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OPTIMISATION OF THE GENERATING CAPACITY OF DROOP-BASED DGs
INTEGRATED INTO AN ISOLATED AC MICROGRID USING
METAHEURISTIC ALGORITHMS TO MINIMISE POWER LOSSES
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Abstract. This study proposes three metaheuristic techniques, including differential evolution, moth-flame optimisation, and honey badger algorithm
combined with a modified backward-forward sweep load flow approach to identify the optimal droop gains and reference voltage magnitudes
of distributed generators (DGs) (i.e., optimal size of droop-based DGs) integrated with renewable sources to meet the electricity demands of an islanded
AC microgrid. The suggested mathematical model was tested on a reconfigured 33-bus islanded microgrid under four scenarios with a time-varying load
over 24 hours. The findings indicate that Case 3, which applies the honey badger (HB) algorithm to optimise droop coefficients and regulate reference
voltage magnitudes within permissible limits, is the most effective in lowering power losses compared to other cases. The final results highlight
the HB algorithm’s efficacy in minimising power losses while optimising the size of droop-based DGs in an islanded microgrid integrated with renewable
energy sources.

Keywords: islanded AC microgrid, losses power minimisation, voltage improvement, metaheuristic algorithms

OPTYMALIZACJA ZDOLNOSCI WYTWORCZYCH GENERATOROW ROZPROSZONYCH
Z REGULOWANYM STATYZMEM ZINTEGOWANYCH W IZOLOWANEJ MIKROSIECI AC
PRZY WYKORZYSTANIU ALGORYTMOW METAHEURYSTYCZNYCH
W CELU ZMNIEJSZENIA STRAT SIECIOWYCH

Streszczenie. W niniejszym badaniu zaproponowano trzy techniki metaheurystyczne, obejmujgce algorytm ewolucji réznicowej (ang. Differential Evolution
— DE), optymalizacje Moth-Flame (MFO) oraz algorytm Honey Badger (HB), polgczone ze zmodyfikowang metodq rozptywu mocy i napie¢ (ang. Modified
Backward-Forward Sweep — MBFS), w celu optymalnego planowania punktu pracy generatorow rozproszonych (DG) z regulowanym statyzmem w
rozwinietej strukturze hierarchicznej izolowanej mikrosieci prqdu przemiennego (AC). Take algorytmy sterowania sprawiajq, ze generatory DG same
mogq regulowac napigcie mikrosieci, podczas gdy pracuje ona w trybie wyspowym. Zaproponowany model matematyczny zostal przetestowany na
rekonfigurowanej izolowanej mikrosieci 33-wezfowej w czterech scenariuszach, z obcigzeniem zmieniajgcym si¢ w ciggu doby. Wyniki wskazujg, Ze
Scenariusz 3, w ktorym zastosowano algorytm HB do optymalizacji wartosci wspotczynnikow quasi-stacjonarnego odchylenia napiecia oraz regulacji
wartosci napigcia referencyjnego w dopuszczalnych granicach, jest najbardziej efektywny do obnizenia strat mocy i energii w poréwnaniu do innych
przypadkow. W szczegdlnosci, w Scenariuszu 3, w ktorym zastosowano algorytm HB, straty mocy czynnej i biernej odpowiednio stanowiq jedynie 0.9459%
i 1.1485% calkowitego zapotrzebowania na moc. Wyniki te podkreslajg skutecznosé algorytmu HB w minimalizacji strat mocy przy jednoczesnej

optymalizacji rozmiaru DG opartych na regulowanym statyzmie w testowej mikrosieci, pracujgcej w trybie wyspowym.

