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ABSTRACT

Providing electricity to rural towns that are disconnected from the grid and
suffer from a shortage of energy, where development of the distribution network is
neither possible or economically viable, needs the adoption of suitable technologies.
Microgrids powered by hybrid renewable energy sources are becoming more
prevalent, and they provide an exciting opportunity to electrify distant places. Stand-
alone microgrids powered by hybrid renewable energy sources are an economical way
to assure system dependability and energy security. In this project, a stand-alone
hybrid system comprising Photovoltaic (PV), battery storage and Diesel Generator
(DG) is considered. A rule-based algorithm for energy management is used to optimize
the usage of renewable resources and limit the use of the battery bank and DG in order
to satisfy a certain demand and minimize the Cost of Energy (COE). The proper size
of this hybrid system is a critical factor affecting the performance of this system. The
COE and Loss of Power Supply Probability (LPSP) are the main objectives of this
project, and they are also taken as indicators for the reliability and feasibility of the
proposed system. It is proposed in this dissertation to use Particle Swarm Optimization
(PSO) and Gray Wolf Optimization (GWO) to fine-tune the ideal size of the system in
order to fulfil the project's goals and objectives. The suggested values of LPSP that
implemented in this study were 0%, 1%, and 2%. The results obtained based on these
values gave more flexibility in choosing the suitable system among the three options
that have been presented. The collected findings demonstrate that the suggested
techniques deliver the most optimum configuration of the hybrid system. It has
provided the fast and effective achievement of the ideal solution as well as a reduction
of the total COE with a desired value of LPSP. These optimization algorithms were
conducted using MATLAB coding. This hybrid system can be a suitable model to
electrify remote areas and recommend it as solar radiation is an abundant resource.
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ABSTRAK

Membekalkan tenaga elektrik kepada bandar luar bandar yang terputus dari
grid dan mengalami kekurangan tenaga, di mana pembangunan rangkaian pengedaran
tidak mungkin atau berdaya maju dari segi ekonomi, memerlukan penggunaan
teknologi yang sesuai. Microgrid yang dikuasakan oleh sumber tenaga boleh
diperbaharui hibrid semakin berleluasa, dan ia memberikan peluang menarik untuk
mengelektrik tempat yang jauh. Mikrogrid bersendirian yang dikuasakan oleh sumber
tenaga boleh diperbaharui hibrid ialah cara yang menjimatkan untuk memastikan
kebolehpercayaan sistem dan keselamatan tenaga. Dalam projek ini, sistem hibrid
berdiri sendiri yang terdiri daripada Fotovoltaik (PV), storan bateri dan Penjana Diesel
(DG) dipertimbangkan. Algoritma berasaskan peraturan untuk pengurusan tenaga
digunakan untuk mengoptimumkan penggunaan sumber boleh diperbaharui dan
mengehadkan penggunaan bank bateri dan DG untuk memenuhi permintaan tertentu
dan meminimumkan Kos Tenaga (COE). Saiz yang betul bagi sistem hibrid ini
merupakan faktor kritikal yang mempengaruhi prestasi sistem ini. COE dan
Kebarangkalian Bekalan Kuasa Kehilangan (LPSP) adalah objektif utama projek ini,
dan ia juga diambil sebagai petunjuk untuk kebolehpercayaan dan kebolehlaksanaan
sistem yang dicadangkan. Adalah dicadangkan dalam disertasi ini untuk menggunakan
Pengoptimuman Particle Swarm (PSO) dan Grey Wolf Optimization (GWO) untuk
memperhalusi saiz ideal sistem bagi memenuhi matlamat dan objektif projek. Nilai
cadangan LPSP yang dilaksanakan dalam kajian ini ialah 0%, 1%, dan 2%. Keputusan
yang diperolehi berdasarkan nilai ini memberi lebih kelonggaran dalam memilih
sistem yang sesuai antara tiga pilihan yang telah dibentangkan. Penemuan yang
dikumpul menunjukkan bahawa teknik yang dicadangkan memberikan konfigurasi
sistem hibrid yang paling optimum. la telah menyediakan pencapaian penyelesaian
ideal yang cepat dan berkesan serta pengurangan jumlah COE dengan nilai LPSP yang
dikehendaki. Algoritma pengoptimuman ini dijalankan menggunakan pengekodan
MATLAB. Sistem hibrid ini boleh menjadi model yang sesuai untuk mengelektrik
kawasan terpencil dan mengesyorkannya kerana sinaran suria merupakan sumber yang

