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1. INTRODUCTION

ABSTRACT

Distribution substation planning is considered one of the most important steps
in the power system planning process. A planning model seeks to determine a
strategy that will minimize losses and total costs associated with configuring and
operating an electric power distribution system over a given planning horizon.
Metaheuristic methods are usually deployed in solving the distribution planning
problem but face complexity and constraint limitation in some cases. Discrete
Bat Algorithm (DBA) is a combinatorial technique that is a robust algorithm
that will be suitable for solving a distribution substation location and sizing
problem. The approached comprises two stages which include: Optimal
Distribution Substation Location (ODSL) using a Modified Load Gravity (MLG)
based method; and Optimum Sizing of Distribution Substation (OSDS) using
DBA. Zaria distribution substation network is used as the case study. The results
obtained has been compared with other similar literatures and validated. The
results obtained using DBA achieved an expansion cost of $2,634,410.08
representing 59.7% cost reduction. While the particle swarm optimization (PSO)
which amounted to $6,541,000.00, represent 40.28% cost reduction. By
comparing the results of PSO and DBA, it is clear that both methods have the
ability to find proper solutions to substation expansion planning, but DBA is
more able than PSO to find an optimal solution to substation expansion
planning.

mathematical methods cannot solve problem

Distribution Network planning can reduce the
probability of blackouts, reduce transmission
loss, and improve power quality, so it is an
important part of power distribution network
automation system (Sun & Chang, 2015). The
main task of distribution network planning is to
optimize network structure and find the optimal
expansion scheme of power distribution
network. The distribution network planning
problem consists of minimizing the investments
and operational cost as the objective function
within technical constraints, such as overload,
voltage drop and radial network (Sun et al.,
2015). Distribution network expansion planning
is a complex and large-scale combinatorial
optimization problem; the classical
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satisfactorily. Modern metaheuristic methods,
such as Genetic Algorithm (GA), Particle
Swarm Optimization (PSO), Bat Algorithm, and
Ant Colony System (ACS), are used recently to
solve the distribution network planning problem
and have achieved some results. In Substation
Expansion Planning (SEP), the problem is to
determine the required expansion capacities of
the existing substations as well as the locations
and the sizes of new substations together with
the required availability times, so that the loads
can be adequately supplied (Seifi et al., 2011).
The loads to be supplied are widely
geographically distributed. For substation
planning, the normal procedure is to initially
determine  the distribution substation
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requirements and moving upward, to finally
determine  the  transmission  substation
requirements (Sedghi et al., 2013). This
approach, although accurate and practical for
short and midterm planning may prove
impractical ~ for  long-term  studies  for
transmission and distribution network planning
(Fletcher et.al, 2007a). One way to overcome
this problem is to propose an algorithm in which
the geographically distributed loads are
somehow assigned to transmission substations.
Although this does not happen in practice, the
final transmission substations allocations and
capacities can prove appropriate, provided
various constraints are properly observed. The
assigning procedure is, however, crucial as an
unsuitable procedure can result in improper
solutions. Substation (Capacity) Expansion
Planning (SEP) of distribution networks is
accomplished in practice by planning engineers.
The network planners take into consideration the
existing network and forecasted load, together
with the technical and economic considerations
with aims to optimize the routing (layout),
location, re-conductor size of the distribution
feeders (Ravadanegh et al., 2014).

Distribution network expansion planning is
therefore a complex multi-objective
optimization problem (Falaghi et al., 2011).
Moreover, the intricacy of the problem is
increased critically as the system size becomes
large. There exist numerous studies into
distribution network expansion problem but the
problem modeling is still far from being
standardized (M Sedghi et al., 2013b). Every
network operator has a different policy regarding
the operation constraints of their power systems
and different repositories of electrical facilities
(Luong et al., 2014). Most studies evaluate the
reliability of distribution networks based on the
average failure rates and restoration times of
components, in which reserve cables are
considered as options to enhance the network
reliability, (Falaghi, et. al., 2011). The result of
such reliability analysis can then be capitalized
into customer outage cost to include in the
overall cost to be optimized or can be treated as
a separate objective function, (Carrano, et. al.,
2006). However, it has been shown that
reliability in practice is a relative index as its
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calculation involves many intricate problems
with high uncertainty, (Slootweg et al., 2005).
The research work had combined the model
parameters used in different literatures in order
to come up with a highly flexible, realistic and
robust method used to simulate various scenarios
of network expansion. Distribution expansion
planning was a complex and large-scale
combinatorial optimization problem; classical
mathematical ~ method  cannot  perform
satisfactorily for solving it. Modern meta-
heuristic methods, such as Genetic Algorithm
(GA), Particle Swarm Optimization (PSO), and
Ant Colony System (ACS) were used recently to
solve the distribution network planning problem

and have achieved some results, but
effectiveness of the solution cannot be
guaranteed.

