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Abstract: This paper proposes a methodology to limit the variations in generation cost
in a power system under normal and contingent state using Differential Evolution (DE)
optimization technique keeping consumer welfare in view. The aim of this proposed
methodology is to minimize the deviations of generation cost, during contingency, from
a preferred value by rescheduling of the generation with a controlled load curtailment
technique and hence relieving the lines from overloading for congestion management. A
comparative study between rescheduling with and without load curtailment has also
been presented in this paper. Numerical results on test system, namely IEEE 30 Bus
System, are presented for illustration purpose and the same has been verified by a well
esteemed optimization technique, Particle Swarm Optimization (PSO). The
comprehensive simulation results establish that the developed method not only reduces
the economic variations of the market but also ensures the voltage stability of the
system during contingency.

Index Terms: congestion management, deregulated environment, Differential
Evolution, generator re-scheduling, load curtailment, Particle Swarm Optimization.

1. Introduction

The restructuring of the electric power industry has involved paradigm shifts in the real
time control activities of the power grids. Managing dispatch and determination of price of
electricity are among important control activities in a power system [1]. One of the major role
of an independent system operator (1SO) in a competitive market environment is to facilitate
the complete dispatch of the power that gets contracted among the market players. These
contracts are subjected to change with market conditions. Thus due to continuous change in
transactions between participants, the spot price of electricity becomes volatile [2]. A
contingent condition may also change the generation cost and hence spot price of electricity.
The increase in spot price is quite detrimental in terms of consumer welfare, and markets
having high spot price can not promote cheap generation and dispatch of power. Moreover in
contingent condition the congestion management cost also gives a hike to spot price of
electricity. In this scenario, a need of a multi-objective optimization technique can be felt
which not only limits the variations of generation cost but also reduce the congestion cost to
limit the spot price at a chosen level. With conventional OPF algorithms a generation schedule
can be prepared by optimizing power loss and cost of generation. In contingent condition the
conventional OPF can prepare a new schedule of power generation, suitable for the current
operating conditions but it gives a rise to generation cost and hence spot price [3]. Therefore,
the conventional OPF fails to manage congestion and generation cost variations
simultaneously. The Security Constraints Optimal Power Flow (SCOPF), however, is capable
of managing congestion during contingency but it fails to limit the variations of generation cost
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in varying conditions of markets [4]. Congestion management based on optimum generation
rescheduling and load shedding schemes are reported in [5], [6]. But the consumer welfare in
terms of cost minimization has not been considered. Multi objective PSO for congestion
management is presented in [7]. The authors of [8] proposed Zonal based congestion
management approach. Cluster based congestion management using PSO is reported in [9].
Power transaction using ac power transfer distribution method is discussed in [10]. All these
methods could not maintain the generation cost at a favorable limit. To minimize the variations
of spot price, a novel formulation of complex OPF is extremely necessary, which not only
takes congestion and voltage security issues as constraints but also creates a boundary for
generation cost and spot price.

Conventional optimization techniques such as gradient-based algorithm, linear
programming and interior point methods often have problems of convergence and difficulties
in locating the global optima. Since the proposed problem is a complex optimization, use of
heuristic algorithm is a vital one. Computational intelligence-based techniques, such as genetic
algorithm (GA), PSO have been successfully used to solve optimization problems in power
systems. However, the premature convergence of GA degrades its performance and reduces its
search capability that leads to a higher probability towards obtaining a local optimum. PSO is
an exciting new methodology in evolutionary computation developed by Eberhart and
Kennedy. PSO is not largely affected by the size and nonlinearity of the problem, and can
converge to the optimal solution in many problems where most analytical methods fail to
converge [11], [12].

Differential Evolution is a relatively new member in the family of evolutionary algorithm.