Stowa kluczowe: wyspowa mikrosie¢ AC, minimalizacja strat mocy, poprawa napigcia, algorytmy metaheurystyczne

Introduction

Small-scale dispersed and distributed generators (DG)
are increasingly favoured for deployment in distribution networks,
particularly in microgrids. A microgrid can exchange energy
with the national power system through a point of coupling,
operating in grid-connected mode. Alternatively, it can function
independently, supplying its own energy needs in grid-off mode,
also known as islanded mode. Islanded operation offers significant
advantages and aligns with the future development of power grids
[7, 26]. To mitigate environmental concerns associated with
fossil fuel-based generators, integrating multiple renewable DGs
of varying capacities and types into microgrids is crucial.
However, this integration poses challenges, especially
in optimising the placement and sizing of DGs. This study
explores the deployment of appropriately sized, droop-controlled,
renewable-based DGs in an islanded AC microgrid.

Various techniques have been introduced to determine
the optimal size of an islanded/isolated/standalone microgrid,
including metaheuristic algorithms [3, 10, 20, 21], hybrid
techniques [14, 17, 19, 28], multi-objective optimisation methods
[8, 12, 15, 23], mixed-integer linear programming (MILP)
technique [2, 11], hybrid optimisation of multiple energy
resources (HOMER) tool [16], and general algebraic modelling
(GAMS) system [3].

The proper capacity of a backup energy storage device
(BESD) within a standalone microgrid integrating a solar
photovoltaic (PV) plant has been found using particle swarm
optimisation (PSO) algorithm to maintain grid frequency inside
predetermined limits [10]. In [3], researchers developed grey wolf
optimisation approach to size the BESD in an islanded microgrid
(IMG) on Flinders Island, Australia, aiming to support frequency

stability. Differential evolution (DE) technique [21] and honey
badger (HB) algorithm [20] have been proposed to optimise
the allocation of droop-based DGs for minimising power losses.

In [28], the locations and capacities of wind turbines (WT),
diesel-based DGs, and capacitor banks (CB) in IMGs with high
nonlinear load penetration are determined using genetic algorithm
(GA) and mixed-integer nonlinear programming (MINLP)
techniques to minimise total costs. In [14], a combination
of the GA toolbox and an efficient optimisation method known
as the sensitivity region (SR) is developed to find the hosting
capacity of droop-regulated and renewable-based IMGs, aiming
to reduce frequency deviations due to the uncertainty of renewable
DG. A hybrid approach combining GA and PSO is proposed
in [17] to optimise the sizing of WT, solar PV, battery, fuel cell,
and hydrogen tank for electricity supply on a Mediterranean
island. In [19], an advanced hybrid technique integrating GA,
PSO, and MINLP is developed to optimise the planning
and allocation of remote microgrids, ensuring reliable electricity
supply while minimising annualized capital and operational costs.

The planning of droop and renewable-based IMGs
is optimised using multi-objective ant lion optimisation (MALO)
algorithm to minimise investment costs while accounting
for the uncertainty of renewable generation [8]. The search
algorithm referencing adjacent points (SARAP) is introduced
to determine the optimal capacities of WT, solar PV system, diesel
generator, and battery storage in a standalone microgrid, aiming
to lower annual costs and emissions [15]. In [23], losses power
and operational costs in a droop-based IMG are minimised using
a multi-objective PSO algorithm to find the suitable sizing
of droop-regulated DGs, renewable DGs, and CBs. The efficient
non-dominated  sorting  genetic  algorithm-1l  (NSGA-II)
is proposed in [12] to determine the optimal capacity of IMGs
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integrating renewable-rich DGs, considering battery storage
device and fuel cell development to meet load demand under
renewable generation and load variations over time.

The MILP technique is suggested to identify the appropriate
capacity of IMGs for effective techno-economic planning [11],
economic and environment optimisation [2]. Ref. [16], the ideal
size of WT, PV, hydrokinetic turbine, and battery system
is obtained through the HOMER tool to meet the electric demand
of the Persian Gulf Islands. GAMS software is applied to get
the optimal battery capacity for a microgrid functioning in both
grid-off and islanded modes with the integration of wind
energy [24].