In this study, DBA is used to compliment the
deficiency of other algorithm like reducing the
complexity of turning parameters and also to
solve the problem of distribution system
planning to find the optimum number of
substations, location and sizing to be effectively,
reliably and more efficient, for optimal
substation placement.

2. LITERATURE REVIEW

In the literature, a large number of researches
have been made on various aspects related to
electric power distribution network expansion.
And quite number of such works have been
consulted. Haghifam et al., (2002) presented an
approach for optimal location, sizing and
determining the service area for range of
planning  period using  psedodynamic
methodology. Costs of equipment, area of cables
for MV and power loss are considered in cost
function. Uncertainty in loads is modeled using
left and right fuzzy (LR fuzzy) numbers in load
points for optimization genetic algorithm with a
new coding is used. Load points splitting in each
area between substations and infeasibility
solutions are considered in such procedure.
(Albadi et al., 2008) in the work, an approach
optimization for the determination of the
optimum location and capacity of DG sources in
the deregulated electric market through net-
present-value analysis was presented. The model
aims to minimize the investment cost, utility cost
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and the losses cost of a distribution network
considering uncertainty of peak demand.
Improved genetic algorithm and a fuzzy model
were employed to solve the network expansion
problem. The efficiency of the proposed
approach was demonstrated using a sample 24-
node network. The major setback of the work
was that: the objective function developed in the
work is not robust enough to tackle expansion
problems involving large number of nodes
subjected to more than one constraint. (Carrano
et al., 2007): In this work, the authors addressed
the problem of electric distribution substation
capacity expansion under condition of
uncertainty in the evolution of node loads (both
load growth rates and node positions) and within
a given time horizon. An immune- based
evolutionary Algorithm was employed to find
the optimal and suboptimal network topology,
for a given set of network expansion scenarios.
A Monte-Carlo simulation and a multi-objective
analysis of solutions are employed to test the
performance of solutions over a set of other
possible scenarios. Two case studies of electric
distribution network design were presented: a
23-bus system network (benchmark system) and
a 21-bus system network. The mathematical
model developed is quite complex and will be
too difficult to apply as the network size
increases. Therefore, further simplification can
be made, and the model can be extended to
enhance its flexibility. (Carrano et al., 2008): In
the work, a dynamic programming genetic
algorithm was developed for electric distribution
system expansion planning was presented. A set
of network expansion scenarios were simulated,
and the numerical test results shows that the
proposed algorithm outperforms other non-
dynamic programming methods. The developed
model is less flexible and therefore, may not
support simulations with higher number of
constraints. A number of other model parameters
could be introduced into it to improve its
flexibility.

(Khan et al., 2010): In the work, a Genetic
Algorithm (GA) based method for distribution
network  capacity  expansion including
Distributed Generation (DG) was presented. A
combinatorial ~ optimization method  that
determines the location and capacity of feeders
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and substations while minimizing the network
loss and installation cost was developed. DGs
were considered in the network expansion
planning as to regulate the distribution network.
The work also proposes a new objective function
considering the installation cost of equipment
(feeders, substations and DGs), cost of losses
and cost of DGs operation. The capability of the
proposed model can be enhanced by
incorporating realistic assumption such as the
dynamic nature of load. Other parameters could
also be introduced to improve its flexibility.

(Sedghi et al., 2013): In the work, Medium-
voltage/High-voltage substations, main and
reserve Medium-voltage feeders, dispatch-able
DG sources and storage units were considered as
possible solutions for multistage distribution
expansion planning. A three-load level was used
for variable load and some strategies were
proposed for DG and storage units’ operation. A
modified PSO algorithm was applied to solve the
complex optimization problem. Numerical
results of the case studies were used to
demonstrate the effectiveness of the developed
model. The major setback of the work is that the
developed objective function is less flexible; too
complex and its complexity might further
increase, with increase in the number of nodes to
be considers.