banyak.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

There is no denying that the world's population is increasing, economies are
developing, and the world's overall energy consumption is increasing quickly in
contrast to any other period in history [1]. Qil, coal, and fossil fuels are today's
principal sources of energy. There is a growing need for power that conventional

energy sources cannot provide.

In addition, the emission of greenhouse gases that result from the use of fossil
fuels in the generation of energy creates environmental problems [2, 3]. Concerns
about global warming, increasing power costs, and increased electricity usage have

spread around the globe.

A stable, economical, environmentally friendly, and long-term power supply
may be ensured by integrating renewable energy sources in various nations across the
globe. Renewable energy output increased by around 200 GW in 2019, bringing the
global total to 2,588 GW at the end of 2019. Globally, 27.3 percent of the world's
electricity production is anticipated to be generated by green technology deployed [4].
As a result, the worldwide demand for power is on the rise. Figure 1.1 shows that
demand for electricity increased by roughly 72 percent between 2000 and 2018, with

an annual rise of around 4% [5].



25000

=

a 20000

-

S

=

g 15000

E 10000

z

- ]

L2 5000

=

et

3]

<

= 0

= S m QM NS 0SS = N TN S I~ ®
R N EE EEEE R -
- @ O O @ @ @ @ @ = & @ @ @ @ @ @ @
NN AR AR RAAARA AR AQARA QA

Year
Other advanced economies [l European Union Japan B India
B Other developing economies [l United States China

Figure 1.1 Electricity Demand

People in rural regions without electricity may also profit from such resources
by creating new business possibilities. Renewable energy sources including solar,
wind, hydro, and geothermal are expected to provide the majority of the world's future
power demands. With their cheap start-up costs and quick technological innovation,
photovoltaic (PV) technologies have been one of the fastest growing segments of the
solar energy industry. However, solar PV systems may be linked to the transmission
and distribution networks. There may be a reduction in transmission and distribution
costs by locating solar arrays PV panels near the load for power generating [6]. Many
parts of the globe do not have an electrical network or it is hard to expand an electrical
network to them for a variety of reasons, including geographical or economic. This
feature serves these places. Furthermore, depending entirely on a single type of
renewable energy to drive this fast development of cities and people may result in a
shortfall in the amount of energy needed to meet the demand for energy. Because of
developments in renewable energy technology, as well as rises in the price of
petroleum products, hybrid renewable energy systems are becoming more viable as
independent power systems for supplying electricity to distant areas. It is common for
a hybrid energy system to consist of more than one renewable energy source, as well
as a backup energy source, which are used in conjunction to improve system efficiency
and increase energy supply flexibility [7]. Because of this, adopting hybrid energy



systems such as solar PV-wind-diesel generator, solar PV-battery storage-diesel
generator, and tidal power-hydro-biomass is more efficient and cost-effective [8].

1.2 Electricity in Iraq

Because of the several crises that have plagued the country over the last three
decades, Iraq is now experiencing a serious deficit in the generation of electric energy.
Furthermore, the growth of cities and advances at the economic level, such as the
construction of shopping malls and housing complexes, among other things, have had
a detrimental impact on the electrical sector. Irag's reliance on diesel and natural gas
generators to produce energy has resulted in a rise in environmental pollutants as well
as high temperatures around the country. Furthermore, solar power plants have the
potential to provide a fraction of the electricity required by the energy system. The
construction of long-distance high-voltage transmission lines is not required for the
delivery of energy to local small networks, which reduces the cost of developing
electricity distribution networks. The location of solar power facilities has an influence

on the amount of energy they produce.

