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Summary

In an electrical power system, the generated power is transferred through a
high voltage transmission system, and it reaches the low voltage consumers
at the distribution side. In a distribution system, I°R loss is very high compared
with the transmission system due to high % /  ratio, high current, and low volt-
age. It is a known fact that the economic enticement of distribution companies
(DISCOMs) is to minimize losses in their networks. In general, this enticement
is the difference in cost obtained between real and standard losses. Thus, when
real losses are more than the standard losses, the DISCOMs are penalized eco-
nomically, or when the opposite occurs, they earn a profit. Hence, loss minimi-
zation problem in distribution systems is a well-suitable researched topic for
researchers. Various approaches are investigated and implemented to solve
the loss minimization problem in the past. However, these are different from
each other by choice of loss minimization tool, problem formulation, methods
employed, and the solution obtained. Several methods exist for loss minimiza-
tion like capacitor allocation, network reconfiguration, distributed generation
(DG) allocation, feeder grading, high voltage distribution system, etc. The pres-
ent article gives a literature review, general background, and comparative
exposition of the most often used techniques: (a) network reconfiguration, (b)
capacitor allocation, (c) DG allocation, and (d) DSTATCOM allocation for loss
minimization in distribution system and its combination versions for achieving
maximum potential benefits are (e) simultaneous reconfiguration and capaci-
tor allocation, (f) simultaneous reconfiguration and DG allocation, (g) simulta-
neous DG and DSTATCOM allocation, and (h) simultaneous reconfiguration,
capacitor, and DG allocation based on several published articles. This will

make the literature easy to new researchers working in this area.
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1 | INTRODUCTION

Transmission and distribution (T&D) network losses are considered as the major consumption in any power system.
Due to the exponential increase in the electricity demand, competitive energy market, and environmental constraints,
the T&D systems are frequently being functioned under overloaded conditions, and losses in the distribution system
have become a major concern. To achieve economic benefits entirely, the essential conditions to provide acceptable
power quality and improved efficiency have created a very promising environment for the requirement of loss minimi-
zation techniques and state-of-the-art operational practices. The total power received by the distribution system is the
difference between the total power generation and the transmission power losses. Power loss minimization is the only
alternative to improve the efficiency of the distribution system. Thus, it is observed that from the past few decades sev-
eral researchers have focused on distribution system loss minimization and voltage stability. There are various tech-
niques available in the literature for distribution system loss minimization. However, the most often used techniques
such as (a) capacitor allocation (feasible in high voltage distribution systems), (b) network reconfiguration (feasible in
low voltage distribution systems), (¢) DG allocation (more attentive on integrating existing small generations for
instance, when an isolated small photovoltaic plants or wind farms penetrate the distribution system), (d) DSTATCOM
allocation and its combination versions for achieving maximum potential benefits are (e) simultaneous reconfiguration
and capacitor allocation, (f) simultaneous reconfiguration and DG allocation, (g) simultaneous DG and DSTATCOM
allocation, and (h) simultaneous reconfiguration, capacitor, and DG allocation are discussed here. Traditionally, loss
minimization has mainly concentrated on network reconfiguration optimizing or capacitor allocation for reactive power
support. However, due to the penetration of DG, passive distribution networks are changed to active. Although DG allo-
cation limits the distribution network operators (DNO) and inventors due to planning issues, the administrative system,
and resources availability, governments are encouraging low carbon emission as a means of environmental protection
and growing energy security. Since DGs have smaller unit size, occupy less area for installation, and can be fueled by
renewable and nonrenewable source, they are steadily getting to be essential parts of the distribution system."

In this review article, selected literature is gathered from IEEE transactions, Proceedings of IEE, proceeding confer-
ences, and predominant technical journals such as International Journal of Electric Power System Research, Electrical
Power and Energy Systems, Energy, etc. included. And also, exceptions were induced to append or include publication
from other resources with unique significance and technical viewpoint on the relevant issue.