(Javadi et al., 2011): In the work, optimal DG
expansion decision was made based on annual
load pattern of a given system and its load
duration curve. An economical evaluation was
then presented on expansion choices using
sensitivity analysis and value of investment. The
presented approach considers both concerns of
Independent System Operator (ISO) and
Generation Companies (GenCos). A short-term
Security Constraint Unit Commitment (SCUC)
for each of the selected scenario was considered
from ISO's point of view. The proposed
algorithm was finally applied to IEEE-24 Bus
test system. Even though the technique was
shown to converge for a 24-bus network, it will
not be suitable for solving multi objective
optimization  problems; therefore, other
parameters can be introduced to enhance its
flexibility.(Heidari et al., 2013): In the work, a
novel profit-based model for multistage
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distribution  network capacity expansion
planning considering distribution automation
was presented. An objective function was
developed with the aim of maximizing the net
present value of a given distribution company’s
profit. Genetic algorithm was proposed for
solving the optimal distribution network
expansion problems. The proposed method
effectiveness was finally evaluated on an
illustrative 24-node test network and the
obtained results and discussions were then
presented. The develop models were strictly
based on profit maximization and failed to
consider the balance between profit and
reliability.

(Zhang, 2013): In the work, a novel approach for
electrical distribution substation expansion
planning using multi-objective particle swarm
optimization (PSO) was presented. The
optimization objectives were investment and
operation cost, energy losses cost, and power
congestion cost. A two-phase multi-objective
PSO algorithm was employed to solve the
optimization problem. The feasibility and
effectiveness of both the proposed multi-
objective planning approach and the improved
multi-objective PSO were demonstrated using
an 18-node typical system. The setback of the
proposed modes is the fact that, complex
mathematical formulations were adopted. The
complexity will deteriorate as the number of
nodes gets higher which may lead to a non-
converging solution. (Chuang et al., 2014): The
work presented a methodology of solving an
optimal substation location and capacity
expansion problem for distribution system by
using the genetic algorithm (GA). S-curve with
different time constant was used to represent
load growth of each customer class for a load
forecasting of each fenced area. Load flow
analysis was performed to estimate power
demand of each fenced area for annual system
operation over the study period. The overall
costs of power loss and substation investments
were included in the developed objective
function. Each feasible solution was expressed
as a chromosome in the GA simulation process.
The fitness is then enhanced by considering the
diversity of chromosomes so that the global
optimization during the solution process can be
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obtained. The developed models were then
tested on Taipei Distribution System through the
utility data. Test results demonstrated the
feasibility and effectiveness of the method for
the applications. The major setback of the work
is that the developed objective function
considered investment cost as a single
parameter. Therefore, the flexibility of the

developed model can be improved by
representing the investment with multiple
parameters. (Huang, 2014): In the work,

regulation impact on network planning methods
and network tariff designs in unbundled
electricity network was firstly analyzed in order
to formulate a long-term network expansion
planning model  considering  distributed
generation (DG). Photovoltaic (PV) power and
wind power plants were used as the DG.
Secondly, a deterministic model for low-voltage
(LV) networks mainly considering PV
connections based on the worst-case scenario
was developed. Thirdly, a distribution medium-
voltage (MV) network planning model
considering wind power plant connections was
developed. The developed models were then
extended to consider the uncertainties from DG
production and load. The developed models
mainly focused on DG placement and therefore,
a number of other parameters need to be
introduced to improve its flexibility and aid
simulation of various scenarios of network
expansion. (Kumar et al., 2014): The work
developed a technique for optimizing the total
annual cost of a distribution network. The cost
was represented as a sum of the investment cost
(fixed cost) for feeder line as well as substation
and operational costs (energy loss costs). The
developed method was then used to find the
optimal route for each load point in a given
distribution system and to obtain the optimal
radial network. An algorithm was also
developed for simplified case study of a feeder
network. A set of network expansion scenarios
were simulated, and the results were discussed.
The results of the simulation showed that the
method was effective for small scale distribution
network having not more than 50 nodes. The
major setback of the proposed method is that the
cost functions used only a few parameters which
limit its flexibility and its ability to
accommodate wide variety of scenarios.
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Therefore, the flexibility and robustness of the
proposed technigue can be improved.