In order to achieve success, it is important to prioritize places according to their
environmental, economic, climatic, and social circumstances. When selecting solar
power plants, one of the most important characteristics to consider is the potential
value of radiation. This parameter accounts for the bulk of the weights considered

when creating solar power plants [9].

The use of solar renewable energy in Iraq is particularly well suited, and the
country is capable of making great progress toward a dependence on fossil fuels,
although this would certainly need support from relevant national governments [10].
The Iragi government has lately ordered the adoption of renewable energy as a second
source of electric power in the country as a result of this decision. Iraq is one of the
nations that is exposed to the sun for the majority of the time throughout the day. With
this PV energy from the sun, it is possible to gain from a shortfall in electric power

output and make up for lost time as well as to electrify the remote areas that cannot be



connected to the national grid because it is difficult and costly to construct a
distribution network for these areas.

1.3 Problem Statement

Nowadays, the population of Iraq is rising, cities are expanding, and there is a
lack of electricity generation in the country. Because of this, Iraq requires a lot more
power to make up for the shortfall and meet the growing demand in its towns and
cities. It is costly to construct new power plants which to operate need many sources
such as water and fossil fuel. Moreover, the high cost of fuel transportation and the
increased price of diesel pricing. Indeed, these remote rural areas are usually fed by
stand-alone diesel generators alternately with the national grid which suffers from a
lack of production. Consequently, the need for a hybrid PV system works alternatively
with the diesel generators to reduce dependence on diesel generators as well as reduce
the total cost of producing electrical energy in the long run and supply the demand
load flexibly. It is therefore important to build up a suitable hybrid system to meet this

shortage in electricity with cost-effectiveness.

1.4  Research Objectives
@ To design a standalone hybrid PV/Battery/Diesel Generator system using rule-
based energy management system.

(b) To analyse the reliability and economic factors of the system using Loss of
Power Supply Probability (LPSP) and Cost Of Energy (COE) as indices.

(© To size the system using Particle Swarm Optimization (PSO) and Gray Wolf
Optimization (GWO) algorithms.



1.5  Scopes of Study

The study is to evaluate the economic and technical effectiveness of a
standalone PV/Battery/DG hybrid energy system. This research evaluates important
data and determines the best system setup. MATLAB coding was used to run the
simulation and analyse the results. This study just considers the viability of
PV/DG/Battery hybrid energy systems among other hybrid renewable energy systems
such as wind/PV/diesel and hydro/PV/diesel generator energy and geothermal energy

systems.

1.6 Research Contribution

Hybridizing renewable energy sources like photovoltaic, wind, and
hydropower is a great concept for power production. It is possible to combine
renewable and traditional energy sources in a synergistic network, which will have the
ability to increase dispatchability and stability while also improving efficiency and
reducing capital expenditures and the ability to operate more pliable by switching
between available sources. In addition, we can save our world by adopting renewable

energy, which reduces carbon emissions.

1.7  Research Methodology

Stand-alone hybrid power systems with photovoltaic (PV), battery, and diesel
generator components are the focus of this research. Renewable energy sources will
be the primary source of power for this project, with the ultimate goal of completely
eliminating fossil fuels. When renewable energy sources fail to meet the system's
needs, a diesel generator is activated as a backup. MATLAB coding was used to
manage and size this system optimally. Table 1.1 shows the Gantt chart of the research

work.



Table 1.1 The Gantt Chart of the Research Work

Project/Months
1 (2|34 |56 ]7]8]9]10

Tasks

Obijectives & Problem
Statement

Research field selection

Literature review

Methodology

Data collection

Design modules

Testing and simulating

Review research objective

result and recommendations

submission

1.8 Report Structure

The project containing five chapters. Next chapter reviews on the literature
review about the hybrid power system and micro grids. Chapter 3 represents the
research methodology. Chapter 4 discussed the results of the work. The last chapter is

the conclusion.