According to researchers D.H. Wolpert and W.G. Macready
in [27], no single algorithm can provide a perfect solution
to every optimisation issue. In this study, three metaheuristic
techniques including DE, moth-flame optimisation (MFO),
and HB are developed to identify the appropriate capacity
of droop-based DGs integrated with renewable DGs within
an islanded AC microgrid, with the aim of mitigating losses power
and improving nodal voltage.

This work is presented as follows. The first section
is Introduction part. Problem formulation and constraint
conditions are presented in sections 2 and 3 respectively.
The fourth section describes Proposed solution. Subsequently,
Data and cases are expressed. The sixth section shows Results
and discussion. The last section includes Conclusion and future
work.

1. Problem formulation

The main priority is to minimise the active power loss F,
for the droop-based islanded microgrid (DIMG) grid, while
accounting for the reactive power loss F,.

min F,(Xg, Xy ) 1)
X = [My My My Ny Ny N ] €L Nppe JNZ
Xret = [Viers bIVierz Lo Vi 11, T€ [L Npp 11N Z
where X, and X, are the vectors of droop gains and reference

voltage magnitude of the droop-based distributed generators
(DDG) respectively; m , denotes the real power droop

coefficient of the i-th DDG, while n, signifies the reactive

pi

power droop gain; |V,.;| is the reference voltage magnitude

refi
of the DDG i; Ny, represents the number of DDGs injecting
power into the grid; Z is a numerical integer.

The real and reactive power losses in the radial branches
of islanded AC microgrids can be determined as follows:

F= TSR @
F= 33X, @)

t=1 h=1
where the resistance of branch h is R,, its reactance is X,,

and the current through it is represented by I,; N denotes

the number of branches of the network; T represents the full
period of investigation.

2. Constraint conditions

a. Power balance equations

The power produced by all DGs and injected into load buses
at time t is described as follows:

Nops 1 Nppg Nyt Npy
z mi(f(t) _fref) + Z PDGio + Z PWTk (t) + Z PP\/k (t) (4)
i=1 pi i=1 k=1 k=1

NL

—Z R, = ZZLZI V@O IV (O 1Yo (©) [ €03 (8,(8) = 3, (1) = 6, (1))

n=1m=1
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Noos 1 Npos Ny
3 MOV + ;om] 300

qi

=2 2 IV OV, O Yo @) [5in (8, (8) = 8, (8) = 6,0 (1))
1 m=1
where f(t) is used to indicate the operating frequency at time t,

and f. stands for the reference frequency; the reference

production powers of the DDG i are represented
by Pysio and Qg ; Py (t) and Q,, (t) are electric load demand

of the n-th bus at time t; \V,(t), V,(t)] and |V, ()]
are the operating voltage magnitudes, while &,(t) and &, (t)

are their phase angles; |Y,,(t)| is the magnitude of the branch
admittance between two nodes n and m, while 8, (t) denotes
its phase angle; R, (t) is the production power of the k-th
wind turbine at time t; P, (t) represents the produced power
of the k-th solar PV plant at time t; N,,; and N, are the number

of wind turbines and solar PV plants respectively;
N, is the number of the DIMG buses.

b. Inequality constraints

b.1. The frequency and voltage magnitude of the DIMG
network

o™ < o(t) < 0™ (6)
Vm ] < V)] < V™) nelL,N]INZ Q)
where o™ and o™ are the top and bottom thresholds

of the DIMG frequency respectively; |V™ | and [V™ | signify
the upper and lower limits of the bus voltage magnitude;
in this study, ™ and ™ are predetermined 1.0 pu
and 0.99 pu respectively, while |[V™| and [V™ | are given
1.05 pu and 0.95 pu.

in

b.2. Power limit of droop-based distributed generators
0< Popgi (1) < Pipei 1€[L Nppe 1N Z ®)
0 < Qppei () < Qppeir 1 €[L Nppe 1N Z 9
where P,y and Qg are the production powers of the DDG i
attime t; Pogs; and Qpps; denote the top limits of the production
powers of the i-th DDG.