It can be observed from the literatures reviewed
so far, that most of the research works are on
distribution substation capacity expansion
problem and with less emphasis to the optimum
location of substations and the network/feeder
expansion. As such there should be work that
look at getting optimal location and sizing of
distribution network system when expending. In
this research Discrete bat algorithm (DBA) has
been applied for the optimal locating and sizing
of substation on distribution networks to
minimizing expansion cost while considering
power loss reduction and enhancing the voltage
profile.

3. METHODOLOGY
One of the objectives of power distribution
system expansion planning is to minimize the
total cost of feeders in the future expansion of
distribution system. The network expansion
problem is usually subjected to a number of
constraints.
3.1 Mathematical Models of Network
Expansion Problem
In the general case, solving this problem is not
an easy task. Therefore, different mathematical
approaches have been proposed in the literature
for simplifying the problem in order to achieve
the desired aim and objectives.

The main cost function included set of decision
variables such as location, sizing and, number of
required substations, associated service area and,
determining type of medium voltage (MV)
feeder that it should be minimized under
different technical constraints (Chuang et al.,
2014). This objective function is presented as
follows:

minC = Y7 _ (X2 XyiCinv,i + Cioss,y) (1)

2
X .
— m nm yi
Cross,i = (Uk=1Xyk Lj=1 (Vyi> T X

\[[(uk —w)" + (v —v) "]+ W +8760) (2)

Cinv,i = T * J (3)

Equation (1) represents the objective function
with m substation candidates having total cost of
power loading loss and the possible substation
investment cost as its functions. Equation (2) is
the cost of power loading loss for the substations
to serve the load and (3) is the capital investment
cost of state with j units of substation
transformers for year i.

The following constraints are considered in the
optimization problem.

e The maximum and minimum installation
capacities
S < Scsapj < (1—resj)S; (4)
e Voltage Constraints
[V;[MIN < || < [v;|MA%,
i€{1,2,.....m} (5)
e Line flow constraints
1S;| < |S;|MA%,  i€e{1,2,....,m}6)

3.2 Bat Algorithm

The bat algorithm (BA) is a bio-inspired meta-
heuristic base on echolocation characteristics of
bats. It is derived from the principle of
echolocation of bats with varying pulse rates of
loudness and emission during prey capture and
avoidance of obstacles (Chen, 2021). BA
developed in 2010 by Chen was inspired by the
echolocation characteristics of bats with varying
pulse rates of loudness and emission (Meng,
2015). BA was developed based on the nature
that bats emit ultrasonic pulses to the
surrounding environment with hunting and
navigating purposes (Osaba et al., 2016). This
ability aids the bats in finding prey in darkness.

Furthermore, all the variants further mimic the
behavior of bats and successfully enhance the
performance of BA (Meng et al., 2015). BA has
some advantages of simple structure, easy to
understand and realize together with few
adjustable parameter (Zhou et al., 2018). The
discrete bat algorithm wused in this study,
overcome the imperfection of BA by further
mimicking the living environment the bats
inhabit to make it available for solving dynamic
community detection problem. From the original
BA, the main equation of updating bat location
based on velocity and frequency are given by
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fi = max t fmin)B (7)
vi = v+ (6T = x)f (®)
xf=x"1 4+ vt 9)

4. Numerical results

In this section, a typical network is assumed, and
the results of sub-station expansion planning
using DBA are obtained. This test network is a
33/11-kV distribution system that is supplied by
2 x 15MVA existing substations and consists of
170 loads located in the town of Zaria city of
Kaduna state, Nigeria.

The original network which consists of two
number power transformers taken as substations
located as 1 & 2, and the distribution
transformers are considered as load and these
make the total loads connected to the network as
shown in figure 1. Table 1 provides the details of
the total loads connected its capacities and that
of the existing two number substations.

Original Network
AL

11.12 ﬁ

&2
Substation A2

FYSRPY.S
Loa— Load

11.08

[ \w‘
& B

lat (degree)

11.06 4
& o soidp
11.04 b—

7.66 ';.fl" 7.1 7.12 7.74 7.76 7.78
lon (degree)

Fig. 1: Original network model of 33/11kV K/Doka
Injection Substation

Table 1: Details of original network of 33/11kV Kofan
Doka Injection Substation of Zaria Distribution Network

Number of the | Sum of | Sum of old
existing loads substation  capacity
substation rating
2 37.65 30 MVA
MVA

The possible substations’ locations are obtained
by dividing the area under study into a number
of small squares, and the center of each square
was considered as the candidate point as
depicted in figure 2.

