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ABSTRACT

The integration of distributed renewable energy generation, especially in
Photovoltaic (PV) planning studies, has increased over the past years due to its great
benefit in distribution systems. However, the energy generated from PV is highly
unpredictable and inconsistent as the generation depends on weather conditions. The
rising issues associated with the variability and intermittency of PV sources could be
overcome by integrating PV with battery storage systems (PV-BSS). Many studies on
PV integration with batteries have been proposed; nevertheless, previous work only
considers a constant load model and dispatchable generation unit. In addition, the
battery is normally charged when PV output exceeds load demand. The impact of the
battery on the technical benefits of the distribution system and the method to size the
battery based on PV availability and load demand requirements are disregarded.
Therefore, proper PV and battery sizing methods are necessary to supply the loads and
avoid mismatches between PV and battery generation. This research proposed the
optimization model of the PV-BSS integration to supply load during peak times to
reduce power losses in the distribution system. In addition, the proposed model also
aimed to reduce high-cost maximum demand charges from utility providers
considering the latest Time of Use (ToU) tariffs, weather-dependent PV generation,
and time-varying loads. To maximize the technical and economic benefits from PV-
BSS integration over the total maximum demand reduction, Particle Swarm
Optimization (PSO) is employed to find the optimal location and size of PV and battery
by utilizing 13 years of historical solar irradiance data with different time-varying load
models. The findings are evaluated based on the comparative analysis of total active
and reactive power losses, bus voltage improvement, PV penetration level, and
different impact indices, namely, active power loss index (PLI), reactive power loss
index (QLI), and voltage deviation index (VDI). The research has been performed on
IEEE 33-bus and IEEE 69-bus test distribution systems. Findings revealed that the
proposed optimization model effectively determines the optimal location and size of
PV and battery with a significant reduction of power losses and improvement in bus
voltages. The power loss reduction with PV integration varies between 13.84% to
32.71%. The combination of batteries in PV-BSS helped further reduce power loss by
between 34.72% to 62.22% and achieved high maximum demand reduction, which
yielded to 27.85% and 24.18% annual energy savings for commercial and industrial
consumers, respectively. In addition, the improvement in other performance indices is
also significant. The optimization results using PSO have been validated using a
Genetic Algorithm (GA), with negligible differences between both techniques.
Overall, this thesis contributed to an optimization method to size and locate PV and
battery considering time-varying load models to maximize the technical performances
of the distribution network and electricity bill savings to the consumer for efficient
power use during peak hours.
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ABSTRAK

Penyepaduan penjanaan tenaga boleh diperbaharui teragih, terutamanya dalam
kajian perancangan Fotovoltaik (PV), telah meningkat sejak beberapa tahun lalu
kerana manfaatnya yang besar dalam sistem pengagihan. Walau bagaimanapun, tenaga
yang dijana daripada PV tidak dapat diramalkan dan tidak konsisten kerana penjanaan
tenaga bergantung kepada keadaan cuaca. Isu sumber PV yang berubah-ubah dan
terputus-putus boleh diatasi dengan menyepadukan PV dengan sistem storan bateri
(PV-BSS). Banyak kajian mengenai penyepaduan PV dengan bateri telah
dibentangkan; namun begitu, perancangan PV-BSS hanya mempertimbangkan model
beban malar dan unit penjanaan boleh dihantar. Di samping itu, bateri biasanya dicas
apabila keluaran PV melebihi permintaan beban. Kesan bateri ke atas faedah teknikal
sistem pengagihan dan kaedah untuk saiz bateri berdasarkan kebolehsediaan PV dan
keperluan permintaan beban telah diabaikan. Oleh itu, kaedah pensaizan PV dan bateri
yang optimum adalah perlu untuk mengelakkan ketidakpadanan antara penjanaan PV
dan bateri untuk membekalkan tenaga kepada beban. Penyelidikan ini mencadangkan
integrasi model PV-BSS untuk membekalkan beban semasa waktu puncak bagi
mengurangkan kehilangan kuasa dalam sistem pengagihan. Di samping itu, model
yang dicadangkan juga bertujuan untuk mengurangkan caj permintaan maksimum
yang tinggi daripada pembekal utiliti dengan mengambil kira tarif Masa Penggunaan
(ToU), penjanaan PV yang bergantung kepada cuaca dan permintaan beban yang
berubah dengan masa. Untuk memaksimumkan faedah teknikal dan ekonomi daripada
penyepaduan PV-BSS demi mengurangkan permintaan beban maksimum,
Pengoptimuman Kawanan Zarah (PSO) digunakan untuk mencari lokasi dan saiz yang
optimum bagi PV dan bateri dengan menggunakan 13 tahun sejarah data penyinaran
suria dengan model beban berubah masa. Penemuan kajian ini dinilai berdasarkan
analisis perbandingan jumlah kehilangan kuasa aktif dan reaktif, peningkatan voltan
bas, tahap penembusan PV, dan impak indeks yang berbeza, iaitu indeks kehilangan
kuasa aktif (PLI), indeks kehilangan kuasa reaktif (QLI), dan indeks sisihan voltan
(VDI). Penyelidikan telah diuji pada bas ujian sistem pengagihan IEEE 33-bas dan
IEEE 69-bas. Keputusan menunjukkan bahawa model yang dicadangkan berkesan
dalam menentukan lokasi dan saiz yang optimum bagi PV dan bateri dengan
pengurangan kehilangan kuasa dan peningkatan voltan bas yang ketara. Pengurangan
kehilangan kuasa dengan penyepaduan PV berbeza antara 13.84% hingga 32.71%.
Gabungan bateri dalam model PV-BSS membantu mengurangkan lagi kehilangan
kuasa antara 34.72% hingga 62.22% dan mencapai pengurangan permintaan
maksimum yang tinggi, menghasilkan 27.85% dan 24.18% penjimatan tenaga tahunan
untuk pelanggan komersial dan industri. Di samping itu, peningkatan dalam indeks
prestasi lain juga adalah ketara. Keputusan yang diperoleh dari PSO telah disahkan
menggunakan Algoritma Genetik (GA), dengan perbezaan yang tidak ketara antara
kedua-dua teknik. Secara keseluruhannya, tesis ini menyumbang kepada kaedah
pengoptimuman lokasi, saiz PV dan bateri dengan menggunakan beban yang berubah
dengan masa untuk memaksimumkan prestasi teknikal rangkaian pengagihan dan
penjimatan bil elektrik kepada pengguna untuk penggunaan kuasa yang cekap pada
waktu puncak.
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CHAPTER 1

INTRODUCTION

1.1 Background

In recent years, the integration of distributed generation (DG) in distribution
networks has gained more attention, especially in developing countries, due to the
global increase in fossil fuel prices [1, 2]. This concern has encouraged using
renewable energy (RE) sources to replace traditional diesel generators, which have
long been regarded as the most reliable and cost-effective DG source for power
generation. The RE-based DG types, known as distributed renewable energy
generation (DREG), include solar Photovoltaic (PV), wind turbines, biomass, tidal,
and hydropower [3]. The availability of RE in various countries worldwide and
adequate energy resources have contributed to its growing interest due to the
abundance of the fuel itself and its self-sustaining in replenishing its sources. This
ever-increasing interest is also related to several substantial reasons: huge potentials
and advantages of DREG, increased electrical load demands, technical and economic
boundaries to construct new power plants and transmission lines, and also their ability
to improve the performance of distribution networks without contributing to carbon

footprints and greenhouse emissions [4, 5].

