (CM)
algorithm by optimal rescheduling of active powers of
generators using firefly (FF) algorithm. All the generators in
the system need not take part in CM. Generator sensitivity to
the congested line and the cost of generation are considered
while rescheduling the generators to alleviate congestion. In
this paper an efficient FF algorithm is used for solving CM
problem. The proposed method has been tested on IEEE 30 bus
system and the results of various case studies have been
compared with that of RCGA & SA methods. Results prove
that FF algorithm is indeed capable of obtaining higher quality
solutions for the CM problem.
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1. INTRODUCTION

When the producers and consumers of electric energy desire to
produce and consume in amounts that would cause the
transmission system to operate at or beyond one or more
transfer limits, then the system is said to be congested.
Congestion management is one of the fundamental transmission
management problems in the deregulated power system. The
undesirable effects of the congestion include prevention of new
contracts, increase of the electricity cost in some regions of the
electricity market, jeopardy to the system security and
reliability. Congestion in a transmission system cannot be
allowed beyond a short duration as there is an onset of
cascading outages with uncontrolled loss of load. Hence an
effective control action strategy is necessary to reduce the line
overloads to the security limits in the minimum time.

Ashwani Kumar et al have given a detailed bibliographical
survey of various congestion management techniques [1]. An
OPF-based approach that minimizes cost of congestion and
service costs is proposed in [2]. In [3], OPF based technique
has been proposed for relieving congestion due to voltage
instability and thermal overloads. Many OPF based techniques
have been proposed in the literature with generator
rescheduling and load curtailment to solve congestion
management problem [4]. Ashwani Kumar et al proposed
zonal congestion method based on TCDF. The generators
involved in congestion have been identified for rescheduling
based on active & reactive power flow sensitivity indexes
[5,6]. 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. In [7], relative electrical

M. Anitha
Associate Professor
Department of EEE
Annamalai University
Tamilnadu, India

distance (RED) concept is employed to mitigate the
transmission overload by real power generation rescheduling.
The method minimizes the system losses and maintains good
voltage profile. However, the bids of individual generating unit
and the rescheduling cost is not considered in this method.

Many stochastic methods have also been used in the literature
to alleviate transmission line congestion. Sudipta Dutta and
Singh [8] proposed a congestion management technique using
optimal rescheduling of generators based on generator
sensitivities and PSO is used to minimize the deviations of
rescheduled generator power output. Jagabondhu Hazra and
Sinha [9] proposed a cost efficient congestion management
method for pool market using multi objective particle swarm
optimization.  Sujatha and Kamaraj employed real coded
genetic algorithm (RCGA) to find the optimal generation
rescheduling for relieving congestion [10]. Many researchers
have employed different FACTS devices to relieve congestion
in deregulated environment [11-13].

The purpose of this paper is to propose firefly algorithm for
selecting the participating generators based on sensitivity
factors and to find the optimum rescheduling of their outputs to
alleviate congestion in a pool at minimum rescheduling cost. In
this work, congestion due to different line outages, generator
outage contingencies and wheeling transactions are considered.
Most severe lines are identified using N-1 contingency analysis
and those lines are considered for analysis. The proposed CM
problem is formulated as an optimization problem with many
constraints. FF algorithm used as an optimization tool as it is
an efficient heuristic algorithm for search and optimization.
The proposed method has been tested on IEEE 30-bus system
and the effectiveness of the algorithm has been validated by
comparing the results with RCGA & SA methods.

2. PROBLEM FORMULATION

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

Minimize 3°[C!AP! +C2aP? ] ®
Subject to 9
2((Gs;n)APg)+ Fo < Fm @)
k=12..N,
P, — P = AP™™ < AP, < AP!™ =PI —P, 3)
g=12..N,

Ng
D AP, =0 @)
g=1

where
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¢, incremental price bids submitted by generators.
cg decremental price bids submitted by generators.
AP} active power increment of generator g due to
congestion management.
AP active power decrement of generator g due to congestion
management.
AP, real power adjustment at bus g.
The incremental and decremental price bids are the prices at
which the generators are willing to adjust their real power
outputs. N, represents the number of participating generators.
Fp isthe power flow caused by all contracts requesting the
transmission service. Fp®*isthe line flow limit of the line-K
connecting bus i and bus j. N, is the number of transmission
lines in the system, PZ™ and P D*are the minimum and
maximum limits of generator outputs.

