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Abstract. This research aims to optimize the size and location of biomass-based distributed generator (BMDG) units to enhance the voltage profile,
reduce electrical losses, maximize cost savings, and decrease emissions from power distribution systems. Biomass-based distributed generator
(BMDG) systems offer numerous advantages to enhance the efficiency of power distribution systems. However, achieving these benefits relies on
determining the optimal size and position of the BMDGs. To achieve these objectives, the metaheuristic technique called particle swarm optimization
(PSO) is employed to find the optimal placement and size of BMDGs. The proposed model was validated on MATLAB's IEEE-33 bus radial distribution
system (RDS), confirming the aforementioned benefits. Comparative analysis between the PSO-based technique and other algorithms from previous
research revealed better results with the proposed method. The results indicate that optimal placement and sizing of BMDG units have led to a
reduction of more than 67.68% in active power losses and 65.90% in reactive power losses compared to the base case. Additionally, the reduction in
active power loss was 40.44%, 11.39%, 42.85%, 1.81%, 0.85%, 29.83%, 5.82% and 28.38% more than artificial bee colony, backtracking search
optimization algorithm, moth-flame optimization, Coordinate control, artificial Hummingbird algorithm, variable constants PSO (VCPSO), artificial
gorilla troops optimizer (AGTO), and a jellyfish search optimizer respectively. Furthermore, the reactive power losses were reduced by 38.33% and
15.68% compared to VCPSO and AGTO respectively. Furthermore, this study revealed a cost reduction of 6.38% when compared to the AGTO and
1.30% when compared to the AHA. Moreover, the voltage profile of the power distribution system was improved by 7.28%. The presented
methodology has demonstrated promising results for BMDGs in RDS across various applications.

Keywords: Biomass-based distributed generator (BMDG); particle swarm optimization (PSO); optimal placement and sizing; IEEE-33; radial
distribution system (RDS).
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1. Introduction to(Administration 1 June 2016), the electrical energy generated
through all sources was reported to be 21.53 trillion kilowatts
hour (tkWh) in 2012 and it is expected to produce 39 tkWh
globally in 2040 with a rise of 81% since 2012. Moreover, it has
been predicted that 9.6 tkWh or 25% of the total electric power
produced in the world in 2040 will be through renewable energy
resources. The need to generate power using renewable sources
like biomass, wind, hydro, solar, and geothermal has grown
significantly. Although conventional sources of energy are
extensively available worldwide, yet they are not only depleting
quickly but have also become hazardous to the environment.
Certainly, the source of biomass energy is widely available
worldwide which is about 0.384(tkWh), or 2% of the total
electric power generated in the world in 2012 (Administration 1
June 2016). Recent studies have estimated that biomass energy
consumption would be able to provide up to 45% of global
energy consumption in the coming years. These results have

The integration of renewable sources-based distributed
generators to enhance the efficiency of radial distribution
systems (RDS) is trending these days. A renewable energy
source such as biomass has the advantage of lower electricity
cost production as well as environmentally friendly energy.
Biomass energy is derived from plants and their products, such
as food, crops, wood, oil-rich algae, forestry or agriculture
waste, and the biological portion of municipal and industrial
surplus. The inherent process of photosynthesis harnesses solar
energy to convert water (H20) and carbon dioxide (CO:) into
organic material, ultimately producing biomass (Britannica
2016). Compounds such as hemicellulose, lignin, lipids, simple
sugar, water, cellulose, extractives, proteins, starches, ash,
hydrocarbons, and other substances are found in biomass. Each
type has a unique biomass composition with sugars or
carbohydrates (75%) and Lignin (25%) (Alvarez et al. 2016;
Demirbas 2010; Joshee 2012; Rezende et al. 2011). According
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encouraged researchers to explore the potential of biomass
energy (Keoleian & Volk 2005).

The energy generation at the grid side along with the
generation at the distribution side through renewable sources is
called cogeneration and it has gained momentum in recent
years. This occurs as a result of improved co-generation and
increased use of renewable resources. Small-scale power
generation facilities known as distributed generators (DGs) are
located close to the consumer load and also directly connected
to the distribution network (DN) (Huda & Zivanovi¢ 2017).
Moreover, incorporating technology based on renewable
resources can increase the size of the DN. There is an urgent
requirement to transport reliable and reasonably priced services
directly to consumers, including electrical loss reduction,
emission of greenhouse gas mitigation, power quality
improvement, peak load addressing, flexible voltage
regulations, and enhancements in reliability (Ehsan & Yang
2018; Lietal. 2018). The researchers in (Widjaja et al. 2023) have
developed a neural network model for accurately predicting the
state-of-charge of battery cells in the Solar Dryer Dome,
reducing overcharging and discharging, and includes a
dashboard for monitoring battery status. The lowest mean
absolute error has been achieved by Random Forest and
support vector machine methods. In (Mladenova et al. 2023)
Presents a carbon-free gas diffusion electrode design using a
mixture of Co304, NiCo204, and polytetrafluoroethylene on
stainless steel, enhanced with 70 wt.% Ni powder for improved
oxygen reduction reaction performance, showing acceptable
overpotentials and better stability, especially with Ni/NiCo204
(70:30 wt.%).

The authors (Rao, Ravindra, Satish, & Narasimham 2012)
Present a novel strategy for solving the network reconfiguration
problem with the distributed generation that uses the Harmony
Search Algorithm. The goal was to reduce real power loss and
improve the voltage profile of a distribution system. A teaching-
learning-based method was proposed by (Mohanty and
Tripathy 2016) to determine the optimal place and size of DG to
enhance voltage profiles and lessen the electrical loss in the
network. In (Balu and Mukherjee 2023), researchers introduced
a novel approach known as the Chaotic Student Psychology-
Based Optimizer. This method was employed to determine the
optimal locations and sizes of biomass, wind-battery, and PV-
battery systems within RDS. The authors (Ali, Bhatti, Rasool,
Farhan, and Esenogho 2023) presented an idea to deploy the
particle swarm optimization (PSO) method for optimal PV-
based DG size and location in RDS to reduce electrical losses,
and enhance voltage, with 15.211% in terms of saving cost
annually. The research in (Raut and Mishra 2023) utilized an
improved equilibrium algorithm for the reconfiguration of a
dynamic system featuring wind, PV, and biomass-distributed
generators along with a multi-objective challenge to
concurrently reduce electrical loss and increase financial gains.
A Capuchin Search Algorithm was introduced by (Fathy, Yousri,
Rezk, and Ramadan 2022) to determine the optimal placements,
sizes, and power factors of BMDG units in RDS. The objective
was to minimize active power loss while ensuring that power
flow, bus voltage, and transmission line remained within normal
operational ranges. An improved artificial ecosystem technique
was presented in (Khasanov et al 2023) to address the
integration of a DG into an RDS, with a focus on the mitigation
of active power loss.