It was first proposed by Storn and Price over 1994-1996 [13]. Unlike the conventional
evolutionary algorithms, which depend on predefined probability distribution function for
mutation process, DE uses the differences of randomly sampled pairs of objective vectors. DE
has drawn an increasing attention for a wide variety of engineering applications including
power engineering applications such as transient stability, economic dispatch etc [14-18].
In this paper, a multi-objective methodology of DE based optimization has been proposed
which along with the congestion and voltage security constraints, takes boundary conditions of
generation cost into consideration. A controlled load curtailment technique has been adopted to
implement the proposed optimization technique in deregulated power system. As load
curtailment can reduce reliability of power supply, the proposed optimization technique assures
least variation of system security by keeping curtailment to a minimum possible limit predicted
by the proposed algorithms. The same algorithm has also been tested with PSO for comparison
and reliability estimation of the DE based results. ISO and participants can avoid generation
cost variation by the proposed technique with a minimum possible disturbance to system
reliability. Computer simulations are done on IEEE 30 Bus System to validate the potential of
the proposed algorithm.

2. Theory
A. Congestion of a power network

Contingency is a state of power system where some of its components e.g. generator or
transmission lines are not operational. This state may arise in the system due to the violation of
engineering constraints or maintenance schedule. The effect of this inevitable state may be
quite severe as it can cause power flow congestion in the line. Transmission lines have thermal
limit of carrying power and if the power flow exceeds that limit, which is quite expected during
contingency, the line is said to be congested. Due to line congestion the Locational marginal
price (LMP) [19] may rise and along with the congestion cost the buyer has to pay for the cost
of extra energy transfer. Hence line congestion introduces unexpected rise in spot price of
electrical power, which may infringe the ongoing transaction between the participants. The aim
of this paper is generation cost minimization such that, least variations of spot price is
encountered with respect to its pre-contingent value and releasing the overload on the
congested line.
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There are two possible solutions of line congestion viz a) generator rescheduling without
load curtailment, resulting in increased generation cost and hence spot price which will directly
affect the consumer welfare. b) Generator rescheduling with minimum possible load
curtailment which results in improved congestion management with same generation cost but
less reliability of power supply. Generation rescheduling with load curtailment may have the
above disadvantages but the spot price may be maintained at or below its pre-contingent value
by limiting the deviation of generation cost. This necessitates a complex formulation of
optimization problem, which can be solved by efficient optimization techniques like DE and
PSO.

This paper is divided into three parts. The theory part continues to give an overview of DE
and PSO, the second part formulates the problem and third part depicts the simulation results.
The simulation part of this paper is divided into two sections. The first section depicts the
shortcomings of generation rescheduling without load curtailment during contingency. Without
disturbing the generation cost, the results of generation rescheduling with load curtailment
during contingency have been presented in second section of simulation.

B. Differential Evolution (DE)

Differential Evolution is a stochastic direct search optimization method, which can be used
to minimize nonlinear and non-differentiable continuous space functions with real-valued
parameters. DE uses floating-point numbers to encode the parameter variables in contrast with
conventional Genetic Algorithm (GA) that uses binary coding. It has been extended to handle
mixed integer discrete continuous optimization problem [20]. Like the other evolutionary
algorithm (EA) family, DE also relies on initial random population generation, which is then
improved using selection, mutation, and crossover repeated through generations until the
convergence criterion is met. These features are briefly reviewed below for completeness.

B.1 Population initialization
The first step in DE optimization process is to create an initial population (Xﬁj) of

candidate solutions by assigning random values to each decision parameter of each individual
of population. Those values must lie inside the upper and lower bounds of the decision variable
as shown below:

=X o () o
i=1,2,..N, j=12,..D
where X;“i” and X" are the lower and upper bounds of the j" decision parameter. N is the

number of population, D is the number of parameter of the objective function and n; is a
random number within [0,1].

