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ABSTRACT:

This work presents an approach for AC load flow based
centralized model for congestion management in the
forward markets. In this model, transaction maximizes its
profit under the limits of transmission line capacities
allocated by independent system operator(ISO). The
voltage and reactive power impact of the system are also
incorporated in this model. Genetic algorithm is used to
solve centralized congestion management problem for
multilateral transactions. Results obtained for centralized
model using genetic algorithm is compared with sequential
quadratic programming(SQP) technique. The statistical
performances of various algorithms such as best, worst,
mean and standard deviations of social welfare are given.
Simulation results clearly demonstrate the better
performance of genetic algorithm over SQP.
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1. INTRODUCTION

Electricity markets have been developing rapidly in many
parts of the world. However, the perfect design of power
markets is still under investigation for various reasons. The
commodity of electricity should be transferred through the
network and the transmission line capacity limit should be
considered at all times.

Electric power systems, around the world, have been
forced to operate to almost their full capacities due to the
environmental and /or economic constraints to build new
generating plants and transmission lines. However, the
electric power that can be transmitted between two
locations on a transmission network is limited by several
limits such as thermal limits, voltage limits and stability
limits with the most restrictive applying at a given time.
When such a limit is reached, the system is said to be
congested.

Congestion in a power system is a consequence of network
constraints characterizing a finite network capacity that
limits the simultaneous transfer of power from all required
transactions. The complicated issues of congestion
management are market economic efficiency and system
operation security [1].

Congestion or overloading in one or more transmission
lines may occur due to the lack of coordination between
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generation and transmission utilities or as a result of
unexpected contingencies such as transmission line
outages, generator outages, changes in energy demand or
failure of equipments.

Congestion management problem can be generally
considered as a centralized optimal power flow (COPF)
problem with the objective of maximizing social welfare
with load flow and operation limit constraints. However,
the COPF approach has some drawbacks in market
environment. COPF requires the submission of detailed
private information of market participants to the
independent system operator (ISO) that may include their
benefit/cost functions .In the market environment, such
sensitive information is a commercial secret that market
participants are unwilling to disclose to the 1SO. The
COPF by the I1SO lacks transparency to market participants
,since the congestion price is likely to be set by the 1SO,
but not discovered through market mechanisms. Moreover,
for the congestion management of inter-regional trades,
this can share common resources (generation units,
transmission lines and so on)across regions efficiently and
increase the scale of economy [2,3].

The proposed approach presents AC load flow-based
centralized congestion management for de-regulated power
market using sequential quadratic programming (SQP) and
genetic algorithm(GA).The optimal social welfare is
computed with smooth fuel cost functions. Voltage and
reactive power impacts are included in the model, which
insures the stability of the system. The

test results on IEEE 30 bus system clearly show the
effectiveness of the proposed approach.

The calculation of power transfer distribution
factors(PTDF) and available transfer capacity is also
proposed. For solving the smooth problems many
stochastic algorithms are used. Nowadays, genetic
algorithm (GA) is becoming very popular for solving
optimization problems in various engineering applications
[6.7].

2. PROBLEM FORMULATION

2.1 COPF(Centralized Optimal Power
Flow) Model In Deregulated Power
Market

It mainly focuses on forward contract market for real
power and voltage impacts, where AC load flow is used.
The PTDF values are available to the market participants
(transactions).In the perfect competitive market, the 1SO
adjusts the contracts (generation and demand) to maximize
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the social welfare to achieve efficient operation with all
constraints satisfied.

The COPF model equations are given below
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Where T is the set of transactions in the market
T={1,2,...,K};k is the index of each transaction, for all k €
T; | is the set of transmission lines invoved in congestion
management [={1,2,....M};m is the index of transmission
lines involved in congestion management,for all m € I;G®
is the set of generators in transactions k, for all k € T;E® is
the set of consumers in transaction k, for all k € T;P,® is
the real power output of generator | of transaction k, also
an element of generator output vector P, of transaction Kk,
for all I € G® and k € T;Q¥ is the reactive power output
of generator | of transaction k; Q® is the reactive power
output of demand of consumer j of transaction k; V;® is
the voltage at generator i of transaction k; V% is the
voltage at consumer j of transaction k, D;* is the real
power demand of consumer j of transaction k,an element
of demand vector Dy of transaction k,for all j € E® and k
e T; 1™ is the load flow caused by transaction k on line
m,in which PTDFs are used, for k € T and m € I; Ly, ™
maximum transfer limit of line m in MW, forall m € 1.