An optimization approach utilizing the artificial bee colony
(ABC) algorithm was presented in (Abu-Mouti and El-Hawary,
2011) to determine the optimal size, location, and power factor
of DG units, aiming to minimize total system real power loss
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only. The research (Das and Srivastava 2017) has utilized a
Moth-Flame optimization (MFO) technique to determine the
best placement and size of distributed generation units in a
distribution system, aiming to minimize real power loss only.
The Backtracking Search Optimization Algorithm (BSOA) is
presented in (El-Fergany 2015) for efficient distributed
generator placement in RDS. BSOA effectively decreases
network losses and improves voltage profiles, but ignores other
parameters like environmental concerns and annual cost
savings. The research (Abo El-Ela, Allam, Shaheen, and Nagem
2021) presented an equilibrium technique for optimizing
biomass-distributed generation units to improve distribution
system performance, reduce environmental impact, and
maximize power utility advantages but the performance is not
better than the proposed system. In (Barik and Das 2020), the
researchers integrated biomass DG into a 33-bus RDS to
manage the remote bus by developing a new bus pair known as
the Q-PQV bus pair. The study improves decentralized power
generation by strategically deploying biomass-based units in a
distribution system, focusing only on active power loss
reduction. Additionally, authors (Roy, Bansal, and Bansal 2023)
concentrated on enhancing the performance of RDS through the
optimization of BMDG unit placements. It utilized a
combination of the sensitivity index method and the AGTO
algorithm to identify the optimal location and size of DG units
within RDS. This approach caused improvements in voltage
profile, minimization of power losses, and enhancement of
voltage stability while adhering to the operational constraints of
the system and performance parameters of RDS were not
properly addressed. Further, in (Bhargava, Sinha, and Dave
2021), proposed that the dispatchable BMDG units when run at
coordinated optimal size alongside solar DG units, reduce
power losses and operational costs without additional
installation and did not address the economic benefits due to
the environmental penalty and active power loss reduction cost
savings. The researchers proposed the Artificial Hummingbird
Algorithm (AHA) (Fathy 2022) to determine the optimal
locations and sizes of BMDG units within RDS, aiming to
minimize the network's active power losses and voltage
deviation, and other parameters like reactive power losses,
emission reduction, and annual cost savings were not selected
for improvement. The authors (Ranga et al. 2024) presented the
effect of various DG unit integrations in RDS using a jellyfish
search optimizer (JSO) for active power loss minimization only,
without some other parameters that are not considered for
improvement.

So, several studies have generally highlighted improving
voltage profiles in power distribution systems, often neglecting
economic considerations and environmental effects such as
emissions. While some research has addressed these features,
their primary focus persisted on voltage enhancement rather
than simultaneously optimizing system losses and achieving
cost savings. Additionally, efforts to mitigate global warming
through decreased power losses have been explored by several
scholars. In response to these gaps, this study presents a
metaheuristic approach using the PSO technique to determine
optimal locations and sizes for BMDG units within RDS. The
contributions of this research include developing a model that
integrates BMDG into distribution systems, thereby reducing
both active and reactive power losses while enhancing the
voltage profile. Moreover, it aims to increase annual cost
savings through efficient operation, particularly in reducing
emission penalties. The study focuses on the environmental
benefits of reducing emissions during BMDG operation. It
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Fig 1. Power distribution system with BMDG.

specifically applies PSO to the IEEE-33 bus distribution system
in MATLAB, comparing its simulation results with recent
literature to demonstrate its effectiveness and improvement in
enhancing overall power distribution systems.

2. Methodology

Biomass-based distributed generators at their optimal
position and size within the RDS are shown in Figure 1. This
shows that the control system obtains comprehensive records
of IEEE-33 bus system data i.e. (power losses, voltage profile,
emission values, energy cost), and BMDG capacity, enabling it
to decide the best location and size of BMDG via the utilization
of the PSO technique. Additionally, the control unit calculates
voltage levels, power losses, emission reductions, and annual
cost savings within the RDS, ensuring an efficient and
sustainable power distribution system.

This study emphasizes the strategic integration of DG into
the power distribution system, aiming to increase its technical
performance and economic and environmental advantages. A
thorough assessment of the current computation of numerous
technical, economic, and environmental criteria is carried out.
Subsequently, the PSO approach is applied to locate the optimal
site and size of the BMIDG unit in the distribution system. Upon
obtaining the optimal position and size within the RDS, a

Node 1

comparison has been presented among several methods to
ensure the precision and reliability of the results generated by
this proposed model. This validation process validates the
robustness of the findings and provides actionable insights for
practical implementation in power distribution systems.

3. Problem formulation

The aim of optimal location and sizing of biomass-based
DGs (OLSBMDG) problem is to enhance annual cost savings,
minimize active and reactive power loss, reduce the emission
penalty, and improve the voltage profile while adhering to
different equality and inequality constraints. Mathematically,
the objective functions and constraints of OLSBMDG are given
below.

3.1. Technical objective function
3.1.1. Total power losses formulation

The distribution line section coupled between two nodes i
and j is displayed in Figure 2. This power system has a Pi + Qi
load connected to the i-th bus. The impedance of the
transmission line is at Z= Ri + jX and the RDS’s active and
reactive power losses are as follows (Hung, Mithulananthan, and
Bansal 2013).

Node

U

—
P: +Q;
Vi

RHX

P; H1Q;

Fig 2. A simple distribution network
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Np
Pross = zllklz Ry (1)
k=1

Np
Qross = z |Ik|2 X
=1 (2)

P;oss and Qp.ss are ARP losses, R, and X;, are the resistance and
reactance of the branch k, I, is current for branch k and N, is
the number of total branches.

The equations (5) can be utilized for calculating the annual
cost savings of power losses.

Cp,o.. = Whoss X (TPLwithoutpe — TPLwith BMDG)
x 87650) -

The total annual cost savings in terms of active power loss
reduction in RDS is Cp  and the power loss factor is W,gs
(0.06$/kW) (Khasanov, Kamel, Xie, Zhou, & Li, 2019).
TPLyithout BMDG denotes the total power losses when DG is not
integrated, while TPLyn pupe 1S the total power loss after the
integration of BMDG.

3.1.2. Voltage profile

The voltage profile issues in distribution networks are
directly related to power quality. Fluctuations in load and
generating demand can cause voltage fluctuations across nodes.
The increasing presence of highly intermittent renewable
energy sources inside power distribution networks has piqued
interest in distribution-level voltage profiles.

AV=1.05pu <v = 0.95 pu
Where AV = Total change in voltage profile

3.1.3. Objective function formulation for pollution emissions

When biomass energy is used in DGs to fulfill the electricity
demand, it emits CO2, SO2, and NOx. The effect of emissions
on the prices of BMDG units can be expressed (Niknam et a/
2012).

Npmbe

Egmpg = Z E(Pgmpai) (4)
=1

E(Psmpai) = (CO2 mpai + NOxgmpai
+ SO BMpGi)PBMDGi

(5)

Epupcis total emission released from BMDG units and
COzpmpgi + NOypmpgi + SOz pupci are emissions generations
of BMDG units. The following formula can be used to calculate
the cost of BMDG units' emissions.

Ce = EgmpcWe

(6)
Wg is emission penalty factor ($ per kilogram) and Cjy is
emission cost.

3.2. System operational constraints

There are two types of system operational constraints
based on the proposed objective problems.

3.2.1 Equality Constraints
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The power balance equations for the BMDG units in the
distribution system are given below (Hassan et a/ 2017).

N N .
pUtility + Zi:Banc Pempei = Zj:ll Pa() + Pross (7)

N N .
QUtility + Zi:BlMDG QBmbpGi = Zj:ll Qa() + Qross (8)

Pytitity and Quqyiry represent injected active and reactive power
(ARP) from the utility, Pgypsi & OQpumpgi represent the
generated ARP of the BMDG unit, P;(j) & Q4 (j) represent the
demand for ARP, and P, s & Q1055 rEPresent the total losses of
ARP.

3.2.2 Inequality constraints
i. Voltage Limit Constraints

The voltage limitation for each bus in the electrical
distribution could be defined as follows (Hassan et al. 2017).

min max
Vii SV =2 Vi

(9)
V" and V7% are the lowest and highest levels of voltage at
load bus i respectively.

ii. DG Limit Constraints

In the RDS, the following equations can be used to define
the lowest and highest permissible values for the ARP output of
DG units.

min max

Pembai < Pembai < Pembai (10)
min max

Qembei < QBMbGi < QBMDGI (11)

iii. BMDG Location Constraints

It is assumed that bus number 1 represents the slack bus
or grid connection, therefore the placement of the BMDG is
limited for other buses. The location of the bus for the BMDG
unit is defined in Equation 12.