Among all RE technologies available, solar PV energy has evolved rapidly
with some unprecedented developments in the recent past. The integration of solar PV
into the distribution system is gaining more attention worldwide and is being utilized
as an alternative to conventional power generation using fossil fuels. The advantage of
using a PV system as a renewable energy source is that the supply is derived from
abundant natural resources. PV offers low maintenance and operational expenses
because it does not involve mechanical moving parts to generate power [6], making
this technology more favourable than other RE sources [7, 8]. The global solar market

is growing as solar PV remains the most rapidly expanding renewable energy source,



accounting for more than half of the 302 GW renewable capacity installed globally in
2021. Global solar capacity expanded from 100 GW in 2012 to 1 TW in 10 years [9].
Despite its benefits and potential, the drawbacks associated with solar PV are that the
energy supply is highly unpredictable and inconsistent. Since the current energy is
based on the grid system, integrating PV poses extra challenges, especially in the
power quality [10]. These problems arise due to PV’s nature, which depends on
weather and geographical factors. The rapid penetration of intermittent PV will affect
network stability and reliability of the energy generation and load balance.
Furthermore, sudden changes from weather-dependent PV will create fluctuations in
the output power and thus might result in either less or over electricity being generated

atatime [11].

Great efforts have been made to mitigate the intermittency-related issues of the
PV systems, such as integration with the energy storage system, interconnection with
external grids, and load shifting through demand control. Among these, energy storage
is recognized as the most promising approach capable of enhancing grid integration
while preserving the stability and safety of the system. A battery storage system (BSS)
is widely chosen among other types of energy storage. The battery can store the excess
energy from PV during the day and be used later at night. The interest in this research
area for PV integration with BSS (PV-BSS) has rapidly grown and is expected to
expand as many industries begin to generate a large output scale of PV generation [12-
14]. Most research on BSS proves its potential to be used with PV generation. Despite
its potential, many aspects must be considered before integrating BSS with PV into
distribution networks, including power loss, power quality issues, stability, and

security system [15].

1.2 Problem Statement

With the growing interest in integrating RE sources and energy storage
systems, power quality issues, including power losses and voltage deviation, are

increasing, particularly with improper allocation and sizing of PV-BSS. Even though



significant studies have resolved these problems in the distribution network, some

methodological limitations still exist, as follows:

First, most research for integrating solar PV in the distribution system is
performed using a constant load model and a dispatchable generation unit. Most
researchers assumed that the PV output is dispatchable and did not consider the
uncertainties of PV output power that are dependent on solar irradiance availability
and weather factors. They only considered peak loads when sizing and locating PV
units. The utilization of historical weather data and time-varying loads is disregarded.
In practical, the renewable generation unit and load demand vary in real life, and the

optimum PV size at the peak demand varies accordingly with loading levels.

Second, the research methodology in most studies omitted some critical aspects
to size and utilize energy from PV and batteries where batteries are assumed to supply
the required power demand without considering the hourly optimum energy levels to
discharge the batteries. The assumptions are typically made to charge the batteries
during periods only when the output powers from the PV exceed the required power
demand. However, in practical, no excess power might be generated during specific
periods due to unpredictable weather conditions. Hence the power output from PV will
be inconsistent. In that case, the decision to charge the batteries only when the output

of the PV is greater than the load demand might not be accurate.

Lastly, the time and rate of battery charge/discharge were determined without
knowing the exact technical benefits to the distribution networks. Most PV-BSS
studies have mostly been done from a techno-economic viewpoint, and the method to
design the PV-battery follows those similar methods in a standalone system rather
grid-connected system where the benefits to both utilities and customers were
disregarded. Most methodologies presented to size and locate PV-BSS and battery
charge/discharge operation to supply electric power during peak times to reduce high-
cost maximum demand charges from utility providers that consider the latest Time of
Use (ToU) tariffs, historical weather PV generation and time-varying load data is not

well conducted.



1.3

Research Questions

The research questions highlighted while analyzing the impacts of PV and BSS

in the distribution network based on technical and economic bill-saving benefits are as

follows:

11

1il.

1v.

1.4

What are the significant impacts when considering non-constant (time-
varying) loads and historical weather-dependent generation rather than

constant load models and predetermined generation size?

What is the suitable optimization model subject to several constraints that can
be used to determine the optimal location and size of PV and battery to provide
the lowest power loss in the system considering different types and sizes of

load models?

Apart from the power loss impact, can PV and BSS provide significant changes
to the other power system's performances, such as voltage profile, active and

reactive power indices, voltage deviation index, and PV penetration level?

Can the integration between PV and BSS provide positive impacts not only

on the technical aspect but on the economic aspects too? If yes, how can

utility and consumer benefit from the proposed PV-BSS model?

Research Objectives

Based on the problems and research questions mentioned above, the main idea

of this thesis is to locate, to size, and to operate the renewable-based distributed

generation resources and associated storage units in the distribution networks

strategically by considering the technical and economic aspects. To achieve the goal,

the detailed objectives of this research include the following:



ii.
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To formulate an optimization model for the optimal location and size of PV
considering historical weather data and time-varying loads in the distribution
system using Particle Swarm Optimization (PSO) and Genetic Algorithm

(GA).

To formulate an optimization model for the optimal location and size of PV-
BSS and determine battery charge/discharge operation considering historical

weather data and time-varying loads in the distribution system using PSO.

To analyze the technical performance of the distribution system and electricity
bill savings for the proposed PV-BSS optimization model based on the

maximum demand charge minimization considering Time of Use (ToU) tariff.

Scope of Work

This research is limited to the following scopes:

Various types of renewable Distributed Generations (DG) and storage systems
are available. However, the focus of this research work is limited to the use of

PV and battery storage only.

Meteorological data is primarily taken from ground stations and satellites. For
this research, 13 years of Malaysia solar irradiation data from 2007 to 2020 at
coordinates (Latitude: 3.139003, Longitude: 101.686855) is acquired through
a daily global solar radiation tracking system database [16].

The Beta probability density function (Beta-PDF) is used to handle large
historical weather data. The Beta-PDF uses the hourly historical weather data
as the input and calculates the probability of occurrence of a range of possible

values for solar irradiances during each hour.
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Five load models (constant, industrial, residential, commercial, and mixed) are
considered during the analysis of optimal allocation and sizing of PV-BSS to

reduce power loss and improve bus voltage in the distribution system.

The optimization of multiple locations and sizes of PVs ranging from one to
three sizes at three different locations is performed on a commercial load model

only to compare the power loss reduction with a single PV unit and PV-BSS.

The battery allocation for PV-BSS modelling is assumed to be placed at the
same bus as PV to avoid complex system modelling and additional power

losses.