The rest of the review article is constituted as follows: Section 2 presents the methodologies for network reconfigu-
ration, capacitor, DG, and DSTATCOM allocation techniques for planning and operation in distribution networks. Sec-
tion 3 presents the methodologies for simultaneous network reconfiguration, capacitor, DG, and DSTATCOM allocation
techniques for planning and operation, Section 4 discusses the impact of aforementioned methodologies on power loss
and voltage profile, and various techniques for solving reconfiguration, capacitor, DG, and DSTATCOM allocation. Sec-
tion 5 concludes the article with future works for solving distribution network optimization problem in light of present
methodologies.

2 | METHODOLOGIES FOR NETWORK RECONFIGURATION, CAPACITOR,
DG, AND DSTATCOM ALLOCATION TECHNIQUES FOR PLANNING AND
OPERATION

Several methods have been implemented for the operation and planning of distribution networks. In this section, var-
ious methodologies for network reconfiguration, capacitor, DG, and DSTATCOM allocation techniques for planning
and operation in distribution systems are presented.

2.1 | Network reconfiguration

The research publications which are related to loss minimization by using network reconfiguration in low voltage dis-
tribution systems are presented in this subsection. It is a vital technique to minimize loss. In a primary distribution sys-
tem, two switches are present: they are sectionalizing switches (closed switches) and tie switches (open switches). The
process involved in network reconfiguration is the simultaneous operation of sectionalizing and tie switches in feeders
which varies the topological structure. The main advantages of reconfiguration are:
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service restoration during feeder faults

network maintenance through outages planning
network overload relief, bus voltage improvement, and
loss minimization.

N

The basic control action involved in reconfiguration is the switching operation. However, due to several candidate-
switching combinations and discrete switch nature, reconfiguration is a complex problem. In general, classical methods
prevent to solve this complex problem of reconfiguration due to radiality and discrete switch nature. Hence, the major-
ity of the methods in the literature for solving this problem are based on heuristic techniques. In general, one can han-
dle the process of reconfiguration through algorithm categorization in two types:

1. Branch exchange—The algorithm has to open and close candidate switch pairs and operates the system in a feasible
radial configuration.

2. Loop cutting—The algorithm has to open candidate switches to attain a feasible radial configuration for the
completely meshed system.

Several algorithms have been implemented based on branch exchange method for loss minimization in the literature.
The concept of reconfiguration for loss minimization was first proposed in 1975 by Merlin and Back® through branch-
and-bound. Shirmohammadi and Hong® in 1989 modified the above method for the same application. Civanlar et al*
used a load flow method to evaluate the change in network loss during reconfiguration. Baran and Wu® considered net-
work reconfiguration for two purposes: one is power loss minimization and other is load balancing. Hereafter, several
researchers have proposed various methods for solving the network reconfiguration problem on different networks
which are summarized in Table 1. Consequently, after going through the extensive literature survey, it can be noticed
that for solving network reconfiguration problem, several researchers investigated and implemented various algorithms
like genetic algorithm,” simulated annealing,'” mixed-integer hybrid differential evolution," ant colony search algo-
rithm,'* quadratic programming,'® plant growth simulation algorithm,'® particle swarm optimization,"” harmony
search algorithm,'® bacterial foraging optimization algorithm,'® firework algorithm,” cuckoo search algorithm,** and
bat algorithm.>* The method of network reconfiguration was considered as a complex decision-making process for
DNO to choose; it often needs widespread numerical computation, and it also disturbs the protective device coordina-
tion. In the aforementioned network reconfiguration techniques, it is normally assumed that the coordination between
the protective devices has not been disturbed after the reconfiguration, but actually, the planning and coordination of
protective devices are only suitable for fixed configuration.*?

2.2 | Capacitor allocation

The research publications which are related to loss minimization in distribution networks by using capacitor allocation
are presented in this subsection. The method of capacitor allocation is found to be viable in high voltage distribution
systems. The main advantages of capacitor allocation in electric distribution systems are:

power flow control,

power and energy loss minimization,
voltage stability improvement,
handles voltage profile, and

power factor correction.

wkwh e

The capacitor is a reactive power source which reduces the amount of inductive reactance of the line loading; it can
minimize the reactive power losses by the allocation of shunt capacitors. Several researchers have carried out their
research on capacitor allocation initially for voltage control and later for loss minimization.**

The major challenges in capacitor allocation techniques are:

1. appropriate selection of capacitor units,
2. location or placement of capacitors, and
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. sizing of capacitors to achieve the following results, ie,

o

. power loss minimization,
. better voltage regulation, and
. power factor control.

o o

The method of varying the capacitive volt-amp reactive (VARs) with respect to the load variation has been recognized
from the 1940s. Before the 50s, the capacitors are installed at the substation for loss minimization; however, the trend of
installing capacitors near to the loads on the primary distribution feeders rather than at substation has been started
from the decade of 50s. Evaluation of loss equation for capacitor allocation is explained by considering a uniformly
loaded primary feeder. The single line diagram (SLD) of the uniformly loaded primary feeder is shown in Figure 1.

The elementary reactive loss equation is given by*’

Total losses (due to reactive current) = minj [I(1—x)]°R dx = minfizR dx 1)

where I is the reactive current at substation; x is the distance from the substation; R is the total resistance.

The above formula has been used in several literatures, in many forms for sizing and placement of capacitors so as to
obtain reduced losses. Neagle and Samson® has proposed rule-of-thumb for capacitor allocation in 1956, and an exten-
sion to this Schmill*® considered both switched and fixed capacitors allocation in a primary distribution feeder with uni-
formly distributed and randomly distributed loads for loss minimization without voltage regulation in 1965. Duran®’ has
used the method which identifies when capacitors are not economically justified in 1968. In 1978, Bae®® has used an
analytical method for optimum reactive-compensation level and maximum reduction in yearly loss. The drawbacks
of the aforementioned methods are:

limited reactive-load distribution,

usually feeder wire size is assumed to be uniform,

problem of voltage regulation is not considered,

restrictions in the number of capacitor consideration at a time,

solutions obtained considering these assumptions may vary what they get under real situations, and
practically not compatible (lack of generality).

A

In 1986, Grainger and Lee®® have removed some unrealistic assumption made by previous researchers and imple-
mented easily and readily modified, adapted, and extended based on system conditions, and also presented single radial
feeder with possibly several sections for different wire sizes, and for any known reactive-load spread along the feeder
irrespective of load distribution, one can determine the size and location of the shunt capacitors. In 1982, Bunch
et al*® developed a control strategy and digital processor algorithm for improved voltage control and reactive power
compensation at both distribution substation and feeder level; also, this work has been advanced as a part of the devel-
opment of the integrated distribution control and protection system prototype for electric power and research institute.
In 1983, Grainger et al*' introduced continually controlling, capacitive compensation strategy for a primary feeder
which assists DAS being considered for implementation of electric utilities who heavily depend on substation-based
computers for reactive power control primary distribution feeders. However, none of the aforementioned techniques
have investigated for the capacity release benefits, effects of growth in load and load factor, during off-peak demand
voltage rise issues, and change in energy cost. All these methodologies are not capable of identifying the optimal capac-
itors number, their type whether fixed or switched, and unavailability standard industry size of the capacitor. Hereafter,
several researchers have proposed various analytical, heuristic, and evolutionary algorithms for solving the capacitor

|
| ! "

Substation
— el

i Feeders

FIGURE 1 SLD of the uniformly loaded primary feeder
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allocation problem on different distribution networks. The gradual evolution of capacitor allocation techniques is pre-
sented in Table 2.

It is observed from the aforementioned techniques for loss minimization through optimal location/placement and
sizing of capacitors, one has to deal with conductor/feeder size, a number of capacitors, etc. and utility has to offer extra
cost of the capacitor and for capacitor allocation techniques. Also, capacitor allocation does not reduce losses apprecia-
bly due to the in-phase component of current, and it deals only with the reactive current component.

2.3 | DG allocation

The research publications which are related to loss minimization in distribution networks by using DG allocation which
depends on the availability of distributed resources (for renewable resources) are presented in this subsection. Several
researchers gave various definition for DG in the literature; therefore, to define DG more precisely different issues have
to be discussed, which are the purpose, the technology, the location, the DG rating, the power delivery area, the envi-
ronmental impact, the operation mode, the ownership, and the DG penetration. DG can be defined as “The electric
power generated from demand- and supply-side resources which are sufficiently lesser than the centralized generation
that can be deployed throughout the distribution network to meet the energy demand of the customers supplied by the
system.” In general, distributed resources are connected near the load points or the utility side of the meter.>*?