2 < BMDGpgsition < NBuses (12)

iv. Feeder Constraints

Using the following equation, each branch of RDS’s
loading should be restricted.

. < gmax
Sll = Sll (13)

Where S;; represents the transmission line loading.
v. Thermal Rating

The thermal rating of the transmission lines can be found
in the equation (14).
Hlti = Hij rated (14)
Where Hf; is the thermal rating of the line for tth hour and
Hj; rqteq s the valued thermal rating of the line.

4. Particle Swarm Optimization Algorithm

PSO method, commonly referred to as the bird's flock
technique, was presented in 1995 by James Kennedy and
Russell Eberhart (Kennedy 1995). It is based on the concept of
artificial life, which is a research field that studies manmade
systems and possesses the characteristics of life like ants
building colonies or modeling the movement of birds. For

ISSN: 2252-4940/© 2024. The Author(s). Published by CBIORE
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| P

A

Calculate the fitness of the new
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FBSM load flow

v

Searching for the best solution

Fig 3. Proposed PSO method flow chart.

example, if a group of birds is looking for food in a specific
region, the best method to find it is to disperse the birds and let
them communicate with one another about their location.
Within the algorithm, each bird is referred to as an element or
particle, and each element has a related suitability value that
indicates the fitness of its solution compared to that of the other
elements. This process is carried out using a fitness function and
each element has a speed that guides it on its foraging journey.
Additionally, important variables such as personal best (pbest),
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global best (gbest), and local best (Ibest) are employed to handle
information processing and identifying the best local position of
the elements. Subsequently, the velocity and place of the
elements undergo adjustments in each repetition. The proposed
algorithm employs RDS to reduce loss, cost, environmental
pollution, and voltage levels in the optimal location and size of
BMDG units. Equations 17 and 18 can be employed to update a
particle's position and velocity as it traverses an N-dimensional
search space.

Vf,‘“ = wVFl,‘ + ¢y *rand; *) + ¢, * rand, * (8pest
- Sk)
P

St =SE 4y Vytt

(17)

(18)

Where the current search point is Sk, and the altered search
point is Sk+1, Vk is the current velocity, and Vk+1 is the
velocity that has changed. The weighting coefficients are
¢; and c;. The random numbers "rand; and rand," are [0,1];
c1=c2=2; the inertia weight w is equal to iS Wyqx — k(Wmax —
Wmin)/Kmax, With ©,=0.4 and wp,q,= 0.9 (Eberhart & Shi,
2000). The present and maximum number of iterations is k and
kmax-

The proposed PSO-based model has been demonstrated
in Figure 3. This illustrates the process of finding the best
position and size of the BMDG unit using the PSO optimizer.
Initially, the input values for PSO were chosen, followed by the
selection of line and bus data for the IEEE-33 bus network. The
Forward/Backward Sweep Method (FBSM) was employed to
determine power loss and voltage profile before integrating
BMDG.

Subsequently, the PSO optimizer was executed to find the
optimal site and size of BMDG. In each iteration, electric loss
and voltage level were computed using FBSM. Upon obtaining
the optimal position and size of BMDG, the model effectively
reduced electric losses, minimized annual cost savings, reduced
global warming, and improved the voltage profile for the
specified objectives. The suitability value for the confirmed
BMDG indicates the enhancement achieved for the stated
objectives.

5. Performance Analysis

Figure 4 presents the architectural framework
encompassing key design considerations for this study. The
research focuses on an analysis of the IEEE-33 bus network

Extract=—Line and load

Calculate “Zb”
NO
BMDG Calculate Voltage

Calculate Annual cost

Extract—sLine and load
Calculate “Zb”

— Calculate Voltage

BMDG PSO Algorithm

Calculate Annual Cost
Savings

Initial=— P.Q, R and X
p.u. of P, QR and X

Calculate power loss

Calculate pollution emission

IEEE
L 33
Initial =P, Q, R and X
Bus
pu. of P,Q,R and X
System

Calculate power loss

Calculate pollution emission

Calculate Computational time

Fig 4. Proposed BMDG system.
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Grid Power I

Fig 5. Single line drawing of the IEEE-33 bus system.

under two scenarios: one without Distributed Generation (No
DG) and one with BMDG. To establish initial values for
resistance (R), reactance (X), active power (P), and reactive
power (Q), a comprehensive dataset from both the load and line
databases has been considered.

The process begins with the calculation of the base
impedance (Zb), which takes into account the rated MVA
(Mega-Volt-Ampere) and kilovolt (kV) ratings of the IEEE-33
network. Subsequently, per-unit values for ARP, resistance, and
reactance are determined using Zb as the reference. The study
then calculates voltage levels for both the without-DG and
biomass-DG scenarios. In the case of the biomass DG system, a
PSO method is used to optimize the DG unit's placement and
size, to minimize electrical losses in the network. Finally, a
performance analysis is conducted, comparing the power
system's behavior without DG to that with BMDG. This analysis
offers OLSBMDG the advantages and integration into the
electrical power distribution network.

The PSO-based model has been employed to determine
the optimal place and size of distributed generations. Figure 5
shows the RDS network, and the data is taken from (Tan et al.
2013). Two different scenarios (absent of BMDG, with BMDG)
were utilized to illustrate the PSO algorithm's effectiveness in
solving OABMDG issues. Subsequently, a comparative analysis
of all circumstances has been conducted.

5.1 No DG power system

The IEEE-33 system configuration comprises 33 buses
and 32 lines, providing a comprehensive test system for this
research analysis. Particularly, the end nodes of this IEEE bus
network are designated as buses 18, 22, 25, and 33. These

particular buses are characterized by base voltage values of
12.66 kV and a steady state power rating of 100MVA,
accompanied by a power factor of 0.8.

The choices of these buses for examination are pivotal in
this study, as they represent critical points within the power
distribution system. Understanding the impact of BMDG
integration at these nodes is crucial for assessing the system’s
overall performance and stability. The real power distribution
within the system, alongside the associated load, is visually
represented in Figure 6. This figure vividly explains the
progression of active power (Pi) and reactive power (Qi) within
the system, with their initial values recorded at zero for bus 1
and subsequent changes occurring from bus 2 through to bus
32.

To provide a comprehensive overview, it is important to
note that the cumulative active power load across the network
stands at 3715 kW, while the total reactive power load amounts
to 2300 kVAR. Among the various bus nodes, buses 24 and 25
emerged as the nodes with the highest active power demands,
each registering a substantial 420 kW. In terms of reactive
power, the peak demand has been observed at bus 30, which
required 600 kVAR. Conversely, the minimum values for both
ARPs were observed at bus one, where they remained at zero.

Figure 7a presents the impedance characteristics of the
IEEE-33 bus network, presenting the R and X values for the
network's lines. The maximum resistance of 1.542 ohms is
observed at line 19, while the highest reactance value of 1.7210
ohms is found at line 16. In contrast, the minimum resistance
and reactance values are at line 1, measuring 0.0922 ohms and
0.0470 ohms, respectively (T.A, 2020).

Initial Pi and Qi
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Fig 6. A graphical illustration of the load data of the IEEE-33 bus system.
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Fig 7 (a) A plot of resistance and reactance of take-out from load data of the IEEE-33 bus network, (b) Per-unit values of resistance and
reactance for each line in the IEEE-33 bus network.

The calculation of the base impedance (Z},) is a crucial step
in our analysis and has been carried out by considering the
specified kilovolt (kV) and Mega-Volt-Ampere (MVA) rating of
the IEEE-33 bus system. The formula for determining the base
impedance (Z,) is derived from equation (21), providing a
fundamental reference point for our impedance analysis.