3. GENETIC ALGORITHM

Genetic Algorithms (GA) are direct, parallel, stochastic
method of global search and optimization, which describes
the evolution of the living beings, described by Charles
Darwin. GA are part of the group of Evolutionary
Algorithms (EA).

The evolutionary algorithms use the three main principles
of the natural evolution: reproduction, selection and
diversity of the species, maintained by the differences of
each generation with the previous.

Genetic Algorithms works with a set of individuals,
representing possible solutions of the task. The selection
principle is applied by using a criterion, giving an
evaluation for the individual with respect to the optimum
solution. The best-suited individuals create the next
generation.

The detailed genetic algorithm is explained in following
steps :

STEP1: Generate initial population —  The first
generation is randomly generated, by selecting the genes
of the chromosomes with lower(X;) and upper(X,) bound
information on generation and demand for the transaction.

STEP2: Calculation of the values of the function that we
want to maximize the social welfare.

STEP3: Check for termination of the algorithm — In the
most optimization algorithms, it is possible to stop the
genetic optimization by:

i) Value of the objective function — the value of
the objective function of the best individual is within
defined range around a set value. It is not recommended to
use this criterion alone, because of the stochastic element
in the search the procedure, the optimization might not
finish within sensible time;

ii) Maximal number of iterations — this is the most
widely used stopping criteria .It guarantees that the
algorithms will give some results within sometime,
whenever it has reached the best solution or not;

iii) Stall generation — if within initially set number of
iterations (generations) there is no improvement of the
value of the objective function of the best variables the
algorithm stops.

STEP4: Selection — between all variables in the current
population are chose those, who will continue and by
means of crossover and mutation will produce offspring
population. At this stage elitism could be used — the best n
variables are directly transferred to the next generation.
The elitism guarantees, that the value of the optimization
function cannot get worst (once the best solution is reached
it would be kept).

STEP5: Crossover — the variables chosen by selection
recombine with each other and new variables will be
created. The aim is to get offspring individuals, that inherit
the best possible combination of the characteristics (genes)
of their parents.

STEP6: Mutation — by means of random change of some
of the genes, it is guaranteed that even if none of the
individuals contain the necessary gene value for the best
solution , itis still possible to reach the best result.

STEP7: New generation — the variables chosen from the
selection are combined with those Who passed the
crossover and mutation, and form the next generation.

4. CENTRALIZED CONGESTION
MANAGEMENT USING GENETIC
ALGORITHM

In the proposed improved mathematical model, the general
scheme for AC load flow based centralized congestion
management for forward market is discussed. Based on the
initial contracts of all the transactions, congested
transmission lines and load flow caused by each
transaction on the congested lines are determined by I1SO,
using PTDF values. Here PTDF values are calculated using
Newton Raphson Load Flow method [15].Based on the
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load flow results, ISO determine the initial contracts of
generation and demand.

Using this initial values of generation and demand, two
transactions optimizes its generation and demand using
genetic algorithm. For an n-transactions system, genetic
algorithm is applied n-times sequentially and updated
generation and demand of (n-1) transactions.

The step by step genetic algorithm implementation
procedure of a transaction is given below

Generate a population of chromosomes of size N;
X1, X2y iy X0

Calculate the fitness of each chromosome:
f{xa), f{x2), ..., F{x0)

Is the termination
criterion satisfied?

>

*NO

Select a pair of chromosomes for mating

!

With the crossover probability pe, exchange parts of the
two selected chromosomes and create two of fspring

!

With the mutation probability pm, randomly change the
gene values in the two offspring chromosomes

.

Place the resulting chromosomes in the new population

Is the size
of the new population
equal to N?

Replace the current chromosome population with
the new population

'

Fig 1 : flowchart of genetic algorithm (GA.