All generators have different sensitivities to the contribution of
the congested line. A change in active power flow (AP)) in a
transmission line k connected between buses i and j due to
change in active power generation (AP )at bus-n by generator
g can be defined as a active power generator sensitivity factors
(GS ). Mathematically GS for line k can be written as.

AP;
APGg

GS, = (s)

The power flow equation on congested line can be written as

P, =—ViG; +V,v,G; cos(®, —6,)+V,v, B;sin®, —6,) (6)
Where v; and 6; are voltage magnitude and phase angle of bus i
respectively. G; and B are conductance and susceptance of
line connected between buses i and j. Neglecting p-v coupling

equation (5) can be expressed as,

o P o0, Py 9,

=_1 7

00, oPs,  00; 0P )
The first terms of the two products in (7) are obtained by
differentiating (6) as follows:
oP; .
a_é:_viijﬂSIn(ei_ej)+ViVjBij cos(®, —6;) (8)
OP; —0P.
—L =v,v,G;sin@, -0,)—v,v.B; cos@®,—0.)=—" 9
aej 17 J 1= J ael
The active power injected at a bus-s can be represented as
P, =Ps, =Py, (10)

Ps = |VS|Z((Gst COS(@S - et) + Bst si n(es - et))lvtl)
t=1

= v'e, +|vs|-th1:((Gst c0s(0, —0,)+ B, sin(0, —0,))|v.|) (11)
t#s

Further calculation can be differentiating (11) as with

respecting to 6, and 0,

P,

00,

P, n .

ﬁ = |Vs|' ;{(_Gst Sl n(es - et) + Bst'cos(gs - et))'lvtl} (13)

s

=|v||v|(G.sin(6, —6,) — B,.cos(6, —6,) (12)

tzs

The relation between the incremental change in active power at
each bus and phase angle of voltages can be written as.
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[AP].. = [H]...[26],. (14)
[oP P P, |
08, 00, 08,
[H]..=| 06, 00, ... 09, (15)
'aPn 'apn 'apn
|06, o6, 29, |
Thus  [A6] = [H] ™ [AP] (16)
=[M] . [AP] (17)

where  [M] =[H]?

Since the bus 1 is the reference bus the first row and first
column of [M] can be eliminated. Therefore the modified [M]
is written as

0 0
0 [M-1]

[A6],., —{ } [AP],.. (18)

In (18) the modified [M] represents the values of (06,/0P;,) and
(06;/0Pg,) in (7) to calculate GS values; The generators having

large GS value are selected for rescheduling since their
contribution to the congested line is more.

3. FIREFLY ALGORITHM

The firefly algorithm is a meta-heuristic optimization
algorithm, inspired by the flashing behavior of fireflies. It was
developed by Xin-She Yang [14] at Cambridge University in
2007. The primary purpose for a firefly's flash is to act as a
signal to attract other fireflies. There exist three idealized rules
based on the major flashing characteristics of fireflies [15].
These are the following: (1) All fireflies are unisex, and they
will move towards more attractive and brighter ones regardless
their sex. (2) The degree of attractiveness of a firefly is
proportional to its brightness which decreases as the distance
from the other firefly increases due to the fact that the air
absorbs light. If there is not a brighter or more attractive firefly
than a particular one, it will then move randomly. (3) The
brightness or light intensity of a firefly is determined by the
value of the objective function of a given problem. For
maximization problems, the light intensity is proportional to the
value of the objective function.

3.1 Attractiveness

In the firefly algorithm, the form of attractiveness function B(r)
of a firefly is described as a monotonically decreasing function
as given by the following function:

B(r)=PBoexp(—yr"), , with m>1 (19)
Where, r is the distance between any two fireflies, B, is the
initial attractiveness at r = 0, and yis the light absorption
coefficient, which controls the light intensity.