_v2
Zs = V"/Mmva 21)

Additionally, the per-unit values (p.u.) for resistance,
denoted as "(R),,." and reactance denoted as "(X),,," for each
line are computed using the equations provided in 22 and 23.

Rj
R)pu = /Zb (22)

Here, "(R)p.." represents the initial resistance value extracted
from the system’s line database.

W ="z, (23)

Here, "(X),.." represents the initial reactance value, which is
likewise extracted from the network’s line database.

Figure 7b depicts a graph illustrating the per-unit values
of resistance "(R),.." and reactance "(X);,,. " for 32 lines within
the 33-bus network. Upon examining the plot, it becomes
evident that the line with the maximum resistance reaching
0.93851, corresponds to line number 19. Similarly, the line
exhibiting the maximum reactance, registering 1.073775, is
identified as line 16. In contrast, the line with the lowest
resistance, measuring 0.057525912, is denoted as line number
1, and it also features the lowest reactance value at 0.029324

5.2. Biomass-Based Distributed Generator Model

Biomass resources can be converted into syngas (Syngas
from biomass gasification is a flexible fuel including hydrogen
and carbon monoxide. It is derived from renewable sources
such as agricultural leftovers and is used in the production of
electricity and biofuel) through various processes like direct
combustion, gasification, and mixed combustion, contributing
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Table 1
Parameters of energy calculation used in the Ceibales landfill.

Parameters Values
ICM engine efficiency (1) 40%
Plant availability factor (CF) 85%
Recoverable efficiency (y) 71%

LHV 18 MJ/m?
An exchange factor of MJ to kWh(y1) 3.57

to the fight against climate change and reducing dependence on
fossil fuels. According to (Zhao & Feng, 2014), gasification
systems may generate power between 0 and 6 MW, whereas
direct and mixed combustion can generate up to 25 and 140
MW. Biomass generators, particularly in rural areas, offer an
eco-friendly alternative to conventional diesel generators,
utilizing abundant biomass feedstock. Implementing green
energy not only ensures food and water security but also
enhances environmental quality in rural communities. Biomass-
power generation systems, employing the steam cycle, convert
biomass materials into steam, which powers a turbine
connected to a generator, producing electricity -effectively
(Akorede, Hizam, & Pouresmaeil, 2010). Despite Methane
(CH4) combustion producing Carbon dioxide (CO2) in internal
combustion engines, it's a better option than releasing CH4
directly into the atmosphere, which is significantly more
harmful. However, ineffective allocations can impact the
efficiency of a distribution system (Barragan-Escandén et al.
2020).

Equation (15) is defined to calculate the potential electric
power that could be generated by biogas. This formula relates
the production of biogas usable energy in the form of electric
power and heat (Barros, Tiago Filho, & Da Silva, 2014).

_— LHV. Qpr-
dis = (15)

Where, E;;, is the obtainable electric power in (kWh/year) and
LHV is the lower calorific value of biogas. @y, is the recoverable
flow (m3/y) of biogas, 1 is the generating element's electrical
efficiency at converting heat into electricity (Turbine,
Microturbine, or internal combustion engine (ICM), and y; is the
change feature MJ into kWh (MJ/0.28kWh).

The electricity produced by the generator can be
calculated from equation (18).

p= Edis
8760. CF (16)

Where, P represents the amount of electricity produced by the
generator in (kWh/year) and the capacity factor (CF) or plant
accessibility factor, which is typically taken into between 80%
and 90% (Blanco, Santalla, Cérdoba, & Levy, 2017).

Table 1 outlines the parameters used to calculate the
energy in the Ceibales landfill (Barragan-Escandén et al., 2020).
The ICM efficiency (n) is set to 40%. The plant availability factor
(CF) is estimated to be 85 percent. The recoverable efficiency
(v) is set at 71%. The lower heating value (LHV) is set at 18
MJ/m3. In addition, an exchange factor (y1) of 3.57 is used to
convert MJ to kWh. These factors are critical in the energy
evaluation of the Ceibales dump, as they help to determine its
potential for energy generation

The emission factor values for various pollutants are taken
into account and presented in Table 2. Additionally, the table
indicates that the emission penalty for each pollutant is
0.0000008745 $/g. The CO2 emission factor is higher than any
other pollutant (Ahmed OY)

Int. J. Renew. Energy Dev 2024, 13(6), 1044-1057

| 1051
Table 2
Important parameters considered for BMDG’s emission of
pollutants calculation.
Sr. No. Emission Parameters Values
01 CH4 22 g/kWh
02 COo2 3000 g/kWh
03 SO2 (Sulfur dioxide) 0 g/kWh
04 CO (Carbon Monoxide) 25 g/kWh
05 SOOT (Amorphous Carbon) 0.700 g/kWh
06 NOx (Nitrogen Oxides) 5 g/kWh
07 Unburned hydrocarbons 0 g/kWh
08 Particular matters 0 g/kWh
09 Penalty for each emission pollutant 0.8745

6. Results and Discussion

This research utilizes the PSO algorithm and evaluates its
performance on the IEEE-33 bus network in MATLAB to assess
its effectiveness in optimizing the position and size of one or
more BMDG units for voltage profile and electric power loss
reduction. The planned optimization technique is applied using
MATLAB-2018a software. The simulations have been
conducted on a laptop equipped with an Intel® CoreTM i7-
3720QM CPU operating at 2.60GHz and 16GB RAM. The results
are provided in detail for further analysis in the following
sections.

6.1 Performance Analysis of the Proposed System without BMDG

The absence of DG units clearly impacts the overall
efficiency of the power distribution network. The high losses at
specific buses, such as bus 33, underscore the challenges in
maintaining an efficient power flow without supplementary DG
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Fig 8. (a) Active and reactive power losses without BMDG,
(b) Active and reactive power losses with the integration of
BMDG.
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Fig 9. Standard IEEE-33 RDS system with integration of OLSBMDG.

sources. Biomass-based DG units play a crucial role in reducing
such losses, thereby enhancing the performance and reliability
of the power system.

In Figure 8a, the analysis of (ARP) in the absence of a
biomass-based distributed generation DG unit is illustrated. The
chart highlights significant power losses across various buses in
the system. Notably, bus 33 stands out with the highest active
power loss, amounting to 206.95 kW. In addition to active
power losses, bus 33 also experiences substantial reactive
power losses, totaling 137.13 kVAR. The lowest voltage (0.9116
per unit) was recorded at bus 18, while the highest voltage
(0.9970 per unit) was observed at bus 2.

This performance analysis indicates the potential benefits
of integrating biomass-based DG units. Without them, certain
areas of the power distribution network experience
considerably higher power losses, which can lead to
inefficiencies and increased operational costs. Therefore, the
inclusion of biomass-based DG units is vital for improving
energy efficiency, reducing losses, and ensuring a more robust
and reliable power distribution system.

6.2 Performance Analysis of the Proposed System with BMDG

DG systems can be categorized into two broad kinds:
renewable and non-renewable DG. In this research, our focus is
on the analysis of BMDG as a represented renewable energy
resource. This investigates the impact of OLSBMDG within an
RD system. All bus bars, with the exception of bus-1, are
investigated in this study as viable possibilities for incorporating
BMDG; bus-1 acts as a slack bus meant to be connected to an
external utility.

The proposed PSO-based model has been applied to find
the OLSBMDG in a distribution system to increase the efficiency
of RDS. The optimized results show that integrating the BMDG
unit at node 13 and sizing it at 2981 kVA produces optimal
outcomes. In this manuscript, Figure 9 illustrates the optimal
location and size for a BMDG within a 33-bus system. The best
location and size considerably reduce ARP losses, enhancing
the system's voltage profile. Furthermore, the BMDG
integration not only improves electrical efficiency but also helps
to reduce global warming impacts and achieve annual cost
savings. This overall improvement highlights the efficiency of
the PSO-based strategy in optimizing the distribution networks.

