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Abstract 

Optimization techniques (OPT) are important tools to improve electric power quality, 
dependability, power flow, and cost of power systems. Power systems are complex 
networks controlled by physical laws, subject to expected occurrences, with increased 
complexity due to distribution generation (DG) integration capacities from renewable 
energy sources (RES). RESs are also integrated with conventional DG to enhance the 
efficiency of DGs. Thus, OPT plays a vital role in modeling optimal system planning through 
which allocation and sizing factors can be easily carried out. Various OPTs via analytical, 
meta-heuristic, and hybrid are used in addressing challenges related to the positions and 
size of units for DG within distribution networks, accepting a range of objectives and 
constraints. These techniques have also been applied to simple and complex systems. 
Mostly multi-objective and hybrid OPTs are employed to resolve challenging issues in DG 
sizing and allocation and give efficient results. In the literature review, generally, 
researchers took the standardized models of IEEE bus systems used for testing various 
OPTs. Three DGs have very effectual outputs within the IEEE-33 bus system and seven DGs 
for the IEEE 69 and IEEE 118 bus gave efficient results. Therefore, this paper is an overview 
of recent work and a critical analysis of different OPTs, that have been used for optimal 
DG in power systems.  

Keywords: Optimization techniques (OPT), Allocation and Sizing of DG, distribution system 
(DS), Renewable Energy Resources (RER)  
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1.0 INTRODUCTION 
 
Traditional power sources can no longer meet the world's 
growing need for power. Approximately 16% of the worldwide 
still does not have access to power because of subpar network 
design [1] For an improved user experience, a power supply 
system must therefore be able to adapt to these changes. 
Regretfully, distributed generation (DG), in which power is 
generated near the load centers, has shown to be a workable 
alternative solution. DGs present several operational challenges 
for the distribution system (DS) despite their many 
environmental, voltage management, and financial benefits[2]. 
These could comprise, yet, it are not restricted to, voltage rise 
issues, power quality concerns, and inverse power flow-related 

power relaying problems [3].  DGs are small-scale plants that are 
placed near the load and provide electrical power that is 
produced with the exhaust of renewable energy sources (RES). 
The DG splits into two types of energy sources, renewable and 
non-renewable. The term renewable is referred to as main 
native and clean or endless energy resources [4]. With the 
growing importance of RES, incorporating DG systems into 
power distribution networks (DN) has emerged as a critical 
component of modern power systems [5]. Installing DG devices, 
like wind turbines (WT), solar photovoltaic (PV) arrays, and 
biomass generators, presents a viable way to improve the 
sustainability, dependability, and efficiency of electrical 
networks. The wise selection of DG system size and suitable 
placement within the DN the crucial elements in effectively 
integrating these systems [6]. To optimize the advantages of RES 
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while resolving technical, financial, and environmental 
challenges, the placement and size units of DG are critical 
decisions. 

Enclosed by current years, notable attention has been 
organized towards optimal the location and sizing of renewable 
energy (RE) installations within radial DS [7]. The highest goal is 
to harness clean energy's full potential while upgrading 
distribution systems' reliability and efficiency. The integral 
constraints and complexities of radial configuration require a 
refined understanding of how to place diplomatically and size RE 
units. The dynamic relationship between the distribution 
system’s physical design, energy production trends, and 
changing end-user demands requires a thorough investigation of 
efficacious approaches [8]. In the context of radial distribution 
networks (RDN), the ideal sizing of DG systems has attracted a 
lot of interest lately. 

An extensive review of mathematical optimization 
techniques (OPT), in particular, ant colony optimization (ACO), 
genetic algorithms (GA), and particle swarm optimization is 
given in this study [9]. Heuristic algorithms like Simulated 
Annealing and Tabu Search are also studied. The review delves 
into the distinct contributions of metaheuristic algorithms like 
the harmony search (HS) and the firefly algorithm to DG scaling 
problems. Lastly, a comprehensive grasp of the algorithmic 
environment in DG sizing is provided by a discussion of hybrid 
algorithms, which combine the best features of several 
approaches [10]. In the implementation of DG, there are some 
challenges to be faced, such as Sensitive electronic equipment 
may experience operational difficulties due to variations in 
voltage [11]. Systems with little capacity for generating are more 
vulnerable to problems with power quality. Adjustments in the 
levels of short circuits, protection blinding, single-phase, 
asynchronous reclosing connections, impedance fault changes, 
reversing the power flow, and mains outage are among the 
difficulties. Difficulties are associated with a high penetration of 
variable DG, such as managing DN limits to accommodate DG 
capacity[12].  

Issues include voltage rise, reverse power flow, and 
coordination difficulties with protection that might arise when 
DG systems are integrated into already-existing distribution 
networks. Operational challenges may arise from sizing DG 
systems without considering these grid integration factors [13]. 
RES have unpredictable and sporadic generation patterns, 
including wind and solar power. Accurately scaling DG systems 
to satisfy different demand patterns is challenging because of 
the inherent unpredictability of these sources [14].  

This review study examines OPTs for DG sizing and allocation, 
emphasizing the significance of precise unit sizing for robust 
power systems, especially in RDN. The search used common 
search engines and articles from journals and conferences over 
five years. The paper analyzes research on the most suitable 
places and sizes for DG in radial distribution systems, considering 
factors like regulatory framework, environmental impact, and 
economic feasibility. The below-mentioned Figure 2 shows 
related work on literature breakdown. The key points of this 
study are as follows: 
• This paper highlights recent studies of DG allocation and 

sizing in power systems considering optimizing 
techniques, constraints, objective functions, and 
challenges. 

• This paper will help to identify the most suitable sizes and 
allocation for DG in the radial system. Based on  various 
optimization techniques, suggested by existing authers.   

• Such work will assist in identifying gaps in related 
research that has been conducted and will suggest new 
methodologies.  

This paper is organized into multiple sections starting from 
problem formulation for DG sizing and allocation and further 
connects the remainder of paper as Section 2 presents the 
reviews on DG allocation and sizing, section 3 is about 
significance of optimal sizing and allocation of DG, Section 4 
discusses the optimization techniques and Section 5 provides 
the conclusions and future trends. 
 
1.1 Problem formulation  
 
This section discussed the sizing and allocation of DG problem 
formulation. Figure 1 presents the single-line diagram of the 
system. As illustrated in Figure 1, the voltage of the system will 
be influenced by the integrated DG, as stated in Eq.(1) 

𝑉𝑉𝑖𝑖𝑛𝑛𝑛𝑛𝑛𝑛 =  𝑉𝑉𝑖𝑖 +  ∆𝑉𝑉𝑖𝑖𝐷𝐷𝐷𝐷   (1) 
 Where 𝑉𝑉𝑖𝑖 is the voltage ith bus and ∆𝑉𝑉𝑖𝑖𝐷𝐷𝐷𝐷 as denoted, the 
voltage difference shows the difference at the ith bus before and 
after the DG installed. The ∆𝑉𝑉𝑖𝑖𝐷𝐷𝐷𝐷 as per the difference of the 
currents in ith and i + 1th section (∆𝑉𝑉𝑖𝑖𝐷𝐷𝐷𝐷 ,∆𝑉𝑉𝑖𝑖+1𝐷𝐷𝐷𝐷) can be stated as 
Eq. (2) 
∆𝑉𝑉𝑖𝑖𝐷𝐷𝐷𝐷= 

�

𝑃𝑃𝑖𝑖
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙+𝑄𝑄𝑖𝑖

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑗𝑗
(𝐼𝐼𝑖𝑖+1
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − ∆I𝑖𝑖

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)∗ − (𝐼𝐼𝑖𝑖+1
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − ∆I𝑖𝑖

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)∗ 
 −  𝑉𝑉𝑖𝑖    𝑖𝑖𝑖𝑖 𝑖𝑖 ≠  𝑚𝑚

(𝑃𝑃𝑖𝑖
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 − 𝑃𝑃𝐷𝐷𝐷𝐷) + (𝑄𝑄𝑖𝑖

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 −𝑄𝑄𝐷𝐷𝐷𝐷)𝑗𝑗
(𝐼𝐼𝑖𝑖+1
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − ∆𝐼𝐼𝑖𝑖

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)∗ − (𝐼𝐼𝑖𝑖+1
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − ∆𝐼𝐼𝑖𝑖

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)∗
−  𝑉𝑉𝑖𝑖    𝑖𝑖𝑖𝑖 𝑖𝑖 =  𝑚𝑚

    (2) 

 
Where  𝑃𝑃𝑖𝑖𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 and 𝑄𝑄𝑖𝑖𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 are the total actual and reactive loads 
at ith bus, 𝐼𝐼𝑖𝑖+1𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 is the current of the i+1th section. The DG’s 
installation bus number is indicated by m. The total active and 
reactive powers injected by DG placed at the ith bus are denoted 
by 𝑃𝑃𝐷𝐷𝐷𝐷 and 𝑄𝑄𝐷𝐷𝐷𝐷. This non-linear equation must be solved using 
the power flow method to determine each sector’s voltage 
profile and currents. The following equations can be used to 
determine the system’s overall power loss. (3) and also (4) [15]: 
 

𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 � � 𝑍𝑍𝑖𝑖|𝐼𝐼𝑖𝑖+1𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠|2
𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑖𝑖=1

�                                     (3) 

 

𝑄𝑄𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖� � 𝑍𝑍𝑖𝑖|𝐼𝐼𝑖𝑖+1𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠|2
𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑖𝑖=1

�                                  (4) 

 
Where 𝑍𝑍𝑖𝑖, as shown in Figure 1, is the impedance of the i + 1-th 
sector. 