3.2 Distance
The distance between any two fireflies i and j at x; and x;,
respectively, is determined using the following equation:

0 =||X| _Xi":“/kdz(xi,k _XJ,k)z (20)

Where X;y is the k™ component of the spatial coordinate X; of
the i'" firefly and d is the number of dimensions we have, for d
=2, we have
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rij:\/(xi_xj)2+(yi_yj)2 1)

3.3 Movement
The movement of a firefly i towards a more attractive (brighter)
firefly j is determined by the following equation:

Xi.0 =X, + Bo 6P (—7F)(X; —X,) +a(rand - 0.5) (22)
Where the first term is the current position of a firefly, the
second term is used for considering a firefly’s attractiveness to
light intensity seen by adjacent fireflies and the third term is the
random movement of a firefly in case there are not any brighter
ones.

4. RESULTS AND DISCUSSION

The performance of the proposed FF algorithm for congestion
management problem has been tested on IEEE 30-bus system.
The test system consists of six generator buses and 24 load
buses and 41 transmission lines. The network topology and the
data for the IEEE 30-bus system are found in [16]. The total
real and reactive load of the system is 283.4 MW and 126.2
MVAR. Incremental and decremental price bids submitted by
Generation companies (GENCOs) for congestion management
are given in Table 1.

Table 1: Generator price bids
Gen  Generator price

ﬁz” Bus  Bids(¥MWhr) "o Py
Mo TG (MW)  (MW)
1 1 22 18 0 3602
2 2 21 19 20 140
3 5 42 38 15 100
4 8 43 37 10 100
5 11 43 35 10 100
6 13 41 39 12 100

The FF algorithm is employed to optimally reschedule the
active power of the generators for relieving congestion in the
overloaded lines. FF algorithm parameters are as follows:
absorption coefficient = 1.0, o = 0.2, Bo = 1.0, number of
fireflies are taken as 12 and 50 total generation are considered.
Simulations were carried out on Intel core 2 Duo (1.8GHz)
processor in MATLAB environment.

4.1 Case 1: Line outage

From the literature, it is found that, line outages 1-2, 1-3, 3-4,
and 2-5 are considered to be critical line outages [10]. Outage
of lines 1-2 has high severity index of 2.371. In this work all
the above line outage cases are considered.

The following four line outage case studies have been

considered for simulation.

A. Outage of line 2-5 and increase of load at buses 2, 3, 4 and
5 by 35%, with load factor (LF) of 1.35

B. Outage of line between buses 1 and 3, the load at bus 19 is
increased by 130% with LF= 2.3

C. Outage of line 3-4 and increase of load at bus 2 by 250%,
LF=3.5

D. Contingency of line 1-2 and load at all buses increased by
30%, LF=1.3

For all the cases, sensitive generators are identified based on
generator sensitivity factors and congestion is relieved by
rescheduling the sensitive generators using FF algorithm.
Optimal congestion cost is calculated using the incremental and
decremental bids submitted by the generators. Table 2 depicts
the details of congested line, power violation and line limit in
all the four cases.
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Table 2: Congested line details in case 1

No.of Con

lines gest  power Line Power Total
Case o violatio Power
conge ed flow limit S
sted line n violation
1-2 21492 130 84.92
2-4 9554 65 30.54
2-6 110.88 65 45.88
A 6 5-7 115.28 70 45.28 217.18
6-7 136.12 130 6.12
6-8 36.44 32 4.44
B 1 1-2  189.12 130 59.12 59.12
C 1 1-2 228.76 130 98.76 98.76
1-3  190.11 70 120.11
D 3 3-4 186.62 130 56.62 205.44
4-6 118.71 90 28.71

FF algorithm is used to relieve congestion in all above cases
and the congestion cost obtained in all these cases are given in
Table 3. Total congestion cost found by FF algorithm is
compared with RCGA and SA methods. The active power
rescheduling of generator for congestion management in all
these cases are graphically represented in Fig. 1.