The strategic positioning and sizing of BMDG resulted in
considerable reductions in both active and reactive power
losses. The active power loss reduced from 206.95 kW to 66.90
kW, while the reactive power loss decreased from 137.13 kVAR
to 46.88 kVAR, as illustrated in Figure 8b. These results reflect
a significant improvement in limiting real power losses over the

base case findings provided in Section 6.1. The significant
reduction in both types of power losses demonstrates the
efficacy of the optimal BMDG method in improving the
distribution network. This reduction not only reduces energy
waste but also improves overall system reliability,
demonstrating the efficacy of the proposed approach in
optimizing power distribution and improving sustainability.

The voltage levels at the end terminals (nodes 18, 22, 25,
and 33) of the IEEE 33-bus distribution system are much lower
than at other nodes due to their distance from the substation,
distribution line impedance, load distribution, and radial
network layout. The integration of BMDG has significantly
improved these voltage levels. BMDG enables localized
generating, lowering the distance power has to travel and
minimizing voltage inclines. In addition, BMDG provided
voltage support and regulation to counteract inductive load
effects, as well as reduce line losses by supplying power locally.
This improved the overall voltage profile. Specifically, BMDG
integration increased the voltage at node 18 by 7.304%, while
the average voltage enhancement across the terminal nodes
(18, 22, 25, and 33) was 3.5088%. These improvements are
clearly depicted in the per-unit voltage levels illustrated in
Figure 10, demonstrating BMDG's effectiveness in improving
voltage stability and quality in an IEEE 33-bus system.

The influence of the BMDG on enhancing the voltage
profile of the proposed network is visually presented in Figure
11. This graphical representation offers a distinct and persuasive
comparison between the voltage profiles of the network with
and without the integration of the BMDG system. Significantly,
the introduction of the biomass-based DG to the 33-bus system
has resulted in substantial improvements in the voltage profile.
Notably, at node 18, the voltage level has shown a notable
increase from 0.9116 p.u to a more resilient 0.9780, when the
BMDG unit has been seamlessly incorporated. The maximum
voltage within the system remained constant at 1 per unit,
occurring at node one. With the implementation of the BMDG
system, an overall enhancement of the system's voltage profile
by 7.28% was observed, resulting in notably improved system
performance and 51.67% higher improvement presented in
(Alajmi et al. 2023)

Table 3 summarizes the model's results, and reveals the
substantial improvements achieved after the addition of a 2981
kVA BMDG unit at 13 bus. The data indicates a prominent
reduction in total active power losses by 67.68% and a
corresponding decrease of 65.90% in reactive power losses
from the base case (without integration of BMDG in the IEEE 33
bus system). These findings underscore the effectiveness of the
BMDG system in improving the overall efficiency of the
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Fig 11. Voltage profile without BMDG and with BMDG.

distribution system. Beyond the enhancements observed in the
voltage profile and power loss reduction, the system has
undergone a positive transformation. Before integration, the
voltage level stood at 0.9116 p.u. but with the inclusion of the
BMDG unit, it rose to an improved 0.9780 p.u. This boost in
voltage levels not only signifies an improvement in system
stability but also contributes to better overall performance and
reliability. Moreover, the cost of loss has been reduced from
108772.92% to 35162.64$ by the integration of BMDG.

Figure 12 shows the annual energy cost savings for the
proposed study, indicating a significant rise in savings as a result
of lower power losses. Based on a $0.06 unit cost, the annual

savings total $73,606.28, which is more than the amount that
was found in earlier research by (Fathy, 2022) (Alajmi et al. 2023;
Roy et al. 2023). This substantial improvement demonstrates
how well the suggested PSO-based approach works to optimize
BMDG allocation and development in a 33-bus system.

The integration of BMDG at node 13 with a capacity of
2981 kVA has significantly decreased ARP losses while
improving the voltage profile. The planned positioning and
sizing of BMDG not only improves electrical efficiency but also
helps to reduce global warming impacts by lowering emissions
related to power generation. Furthermore, the incorporation of

'If'/lzl;rlﬁe?‘stﬂts obtained with BMDG and without BMDG by the proposed system.

Sr. No. Parameters Without BMDG With BMDG
01 Active Power loss (kW) 206.95 66.90

02 Reactive Power loss (kVAR) 137.13 46.88

03 Loss reduction in Pi (%) - 67.68

04 Loss reduction in Qi (%) - 65.90

05 Lowest voltage (p.u) @ bus 09116 @ 18 0.9780 @ 18
06 Highest voltage (p.u) @ bus 0.9970 @ 2 0.9989 @ 2
07 Cost of losses ($) 108772.92 35162.64

08 Saving ($/year) 73606.28

09 Total BMDG (Size @ Location) - 2981kVA @ bus 13
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Fig 12. Comparison of annual cost savings with the BMDG system.

Table 4.

The estimated emission values and penalty expenses results of the proposed model.

Subjects With centralized BMDG At the optimal location and size of BMDG
Active Power loss (kW) 206.95 66.90

Pollutant CO2 NOx CO CH, SOOT  COq NOx CO CH,4 SOOT
Emission (g) 620850 1304.75 5173.75 45529 144.865 200700 3345 16725 1471.8  46.83
Emission Penalty (§)/kWh 0.552706969 0.178595313

Emission cost penalty in year ($) 4839.6 1564.5

Emission penalty cost savings in a 32751

year ($)

BMDG results in significant annual cost savings, demonstrating
the system's advantages over earlier techniques. This overall
improvement in cost savings and system performance
highlights the PSO-based strategy's potential to improve
distribution network sustainability and efficiency

The anticipated pollution emissions and corresponding
penalty expenses for the proposed system are represented in
Table 4. This tabulated data presents the emission details for
each pollutant generated by the BMDG over different hours and
in the initial year. Additionally, the table includes the associated
penalty costs for each pollutant during both hourly intervals and
the first year. Notably, the results show that CO2 exceeds other
pollutants, resulting in a proportionately bigger impact on
overall penalty expenses, as seen in the table. The results show
that when the BMDG is integrated at a centralized point, both
emissions and penalties are higher compared to its optimal
position and size. This emphasizes the importance of
strategically placing and sizing BMDG units to minimize
emissions and associated costs. Optimal placement and sizing
significantly reduce the environmental and financial impact,
enhancing the system's efficiency and sustainability

The proposed PSO based model significantly enhanced
the performance of the RDS when compared to various other
optimization algorithms. The key parameters evaluated include
voltage improvement, reduction in active and reactive power
losses, execution time, and annual cost savings. The execution
time for the proposed system is impressively short, completing
in just 5.70 seconds to yield optimized results. The execution
time in this research is much lower than compared to existing
techniques in the literature (Fathy, 2022) (El-Fergany 2015) (Roy
etal. 2023) (Alajmi et al. 2023) (Ranga et al. 2024). This study has
demonstrated the efficacy of the BMDG unit, especially when
strategically placed at the 13th bus with a capacity of 2.981 MW.