B.2 Mutation

Mutation is primarily responsible for keeping a population robust and for searching new
territory. New parameters are generated by adding the weighted difference to another vector.
DE can generate the new vectors according to the following equation

V= Xrl,g +F *(sz,g - Xr3,g) 2

with random vectors of I, T,,I, € {1, 2,...N } . F is the scaling factor for mutation and its

p
value is within the range [0, 1.2]. It can control the speed and robustness of the search.
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B. 3 Crossover
Crossover is the complementary process to increase the diversity of the parameter vectors
by choosing a subgroup of parameters for mutation. Mathematically, it can be illustrated as:

U= (U, U,...uy)" 3)

Vie j=(n).(n+1) . (n+L+1)
Ujg = . 4
(Xi,g ) j otherwise

where the acute brackets < >D denote the modulo function with modulus D. The index n is a
randomly chosen integer from the interval [0, D-1]. The integer L is drawn from the interval [0,

D-1] with a probability Pr(L =v) = (CR)", where CR is the crossover probability. The
random for both n and L are made anew for each trial vector.

B.4 Selection
Selection specifies under what conditions the new vectors can enter into the population. The
selection criterion of DE can be expressed by as follows,

Yoy f (ui‘(gﬂ))s f (%)
Xi(g+n) = .
(Xi,g ) otherwise

®)

The parent vector Xi’gwill be replaced by the child vector u. only if it improves the

i,(g+1)
objective.

3. Problem Formulation

When the system is insecure and there are violations in the system, the objective of the pool
central dispatcher is to eliminate the system overload and come up with the corrective
rescheduling to eliminate the violations as fast as possible. Minimum operating cost, minimum
shift from the optimum operation and congestion cost minimization has been used as the
objective functions (OBF) for the proposed multi-objective function. Considering these criteria
the problem can be formulated as:

Minimize OBF = »" C, (P, )+ >, AC; US$/hr (6)
KeN, ieNg
where, AC; =C,, —C, (7)
and, C, (Ps,) = (&P +b, Py + ) ®)
subject to the constraints

P, — Py =V, ;‘:Vj (Gij cosg; + By sing, ) 9)
JeN;

Qi — Qi =V, Zvj (Gij sing; — B; COS‘9ij) (10)
jeN;
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where, i=1,2,........ NB
P, =PS k=12,......Ng (11)
Py = pgj i=1,2 o, Ng (12)
PI" <P, < P (13)

Security constraint:
V™" <V, V™ and P, <P ., (14)

where C,; and C; are the generation cost of each generator for the base transaction and

contingent state transaction respectively. Constraint (9) and (10) represent real and reactive
power balances in each node. Constraints (13) and (14) provide upper and lower limits for real
power of generators, load bus voltages and line flow. In this study, load voltage and real power
flow in lines are taken as state variables.

The different symbols used in (6) to (14) are as follows: Ng - number of generators, N, -

number of loads, NB - number of buses, PGCK -active power produced by generator k, PSJ- -

active power consumed by demand j, Py - final real power generation of generator k, PDJ- -

final real power consumption of demand j, Pg" and P3™ - minimum and maximum limits

for k™ generator real power output, Vj and V, - Voltage magnitude of bus j and k, 5J- and O,

- Voltage angle of bus j and k and ij - admittance angle of line k —j

A. Conventional algorithm for generation rescheduling without load curtailment

Step 1:  Pool, bilateral and multilateral structures submit their desired transactions to the
ISO.

Step 2:  If all equality and inequality constraints are satisfied go to step 4. Otherwise go to
the next step.

Step 3:  Use the optimal dispatch to change generation schedule for the requested power
transfer. The process continues until all equality and inequality constraints are
satisfied in normal or contingent state of the system.

Step 4:  Update the generation cost and spot price with usual/changed generation.

Step 5:  Create new dispatch schedules with higher spot price and inform the participants.

Step5:  When all constraints are satisfied and participants agree with the new transaction,
the generation at slack bus (loss compensation) must be spread among all
participants.

Step 5:  Stop.

B. Proposed algorithm for generation rescheduling with load curtailment

Step 1:  Pool, bilateral and multilateral structures submit their desired transactions to the
ISO.

Step 2:  If all equality and inequality constraints are satisfied go to step 4. Otherwise go to
the next step.