The battery is assumed to be charged by the PV unit only to avoid additional
losses in the bus distribution system if the battery were charged from the grid.

This also ensures that no reverse power flow occurs.

Tenaga Nasional Berhad (TNB) imposed maximum demand (MD) penalty
charges for commercial and industrial customers at medium and high voltage
levels. The penalty does not imply to small customers at low voltage levels.
Therefore, only commercial and industrial load users are accessed in the
electricity bill savings analysis to reduce peak load and save maximum demand

charges from PV-BSS.

Optimization algorithms are formulated to model optimal PV-BSS sizing based
on technical and economic aspects to reduce the maximum peak load during

peak hours. The algorithm does not deal with off-peak load hours.

The IEEE 33-bus and 69-bus systems are used as bus tests to validate the
performance of the developed modelling using MATLAB software. All values
follow IEEE Radial Distribution System (IEEE-RDS) standard. All buses are

assumed insensitive to variations in voltage on load characteristics.



1.6 Significance of Research Work

Several researchers have attempted to minimize power losses and improve bus
voltage in distribution networks by integrating DG. Although several studies have been
conducted using the optimization method to determine the optimal sizing and
allocation of PV, there is a general lack of research considering historical weather data
and non-constant (time-varying) load data. Previous studies disregarded the
implication of solar irradiation, which is highly dependent on weather conditions. The
proposed PV modelling based on geographical location and historical weather data
determines the expected output power and provides the means to construct solar
irradiance patterns. The generated patterns can further be used for scenario analysis in
power system studies, especially in load flow analysis that requires the integration of
weather-dependent generation. Scenario analysis requires multiple irradiance patterns
to construct an appropriate and equitable pattern that mimics the irradiance patterns of

the other days.

Also, this research work contributed to a knowledge modelling of the optimal
sizing of PV-BSS and scheduling of charge/discharge batteries in the distribution
networks. Unlike previous studies which determined battery charge/discharge times
and rates without considering technical benefits to distribution networks, the method
for charge/discharge batteries in this proposed research work is designed to improve
distribution network quality over technical and economic benefits. The optimization
model is developed to calculate the optimum sizes for PV-BSS and determine the
optimum charge/discharge operation for batteries to supply the peak load and
minimize maximum demand charges. Considering the most recent ToU tariffs,
Malaysian historical weather data, and time-varying loads, the optimization for PV-
BSS using PSO helped to reduce the burden on electric utilities during peak hours.
Based on the findings, the proposed model solution is theoretically feasible and robust
for real-time implementation, considering any size and type of load, including in

Malaysia's market.



1.7  Organization of Thesis

This thesis consists of five chapters which are organized as follows:

Chapter 1 describes the overview of this research work related to the
integration of PV in the distribution system, previous methods, and issues with the
sizing and placement of PV integrated with batteries. Based on the problem
highlighted, the planning for PV-BSS that could achieve technical and economic
benefits is proposed. Besides, the scope of work and the significance of this research

work is highlighted. The flowchart of this thesis is also presented.

Chapter 2 reviews the existing works related to the integrations of PV and
battery in the distribution systems with the methodology and techniques used in the
related work to solve the PV and PV-BSS planning problems. This chapter also
highlighted the gap in previous research on the integration and sizing of PV-BSS. The
concept of maximum demand and ToU tariff introduced by the utility provider is

presented in this chapter.

Chapter 3 explains the methodologies adopted to execute research works in this
thesis. This chapter includes and elaborates on the modelling of PV using historical
weather data, load modelling, battery storage, problem formulations, and network
constraint for PV and PV-BSS integrations. Besides, the mathematical expressions of
impact indices and PV penetrations levels are also included. The proposed method is
explained in the flowchart, and the setting parameters for the algorithm are provided.
The proposed optimization model to size PV-BSS based on technical and economic
aspects are covered in this chapter. Finally, the formulation of sizing PV-BSS over the
total maximum demand reduction considering the latest ToU tariffs, historical weather

data, and time-varying loads is presented.

Chapter 4 presents the simulated results, and the discussions of the results are
divided into two parts, namely, the technical analysis and the electricity bill savings
analysis. The results obtained using the proposed optimization model include the

optimal location and sizing, power loss reduction, bus voltage improvement, power



loss indices, voltage deviation, and PV penetration are presented in the technical
analysis part. The results validation using the PSO technique is performed considering
a few test cases and the GA technique. Finally, the optimization results based on the
optimal sizing of PV-BSS on the maximum demand reduction, charge/discharge of the
battery operation during peak hours, and total bill savings are presented in the

electricity bill savings analysis part.

Chapter 5 concludes the findings and contributions of this research work and
suggests several possible future works to improve the gap in this research work that is

worth exploring.

The flowchart that summarizes the research work presented in this thesis is

depicted in Figure 1.1.
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Figure 1.1 Flowchart of the research work

10



[1].

[2].
[3].

[4].

[5].

[6].

[7].

[8].

[9].

[10].

[11].

[12].

[13].

[14].

REFERENCES

D. Zheng, W. Zhang, S. Netsanet Alemu, P. Wang, G.T. Bitew, D. Wei and J.
Yue, "Chapter 1 - The concept of microgrid and related terminologies", in
Microgrid Protection and Control, D. Zheng, et al., Editors. 2021, Academic
Press. p. 1-12.

B.R. A. Temitope, "Integration of Renewable Distributed Generators into the
Distribution System: A Review". IET Renewable Power Generation, 2016. 10.
M.A. Islam, Hasanuzzaman, M., Rahim, N. A., Nahar, A., Hosenuzzaman, M.,
"Global Renewable Energy-Based Electricity Generation and Smart Grid
System for Energy Security". The Scientific World Journal, 2014. 2014: p.
197136.

H. Ren, Zhou, W., Nakagami, K., Gao, W., Wu, Q., "Multi-objective
optimization for the operation of distributed energy systems considering
economic and environmental aspects". Applied Energy, 2010. 87: p. 3642-
3651.

S. Mallikarjun and H. Lewis, "Energy technology allocation for distributed
energy resources: A strategic technology-policy framework". Energy, 2014.
72: p. 783-799.

A. Sharma, "A comprehensive study of solar power in India and World".
Renewable and Sustainable Energy Reviews, 2011. 15(4): p. 1767-1776.

S. Diwania, S. Agrawal, A.S. Siddiqui and S. Singh, "Photovoltaic—thermal
(PV/T) technology: a comprehensive review on applications and its
advancement". International Journal of FEnergy and Environmental
Engineering, 2020. 11(1): p. 33-54.

D. Gielen, F. Boshell, D. Saygin, M.D. Bazilian, N. Wagner and R. Gorini,
"The role of renewable energy in the global energy transformation". Energy
Strategy Reviews, 2019. 24: p. 38-50.

"SolarPower Europe (2022): Global Market Outlook For Solar Power 2022-
2026".

U.N. Howlader Abdul Motin, Yona Atsushi, Senjyu Tomonobu, Saber Ahmed
Yousuf, "A review of output power smoothing methods for wind energy
conversion systems". Renewable and Sustainable Energy Reviews, 2013. 26:
p. 135-146.