Below given Figure 1 is reflating the problem section 
formulation as discussed above. 
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2.0 REVIEWS ON DG ALLOCATION AND SIZING  
 
The investigation of demand-based DG allocation and sizing has 
attracted great interest in the field of power systems. Previous 
research has looked into several techniques like, meta-heuristic 
and hybrid for maximizing DG resource sizing and allocation in 
response to shifting demand trends. Jellyfish search (JS) 
optimization and a unique meta-heuristic optimization approach 
to calculate both multi and single-objective functions to improve 
the voltage profile by reducing voltage deviation (VD), power 
losses, and enhancing voltage stability index (VSI) were adopted 
in [16]. The obtained statistics show that the multi-type of DG 
distribution including DG Type III for overall power loss 94.44%, 
98.10%, and 96.07% for  IEEE 33, 69, and 94 bus systems, 
reduction separately was proven. 

Related Work

Optimization 
Algorithm 

DG Sizing and 
Allocation 

 
Figure 2 Literature Breakdown 

 
Optimal reconfiguration of DS using multi-criteria 

optimization algorithms for reconfiguring networks and 
minimizing the decision criteria along with examination of NR in 
failures was recommended in [17]. The article was used to keep 
the system remote or automated switching devices operational 
and minimize de-energized zones. however, it was proved in 
IEEE 33 and the 123 bus test system. The worked out fine with 
the use of a speculative resolution that might enable the optimal 
outcome being achieved for every criterion, the multi-criteria 
algorithm seeks to identify an effective solution that is closest to 
the ideal solution. 

Optimized the allocation and size of RE sources using the 
shark optimization algorithm in a radial system to increase 
system performance by decreasing power outage and enhancing 
both power quality and voltage profile using White Shark 
Optimisation (WSO) with constraints proposed in [18]. The test 
systems are the most common radial networks, the IEEE 33, 69,  

 

and 85 node systems. The developed approach was executed on 
MATLAB, and when comparing WT installation to PVs, the results 
are significantly superior. When comparing WSO's power losses 
to those of other recent research, its notability was guaranteed. 
The improvement was 27.78%, 70%, and 39.27% for each of the 
three employed strategies. 

With the equality constraints to find optimal distribution 
system sizing and allotment using thevenin-based impedance 
stability index (ISI) in [19] using hybrid optimization to improve 
bus voltage levels and ISI (index with proposed Zth). The test 
systems are IEEE 69 and 118 bus systems. Here the suggested 
algorithm was implemented in MATLAB, and power flow was 
carried out using MATPOWER. The proposed techniques 
decrease the power loss of the DS. The quantity of DGs was 
chosen in terms of economy and power. 

The methodology was based on an improved salp swarm 
algorithm (ISSA) done in MATLAB to solve the placement of 
renewable sources using a reconfigured radial distribution 
network in [20] using a proposed technique with equality and 
inequality constraints. This work illustrated an allocating PV and 
WT with networks optimally and simultaneously reconfigured of 
RDS to cut expenses of power outages and enhance stability and 
the presented problem was implemented in a conventional IEEE 
33 and 69 radial bus systems. Proposed ISSA, an enhanced SSA 
method, in this work. The system performs better when using 
ISSA than when using other algorithms and the overall result 
shows that the whole expense of the system in scenarios 5 and 
3 for the 33 and 69 bus networks using the ISSA method was 
17978.18 and 77278.81 respectively.  

The allocations of distribution generators and changing with 
time in distribution networks, A new hybrid approach based on 
Salp Swarm Algorithm (SSA) and Particle Swarm Optimization 
(PSO) initiated in [10], to ascertain the appropriate placement 
and site of four units of DG in the distributed system with TVVD 
loads to reduce power losses, voltage variation and reactive 
power losses, and presents a hybrid strategy with power and 
voltage index constraints. The test system was the IEEE 69 bus 
system. To address convergence problems and outperform 
conventional approaches, this work introduces the hybrid SSA-
PSO methodology for distribution generation unit allocation in 
distribution systems. Its multimodal and system efficiency was 
demonstrated by the validation of 17 benchmark functions. 

Particle swarm optimization (PSO) algorithm proposed in 
[21], systems were taken with IEEE 34- and IEEE 69-buses for 
power balance and inequality constraints. It was suggested to 
use the PSO algorithm to select the best site for renewable 
distributed generation (DG) units based on their ideal power 

Impact of DG integration

Default system

(DG)

Figure 1 Single-line diagram of integration distribution generation system 



28                                                                         Adil Noor Soomro et al. / ASEAN Engineering Journal 15:3 (2025) 25–39 
 

 

rating, after which the new voltage stability index (VSI) would be 
used. This journal presents a unique method for optimizing the 
placement and dimensions of wind power turbine and solar 
photovoltaic generating systems using the proposed voltage 
stability index (VSI) with the PSO technique. And IEEE 34-bus 
system shows a significant reduction in real power loss under 10 
years of load growth, and 59.42% and 76.03% after 15 years of 
assignment of WTG-DG and SPV-DG. 

The allocation of distribution generations (DGs) in RDS using 
two metaheuristic techniques was used number one was 
adaptive particle swarm (APSO) and another was an improved 
gravitational search algorithm (MGSA) for suitable allocation of 
DGs to lower the power outages in RDS with all constraints. The 
test system IEEE 69 and the 85 bus test system are pre-owned. 
Upon further examination in [22], it can be observed that power 
losses with two or three DGs are almost constant. Therefore, 
enhancing the number of DGs in the system won't help to lower 
system losses.  

Optimization of distribution generation size and placement 
found by using particle swarm optimization (PSO) based on a 
graphical user interface (GUI) system. Examine the constraints 
to create the network system for power distribution. This article 
aimed to optimal capacity and placement of the DG, to lower 
power loss and enhance the system's voltage profile. For 
determining location using GUI system interface. This researcher 
used a feeder known as the Basuki Rahmat feeder and adjusted 
the two and three DGs according to the needs, which decreased 
the losses. The installation was successful in raising higher 
voltage values’ voltage profile and lowering the overall system 
power losses from 25.38 kW to 1.56 kW. He took the 9.5MVA DG 
limit [23]. 

In the recent work presented, the OPT obstruction coefficient 
particle swarm optimization (CPSO) was used to lessen the 
overall power loss, which was limited by disparity and equality. 
This paper[24], to ascertain the position and size of the gravity 
energy storage (GES) and RES units in DN. Reducing the amount 
of active energy lost was the goal. The IEEE 33 TEST distribution 
network had been taken to be located near Kandla, India. 
important actual power loss weakening and an intensified 
voltage profile are demonstrated by the CPSO and SGA research 
of the best size and placement of RES and storage segments. The 
bus experienced a 63.90% reduction in losses, with a low voltage 
of 0.984 pu. 

As suggested in [6], a hybrid meta-heuristic algorithm (A 
blend of the gravitational search method and the phasor particle 
swarm optimization.) was applied to look into via two angles, 
specifically the simultaneous minimization of a distribution 
network’s overall energy loss and the enhancement of revenue 
for RDS owner with including constraints. The IEEE 69 bus test 
system was used for the sizing and placement of DGs. In this 
research, to calculate the OPS of RDG problem, a hybrid 
algorithm was suggested and successfully deployed, to abate the 
overall energy loss in DNs and enrich the profit for RDG 
proprietors. 

The multileader particle swarm optimization (MLPSO) has 
been applied in [25] to optimally place and size distribution 
generation s (DGs) in the distribution network (DN) to mitigate 
active power losses while overcoming the shortcomings of 
earlier algorithms and the subjected constraints. The active 
radial bus system and the typical IEEE 33 bus test system have 
been built in the Malaysian context. The results show that bring 
together three DGs at one power factor reduces losses in two 

systems by 67.40% and 80.32%, respectively. The efficacy of the 
suggested MLPSO algorithm was shown by contrasting the 
outcomes with those from other optimization methods.  

In this piece of writing [26], a variety of objective functions 
was formed by utilizing the voltage stability index in conjunction 
with the power both, active and reactive extracted from the 
substation. To calculate the ideal location, sizes, and power 
factor of distributed generation (DG), this function was 
minimized using PSO and CPSO. By strategically positioning DGs, 
the objective was to diminish power while boosting voltage 
stability extracted through the substation. The short circuit 
analysis on the DS with optimized DGs revealed that later the 
installation of the DG, the short circuit current differences were 
greater than 12 p.u. 

Using selective particle swarm optimization (SPSO) in [27], to 
solve the best network reconfiguration for distribution systems 
to improve voltage profiles (VP) and shorten actual power losses. 
The IEEE 33 bus RDS was used to test the SPSO technique, which 
was programmed in MATLAB R2016b software. Considering 
equality and inequality constraints. Overall, the results 
demonstrate how effective the favored algorithm was at 
lowering the system's reactive and actual power outages. In light 
of the test outcomes, actual power was significantly increased 
for thin, average, and thick load circumstances in that order 
99.341%, 97.289%, and 95.385%.  

Utilizing the Artificial Hummingbird Algorithm (AHA) amidst 
uncertain conditions, this study employs a Monte Carlo 
simulation approach coupled along a backward reduction 
algorithm to optimize the allocation of renewable Distributed 
Generations (DGs). A key innovation in this research [28] lies in 
presenting an efficient and cutting-edge methodology for the 
ideal size and positioning of radial DGs in systems with radial 
distribution assuming uncertainty into account in loading and 
RDG output powers. The AHA, recognized as the most 
contemporary and effective optimizer, was introduced to 
facilitate the identification of optimal locations and sizes for 
RDGs in the radial distribution network (RDN). Proposed multi-
objective function aims to minimize overall voltage deviations, 
emissions, and expenses while enhancing system stability. 
Comparative analysis between scenarios with and without these 
considerations reveals substantial improvements in the IEEE 33-
bus network, showcasing enhancements of 38.91%, 62.43%, 
70.48%, and 12.12%. Similarly, for the 94-bus network, the 
improvements stand at 39.6%, 62.59%, 78.52%, and 23.24%. 