b.3. The reference voltage magnitude and droop
coefficients of droop-based distributed generators

VI < Ve @] < VE ] T €[l Nops]1NZ (10)
mot<m () <mi®, i €L Ny 1NZ (11)
N <ng () <nI™, i €[LNppe1NZ (12)

V"] and |V |are the lower and upper limits

Where ref ref
of the reference voltage magnitude of the DDG i with their

values predetermined as 1.0 pu and 1.02 pu respectively,

in this study; m7" and m™ represent the bottom and top limits

of the real droop gain of the i-th DDG, while ng" and ng™

denote the bottom and top thresholds of the reactive droop
coefficient.

b.4. Power threshold of renewable DGs

P < Pou (@) < P 13)
P < Runc(t) < R (14)

where P and P indicate the produced power thresholds

of solar PV plant k, while Ry and P, are the power limits
provided by wind turbine k.
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3. Proposed solution

Three metaheuristic algorithms consist of the DE, MFO,
and HB along with the modified backward-forward sweep
load flow approach proposed by Hameed F. et al in 2017 [5]
are applied to determine the proper capacity of DDGs integrating
renewable DGs within the islanded AC microgrid. The suggested
methodologies are described as follows:

a.1l. DE-based metaheuristic technique

Price and Storn introduced the DE technique in 1995 [22].
This population-based optimisation method is widely used
to find optimal solutions in various technical applications.

The DE algorithm is conducted through four steps, namely,
initialisation, mutation, crossover, and selection. The initialisation
step uses random technique to generate the initial population:

X, =BB, +rand,(0,2)(TB; - BB,), i €[L,N,.1NZ, je[1,Dx]NZ

where BB; is the bottom limit of the j-th adjustable variable,
while TB; denotes its top threshold. Npg represents the number
of inhabitants within the population, and Dpg is the dimensional
vectors of the adjustable variables, Z describes a numerical
integer.

The mutation step is to enhance solution diversity
within  the population. It can be performed by:

VE=XE + FIXE-XE), ie[LNINZ,gel,G.,1NZ,
where V£ is the mutant vector in the generation g, while X§,
X& and XE& are the solution vectors in the population
at the generation g, F is the scaling factor, G,,,, is the maximum

generation count, s;, S, and s signify different positive integer
indices chosen randomly.

The crossover mechanism is used to generate new population
in the g-th generation, it can be expressed by the following
equation:

s - VE if r(0, )<CRy orje[l, D, ]NZ
7 |X¢ otherwise
where CR,. denotes the crossover factor, r;(0, 1) represents

a uniformly distributed random value.

The selection step is to find the optimal solution
at the generation g. When resolving a minimal problem,
the corresponding solution with the best value (lowest)
of the objective function is determined and described by

Xt - {u,-g if f (UF) < f (XF)

5= ' , f( is the objective function
X§ otherwise

a.2. MFO-based metaheuristic technique

The MFO algorithm was originally proposed by the researcher
Mirjalili in 2015 [18]. It mimics the behaviour of moths, which
use a logarithmic spiral flight to move toward light sources.
In the algorithm, moths represent candidate solutions, while
flames act as guiding points (best solutions). Moths update
their positions based on a spiral movement around flames,
gradually refining their solutions. The MFO technique is widely
used for solving complex optimisation problems due to its strong
exploration and exploitation capabilities.

The following expresses a pseudo code of the MFO technique.
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OF =sort(OM), OF: Flame fitness matrix
else
F =sort(M,_;,M,)
OF =sort(M,_,,M,)
end
for i = 1toN do
for j = 1toDdo
Compute convergence constant a using Eq. (16).
Compute r using Eq. (17).
Determine D, using Eq. (18).
Update Moth position using Eq. (19).

end
end
end
oF = it — XN =Dy (15)
Kmax

k
a=-——-1 16
K (16)
r=(a-1)rand +1 @17
D, =|F; - M, (18)
M, =F, + D,e” cos 2mr (19)
where K, is the maximum iteration count, N represents

the number of moths, D denotes the dimensional vectors

of the control variables.

a.3. HB-based metaheuristic technique

The HB technique was first put forward by Hashim et al.
in 2022 [6]. The HB algorithm is based on the behaviour of honey
badgers in nature. It mimics their intelligent hunting strategies,
including digging and honey techniques, to explore and exploit
search spaces effectively. The HB is extensively applied
to address real-world optimisation problems.