In recent years, the integration of distributed generators (DGs) into distribution network has increased at a rapid
pace. The rise in high penetration of DG is shifting the grid model away from the traditional centralized systems. The
impacts of DG penetration into existing distribution network are classified based on three major aspects which are
environmental, economic, and technical impacts. These impacts are presented in Table 3. It is also noticed that inap-
propriate allocation of DG adversely affects the network performance. Thus, to maximize DG allocation benefits, it is
necessary to identify the appropriate size and location in distribution systems for DG allocation without disturbing
the current system infrastructure. The IEEE 1547 standards for interconnection and interoperability of
DG/distributed energy resources (DER) into existing electric power systems (EPSs) are presented in Table 4.3
Hence, the problem of DG allocation has become a major challenge for DNO and researchers in the field. Several
researchers have investigated and implemented various methodologies/techniques for solving this optimization prob-
lem are summarized in Table 5.

2.4 | DSTATCOM allocation

The research publications which are related to loss minimization in distribution networks by using Distribution static
compensator (DSTATCOM) allocation are presented in this subsection. Since capacitor allocation does not reduce losses
appreciably due to the in-phase component of current and it deals only with the reactive current component,
DSTATCOM is used for loss reduction and power quality improvement. DSTATCOM is a shunt customer power device
used in distribution networks which is capable of injecting and absorbing reactive power with fast and efficient manner.
In general, DSTATCOM injects current at point of common coupling in the network which helps in overcoming distri-
bution problem through a substantial reduction in power loss, VP enhancement, power factor correction, and harmonic
reduction in distribution systems.*® Since the optimal allocation of DSTATCOM is also a complex combinatorial
constrained optimization problem, several researchers have proposed various methods for solving this optimization
problem as summarized in Table 6.

The concept of DSTATCOM allocation in distribution systems is grasping more attention from research society as
well as DNO in recent years. However, it requires effective techniques for implementation, installation, and control
strategy of DSTATCOM.

So, it can be observed from the literature that loss minimization method is grasping more attention due to its vital
benefit of network loss minimization along with the provision of supplying electrical energy to the network for demand
crisis. The widespread study of all aforementioned loss minimization techniques impact on distribution network is sum-
marized in Table 7.

This section discussed the individual techniques of network reconfiguration, capacitor, DG, and DSTATCOM alloca-
tion for power loss minimization. So, in the next section, simultaneous reconfiguration with capacitor, DG, and
DSTATCOM have been presented.
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TABLE 3 Impacts of DG integration into distribution network

Impact Type Nonrenewable/Conventional DG Renewable/Nonconventional DG
Environmental
Reduction of greenhouse gases v
Economic
Deferring in power system expansion v v
Electricity tariff reduction v v
Upgraded productivity v v
Healthcare investment reduction v
Reduced fuel expenses v
Auxiliary supply v v
Peak shaving v v
Enhanced production for critical loads v v
DG dispatch flexibility v
Technical
Loss minimization v v
Voltage stability v v
Reverse power flow v v
System security and reliability v
Power quality v v
TABLE 4 IEEE 1547 standards for interconnection and interoperability of DG/DER>
Standard Description Year
IEEE Std 1547 Standard for interconnection of DER with EPSs 2003 and 2014
IEEE Std 1547 (Full version) Draft Std for interconnection and interoperability of DER with associated EPS 2003
interfaces
IEEE Std 1547.1 Conformance test procedure for equipment interconnection of DER with EPSs 2005
IEEE Std 1547.2 Application guide for IEEE 1547 standard 2008
IEEE Std 1547.3 Guide for control and monitoring information exchange of DER with EPSs 2007
IEEE Std 1547.4 Guide for design, operation, and interconnection of island mode DER with 2011
EPSs
IEEE Std 1547.6 Recommended practice for interconnecting of DER with EPSs distribution 2011
secondary networks
IEEE Std 1547.7 Guide to conducting distribution impact studies for DER interconnection 2013
IEEE Std 1547.8 Draft recommended practice for creating methods and procedures that offer 2014

supplementary support for implementation strategies for extended use of
IEEE Std 1547-2003