[1]

[2]

[3]

[4]
[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

REFERENCES

S. J. Pinto, G. Panda, and R. Peesapati, "An implementation of hybrid control
strategy for distributed generation system interface using Xilinx system
generator," IEEE Transactions on Industrial Informatics, vol. 13, no. 5, pp.
2735-2745, 2017.

A. M. Hasan, M. S. Ahmed, and A. M. Hasan, "Experiment for producing a
renewable alternative fuel for Bangladesh from mustard oil,” in 2013 2nd
International Conference on Advances in Electrical Engineering (ICAEE),
2013: IEEE, pp. 383-388.

L. M. Halabi, S. Mekhilef, L. Olatomiwa, and J. Hazelton, "Performance
analysis of hybrid PV/diesel/battery system using HOMER: A case study
Sabah, Malaysia," Energy conversion and management, vol. 144, pp. 322-
339, 2017.

A. Q. Al-Shetwi et al., "Utilization of Renewable Energy for Power Sector in
Yemen: Current Status and Potential Capabilities," IEEE Access, 2021.

R. Khezri, A. Mahmoudi, and H. Aki, "Optimal planning of solar
photovoltaic and battery storage systems for grid-connected residential
sector: Review, challenges and new perspectives,” Renewable and
Sustainable Energy Reviews, vol. 153, p. 111763, 2022.

M. Gokgek and C. Kale, "Optimal sizing of off-grid hydrokinetic-based
hybrid renewable power systems for a house load demand,"” International
Journal of Energy Research, vol. 45, no. 7, pp. 10208-10225, 2021.

O. D. T. Odou, R. Bhandari, and R. Adamou, "Hybrid off-grid renewable
power system for sustainable rural electrification in Benin," Renewable
Energy, vol. 145, pp. 1266-1279, 2020.

V. V. Murty and A. Kumar, "Optimal energy management and techno-
economic analysis in microgrid with hybrid renewable energy sources,"
Journal of Modern Power Systems and Clean Energy, vol. 8, no. 5, pp. 929-
940, 2020.

J. M. Sanchez-Lozano, J. Teruel-Solano, P. L. Soto-Elvira, and M. S. Garcia-
Cascales, "Geographical Information Systems (GIS) and Multi-Criteria
Decision Making (MCDM) methods for the evaluation of solar farms
locations: Case study in south-eastern Spain," Renewable and sustainable
energy reviews, vol. 24, pp. 544-556, 2013.

M. Jahangiri, R. Ghaderi, A. Haghani, and O. Nematollahi, "Finding the best
locations for establishment of solar-wind power stations in Middle-East using
GIS: A review," Renewable and Sustainable Energy Reviews, vol. 66, pp. 38-
52, 2016.

N. Lidula and A. Rajapakse, "Microgrids research: A review of experimental
microgrids and test systems," Renewable and Sustainable Energy Reviews,
vol. 15, no. 1, pp. 186-202, 2011.

S. Parhizi, H. Lotfi, A. Khodaei, and S. Bahramirad, "State of the art in
research on microgrids: A review," leee Access, vol. 3, pp. 890-925, 2015.

F. Dincer, "The analysis on photovoltaic electricity generation status,
potential and policies of the leading countries in solar energy,” Renewable
and sustainable energy reviews, vol. 15, no. 1, pp. 713-720, 2011.

85



[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

H. Nehrir et al., "A review of hybrid renewable/alternative energy systems
for electric power generation: Configurations, control and applications,” in
2012 IEEE Power and Energy Society General Meeting, 2012: IEEE, pp. 1-1.
A. Khodaei and M. Shahidehpour, "Microgrid-based co-optimization of
generation and transmission planning in power systems," IEEE transactions
on power systems, vol. 28, no. 2, pp. 1582-1590, 2012.

J. Liu, X. Chen, S. Cao, and H. Yang, "Overview on hybrid solar
photovoltaic-electrical energy storage technologies for power supply to

buildings," Energy conversion and management, vol. 187, pp. 103-121, 2019.
X. Liand S. Wang, "Energy management and operational control methods for
grid battery energy storage systems," CSEE Journal of Power and Energy
Systems, vol. 7, no. 5, pp. 1026-1040, 2021, doi:
10.17775/CSEEJPES.2019.00160.