The magnitude of the improvement achieved in power
loss reduction is outstanding, with active power losses reduced
by 67.68% and reactive power losses dropping by 65.90% from
the base case. This considerable achievement places in
proposed results ahead of other techniques, as exemplified by
the comparison with the AGTO method (Roy et al. 2023),
presented in Table 5. The efficiency of the proposed result in
terms of active power losses demonstrates a more significant
reduction of 67.68% from the base case and existing literature
ABC (Abu-Mouti and El-Hawary 2011), BSOA (El-Fergany
2015), MFO (Das and Srivastava 2017), Coordinate control
(Bhargava et al., 2021), AHA (Fathy, 2022), VCPSO (Alajmi et al.
2023), AGTO (Roy et al. 2023), and JSO (Ranga et al. 2024) have
been reduced 48.19%, 60.76%, 47.38%, 66.48%, 67.11%,
52.13%, 63.96%, and 52.72% respectively from the base case.
Additionally, the reactive power losses of 65.90% from the base
case also have been compared with the existing literature
algorithms, such as the VCPSO (Alajmi et al. 2023) and AGTO
(Roy et al. 2023) which have been reduced by 47.64% and
56.97% respectively from the base case

For voltage improvement, the proposed method has
obtained a voltage level of 0.9780 at bus 18, which is the highest
among the compared techniques. This specifies a better voltage
profile in the RDS. In contrast, methods such as the AHA (Fathy
2022) and Coordinate Control (Bhargava et al. 2021) have
demonstrated the voltage improvements of 0.9761 and 0.9684
respectively at bus 18, which are slightly lower than the PSO
method

Regarding annual cost savings, the proposed model has
achieved the highest annual cost savings of $73,606.28. This
surpasses the cost savings of other approaches such as AGTO
($69,571.16) and VCPSO ($56,703.32) (Roy et al. 2023) (Alajmi
et al. 2023). The significant annual cost savings are the result of
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Performance Comparison of the PSO-based model results with the existing literature techniques

Improvement in

Active Power Loss

Reactive Power . .
Execution Maximum Cost

References Method Lowestlzlosltage @ Reduction % loss re;)uction Time (Sec) Savings (USD)
(;(\)’T;—)Mouti & El-Hawary, ABC ) 48.19 ) ) )
(El-Fergany, 2015) BSOA - 60.76 - 36.87 -

(Das & Srivastava, 2017) MFO - 47.38 - - -
(Bhargava et al.,, 2021) Coc‘z;ldtirr;‘;te 0.9684 @ 18 66.48 - - -
(Fathy, 2022) AHA 0.9761 @ 18 67.11 - 409.92 7299751
(Alajmi et al., 2023) VCPSO 0.948 @ 18 52.13 47.64 29 56703.32
(Roy et al., 2023) AGTO 0.9580 @ 18 63.96 56.97 21.2 69571.16
(Ranga et al., 2024) JSO 0.9522 50.72 - 12 -
Proposed System PSO 0.9780 @ 18 67.68 65.90 5.70 73606.28

the efficient decrement in power losses and the associated
pollutants penalties.

It is seen that the proposed PSO-based system
demonstrated better performance in all evaluated parameters.
It achieved the best voltage improvement, the highest
reductions in active and reactive power losses, the fastest
execution time, and the greatest cost savings. These results
highlighted the PSO method's effectiveness and efficiency in
optimizing the performance of power distribution systems with
biomass-based distributed generators. The comprehensive
improvements in technical, economic, and environmental
characteristics highlighted the proposed technique as a leading
solution for increasing the sustainability and dependability of
power distribution networks

7. Conclusion

This study harnessed the effect of the PSO algorithm to
strategically position and optimize the size of a biomass-based
distributed generator within the IEEE-33 bus system, with a
primary objective of minimizing power losses, reducing the
emission penalty cost, increasing the annual saving cost, and
improving the voltage level. The results obtained from the
proposed analysis, conducted on this established benchmark,
demonstrated significant improvements across multiple key
aspects.

The BMDG unit is integrated into the 33-bus system at its
optimal location and sizing. The proposed analysis
demonstrated a considerable reduction in energy losses,
encompassing power (active and reactive). Active power losses
have been notably decreased by 67.68%, while reactive power
losses have been reduced by 65.90 % when compared to the
base case. Moreover, active power loss reduction has been
achieved by 40.44%, 11.39%, 42.85%, 1.81%, 0.85%, 29.83%,
5.82% and 28.38% compared to the values achieved by using
ABC, BSOA, MFO, Coordinate control, AHA, VCPSO, AGTO,
and JSO respectively. Additionally, the reactive power losses of
65.90% have been reduced from the base case. More so this loss
reduction was compared with the existing literature algorithms,
such as the VCPSO and AGTO and found to be reduced by
38.33% and 15.68% respectively. With the integration of the
BMDG unit, an overall enhancement of the voltage profile was
7.28%, resulting in notably improved system performance from
the base case and also higher improvement was achieved as
compared to existing literature. The computational time of the
algorithm was recorded as 5.70 seconds for PSO. The annual
cost saving of the BMDG model is $73606.28 which is more than

the previous proposed model. The penalty cost of emission from
BMDG is reduced from $4839.6 to $1564.5 at its optimal
location and size and the annual emission penalty cost savings
achieved is $3275.1.

In summary, the proposed technique results confirm that
optimizing BMDG with the PSO method proves to be a viable
solution for mitigating electrical power losses, improving
voltage profiles, reducing emission costs, and enhancing annual
cost savings within the RDS. Furthermore, this integration
contributes to an overall boost in the efficiency of the RDS
network and can reduce dependency on the central utility
system during periods of peak demand.

The future perspective of the proposed research could be
extended with the integration of various sources i.e. fuel cells,
wind, photovoltaic, and battery storage. Furthermore,
conducting comparative studies between biomass and wind
DGs would provide valuable insights. Lastly, addressing the
challenges posed by load requirement uncertainties remains an
important aspect of future research in this domain.

Acknowledgments

The authors acknowledge the support of IEEE for the provision
of the 33 bus data publicly utilized for research purposes.

Author Contributions; Conceptualization, A.R.B. and M.AA;
methodology, M.A.A.; software, M.A.A ; validation, AR.B., AR., M.F.
and A.A,; formal analysis, M.A.A,; investigation, M.A.A.; resources,
ARB., AR. and AE,; data curation, A.R.B.; writing—original draft
preparation, M.A.A. and M.F.; writing—review and editing, A.R.B. and
A.R.; visualization, A.R.B.; supervision, A.R.B.; project administration,
A.R.B. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Data Availability Statement: IEEE 33-bus data was utilized in this
study and is publicly available on the IEEE website.

Conflicts of Interest: The authors declare no conflicts of interest.

References

Abo El-Ela, A. A,, Allam, S. M., Shaheen, A. M., & Nagem, N. A. (2021).
Optimal allocation of biomass distributed generation in
distribution systems using equilibrium algorithm. International
Transactions on Electrical Energy Systems, 31(2), el2727,
https://doi.org/10.1002/2050-7038.12727

ISSN: 2252-4940/© 2024. The Author(s). Published by CBIORE


https://doi.org/10.1002/2050-7038.12727
mailto:0.948@18
mailto:0.9580@18

M.AAlietal

Abu-Mouti, F. S, & El-Hawary, M. (2011). Optimal distributed
generation allocation and sizing in distribution systems via
artificial bee colony algorithm. IEEE transactions on power delivery,
26(4), 2090-2101;
https://doi.org/10.1109/TPWRD.2011.2158246

Administration, U. E. I. ( 1 June 2016). International Energy Statistics;
https://www.eia.gov/international/data/world

Ahmed OY, R. M., Northrop WF. Emissions factors from distributed,
small-scale biomass gasification power generation: Comparison
to open burning and large-scale biomass power generation.
Atmospheric Environment, 200(2019), 7; doi:
https://doi.org/10.1016/j.atmosenv.2018.12.024

Akorede, M. F., Hizam, H., & Pouresmaeil, E. (2010). Distributed energy
resources and benefits to the environment. Renewable and
Sustainable Energy Reviews, 14(2), 724-734;
https://doi.org/10.1016/j.rser.2009.10.025

Alajmi, B. N., AlHajri, M., Ahmed, N. A, Abdelsalam, I., & Marei, M. L.
(2023). Multi-objective Optimization of Optimal Placement and
Sizing of Distributed Generators in Distribution Networks. [EEJ
Transactions on Electrical and Electronic Engineering, 18(6), 817-
833; https://doi.org/10.1002/tee.23784