To achieve the ideal positioning of distribution generating in 
the distribution system and a capacitor, the Artificial Bee colony 
(ABC) algorithm is proposed in [29] with constraints. This is 
crucial for obtaining ideal placement and sizes of DG and 
capacitor,  reduction of the major objective function was power 
outages. The test system used in this study was a public 
hospital’s RDS. Using the ABC approach, the capacitor’s 
dimensions and placement and DG in the DS were determined 
simultaneously in this investigation. The setting of the capacitor 
and DG simultaneously significantly, reduced in power system 
from 648kW to 56kW resulting in a 91% reduction in power loss. 

In this work [30], the ideal size and location of distribution 
generations have been completed with a novel idea to 
concurrently lessen overall power loss, average voltage drop, 
and total energy expenses by using an artificial bee colony (ABC) 
implemented on IEEE 69-bus radial networks, IEEE 33-bus 
networks, and CIGRE medium voltage Benchmark grid for (MV), 
considering multiple objectives with all power constraints. to 
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abate average voltage, drop, total power loss, and overall energy 
costs all at once. We have created and examined two test cases. 
The outcomes demonstrate that while GA reduces total power 
loss to 30.17%, the suggested ABC algorithm dramatically 
reduces it to 48.5%. 

With the inequality constraints to find optimal capacitor 
banks and distribution generation placement and sizing at 
double voltage stages, preferred in [31]. A modified genetic 
algorithm is used to overcome losses and refine the voltage 
profile in low voltage (LV) nodes without the enlarge in the price 
of investments. This suggested method has been used on the 
radial distribution system of the IEEE 33 bus. the article suggests 
a technique for the best placement and sizing of CBs and two 
kinds of distributed generation (DG): intermittent (solar PV) and 
no intermittent (biomass) DG for minimizing actual power losses 
and voltage deviations except increasing capital spending. 
Significant reduction in power losses through 1062.72 to 
1034.34 kW, voltage deviation from 185.91V2 to 170.45V2, and 
lower investment expenses from 5333.23 to 5324.34 $/day. 

The optimal allotment of several types and DG unit value was 
determined using an unbalanced power distribution network 
(PDN) with three-phase 123 buses. included paper, the 
Equilibrium optimizer (EO) algorithm was present to decode the 
DG allocation problem in 123-bus unbalanced multiphase PDN. 
For this problem solution has been performed by openDSS, IEEE-
PES data, and MATLAB/Simulink. The thorough and in-depth 
investigations showed that, when applied to an imbalanced 123-
buse PDN, the suggested method exhibits a greater voltage 
profile and the least amount of power loss augmentation, and 
the EO algorithm’s superiority could be found in [32]. EO 
algorithm outperform due to its high global optimum point 
number (63%), least average power loss and lowest error rates. 

For the installation of DG units, weak and sensitive buses 
were found with the use of the loss sensitivity factor (LSF). The 
ideal placement and capacity of the DG items are ascertained 
using the Golden Jackal Optimization (GJO) method. To define a 
novel technique for location and sizing distribution generation 
(DG) units, in radial distribution network (RDN) to lower overall 
line losses with different constraints and the test system was 33 
bus test system. The achieved outcomes display that the 
system's voltage profile can be improved, and total reduction in 
actual power could be lowered by integrating DGs into RDN 
preference in [33]. The objective value for sizing 3DGs in the 
RDNe was determined through iterations. 

The ideal location and dimensions of DGs proposed in [34], 
the swarm moth flame optimization algorithm (SMFO), and an 
objective function taking into account voltage profile and 
included power losses, and pollutant emissions are utilized to 
solve the power balance and DG sizing constraints. The IEEE 33 
bus system was applied for implementation. In this paper, the 
algorithm's effectiveness was effectively verified when the 
distribution network optimized using SMFO had a 50.37% drop 
in power losses and a 45.37% decrease in power losses while 
using GA. Additionally, the voltage profile has greatly improved. 

The Moth Flame Optimization (MFO) algorithm was 
employed in [35] for the constraction of the total power cutoffs 
employing an integrated method to determine where solar 
distribution generation units should be placed in three different 
IEEE Standard radial distribution systems consisting of 33, 69, 
and 118-bus systems, in different sizes. The suggested algorithm 
outperformed previous ones in performance, accurately 
predicting ideal PV-DG unit locations and sizes and ensuring 

maximum power loss reduction. At IEEE-33 two PV DGs, 58.687% 
loss minimization, At IEEE-69 three PV DGs, 69.149% loss 
minimization and At IEEE-118 two PV DGs, 55.687% loss 
minimization. 

Solution of ideal sizes and location of DG for increasing 
voltage and decreasing power loss in the DS using the Improved 
Harmony Search Algorithm (IHSA). Primery  goal of this paper 
was to solve an affordable and reliable network possessing the 
least power loss, the best bus voltage profile, and good branch 
current limitations. An IEEE-33 bus test system and a realistic 
Indian 52-node system. It was concluded that, in comparison to 
the HSA and GA methods, the suggested improved harmony 
search approach efficiently reduces total power loss. 
Performance was better with active and reactive power 
insertion systems than with real power booster for loss. 
Enhancement and reduction of voltage systems by percentage 
loss decrease were found to be 50.63% and 74.65%, 
respectively, when one DG and three DGs were placed in [36]. 

In [37], the optimal allocation of DG in DS is solved using an 
improved firefly algorithm (IFA) for Lowest Possible Active 
Power Losses. This work presented a unique technique to 
optimize power flow distribution, voltage stability, and active 
power loss in the distribution system. A new, improved firefly 
method was offered to calculate the best location and capacity 
of DGs. With the implementation of equality and inequality 
constraints and test system bus IEEE 33 and 69. Compared with 
the normal firefly method, the suggested IFA has batter 
convergence speed and can obtain a lesser active power loss. 
actual network loss change rate was 81.2%. 

An improved flower pollination algorithm (IFPA) was used to 
calculate the optimal placement and sizing of DG, performed on 
a practical Indian 52 bus system. Considering power balance and 
inequality constraints to minimization of power loss. A revised 
and improved Flower Pollination Algorithm for DG sizing and 
allocation was suggested in this study [38]. An immediate 
system, like the useful Indian 52 bus system, was used to assess 
this research, it was determined that the voltage profile factor 
has been increased, and the 82% decline in power outages has 
occurred.  

The optimal positions and size of RE acquired in [39] by using 
the grasshopper optimization (GOA) technique, to improve 
reliability, a multi-objective function concerning voltage profile 
and economic benefits have been implemented with 
constraints. The test system was a 94-bus distribution system. 
When both renewable DG are provided at the same time, the 
maximum benefits are seen. After comparing the outcomes of 
the work that was provided with those of other approaches, it 
was determined that the suggested approach produced superior 
results. Research has shown that when wind and solar DGs are 
placed simultaneously, the system's reliability was at its highest 
and there was no penalty factor. 

In this work [40], IEEE 16  and 33 buses were the test 
networks, used to find distribution generator (DG) positioning by 
using an exhaustive search approach to achieve strategic 
placement of multiple DGs of several kinds to select the ideal DG 
size and location to lower the distribution network's overall 
actual power loss with the power constraints. The DLF 
methodology was presented in this research to examine the 
effects of DG placement because of their size and sitting. The 
results accurately pinpoint the ideal size for several DG locations 
and demonstrate how DG placement affects the decrease of DS 
loss. The first DG injection at the eighth bus reduces loss by 12%, 
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the second at the twenty-fourth bus increases it to 14.75%, and 
the third at the fourth bus has the least reduction by 14.95%. 

These researchers in [41], applied the fuzzy logic technique 
for the distribution generation placement to preserve a healthy 
voltage profile while mitigating the network’s power outages 
while considering effective local energy resource harvesting. 
Fuzzy logic applied to large distribution networks to solve a good 
position and sizing for many DG devices to mitigate power losses 
as well as enhance the system’s voltage profile. The power loss 
reduction resulted in an approximately 84% reduction. 

The technique of analytical least squares extrapolation was 
used to better the voltage profile and mitigate losses. A practical 
Yirgalem-I distribution network in Ethiopia was used with 
constraints and This paper focuses on demand forecasting and 
improving Yirgalem DS performance by optimizing SPV DG 
integration, and analyzing cost across multiple locations without 
size increments [42]. Result compared to SPV DG at a single 
location6610.3 US dollars were saved yearly by using the 
identiical SPV DG size intwo places. 

Through the use of the multi-objective whale optimization 
(MOWOA) algorithm and its techno-economic analysis, the best 
distribution network for DG unit placement was provided. To 
reduce annual economic loss, decrease active power losses, and 
boost voltage profile to maximize savings. They were considered 
IEEE 33 and 69 radial bus systems. By placing ideally sized DGs in 
optimal places, the author provides an advanced multi-objective 
technique known as the Whale Optimisation strategy for 
lowering annual economic loss [43]. The above-summarised 
literature's Table 1 suitably gives the data for analysis of the 
literature. 

A hybrid optimization technique was a grasshopper 
optimization algorithm (GOA) and cuckoo search technique 
proposed to reduce losses and augment the voltage stability of 
DG’s placement by taking IEEE 33 and 69 bus test systems. This 
hybrid technique can find the distribution network’s good, 
refined determination. In this paper [44], researchers mention 
the future scope of the analysis of the effect on power loss, with 
conducting both lagging and leading power factors during DG 
sizing. 