S. Koohi-Fayegh and M. A. Rosen, "A review of energy storage types,
applications and recent developments,” Journal of Energy Storage, vol. 27, p.
101047, 2020.

E. M. Ocampo, W.-C. Chang, and C.-C. Kuo, "Optimal Sizing of PV-Diesel-
Battery System Using Different Inverter Types," IEEE Access, vol. 9, pp.
133561-133573, 2021.

M. A. Ramli, H. Bouchekara, and A. S. Alghamdi, "Optimal sizing of
PV/wind/diesel hybrid microgrid system using multi-objective self-adaptive
differential evolution algorithm," Renewable energy, vol. 121, pp. 400-411,
2018.

S. M. Dawoud, X. Lin, and M. I. Okba, "Hybrid renewable microgrid
optimization techniques: A review," Renewable and Sustainable Energy

Reviews, vol. 82, pp. 2039-2052, 2018.

P. Zhou, R. Jin, and L. Fan, "Reliability and economic evaluation of power
system with renewables: A review," Renewable and Sustainable Energy

Reviews, vol. 58, pp. 537-547, 2016.

M. Moghavvemi, M. S. Ismail, B. Murali, S. Yang, A. Attaran, and S.
Moghavvemi, "Development and optimization of a PV/diesel hybrid supply
system for remote controlled commercial large scale FM transmitters,"
Energy Conversion and Management, vol. 75, pp. 542-551, 2013.

A. Perera, R. Attalage, K. Perera, and V. Dassanayake, "Designing
standalone hybrid energy systems minimizing initial investment, life cycle
cost and pollutant emission,” Energy, vol. 54, pp. 220-230, 2013.

M. S. Ismail, M. Moghavvemi, and T. Mahlia, "Energy trends in Palestinian
territories of West Bank and Gaza Strip: Possibilities for reducing the reliance
on external energy sources," Renewable and Sustainable Energy Reviews,
vol. 28, pp. 117-129, 2013.

S. K. Gupta and P. Purohit, "Renewable energy certificate mechanism in

India: a preliminary assessment,” Renewable and Sustainable Energy
Reviews, vol. 22, pp. 380-392, 2013.

K. Hansen, "Decision-making based on energy costs: Comparing levelized
cost of energy and energy system costs," Energy Strategy Reviews, vol. 24,
pp. 68-82, 2019.

M. J. H. Moghaddam, A. Kalam, S. A. Nowdeh, A. Ahmadi, M. Babanezhad,
and S. Saha, "Optimal sizing and energy management of stand-alone hybrid
photovoltaic/wind system based on hydrogen storage considering LOEE and

86



[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

LOLE reliability indices using flower pollination algorithm," Renewable
energy, vol. 135, pp. 1412-1434, 2019.

A. Al-Karaghouli, D. Renne, and L. L. Kazmerski, "Solar and wind
opportunities for water desalination in the Arab regions,” Renewable and
Sustainable Energy Reviews, vol. 13, no. 9, pp. 2397-2407, 2009.

N. Panwar, S. Kaushik, and S. Kothari, "Role of renewable energy sources in
environmental protection: A review," Renewable and sustainable energy
reviews, vol. 15, no. 3, pp. 1513-1524, 2011.

S. Balderrama, F. Lombardi, F. Riva, W. Canedo, E. Colombo, and S.
Quoilin, "A two-stage linear programming optimization framework for
isolated hybrid microgrids in a rural context: The case study of the “El
Espino” community," Energy, vol. 188, p. 116073, 2019.

A. L. Bukar, C. W. Tan, and K. Y. Lau, "Optimal sizing of an autonomous
photovoltaic/wind/battery/diesel generator microgrid using grasshopper
optimization algorithm," Solar Energy, vol. 188, pp. 685-696, 20109.

