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Abstract—Expansion of the electricity sector
and liberalized electricity market leads to
more jobs challenging the designer of the
transmission network. In order to match with
the load growth and generation patterns
schemes optimal transmission network
expansion planning (TNEP) has to be done.
Transmission network expansion planning
(TNEP) is one of the important aspects of
power system planning. It will find out where,
when and how many new transmission lines
should be added to the network. In order to
meet the load growth and generation patterns
to maintain the system reliability, stability,
and economic constraints, transmission
network expansion planning problem is
highly complex in nature. Further, as
network size increases system analysis
becomes difficult. The objective of TNEP was
to minimize the transmission network
investment cost required to meet the growing
load and the added constraints. From the
recent past, renewable energy resources are
becoming major attraction part to the power
sector. Large-scale integration of distributed
generation (DG) affects the electrical
industry and as well as the strategy of the
transmission network expansion. Static
TNEP problem is modeled by using DC
power flow model and to solve this problem a
population search based algorithm named,
Gbest Artificial Bee Colony (GABC)
optimization algorithm is proposed. To show
the effectiveness of the proposed method, it is
evaluated on Garver's 6-bus network, and
IEEE 24-bus test system. Results obtained are

compared with the previous published
literature.

Keywords—DC power flow, distributed
generation, G-best artificial bee colony
algorithm,  investment cost, resizing,
transmission expansion planning.

L. INTRODUCTION

Nowadays modern electric power systems
consist of large- scale and highly complex
interconnected transmission systems and also
due to the market restructured environment,
transmission expansion planning (TEP) is now a
significant power system problem. Transmission
planning state’s the problem of reinforcement of
an existing transmission network to work with
the growing electricity demand. Transmission
expansion planning is to determine when and
which types of new transmission facilities are
required in the power system. It also ensures that
there are no overload paths in to build new lines
connections during the planning horizon [1].

As per present scenario demand of electric
power generation is increasing. It is difficult for
utility to provide economical and technical
solution to their customers. This imputes to use
new source of energy such as renewable energy
as decentralized power. In recent years,
distribution generation (DG) has been one of the
most attractive research areas in the field of
power generations. In general, DG can be
defined as electric power generation within
distribution networks or to the customer side of
the network. Hence, it is essential to study the
impacts of DG in the transmission network
expansion planning (TNEP).
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TNEP problems are generally, classified as static
and dynamic transmission network expansion
planning methods. Static transmission network
expansion planning determines where and how
many new transmissions lines connected with
the system, whereas dynamic transmission
network expansion planning is timing based
method. Mostly in power systems, generating
sources are located away from the load centers.
Therefore, TNEP problem receives an important
role in power system planning. Also as the
network size increases more computational
effort is required to solve the TNEP problem.

Under these situations, transmission investment
cost involved is huge [2]. Thus, the Static
transmission  network  expansion-planning
problem receives an important role in power
system planning and must be appraised
carefully. As the system size increases, rigorous
amount of calculation is needed for selection of
new lines. TNEP become large, nonlinear,
mixed integer and non-convex optimization
problem, many conventional and new meta-
heuristic optimization techniques are applied to
solve it. Firstly in 1970, Garver’s applied linear
programming approach to solve the TNEP
problem [1]. Many researchers have been
worked to solve TEP problem by applying
various techniques. This includes dynamic
programming [3], interactive method [4],
hierarchical decomposition [5], simulated
annealing for long term TNEP [6], constructive
heuristic algorithm (CHA) applied for solving
AC TNEP problem in [7]. Application of CHA
in a branch-and- bound to solve DC model static
TEP problem is presented. Branch- and-Bound
algorithm [9], Artificial techniques as, ANN
[10], Fuzzy systems [11], discrete particle
swarm optimization (DPSO) algorithm [12], and
Projection- Adapted Cross Entropy method [13],
novel differential evolution algorithm (DEA)
[14] were applied to solve transmission
expansion problem.