Step 4.1: The generation is randomly generated, by
selecting the genes of the chromosomes with lower(X) and
upper(X,) bound information on generation and demand
for the transaction.

Step 4.2: Calculate the value of the fitness function that we
want to maximize the social welfare.

Step 4.3: In selection process, the best solution will kept
once it reached. Then the Offspring population is generated
by means of crossover and mutation.

Step 4.4: Crossover will determine the offspring
individuals i.e (generation and demand) that inherit the
best possible combination of the characteristics (genes) of
their parents.

Step 4.5: During mutation, random change of some of the
genes, guarantees that none of the individuals contains
necessary genes it is still possible to reach the best
solution.

Step 4.6: Steps 4.1-4.5 are repeated until a maximum
number of function evaluations or tolerance of variables
and objective function are reached. Generation and
demand of the transaction is updated using the optimized
results.

Table 1 Initial contracts in MW (IEEE 30 bus)

T1 T2
P D P D
(MW) (MW) MwW) | (MW)
24 112
3238 76 284 8.2
238 9

For the two transactions, steps 4.1-4.7 are repeated until the
optimum generation and demand are obtained.

5. SIMULATION RESULTS AND
DISCUSSIONS

The IEEE 30 bus test systems are considered for testing.
Testing has been performed on a Core 2 duo PC operating
@ 2.93 GHz with the series computation using MATLAB
software.

5.1 IEEE 30 bus system

The IEEE 30 bus test system has considered, there are two
multilateral transactions(T1,T2) and each has four
participants of one generator and three consumers. The
single line diagram of IEEE 30 bus system as shown
below. Table 1 shows initial contract details of the two
transactions. The cost function of generators and benefit
function of consumers are listed in Table 2.Coefficients of
generator cost function are taken from [10].

Transmission line 28-27 is involved in the congestion
management. By reducing the capacity of transmission
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line 28-27 from 65MW to 8MW congestion is created.
The single line diagram of IEEE 30 bus is shown below :

Figure 1: IEEE 30 bus test system

SQP solution is obtained by using the ‘fmincon’ function of
MATLAB. After number of trials, it is observed that only
after 50,000 function evaluations results are obtained with
constraints satisfaction in SQP. For GA, population size and
maximum function evaluations are fixed at 100 and 20,000
respectively. Tolerance values for fitness function (TolFun)
and coordinates (TolX) are assumed as 1x10™° and 1x107,
respectively, for GA and SQP algorithms.

The results of GA are compared with SQP to ensure the
performance of the algorithms. Due to the randomness of
the considered algorithms, their performance cannot be
judged by the results of single run.

An algorithm is said to be robust, if it gives almost
consistent results during the independent trials. Hence in
this paper, best, worst. mean and standard deviation of
social welfare obtained in 20 independent trials. These are
mainly used to compare the performance of the algorithms

5.1.1.Simulation results

Table 3 and 4 compare the statistical performance of SQP and
GA algorithms. The statistical results of social welfare show
the better performance of GA for COPF. In Table 4,Standard
deviation of GA is lesser than algorithms and it shows the
consistency of GA.

The closeness of the best social welfare obtained in COPF
model confirms the validity of the proposed improved COPF
model. The load flow caused by two transactions on line 28-
27 for their best contract is also given and it shows that
congestion is relieved.

The best adjusted contract of two transactions using SQP and
GA for allocated capacity of the line 28-27 are shown in
Table 5. Table 6 compares the average CPU time required to
converge to the optimal solution for SQP and GA.GA gives
better social welfare than SQP at comparatively lesser CPU
time. If high performance computers are used, there is much
room for reducing the total CPU time of proposed improved
COPF model

Table 2 Cost and benefit function of test case(IEEE 30 bus)

Generator cost Consumer benefit
Transactions Generator function in $/hr Consumer function in $/hr
bus bus

3 47.8D-0.03D?
1 5 45P+0.01P?

4 47.8D-0.05D?

7 47.8D-0.02D?

12 49.0D-0.04D?
2 13 48P+0.01P?

15 48.5D-0.02D?

17 49.7D-0.02D?

