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a b s t r a c t

Transmission network expansion planning (TNEP) is a basic part of power network planning that deter-
mines where, when and how many new transmission lines should be added to the network. Its task is to
minimize the network construction and operational cost, while meeting imposed technical, economic
and reliability constraints. Up till now, various methods have been proposed for solution of the static
transmission network expansion planning (STNEP) problem. But, in all of them, the effect of two impor-
tant parameters i.e., inflation rate and load growth factor on network losses has not been investigated.
Thus, in this paper, STNEP is being studied considering the effect of inflation rate and load growth factor
on the network losses in a transmission network with different voltage levels using a decimal codification
genetic algorithm (DCGA). The effectiveness of the proposed idea is tested on the Garver’s six-bus net-
work. The results evaluation reveals that the inflation rate and load growth factor have important effect
on the network losses and subsequent network arrangement. In addition, considering the effect of two
above-mentioned parameters (inflation rate and load growth factor) in expansion planning of transmis-
sion networks with various line voltage levels is caused that the total expansion cost of the network
(expansion costs and the operational cost) is calculated more exactly and therefore the network satisfies
the requirements of delivering electric power more safely and reliably to load centers.

� 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Transmission network expansion planning (TNEP) is an impor-
tant component of power system planning. It determines the char-
acteristic and performance of the future electric power network
and influences power system operation directly. TNEP should be sat-
isfied required adequacy of the lines for delivering safe and reliable
electric power to load centers during the planning horizon [1–3]. The
basic principle of the TNEP problem is to minimize the network con-
struction and operational cost, while meeting imposed technical,
economic and reliability constraints. Calculation of the investment
cost for power system expansion is very difficult work because this
cost should be determined from grid owners with agreement of cus-
tomer and considering the various reliability criteria [4]. Generally,
transmission network expansion planning can be classified as static
or dynamic. Static expansion determines where and how many new
transmission lines should be added to the network up to the plan-
ning horizon. If in the static expansion the planning horizon is sep-
arated for several stages we will have dynamic planning [5,6].

In majority of power systems, generating plants are located far
from the load centers. In addition, the planned new projects are

still so far from completion. Due to these situations, the investment
cost for transmission network is huge. Thus, the STNEP problem ac-
quires a principal role in power system planning and should be
evaluated carefully. After Garver’s paper that was published in
1970 [7], much research has been done on the field of TNEP prob-
lem until now. Some of this research such as [1–3,6,8–24] is related
to problem solution method. Some others, irrespective of solution
method, proposed different approaches for solution of this problem
considering various parameters such as uncertainty in demand [5],
reliability criteria [4,25,26] and economic factors [27]. Also, some
of them investigated this problem and generation expansion plan-
ning together [28,29]. Recently, different methods such as GRASP
[3], Bender decomposition [6], HIPER [17] branch and bound algo-
rithm [30], sensitivity analysis [15], genetic algorithm [1,11,20,24],
simulated annealing [16] and Tabu search [12] have been proposed
for solution of the STNEP problem. In all of these methods, the
problem has been solved regardless to effect of inflation rate and
load growth factor on network losses. In Ref. [8], a neural network
based method was proposed for solution of the TNEP problem con-
sidering both the network losses and construction cost of the lines.
But the role of inflation rate and load growth factor has not been
investigated in this study. In Ref. [10], the network expansion costs
and transmitted power through the lines have been included in
objective function and the goal is optimization of both expansion
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costs and lines loading. In addition, the objective function is differ-
ent from those which are represented in [6,11,12,15–17,20,24,30],
but the voltage level of transmission lines and effect of inflation
rate and load growth on the network losses have not been investi-
gated. In the previous author’s paper [31], TNEP problem has been
studied considering effects of transmission lines voltage levels
using a genetic algorithm. The results evaluation show that the
network with considering higher voltage level save capital invest-
ment in the long term, is superior and become overload later.