Possible Ca:gxhtes

1113+
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766 758 17 772 174 776 778
lon (degree)

Fig. 2: Possible substations’ locations

Figure 3 depicts the results of applying DBA on
the original network and after 5 iterations was
performed, it is grouped the loads into six
different clusters and assigned sizes to the six
substations in each of the cluster group. The
loads are to be fed by substations located on
those location positions as in figure 3 and the
details are provided in Table 2.
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Fig. 3: Applying DBA on test network after 5 iterations

Table 2: Details of the test network after applying DBA for 5 iterations were performed

Number of new installed Sum of loads substation capacity Expanded Total expansion
substation substation cost
6 37.65MVA [ 90 MVA 4 $ 15,840,000.4634

Figure 4 depicts the solution after 40 iterations
were performed and the number of the
substations reduced to 4. The optimal location

(in latitude “lat” and longitude “lon”) and size
(in MVA) for the four substations are as follows:
(Substation-1: lat-11.12, lon-7.721;
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11.35MVA), (Substation-2: lat-11.08, lon-
7.721; 14.4AMVA), (Substation-3: lat-11.1, lon-
7.735; 9.5MVA) and (Substation-4: lat-11.09,
144
1113
11.12
1L11
1.1
11.09

11.08

lat(degree)

11.07
11.06
11.05

11.04

11.35

lon-7.742; 12.7MVA) and table 3 give the
summary of the simulation after 40 iterations.

9.5 12.7

@Q

A

“’?

A&_)

7.66 7.68 77

.12 7.74

lon(degree)

1.76 7.78

Fig. 4: Applying DBA on the test network after 40 iterations

Table 3: Details of the test network after applying DBA for 40 iterations were performed

Number of new installed Sum of loads substation capacity Expanded Total expansion cost
substation substation
4 37.65 MVA 60 MVA 2 $2,661,930.4634

Figure 5 depicts the final solution after 120 - 200
iterations were performed and reduces the
number of the substations reduced to 3. The
optimal location and size for the four substations
are as follows: (Substation-1: lat-11.12, lon-

12.64

1113
1112
1111
11.1
1109

11.08

lat (degree)

1107
1106
11.05

11.04

7.721; 13.28MWA), (Substation-2: lat-11.08,
lon-7.721; 12.64MVA) and (Substation-3: lat-
11.1,lon-7.735; 12.44MVA) and table 4 give the
summary of the simulation after 120 - 200
iterations.

13.28 12.44

» af

T7.66 7.68

7.

7 7.72 7.78

lon (degree)

7.74 7.76

Fig. 5: Applying DBA on the test network after 120 - 200 iterations

Table 4: Details of the test network after applying DBA for 120 - 200 iterations were performed

Number of new installed Sum of loads substation Expanded substation Total expansion cost
substation capacity
3 37.65 MVA 45 MVA 1 $2,634,410.03

Particle swam Optimization (PSO) is applied to
the same test network in order to compare it with
the results of DBA as shown in figure 6. The two
methods show good sub-optimal solution to the
expansion problem. The result obtained by DBA
achieved reduction on the expansion cost to

$2,634,410.08 representing 59.7% while the
PSO which amounted to $6,541,000.00
representing 40.28%. The result show that both
PSO and DBA have the ability to find proper
solutions to substation expansion planning, but
DBA performs better than PSO to find an

68
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optimal solution to substation expansion
planning.

— DB
|—ns0]

0 Il J
0 0 40 1 8 10 10 140 160 180 200
Tteration
Fig. 6: Comparison of DBA and PSO result for the test
network

5. Conclusion

Sub-station expansion planning is one of the
important parts of the power system expansion
planning studies. The diversity of decision
variables in the SEP problem has made the
solution process more difficult. This paper used
meta-heuristic method for solving SEP as an
optimization problem. The optimization method
was based on DBA. To demonstrate the
capabilities of DBA, PSO was used as the
benchmark method to validate the result of
DBA. A typical and real network was assumed,
and the results of SEP by the use of PSO and
DBA were obtained. The results obtained
showed that DBA was more capable than PSO,
and more efficient in finding the solutions. The
results of applying DBA to a real network
showed the functional capabilities of the
presented method.