The review finds that hybrid techniques are mostly used for 
optimizing distribution generation sizing and allocation, to 
enhance efficiency, reliability, and sustainability, with further 
refinement potentially leading to more resilient and eco-friendly 
energy infrastructure.  

 
 

3.0 SIGNIFICANCE OF OPTIMAL SIZING AND 
ALLOCATION OF DG 
 
The ideal size and allotment of DG play a crucial part in 
enhancing the efficiency and accuracy of power distribution 
networks. DG units, when strategically placed and appropriately 

sized, contribute to minimizing power losses, improving system 
security, and optimizing overall network performance [45], [46]. 
Non-optimal places or sizes of DG units could result in technical 
issues, including increased power losses, compromised 
protection coordination schemes, and adverse effects on 
voltage profile [47]. Therefore, the significance lies in ensuring 
that DG systems are allocated in optimal locations within the DN 
and are sized appropriately to match the demand and 
characteristics of the specific grid. 

The overarching goal of ideal DG allotment and size is to 
achieve a balanced and resilient power distribution system. By 
utilizing advanced optimization methodologies, such as those 
considering uncertainties and employing mixed-objective 
optimization techniques, power engineers can make informed 
decisions about the placement and size of DG units [48]. This 
approach contributes to the overall sustainability of the 
electrical grid, fostering improved energy efficiency, reduced 
environmental impact, and increased system robustness against 
fluctuations in demand or unforeseen disruptions. As a result, 
the significance of optimal DG allotment and sizing lies in its 
ability to address technical challenges, enhance system 
reliability, and clear the path for an extra enduring and robust 
energy shell [49]. 

There are multiple sources that point to the benefits of 
distributed generation (DG) integration. According to the 
research, DG contributes to faster recovery from disruptions by 
decentralizing power generation, which increases grid resilience. 
Generating electricity closer to consumption sites also improves 
the power quality, increases power flow, and lowers 
transmission losses. Combining renewable DG resources, such 
as wind and solar, promotes sustainability while minimizing the 
environmental effects presented in [50]. Furthermore, DG 
systems help the grid by controlling reactive power, maintaining 
frequency, and supporting voltage, all promoting stability. 
Rewards and possible cost savings on energy bills also provide 
financial advantages for customers. This extensive list of benefits 
highlights the importance of DG integration in changing energy 
systems to become more resilient, sustainable, and efficient 
[51]. 

There are several mathametical techqiues are utilized for the 
optimal allocation and sizing of DG  in power system. These 
include deterministic approaches, such as linear programming, 
mixed-integer linear programming and nonlinear programming, 
which provide precise solutions under specific constrainst. 
Analytical techniques, such as the loss Sensitivity factor (LSF) and 
Power Flow Sensitivity (PSF) analysis, ofer simplifies yet 
eefective ways to determine optimal DG placement by 
evaluating system  performance metrics. Additionally, hueristic 
and hybrid that combine  traditional algorithms with modern 
optimization techniques are increasingly popular for handling 
complex and large scale integration challenges. A brief 
discussion of these techniques and their application in power 
systems follows below 
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Table 1 Related Work on DG Allocation and Sizing 
 

Ref. Year Objective Method Test System Constraints 

[16] 2023 To maximize voltage stability index, to mitigate 
power outage, and to refine voltage profile.  

Jellyfish Search Optimizer (JS), 94 Portuguese bus systems, 
IEEE 33 and 69  

 
This paper’s researchers do not mention the constraints 

[17] 2023 To reduce de-energized zones and maintain 
system reliability through remote or automatic 
switching devices. 

Multi-criteria optimization 
algorithm.  

IEEE 33 and 123 bus test 
system. 

 
This paper’s researchers do not mention the constraints  

[18] 2023 Reducing power outages and enhancing power 
quality and voltage profile through WSO. 

White Shark Optimization 
(WSO). 

IEEE 33, 69, and 85 node 
systems. 
 

Equality Restriction 
− Power-conservation restrictions. 

Inequality Restrictions 
− Voltage restriction 
− DG limit restrictions. 
− Line Capacity Restriction. 

[19] 2023 Increasing the levels of bus voltage, enhancement 
of ISI index with suggested Zth, diminished actual 
power outages 

Grey Wolf Optimization (GWO) 
And (GA) Genetic Algorithm 

 IEEE 69 and 118-bus test 
system 
 
 

Equality Constraints 
− Power balance 

Inequality constraints  
− Voltage limits 
− The penetration level of DGs 

[20] 2023 Allocating the solar panel PV and WT 
simultaneously while changing the radial 
distribution  

Improved salp swarm 
algorithm (ISSA) 
 

IEEE 33 and 69 bus radial 
networks. 

Equality constraints 
− Power Balance 

Inequality constraints 
− Voltage constraint, 
− DG production range 
− Line power 

[28] 2023 To decrease total expense, emissions, and voltage 
deviation while enhancing voltage stability, 
considering uncertainties 

Artificial hummingbird 
algorithm (AHA), 
Monte-Carlo simulation 
approach alongside backward 
reduction algorithm. 

IEEE 33 and Portugal 94-bus Equality constraints 
− Power losses 

Inequality constraints 
− Voltage limits 

[42] 2023 To refine the voltage profile and abate losses.  Analytical least squares 
extrapolation technique 

Ethiopia’s useful Yirgalem-I 
Distribution Network 

Equality constraints 
− Not mentioned  

Inequality Constraints  
− Bus voltage constraints 
− DG power rating constraint 
− Reactive and real power loss  
− Line loading constraint 

[43] 2023 To reduce annual economic loss, minimize real 
power loss, and enhance voltage profile to 
maximize savings. 

Multi-objective whale 
optimization (MOWOA) 
algorithm 

Radial bus systems IEEE-33 
and IEEE-69 

Equality constraints 
− Power balancing 

Inequality Constraints  
− Bus voltage limit 
− Line power flow 
− Generator capacity  

[10] 2023 The study put forward a hybrid technique as 
bettering the placement and size of four DG units 
in distribution networks that have   TVVD loads to 
reduce power losses and voltage deviation. 

The latest hybrid technique 
pounded, Particle Swarm 
Optimization (PSO) Salp Swarm 
Algorithm (SSA) and  

69-bus system  
This paper’s researchers do not mention the constraints 
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Ref. Year Objective Method Test System Constraints 

[31] 2023 To mitigate outages and refine the voltage profile 
in LV nodes avoid raising the price if the asset  

Modified Genetic Algorithm IEEE 33 bus radial distribution 
system 

Equality constraints 
− Not mentioned  

Inequality constraints  
− Current Magnitudes 
− Voltage Magnitudes 
− Power Magnitudes 
− Positions of New DG 
− Installed power of new DGs 
− Installed Power and Positions of New CBs 

[32] 2023 To identify 3 different forms of 3 phase, 123 bus 
unstable PDN with numerous DGs, including their 
location, size, type and power factor. 

Equilibrium Optimizer (EO) 
algorithm 

unbalanced PDN Three-phase 
123-bus. 

Equality constraints 
− Power balance limit 

Inequality constraints: 
− Voltage Limits 
− Current Limits 
− Voltage Regulator Tap Position Limits 
− Power Limits 

[33] 2022 To minimize the radial distribution networks’ 
total line losses 

Loss sensitivity factor (LSF) 
Golden Jackal Optimization 
(GJO) algorithm 
 

33 buses test system. Equality constraints  
− Power flow  

Inequality constraints  
− Not Mentioned  

[34] 2021 SMFO is utilized to address voltage profiles, 
power outages, and pollution emissions. 

Swarm moth flame 
optimization algorithm (SMFO) 

IEEE-33 bus Equality constraints 
− Power balance 

Inequality constraints 
− DG Sizing 

[36] 2021 To find a cost-effective yet stable network with 
minimal power loss, optimal bus voltage profile, 
and superior branch current limits. 

Improved Harmony Search 
Algorithm (IHSA). 

A realistic Indian 52-node and 
an IEEE 33-bus RDS 
 

Equality constraints 
− Total power loss 

Inequality constraints 
− Not Mentioned 

[37] 2021 To improve power flow distribution, voltage 
stability, and lower real power loss in the 
distribution system, the placement and capacity 
of DGs must be optimized.  

Improved firefly Algorithm 
(IFA) 

IEEE-33 and IEEE-69  Equality constraints 
− Power flow formulation  

Inequality constraints 
− Voltage limits 
− Current limits  
− The real power limit of DG unit  
− The reactive power limit DG unit  
− DG power factor limit   

[24] 2021 Minimizing active power losses in DN can be 
defined using an equation that determines the 
position and size of GES and RES units. 

Coefficient Particle Swarm 
Optimization (CPSO) 

33-bus test system  Equality constraints  
− Power flow 

Inequality constraints  
− Number of RES and GES units  
− RES and Storage unit’s capacity   
− load supplied by RES and storage unit using penetration 

level.  
− Voltage magnitude at buses  
− Storage unit parameter   

[38] 2021 Limitations are taken into consideration to 
minimize power loss. 

Improved flower pollination 
algorithm (IFPA). 

Indian 52-bus system that is 
practical 

Equality constraints 
− Power balance 
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Ref. Year Objective Method Test System Constraints 

Inequality constraints 
− Voltage limit  
− DG sizing Limits 
− Thermal limits  

[52] 2021 An analysis of sensitivity has been carried out, 
employing PLF to track how different DGs with 
different pfs and load SDs affect the relevant 
goals  

Adaptive modified whale 
optimization algorithm 
(AMWOA) 

Conventional IEEE 33 and 69 
bus DNs have been employed 

Equality constraints  
− Not Mentioned 

Inequality constraints  
− Voltage limit 
− Line loading. 
− DG capacity  

[30] 2020 To simultaneously reduce typical voltage 
reduction, total power loss, and overall energy 
costs. 