V.V.T. Sam Koohi-Kamali, N.A. Rahim, N.L. Panwar, H. Mokhlis,
"Emergence of energy storage technologies as the solution for reliable
operation of smart power systems: A review". Renewable and Sustainable
Energy Reviews, 2013. 25: p. 135-165.

X. Luo, J. Wang, M. Dooner and J. Clarke, "Overview of current development
in electrical energy storage technologies and the application potential in power
system operation". Applied Energy, 2015. 137: p. 511-536.

T.N. Chen Haisheng Cong, Yang Wei, Tan Chunqing, Li Yongliang, Ding
Yulong, "Progress in electrical energy storage system: A critical review".
Progress in Natural Science, 2009. 19(3): p. 291-312.

"Status of electrical energy storage systems", in urn no. 04/1878, D.r.
DG/DTI/00050/00/00, Editor. 2004, UK Department of Trade and Industry. p.
1-24.

145



[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

E.A. Sharew, H.A. Kefale and Y.G. Werkie, "Power Quality and Performance
Analysis of Grid-Connected Solar PV System Based on Recent Grid
Integration Requirements". International Journal of Photoenergy, 2021. 2021:
p. 4281768.

Solcast. "Solar Irradiance Data". 2018 [cited 2021; Available from:
https://solcast.com/solar-radiation-data/.

Brainkart. "Transmission and Distribution : Structure of Power System". 2023
[cited 2023; Available from: https://www.brainkart.com/article/Basic-Electric-
Power-and-Structure-of-Power-System 12339/.

T. Ngo, M. Lwin and S. Santoso, "Steady-State Analysis and Performance of
Low Frequency AC Transmission Lines". /EEE Transactions on Power
Systems, 2015. 31: p. 1-8.

A.S. Akinyemi, K. Musasa and [.LE. Davidson, "Analysis of voltage rise
phenomena in electrical power network with high concentration of renewable
distributed generations". Scientific Reports, 2022. 12(1): p. 7815.

P. Halder, I.G. Hakeem, S. Patel, S. Shah, H. Khan and K. Shah, "Chapter 2 -
Prospects of bioelectricity in south Asian developing countries---A sustainable
solution for future electricity", in Renewable Energy and Sustainability, 1.
Khan, Editor. 2022, Elsevier. p. 23-56.

L. Reed, M. Dworkin, P. Vaishnav and M.G. Morgan, "Expanding
Transmission Capacity: Examples of Regulatory Paths for Five Alternative
Strategies". The Electricity Journal, 2020. 33(6): p. 106770.

A. Gautam, Ibraheem, G. Sharma, M.F. Ahmer and N. Krishnan "Methods and
Methodologies for Congestion Alleviation in the DPS: A Comprehensive
Review". Energies, 2023. 16, DOI: 10.3390/en16041765.

H. Ng, M. Salama and A. Chikhani, "Classification of capacitor allocation
techniques". IEEE Transactions on Power Delivery, 2000. 15(1): p. 387-392.
M.P. HAJIABBAS, "Distributed Wind Turbines Optimal Allocation Using
Evolutionary Algorithms in Power Systems". 2014, Universiti Teknologi
Malaysia.

J.J.B. Jamian, "Optimal distributed generation output and battery swithching
station placement via rank evolutionary particle swarm optimization". 2013,
Universiti Teknologi Malaysia.

O. Uche, B. Anyaka and M. Mbunwe, "Reactive Power Loss Minimization on
an Interconnected Electric Power Network: World Congress on Engineering
and Computer Science 2017". 2019. p. 207-228.

B. Ismail, M. Mat Naain, N.I. Abdul Wahab, N. Shaberon, L. Awalin and I.
Alhamrouni, "Voltage Stability Indices Studies on Optimal Location of Wind
Farm in Distribution Network". 2017.

K. Chayakulkheeree, U. Leeton, S. Ang and T. Kulworawanichpong, "Sine
Cosine Algorithm for Optimal Placement and Sizing of Distributed Generation
in Radial Distribution Network". 2018.

S. Adams, F. Atsu, E.M. Klobodu and L. Richmond, "Electricity transmission,
distribution losses and economic growth in South Africa". Heliyon, 2020.
6(11): p. e05564.

L. Ramesh, S.P. Chowdhury, S. Chowdhury, Y.H. Song and A.A. Natarajan,
"Voltage stability analysis and real power loss reduction in distributed
distribution system", in Transmission and Distribution Conference and
Exposition. 2008, /EEE.: Chicago, IL. p. 1-6.

146


https://solcast.com/solar-radiation-data/
https://www.brainkart.com/article/Basic-Electric-Power-and-Structure-of-Power-System_12339/
https://www.brainkart.com/article/Basic-Electric-Power-and-Structure-of-Power-System_12339/

[31].

[32].

[33].

[34].

[35].

[36].

[37].

[38].

[39].

[40].

[41].

[42].

[43].

[44].

[45].

[46].

[47].

[48].

D.Q. Hung and N. Mithulananthan, "Multiple Distributed Generator Placement
in Primary Distribution Networks for Loss Reduction". IEEE Transactions on
Industrial Electronics, 2013. 60(4): p. 1700-1708.

A.G. Dominguez. "Optimal Location of Distributed Generators in Electrical
Grids". 2014.

N. Chauhan, "Distributed Generation: Definition, Technology, Impact &
Issues due to penetration”. 2013.

L. Team. "What is Distributed Generation?". 2022; Available from:
https://www.linquip.com/blog/what-is-distributed-generation/.

A. Everton Luiz de, C. Rafael, S. Carlos Marcelo de Oliveira, C. Jean Patric da
and C. Emerson Giovani, "Distributed Renewable Power Sources in Weak
Grids — Analysis and Control", in Renewable Energy, C. Wenping and H.
Yihua, Editors. 2016, IntechOpen: Rijeka. p. Ch. 9.

L.I. Dulau, M. Abrudean and D. Bica, "Optimal Location of a Distributed
Generator for Power Losses Improvement". Procedia Technology, 2016. 22: p.
734-739.

D. Stanelyte, S. Gudzius and A. Liudmila, "Energy Distribution Planning
Models Taxonomy and Methods of Distributed Generation Systems". Energy
Procedia, 2017. 107: p. 275-283.

P.P. Biswas, R. Mallipeddi, P.N. Suganthan and G.A.J. Amaratunga, "A
multiobjective approach for optimal placement and sizing of distributed
generators and capacitors in distribution network". Applied Soft Computing,
2017. 60: p. 268-280.

Z. Sun and X.-y. Zhang, "Advances on Distributed Generation Technology".
Energy Procedia, 2012. 17: p. 32-38.

A. Barnett and L. Knibbs, "Higher fuel prices are associated with lower air
pollution levels". Environment International, 2014. 66: p. 88-91.

T. Kaberger, "Progress of renewable electricity replacing fossil fuels". Global
Energy Interconnection, 2018. 1(1): p. 48-52.

P. Peerapong and B. Limmeechokchai, "Optimal electricity development by
increasing solar resources in diesel-based micro grid of island society in
Thailand". Energy Reports, 2017. 3: p. 1-13.