Table 3: Comparison of congestion cost obtained from SA,
RCGA and FFA

Net adjustments of Total congestion cost ($/hr)
Case generator powers (MW)
SA RCGA FFA SA RCGA FFA
[10] [10] [10] [10]
A 50.25 50.59 16.4 | 1918.8 1837.8 1720.34
B 32.59 33.03 5.2 892.11 671.61 569.57
C 68.63 70.41 9.8 | 2076.5 17219 1636.77
D 112.7 11095 22.0 | 3672.7 2737.2 2350.24
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Fig. 1. Amount of power rescheduling of generators for
congestion management

From the table 3 it is inferred that the proposed FF algorithm is
capable of relieving congestion effectively at minimum cost in
the all the cases than other methods. This shows the
effectiveness of the proposed algorithm in solving CM
problem.  Moreover, congestion is relieved by generation
rescheduling alone, without any load curtailment in all the
cases. The convergence characteristics of firefly algorithm for
case D is given in Fig. 2. From this figure it is revealed that FF
algorithm reaches the optimal solution in early iteration.
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Fig. 2. Convergence characteristics of firefly algorithm-
case D

4.2 Case 2: Wheeling transactions

In the restructured power market, most of the power transfers
are carried out through bilateral and multilateral wheeling
transactions. Each bilateral transaction satisfies the following
power balance equation:

Pg"i—Pd"j =0 k=12,..t, (23)
where

PX = Power injection into the seller bus i for the k™" transaction.
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Pf, = Power taken at the buyer bus j for the k™ transaction.

t, = total number of wheeling transactions.

Multilateral transaction which involves more than one seller
and one buyer and is described by the following power balance
equation;

2.Pi—2 Ps=0 (24)

In this case, four simultaneous bilateral wheeling transaction
and one multilateral transaction were carried out in the test
system and their details are given in Table 4 & 5.

Table 4: Details of bilateral transaction

Transaction Bus No. Magnitude of power
From | To transfer (MW)
T1 14 22 17
T2 16 08 10
T3 25 05 15
T4 15 24 20

Table 5: Details of multilateral transaction

Power Injected Load
BusNo.  Value (MW) | BusNo.  Value (MW)
18 14 06 10
21 12 12 10
03 08 27 04
30 10
Total 34 Total 34

After implementing these wheeling transactions, it is found that
the transmission line connected between the buses 1-2 and 12-
15 were congested and power flow results are as shown in table
6. FF algorithm is used to relieve congestion congestion by
optimally rescheduling the generators and minimum congestion
cost found to be 212.77 $/h

Table 6: Congested line details in case 2

No. of Cong . Power Total
- power Line o
lines ested - violatio Power
. flow limit A
congested line violation
1-2 170.59 130 40.59
2 12-15 36.12 32 4.12 44.70

4.2 Case 3: Generator outage

In this case, outage of generator 6 at bus 13 has been carried
out with a 10% increases in load at all buses. This results in
congestion on two lines as shown in table 7. The total power
violation is 64.24 MW.

Table 7: Congested line details in case 3

Conge Power Total

No. of lines power Line . .
sted A violati Power
congested . flow limit Co
line on violation
1-2 181.15 130 51.15
2 6-8 45.09 32 13.09 64.24

Table 7 shows the congested line and its power flow due to the
generator outage. The proposed FF algorithm is used to relieve
this congestion and the generator outputs before and after
congestion are shown in Fig 3. The minimum congestion cost
obtained is 232.65 $/h.

42



180 - .
[
g 160 Before Congestion

M

< 140 -
5 120 -
100 -
80 -
60 -
40 ~
20 -

= After Congestion

Generator Outpu

o
I

1 2 3 4 5
Generator No.

Fig 3. Generator outputs before and after congestion

5. CONCLUSION

In this paper congestion management problem has been solved
using firefly algorithm by optimally rescheduling the active
power of generators which are selected based on the generator
sensitivity to the congested line. The congestion cost is
minimized using firefly algorithm.  Only most sensitive
generators are rescheduled using the proposed algorithm. This
reduces the computational effort and hence the congestion cost.
In this paper most severe line outage, generator outage
contingencies and wheeling transactions are considered and it is
found that FF algorithm is capable of giving optimal solution
with less cost in all the cases. This ensure that the proposed
algorithm can be employed to large systems also.
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