Artificial bee colony (ABC) CIGRE medium voltage (MV) 
benchmark grid, IEEE 33, and 
69-bus radial networks 
. 

Equality constraints 
− Active power loss 
− Voltage drops. 
− Total energy cost 
− Power balance 

Inequality constraints 
− Voltage limitation of buses 
− Capacity limitations of DGs 
− Limitations of branch currents  

[23] 2020 To shorten power losses and enrich the voltage 
profile on the system by optimizing the DG's 
placement and capacity. 

Particle Swarm 
Optimization (PSO). 

BASUKI RAHMAT SURABAYA 
FEEDER 

Equality constraints  
− Actual and reactive power loss 

Inequality constraints 
− Voltage limits 

[22] 2020 There are two metaheuristic methods applied.  
To lower the Radial Distribution Systems' (RDS) 
power losses. 
 

The modified Gravitational 
Search Algorithm (MGSA) and 
adaptive Particle Swarm 
Optimization (APSO). 

The test RDSs for the IEEE 69-
bus and 85-bus  

Equality constraints 
− Power balance constraints 

Inequality constraints 
− Voltage amplitude 
− DG capacity 

[27] 2020 To lower actual power outages, enhance the 
voltage profile of the distribution system 

Particle swarm optimization 
with selectivity (SPSO) 

Radial distributed system 
(RDS) for IEEE 33-bus 

Equality constraints 
− Not Mentioned 

Inequality constraints 
− Voltage Limit  
− Reactive power limit 
− Line loading 

[39] 2020 To improve reliability, economic benefit, and 
voltage profile, a multi-objective function (MOF) 
has been implemented. 

Using the grasshopper 
optimization (GOA) method 

94-bus Portuguese Equality constraints 
− Not Mentioned 

Inequality constraints 
− Voltage magnitude limits constraint 
− DG Capacity Constraints 

[25] 2020 Resolving the shortcomings of earlier algorithm 
while minimizing actual power loss  

Multileader particle swarm 
optimization (MLPSO) 

In the Malaysian context, an 
actual radial bus system and 
the standard IEEE 33 bus 
sequence. 

Equality constraints  
− Nodal power balance  
− Active power loss 

Inequality constraints 
− Voltage  
− Thermal  
− DG capacity  
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Ref. Year Objective Method Test System Constraints 

[6] 2020 To analyze the concurrent minimization of a 
distribution network's overall energy loss and the 
owner of the RDG's profit maximization. 

Hybrid Meta-Heuristic 
Algorithm 
(Combination of the phasor 
particle swarm optimization 
and the gravitational search 
algorithm.) 

IEEE 69-bus system Equality constraints  
− Power Flow Constraints 
− Power balance (active and reactive power) 

Inequality constraints  
− Bus Voltage and Branch Load Constraints 
− RDG Capacity Constraints 

[40] 2019 To pare down active power loss in the distribution 
network by strategically placing multiple different 
types of distributed generators at the optimal size 
and location. 

Exhaustive search approach IEEE 16- and 33-bus standard 
test systems 
 

Inequality constraints 
− Bus Voltage 
− Real Power and Reactive Power injection 

[35] 2019 To reduce overall power losses by employing an 
integrated strategy to determine where PV-DG 
units should be placed in RDSs. 

Moth Flame Optimization 
(MFO) algorithm, 

33, 69, and 118-bus systems. Equality constraints   
− Power conservation constraint  

Inequality constraints  
− Bus voltage limits 
− Voltage drop limit: 
− Line capacity constraint. 

PV DG constraints  
− PV-DG capacity limits  
− Number of PV-DG units 
− Location of PV-DG units 

[26] 2019 To overall the amount of power taken from the 
substation and increase voltage stability. 

The Chaotic Particle Swarm 
Optimization (CPSO) and 
Particle Swarm Optimization 
(PSO) 

Mesh and radial distribution 
networks with 33 nodes. 
 

Equality constraints  
− Power losses 

Inequality constraints  
− Voltage limit 
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4.0 OPTIMIZATION TECHNIQUES 
 
It is important that the allocation of DG units at the optimal place 
with the perfect size reduces the complete power system’s loss, 
running, and care costs and improves power quality, voltage 
profile, stability, and reliability. The major techniques are 
analytical, meta-heuristic, and hybrid techniques for DG 
allocation and sizing as defined below and an analysis of 
techniques has been given in [53],[54] Table 2. 
 
4.1 Analytical Technique  
 
The most suitable size and placement of DG units within 
distribution networks are mostly calculated using analytical 
optimization approaches. These techniques use efficient ways to 
determine related best sites and mathematical analysis to create 
expressions for optimal DG sizing as shown in [55]. These 
techniques offer the convergence of the solution as well as 
simplicity in computation and use. By contrasting the analytical 
methods of optimization criteria, the appropriateness of 
distribution renewable generation (DRG) planning is evaluated 
[56]. The optimal voltage increases, or power loss solution is 
determined by looking at the capacity and placement of 
potential DGs linked to DN. Thus, technical limitations determine 
the most appropriate DG capacity. Depending on the kind of 
issue, an analytical analysis employs both linear and nonlinear 
programming techniques. An optimization technique called 
linear programming (LP) uses the linearized power flow form to 
find a solution. Nonlinear functions or incidents are modeled 
similarly to linear functions in this approach[57]. 
For example, DG's operation plan, which aims to consume the 
least amount of energy possible throughout the year, was 
optimized using mixed-integer linear programming (MILPP) [58] 

 
4.2 Meta-heuristic Technique  
 
Metaheuristic approaches are commonly utilized to optimize the 
placement of DG units inside DNs. These methods provide 
effective solutions for the challenging problem of DG allocation, 
guaranteeing enhanced dependability and efficiency of the 
network [59]. The following are a few important metaheuristic 
techniques used in DG allocation. Over many epochs, a bundle 
of research has been done on heuristic strategies to choose the 
best placement for DG. Widely used as heuristic methods are 
particle swarm optimization, genetic algorithms 
techniques dissimilar evolution, and others as mentioned in 
[60]. A summary of standard heuristic optimization techniques is 
summarized below. 
 
4.2.1 Genetic Algorithm (GA)  
 
In 1960, John Holland introduced GA, which was later expanded 
upon in 1989 by his student David E. Goldberg [4], [46]. The 
search technique known as a genetic algorithm (GA) is situated 
on concepts of natural selection and genetics, including choice, 
crossover, mutation, and inheritance [61]. GA operates a team 
of individuals who represent a unique answer. The number of 

Start 

Verify the stop criterion 

Run load flow 

Find the best solution 

Find the fitness for optimal DG size by PSO

Find the fitness for optimal DG allocation by using GA

Create initial random capacities of DG

Run load flow 

Read data from power system 

Create initial random location of DG

End

NO

YES

 
Figure 3 The method for allocation and sizing of DG using GA-PSO 

 
variables in the fitness function is considered while creating a 
random candidate solution set or population. Through the 
application of genetic operators like mutation and crossing, it is 
guided toward an improved answer. By reducing the bad 
solutions, the right response will be discovered. The applicability 
of newly created and genetically enhanced solutions that use the 
objective function is assessed[56]. The best placement of DGs for 
networks having distribution loads, loads with concentrated 
power that are both constant and variable, can be solved using 
genetic algorithms [62],[63],[64]. 
 
4.2.2 Particle Swarm Optimization (PSO) 
 
PSO is a population-based optimization technique (OPT) that 
Kennedy and Eberhart created in 1995 to optimize multi-
dimensional problems. They were motivated by fish training, 
and wisp social behavior was proposed in  [22], [23]. This is an 
approach for field searches where particles, which are randomly 
created individuals, change places. PSO serves to tackle complex 
non-linear optimization issues on a big scale. The optimal DG 
allocation and sizing issue utilizes an extensive bulk of hybrids 
and enhanced and modified PSO algorithm types. In time-
varying load systems, this well-known optimization technique is 
employed [5], [65], [53],[54]. 
 
4.2.3 Other Meta-Heuristic Optimizations  
 

Metaheuristic approaches represent a category of optimization 
algorithms inspired by natural events and social behaviors. 
Demonstrating significant efficacy, these techniques address 
intricate problems, including optimization challenges in diverse 
fields. Drawing on concepts from social structures, and nature, 
these algorithms systematically explore solution spaces to 
discover optimal configurations. Outstanding examples include 
Ant Colony optimization (ACO) [66], Harmony Search Algorithm 
(HSA) [67], Firefly Algorithm (FA) [37], [48], Grey Wolf Optimizer 
(GWO) [72], and many other meta-heuristic algorithms used for 
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DG allocation [1], [5], [73]. Metaheuristic approaches are widely 
recognized for their adaptability and versatility, and they are 
essential in solving challenging optimization problems. They  

provide a range of approaches to finding the best answer in 
complex and changing contexts [74]. 
 
 

Table 2 Strengths and weakness of optimization techniques. 
 

Techniques  Strength  Weakness  Ref.no 
Analytical Technique   Quick computation speed, simple to use, 

non-iterative, and free of convergence 
problems 

Potential for error when dealing with complex issues 
and a lack of robustness 

[68] 

Mixed Integer Linear Programming  Simple to use, appropriate for challenging 
issues, and somewhat adaptable 

Potential for erroneous outcomes because of 
linearization 

[58] 

Mixed Integer Nonlinear 
Programming  

incredibly precise and computationally 
effective 

Implementation is difficult and requires several choice 
factors. 