C. Lupangu and R.C. Bansal, "A review of technical issues on the development
of solar photovoltaic systems". Renewable and Sustainable Energy Reviews,
2017. 73: p. 950-965.

L. Zhao, H. Jerbi, R. Abbassi, B. Liu, M. Latifi and H. Nakamura, "Sizing
renewable energy systems with energy storage systems based microgrids for
cost minimization using hybrid shuffled frog-leaping and pattern search
algorithm". Sustainable Cities and Society, 2021. 73: p. 103124.

M.M. Aman, G.B. Jasmon, A.H.A. Bakar and H. Mokhlis, "A new approach
for optimum simultaneous multi-DG distributed generation Units placement
and sizing based on maximization of system loadability using HPSO (hybrid
particle swarm optimization) algorithm". Energy, 2014. 66: p. 202-215.
N.-K.C. Nair and N. Garimella, "Battery energy storage systems: Assessment
for small-scale renewable energy integration". Energy and Buildings, 2010.
42(11): p. 2124-2130.

0.J. Divya K. C., "Battery energy storage technology for power systems—An
overview". Electric Power Systems Research, 2009. 79(4): p. 511-520.

S.V. Bank, "Energy Storage Overview". 2013, Silicon Valley Bank Cleantech
Practice.

147


https://www.linquip.com/blog/what-is-distributed-generation/

[49].

[50].

[51].

[52].

[53].

[54].

[55].

[56].

[57].

[58].

[59].

[60].

[61].

[62].

[63].

[64].

N.W. Miller, R.S. Zrebiec, R.-W. Delmerico and G. Hunt. "Battery energy
storage systems for electric utility, industrial and commercial applications". in
Proceedings of the Annual Battery Conference on Applications and Advances.
1996.

S.M.A.S. Bukhari, J. Magsood, M.Q. Baig, S. Ashraf and T.A. Khan.
"Comparison of Characteristics -- Lead Acid, Nickel Based, Lead Crystal and
Lithium Based Batteries". in 2015 17th UKSim-AMSS International
Conference on Modelling and Simulation (UKSim). 2015.

A.P. Karpinski, B. Makovetski, S.J. Russell, J.R. Serenyi and D.C. Williams,
"Silver—zinc: status of technology and applications". Journal of Power
Sources, 1999. 80(1-2): p. 53-60.

M.I. Hlal, V.K. Ramachandaramurthy, A. Sarhan, A. Pouryekta and U.
Subramaniam, "Optimum battery depth of discharge for off-grid solar
PV/battery system". Journal of Energy Storage, 2019. 26: p. 100999.

W.X. Shen, "Optimally sizing of solar array and battery in a standalone
photovoltaic system in Malaysia". Renewable Energy, 2009. 34(1): p. 348-352.
I. Ranaweera, O.-M. Midtgéird and M. Korpas, "Distributed control scheme for
residential battery energy storage units coupled with PV systems". Renewable
Energy, 2017. 113: p. 1099-1110.

G. Notton, S. Diaf and L. Stoyanov, "Hybrid Photovoltaic/Wind Energy
Systems For Remote Locations". Energy Procedia, 2011. 6: p. 666-677.

A. Maleki and A. Askarzadeh, "Optimal sizing of a PV/wind/diesel system
with battery storage for electrification to an off-grid remote region: A case
study of Rafsanjan, Iran". Sustainable Energy Technologies and Assessments,
2014. 7: p. 147-153.

H. Takele, "Distributed generation adverse impact on the distribution networks
protection and its mitigation". Heliyon, 2022. 8(6): p. €09624.

M. Salman, S. Hongsheng, M.A. Aman and Y. Khan, "Enhancing Voltage
Profile and Power Loss Reduction Considering Distributed Generation (DG)
Resources". Engineering, Technology & Applied Science Research, 2022.
12(4): p. 8864-8871.

S. Sadeghi Gougheri, H. Jahangir, H. Tayarani and M. Aliakbar Golkar,
"Power Loss Reduction and Voltage Profile Improvement with
Reconfiguration in the Distribution Network with Uncertainty of Windpower".
2019.

R. Global. "Distribution System Operators and Renewables". 2020; Available
from: https://reglobal.co/distribution-system-operators-and-renewables/.

S. Shivashankar, S. Mekhilef, H. Mokhlis and M. Karimi, "Mitigating methods
of power fluctuation of photovoltaic (PV) sources — A review". Renewable and
Sustainable Energy Reviews, 2016. 59: p. 1170-1184.

M. Fesanghary and M.M. Ardehali, "A novel meta-heuristic optimization
methodology for solving various types of economic dispatch problem".
Energy, 2009. 34: p. 757-766.

G.V.N. Lakshmi, A. Jayalaxmi and V. Veeramsetty, "Optimal placement of
distributed generation based on DISCO’s financial benefit with loss and
emission reduction using hybrid Jaya—Red Deer optimizer". FElectrical
Engineering, 2022.

J. Radosavljevi¢, N. Arsi¢, M. Milovanovi¢ and A. Ktena, "Optimal Placement
and Sizing of Renewable Distributed Generation Using Hybrid Metaheuristic

148


https://reglobal.co/distribution-system-operators-and-renewables/

[65].

[66].

[67].

[68].

[69].

[70].

[71].

[72].

[73].

[74].

[75].

[76].

[77].

Algorithm". Journal of Modern Power Systems and Clean Energy, 2020. 8(3):
p. 499-510.

I. Khenissi, R. Sellami, M.A. Fakhfakh and R. Neji, "Power Loss Minimization
Using Optimal Placement and Sizing of Photovoltaic Distributed Generation
Under Daily Load Consumption Profile with PSO and GA Algorithms".
Journal of Control, Automation and Electrical Systems, 2021. 32.

R. Sirjani, "Optimal Placement and Sizing of PV-STATCOM in Power
Systems Using Empirical Data and Adaptive Particle Swarm Optimization".
Sustainability, 2018. 10(3): p. 727.

A. Eid, "Allocation of distributed generations in radial distribution systems
using adaptive PSO and modified GSA multi-objective optimizations".
Alexandria Engineering Journal, 2020. 59(6): p. 4771-4786.

M. Kumar, P. Nallagownden and I. Elamvazuthi, "Multi-objective PSO based
optimal placement of solar power DG in radial distribution system". Journal
of Electrical Systems, 2017. 13: p. 322-331.

H. HassanzadehFard and A. Jalilian, "Optimal sizing and siting of renewable
energy resources in distribution systems considering time varying
electrical/heating/cooling loads using PSO algorithm". International Journal
of Green Energy, 2018. 15(2): p. 113-128.

M. Yahyazadeh and H. Rezaeeye, "Optimal Placement and Sizing of
Distributed Generation Using Wale Optimization Algorithm Considering
Voltage Stability and Voltage Profile Improvement, Power Loss and
Investment Cost Reducing". Iranian Journal of Science and Technology,
Transactions of Electrical Engineering, 2020. 44(1): p. 227-236.