Table 3 Results of COPF for SQP(IEEE 30 bus)

Methods used

Test
system
SQPin GAIin
secs Secs
IEEE 30 650.40 220.77
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Table 4 Results of COPF for GA(IEEE 30 bus)

2013”

Total profit in ($/hr)
Method Capacity Total capacity used
used of transmission line 28-27 in
used by transactions in (MW) Best | Worst | Mean SD
(Mw)
GA 8.0000 7.99968 301.86 | 292.99 | 296.20 2.61
Transaction 1 Transaction 2
Methods
used Power in (MW) Demand in (MW) Power in (MW) | Demand in (MW)
2.64 10.48
SQP 32.60 7.79 27.25 7.55
22.17 9.22
2.58 10.68
GA 33.15 7.88 27.75 7.71
22.69 9.36

Table 5 Adjusted contracts in MW (IEEE 30 bus)
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6. CONCLUSION

The capacity of congested line is optimally allocated to
individual transactions for maximizing the social welfare
using SQP and GA algorithms. Testing on IEEE 30 bus
shows this centralized model and solution algorithms are
effective without sacrificing the market efficiency.
Simulation results has obtained for SQP and GA. Genetic
algorithm gives better social welfare than SQP at
comparatively lesser CPU time. Further work will be
conducted for non-smooth cost function in decentralized
model, the evolutionary algorithm will give better
results.

7. REFERENCES

[1] R.D.Christe,B.F.Wollenberg, “Transmission
management in the deregulated
environment’,proc.IEEE,2000,88,pp.170-195.

[2] European Transmission System Operator (ETSO):
Available at http://www.etso-netorg.  accessed
February 2009.

[3] PIM-MISO Joint and common market White Paper.
Available at
:http//www.jointandcommon.com,accessed
February 2009.

[4] B.H.Kim., R.Baldick,:”Coarse-grained distributed
optimal power flow”,IEEE  Trans. Power
System.,1997,12,(2),pp. 932-939.

[5] R.Baldick:”A fast distributed implementation of
optimal power flow”,IEEE

Trans. Power System.,1999,14,(3),pp.858-864.

[6] S.Baskar., A.Alphones., P.N.Suganathan., N.O. Ngo,
R.T.Zhen,:”Design of optimal length low-dispersion
FPG filter using covariance matrix adapted
evolution”, |EEE Transactions on Photonics
Technology., 2005,17,(10), pp. 2119-2121.

2013”

[71 A.Budhahir, S.BASKAR.,:”An  Evolutionary
optimized non-linear function to improve the
linearity of transducer characteristics”, Meas. Sci.
Technol., 2008, 19, (045103), pp. 1-11

[8] Kai liu,Yixin ni, F.F.Wu, T.S.Bi: “Decentralized
congestion management for multilateral
transactions based on optimal resource allocation ”,
IEEE Transactions on Power Systems,2007,22,(4),
pp.1835-1842.

[9] S.Dutta, S.P.Singh: “Optimal rescheduling of
generators for congestion management based on

particle swarm optimization”, IEEE Transactions on
Power Systems,2008,23,(4),pp. 1560-15609.

[10] Hazra, A.K.Sinha.: “Congestion management using
multiobjective particle swarm optimization”,IEEE
Transactions on Power
Systems,2007,22(4),pp.1726-1734.

[11] G.Yesuratnam,and D.Thukaram, “Congestion
management in open access based on relative
eletrical distances using voltage stability criteria,”
Electric power systems research,vol.77,pp 1608-
1618,2007

[12] S.HAO:*Decentralized approach to intermarket
congestion management”, IEEE Transaactions on
Power Systems,2005,20(2),pp.675-685.

[13] R.Gnanadass, N.P.Padhy, T.G.Palanivelu: “A new
method for the transmission  congestion
management in the restructured power market”,
Electrika,2007,9,pp.52-58.

[14] P.Venkatesh, R.Gnanadass, N.P. Padhy,: ‘Available
transfer capability determination using power
transfer distribution factors’, Int.J.Emerg. Electrical
Power Systems.,2004,1, pp. 1-14

29



