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Optimal placement and sizing of distributed generation units in distribution networks
using an enhanced particle swarm optimization framework

Introduction. Optimal planning of distributed generation (DG) units is a critical research topic due to the growing integration of renewable
energy and the need to enhance distribution network performance. Classical optimization methods often struggle with the nonlinear,
nonconvex, and highly coupled nature of DG allocation problems. Problem. The IEEE 33-bus distribution network experiences significant
voltage drops and high active and reactive power losses under normal operating conditions. Determining the optimal placement and sizing
of DG units is a complex problem involving multiple interacting variables and operational constraints. Goal. This study aims to improve
technical performance by minimizing total active power losses and voltage deviation while ensuring voltage stability and network reliability.
Methodology. The particle swarm optimization (PSO) algorithm is enhanced using the Dehghani method (DM) — a population-based
modification framework allowing all individuals, including the worst member, to contribute in improving the best solution. The improved
PSO-DM algorithm is applied to the IEEE 33 bus system under four cases: the base case without DG and scenarios with 2, 3 and 4 DG
units. The objective function includes active power loss minimization and total voltage deviation. Results. The 4-DG configuration
significantly improves system performance: active power losses decrease from 210.67 kW to 53.9 kW (74.4 % reduction), reactive losses
drop from 142.84 kVAr to 38.42 kVAr (73.1 % reduction), the minimum bus voltage rises from 0.9037 to 0.9741 p.u. and total voltage
deviation decreases from 1.8037 p.u. to 0.5129 p.u. (71.6 % improvement). These results demonstrate that PSO-DM effectively balances
exploration and exploitation, yielding superior DG allocation solutions. Scientific novelty. Integrating DM into PSO introduces a cooperative
solution-refinement mechanism that enhances convergence speed and search accuracy. Practical value. The PSO-DM framework provides a
reliable and computationally efficient tool for DG planning in modern smart distribution networks. References 22, tables 1, figures 3.

Key words: distributed generation, particle swarm optimization, Dehghani method, voltage deviation, power loss
minimization, distribution networks.

Bcemyn. Onmumanvhe nnamysanus yCmanoeok posnoodinenoi eenepayii (DG) € KpumuuHo 6axciusoio memoro OOCTIONCEHHS uepes
3pocmarouy inmezpayito 6I0HOGTI08AHOT eHepeemuKu ma HeoOXiOHICMb NiOBUWeHHA NPOOYKMUBHOCMI po3nodinbuoi mepexci. Knacuuni
Memoou onmumizayii 4acmo maromv npobiemu 3 JIMIUHICMIO, ONYKAICMIO MA CUTbHO MO8 A3aHol0 npodnemoro posmiwenns DG.
Ipoonema. Posnoodinbna mepexca 3 wunamu IEEE 33 3a3nac snaunux nadinb Hanpyeu ma GUCOKUX 6mpant aKmueHOi ma peakmusHoi
NOMYJICHOCMI 30 HOPMATILHUX YMOG eKcniyamayii. Busnauenna onmumansroz2o posmiwenns ma posmipie DG e cknaonoio npobiemoio, o
BKTIIOYAE YUCTEHHI 83A€MOOTIOYT 3MIHHI ma eKcnayamayiuti oomedcenns. Mema. Lle docriosicents cnpamosane Ha NOKPAWEHHSL MEXHIUHUX
XAPAKMEPUCUK UIIXOM MIHIMI3ayil 3a2anbHUX 8Mpam aKmueHoi NOMYM’CHOCMI ma GIOXUIEHHS Hanpyeu, 3a0e3neuyiouu npu ybomy
cmabinbHicmy Hanpyau ma Haditinicme mepedici. Memoouka. Aneopumm onmumizayii poio yacmurox (PSO) yoockonaneno 3a donomoeoro
memody Dehghani (DM) — nonynayitinoi Moougixayii, wjo 0036015€ 6cim 0cobam, BKIOUArOYY HAUIZIPUIO20 YIeHd, 3p0OUMU C8ill BHeCOK 6
OMPUMAaHHS HAUIKpawjoeo piuwienns. Yoockonanenuti aneopumm PSO-DM 3acmocosyembcsi 0o cucmemu wiun IEEE 33 y uomupwox
sunaoxkax: bazosuii eunadox 6e3 DG ma cyenapii 3 2, 3 ma 4 DG. Linboéa (hynkyis 6xnouae MiHimMizayito 6mpam aKmueHoi nonys#cHOCmi
ma 3azanvhe gioxunenns nanpyeu. Pesynomamu. Kongicypayia 3 4 DG 3nauno nokpaugye npooykmueHicme cucmemu: 6mpamu akmueHoi
nomyoicHocmi smernuytomocsi 3 210,67 kBm 0o 53,9 kBm (3nuscenns na 74,4 %), peakmuernoi — 3 142,84 kBAp 0o 38,42 kBAp (3Huoicenns
na 73,1 %), minimanona nanpyea na wiuni spocmac 3 0,9037 y.o. 0o 0,9741 y.o., a 3azanvhe gioxunenns nanpyeu smenutyemocs 3 1,8037 y.o.
00 0,5129 y.o. (noxpawennsa na 71,6 %). Li pezynomamu demoncmpyioms, wjo PSO-DM egexmusno banancye po3gioky ma excniyamayiio,
3abesneuyiouu Kpawi piwenns 0as posmiwenna ycmanosok DG. Haykosa nosusna. Inmecpayis DM ¢ PSO enposadicye mexarizm
KOONepamueHo20 YMoUHeHHs pilieHb, AKUll NioGuUwye weuoKicms Koueepeenyii ma mounicms nowyky. Ilpaxmuuna 3uauumicme.
Cmpykmypa PSO-DM 3abesneuye HaOitinuti ma o04UCIO8aTbHO eghekmueHuti  iHcmpymenm 018 naanyéawua DGy cyuacHux
inmenexmyanbHux po3noodineuux mepexcax. biom. 22, tadm. 1, puc. 3.