M.M. Ansari, C. Guo, M.S. Shaikh, N. Chopra, I. Haq and L. Shen, "Planning
for Distribution System with Grey Wolf Optimization Method". Journal of
Electrical Engineering & Technology, 2020. 15(4): p. 1485-1499.

M.F.A. Haggar, E. Beshr and M.B. Eteiba. "Minimizing Power Loss in
Distribution System by Optimal Sizing and Sitting of Distributed Generators
with Network Reconfiguration Using Grey Wolf and Particle Swarm
Optimizers". in 2018 IEEE International Conference on Environment and
Electrical Engineering and 2018 IEEE Industrial and Commercial Power
Systems Europe (EEEIC / 1&CPS Europe). 2018.

S. Das, D. Das and A. Patra. "Distribution network reconfiguration using
distributed generation unit considering variations of load". in 2016 [EEE Ist
International Conference on Power Electronics, Intelligent Control and
Energy Systems (ICPEICES). 2016.

D.Q. Hung, N. Mithulananthan and R.C. Bansal, "Analytical strategies for
renewable distributed generation integration considering energy loss
minimization". Applied Energy, 2013. 105: p. 75-85.

D.Q. Hung, N. Mithulananthan and K.Y. Lee, "Determining PV Penetration
for Distribution Systems With Time-Varying Load Models". I[EEE
Transactions on Power Systems, 2014. 29(6): p. 3048-3057.

M.F.N. Khan, T.N. Malik and I.A. Sajjad, "Impact of time varying load models
on PV DG planning". Journal of Renewable and Sustainable Energy, 2018.
10(3): p. 035501.

M.E.N. Khan and T.N. Malik, "Probablistic generation model for optimal
allocation of PV DG in distribution system with time-varying load models".
Journal of Renewable and Sustainable Energy, 2017. 9(6): p. 065503.

149



[78].

[79].

[80].

[81].

[82].

[83].

[84].

[85].

[86].

[87].

[88].

[89].

[90].

[91].

[92].

[93].

[94].

A. Ahmed, M.F. Nadeem, L.A. Sajjad, R. Bo and [.A. Khan. "Optimal
Allocation of Wind DG with Time Varying Voltage Dependent Loads Using
Bio-Inspired: Salp Swarm Algorithm". in 2020 3rd International Conference
on Computing, Mathematics and Engineering Technologies (iCoMET). 2020.
S.-B. Lai, M.-I. Jamesh, X.-C. Wu, Y.-L. Dong, J.-H. Wang, M. Gao, J.-F. Liu
and X.-M. Sun, "A promising energy storage system: rechargeable Ni—Zn
battery". Rare Metals, 2017. 36(5): p. 381-396.

K.C. Divya and J. Ostergaard, "Battery energy storage technology for power
systems—An overview". Electric Power Systems Research, 2009. 79(4): p.
511-520.

Y. Nishi, "2 - Past, Present and Future of Lithium-lon Batteries:
Can New Technologies Open up New Horizons?", in Lithium-Ion Batteries,
G. Pistoia, Editor. 2014, Elsevier: Amsterdam. p. 21-39.

P. Mercier, R. Cherkaoui and A. Oudalov, "Optimizing a Battery Energy
Storage System for Frequency Control Application in an Isolated Power
System". IEEE Transactions on Power Systems, 2009. 24(3): p. 1469-1477.
A. Oudalov, D. Chartouni and C. Ohler, "Optimizing a Battery Energy Storage
System for Primary Frequency Control". IEEE Transactions on Power
Systems, 2007. 22(3): p. 1259-1266.

P.F. Ribeiro, B.K. Johnson, M.L. Crow, A. Arsoy and Y. Liu, "Energy storage
systems for advanced power applications". Proceedings of the IEEE, 2001.
89(12): p. 1744-1756.

J.N. Baker and A. Collinson, "Electrical energy storage at the turn of the
Millennium". Power Engineering Journal, 1999. 13(3): p. 107-112.

J.P.H. Kelly Sims Gallagher, and Ambuj D. Sagar, "Energy-Technology
Innovation". Annual Review of Environment and Resources, 2006. 31: p. 193-
237.

D.F. Daly. "20 MW battery power conditioning system for Puerto Rico Electric
Power Authority". in Proceedings of the Tenth Annual Battery Conference on
Applications and Advances. 1995.

P.A. Taylor. "Update on the Puerto Rico electric power authority's spinning
reserve battery system". in Proceedings of 11th Annual Battery Conference on
Applications and Advances. 1996.

K. Mahesh, P. Nallagownden and I. Elamvazuthi, "Optimal Configuration of
DG in Distribution System: An Overview". MATEC Web of Conferences,
2016. 38: p. 01007.

H. Zhao, Q. Wu, S. Hu, H. Xu and C.N. Rasmussen, "Review of energy storage
system for wind power integration support". Applied Energy, 2015. 137: p.
545-553.

J.G.d. Pozo, "Electric Energy Storage in the Stockholm Royal Seaport". 2011,
Royal Institute of Technology Stockholm: Sweden. p. 78.

E. Aikaterini Chatzivasileiadi, Ampatzi, lan Knight, "Characteristics of
electrical energy storage technologies and their applications in buildings".
Renewable and Sustainable Energy Reviews, 2013. 25: p. 814-830.

A. Singh, P.B. Karandikar and N.R. Kulkarni. "Feasibility of energy storage
systems in different applications for sustainable energy". in 2016 International
Conference on Emerging Technological Trends (ICETT). 2016.

M. Ghofrani, A. Arabali, M. Etezadi-Amoli and M.S. Fadali, "A Framework
for Optimal Placement of Energy Storage Units Within a Power System With

150



[95].

[96].

[97].

[98].

[99].

[100].

[101].

[102].

[103].

[104].

[105].

[106].

[107].

[108].

[109].

High Wind Penetration". [EEE Transactions on Sustainable Energy, 2013.
4(2): p. 434-442.

M. Bechouat, Y. Soufi, M. Sedraoui and S. Kahla, "Energy storage based on
maximum power point tracking in photovoltaic systems: A comparison
between GAs and PSO approaches". International Journal of Hydrogen
Energy, 2015. 40(39): p. 13737-13748.

D.S.S.T.R. Mr.T.C.Subramanyam, Dr.J.B.V.Subrahmanyam, "Optimal
placement of DG in a Distributed Generation Environment". International
Journal of Engineering & Computer Science 2015. 4(5).

A.S.A. Awad, T.HM.E.-. Fouly and M.M.A. Salama, "Optimal ESS
Allocation and Load Shedding for Improving Distribution System Reliability".
IEEE Transactions on Smart Grid, 2014. 5(5): p. 2339-2349.

Y. Xu, W.T. Jewell and C. Pang. "Optimal location of electrical energy storage
unit in a power system with wind energy". in 2014 North American Power
Symposium (NAPS). 2014.

Y. Ruben Zieba Falama, Francis-Daniel Menga, Marcel Hamda Soulouknga,
Fabrice Kwefeu Mbakop, Chokri Ben Salah, "A Case Study of an Optimal
Detailed Analysis of a Standalone Photovoltaic/Battery System for Electricity
Supply in Rural and Remote Areas". International Transactions on Electrical
Energy Systems, 2022. 2022: p. 12.