Step 3:  Use the optimal dispatch model to curtail the requested power transfer and also
change generation schedule. The process continues until all equality, inequality and
boundary constraints are satisfied in normal or contingent state of the system.

Step 4:  Update the generation cost and spot price with usual/changed generation.
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Step5:  Check whether the generation cost is less than the preferred value. If not go to step3
otherwise step 6.

Step 6:  Create new generation schedule with same spot price and inform only GENCOs.

Step 7:  When all constraints are satisfied and with the new transaction, the generation at
slack bus (loss compensation) must be spread among all participants.

Step 5:  Stop.

4. Simulation

The suitability of the proposed method has been tested for IEEE-30 bus system. The IEEE-
30 bus system description has been given in Table | and Table Il along with Figure 1. In DE
solution for OPF, the control variables are: active power outputs of six units, all bus voltage
magnitudes and total generating cost.

Figure 1. Single line diagram of IEEE 30 bus test system

Table 1. System Description For Case Studies

SI. No Variables 30 bus system
1 Buses 30
2 Branches 41
3 Generators 6
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Table 2. Generator Cost Co-Efficient Of leee30 Bus System

Real Power output
BUS No limit of Generator Cost Co-efficient
(MW)

Min Max a b C
1 50 200 0.00375 | 2.00 | O
2 20 80 0.01750 | 1.75 | O
5 15 50 0.06250 | 1.00 | O
8 10 35 0.00834 | 325 | 0
11 10 30 0.02500 | 3.00 | O
13 12 40 0.02500 | 3.00 | O

The objective of the proposed method is to maintain the generation cost within a favorable
limit in deregulated environment. The base case (i.e. without contingency) transaction has been
assumed to be the most feasible transaction in the market both from buyer and seller point of
view and hence a controlled load curtailment technique has been adopted to maintain the
system generation cost to a constant level during contingency. It is expected that the 1SO,
following the proposed method, will be able to control power market variations and rise in
LMPs [19] and spot price by least interrupting the continuing transaction till the system is
restored from its contingent state. The IEEE 30 bus system has been chosen as it is a
benchmark system, has more control variables and provides results for comparison of the
proposed method. The approach can be generalized and easily extended to large-scale practical
systems.

Section 1: Generation re-scheduling during normal and contingency without load
curtailment

A. Generator scheduling at base case (without contingency)

In this case the system is optimized using the DE based optimal power dispatch method for
100% load level. The real power settings of the generators are taken from Table 2. To obtain
the optimal values of the control variables the DE-based algorithm has been followed and the
same algorithm has been applied to PSO for verification and comparison. The optimal values
of the generations and power loss obtained are presented in Table 3. The optimized cost
obtained from DE and PSO based OPF under pre-contingent condition have been considered as
reference. It has also been assumed that these load dispatch schedule prepared by 1SO has been
agreed upon by both GENCOs and TRANSCOs since the same is not violating the load,
generation and engineering constraints and, more over the voltages are also within safe
operating limit.

Table 3. Dispatch Schedule of Generators for Base Case (Without Contingency)

Gen Voltage Scheduled | Operating | Optimized
Bus dispatch Loss Cost
No | PY | vmw) (MW) | (US$/hr)
DE 1 1.060 176.7301
based | 2 1.043 48.8300
OPF 5 1.010 21.4738
8 1.010 21.6481 9.3760 801.8436
11 1.082 12.0940
13 1.071 12.0000
1 1.060 176.9341
bPSOd g i:gig gfggg 9.3884 801.8441
S‘;e,: 8 1.010 [ 21.5965 ' :
11 1.082 12.0929
13 1.071 12.0000
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A.1 Generator re- scheduling at different contingency states

To calculate the generator re-scheduling, the proposed algorithm has been applied for worst
possible contingencies. The harmful contingencies can be found by proper weak bus and line
selection. For this purpose, a sensitivity index [21] has been chosen and ranking of weak bus
has been shown in Table 4.

