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ABSTRACT: Transmission Network Expansion Planning (TNEP) consists of obtaining the plan to expand a
transmission network use to reduce construction and operational cost. Transmission network expansion planning
determine all the changes needed in the transmission network i.e. addition, modification or replacement of old
facilities. Transmission expansion planning is a very complex problem to power system. The complexity of problem
is due to its mixed integer, non-linear , non-convex nature. To solve such problem, Particle Swarm Optimization
Technique is introduced. Particle Swarm Optimization (PSO), a population based stochastic optimization technique.
It is a derivative free process and easy to implement. The main goal is to determine the optimum operating condition
of the control variable and minimization of transmission losses at normal operating condition.

KEYWORDS: Transmission Network Expansion Planning, Particle Swarm Optimization,security constraints.

I INTRODUCTION

The majority of transmission system planning required is due to a continuing growth of electric demand. Even
allowing for significant improvements in the efficiency of electric appliances and usage by a growing population
and economy leads to increased demand for electric power.

The transmission network expansion planning problem consists of two mutually related tasks, namely, the
investment and operation sub-problems [1].Transmission expansion planning of electrical power systems is a
complex task, involving the determination of where, when and which facilities must be built to guarantee an
economic andreliable supply of the predicted load up to the horizon year.Afterwards, the planner has to determine
the minimum cost plan, taking into account the available initial data and some reliability criterion.

The data available is: base-year topology, candidate circuits, forecast generation and demand of the planning
horizon, investment constraints, etc. [2]. Techniques such as dynamic programming, linear programming [2], hon-
linear programming, mixed-integer programming, discrete evolutionary [13],vector-evaluated [13], Hierarchical
decomposition, and Branch and Bound method have been used and are categorized as mathematical based
approaches [4].

Kennedy and Eberhart first introduced particle swarm optimization(PSO) in 1995 as a new heuristic method. The
old version of PSO was intended to handle onlynonlinear continuous optimization problems. However,
manyadvances in PSO development elevated its capabilities to handlea wide class of complex engineering and
science optimizationproblems[5]. The optimization problem is solved using linear programming techniques. Such an
approach has the following drawbacks: a linear mathematical model is used for power flow computing, reactive
power flow is not tackled, real power losses are neglected, objective function (OBF) refers to the power system
branch overloading cost minimization, etc. [6].

The main difficulties are due to the combinatorial nature of the planning process, which normally leads to an
explosive increase in the number of alternatives that have to be analyzed even for moderately sized systems
[7]-Multiple objectives are often considered simultaneously in practical transmission network planning [8].
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Il. MATHEMATICAL MODEL

A DC model is used for modeling static TNEP problem here. System security is an important aspect and must be
considered in any TNEP problem [2], [9].
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where,

k =0, represents the base case without any lineoutage.

S : branch-node incidence transposed matrix of the power system,
fk:vector with elements f¥,

¥,: susceptance of the circuit that can be added to [**right-of-way,

n,: the number of circuits added in [**right-of-way,

ny: no. of circuits in the base case,

AQF: phase angle difference inl**right-of way when kt"lineis out,

f;¥: total real power flow by the circuit in It"right-of-wayWhenk"line is out,
f;: maximum allowed real power flow in the circuit in [**right-of-way ,
;:maximum number of circuits that can be added in [t"right-of-way,
Q :set of all right-of-ways,

nl: total number of lines in the circuit

The objective of TNEP problem is to minimize the total investment cost of the new transmission lines to be
constructed, satisfying the constraint on real power flow in the lines of the network.

1. PARAMETER CONTROL

One of the advantages of PSO is that PSO take real numbers as particles. It is not like GA, which needs to change to
binary encoding, or special genetic operators have to be used. Wecan use the standard procedure to find the
optimum. The searching is a repeat process, and the stop criteria are that the maximum iteration number is reached
or the minimum error condition is satisfied [2].
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Fig. 1 Flow Chart of Transmission Planning Expansion Problem (TNEP)using Particle Swarm Optimization

IV.PARTICLE SWARM OPTIMIZATION

Particle swarm optimization respect the n- dimensional search space, the velocity and the position of particle as X;
= (X1, Xi5 .. X)) andV; = (v;,v;; ... . Vi) respectively. The particle and the group best position of population is
represented by Phest; = (Xhbest, xbbest . xPPest yandGbest = (X5best, xGhest ... xGPbest) respectively [10].