Below presents a pseudo code of the HB technique.

Pseudo code of HB technique

Pseudo code of MFO technique

Set parameters of MFO: K N, and D.
Establish an initial population M by randomly assigning Moths.
Evaluate each Moth m; based on the objective function OM,.
while stopping criteria are not met do
Compute the number of local solutions nF using Eq. (15).
if k=1then
F =sort(M), F: Flame matrix

max !

Set parameters: T, Nz, £, and C.

Generate the initial population with randomly assigned positions.
Evaluate each HB's placement z, based on the objective function

and allocate the computed fitness value to f,, i e[L, N, ;1N Z.
Save and allocate the best fitness to f ,

while stopping criteria are not met do
Compute the new value of « using Eq. (20).
for i = 1toN,; do
Determine the intensity of I, using Eq. (21).
if r < 0.5then
Compute the new placement 2z ... using Eq. (22).

i,update

and its position to z,,, -

else
Compute the new placement z; ... using Eq. (23).

end
Evaluate the new placement and allocate to f,

if fupdale < f then

t t
Set Zi = Zi,update and fl = fupdate'
end
If ﬁlpdate < fprey then

_ 7t —
Set Zprey - Zi‘update and fprey - fupdate'

pdate *

end
end
end

return f,. andz .
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t

a=Ce ™ te[lT,1NZ (20)
S
l.=r,— 21
i 2 47Z'di2 ( )
Z} spase = Zorey + FPBlZ e, + Fryod, |cos 2rr,[1-cos(2mr,)]| (22)
Zi[‘update = Zprey + Fr7adi (23)

a.4. Power flow method in an islanded microgrid

To maximise the benefits of deploying DGs in a microgrid,
small-sized DGs are often preferred. Therefore, a slack bus
does not exist in the islanded mode of the microgrid. In this work,
the method described by Hameed F. et al. in 2017 [5] is employed
to determine the power flow in the islanded microgrid.

4. Data and cases

The 33-bus DIMG grid is used in this work, as illustrated
in Fig. 1. The topology of this network was reconfigured
by isolating the tie-switch link connecting bus 1 to the primary
grid substation from the standard network [1]. The rated real
power load of the grid is 3.715 MW, while its rated reactive power
is 2.3 MVAr, and the rated voltage is 12.66 kV. The droop-based
DGs use diesel generators to provide the electricity for loads.
Table 1 displays the suitable placement of DGs for four suggested
cases. Table 2, Table 3, and Table 4 show the parameter setting
of the DE, MFO, and HB algorithms respectively. The production
power thresholds of three DDGs are described in Table 5.
The model of the constant power load is employed together
with the sensitivity parameters K, and K, in ref. [13] were

set to zero. For three DDGs, the power reference points P,
and Qp, Wwere determined to be 0.2 pu. The load profile was

investigated over a 24-hour interval, as illustrated in Fig. 2 [25].

In Case 2, one solar PV DG with a rated capacity 500 kW
was installed at the 25-th bus. In Case 3, one WT DG with a rated
size 500 kW was deployed at the 24-th bus. In Case 4, both
one WT DG and one PV DG were deployed at the buses 24
and 25, with capacities of 250 kW each respectively. Assume
that the optimal positioning of DGs for Cases in the 33-bus DIMG
network is described as in Table 1.