Table 4. Ranking of Weakness of Load Buses of IEEE 30 Bus Test System

Load Sensitivity
Ranking bus
parameter
number
1 26 1.7819
2 30 2.9037
3 29 3.5253
4 14 5.7121
5 23 7.2606
6 25 7.9527
7 16 9.0340
8 27 9.4692
9 24 9.5473
10 18 10.3940
11 17 15.6612
12 20 16.6348
13 15 16.8424
14 7 18.6705
15 19 18.8634
16 28 23.1528
17 12 26.1363
18 3 29.8400
19 9 30.0212
20 22 46.2081
21 21 47.8387
22 10 54.3835
23 4 57.1654
24 6 85.6604

From Table 4, the bus number 26 has been found to be the weakest bus. However the bus
26 has only one interconnecting line with rest of the system and a contingency on this line will
cause complete isolation of bus number 26. On the other hand, bus 30 (2nd weakest bus) has
got connections to both bus 27 and 29. Hence, the weaker line 29-30 has been tripped. The
tripping procedure continued for several other cases according to the contingency ranking table
(Table 4). As expected, with DE optimization, in this contingent condition the generation
schedule changes and also the generation cost increases (Table 5). The PSO based optimization
also confirms the above fact. This increase in generation cost violates the previous agreement
between market participants, and 1SO has to place new proposals to the participants which may
be unacceptable for any one of them. Again with contingency not only the GENCOs face
higher operating cost but TRANSCOs and DISCOs also suffer with high LMPs and hence spot
price and congestion management cost.
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Table 5. Generator Re-Scheduled Dispatch For Different Contingent States

Re-scheduled dispatch (MW) Optimi;ed
Line trip Generator Bus No gence(r)e;lon
- 2 | 5 | 8 | 1] 18] (wussin

29-30 176.78 | 48.84 | 21.47 | 21.68 | 12.10 | 12.00 802.2851

DE based 27-30 176.95 | 48.88 | 21.49 | 21.79 | 12.13 | 12.00 803.5179

OPF 29-27 176.90 | 48.87 | 21.48 | 21.75 | 12.12 | 12.00 803.1148

12-14 176.79 | 48.84 | 2148 | 21.72 | 12.15 | 12.00 802.6358

14-15 176.72 | 48.82 | 21.47 | 21.65 | 12.09 | 12.00 801.8630

12-16 176.59 | 48.81 | 21.47 | 21.74 | 12.26 | 12.00 802.2926

16-17 176.64 | 48.81 | 2147 | 21.68 | 12.17 | 12.00 801.9346

29-30 176.81 | 48.79 | 2148 | 21.71 | 12.10 | 12.00 802.2852

27-30 177.03 | 48.84 | 21.52 | 21.82 | 12.03 | 12.00 803.5183

PSO 29-27 176.64 | 48.93 | 21.49 | 21.89 | 12.15 | 12.00 803.1153
based 12-14 176.78 | 48.86 | 21.53 | 21.65 | 12.08 | 12.00 802.6362
OPF 14-15 176.70 | 48.90 | 21.44 | 21.64 | 12.09 | 12.00 801.8632

12-16 176.84 | 48.74 | 21.50 | 21.60 | 12.20 | 12.00 802.2932

16-17 176.66 | 48.86 | 21.47 | 21.59 | 12.21 | 12.00 801.9348

Section I1: Generation rescheduling with load curtailment during contingency to limit the
deviation of generation cost

To limit the generating cost using the proposed algorithm, the proposed algorithm based
OPF searches for an optimum schedule until the operating cost goes below the base value. For
each of these simulations, load has been curtailed according to ‘willing to pay’ ranking and the
technique adopted is just like pool curtailment where the main plan is to minimize the
deviation of the transactions from the desired values. The results have been shown in Table 6.

The generation cost more or less remains same with DE and PSO algorithms. In some cases
PSO based results offer more reliability with less curtailment of load but with higher
generation cost. The comparisons are shown in the graphs (Figure 2 and 3).

