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Article history: Optimal expansion of medium-voltage power networks because of load growth is a combinatorial pro-
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distributed generation (DG) and storage units to expand the capacity of the network. The cost objective
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function of the system should be minimized subject to the technical constraints. Due to the complicacy
and the complexity of the problem, it should be solved by modern optimization algorithms. In this paper,
Keywords: the most famous optimization algorithms for solving the distribution network planning problem are
Distribution network planning reviewed and compared, and some points are proposed to improve the performance of the algorithms. In
SDtIZg 'g:tEd generation order to compare the algorithms in practice, and verify the proposed improvement points, the numerical
Optimization aleorithms studies on three test distribution networks are presented. The results show that every algorithm has its
p a g . . . i . .
own advantages and disadvantages in specific conditions. However, in general manner, the hybrid Tabu
search/genetic algorithm (TS/GA) and the improved particle swarm optimization (PSO) algorithm pro-
posed in this paper are the best choices for optimal distribution network planning.
© 2016 Elsevier Ltd. All rights reserved.
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1) Problem parameters

set of all selected DG sources

set of all failure events

set of all selected feeder sections

set of all load nodes

set of all feeder sections directly connected to new
candidate HV/MV substations

set of all selected HV/MV substations

set of all selected storage units

set of all load levels

cost of installing the d-th DG source ($)

installing cost of the k-th storage unit ($)

fixed operation and maintenance cost of the k-th
storage unit ($)

replacement cost of the k-th storage unit ($)

fixed cost of installation feeder i ($)

cost function of customer outage ($)

cost function of installing/upgrading the s-th HV/MV
substation ($)

electricity market price at the s-th HV/MV substation
during t-th load level ($/MW h)

installation cost of the system ($)

operation cost of the system ($)

reliability cost of the system ($)

capacity of the k-th storage unit (MW h)

variable energy stored in k-th storage unit during t-th
load level (MW h)

minimum allowed state-of-charge (SOC) of the k-th
storage unit (MW h)

maximum allowed SOC of the k-th storage unit
(MW h)

objective function ($)

type of the I-th load node

inflation rate

interest rate

life of the project (yr)

operation cost of the d-th DG source including main-
tenance cost at t-th load level ($)

power generation of the d-th DG unit at t-th load level
(MW)

demanded power of the I-th load node at t-th hour of
day in y-th year (MW)

demanded power of the I-th load node in t-th load
level (MW)

total power loss of the distribution network in t-th
load level (MW)

restored power of the I-th load point by selected DG
units (MW)

restored power of the I-th load point by selected sto-
rage units (MW)

dispatched real power from the s-th HV/MV substa-
tion in t-th load level including network losses (MW)
power of the k-th storage unit at t-th load level (MW)
probability of failure event at t-th hour
repair/replacement time of the equipment failed due

Vmin
V.

max
x,(, e)

R
}“l,e

capacity of the d-th DG source (MVA)

power rating of the k-th storage unit (MVA)
operation power of d-th DG unit in t-th load level (MVA)
operation power of k-th storage unit during t-th load
level (MVA)

power flow of the i-th feeder of size a during y-th year
(MVA)

capacity of the i-th feeder section of size a (MVA)
dispatched apparent power from the s-th HV/MV
substation during t-th load level (MVA)

time duration of the t-th load level (h/yr)

calculated voltage magnitude in I-th load point at t-th
load level (p.u.)

minimum allowed operation voltage (p.u.)

maximum allowed operation voltage (p.u.)

binary variable associated to the [-th load point outage
due to e-th failure event

standard ramp function

average failure rate affected the [-th load node in case
of the e-th failure event

2) Algorithms parameters

k
ngest,j

k
Xpbesr,ij

XiST

number of selected parents in ES algorithm

number of generated offsprings in ES algorithm
iteration counter

positive constants as learning factors

mutation rate for DG units

mutation rate for storage units

mutation rate for MV feeder sections

mutation rate for HV/MV substations

real variable that determines the relative importance
of the exploitation over the exploration in ACS
controller parameter for intensification the DG unit
solutions

controller parameter for intensification the MV feeder
solutions

controller parameter for MV feeder solutions to re-
move candidate HV/MV substations in IPSO
controller parameter for intensification the HV/MV
substation solutions

the j-th component of the i-th velocity vector in k-th
iteration of PSO

inertia weight in PSO

binary decision variable associated to the installation
of DG in i-th node

the j-th component of the i-th particle's position in k-
th iteration of PSO

the j-th component of the global best position vector
in k-th iteration of PSO

the j-th component of previous best position vector of
the i-th particle in k-th iteration of PSO

binary decision variable associated to the installation
of storage unit at i-th node

maximum number of iterations in which the HV/MV
substations are removed
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