L. Ji, Z. Liu, Y. Wu and G. Huang, "Techno-economic feasibility analysis of
optimally sized a biomass/PV/DG hybrid system under different operation
modes in the remote area". Sustainable Energy Technologies and Assessments,
2022. 52:p. 102117.

R.A. Thokar, Gupta, Nikhil, Niazi, K. R., Swarnkar, Anil, Sharma, Sachin and
Meena, K. , "Optimal integration and management of solar generation and
battery storage system in distribution systems under uncertain environment".
International Journal of Renewable Energy Research, 2020. 10(1): p. 11-12.
Z.7Z. X. Jun, B. Linquan, L. Haishen, "Determination of the optimal installation
site and capacity of battery energy storage system in distribution network
integrated with distributed generation". IET Generation, Transmission &
Distribution, 2016. 10(3): p. 601-607.

Y. Wang and L. Li, "Time-of-use electricity pricing for industrial customers:
A survey of U.S. utilities". Applied Energy, 2015. 149: p. 89-103.

Z. Shaolun, J. Li and R. Yulong. "Research of time-of-use electricity pricing
models in China: A survey". in 2008 IEEE International Conference on
Industrial Engineering and Engineering Management. 2008.

S.K.M. Shaikh and A.A. Dharme. "Time of Use pricing-India, a case study".
in 2009 International Conference on Power Systems. 2009. IEEE.

N.A. Mohd Azman, M.P. Abdullah, M. Yusri, D. Said and F. Hussin,
"Enhanced Time of Use Electricity Pricing for Industrial Customers in
Malaysia". Indonesian Journal of Electrical Engineering and Computer
Science, 2017. 6: p. 155.

A.C. Marques, J. Fontes and J. Fuinhas, "Household Preferences for Time-Of-
Use Rates in The Portuguese Electricity Market". Energy Studies Review,
2012. 19(1).

S. Maggiore, M. Gallanti, W. Grattieri and M. Benini, "Impact of the
enforcement of a time-of-use tariff to residential customers in Italy". 2013.

N. Lessem, A. Faruqui, S. Sergici and D. Mountain, "The impact of time-of-
use rates in Ontario". Public Utilities Fortnightly, 2017: p. 56-61.

151



[110].

[111].

[112].

[113].

[114].

[115].

[116].

[117].

[118].

[119].

[120].
[121].

[122].

[123].

TNB. "Pricing and Tariff". [cited 2022 25 August]; Available from:
https://www.tnb.com.my/commercial-industrial/pricing-tariffs1/.

A.J. Pimm, T.T. Cockerill and P.G. Taylor, "The potential for peak shaving on
low voltage distribution networks using electricity storage". Journal of Energy
Storage, 2018. 16: p. 231-242.

Y. Yang, H. Li, A. Aichhorn, J. Zheng and M. Greenleaf, "Sizing Strategy of
Distributed Battery Storage System With High Penetration of Photovoltaic for
Voltage Regulation and Peak Load Shaving". IEEE Transactions on Smart
Grid, 2014. 5(2): p. 982-991.

L.C. Hau and Y.S. Lim. "Financial Benefits of PV only, BESS only and PV
with BESS under the Trading Arrangements of NEM and ETOU in Malaysia".
in 2020 International Conference on Smart Grid and Clean Energy
Technologies (ICSGCE). 2020.

H. Lei, Z. Sang, J. Huang, J. He, J. Yan, Q. Wang, D. Yang, Z. Du and L. Wu,
"Economic analysis of distribution network planning considering decentralized
energy storage system". IOP Conference Series: Earth and Environmental
Science, 2021. 687(1): p. 012149.

C. Venu, Y. Riffonneau, S. Bacha and Y. Baghzouz. "Battery Storage System
sizing in distribution feeders with distributed photovoltaic systems". in 2009
IEEE Bucharest PowerTech. 2009.

A. Aichhorn, M. Greenleaf, H. Li and J. Zheng. "A cost effective battery sizing
strategy based on a detailed battery lifetime model and an economic energy
management strategy". in 2012 IEEE Power and Energy Society General
Meeting. 2012.

J. Linssen, P. Stenzel and J. Fleer, "Techno-economic analysis of photovoltaic
battery systems and the influence of different consumer load profiles". Applied
Energy, 2017. 185: p. 2019-2025.

D. Dongol, T. Feldmann, M. Schmidt and E. Bollin, "A model predictive
control based peak shaving application of battery for a household with
photovoltaic system in a rural distribution grid". Sustainable Energy, Grids and
Networks, 2018. 16: p. 1-13.

G. Subramani, V. K. Ramachandaramurthy, P. Sanjeevikumar, J.B. Holm-
Nielsen, F. Blaabjerg, L. Zbigniew and P. Kostyla, "Techno-Economic
Optimization of Grid-Connected Photovoltaic (PV) and Battery Systems Based
on Maximum Demand Reduction (MDRed) Modelling in Malaysia". Energies,
2019. 12(18): p. 3531.

E. Mohammadi and S. Esmaeili, "A Novel Optimal Placement of PV Systems
for Loss Reduction and Voltage Profile Improvement". 2012.

P.M. Subcommittee, "IEEE Reliability Test System". I[EEE Transactions on
Power Apparatus and Systems, 1979. PAS-98(6): p. 2047-2054.

Y .M. Atwa, E.F. El-Saadany, M.M.A. Salama and R. Seethapathy, "Optimal
Renewable Resources Mix for Distribution System Energy Loss
Minimization". I[EEE Transactions on Power Systems,2010. 25(1): p. 360-370.
N.M. Nor, A. Ali, T. Ibrahim and M.F. Romlie, "Planning of Distributed
Renewable Energy Resources Using Genetic Algorithm", in Sustainable
Electrical Power Resources through Energy Optimization and Future
Engineering, S.A. Sulaiman, et al., Editors. 2018, Springer Singapore:
Singapore. p. 37-64.

152


https://www.tnb.com.my/commercial-industrial/pricing-tariffs1/

[124]

[125].

[126].

[127].

[128].

[129].

[130].

[131].

[132].

[133].

[134].

[135].

[136].

[137].

[138].

A. Ali, N.M. Nor, T. Ibrahim and M.F. Romlie, "Sizing and placement of solar
photovoltaic plants by using time-series historical weather data". Journal of
Renewable and Sustainable Energy, 2018. 10(2): p. 023702.

D. Hung, M. Nadarajah and K. Lee, "Determining PV Penetration for
Distribution Systems With Time-Varying Load Models". IEEE Transactions
on Power Systems, 2014.

S.T. Mohammad, H.H. Al-Kayiem, M.A. Aurybi and A.K. Kbhlief,
"Measurement of global and direct normal solar energy radiation in Seri
Iskandar and comparison with other cities of Malaysia". Case Studies in
Thermal Engineering, 2020. 18: p. 100591.

A. Muzathik, w.s. wan nik, M.Z. Ibrahim and K. Samo, "Measurement of
global solar radiation in Terengganu state, Malaysia". 2009.