B Optimized Cost (US$/h)in P SO
B Optimized Cost (US$h) in DE

2022

202
1.8
201.6
a01.4
1.2

01
2002
2006

1 2 3 4 5 8B 7 8 9 40 11 12
Different cases

cost

Cptimized generation

Figure 2. Comparison of generation cost with DE and PSO

The ISO can choose the solutions depending upon the market conditions and reliability
issues. But with DE or PSO based results, as the generating cost remains same, there can be
least variation of spot price and most of the transactions can be sustained with the changed
schedule. As the minimum possible load curtailment is promoted, the proposed method tries to
maintain maximum reliability of the power system in deregulated environment. However, 1ISO
also can offer a schedule without load curtailment but with higher price during contingency
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(Table 5). In that case, all the participants have to agree upon this new transaction and
compromise about the price hike.

Table 6. Generator Re-Scheduled Dispatch For Different Contingent States With Load
Curtailment To Limit Generation Cost

L Lani % Iogd Re-scheduled dispatch (MW) (Cz)eprf(lerpaltzifz)t:1
trip Curtailed | Curtailed Generator bus number Cost

atbus (n) | atbus (n) 1 2 5 3 1 13 (USS/hr)
1 29 9.7500 176.67 | 48.81 2146 | 2161 | 12.08 | 120 | 801.4273
2 | 2% 30 2.5000 176.23 | 4881 2146 | 2159 | 12.07 | 120 | 801.2529
DE 3 | 27-30 30 4.9375 176.66 | 48.81 2146 | 21.60 | 12.08 [ 12.0 | 801.3765
based 4 | 29-27 29 143900 | 17670 | 48.83 2147 | 2165 | 12.09 | 120 | 801.7662
proposed | 5 12 2.5000 176.65 | 48.81 2147 | 21.65 | 1212 [ 12.0 | 801.6405
algorithm [ | 1214 14 4.9375 176.63 | 48.80 2146 | 21.63 | 1212 | 120 | 801.4873
2 14 2.5000 176.64 | 48.81 2146 | 21.60 | 12.08 | 12.0 | 801.3042
8 15 2.5000 176.62 | 48.80 2146 | 2159 | 1207 [ 120 | 8011175
9o [ 16 12 2.5000 176.45 | 48.77 2146 | 21.66 | 12.24 | 12.0 | 801.3007
10 16 4.9375 17650 | 48.78 2147 | 2169 | 12.24 [ 120 | 801.6593
IE 16 2.5000 17659 | 48.80 2147 | 2166 | 12.16 | 12.0 | 801.6222
12 17 2.5000 17653 | 48.78 2146 | 21.62 | 1214 | 120 | 801.1180
L[ 5930 29 7.3141 176.67 | 48.83 2144 | 21.69 | 12.09 [ 12.0 | 801.6416
2 30 2.5000 176.65 | 48.85 2146 | 2153 | 1211 | 120 | 801.2530
3 | 27-30 30 4.9375 176.64 | 48.86 2144 | 2158 | 1212 [ 120 | 801.3766
4 | 29-27 29 11.8004 | 17667 | 48.88 2146 | 2166 | 1212 | 120 | 801.9663
PSO 5 [ 1oua 12 2.5000 17659 | 48.88 2148 | 2154 | 1223 [ 120 | 801.6409
based 6 14 4.9375 176.71 | 48.82 2148 | 21.61 | 1205 [ 12.0 | 801.4874
proposed [ 7 [ 14 2.5000 176.74 | 48.78 2152 | 2150 | 12.08 | 12.0 | 801.3045
algorithm | g8 15 2.5000 176.48 | 48.82 2149 | 2156 | 1247 | 120 | 801.1179
9 | 1r16 12 2.5000 17657 | 48.70 2145 | 2156 | 1224 | 120 | 801.3008
10 16 4.9375 176.46 | 48.85 2150 | 2159 | 12.30 | 12.0 | 801.6596
1l e 16 2.5000 176.48 | 48.77 2147 | 2185 | 1211 [ 120 | 801.6226
12 17 2.5000 17658 | 48.77 2148 | 2152 | 1220 | 120 | 801.1182

| B % load curtailed in DE 0% load cwrtailed in PSO

16 1
14
12 1
10 -
a4
6 4
4
5
oA |

1 2 3 4 & & 7 8 4@ 0 11 12

Different cases

percentage load curtaihment

Figure 3 Comparison of load curtailment with DE and PSO

The results, shown in Table VI, are quite satisfactory as it not only limits the generation
cost but also relieves the lines from overloading and hence manages congestion. The overload
relief of these lines is depicted in Table VII.