[57] 

Genetic Algorithm   Suitable for complex problems, with 
parameters that are both discrete and 
continuous  

Large problem computationally inefficient, potential for 
early convergence, and potential for becoming stuck in 
local optima 

[69] 

Particle Swarm Optimization  Simple to operate, fewer parameters to 
adjust, and rapid convergence 

Having trouble articulating the original design criteria, 
running the risk of premature convergence, and 
becoming stuck in local optima 

[46], 
[68], 
[70] 

Hybrid Optimization Technique  Combining algorithms, to improve 
efficiency in optimal findings. 
Provide efficient and reliable solutions for 
complex multi-objectives 

Multimodal, fixed dimension multimodal. 
Require advanced computational sources. 
Parameters can be challenging  

[71] 

 
 
4.3 Hybrid Optimization Technique  
 
In this technique, more than two optimization techniques are 
combined and involved to reach the ideal outcome. By 
completing the gaps in one optimization method with another, 
hybrid optimization (HO) attempts to maximize efficiency. HO is 
commonly used and generates good outcomes while managing 
numerous Optimal DG problems [6]. In [6], HO was used to 
minimize overall energy losses. In [22], HO was used to mitigate 
the RDSs’ power losses. Another HO was utilized to reduce 
power losses and voltage deviation [10].  Integrated 
methods are indicated in Table 1 which includes several HO 
experiments. Furthermore, many algorithms have been used 
separately in many ODGA experiments.  Figure 3 shows the 
hybrid method or allocation and sizing of DG. 
 
 
5.0 CONCLUSION AND FUTURE TRENDS 
 
Distribution generation (DG) demands an optimization 
technique (OPT) that could balance the safety and power quality 
of the distribution system within the distribution network (DN). 
The effective integration and planning of DG can achieve many 
advantages, in the same way improving power quality, power 
supply, accuracy, voltage stability, and loss reduction, unsuitable 
DG planning can hurt the power quality and distribution 
networks’ reliability. This review article performs different OPTs 
for suitable size and allocation of DG in distribution systems. To 
figure out the best location and size of DG units in distribution 
systems, a review of literature addressing the past five years is 
presented. The literature survey table as mentioned above 

shows the objectives, techniques, and test systems that 
researchers conduct. The valuable variables are OPTs and 
comparisons, the algorithms, which have been valeted in 
multiple distribution systems and with many different types of 
loads. 

Furthermore, it has been noted that the analytical 
techniques are producing reliable findings for small systems. 
However, new and hybrid OPTs must be used for large and 
complicated systems to find efficient and dependable solutions. 

Based on the critical analysis and literature review, the 
following areas need to be investigated in the future to address 
the DG’s optimal location and sizing problem: 
• It was found that subsequent future work for the optimal 

sizing and installation of the distribution generation must 
be investigated. Much research has already been 
conducted to create tools for optimal DG assimilation 
inside the distribution system.  

• Among the optimization technique types, the analytical 
techniques are one of the techniques used for planning 
DG in distribution systems, they are limited by their 
inability to handle the complicate, non-linear features, 
potentially resulting in simplistic and erroneous 
solutions. It can disregard crucial variables and have 
processing demands, which could lead to less than ideal 
outcomes. Conversely, the researchers look towards 
meta-heuristic optimization algorithms, which give 
efficient and reliable solutions. Given the nature of the 
issue, it is possible to conclude that recommendations 
for more effective optimization algorithms with high 
capabilities in the discovery of the global optimum still 
have room for development 
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• Here, hybrid optimization algorithms are highly 
recommended, as they give optimal, reliable, and 
efficient solutions for large and complex systems. 

• Research on renewable distribution energy resources 
(DER) like micro-turbines and biomass is limited, 
requiring investigation for long-term planning and 
integration in distribution systems. 

 
Abbreviation 

OPT Optimization Techniques 
DG Distribution Generation 
RES Renewable Energy Sources 
RER Renewable Energy Resources 
DN Distribution Networks 
WT Wind Turbines 
PV Solar Photovoltaic 
RE Renewable Energy 
RDN Radial Distribution Networks 
VD Voltage Deviation 
VSI Voltage Stability Index 
ISI Impedance Stability Index 
DS Distribution System 
GUI Graphical User Interface 
HO Hybrid Optimization 
DER Distribution Energy Resources 
MILPP Mixed-integer linear 

programming 
TVVD Time varying voltage 

dependent 
PLF probabilistic load flow 
pfs Power factors 
SDs Standard deviations 

 
 

Acknowledgment 
 
This research was supported by Universiti Tun Hussein Onn 
Malaysia (UTHM) through Tier 1 (vot Q375). 
 
 

Conflicts of Interest 
 

The author(s) declare(s) that there is no conflict of interest 
regarding the publication of this paper 
 
 
References 
 
[1] A. Shuaibu Hassan, Y. Sun, and Z. Wang, 2020. “Optimization 

techniques applied for optimal planning and integration of renewable 
energy sources based on distributed generation: Recent trends,” 
Cogent Engineering. 7(1) DOI: 10.1080/23311916.2020.1766394. 

[2] M. J. Ghadi, S. Ghavidel, A. Rajabi, A. Azizivahed, L. Li, and J. Zhang, 
2019. “A review on economic and technical operation of active 
distribution systems,” Renewable and Sustainable Energy Reviews, 
104: 38–53. DOI: 10.1016/J.RSER.2019.01.010. 

[3] Kenyon, R.W., Bossart, M., Marković, M., Doubleday, K., Matsuda-
Dunn, R., Mitova, S., Julien, S.A., Hale, E.T. and Hodge, B.M., 2020. 
Stability and control of power systems with high penetrations of 
inverter-based resources: An accessible review of current knowledge 

and open questions. Solar Energy, 210: 149-168, DOI: 
10.1016/J.SOLENER.2020.05.053. 

[4] Hyacinth, L.R., Sheela, A., Prathiba, S., Joseph, J.A., Victor, M.A., 
Joseph, T.F. and Allwin, J.L., 2021, October. Improvement in voltage 
stability by optimal location and sizing of hybrid energy sources by 
genetic algorithm. In 2021 International Conference on Advancements 
in Electrical, Electronics, Communication, Computing and Automation 
(ICAECA). 1-7. IEEE, DOI: 10.1109/ICAECA52838.2021.9675720.  

[5] Kola, S.S., 2018. A review on optimal allocation and sizing techniques for DG in 
distribution systems. International Journal of Renewable Energy Research 
(IJRER). 8(3): 1236-1256, DOI: doi.org/10.20508/ijrer.v8i3.7344.g7424. 

[6] Radosavljević, J., Arsić, N., Milovanović, M. and Ktena, A., 2020. 
Optimal placement and sizing of renewable distributed generation 
using hybrid metaheuristic algorithm. Journal of modern power 
systems and clean energy, 8(3): 499–510, May 2020, DOI: 
10.35833/MPCE.2019.000259. 

[7] Ammari, C., Belatrache, D., Touhami, B. and Makhloufi, S., 2022. Sizing, 
optimization, control and energy management of hybrid renewable 
energy system—A review. Energy and Built Environment, 3(4): pp.399-
411, DOI: 10.1016/J.ENBENV.2021.04.002. 

[8] Haider, W., Hassan, S.J.U., Mehdi, A., Hussain, A., Adjayeng, G.O.M. 
and Kim, C.H., 2021. Voltage profile enhancement and loss 
minimization using optimal placement and sizing of distributed 
generation in reconfigured network.  Machines.  9(1): p.20, DOI: 
10.3390/MACHINES9010020. 

[9] Bhavya, R. and Elango, L., 2023. Ant-inspired metaheuristic algorithms 
for combinatorial optimization problems in water resources 
management. Water, 15(9): 1712, DOI: 10.3390/W15091712. 

[10] Ahmed, A., Nadeem, M.F., Kiani, A.T., Ullah, N., Khan, M.A. and 
Mosavi, A., 2023. An improved hybrid approach for the simultaneous 
allocation of distributed generators and time varying loads in 
distribution systems. Energy Reports.  9: pp.1549-1560, DOI: 
10.1016/j.egyr.2022.11.171. 

[11] Yuvaraj, T., Devabalaji, K.R., Srinivasan, S., Prabaharan, N., Hariharan, 
R., Alhelou, H.H. and Ashokkumar, B., 2021. Comparative analysis of 
various compensating devices in energy trading radial distribution 
system for voltage regulation and loss mitigation using blockchain 
technology and bat algorithm. Energy Reports, 7: 8312-8321, DOI: 
10.1016/J.EGYR.2021.08.184. 

[12] Makinde, K.A., Akinyele, D.O. and Amole, A.O., 2021. Voltage rise 
problem in distribution networks with distributed generation: a review 
of technologies, impact and mitigation approaches. Indonesian 
Journal of Electrical Engineering and Informatics (IJEEI), 9(3): 575-600, 
DOI: 10.52549/.V9I3.2971. 

[13] Iweh, C.D., Gyamfi, S., Tanyi, E. and Effah-Donyina, E., 2021. 
Distributed generation and renewable energy integration into the 
grid: Prerequisites, push factors, practical options, issues and 
merits. Energies, 14(17): 5375, DOI: 10.3390/EN14175375. 

[14] Copp, D.A., Nguyen, T.A., Byrne, R.H. and Chalamala, B.R., 2022. 
Optimal sizing of distributed energy resources for planning 100% 
renewable electric power systems. Energy.  239: 122436, DOI: 
10.1016/J.ENERGY.2021.122436. 

[15] Jahed, Y.G., Mousavi, S.Y.M. and Golestan, S., 2024. Optimal sizing and 
siting of distributed generation systems incorporating reactive power 
tariffs via water flow optimization. Electric Power Systems 
Research, 231: 110278, DOI: 10.1016/J.EPSR.2024.110278. 

[16] Selim, A., Hassan, M.H., Kamel, S. and Hussien, A.G., 2023. Allocation 
of distributed generator in power networks through an enhanced 
jellyfish search algorithm. Energy reports, 10: 4761-4780, DOI: 
10.1016/j.egyr.2023.11.032. 