In this work, Artificial Bee Colony (ABC)
algorithm is a population-based search
procedure that is used as an optimization tool in
solving complex, non-linear, and convex
optimization problems. It has been applied to
optimize other problem of power such as optimal
allocation of Distributed Generation [15], unit
commitment problem [16]. The proposed
algorithm implemented to solve the DC power
flow model based Static transmission network

expansion planning problem with three test
cases for without generation resizing and with
resizing consideration. The rest of the paper is
organized as follow: Section Il describes the
mathematical model for transmission expansion
planning. Section 11l presents overview of
Artificial Bee Colony Algorithm and its
implementation to TNEP problem. Section IV
presents the results obtained and discussion and
finally conclusion in Section V.
Il. MATHEMATICAL MODEL FOR TNEP
Generally, for the TNEP problem DC power
flow model is used because of its more accuracy
and fast operation. The other models, such as the
transportation, hybrid and disjunctive models,
which are used as an alternative to DC model
[17].
A. Static TNEP model
The objective function for the TNEP problem is
to minimize to the investment cost of the system.
In this paper, the static transmission expansion-
planning problem can be formulated based on
lossless DC power flow model as follows [8-9,
17],
Minimize

Cinv=2ikeq CLij iy €quation (1)
subjected to
fie = 9i + dgi — d;
fir — Vi (i + 1) (6; — By = 0 equation (3)
\fael < (i + na) ™

gt < g < g™ equation (5)

equation (2)

equation (4)

dgmn < dg; < dgm egaution (6)

max
0 < ny < nNix

equation (7)
Where Cipy , CLig, 1y and Q0 represents,  the
total transmission investment cost in US $,
construction cost of each line in branch i-k in US
$ and the number of circuits added in each right
way of i-k.Q) represents set of all right of way
paths for candidate’s network expansion. fi,is
power flow in branch i-k, f;;***is the thermal
limit of the circuit g; and d; are the real power
generation and the corresponding demand at
each node i, 8; and 6, are the voltage angle at i
and k bus, nzk,nﬁa",nik are the number of
existing circuits, maximum number of added
circuits in branch, the total integer number of
circuits added to the branch i-k.y;.is the
susceptance between buses iandk,

ISSN (PRINT): 2393-8374, (ONLINE): 2394-0697, VOLUME-2, ISSUE-8, 2015
73



INTERNATIONAL JOURNAL OF CURRENT ENGINEERING AND SCIENTIFIC RESEARCH (1JCESR)

gi» g™, g™™  represents the real power
generation, the maximum, lower limit of
generation  capacity at bus i, and

dg™®*, dg™™ and dg;represents the maximum
and minimum capacity of distributed generation
and distributed generation at bus i respectively.
Equation (1) represents the total investment cost
of new lines added, (2) and (3) represents power
balance constraint at each node and voltage
balance constraint in each loop both are based on
Kirchhoff’s law, (4) represents the power flow
limit for each branch, (5) represents power
generation limit at each bus, (6) represents
distribution generation limit at each bus and (7)
represents link expansion limit for each branch.
The objective is to minimize the total investment
cost of the new transmission lines to be build,
satisfying the constraints mentioned in above
equation.

1. OVERVIEW OF ABC ALGORITHM

Several other nature inspired algorithm have
been used for solving the optimization problems.
Among them, the Artificial Bee Colony (ABC)
algorithm is meta-heuristic algorithm based on
intelligent behavior of honeybee swarm. The
position of a food source signifies a possible
solution of the optimization problem. Karaboga
and Bastruk have proposed ABC algorithm, in
that the colony of artificial bees colony consists
of three groups of bees namely employed bees,
onlooker bees, and scout bee [18]. Bees going to
food source randomly, they carry information
and share it with other bees waiting in the hive
regarding location and the profitability of that
particular food source are called employee bees.
The bees waiting in the dance area for making
decision to choose a food source based upon
information given by the employed bees known
as onlooker bees and a bee which carrying out
random search around the swarm to find food
source is scout bee.
In GABC algorithm, probable solution of the
optimization problem is representing by the
position of a food source, and the fitness solution
of the problem a corresponding nectar amount of
a food source.