The bus voltage profile for the base case, contingent case and contingent case with
controlled load curtailment are shown in Fig 4. It can be inferred that as the proposed algorithm
not only limits the spot price but also tests the feasibility of generation rescheduling by running
load flow for each of the cases.
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The above methodology, being adopted by I1SO, can create a fair competition between the
market participants which will encourage them for minimum load curtailment enhancing the
system security and hence reducing revenue loss.

Table 7. Overload Relief Of Congested Lines With Generator Re-Schedule Dispatch

Real power flow (MW)
Line trip but Percentage Percentage
LINE TRIP Two most /o li Line trip but with new Over load Over load fgctor
congested line wio fine same generation generation and factor (For Case I1)
trip Case | load curtailment (For Case 1)
Case 11
29-30 27-30 7.1063 11.4982 9.8075 61.8029 38.01
28-27 14.2988 14.7609 14.0079 3.2317 -2.03
27.30 29-30 3.7071 10.9500 5.9520 195.3791 60.55
28-27 14.2988 14.8632 14.0002 3.9472 -2.08
2927 28-27 14.2988 14.8632 14.2307 3.9472 -0.47
27-30 7.1063 13.7018 11.6543 92.812 63.99
12-14 12-15 17.3815 23.6686 19.9887 36.1712 14.99
12-16 5.8184 7.5406 5.5002 29.5992 -5.46
14-15 14-12 5.6612 6.2456 5.8654 10.3229 3.60
12-15 17.3817 18.5233 18.0038 6.5678 3.57
12-16 12-14 7.6612 8.8765 7.5520 15.8631 -1.42
12-15 17.3817 19.7696 18.0032 13.738 3.57
16-17 12-16 5.8184 7.6543 5.8022 31.5533 0.065
10-17 6.7431 9.0331 8.0331 33.9606 19.13
1.08
1.06
Before continge ncy
4 1.4 +
=1
E] 1
E 0= ”
o Lfter contingency
]
= 0595 1
= 0.94 - &tter conbhnge ey
B with rew generation schedule
0.92 1 and load curtailment
08+
Dm 1 T 1 1 1 1 1 1 1 1

10 12 14 16 18 20 22 24 26 28 30

Bus number

Figure 4. Bus voltage profile for normal, contingent and curtailed load conditions

5. Conclusion

Power market variations and spot price has become a matter of great concern after the
introduction of deregulation in power sector. For consumer welfare and to encourage cheap
generation of power, the variations of generation cost should be limited to a preferred level.
But due to continuous change in transactions between participants the spot price becomes
volatile. A contingent condition may also change the generation cost and hence spot price of
electricity. In this statement, the role for the transmission system operator is to create a set of
rules that ensure sufficient control over producers and consumers. An optimal power flow, with
two simultaneous objectives: cost minimization and minimization of deviation of cost, can be
developed to minimize the variation of generation cost and hence spot price along with
congestion cost in contingent condition. The OPF algorithm proposed in this paper, however, is
capable of fixing the generation cost by least affecting system reliability with a controlled load
curtailment technique. The control variables in the proposed algorithm have been changed in
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such a way that the generation cost does not exceed a favored value. The DE based simulation
results (being verified by PSO) show that the proposed algorithm not only reduces generation
cost but also manages congestion by relieving the lines from overloading. Hence the system
operator can use this multi-objective optimization technique to limit the deviation of generation
cost for consumer welfare and also to promote cheap generation of power in deregulated power
system networks.
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