Vkl = @ V¥ + cirand, * (Pbestf — X}F) + c,rand, * (Gbestk — X¥) (8)
Where,

V¥ velocity of individual i at iteration
wweight inertia factor

¢,,Cc, Weight factor

rand, ,rand,random number between 0 and 1
Pbest¥ best position of i at iteration k

GbestF best position of group at iteration k
X/position of particle i at iteration k
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Fig.2 representation of Particle Swarm Optimization Algorithm
Advantages of PSO

One of the advantages of PSO is that PSO take real numbers as particles. It is not like GA, which needs to change to
binary encoding, or special genetic operators have to be used.

* Itis aderivative free algorithm

*  Flexible to form hybrid tools

*  Less sensitive to the nature of the objective function
e Easy to implement and program

Population size:15

Vmax : It determines the maximum change one particle can take during one iteration. UsuallyVmax is set at about
10-20% of the dynamic range of the variable on each dimension.

Here Vmax =5

Learning factors: c1 and c2 are usually equal to 2. However, other settings were also used in different papers. But
usually c1=c2 and ranges from [0, 4]

The stopping condition: the maximum number of iterations the PSO execute and the minimum error requirement.
The maximum number of iterations is set to 100. This stopping condition depends on the problem to be optimized.

Application of parallel PSO for TNEP

This section presents a Parallel Particle Swarm Optimization algorithm (PPSO) for solving long term transmission
expansion planning. It shows that parallel PSO methods reduce computing time and increase the chance of finding
global answer. There are two reasons for using parallel PSO [11].

Step 1: Selection of the parameter and initial population (N1)

Step 2: Solving network expansion planning problem by using standard PSO With selected parameters and the
initial population with the number of repetition (N2)

Step 3: Storage of cost function and global optimal for (N2)
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Step 4: Repeat step 2 and 3 until all N2 particle have different cost function (Remove particles have the same cost
function and repeat step 2

Step 5: Global optimum cost function taking values stored as part of the initial population for the second stage of
the optimization problem

Step 6: Select (N1-N2) random initial population so all initial population is N1

Step 7: Solving PSO method [11].

V. CASESTUDY

The Garver six-bus test system, shown in Fig. 3, was considered to show the performance of PSO in obtaining the
optimal solution. The optimal solution of the six-bus system cannot be obtained by the Benders approach due to
non-convexities. Generation capacities of buses 1 and 3 are 150, and 120 MW, respectively. Loads for buses 1 to 5
are 20, 60, 10, 40 and 60 MW. The load in each bus is increased four times for the planning horizon and a new bus
with a generating capacity of 600MW is introduced to meet the future demand. Table 3 present the data for the
planning horizon year [2], [12].

Bus Generation (MW) Demand (MW)

1 150 80

2 240

3 360 40

4 160

5 240

6 600

Table.1 Bus data for six-bus garver system

Line Resistance (p.u.) Reactance (p.u.) Investment cost US$
1-2 0.1 0.4 40
1-3 0.09 0.38 38
1-4 0.15 0.6 60
1-5 0.05 0.2 20
1-6 0.17 0.68 68
2-3 0.05 0.2 20
2-4 0.1 0.4 40
2-5 0.08 0.31 31
2-6 0.08 0.3 30
3-4 0.15 0.59 59
3-5 0.05 0.2 20
3-6 0.012 0.48 48
4-5 0.16 0.63 63
4-6 0.08 0.3 30
5-6 0.15 0.61 61

Table.2 Line data for six-bus garver system
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Fig.3 Original network of the six-bus Garver system.

V1. EXPERIMENTAL RESULTS

The Garver system has six buses, 15 candidate branches, a total demand of 760MW.

Generation Plan n2-6 =4, n3-5=1,n4-6=2
G1
Total Number of 7
Lines
Investment cost 200
[104 US$]
Generation Plan n2-6=4, n3-5=2,n3-6 =1,n4-6 =3
G2
Total Number of 10
Lines
Investment cost 298
[10 A4 US$]
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Table.3 Results for TNEP without security constraints for generation plan for G1 and G2.
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Fig.4Existing conditions of the six-bus Garver system.
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Fig.5 Convergence curve of PSO for Garver six-bus system.
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VIl. CONCLUSION

Transmission network planning is a multi-objective mathematical optimal problem, which should be solved by a
multi-objective mathematical model. In this paper, a particle swarm optimization method for transmission network
expansion planning is presented in which a novel constructive heuristic algorithm that works directly with the DC
model. In case of PSO based algorithms, the potential solutions (particles) are associated with a random velocity,
spreading through the problem space by following the best particles. For low and medium complexity systems PSO
algorithm presents excellent performance . The principal advantage of the algorithm is that it works directly with the
solution given by the DC model with relaxed integer variables. The resulting information is of excellent quality for
use as a sensitivity index.