GABC generates arbitrarily distributed initial
population P of Ng vectors of candidate solutions

asin (8)
P =

(X1, oo Xy s, Xns]T

(8)

Each candidate solution X; is a D-dimensional
vector, containing as many integer-valued
parameters in (9) as D is the nmnber of
optimized parameters.

X=Xy %0 Xpi] , i=1,..,Ns

(9)

In order to update the new candidate food
position, employee bee uses (10) to search for
new position from the old in memory

Vij = Xij+ 0y * (Xij —
Xj)

where@;; is a random number between [-1, 1],
ke{l,2...,Ns} and je{l,2...,D} are randomly
chosen indexes.

Onlooker bee selects a food source according to

the probability calculated by using (11)
associated with that food source pp;.

(10)

pp; = fitness; / z:7;(;1fi1:ness-

(11) !

In ABC, if a position cannot be enhanced during
set number of cycles, then it is assumed to be
abandoned. This control parameter is named
‘limit'. Assume that the abandoned source is X,
and je{l,2...,D}, then the new food source
found out by the scout replaced the abandoned
one by using (12)

X! = x) . +rand[0,1] * (X}qr —
er;lin) (12)

For each candidate source position v;; is
produced and estimated by the artificial bee, its
quality is compared with its old one. If it's found
better than old one, old one replaces it and if not
old one is retained in memory.

In ABC algorithm the solution search equation
described as in (10) has good at exploration but
poor at exploitation. In order to achieve good
optimization performance the exploration and
exploitation abilities should be equally balanced.
Therefore to achieve this, Eqn (10) is modified
to improve the exploitation as follows

Where the term added in (10) g-best term is is

the jth element of the global best solution, and is
a uniform random number in [0, C] where C is a
non-negative constant. The modified ABC was
named as G-best-guided ABC (GABC)
algorithm.
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A. Implementation of GABC to TNEP problem
This section provides application of GABC
algorithm to solve STNEP problem as follows:
1) Input parameter and initialization step:
After receiving required input parameters such
as population size, number of food source,
number of employed bees, onlooker bees and
limit value. Lower and upper bounds of
candidate solution are specified. Algorithm
generates randomly distributed initial population
of Ns size by eq. (8). In this TNEP problem
formulation, each candidate solution X; is an
integer  value. X; = [nyj, ..., njj, o, p i =
{1,2...Ng}, D is the number of possible and
nj;represents the number of possible lines
between each branch j and i.

2) Employee bees search phase:

In this algorithm, to optimize food source
employed bees select the position by using eq.
(10). Penalty factor method is used to handle the
constraints. After calculating the position, the
value of objective functions will be calculated
and it keeps the best solution obtained in
memory.

3) Onlooker bees search phase:

Based on the probabilities, find out from eq.
(11), onlooker bees search for food source in
swarm, and if the newly obtained food source
dominates the old one by using eq. (10) that will
updates its position.

4) Scout bee search phase:

If a solution found in onlooker search phase
cannot be improved further for certain numbers
of cycles, then scout bee finds a new source
randomly and replace the abandoned source
using eg. (12). If the maximum number of cycles
is not reached, jump to step 3. The algorithm is
terminating when it reaches to its number of
cycles.

IV RESULTS AND DISCUSSION
Static transmission network expansion planning
problem is solved for two test systems by
applying  proposed algorithm and s
implemented in Matlab 7.9. The static TNEP is
analysed for IEEE 30- bus system.
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V.CONCLUSION

G-best Artificial Bee Colony algorithm has been
applied for static TNEP problem. IEEE 30-bus
test system is used to solve the proposed
problem and results indicate that without and
with generation resizing, the proposed algorithm
yields the

Optimum results for IEEE 30-bus system.
Moreover, as the penetration level of distributed
generation increases, the total investment cost
decreases.