Kniouosi cnosa: po3noaijiena renepanisi, onTuMizauisi poro 4actok, metrox Dehghani, Binxusienns Hanpyru, minimizauis BTpat
NOTY KHOCTi, pO3N0OALNILHI Mepexi.

Introduction. The increasing penetration of DG refers to small-scale, decentralized power

distributed generation (DG) technologies has transformed
the operational paradigms of modern distribution systems.
Conventionally, radial distribution networks were designed
to passively deliver electrical power from centralized
power plants to end-users; however, the integration of DG
units, such as photovoltaic (PV) systems, wind turbines,
fuel cells and microturbines, has introduced new
opportunities and challenges in enhancing the efficiency,
stability, and sustainability of electrical networks [1]. DG
units significantly improve system performance by
reducing real power losses, supporting voltage profiles,
increasing network reliability, and reinforcing resilience
against disturbances [2]. Nevertheless, these benefits are
achievable only when DG units are sited and sized
optimally. Improper placement or inaccurate sizing may
lead to voltage violations, reverse power flow, feeder
congestion, or even deterioration of overall network
performance. Consequently, the problem of optimal
placement and sizing of DG units has become a central
research topic in power system planning and operation [3].

generation sources located near the load centers. Their
integration offers multiple technical and economic
advantages, including reduced transmission losses, deferred
network expansion costs, enhanced voltage stability, and
improved environmental sustainability [4-6]. As
highlighted in recent studies, DG’s impact on distribution
power networks is highly sensitive to its location and
capacity [7]. For instance, the work [8] emphasizes that
uncertainty in load demand can significantly influence
optimal DG decisions, advocating hybrid metaheuristic
frameworks for more reliable solutions. Similarly, an
improved salp swarm algorithm is employed to determine
DG allocation in radial systems, showing that properly
placed DGs minimize power losses and voltage deviations
while delivering strong techno-economic gains [9]. In
another relevant study, the jellyfish search algorithm is
applied to the optimal placement of solar PV-based DGs,
using a multi-objective formulation to concurrently
reduce real power losses, improve voltage profile, and
enhance system stability [10].
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Additional literature also confirms the importance of
combining analytical indicators with metaheuristic
algorithms to improve DG optimization effectiveness. For
instance, an integrated approach using an active power
loss sensitivity index to identify candidate buses and a
modified ant lion optimization algorithm to determine DG
sizes is presented in [11]. The incorporation of Lévy
flights significantly improves exploration ability and
prevents premature convergence. Likewise, hybridized
methodologies, such as the modified grey wolf
optimization integrated with ETAP software [12],
demonstrate the potential of advanced strategies in
supporting protection coordination while optimizing DG
allocation. Other perspectives in [2, 13—16] explore multi-
objective DG-capacitor placement, optimal scheduling
with electric vehicles, reconfiguration combined with DG
and capacitors, DG placement in microgrids using
enhanced differential evolution, and DG-energy storage
co-optimization using genetic algorithms. Collectively,
these studies reveal a consistent conclusion: metaheuristic
algorithms are indispensable tools for addressing the
highly nonlinear, multimodal, and constraint-intensive
nature of DG allocation problems in modern distribution
networks. Numerous metaheuristic algorithms have been
introduced and developed to date, and they have found
extensive applications in real-world and engineering
optimization problems [17—19].