REFERENCES

Abiola Adepoju, G., Adeleke Salimon, S.,
Adedapo Aderinko, H. and Olawale
Bisiriyu, A., 2019. Optimal placement
and sizing of distributed generation in a
Nigerian distribution network using
cuckoo search algorithm. Current
Journal of Applied Science and
Technology, 38(6), pp.1-12.

Albadi, M.H. and El-Saadany, E.F., 2008. A
summary of demand response in
electricity markets. Electric power
systems research, 78(11), pp.1989-
1996.

Branke J,T Blackwell (2011) Multi swarmp
application dynamics environment
Worshops on application of
evolutionary computation Econ Page
489-500

Carrano, E., Cardoso, R., Takahashi, R.,
Fonseca, C., & Neto, O. (2008). Power
distribution network expansion
scheduling using dynamic programming
genetic algorithm. Generation,
Transmission & Distribution, IET, 2(3),
444-455,

Carrano, E. G., Guimarées, F. G., Takahashi, R.
H., Neto, O. M., & Campelo, F. (2007).
Electric distribution network expansion
under load-evolution uncertainty using
an immune system inspired algorithm.
Power Systems, IEEE Transactions on,
22(2), 851-861.

Chen, M.R., Huang, Y.Y., Zeng, G.Q., Lu, K.D.
and Yang, L.Q., 2021. An improved bat
algorithm hybridized with extremal
optimization and Boltzmann selection.
Expert Systems with Applications, 175,
p.114812.

Chuang, H.J., Tsai, W.Y., Chen, C.S., Ho, C.Y.,
Lin, C.C. and Tsai, Y.P., 2014. Optimal
expansion planning of distribution
substations using loading gravity with
genetic algorithm. In Proceedings of the
2nd International Conference on
Intelligent Technologies and
Engineering Systems (ICITES2013) (pp.
11-18). Springer International
Publishing..

Falaghi, H., Singh, C., Haghifam, M.-R., &
Ramezani, M. (2011). DG integrated
multistage distribution system
expansion  planning. International
Journal of Electrical Power Energy
Systems, 33(8), 1489-1497.

Fletcher, R. H., & Strunz, K. (2007a). Optimal
distribution system horizon planning—
part I: formulation. IEEE Transactions
on Power Systems, 22(2), 791-799.

Fletcher, R. H., & Strunz, K. (2007b). Optimal
distribution system horizon planning—
part 1I: application. IEEE Transactions
on Power Systems, 22(2), 862-870.



Zaria Journal of Electrical Engineering Technology, Department of Electrical Engineering, Ahmadu Bello University,
Zaria — Nigeria. Vol. 12 No. 1e12, September 2023.

Gandomkar, M.A.J.1.D., 2008. Application of
genetic algorithm to  distribution
network expansion planning with
distributed generation. In Proceedings
of the 8th WSEAS International
Conference on Electric Power Systems,
High Voltages, Electric Machines (pp.

21-23)..

Glover, F., Laguna, M. and Marti, R., 2007.
Principles of tabu search.
Approximation algorithms and

metaheuristics, 23, pp.1-12

Goldbarg EF, Goldbarg MC and de Sourza GRA
2008 Particle Swarmp Optimization
Algorithm for thetravelling salesman
problem.Travelling saleman programme

1.PP7596
Haghifam, M.R. and Shahabi, M., 2002. Optimal
location and sizing of HV/MV

substations in  uncertainty  load
environment using genetic algorithm.
Electric Power Systems Research,
63(1), pp.37-50.

Harrison, K.R., Ombuki-Berman, B.M. and
Engelbrecht, A.P., 2019. A parameter-
free particle swarm  optimization
algorithm using performance classifiers.
Information Sciences, 503, pp.381-400.

Heidari, S., Fotuhi-Firuzabad, M., Kazemi, S., &

Maslehati, V. (2013). Distribution
network expansion planning
considering distribution  automation
system.

Huang, Y. (2014). Electricity Distribution

Network Planning
Distributed Generation.

H. Xu, L. Xin, H. Wang, and N. Yang (2010).
Distribution network planning based on
improved genetic algorithm.Guangdong
Electric Power , vol. 23, no.6, pp. 6-7,
2010.