N. Ghorbani, A. Kasaeian, A. Toopshekan, L. Bahrami, and A. Maghami,
"Optimizing a hybrid wind-PV-battery system using GA-PSO and MOPSO
for reducing cost and increasing reliability,” Energy, vol. 154, pp. 581-591,
2018.

M. Samy, S. Barakat, and H. Ramadan, "A flower pollination optimization
algorithm for an off-grid PV-Fuel cell hybrid renewable system,"
international journal of hydrogen energy, vol. 44, no. 4, pp. 2141-2152,
20109.

A. Ghaffari and A. Askarzadeh, "Design optimization of a hybrid system
subject to reliability level and renewable energy penetration,” Energy, vol.
193, p. 116754, 2020.

R. Foster, M. Ghassemi, and A. Cota, Solar energy: renewable energy and
the environment. CRC press, 20009.

P. Jayakumar, "Resource assessment handbook," Asia and Pacific Center for
Transfer of Technology of the United Nations, Economic and Social
Commission for Asia and the Pacific (ESCAP), 2009.

D. P. Kaundinya, P. Balachandra, and N. H. Ravindranath, "Grid-connected
versus stand-alone energy systems for decentralized power—A review of
literature,” Renewable and sustainable energy reviews, vol. 13, no. 8, pp.
2041-2050, 2009.

M. Fouad, L. A. Shihata, and E. I. Morgan, "An integrated review of factors
influencing the perfomance of photovoltaic panels,” Renewable and
Sustainable Energy Reviews, vol. 80, pp. 1499-1511, 2017.

K. Vidyanandan, "An overview of factors affecting the performance of solar
PV systems,” Energy Scan, vol. 27, no. 28, p. 216, 2017.

J. D. Mondol, Y. G. Yohanis, and B. Norton, "The impact of array inclination
and orientation on the performance of a grid-connected photovoltaic system,"
Renewable Energy, vol. 32, no. 1, pp. 118-140, 2007.

C. D. Rodriguez-Gallegos, O. Gandhi, S. Panda, and T. Reindl, "On the PV
tracker performance: tracking the sun versus tracking the best orientation,"
IEEE Journal of Photovoltaics, vol. 10, no. 5, pp. 1474-1480, 2020.

S. Ghosh, V. K. Yadav, and V. Mukherjee, "A novel hot spot mitigation
circuit for improved reliability of PV module,” IEEE Transactions on Device
and Materials Reliability, vol. 20, no. 1, pp. 191-198, 2020.

87



[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

S.-V. Oprea, A. Bara, D. Preotescu, and L. Elefterescu, "Photovoltaic power
plants (PV-PP) reliability indicators for improving operation and maintenance
activities. A case study of PV-PP Agigea located in Romania," IEEE Access,
vol. 7, pp. 39142-39157, 2019.

M. Silva, J. J. Roberts, and P. O. Prado, "Calculation of the Shading Factors
for Solar Modules with MATLAB," Energies, vol. 14, no. 15, p. 4713, 2021.
M. Chen et al., "Experimental and numerical evaluation of the crystalline
silicon PV window under the climatic conditions in southwest China,"
Energy, vol. 183, pp. 584-598, 2019.

H. Lu, R. Cai, L.-Z. Zhang, L. Lu, and L. Zhang, "Experimental investigation
on deposition reduction of different types of dust on solar PV cells by self-
cleaning coatings," Solar Energy, vol. 206, pp. 365-373, 2020.

V. Gupta, M. Sharma, R. K. Pachauri, and K. D. Babu, "Comprehensive
review on effect of dust on solar photovoltaic system and mitigation
techniques,” Solar Energy, vol. 191, pp. 596-622, 2019.

M. E. Meral and F. Dincer, "A review of the factors affecting operation and
efficiency of photovoltaic based electricity generation systems," Renewable
and Sustainable Energy Reviews, vol. 15, no. 5, pp. 2176-2184, 2011.