3 | METHODOLOGIES FOR SIMULTANEOUS NETWORK
RECONFIGURATION, CAPACITOR, DG, AND DSTATCOM ALLOCATION
TECHNIQUES FOR PLANNING AND OPERATION

Recent works on network reconfiguration involved detailed studies on the optimization of capacitor, DG and
DSTATCOM sizes, and its locations for installation are presented in this section. Here, the simultaneous techniques
for network power or energy loss minimization and voltage profile improvement are considered as the main objectives.
These techniques attracting the researchers and DNO for achieving maximum techno-economic benefits.
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TABLE 7 Impacts of reconfiguration, capacitor, DG, and DSTATCOM allocation techniques

Impacts on Techniques Network Reconfiguration Capacitor Allocation DG Allocation DSTATCOM Allocation
Voltage support v v v v

Loss minimization v v v v

Cost saving v v v

Reliability v v v

Load balancing v v

THD reduction v

Demand side management v v v

Affects protection system coordination v/ v

Green energy v

3.1 | Simultaneous reconfiguration and capacitor allocation

The research publications which are related to loss minimization in distribution networks by simultaneous reconfigu-
ration and capacitor allocation are presented in this subsection. The loss minimization techniques that have been imple-
mented on distribution systems through simultaneous reconfiguration and capacitor allocation are summarized in
Table 8. So, it can be observed from the literature that only a few researchers have opted simultaneous reconfiguration
and capacitor allocation technique for loss minimization.

3.2 | Simultaneous reconfiguration and DG allocation

Recent works on simultaneous reconfiguration and DG allocation for loss minimization in distribution networks are
presented in this subsection. Most researchers have considered the basic objective function (loss minimization) for
the network reconfiguration problem in distribution systems. The power loss existed in the distribution network can
be minimized using two techniques: reconfiguration and DG allocation. Although these techniques have the capability
of loss reduction, their simultaneous combination and implementation through analysis will improve the system perfor-
mance tremendously. However, simultaneous reconfiguration and DG allocation have included additional objectives
due to the fact that researchers have different approaches in methodology and implementation. These objectives include
cost minimization of active power generated by the companies and DG units, reduction in incorporation cost of the DG
to the system, reduction in the system reliability cost, minimization of system operation cost, system power quality
improvement, load balancing and elimination of overload condition, minimization of switching time, system reliability
enhancement under normal and island conditions, bus voltage deviation enhancement, and emission reduction. Recent
works on network reconfiguration with DG allocation for loss minimization in distribution systems are summarized in
Table 9.

3.3 | DG and DSTATCOM allocation

The research publications which are related to loss minimization in distribution networks through simultaneous DG
and DSTATCOM allocation are presented in this subsection. It is observed from Table 7 that the maximum potential
benefits can be obtained through optimal allocation of DG and DSTATOM units simultaneously in distribution
networks.

Simultaneous DG and DSTATCOM allocation in a distribution system is also a complex combinatorial constrained
optimization problem; several researchers have proposed various methods for solving this optimization problem as sum-
marized in Table 10.
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3.4 | Simultaneous reconfiguration, capacitor, and DG allocation

In recent years, most of the research work has been carried out on both simultaneous reconfiguration and capacitor
allocation and simultaneous reconfiguration and DG allocation for solving loss minimization problem in distribution
systems. Although previous techniques have the capability of loss reduction, the trend has been started to achieve max-
imum loss reduction and voltage profile improvement through simultaneous reconfiguration, capacitor, and DG alloca-
tion from the past few years. However, only a few researchers have investigated and implemented various techniques
for performing simultaneous reconfiguration, capacitor, and DG allocation on distribution systems. The research pub-
lications which are related to the abovementioned techniques are presented in this subsection. The loss minimization
techniques that have been implemented on distribution systems through simultaneous reconfiguration, capacitor,
and DG allocation are summarized in Table 11.

In the next section, the impact of simultaneous reconfiguration, capacitor, DG, and DSTATCOM allocation on power
loss and voltage profile and various methodologies has been discussed.