[17] Guanochanga, E., Águila, A. and Ortiz, L., 2023. Multicriteria analysis 
for optimal reconfiguration of a distribution network in case of 
failures. Heliyon, 9(3). DOI: 10.1016/j.heliyon.2023.e13723. 

[18] Ali, E.S., Abd Elazim, S.M., Hakmi, S.H. and Mosaad, M.I., 2023. Optimal 
allocation and size of renewable energy sources as distributed 
generations using shark optimization algorithm in radial distribution 
systems. Energies, 16(10): 3983, DOI: 10.3390/en16103983. 

[19] Gümüş, T.E., Emiroglu, S. and Yalcin, M.A., 2023. Optimal DG allocation 
and sizing in distribution systems with Thevenin based impedance 
stability index. International Journal of Electrical Power & Energy 
Systems, 144: 108555, DOI: 10.1016/j.ijepes.2022.108555. 

[20] Fathi, R., Tousi, B. and Galvani, S., 2023. Allocation of renewable 
resources with radial distribution network reconfiguration using 



38                                                                         Adil Noor Soomro et al. / ASEAN Engineering Journal 15:3 (2025) 25–39 
 

 

improved salp swarm algorithm. Applied Soft Computing, 132: 
109828, DOI: 10.1016/j.asoc.2022.109828. 

[21] Parihar, S.S. and Malik, N., 2020. Optimal allocation of renewable DGs 
in a radial distribution system based on new voltage stability 
index. International Transactions on Electrical Energy Systems, 30(4): 
e12295, DOI: 10.1002/2050-7038.12295. 

[22] Eid, A., 2020. Allocation of distributed generations in radial 
distribution systems using adaptive PSO and modified GSA multi-
objective optimizations. Alexandria Engineering Journal, 59(6): 4771-
4786. DOI: 10.1016/j.aej.2020.08.042. 

[23] Masrufun, M., 2020, February. Optimization of DG placement and size 
using PSO based on GUI. In 2020 International Conference on Smart 
Technology and Applications (ICoSTA) (pp. 1-6). IEEE, DOI: 
10.1109/ICoSTA48221.2020.1570615982. 

[24] Rathore, A. and Patidar, N.P., 2021. Optimal sizing and allocation of 
renewable based distribution generation with gravity energy storage 
considering stochastic nature using particle swarm optimization in 
radial distribution network. Journal of Energy Storage, 35: 102282, 
DOI: 10.1016/j.est.2021.102282. 

[25] Karunarathne, E., Pasupuleti, J., Ekanayake, J. and Almeida, D., 2020. 
Optimal placement and sizing of DGs in distribution networks using 
MLPSO algorithm. Energies, 13(23): 6185, DOI: 10.3390/en13236185. 

[26] Das, S.K. and Sarkar, S., 2019, December. Optimisation of location, size 
and power factor of DG based on a new voltage stability index. In 2019 
IEEE 16th India Council International Conference (INDICON). 1-4. IEEE, 
DOI: 10.1109/INDICON47234.2019.9029013. 

[27] Salau, A.O., Gebru, Y.W. and Bitew, D., 2020. Optimal network 
reconfiguration for power loss minimization and voltage profile 
enhancement in distribution systems. Heliyon.  6(6). DOI: 
10.1016/j.heliyon.2020.e04233. 

[28] Ramadan, A., Ebeed, M., Kamel, S., Ahmed, E.M. and Tostado-Véliz, 
M., 2023. Optimal allocation of renewable DGs using artificial 
hummingbird algorithm under uncertainty conditions. Ain Shams 
Engineering Journal, 14(2): 101872. DOI: 10.1016/j.asej.2022.101872. 

[29] Anuar, M.S.S., Muhtazaruddin, M.N., Rahman, M.A.A. and Amran, 
M.E., 2023, March. Optimal Placement of Distributed Generation and 
Capacitor in Distribution System for District Hospital in Malaysia. 
In 2023 IEEE 3rd International Conference in Power Engineering 
Applications (ICPEA). 296-300. IEEE, DOI: 
10.1109/ICPEA56918.2023.10093197. 

[30] Al-Ammar, E.A., Farzana, K., Waqar, A., Aamir, M., Haq, A.U., Zahid, M. 
and Batool, M., 2021. ABC algorithm based optimal sizing and 
placement of DGs in distribution networks considering multiple 
objectives. Ain Shams Engineering Journal, 12(1): 697-708. DOI: 
10.1016/j.asej.2020.05.002. 

[31] Ćetković, D. and Komen, V., 2023. Optimal distributed generation and 
capacitor bank allocation and sizing at two voltage levels. IEEE Systems 
Journal, 17(4): 5831-5841. DOI: 10.1109/JSYST.2023.3280673. 

[32] Cikan, M. and Cikan, N.N., 2023. Optimum allocation of multiple type 
and number of DG units based on IEEE 123-bus unbalanced multi-
phase power distribution system. International Journal of Electrical 
Power & Energy Systems, 144: 108564. DOI: 
10.1016/J.IJEPES.2022.108564. 

[33] Manjhi, R., Lal, D.K. and Biswal, S., 2022, December. Optimal allocation 
of DGs in radial distribution network for power loss minimization 
based on LSF and GJO algorithm. In 2022 IEEE 2nd International 
Symposium on Sustainable Energy, Signal Processing and Cyber 
Security (iSSSC). 1-6. IEEE, DOI: 10.1109/iSSSC56467.2022.10051616. 

[34] Tan, Z., Zeng, M. and Sun, L., 2021. Optimal placement and sizing of 
distributed generators based on swarm moth flame 
optimization. Frontiers in Energy Research, 9: 676305, DOI: 
10.3389/fenrg.2021.676305. 

[35] Settoul, S., Chenni, R., Hasan, H.A., Zellagui, M. and Kraimia, M.N., 
2019, November. MFO algorithm for optimal location and sizing of 
multiple photovoltaic distributed generations units for loss reduction 
in distribution systems. In 2019 7th International renewable and 
sustainable energy conference (IRSEC). 1-6. IEEE, DOI: 
10.1109/IRSEC48032.2019.9078241. 

[36] Varma, P.V.R., Kar, M.K. and Singh, A.K., 2021, November. Optimal 
sizing and location of DG for power loss reduction and voltage 
improvement of distribution system using IHSA algorithm. In 2021 
IEEE 2nd International Conference on Applied Electromagnetics, Signal 
Processing, & Communication (AESPC) (pp. 1-5). IEEE, DOI: 
10.1109/AESPC52704.2021.9708496. 

[37] Chen, G., Li, S. and Tang, B., 2021, October. Optimal Allocation of DGs 
in Distribution System for Minimum Active Power Loss using Improved 
Firefly Algorithm. In 2021 China Automation Congress (CAC). 151-156. 
IEEE, DOI: 10.1109/CAC53003.2021.9728224. 

[38] Dhivya, S. and Arul, R., 2021, April. Improved flower pollination 
algorithm-based optimal placement and sizing of DG for practical 
indian 52 bus system. In 2021 IEEE International IOT, Electronics and 
Mechatronics Conference (IEMTRONICS). 1-5. IEEE, DOI: 
10.1109/IEMTRONICS52119.2021.9422562. 

[39] Rani, K.S., Saw, B.K., Achargee, P. and Bohre, A.K., 2020, July. Optimal 
sizing and placement of renewable DGs using GOA considering 
seasonal variation of load and DGs. In 2020 international conference 
on computational intelligence for smart power system and sustainable 
energy (CISPSSE) (pp. 1-6). IEEE, DOI: 
10.1109/CISPSSE49931.2020.9212273. 

[40] Kirmani, S., Kumar, A. and Pandey, A.K., 2019, November. DG 
placements in distribution network using exhaustive search approach. 
In 2019 International Conference on Electrical, Electronics and 
Computer Engineering (UPCON)  1-6. IEEE, DOI: 
10.1109/UPCON47278.2019.8980255. 

[41] Magadum, R.B. and Kulkarni, D.B., 2019, February. Optimal placement 
and sizing of multiple distributed generators using fuzzy logic. In 2019 
Fifth International Conference on Electrical Energy Systems (ICEES). 1-
6. IEEE, DOI: 10.1109/ICEES.2019.8719240. 

[42] Melaku, E.D., Bayu, E.S., Roy, C., Ali, A. and Khan, B., 2023. Distribution 
network forecasting and expansion planning with optimal location and 
sizing of solar photovoltaic-based distributed generation. Computers 
and Electrical Engineering, 110: 108862, DOI: 
10.1016/J.COMPELECENG.2023.108862. 

[43] Subbaramaiah, K. and Sujatha, P., 2023. Optimal DG unit placement in 
distribution networks by multi-objective whale optimization algorithm 
& its techno-economic analysis. Electric Power Systems Research, 214: 
108869. DOI: 10.1016/J.EPSR.2022.108869. 

[44] Suresh, M.C.V. and Edward, J.B., 2020. A hybrid algorithm based 
optimal placement of DG units for loss reduction in the distribution 
system. Applied Soft Computing, 91: 106191. DOI: 
10.1016/J.ASOC.2020.106191. 

[45] Ali, M.H., Kamel, S., Hassan, M.H., Tostado-Véliz, M. and Zawbaa, 
H.M., 2022. An improved wild horse optimization algorithm for 
reliability based optimal DG planning of radial distribution 
networks. Energy Reports, 8: 582-604. DOI: 
10.1016/J.EGYR.2021.12.023. 