The network losses has important role for determining configu-
ration and arrangement of the network. Also, considering the net-
work losses in transmission expansion planning decreases the
operational costs considerably and the network satisfies the
requirement of delivering electric power more safely and reliably
to load centers. On the other hand, the inflation rate and load
growth factor have important role in rate of the losses growth
for the years after expansion. Thus, in this paper, the effect of load
growth factor and inflation rate on the network losses in static
expansion planning of a transmission network with different volt-
age levels is investigated. For this reason, the losses cost and also
the expansion cost of related substations from the voltage level
point of view is included in the objective function. The studied
voltage levels in this paper are 230 and 400 kV. The results evalu-
ation reveals that considering the effects of inflation rate and load
growth factor for solution of the STNEP problem is caused that the
total expansion cost of the network is calculated more exactly. In
addition, role of the load growth factor in determining of the net-
work configuration is more than the inflation rate.

This paper is organized as follows: the mathematical model and
objective function is given in Section 2. Section 3 describes com-
pletely chromosome structure and the proposed GA based method
for solution of the STNEP problem. The characteristics of case study
system and applying of the proposed idea are given in Section 4.
Finally, in Section 5 conclusion is represented.

2. Mathematical model (objective function) of the STNEP
problem

The STNEP problem is an mixed-integer nonlinear optimization
problem. Due to evaluating effects of the inflation rate and load
growth factor on the network losses in STNEP problem with vari-
ous voltage levels and subsequent adding expansion cost of substa-
tions to expansion costs, the proposed objective function is defined
as follows:

CT ¼
X

i;j2X
CLijnij þ

X
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CSk þ

XNY
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Clossi
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RijI

2
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where,

CT total expansion cost of network.
CLij construction cost of each line in branch i � j (different for

230 and 400 KV lines).
CSk expansion cost of kth substation.
Closs annual losses cost of network.
Loss total loss of network.
CMWh cost of one MWh ($US/MWh).
kloss loss coefficient.
nij number of all new circuits in corridor i � j.
Rij resistance of branch i � j.
Iij flow current of branch i � j.
X set of all corridors.
W set of all substations.
NY expanded network adequacy (in year).

The Calculation method of klosses and CSk are given in Appendi-
ces A and B, respectively.

Several restrictions have to be modeled in a mathematical rep-
resentation to ensure that the mathematical solutions are in line
with the planning requirements. These constraints are as follows
(see Refs. [5,24] for more details):

Sf þ g � d ¼ 0 ð4Þ
fij � cijðn0

ij þ nijÞðhi � hjÞ ¼ 0 ð5Þ
jfijj 6 ðn0

ij þ nijÞfij ð6Þ
0 6 nij 6 nij

0 6 g 6 �g ð7Þ
Line Loading 6 LLmax ð8Þ

N � 1 safe criterion where,

ði; jÞ 2 X

S branch-node incidence matrix.
f active power matrix in each corridor.
g generation vector.
d demand vector.
h phase angle of each bus.
cij total susceptance of circuits in corridor i � j.
n0

ij number of initial circuits in corridor i � j.
nij maximum number of constructible circuits in corridor

i � j.
�g generated power limit in generator buses.
fij maximum of transmissible active power through corridor

i � j which will have two different rates according to volt-
age level of candidate line.

Line_Loading loading of lines at planning horizon year and start of
operation time.

LLmax maximum loading of lines at planning horizon year.
N number of network buses.

In this study, the objective function is different from those
which are mentioned in [1–20,23–27,29,30] and in part of the
problem constraints, fij is considered as an addition constraint. In
addition to the above-mentioned changes, also Line_Loading con-
straint is considered as a new constraint in order to ensure ade-
quacy of the network after expansion. It should be noted that
LLmax is an experimental parameter that is determined according
to load growth coefficient and its rate is between 0 and 1. Reduc-
ing rate of this parameter is caused that added lines to the net-
work, the network adequacy (increasing of overload duration
time) and expansion cost are increased. Also, networks losses
and lines loading average in operational time is decreased. The
goal of the STNEP problem is to obtain number of lines and their
voltage level to expand the transmission network in order to en-
sure required adequacy of the network during the specific plan-
ning horizon. Thus, problem parameters are discrete time type
and consequently the optimization problem is an integer program-
ming problem. For solution of this problem, there are various
methods such as classic mathematical and heuristic methods [5–
21]. In this study, the decimal codification genetic algorithm is
being used for solution of the STNEP problem due to flexibility,
simple implementation and the advantages which were men-
tioned in [11,31].

3. Decimal codification genetic algorithm and chromosome
structure of the problem

Standard genetic algorithm is a random search method that can
be used to solve non-linear system of equations and optimize com-
plex problems. The base of this algorithm is the selection of
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