In order to evaluate the efficacy of three suggested meta-
heuristic algorithms including DE, MFO, and HB for the optimal
capacity of DDGs considering the integration of renewable DGs
in the 33-bus DIMG network, four cases are selected as follows:
Case 1: only optimise the size of three DDGs
Case 2: optimise the size of three DDGs integrating one solar PV
DG
Case 3: optimise the size of three DDGs integrating one WT DG
Case 4: optimise the size of three DDGs integrating one WT DG
and one solar PV DG.
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Substation

|_

1 9 10 11 12 13 14 15 16 1718
| Il 11 1 1 1 |
I T 1
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I T | L
26 27 28 2930 31 32 33

23 24 25

2
d
I

Fig. 1. The IEEE 33-bus IMG network

Table 1. Proper positioning of DGs for cases

Cases DDG1 DDG2 DDG3 PV WT
(bus) (bus) (bus) (bus) (bus)
1[9] 2 12 26
21[9] 2 12 26 25
3 2 12 26 24 [23]
4 2 12 26 25 24 [23]
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Table 2. Settings of predefined parameters of the DE algorithm
Cases Girax Npe F CR Dpe
1 100 100 0.2 0.5 9
2 100 100 0.2 0.5 9
3 100 100 0.2 0.5 9
4 100 100 0.2 0.5 9
Table 3. Settings of predefined parameters of the MFO
Cases K nax N b D
1 100 100 1 9
2 100 100 1 9
3 100 100 1 9
4 100 100 1 9
Table 4. Settings of predefined parameters of the HB
Cases o Nps B c D,
1 100 100 6 2 9
2 100 100 6 2 9
3 100 100 6 2 9
4 100 100 6 2 9

Table 5. Active and reactive power thresholds of DDGs for cases

Pocei Qposi
(KW) (KVAr)
DDG1 1650 1100
DDG2 1300 800
DDG3 950 640

No. DDG

1.00
§ 0.95
5 0.90
g 0.85
Sos0
2075
20.70k
S 065
0.60
055 —
2 4 6 8 10 12 14 16 18 20 22 24
t(h)

Fig. 2. Profile of load
5. Results and discussion

The problem of the optimal capacity of the DDGs integrating
renewable DGs in the DIMG grid was scripted through MATLAB
2021a software. The experiment was carried out on a computer
with a Core i7-9700 CPU, 3.0 GHz processor, and 16 GB
of RAM to identify the proper values. To ensure the reliability
of the results, each case was independently executed 40 times
on the machine, using the proposed values for three algorithms.

Figs. 3-6 show the tuned values of the droop coefficients
(m, and ng), and the reference voltage value |V, | for three

DDGs in four cases using the DE, MFO, and HB techniques
corresponding to the investigated load profile in 24-h.
These values are variables expressed in the Problem formulation
section.

The working frequency of the 33-bus DIMG grid
at the rated load using the suggested techniques is shown
in Table 6, along with the frequency values at other load
levels in this study that satisfy the predefined constraints.

Table 7 and Table 8 display the nominal powers
of three DDGs for cases, determined from the tuned values

m,, N and [V | by each technique under rated load

conditions.
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Table 6. Frequency values (pu) of the DIMG at the rated load
Cases 1 2 3 4
MFO 0.9901 0.9902 0.9901 0.9902
DE 0.9901 0.9902 0.9902 0.9901
HB 0.9900 0.9902 0.9901 0.9903

Table 7. Rated active power of three DDGs

IAPGOS 2/2026

Cases Algorithms DGl DG2 DG3 sum
(kW) (kW) (kW) (kW)
MFO 1643.45 1191.65 935.65 3770.75
1 DE 1648.35 1185.00 937.15 3770.50
HB 1636.75 1187.75 945.70 3770.20
MFO 1572.30 1170.90 919.60 3662.80
2 DE 1582.90 1170.45 909.30 3662.65
HB 1591.15 1169.75 901.70 3662.60
MFO 1529.25 1120.90 890.25 3540.40
3 DE 1542.25 1107.00 890.90 3540.15
HB 1531.15 1110.65 898.50 3540.30
MFO 1600.50 1050.40 949.50 3600.40
4 DE 1553.05 1150.60 898.00 3601.65
HB 1531.80 1118.75 950.00 3600.55