4 | DISCUSSIONS

It is observed from the literature that most of the researchers have concentrated on individual techniques previously
considering power loss or energy loss minimization as a basic objective function. In recent years, the trend has been
created by several researchers to obtain maximum potential benefits through simultaneous application of network
reconfiguration, capacitor, DG, and DSTATCOM allocation techniques in distribution networks. However, capacitor
and DSTATCOM both will provide reactive power support to the distribution system; hence, simultaneous allocation
of capacitor and DSTATCOM is not considered by the researchers and DNO. Also, it is not an economically viable solu-
tion to allocate capacitors. Since capacitor allocation does not reduce losses appreciably due to the in-phase component
of current, and it deals only with the reactive current component. However, the trend has been created by several
researchers to allocate DSTATCOM in distribution network for solving power quality problems. Some noticeable points
made in this review are discussed below:

4.1 | The impact of reconfiguration, capacitor, DG, and DSTATCOM allocation on power
losses

Several researchers have various approaches for solving power loss minimization problem in distribution networks
which differ from each other in terms of implementation and methodology. It is observed from the literature that in
addition to basic objective function of network power loss some more objectives included in the optimization problem
are: minimizing the cost of active and reactive power generated by the DISCOMs, minimizing the cost of active and
reactive power generated by capacitor and DG units in the system, cost reduction in incorporation cost of capacitor
and DG to the system, reduction in the system reliability cost, minimization of system operation and maintenance cost,
system power quality improvement, maintaining load balance and elimination of overload condition in feeders, mini-
mization of switching time, system reliability enhancement under normal and island conditions, bus voltage deviation
enhancement, and emission reduction.

The network power losses incurred in the system can be minimized using the following techniques: network recon-
figuration, capacitor, DG, and DSTATCOM allocation individually. Although these techniques are capable of power loss
minimization, their simultaneous combination and implementation will improve the system performance tremen-
dously. Thus, the concept of simultaneous network reconfiguration, capacitor, DG, and DSTATCOM allocation has pro-
duced better results compared with the solo approach. In addition, the simultaneous technique will enhance the search
speed and avoids the local optima.

4.2 | The impact of reconfiguration, capacitor, DG, and DSTATCOM allocation on voltage
profile

Capacitor allocation techniques are normally used in the distribution network for loss reduction and voltage profile
enhancement. Initially, researchers choose to solve the capacitor allocation problem without reconfiguration, which will
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provide reactive power compensation. Reconfiguration is performed by closing the tie-switches and opening the
sectionalizing switches of the network. Generally, closing the tie-switch yield transfers the voltage between feeders,
while opening the appropriate sectionalizing switch reduces the active power loss. As a result of reconfiguration, the
voltage will be balanced and will have subsequent improvement in its profile. Since DG is distinct in the distribution
network, several researchers choose to solve DG allocation problem without reconfiguration for loss reduction in their
respective work. It is observed that in all cases, network power loss is considered as the critical issues that the majority
of the researchers are trying to solve. Optimizing the sizes of capacitor and DG is vital in avoiding any negative effects
on the network. Network reconfiguration, capacitor, and DG allocation and simultaneous DG and DSTATCOM alloca-
tion share the power loss minimization objective. Works focused on simultaneous reconfiguration, capacitor, and DG
allocation in the distribution network showed their capability of power loss reduction, thereby network performance
and efficiency can be improved.

4.3 | Various methodologies for reconfiguration, capacitor, DG, and DSTATCOM
allocation problem

This article reports a comprehensive review of the currently available methodologies on reconfiguration, capacitor allo-
cation, DG allocation, simultaneous reconfiguration and capacitor allocation, simultaneous reconfiguration, and DG

DSTATCOM
allocation

Simultaneous
Reconfiguration
and Capacitor allocatiol

Simultaneous
DG and DSTATCOM
allocation

Capacitor
allocation

FIGURE 2 Loss minimization techniques for optimal planning and operation of distribution systems
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allocation, simultaneous DG and DSTATCOM allocation, and simultaneous reconfiguration, capacitor, and DG alloca-
tion. Figure 2 shows the loss minimization techniques used for optimal planning and operation of distribution systems.
The methodologies implemented to solve these aforementioned techniques are presented in Figure 3 divided into five
categories:

i. Analytical techniques
ii. Classical optimization techniques
iii. Meta-heuristic (artificial intelligence) techniques
iv. Hybrid optimization techniques
v. Other assorted and future techniques

In the last section, the concluding remarks are presented.