REFERENCES

[1] F.Fwu, F.L. Zheng, F.S. Wen, "Transmission
investment and expansion planning in a
restructured electricity market", Energy, vol.31,
no. 6-7, pp. 954-966, May-June 2006

[2] L. L. Garver, "Transmission network
estimation using linear programming”, IEEE
Trans Power Appl. Syst. vol. PAS-89, no. 7,

ISSN (PRINT): 2393-8374, (ONLINE): 2394-0697, VOLUME-2, ISSUE-8, 2015
77



INTERNATIONAL JOURNAL OF CURRENT ENGINEERING AND SCIENTIFIC RESEARCH (1JCESR)

pp.1688-1697, Sept.! Oct. 1970.52013 3rd
International Conference on Electric Power and
Energy Conversion Systems, Yildiz Teclmical
University, Istanbul, Turkey, October 2-4,2013
[3] Y.P .Dusonchet, AH. EIl-Abiad,
‘Transmission planning using discrete dynamic
optimisation,” IEEE Trans. Power Appl. Syst.,
vol. P AS-92,no. 4, pp.1358-1371, April 1973
[4] AO. Ekwue, B.1. Cory, "Transmission
system expansion planning by interactive
methods", IEEE Trans. Power Appl. Syst., vol.
PAS-103,no. 7, pp. 1583-1591, July 1984

[5] R. Romero, A Monticelli, "A hierarchical
decomposition approach for transmission
network expansion planning”, IEEE Trans.
Power Appl. Syst. vol. 9, no. 1, pp. 373-380,
Feb. 1994

[6] R. Romero, R.A Gallego and A Monticelli,
"Transmission expansion planning by simulated
annealing”, IEEE Trans. Power Appl. Syst.
vol.11, no. 1, pp. 364-369, Feb. 1996

[7] M.l Rider, AY. Gracia, R. Romero, "Power
system  transmission  network  expansion
planning using AC model,” IET Gener. Transm.
Distrib., vol.l, no. 5, pp. 731-742, Sept. 2007
[8] R. Romero, E.N. Asada, E. Carreno and C.
Rocha, "Constructive heuristic algorithm in a
branch-and-bound applied to transmission
network expansion planning,” IET Gener.
Transm. Distrib., vol. I,no. 2, pp. 318-323,
March 2007

[9] M.J. Rider, AV. Garica and R. Romero,
"Transmission system expansion planning by a
branch-and-bound algorithm,” |ET Gener.
Transm. Distrib., vol. 2,no. 1, pp. 90-99, Jan.
2008

[10] Al-Saba Tawfig, EI-Amin lbrahim, "The
application of artificial intelligent tools to the
transmission expansion problem", Elect. Power
Syst. Res., vol 62, no. 2, pp 117-126, June 2002
[l AS. Sousa and E.N. Asada, "Combined
heuristic with fuzzy systems to transmission
system expansion planning," Elect. Power Syst.
Res, vol. 81, no. 1, pp 123-128, Jan. 2011

[12] Y. X . .lin, H Z. Cheng, .l Y. Yan and L.
Zhang, "New discrete method for particle swarm
optimization and its application in transmission
network expansion planning,” Elect. Power
Syst. Res., vol. 77, no. 3-4, pp. 227-233, March
2007

[13] A Eshragh, J. Feliar, A Nazar, "A
projection-adapted cross entropy (PACE)
method for transmission network planning,” Int.

| Elect. Power Energy Syst., vol. 2, no.2 pp. 189-
208, June 2011

[14] T.S. Im, G.A. Taylor, M.R. Lrving and
Y.H. Song, "Differential evolution algorithm for
static and multistage transmission expansion
planning,” IET Gener. Transm. Distrib., vol.3
no. 4, pp. 365-384, 2009