[46] Kahouli, O., Alsaif, H., Bouteraa, Y., Ben Ali, N. and Chaabene, M., 2021. 
Power system reconfiguration in distribution network for improving 
reliability using genetic algorithm and particle swarm 
optimization. Applied Sciences, 11(7): 3092. DOI: 
10.3390/APP11073092. 

[47] HassanzadehFard, H. and Jalilian, A., 2021. Optimization of DG units in 
distribution systems for voltage sag minimization considering various 
load types. Iranian Journal of Science and Technology, Transactions of 
Electrical Engineering, 45(2): 685-699. DOI: 10.1007/S40998-020-
00391-9/FIGURES/10. 

[48] Bajaj, M., Sharma, N.K., Pushkarna, M., Malik, H., Alotaibi, M.A. and 
Almutairi, A., 2021. Optimal design of passive power filter using multi-
objective pareto-based firefly algorithm and analysis under 
background and load-side’s nonlinearity. IEEE Access, 9: 22724-22744. 
DOI: 10.1109/ACCESS.2021.3055774. 

[49] Ouramdane, O., Elbouchikhi, E., Amirat, Y. and Sedgh Gooya, E., 2021. 
Optimal sizing and energy management of microgrids with vehicle-to-
grid technology: A critical review and future trends. Energies, 14(14): 
4166. DOI: 10.3390/EN14144166. 

[50] Adetunji, K.E., Hofsajer, I.W., Abu-Mahfouz, A.M. and Cheng, L., 2021. 
Category-based multiobjective approach for optimal integration of 
distributed generation and energy storage systems in distribution 
networks. IEEE Access.  9: 28237-28250. DOI: 
10.1109/ACCESS.2021.3058746. 

[51] Hoang, A.T. and Nguyen, X.P., 2021. Integrating renewable sources 
into energy system for smart city as a sagacious strategy towards clean 
and sustainable process. Journal of cleaner production, 305: 127161. 
DOI: 10.1016/J.JCLEPRO.2021.127161. 

[52] Uniyal, A. and Sarangi, S., 2021. Optimal network reconfiguration and 
DG allocation using adaptive modified whale optimization algorithm 
considering probabilistic load flow. Electric Power Systems 
Research, 192: 106909. DOI: 10.1016/J.EPSR.2020.106909. 



39                                                                         Adil Noor Soomro et al. / ASEAN Engineering Journal 15:3 (2025) 25–39 
 

 

[53] Iweh, C.D. and Akupan, E.R., 2023. Control and optimization of a 
hybrid solar PV–Hydro power system for off-grid applications using 
particle swarm optimization (PSO) and differential evolution 
(DE). Energy Reports, 10: 4253-4270. DOI: 
10.1016/J.EGYR.2023.10.080. 

[54] Djidimbélé, R., Ngoussandou, B.P., Kidmo, D.K., Bajaj, M. and Raidandi, 
D., 2022. Optimal sizing of hybrid Systems for Power loss Reduction 
and Voltage improvement using PSO algorithm: Case study of Guissia 
Rural Grid. Energy Reports, 8: 86-95. DOI: 
10.1016/J.EGYR.2022.06.093. 

[55] Montoya, O.D., Gil-González, W. and Grisales-Noreña, L.F., 2020. An 
exact MINLP model for optimal location and sizing of DGs in 
distribution networks: A general algebraic modeling system 
approach. Ain Shams Engineering Journal, 11(2): 409-418, DOI: 
10.1016/J.ASEJ.2019.08.011. 

[56] Tercan, S.M., Demirci, A., Unutmaz, Y.E., Elma, O. and Yumurtaci, R., 
2023. A comprehensive review of recent advances in optimal 
allocation methods for distributed renewable generation. IET 
Renewable Power Generation, 17(12): 3133-3150, DOI: 
10.1049/RPG2.12815. 

[57] Altıntaş, H. and Kassouri, Y., 2020. The impact of energy technology 
innovations on cleaner energy supply and carbon footprints in Europe: 
a linear versus nonlinear approach. Journal of Cleaner Production, 276: 
124140, DOI: 10.1016/J.JCLEPRO.2020.124140. 

[58] Gallego Pareja, L.A., López-Lezama, J.M. and Gómez Carmona, O., 
2022. A mixed-integer linear programming model for the 
simultaneous optimal distribution network reconfiguration and 
optimal placement of distributed generation. Energies. 15(9): 3063. 
DOI: 10.3390/EN15093063. 

[59] Nassef, A.M., Abdelkareem, M.A., Maghrabie, H.M. and Baroutaji, A., 
2023. Review of metaheuristic optimization algorithms for power 
systems problems. Sustainability, 15(12): 9434. DOI: 
10.3390/su15129434. 

[60] Tolba, M.A., Rezk, H., Al-Dhaifallah, M. and Eisa, A.A., 2020. Heuristic 
optimization techniques for connecting renewable distributed 
generators on distribution grids. Neural Computing and 
Applications, 32(17): 14195-14225, DOI: 10.1007/s00521-020-04812-
y. 

[61] Zhao, Z., Bao, Y., Gao, T. and An, Q., 2024. Optimization of GFRP-
concrete-steel composite column based on genetic algorithm-artificial 
neural network. Applied Ocean Research, 143: 103881, DOI: 
10.1016/J.APOR.2024.103881. 

[62] Wei, L. and An, G., 2024. Optimization of building integrated energy 
scheduling using an improved genetic whale algorithm. Scientific 
reports, 14(1): 2386, DOI: 10.1038/S41598-024-52995-4. 

[63] Jamal, S., Pasupuleti, J. and Ekanayake, J., 2024. A rule-based energy 
management system for hybrid renewable energy sources with 
battery bank optimized by genetic algorithm optimization. Scientific 
reports, 14(1): 4865, DOI: 10.1038/S41598-024-54333-0. 

[64] Mazoukh, C., Di Lauro, L., Alamgir, I., Fischer, B., Perron, N., Aadhi, A., 
Eshaghi, A., Little, B.E., Chu, S.T., Moss, D.J. and Morandotti, R., 2024. 

Genetic algorithm-enhanced microcomb state 
generation. Communications Physics, 7(1): 81, DOI: 10.1038/S42005-
024-01558-0. 

[65] Farh, H.M., Eltamaly, A.M., Al‐Shaalan, A.M. and Al‐Shamma'a, A.A., 
2021. A novel sizing inherits allocation strategy of renewable 
distributed generations using crow search combined with particle 
swarm optimization algorithm. IET Renewable Power 
Generation, 15(7: 1436-1450, DOI: 10.1049/RPG2.12107. 

[66] Ehsan, A. and Yang, Q., 2018. Optimal integration and planning of 
renewable distributed generation in the power distribution networks: 
A review of analytical techniques. Applied energy, 210: 44-59, DOI: 
10.1016/j.apenergy.2017.10.106. 

[67] Bajaj, A. and Sangwan, O.P., 2019. A systematic literature review of 
test case prioritization using genetic algorithms. IEEE Access, 7: 
126355-126375, DOI: 10.1109/ACCESS.2019.2938260. 

[68] Shami, T.M., El-Saleh, A.A., Alswaitti, M., Al-Tashi, Q., Summakieh, M.A. and 
Mirjalili, S., 2022. Particle swarm optimization: A comprehensive survey. IEEE 
Access, 10: 10031-10061. DOI: 10.1109/ACCESS.2022.3142859. 

[69] Singh, N. and Singh, S.B., 2017. A novel hybrid GWO-SCA approach for 
optimization problems. Engineering Science and Technology, an 
International Journal, 20(6): 1586-1601. DOI: 
10.1016/J.JESTCH.2017.11.001. 

[70] Güven, A.F., Yörükeren, N. and Samy, M.M., 2022. Design optimization 
of a stand-alone green energy system of university campus based on 
Jaya-Harmony Search and Ant Colony Optimization algorithms 
approaches. Energy, 253: 124089. DOI: 
10.1016/J.ENERGY.2022.124089. 

[71] Agajie, T.F., Khan, B., Alhelou, H.H. and Mahela, O.P., 2020. Optimal 
expansion planning of distribution system using grid-based multi-
objective harmony search algorithm. Computers & Electrical 
Engineering. 87: 106823. DOI: 
10.1016/J.COMPELECENG.2020.106823. 

[72] Yu, Y., Bian, R., Wang, T., Wang, W. and Zhang, J., 2022. Inverse time 
overcurrent optimization of distribution network with DG based on 
improved gray wolf algorithm. Energy Reports. 8: 237-246, DOI: 
10.1016/J.EGYR.2022.09.095. 

[73] Quadri, I.A., Bhowmick, S. and Joshi, D., 2018. A comprehensive 
technique for optimal allocation of distributed energy resources in 
radial distribution systems. Applied energy, 211: 1245-1260, DOI: 
10.1016/j.apenergy.2017.11.108. 

[74] Mohamed, A.A., Kamel, S., Selim, A., Khurshaid, T. and Rhee, S.B., 
2021. Developing a hybrid approach based on analytical and 
metaheuristic optimization algorithms for the optimization of 
renewable DG allocation considering various types of 
loads. Sustainability, 13(8): 4447, DOI: 10.3390/SU13084447. 

 
  

 

 


	1.0 INTRODUCTION
	1.1 Problem formulation

	2.0 REVIEWS ON DG ALLOCATION AND SIZING
	3.0 SIGNIFICANCE OF OPTIMAL SIZING AND ALLOCATION OF DG
	4.0 OPTIMIZATION TECHNIQUES
	4.1 Analytical Technique
	4.2 Meta-heuristic Technique
	4.2.1 Genetic Algorithm (GA)
	4.2.2 Particle Swarm Optimization (PSO)
	4.2.3 Other Meta-Heuristic Optimizations

	4.3 Hybrid Optimization Technique

	5.0 CONCLUSION AND FUTURE TRENDS