Ali, M. A,, Bhatti, A. R,, Rasool, A., Farhan, M., & Esenogho, E. (2023).
Optimal Location and Sizing of Photovoltaic-Based Distributed
Generations to Improve the Efficiency and Symmetry of a
Distribution Network by Handling Random Constraints of Particle
Swarm Optimization Algorithm. Symmetry, 15(9), 1752;
https://doi.org/10.3390/sym15091752

Alvarez, C. R.-S., F.M,; Diez, B. (2016). Enzymatic hydrolysis of biomass
from wood. Microb, 9, 149-156; https://doi.org/10.1111/1751-
7915.12346

Balu, K., & Mukherjee, V. (2023). Optimal allocation of electric vehicle
charging stations and renewable distributed generation with
battery energy storage in radial distribution system considering
time sequence characteristics of generation and load demand.
Journal of Energy Storage, 59, 106533;
https://doi.org/10.1016/j.est.2022.106533

Barik, S., & Das, D. (2020). A novel Q— PQV bus pair method of biomass
DGs placement in distribution networks to maintain the voltage
of remotely located buses. Energy, 194, 116880;
https://doi.org/10.1016/j.energy.2019.116880

Barragan-Escandoén, A., Olmedo Ruiz, J. M., Curillo Tigre, J. D., &
Zalamea-Leoén, E. F. (2020). Assessment of power generation
using biogas from landfills in an equatorial tropical context.
Sustainability, 12(7), 2669; https://doi.org/10.3390/s5u12072669

Barros, R. M., Tiago Filho, G. L., & Da Silva, T. R. (2014). The electric
energy potential of landfill biogas in Brazil. Energy Policy, 65, 150-
164; https://doi.org/10.1016/j.enpol.2013.10.028

Bhargava, V., Sinha, S., & Dave, M. (2021). Co-ordinated optimal control
of distributed generation in primary distribution system in
presence of solar PV for loss reduction and voltage profile
improvement. Energy Systems, 1-21;
https://doi.org/10.1007/512667-021-00442-y

Blanco, G., Santalla, E., Cérdoba, V., & Levy, A. (2017). Generacion de
electricidad a partir de biogas capturado de residuos solidos
urbanos. Argentina: BID. Recuperado el, 5;
https://www.academia.edu/download/56458139/Generacion-
de-electricidad-a-partir-de-biogas-capturado-de-residuos-
solidos-urbanos-Un-analisis-teorico-practico.pdf

Britannica, E.  (2016).  Photosynthesis.  Available
https://www.britannica.com /science/ photosynthesis

Das, A., & Srivastava, L. (2017). Optimal placement and sizing of
distributed generation units for power loss reduction using moth-
flame optimization algorithm. Paper presented at the 2017
International ~ Conference  on  Intelligent = Computing,
Instrumentation and Control Technologies (ICICICT);
https://doi.org/10.1109/ICICICT1.2017.8342805

Demirbas, A. (2010). Fuels from biomass. In Biorefineries, Springer:, 35;
https:/ /link.springer.com/chapter/10.1007/978-1-84882-721-
9.2

Eberhart, R. C., & Shi, Y. (2000). Comparing inertia weights and
constriction factors in particle swarm optimization. Paper
presented at the Proceedings of the 2000 congress on
evolutionary computation. CEC00 (Cat. No. 00TH8512);
https://doi.org/10.1109/CEC.2000.870279

online:

Int. J. Renew. Energy Dev 2024, 13(6), 1044-1057
| 1056

Ehsan, A, & 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; https://doi.org/10.1016/j.apenergy.2017.10.106

El-Fergany, A. (2015). Optimal allocation of multi-type distributed
generators using backtracking search optimization algorithm.
International Journal of Electrical Power & Energy Systems, 64, 1197-
1205; https://doi.org/10.1016/j.ijepes.2014.09.020

Fathy, A. (2022). A novel artificial hummingbird algorithm for integrating
renewable based biomass distributed generators in radial
distribution  systems.  Applied  energy, 323, 119605;
https://doi.org/10.1016/j.apenergy.2022.119605

Fathy, A., Yousri, D., Rezk, H., & Ramadan, H. S. (2022). An efficient
capuchin search algorithm for allocating the renewable based
biomass distributed generators in radial distribution network.
Sustainable Energy Technologies and Assessments, 53, 102559;
https://doi.org/10.1016/j.seta.2022.102559

Hassan, A. A, Fahmy, F. H., Nafeh, A. E.-S. A,, & Abu-elmagd, M. A.
(2017). Genetic single objective optimisation for sizing and
allocation of renewable DG systems. International Journal of
Sustainable Energy, 36(6), 545-562; http://orcid.org/0000-0003-
4828-1668

Huda, A. N, & Zivanovi¢, R. (2017). Large-scale integration of
distributed generation into distribution networks: Study
objectives, review of models and computational tools. Renewable
and Sustainable Energy Reviews, 76, 974-988;
https://doi.org/10.1016/j.rser.2017.03.069

Hung, D. Q., Mithulananthan, N., & Bansal, R. (2013). Analytical
strategies for renewable distributed generation integration
considering energy loss minimization. Applied energy, 105, 75-85;
https://doi.org/10.1016/j.apenergy.2012.12.02 3

Joshee, N. P. (2012). In Handbook of Bioenergy Crop Plants;
https:/ /books.google.com/books?hl=en&lr=&id=T6mm5-
qAvpcC&oi=fnd&pg=PP1&dqg=Joshee,+N.+P.+(2012).+In+Han
dbook+of+Bioenergy+Crop+Plants.&ots=PDpbj6P_YK&sig=Pe
piihEjkd94-v003YDHmMGskgGQ

Kennedy, J. R. E. (1995). Particle swarm optimization. In: Presented at
the Particle Swarm Optimization;
https://doi.org/10.1109/ICNN.1995.488968

Keoleian, G. A., & Volk, T. A. (2005). Renewable energy from willow
biomass crops: life cycle energy, environmental and economic
performance. BPTS, 24(5-6), 385-406;
https://doi.org/10.1080/07352680500316334

Khasanov, M., Kamel, S., Halim Houssein, E., Rahmann, C., & Hashim,
F. A. (2023). Optimal allocation strategy of photovoltaic-and wind
turbine-based distributed generation units in radial distribution
networks considering uncertainty. Neural Computing and
Applications, 35(3), 2883-2908; https://doi.org/10.1007/s00521-
022-07715-2

Khasanov, M., Kamel, S., Xie, K., Zhou, P., & Li, B. (2019). Allocation of
distributed generation in radial distribution networks using an
efficient hybrid optimization algorithm. Paper presented at the
2019 IEEE Innovative Smart Grid Technologies-Asia (ISGT Asia);
https://doi.org/10.1109/ISGT-Asia.2019.8881709

Li, Y., Feng, B., Li, G, Qi, J,, Zhao, D., & Mu, Y. (2018). Optimal
distributed generation planning in active distribution networks
considering integration of energy storage. Applied energy, 210,
1073-1081; https://doi.org/10.1016/j.apenergy.2017.08.008

Mladenova, E., Slavova, M., Abrashev, B., Terziev, V., Burdin, B., &
Raikova, G. (2023). Investigation of Ni-and Co-based bifunctional
electrocatalysts for carbon-free air electrodes designed for zinc-
air batteries. Emerging Science Journal, 7(3), 991-1003.
https://doi.org/10.28991/ESJ-2023-07-03-023

Mohanty, B., & Tripathy, S. (2016). A teaching learning based
optimization technique for optimal location and size of DG in
distribution network. journal of electrical systems and information
technology, 3(1), 33-44;
https://doi.org/10.1016/j.jesit.2015.11.007