5 | CONCLUSION

This article provides a comprehensive overview of the state-of-the-art techniques for solving distribution network loss
minimization problem through network reconfiguration, capacitor, DG, and DSTATCOM allocation. It looks at the
widespread methodologies used in distribution network reconfiguration, capacitor, DG, and DSTATCOM allocation
with a profound review of relevant background, the current status, and realistic requirements. It is based on several
research articles published over the past four decades to summarize the comprehensive progressive research in this
field. The citations presented in this article serve as a representative sample of currently available technical assessments
relating to the distribution system performance enhancement by achieving loss minimization and voltage profile
enhancement. Since the power system continues to evolve, it is useful to update survey periodically on this topic. In this
survey, many methods have been used to solve the problem as single and multi-objective with various constraints. Var-
ious techniques discussed in the literature for distribution system loss minimization are leading to the following
conclusions:

i. Network reconfiguration is the most economical technique in low voltage distribution networks. However, it
requires a complicated control strategy, and also it involves several switching combinations which makes it a com-
plex optimization problem. Although this technique is efficient, it has a limited payback.

ii. Capacitor allocation is most suitable in high voltage distribution networks which is a simple and reliable tech-
nique. However, this technique has limited advantages apart from loss minimization.

iii. DG allocation is more attentive on integrating existing small generations (for instance, when isolated small photo-
voltaic plants or wind farms penetrate the distribution system), which is most efficient. However, it requires effec-
tive techniques for implementation and installation of this method is least reliable.

iv. DSTATCOM allocation in distribution network receives more attention due to its various advantages over conven-
tional capacitor allocation. However, it requires effective techniques for implementation, installation, and control
strategy of DSTATCOM.

Among these methods present in the literature, the simultaneous techniques seem to be the most efficient approach
for system performance enhancement due to the aforementioned advantages. Furthermore, the trend has been created
to install both DG and DSTATCOM simultaneously in distribution networks for achieving maximum potential benefits
of the system. In near future, solving simultaneous reconfiguration with DG and DSTATCOM allocation problem in dis-
tribution networks will achieve more attention from both DNO and researchers in this field.

NOMENCLATURE

S savings ($)

R line resistance in per unit (pu)
X line reactance in pu

J branch complex current

kVAR kilo-volt ampere reactive
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kw kilo-watt

kv kilo-volt

R, impedance real part

P,,Q, active and reactive power flow in the branch
Pross total power loss

ryj resistance of line connected between bus i to j
Vb voltage deviation

ich capacitor bank sizes installed at node b
K, constant to convert peak power losses to dollars
K, constant to convert energy losses to dollars
K. annual cost of reactive power injected per unit ($/kVAR/year)
LpP reduction in peak power losses

LE reduction in energy losses

cc overall capacitor cost

K fixed capacitor cost

T; operation time duration of j** load level
Ppg DG active power

w weighting factor

E total active loss

ay,a, and az;  weighting factors (a;+a,+as = 1.0)

Zy branch impedance

BGSA binary gravitational search algorithm
BBBC big bang-big crunch

SSA salp swarm algorithm

NSGA-II non-dominated sorting genetic algorithm
T&D transmission and distribution

KEPC Korean electric power corporation

TPC Taiwan power company

SA simulated annealing

MIHDE mixed-integer hybrid differential evolution
ACO ant colony optimization

PGSA plant growth simulation algorithm

PSO particle swarm optimization

DP dynamic programming

GA genetic algorithm

TS tabu search

TLBO teaching and learning-based algorithm

BA bat algorithm

BFOA bacteria foraging optimization algorithm
CSA cuckoo search algorithm

SSO shark smell optimization

WOA whale optimization algorithm

FPA flower pollination algorithm

FWA firework algorithm

ABC artificial bee colony

OKH oppositional krill herd

GWO grey wolf optimizer

IWD intelligent water drop

WO invasive weed optimization

ALO antlion optimization

EP evolutionary programming

SOS symbiotic organisms search
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HSA harmony search algorithm
CSO cat swarm optimization
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