Despite the extensive contribution in the literature,
achieving a balanced trade-off between exploration and
exploitation remains a key challenge in metaheuristic-based
DG optimization. Classical algorithms, such as the particle
swarm optimization (PSO), are powerful yet often
susceptible to premature convergence, especially when
dealing with multimodal search spaces characteristic of DG
planning. To address this gap, improved variants of PSO
have been proposed to enhance convergence speed,
robustness, and accuracy. Motivated by this need, an
enhanced PSO algorithm augmented with Dehghani method
(DM) is introduced in this study. DMeenhancement
introduces adaptive update mechanisms that refine particle
movement patterns, strengthen global exploration, and
reduce the risk of stagnation. As a result, the DM-enhanced
PSO exhibits superior capabilities in escaping local minima
and identifying high-quality solutions, making it particularly
suitable for DG placement tasks that involve complex
operational constraints and nonlinear performance indices.

This study aims to improve the technical
performance of the distribution network by minimizing
total active power losses and voltage deviation while
ensuring voltage stability and maintaining reliable system
operation. To achieve this objective, the DM-enhanced
PSO algorithm is applied to determine the optimal
placement and sizing of DG units. The IEEE 33-bus radial
distribution system is used as the test platform, and four
scenarios are considered — one base case without DG and
three cases with 2, 3 and 4 DG units — to comprehensively
evaluate the impact of DG penetration on loss reduction,
voltage improvement, and overall system performance.

The structure of the paper is organized as follows.
Problem formulation, including the mathematical model
for DG placement and sizing, objective functions, and
system constraints are presented in section «Problem
definition». The PSO algorithm and details of the
enhancements incorporated through the Dehghani method
are introduced in section «Particle swarm optimization

and Dehghani method», and simulation studies and
performance evaluation of the proposed method on the
IEEE-33 bus system under all test scenarios are provided
in section «Simulation studies and performance
analysis». Finally, section «Conclusions and future
work» concludes the paper and outlines future research
directions, emphasizing the potential extension of DM-
enhanced PSO to multi-objective DG planning,
integration of storage systems, and real-time optimal
operational strategies.

Problem definition. The optimal placement and sizing
of DG units in radial distribution networks is a nonlinear,
constrained optimization problem that aims to simultaneously
improve the voltage profile and minimize active power losses.
Let the distribution network consist of N buses and
L branches. The objective is to determine the optimal
locations {bk} and corresponding DG sizes {Ppg, Opcy} for
k =1, ..., npg, such that network performance is enhanced
while satisfying all power flow and operational limits.

Power flow model and loss formulation. For each
branch /eL connecting bus i to j, the active power loss is
calculated as:

L 2 2
b +0
Floss :ZRl—zn (D
i=1 Vi
where R, is the line resistance; P;, O, are the active and reactive
power flows; V; is the sending-end voltage magnitude.

Nodal active and reactive power balances are:

b= PBj—Pp;+Ppg,: (2)
jes
0= Y.0;-0pi+0c.i - 3)
jeL;

where Pp;, QOp; denote loads; Ppg;, Opg; denote DG
injections at bus .

Branch power flows in backward-forward sweep
include:

Pj= Y Pp+Pp;—Ppg: (4)
me? ()
Q5= 2.Qm+9p,;~Cpa, - ®)
me¥ (j)
Bus voltages are updated using:
vy Riby + X0y
j =V V. :

1

DG modeling. A DG unit can operate at unity
power factor or supply reactive power depending on the
technology. In general:

Spex = Ppe i+ jOpc - (6)
DG size constraints are:
P Bn(ifk <PpG.r < PpGk - @)

Objective function. To simultaneously minimize
active power loss and enhance voltage stability, a
weighted multi-objective formulation is adopted:

N

min F = @ B, + WZ[ZWZ N 1|] > ®)
i=l

subject to: 0.95 p.u. < V; < 1.05 p.u., where: @,, @, are the

weight coefficients; the second term minimizes total

voltage deviation (VD = ZIZJV,- - 1| ). This formulation
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provides a clear and mathematically rigorous
representation of the DG placement and sizing problem,
enabling the application of metaheuristic algorithms, such
as the Dehghani-enhanced PSO, to effectively solve the
problem under multiple DG penetration scenarios.