Kirkpatrick, S., Gelatt Jr, C.D. and Vecchi, M.P.,
1983. Optimization by simulated
annealing. science, 220(4598), pp.671-
680.

James, T., Rego, C. and Glover, F., 2009. A
cooperative  parallel tabu search
algorithm for the quadratic assignment

Considering

problem.  European Journal of
Operational Research, 195(3), pp.810-
826.

70

Javadi, M.S. and Farajifard, A., 2011. Optimal
Distributed  Generation  Expansion
Planning Based on Techno-Economical
Analysis. International Journal of
Multidisciplinary Science and
Engineering, 2.

Jian, W., Xue, Y.C. and Qian, J.X., 2004,
August. An improved particle swarm
optimization algorithm with
neighborhoods topologies. In
Proceedings of 2004 International
Conference on Machine Learning and
Cybernetics (IEEE Cat. No. 04EX826)
(\Vol. 4, pp. 2332-2337). IEEE.

José da Silva, D., Antonio Belati, E. and Werley
Silva dos Angelos, E., 2020. FPAES: A
Hybrid Approach for the Optimal
Placement and Sizing of Reactive
Compensation in Distribution Grids.
Energies, 13(23), p.64009.

Kazemi, S. (2011). Reliability evaluation of

smart distribution grids.

Hasham, and Mohammad Ahmad

Choudhry. "Implementation of

Distributed Generation (IDG) algorithm

for performance enhancement of

distribution feeder under extreme load
growth." International Journal of

Electrical Power & Energy Systems 32,

no. 9 (2010): 985-997.

Khator, S. K., & Leung, L. C. (1997). Power
distribution planning: A review of
models and issues. IEEE Transactions
on Power Systems, 12(3), 1151-1159.

Kumar, V., Krishan, R., & Sood, Y. R. 2010
"Optimization of Radial Distribution
Networks  Using  Path  Search
Algorithm™ International Journal of
Electrical Power & Energy Systems, 12,
111-230..

Lata, P. and Vadhera, S., 2020. Reliability

improvement of radial distribution

system by optimal placement and sizing
of energy storage system using TLBO.

Journal of Energy Storage, 30,

p.101492.

Hoang N., Marinus OW Grond, Peter

AN Bosman, and Han La Poutré.

"Medium-voltage distribution network

expansion planning with gene-pool

optimal mixing evolutionary

Khan,

Luong,



Zaria Journal of Electrical Engineering Technology, Department of Electrical Engineering, Ahmadu Bello University,
Zaria — Nigeria. Vol. 12 No. 1e12, September 2023.

algorithms." In Artificial Evolution:
11th International Conference,
Evolution  Artificielle, EA 2013,
Bordeaux, France, October 21-23,
2013. Revised Selected Papers 11, pp.
93-105. Springer International
Publishing, 2014.

Lavorato, M., Rider, M. J., Garcia, A. V., &
Romero, R. (2010). A constructive
heuristic algorithm for distribution
system planning. IEEE Transactions on
Power Systems, 25(3), 1734-1742.

Luong, H. N., Grond, M. O., Bosman, P. A., &
La Poutré, H. (2014). Medium-voltage
distribution network expansion
planning with gene-pool optimal mixing
evolutionary algorithms. Paper
presented at the Artificial Evolution.

Seifi, H. and Sepasian, M.S., 2011. Electric
power system planning:  issues,
algorithms and solutions (Vol. 49).
Berlin: Springer.

Meng, X.B., Gao, X.Z., Liu, Y. and Zhang, H.,
2015. A novel bat algorithm with habitat
selection and Doppler effect in echoes
for optimization. Expert Systems with
Applications, 42(17-18), pp.6350-6364.

Milovanovi¢, M., Tasi¢, D., Radosavljevi¢, J.

and Perovi¢, B., 2020. Optimal
placement and sizing of inverter-based
distributed generation units and shunt
capacitors in distorted distribution
systems using a hybrid phasor particle
swarm optimization and gravitational

search algorithm. Electric  Power
Components and Systems, 48(6-7),
pp.543-557.

Abubakar, A.S., Olaniyan, A.A., Ibrahim, A. and
Sulaiman, S.H., 2019, August. An
improved analytical method for optimal
sizing and placement of power electronic
based distributed generation considering
harmonic limits. In 2019 IEEE PES/IAS
PowerAfrica (pp. 122-127). IEEE.