[1]
[2]
(3]

[4]
[5]
6]
[’
(8]

[9]

[10]
[11]
[12]
[13]
[14]

[15]

REFERENCES

Ping Ren, Nan Li, “Optimal expansion planning of high-voltage transmission network using the composite particle swarm optimization,”
International Conference on Artificial Intelligence and Computational Intelligence, Vol.1, pp.170 — 173, 2010

D. Kavitha, and K. Shanti Swarup, “Transmission Expansion Planning using LP-Based Particle Swarm Optimization,” IEEE Power India
Conference, pp. 6 , 2006

Manuel Costeira da Rocha, Jodo Tomé Saraiva,“Swarm Optimization Multiyear Transmission Expansion Planning using Discrete
Evolutionary Particle,” 2011 8th International Conference on the European Energy Market (EEM) Zagreb, Croatia ,IEEE, 25-27 May
2011

Santiago P. Torres, Carlos A. Castro, “Parallel particle swarm optimization applied to the static transmission expansion planning
problem,”6th Transmission and Distribution, Latin America Conference and Exposition, Montevideo, Uruguay, pp. 1-6, 2012.

M. R. Alrashidi, , M. E. El-Hawary, “A Survey of Particle Swarm Optimization Applications in Electric Power Systems,”|EEE
Transactions on evolutionary computation, vol. 13, no. 4, august 2009

Attila Simo, Constantin Barbulescu, Stefan Kilyeni, AntheiaDeacu, “PSO Based Transmission Network Expansion Planning,” 17th IEEE
Mediterranean Electrotechnical Conference, Beirut, Lebanon, 13-16 April 2014

R. Romero, R.A. Gallego and A. Monticelli, “Transmission System Expansion Planning By Simulated Annealing,” IEEE Transactions on
Power Systems, Vol. 11, No. 1, February 1996

Ping Ren, Li-Qun Gao, Nan Li, Yang Li, Zhi-Ling Lin, “Transmission Network Optimal Planning Using The Particle Swarm
Optimization Method,”Proceedings of the Fourth International Conference on Machine Learning and Cybernetics, Guangzhou, 18-21
August 2005

AshuVerma, B.K. Panigrahi, and P.R. Bijwe, “Transmission Network Expansion Planning with Adaptive Particle Swarm Optimization,”
Nature & Biologically Inspired Computing, pp. 1099-1104, 9-11 Dec 2009

Augusteen W A,Geeta S, DR. R. Rengaraj, “ Economic Dispatch incorporation Solar Energy using Particle Swarm Optimization”, 3rd
International Conference on Electrical Energy Systems, 2016

I. de J. Silva, M.J. Rider, R. Romero, A.V. Garcia and C.A. Murari, “Transmission network expansion planning withsecurity constraints,”
|IEE Proc.-Gener. Transm. Distrib., VVol. 152, No. 6, November 2005

Vladimiro Miranda and Nuno Fonseca, “EPSO - Evolutionary Particle Swarm Optimization a New Algorithm with Applications in Power
Systems,” Transmission and distribution Conference and Exhibition, vol. 2, pp. 745-750, 6-10 Oct 2002

Justin Maltese, Beatrice M. Ombuki-Berman, Andries. P. Engelbrecht, “ Co-operative Vector-Evaluated Particle Swarm Optimization for
Multi-objective Optimization,” Symposium Series on Computational Intelligence, IEEE, 2015

Gerardo Latorre, Rubén Dario Cruz, Jorge Mauricio Areiza, and Andrés  Villegas, “ Classification of Publications and Models on
Transmission Expansion Planning,” IEEE transactions on power systems, vol. 18, no. 2, May 2003

Papiya Dutta, A. K. Sinha, “Voltage Stability Constrained Multi-objective Optimal Power Flow using Particle Swarm Optimization,” First
International Conference on Industrial and Information Systems, ICIIS 2006, Sri Lanka , 8 - 11 August 2006

Copyright to IJIRSET www.ijirset.com 363


http://www.ijirset.com