Table 8. Rated reactive power of three DDGs

Cases Algorithms DGl DG2 DG3 Sum
(kVAr) (kVAr) (KVAr) (KVAr)
MFO 1088.55 609.80 633.95 2332.30
1 DE 1086.85 611.25 639.40 2337.50
HB 1099.25 592.05 639.95 2331.25
MFO 1059.75 639.15 637.15 2336.05
2 DE 1092.45 605.35 637.95 2335.75
HB 1100.00 596.25 639.65 2335.90
MFO 1094.35 592.45 640.00 2326.80
3 DE 1090.50 603.05 635.10 2328.65
HB 1063.35 625.05 639.95 2328.35
MFO 1078.80 619.95 629.65 2328.40
4 DE 1083.95 617.50 636.10 2337.55
HB 1100.00 589.70 638.80 2328.50

Table 9 outlines the comparison of objective functions,
including total real and reactive power losses and their
percentages, for four cases evaluated using three suggested
algorithms. According to ref. [14], the real power loss in islanded
microgrids should remain below 1.5% of the rated load level.
The numerical results in Table 9 indicate that the lowest power
losses and loss percentages were achieved in Case 3 using
the HB technique, while Case 1 with the MFO algorithm produced
the highest losses. This outcome is attributed to the proper
placement and sizing of DGs in Case 3, which involved
optimising the size of three DDGs and integrating one WT DG,
as compared to the other cases under the investigated load profile.

Table 9. Objective functions ( P,
respectively)

and Q,, are the real and reactive power losses

oss

Cases | Algorithms R Fos F. Qs
(kW) (%) (kVAI) (%)
MFO 776.10 1.1244 572.50 1.3397
1 DE 772.10 1.1186 569.70 1.3332
HB 771.05 1.1171 569.20 1.3320
MFO 720.60 1.0440 533.95 1.2495
2 DE 718.00 1.0402 532.25 1.2455
HB 717.40 1.0393 532.15 1.2453
MFO 657.00 0.9518 493.35 1.1545
3 DE 654.20 0.9478 491.55 1.1503
HB 652.90 0.9459 490.80 1.1485
MFO 667.70 0.9674 499.30 1.1684
4 DE 667.65 0.9672 499.15 1.1680
HB 664.35 0.9625 497.40 1.1639
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Fig. 7 (A-D) illustrates the nodal voltage magnitude
of the 33-bus DIMG network at the rated load level for four Cases,
analysed using the DE, MFO, and HB techniques. The data
in Fig. 7 (A-D) reveals that the best voltage profile was achieved
in Case 4 with the DE algorithm, whereas Case 1 with the MFO
method exhibited the worst voltage profile.
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Fig. 7. Bus voltage magnitude at the rated load of cases
6. Conclusion and future work

The optimal size of three droop-based DGs to meet
the electrical demand within the IEEE 33-bus IMG integrated
with renewable DGs, based on the given load profile,
has been determined. Analysis of the numerical results indicates
that Case 3 (optimising the capacity of three DGs, including
one wind turbine DG) using the honey badger algorithm results
in a significant minimisation in losses power (as shown in Table
9) and an enhancement in the grid voltage magnitude. This
superior performance is attributed to the HB algorithm’s strong
balance between global exploration and exploitation, which
enables
it to escape local optima more effectively than the DE and MFO
algorithms. Moreover, its adaptive foraging strategies help prevent
premature convergence, resulting in more consistent and higher-
quality optimal solutions in complex and nonlinear search spaces.

To enhance the penetration capacity of renewable energy
in islanded microgrids, it is crucial to optimise volt-var control
for smart inverter devices, including solar PV plants, STATCOM,
DSATCOM, and battery storage systems. Future research should
take into account the optimal allocation of these devices.
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