PSO and Dehghani method. PSO is a population-
based stochastic optimizer [20]. Let a swarm consist of N,
particles, each with position X;eR" and velocity V;eR” at
iteration ¢. Each particle retains a personal best Py, and
the swarm maintains a global best g (also denoted
Xpest)- The standard PSO update rules are:

1
ViH— = wVit + Clrl(Pbest,i - Xtt)"’_ CZFZ(gbest - Xtt)’ (9)

X = xt eyttt (10)
where ® is the inertia weight; C;, C, > 0 are the
cognitive/social coefficients; 7, r, ~ U(0, 1) are the uniform
random vectors. Objective function f{x) is minimized.

PSO is effective, but can suffer premature
convergence and stagnation; the Dehghani method [21] is
a population-level improvement operator that uses
component-wise contribution of all individuals to
refine the current best solution.

Dehghani method — concept and formalization.
DM introduces an auxiliary vector Xp,, initialized as the
current best:

XDM <~ Xbest' (1 l)

For every particle i = 1, .., N, and for each
dimension d = 1, ... , D, DM attempts a component-wise
replacement:

Xpu(d) < Xi(d). (12)
Compute the objective {Xpy). If
f(XDM) <f(Xhest): (13)
then accept the improvement:
Xhest <~ XDM: (14)

otherwise restore Xpy(d) < Xp(d) and continue. In
words: each component of the global best is temporarily
replaced by the corresponding component of every
population member. If any such replacement yields a
better objective, the global best is updated. This process
leverages information in all members — including poor
solutions — to explore promising coordinate-wise moves.
Algorithmically (pseudo-code):

1. Xpu < Xbesr-

2.Fori=1toN,:

3.;;Ford=1toD:

4. 5555 Xpu(d) < Xi(d) and evaluate f{Xpy,).

XDM(d) <~ Xhest(d)'
6. ;; End for d.

7. End for i.

DM is parameter-light (no additional random
numbers) and performs O(N,-D) objective evaluations in
the worst case per DM application.

Integration: DM-enhanced PSO. In DM-enhanced
PSO, the standard PSO loop is preserved. After updating
positions and personal/global bests at iteration ¢, apply
DM to refine X}, That is:

1. Update V!, X/

2. Update P best,i and 8best-

3. Apply DM to attempt component-wise improvement
0beest~

4. Proceed to next iteration.

This hybridization preserves PSO dynamics while
enabling coordinate-wise exploitation informed by the
entire swarm. Empirically, DM-enhanced PSO increases
the probability of escaping local minima and improves
final solution quality for high-dimensional, constrained
engineering tasks such as DG placement and sizing.

Simulation studies and performance analysis.
Performance of the DM-enhanced PSO algorithm in
solving the optimal placement and sizing of DG units in
the IEEE 33-bus radial test system [22] is evaluated in
this section. Four study cases are considered:

1) the base case without DG;

2) the optimal integration of 2 DG units;
3) the optimal integration of 3 DG units;
4) the optimal integration of 4 DG units.

The  optimization  objective  simultaneously
minimizes power losses and voltage deviation (VD).
Lower values of VD indicate better voltage quality and
improved network stability.

Global results obtained by the DM-enhanced
PSO-DM are summarized in Table 1.

Table 1
Global results after optimum DG’s placement
in IEEE 33-bus test system

Parameters Base [With 2 DG|With 3 DG| With 4 DG
Py, KW 210.67| 183.37 136.5 53.9
QOlosss KVAT 142.84] 1233 90.87 38.42
Vinins P-U. 0.903 | 09195 0.9344 0.9741
VD 1.8037| 1.6278 1.3713 0.5129
DG locations (bus)| - 18,22 17,22,33 [17,18,30,32

257.88
240.91
129.31 466.97
Ppe, kW B 306.87 29270’30 131.15
700

124.90

116.68 ’
62.63 226.16
Op, KVAr | 14862 194635965 63.52
’ 339.02

The base network exhibits significant losses with an
active power loss of 210.67 kW and a reactive power loss
of 142.84 kVAr. Furthermore, the voltage deviation is
relatively high (VD = 1.8037), confirming the weak
voltage support typically observed in unreinforced radial
systems. The introduction of DG units leads to noticeable
performance improvement, and these enhancements
intensify as the number of DG units increases.