Niknam, T., Farsani, E. A., Nayeripour, M., & Bahmani Firouzi, B. (2012).
A new tribe modified shuffled frog leaping algorithm for multi-
objective distribution feeder reconfiguration considering
distributed generator units. European Transactions on Electrical
Power, 22(3), 308-333; https://doi.org/10.1002/etep.564

ISSN: 2252-4940/© 2024. The Author(s). Published by CBIORE


https://doi.org/10.1109/TPWRD.2011.2158246
https://www.eia.gov/international/data/world
https://doi.org/10.1016/j.atmosenv.2018.12.024
https://doi.org/10.1016/j.rser.2009.10.025
https://doi.org/10.1002/tee.23784
https://doi.org/10.3390/sym15091752
https://doi.org/10.1111/1751-7915.12346
https://doi.org/10.1111/1751-7915.12346
https://doi.org/10.1016/j.est.2022.106533
https://doi.org/10.1016/j.energy.2019.116880
https://doi.org/10.3390/su12072669
https://doi.org/10.1016/j.enpol.2013.10.028
https://doi.org/10.1007/s12667-021-00442-y
https://www.academia.edu/download/56458139/Generacion-de-electricidad-a-partir-de-biogas-capturado-de-residuos-solidos-urbanos-Un-analisis-teorico-practico.pdf
https://www.academia.edu/download/56458139/Generacion-de-electricidad-a-partir-de-biogas-capturado-de-residuos-solidos-urbanos-Un-analisis-teorico-practico.pdf
https://www.academia.edu/download/56458139/Generacion-de-electricidad-a-partir-de-biogas-capturado-de-residuos-solidos-urbanos-Un-analisis-teorico-practico.pdf
https://www.britannica.com/
https://doi.org/10.1109/ICICICT1.2017.8342805
https://link.springer.com/chapter/10.1007/978-1-84882-721-9_2
https://link.springer.com/chapter/10.1007/978-1-84882-721-9_2
https://doi.org/10.1109/CEC.2000.870279
https://doi.org/10.1016/j.apenergy.2017.10.106
https://doi.org/10.1016/j.ijepes.2014.09.020
https://doi.org/10.1016/j.apenergy.2022.119605
https://doi.org/10.1016/j.seta.2022.102559
http://orcid.org/0000-0003-4828-1668
http://orcid.org/0000-0003-4828-1668
https://doi.org/10.1016/j.rser.2017.03.069
https://doi.org/10.1016/j.apenergy.2012.12.02
https://books.google.com/books?hl=en&lr=&id=T6mm5-qAvpcC&oi=fnd&pg=PP1&dq=Joshee,+N.+P.+(2012).+In+Handbook+of+Bioenergy+Crop+Plants.&ots=PDpbj6P_YK&sig=PepiihEjkd94-v0o3YDHmGskgGQ
https://books.google.com/books?hl=en&lr=&id=T6mm5-qAvpcC&oi=fnd&pg=PP1&dq=Joshee,+N.+P.+(2012).+In+Handbook+of+Bioenergy+Crop+Plants.&ots=PDpbj6P_YK&sig=PepiihEjkd94-v0o3YDHmGskgGQ
https://books.google.com/books?hl=en&lr=&id=T6mm5-qAvpcC&oi=fnd&pg=PP1&dq=Joshee,+N.+P.+(2012).+In+Handbook+of+Bioenergy+Crop+Plants.&ots=PDpbj6P_YK&sig=PepiihEjkd94-v0o3YDHmGskgGQ
https://books.google.com/books?hl=en&lr=&id=T6mm5-qAvpcC&oi=fnd&pg=PP1&dq=Joshee,+N.+P.+(2012).+In+Handbook+of+Bioenergy+Crop+Plants.&ots=PDpbj6P_YK&sig=PepiihEjkd94-v0o3YDHmGskgGQ
https://doi.org/10.1109/ICNN.1995.488968
https://doi.org/10.1080/07352680500316334
https://doi.org/10.1007/s00521-022-07715-2
https://doi.org/10.1007/s00521-022-07715-2
https://doi.org/10.1109/ISGT-Asia.2019.8881709
https://doi.org/10.1016/j.apenergy.2017.08.008
https://doi.org/10.28991/ESJ-2023-07-03-023
https://doi.org/10.1016/j.jesit.2015.11.007
https://doi.org/10.1002/etep.564

M.AAlietal

Ranga, J., Deglus, J., Reddy, S. B., Palanisamy, R., & RA, P. (2024).
Optimization of Distributed Generation in Radial Distribution
Network for Active Power Loss Minimization using Jellyfish
Search Optimizer Algorithm. International journal of electrical and
computer engineering systems, 15(3), 215-223;
https://doi.org/10.32985/ijeces.15.3.1

Rao, R. S, Ravindra, K., Satish, K., & Narasimham, S. (2012). Power loss
minimization in  distribution system using network
reconfiguration in the presence of distributed generation. /EEE
Transactions on Power systems, 28(1), 317-325;
https://doi.org/10.1109/TPWRS.2012.2197227

Raut, U., & Mishra, S. (2023). An improved equilibrium optimiser-based
algorithm for dynamic network reconfiguration and renewable
DG allocation under time-varying load and generation.
International Journal of Ambient Energy, 44(1), 280-304;
https://doi.org/10.1080/01430750.2022.2127886

Rezende, C. A. d. L., M.A.; Maziero, P.; deAzevedo, E.R.; Garcia, W.;
Polikarpov, 1. (2011). Chemical and morphological
characterization of sugarcane bagasse submitted to a
delignification process for enhanced enzymatic digestibility.

Int. J. Renew. Energy Dev 2024, 13(6), 1044-1057
| 1057

Biotechnol, 4, 54;
http://www.biotechnologyforbiofuels.com/content/4/1/54

Roy, K., Bansal, S. K., & Bansal, R. C. (2023). Performance enhancement
of radial distribution system with optimal DG allocation.
International Journal of Modelling and Simulation, 1-19.
https://doi.org/10.1080/02286203.2023.2196657

Tan, W. S., Hassan, M. Y., Rahman, H. A., Abdullah, M. P., & Hussin, F.
(2013). Multi-distributed generation planning using hybrid
particle swarm optimisation-gravitational search algorithm
including voltage rise issue. IET Generation, Transmission &
Distribution, ~ 7(9), 929-942;  https://doi.org/10.1049/iet-
gtd.2013.0050

Widjaja, R. G., Asrol, M., Agustono, I, Djuana, E. Harito, C,
Elwirehardja, G., Speaks, D. (2023). State of charge estimation of
lead acid battery using neural network for advanced renewable
energy systems. FEmerging Science Journal, 7(3), 691-703;
http://dx.doi.org/10.28991/ESJ-2023-07-03-02

Zhao, X., & Feng, T. (2014). Dilemma and strategy of biomass power
generation industry development in China: a perspective of
industry chain. J Fundam Renewable Energy Appl, 4(135), 2;
https://doi.org/10.4172/2090-4541.1000135

© 2024. The Author(s). This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution-ShareAlike 4.0 (CC BY-SA) International License (http://creativecommons.org/licenses/by-sa/4.0/)

ISSN: 2252-4940/© 2024. The Author(s). Published by CBIORE


https://doi.org/10.32985/ijeces.15.3.1
https://doi.org/10.1109/TPWRS.2012.2197227
https://doi.org/10.1080/01430750.2022.2127886
http://www.biotechnologyforbiofuels.com/content/4/1/54
https://doi.org/10.1080/02286203.2023.2196657
https://doi.org/10.1049/iet-gtd.2013.0050
https://doi.org/10.1049/iet-gtd.2013.0050
http://dx.doi.org/10.28991/ESJ-2023-07-03-02
https://doi.org/10.4172/2090-4541.1000135
http://creativecommons.org/licenses/by-sa/4.0/