G. V and C. S. "Implications of Residential Battery Charge and Discharge
Rates on Self-consumption and Peak Power Exchange". in 2019 16th
Conference on Electrical Machines, Drives and Power Systems (ELMA). 2019.
J. Peng, J. Meng, D. Chen, H. Liu, S. Hao, X. Sui and X. Du "A Review of
Lithium-lon Battery Capacity Estimation Methods for Onboard Battery
Management Systems: Recent Progress and Perspectives". Batteries, 2022. 8§,
DOI: 10.3390/batteries8110229.

C. Nayak and M. Nayak, "Techno-economic analysis of a grid-connected PV
and battery energy storage system considering time of use pricing". Turkish
Journal of Electrical Engineering & Computer Sciences, 2017. 26.

M. Ntombela, K. Musasa and M.C. Leoaneka "Power Loss Minimization and
Voltage Profile Improvement by System Reconfiguration, DG Sizing, and
Placement". Computation, 2022. 10, DOI: 10.3390/computation10100180.
M. Shrivastava, "Review of Forward & Backward Sweep Method for Load
Flow Analysis of Radial Distribution System". International Journal of
Advanced Research in Electrical, Electronics and Instrumentation
Engineering, 2015. 04: p. 5595-5599.

D. Issicaba and J. Coelho, "Evaluation of the Forward-Backward Sweep Load
Flow Method using the Contraction Mapping Principle". International Journal
of Electrical and Computer Engineering (IJECE), 2016. 6: p. 3229-3237.

[.M. Ahmed, S. Kamel, H. Abdel-Mawgoud and J. Yu. "Optimal Allocation of
PV Based DG in Distribution Networks at Different Load Levels". in 2018
Twentieth International Middle East Power Systems Conference (MEPCON).
2018.

A. Ali, N. Nor, T. Ibrahim, M. Romlie and K. Bingi, "Sizing and Placement of
Battery-Sourced Solar Photovoltaic (B-SSPV) Plants in Distribution
Networks". 2017.

S. Rembha, "Optimal DG Location and Sizing for Minimum Active Power Loss
in Radial Distribution System using Firefly Algorithm". International Journal
of Energetica, 2017. 2: p. 6.

A. Jayavarma and T. Joseph, "Optimal placement of solar PV in distribution
system using particle swarm optimization". International Journal of Advanced
Research in Electrical, Electronics and Instrumentation Engineering, 2013.
2(1).

R.L. Kumari, G.N. Kumar, S.S. Nagaraju and M.B. Jain. "Optimal sizing of
distributed generation using particle swarm optimization". in 2017
international conference on intelligent computing, instrumentation and control
technologies (ICICICT). 2017. IEEE.

153



[139].

[140].

[141].

[142].

[143].

[144].

[145].

[146].

[147].

[148].

[149].

T. Bouktir and K. Guerriche, "Optimal allocation and sizing of distributed
generation with particle swarm optimization algorithm for loss reduction”.
Science and technology, 2015. 6(1): p. 59-69.

B.J. Rani and A.S. Reddy, "Optimal allocation and sizing of multiple DG in
radial distribution system using binary particle swarm optimization".
International Journal of Intelligent Engineering and Systems, 2019. 12(1): p.
290-299.

F. Nzanywayingoma and Y. Yang, "Analysis of Particle Swarm Optimization
and Genetic Algorithm based on Task Scheduling in Cloud Computing
Environment". [International Journal of Advanced Computer Science and
Applications, 2017. 8.

M.N. Ab Wahab, S. Nefti-Meziani and A. Atyabi, "A Comprehensive Review
of Swarm Optimization Algorithms". PLOS ONE, 2015. 10(5): p. e0122827.
L.C. Hau, Y.S. Lim and K.H. Chua, "Active Control Strategy of Energy
Storage System for Reducing Maximum Demand Charges under Limited
Storage Capacity". Journal of Energy Engineering, 2017. 143(4): p. 04017010.
K. Mahesh, P. Nallagownden and I. Elamvazuthi "Advanced Pareto Front Non-
Dominated Sorting Multi-Objective Particle Swarm Optimization for Optimal
Placement and Sizing of Distributed Generation". Energies, 2016. 9, DOI:
10.3390/en9120982.

K.R. Devabalaji and K. Ravi, "Optimal size and siting of multiple DG and
DSTATCOM in radial distribution system using Bacterial Foraging
Optimization Algorithm". Ain Shams Engineering Journal, 2016. 7(3): p. 959-
971.

A. Ali, N. Mohd Nor, T. Ibrahim and M. Fakhizan Romlie, "Sizing and
placement of solar photovoltaic plants by using time-series historical weather
data". Journal of Renewable and Sustainable Energy, 2018. 10(2): p. 023702.
H. Maurya, V. Bohra, V. Bhadoria and N. Singh, "Effect of Inertia Weight of
PSO on Optimal Placement of DG". IOP Conference Series Materials Science
and Engineering, 2019.

N.R. Godha, V.N. Bapat and 1. Korachagaon, "Simultaneous and Incremental
Approach for Optimal Placement and Sizing of Multiple Distributed
Generations in Distribution System for Minimization of Power Losses". IOP
Conference Series: Materials Science and Engineering, 2020. 937(1): p.
012005.

W. Haider, S.J. Hassan, A. Mehdi, A. Hussain, G.O. Adjayeng and C.-H. Kim
"Voltage Profile Enhancement and Loss Minimization Using Optimal
Placement and Sizing of Distributed Generation in Reconfigured Network".
Machines, 2021. 9, DOI: 10.3390/machines9010020.

154



LIST OF PUBLICATIONS

Indexed Conference Proceedings

1.

H. F. Jamahori and H. A. Rahman, "Hybrid energy storage system for life cycle
improvement," 2017 IEEE Conference on Energy Conversion (CENCON), 2017,
pp. 196-200. (Indexed by SCOPUS)

H. F. Jamahori, M. P. Abdullah and A. Ali, "Integration of PV Distributed
Renewable Energy Generation into Distribution System using Time-Varying
Weather and Load Data," 2021 IEEE 19th Student Conference on Research and
Development (SCOReD), 2021, pp. 295-299. (Indexed by SCOPUS)

H. F. Jamahori, M. P. Abdullah and A. Ali, "Impact of PV in Distribution System
Using Time-Varying Load Data," 2022 International Conference on Clean
Energy (ICCE2022), 2022, AIP Conference Proceedings. (Indexed by SCOPUS)

Journal with Impact Factor

1.

H. F. Jamahori, M. P. Abdullah and A. Ali, "Impact and Evaluation of Optimized
PV Generation in The Distribution System with Varying Load Demands," Jurnal
Teknologi, vol. 85(3) pp. 61-73, 2023. (Q3, IF:1.4)

H. F. Jamahori, M. P. Abdullah, A. Ali, A. Alkassem "Optimal Design and
Performance Analysis of Multiple PV with Grid-Connected Commercial Load,"
International Journal of Technology, 2022. Under Review (Q2, 1F:2.4)

179