Voltage profile analysis. Voltage profile across all
buses for different scenarios is depicted in Fig. 1. In the
base case, the minimum voltage drops to approximately
0.903 p.u., revealing the well-known voltage weakness
around the mid-feeder section. With 2 DG units, the
voltage profile rises uniformly, eliminating the deep dip
and improving overall voltage stability. The placement of
3 DG units results in further enhancement, increasing the
minimum voltage level and flattening the profile.

The most significant improvement occurs with
4 optimally located DG units. The entire voltage curve shifts
upward, with all bus voltages remaining satisfactorily close
to 1 p.u. This is also reflected in the voltage deviation value,
which sharply decreases to VD = 0.5129, representing a
71.6 % improvement compared to the base case. This
confirms that PSO-DM efficiently identifies optimal DG
sites that contribute maximum voltage support.
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Active power loss reduction. Active power loss for
each bus is shown in Fig. 2. The integration of DG units
remarkably reduces feeder losses by supplying power locally
and minimizing line currents. Active loss decreases from
210.67 kW in the base case to 183.37 kW with 2 DGs and
further to 136.5 kW with 3 DGs. The lowest loss, 53.9 kW,
is achieved with 4 DGs, corresponding to a 74.4 % reduction
compared with the base network. This significant decline
clearly demonstrates the effectiveness of the DM-enhanced
PSO optimization in loss minimization.

Reactive power loss reduction. Reactive power loss
trends (Fig. 3) follow a similar pattern. The losses are reduced
from 142.84 kVAr (base case) to 123.3 kVAr (2 DGs),
90.87 kVAr (3 DGs) and finally to 38.42 kVAr (4 DGs). The
availability of reactive power support from optimally sized
DGs directly enhances the voltage profile and lowers reactive
currents, leading to substantial loss mitigation.

Overall performance discussion. The combined
analysis of Table 1 and Fig. 1-3 clearly demonstrates that
the DM-enhanced PSO algorithm delivers highly effective
optimization solutions. The addition of DG units
systematically improves voltage quality, reduces line
loading, and significantly decreases both active and reactive
losses. Among the investigated scenarios, the configuration
with 4 DG units offers the best overall performance,
affirming the strong capability of DM-enhanced PSO in
identifying optimal DG allocation patterns.

These results confirm that incorporating DMe into
PSO considerably enhances the exploration—exploitation
balance, enabling superior DG planning outcomes in
radial distribution systems.

BRI N T T e

Bus Number

Fig. 1. Voltage profile without and with DGs integration
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Fig. 2. Active power loss after DG placement
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Fig. 3. Reactive power loss after DG placement

Conclusions and future work. An enhanced
particle swarm optimization framework, augmented with
the Dehghani method (DM-enhanced PSO), for
determining the optimal placement and sizing of DG units
in radial distribution networks is presented in this study.
The mathematical formulation simultaneously minimized
active power losses and voltage deviation while satisfying
operational constraints, including power balance, voltage
limits, and branch current ratings. Simulation results on
the IEEE 33-bus system demonstrate that the proposed
methodology significantly improves network performance
across multiple technical criteria.

Simulation results on the IEEE 33-bus system
demonstrate that the proposed DM-enhanced PSO
methodology significantly improves network performance
across multiple technical criteria. In particular, compared
with the base case (no DG), the optimal 4-DG
configuration reduces total active power loss from 210.67
kW to 53.9 kW, i.e. a reduction of 156.77 kW (=74.4 %);
and reduces total reactive power loss from 142.84 kVAr to
38.42 kVAr, i.e. a reduction of 104.42 kVAr (=73.1 %).
Voltage stability is also improved: the minimum bus
voltage increases from 0.903 p.u. to 0.9741 p.u., and total
voltage deviation VD decreases from 1.8037 to 0.5129
(=71.6 % improvement). These quantitative results confirm
that the DM-enhanced PSO reliably identifies DG
placements and sizes that materially reduce both active and
reactive losses while improving voltage quality.

Despite the promising results, several avenues
remain open for future research. First, incorporating time-
varying load models, renewable generation uncertainty,
and probabilistic constraints can improve the realism of
the optimization framework. Second, extending the model
to multi-objective formulations — such as economic cost,
emission minimization, and reliability enhancement —
would enable more comprehensive  planning.
Additionally, applying advanced hybrid metaheuristics or
reinforcement learning-based strategies may further
improve convergence properties. Finally, validating the
algorithm on larger and unbalanced distribution networks
would provide a more extensive assessment of its
scalability and practical applicability.
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