Pareek, P., Xie, J., Weng, Y., Singh, A. and

Nguyen, H.D., 2021, September.
Probabilistic-based optimal storage
placement and sizing enabling

networked microgrid community. In
2021 International Conference on

71

Smart Energy Systems and
Technologies (SEST) (pp. 1-6). IEEE

Ravadanegh, S. N., & Roshanagh, R. G. (2014).
On optimal multistage electric power
distribution networks  expansion
planning. International Journal of
Electrical Power Energy Systems, 54,
487-497.

Roy, K., Srivastava, L. and Dixit, S., 2020,
September. Optimal placement and
sizing of distributed generation using
multi-verse optimization. In 2020 12th
International Conference on
Computational Intelligence and
Communication Networks (CICN) (pp.
268-272). IEEE

Kazemi, S., 2011. Reliability evaluation of smart
distribution grids.

Sedghi, M., Aliakbar-Golkar, M., & Haghifam,
M.-R. (2013a). Distribution network
expansion  considering  distributed
generation and storage units using
modified PSO algorithm. International
Journal of Electrical Power Energy
Systems, 52, 221-230.

Seifi, H. and Sepasian, M.S., 2011. Electric
power system  planning:  issues,
algorithms and solutions (Vol. 49).
Berlin: Springer.

Short, T.A., 2003. Electric power distribution
handbook. CRC press.

S Khator, S.K. and Leung, L.C., 1997. Power
distribution planning: A review of
models and issues. IEEE Transactions
on Power Systems, 12(3), pp.1151-
1159.

Slootweg, J.G. and Van Oirsouw, P.M., 2005,
June. Incorporating reliability
calculations in  routine  network
planning: theory and practice. In CIRED
2005-18th International Conference
and  Exhibition on  Electricity
Distribution (pp. 1-5). IET.

Sun, W. and Chang, X., 2015. An improved
harmony search algorithm for power
distribution network planning. Journal
of electrical and computer engineering,

2015, pp.5-5.

Trelea, 1.C., 2003. The particle swarm
optimization algorithm: convergence
analysis and parameter selection.



Zaria Journal of Electrical Engineering Technology, Department of Electrical Engineering, Ahmadu Bello University,
Zaria — Nigeria. Vol. 12 No. 1e12, September 2023.
Information processing letters, 85(6),
pp.317-325.

Gonen, T. and Ramirez-Rosado, 1.J., 1986,
November. Review of distribution
system planning models: A model for
optimal multistage planning. In IEE
Proceedings C (Generation,
Transmission and Distribution) (Vol.
133, No. 7, pp. 397-408). IET Digital
Library.

Sudhakar, T.D., Vadivoo, N.S., Slochanal,
S.M.R. and Ravichandran, S., 2004,
November. Supply restoration in
distribution networks using Dijkstra's
algorithm. In 2004 International
Conference  on  Power  System
Technology, 2004. PowerCon 2004.
(\Vol. 1, pp. 640-645). IEEE.

Ullah, Z., Wang, S. and Radosavljevi¢, J., 2019.
A novel method based on PPSO for
optimal placement and sizing of
distributed generation. IEEJ
Transactions on  Electrical and
Electronic Engineering, 14(12),
pp.1754-1763.

Vahidinasab, V., Tabarzadi, M., Arasteh, H.,
Alizadeh, M.1., Beigi, M.M.,
Sheikhzadeh, H.R., Mehran, K. and
Sepasian, M.S., 2020. Overview of
electric energy distribution networks
expansion planning. IEEE Access, 8,
pp.34750-347609.

Wu, Z.Z., Xu, Y.P., Cheng, Z.L., Sun, HW,,
Papari, B., Sajadi, S.S. and Qasim, F.,
2022. Optimal placement and sizing of
the virtual power plant constrained to
flexible-renewable energy proving in
the smart distribution  network.
Sustainable Energy Technologies and
Assessments, 49, p.101688.

Zhang, C., Ding, Y., Wu, Q., Wang, Q. and
@stergaard, J., 2013. Distribution
network expansion planning based on
multi-objective PSO algorithm. Energy
and Power Engineering, 5, pp.975-979.

72