S. Bouguerra, M. R. Yaiche, O. Gassab, A. Sangwongwanich, and F.
Blaabjerg, "The Impact of PV Panel Positioning and Degradation on the PV
Inverter Lifetime and Reliability,” IEEE Journal of Emerging and Selected
Topics in Power Electronics, vol. 9, no. 3, pp. 3114-3126, 2020.

J. D. Rhodes, C. R. Upshaw, W. J. Cole, C. L. Holcomb, and M. E. Webber,
"A multi-objective assessment of the effect of solar PV array orientation and
tilt on energy production and system economics,” Solar Energy, vol. 108, pp.
28-40, 2014.

M. R. Maghami, H. Hizam, C. Gomes, M. A. Radzi, M. |. Rezadad, and S.
Hajighorbani, "Power loss due to soiling on solar panel: A review,"
Renewable and Sustainable Energy Reviews, vol. 59, pp. 1307-1316,
2016/06/01/ 2016, doi: https://doi.org/10.1016/j.rser.2016.01.044.

A. Mohapatra, B. Nayak, P. Das, and K. B. Mohanty, "A review on MPPT
techniques of PV system under partial shading condition," Renewable and
Sustainable Energy Reviews, vol. 80, pp. 854-867, 2017.

J. Tang, G. Liu, and Q. Pan, "A review on representative swarm intelligence
algorithms for solving optimization problems: Applications and trends,"
IEEE/CAA Journal of Automatica Sinica, vol. 8, no. 10, pp. 1627-1643, 2021.
R. Hamidouche, Z. Aliouat, A. A. A. Ari, and M. Gueroui, "An efficient
clustering strategy avoiding buffer overflow in 10T sensors: A bio-inspired
based approach," IEEE Access, vol. 7, pp. 156733-156751, 2019.

A. Seifi, M. H. Moradi, M. Abedini, and A. Jahangiri, "An optimal
programming among renewable energy resources and storage devices for
responsive load integration in residential applications using hybrid of grey
wolf and shark smell algorithms," Journal of Energy Storage, vol. 27, p.
101126, 2020.

A. L. Bukar, C. W. Tan, L. K. Yiew, R. Ayop, and W.-S. Tan, "A rule-based
energy management scheme for long-term optimal capacity planning of grid-
independent microgrid optimized by multi-objective grasshopper
optimization algorithm,” Energy conversion and management, vol. 221, p.
113161, 2020.

88


https://doi.org/10.1016/j.rser.2016.01.044

[58]

[59]

[60]

[61]

[62]

[63]

A. Yahiaoui, F. Fodhil, K. Benmansour, M. Tadjine, and N. Cheggaga, "Grey
wolf optimizer for optimal design of hybrid renewable energy system PV-
Diesel Generator-Battery: Application to the case of Djanet city of Algeria,"
Solar Energy, vol. 158, pp. 941-951, 2017.

S. Singh, M. Singh, and S. C. Kaushik, "Feasibility study of an islanded
microgrid in rural area consisting of PV, wind, biomass and battery energy
storage system," Energy Conversion and Management, vol. 128, pp. 178-190,
2016.

S. Mohseni, A. C. Brent, and D. Burmester, "A demand response-centred
approach to the long-term equipment capacity planning of grid-independent
micro-grids optimized by the moth-flame optimization algorithm," Energy
Conversion and Management, vol. 200, p. 112105, 2019.

Z. Movahediyan and A. Askarzadeh, "Multi-objective optimization
framework of a photovoltaic-diesel generator hybrid energy system
considering operating reserve," Sustainable Cities and Society, vol. 41, pp. 1-
12, 2018.

O. H. Mohammed, Y. Amirat, and M. Benbouzid, "Particle swarm
optimization of a hybrid wind/tidal/PV/battery energy system. Application to
a remote area in Bretagne, France,” Energy Procedia, vol. 162, pp. 87-96,
20109.

D. Emad, M. El-Hameed, and A. El-Fergany, "Optimal techno-economic
design of hybrid PV/wind system comprising battery energy storage: Case
study for a remote area," Energy Conversion and Management, vol. 249, p.
114847, 2021.

89