[15] C.Wang, M. H Nehrir, "Analytical
approaches for optimal placement of distributed
generation sources in power systems". IEEE
Trans. Power Syst, vol. 19, no. 4, pp. 2068-2076,
Nov 2004

[16] Q.Kang, T.Lan,Y.Yan ,L.Wang ,Q.Wu,
"Group search optimizer based optimal location
and capacity of distributed generations".
Neurocomputing, vol. 78, no. 1, pp. 55-63, 2012
[17] S. H.Lee, 1. W. Park, "Selection of optimal
location and size of multiple distributed
generations by using kalman filter algorithm".
IEEE Trans. Power Syst, vol. 24, no. 3, pp.
1393-1400, Aug 2009

[18] M. F.Akorede, H.Hizam, I.Aris, M. Z. A Ab
Kadir, "Effective method for optimal allocation
of distributed generation units in meshed electric
power systems”. IEE Proc. Gener. Transm.
Distrib, vol. 5, no. 2, pp. 276-287, 2011

[19] A Kumar, W.Gao, "Optimal distributed
generation location using mixed integer non-
linear programming in hybrid electricity
markets". |IEE Proc. Gener. Transm. Distrib, vol.
4 no. 2, pp. 281-298, 2010

[20] 1. H.zhao, 1. Foster, Z. Y.Dong, K.
P.Wong, "Flexible transmissionnetwork
planning considering distributed generation
impacts”. Power Systems, IEEE Transactions
on, vol. 26, no. 3, pp. 1434-1443, Aug. 2011
[21] P.Vasquez, F.Olsina."Valuing flexibility of
DG investments in transmission expansion
planning”. In Proc. IEEE Lausann on Power
Tech, pp. 695-700, July 2007

[22] W.Gao, S. Liu, L.Huang, "A global best
artificial bee colony algorithm for global
optimization". 1. Comput. Appl. Math. vol. 236,
no. I, pp. 2741-2753, 2012

[23] G.Zhu, S.Kwong, "Gbest-guided artificial
bee colony algorithm for numerical function
optimization”. Appl. Math. Comput. vol. 217,
no. 7,pp. 3166-3173, 2010

[24] R. Romero, A Monticelli, A Garcia and S.
Haffner, "Test systems and mathematical
models for transmission network expansion
planning”, IET Proc-Gener. Transm. Distrib,
vol. 149, no. 1, pp. 27-36, Jan. 2002

ISSN (PRINT): 2393-8374, (ONLINE): 2394-0697, VOLUME-2, ISSUE-8, 2015
78



INTERNATIONAL JOURNAL OF CURRENT ENGINEERING AND SCIENTIFIC RESEARCH (1JCESR)

[25] B. Basturk, D. Karaboga, "An artificial bee
colony (ABC) algorithm for numeric function
optimization”, In IEEE swarm intelligence
symposium, pp. 12-14, May 2006

[26] 1.J.Silva, M.1.Rider, R.Romero,
AV.Garcia,C.A. Murari,"Transmission network
expansion planning with security constraints”,
IEE Proc. Gener. Transm. Distrib., vol. 152, no.
6, pp. 828-836, 2005

[27] R. Fang, D. 1. Hill, "A new strategy for
transmission  expansion in  competitive
electricity markets", IEEE Trans. Power Syst.
vol. 18, no.l, pp. 374-380, Feb. 2003

[28] R. Romero, C. Rocha, IR.S. Mantovani, LG.
Sanchez, "Constructive heuristic algorithm for
the DC model in network transmission
expansion planning”, IEE Proc- Gener. Transm.
Distrib, vol. 152, no. 2,pp. 277-282, March
2005.

ISSN (PRINT): 2393-8374, (ONLINE): 2394-0697, VOLUME-2, ISSUE-8, 2015
79



