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Providing electricity to rural regions is difficult for developing countries,
such as lIraq, particularly in remote parts without grid connections. The
electrical demands of Zerbattiya, a community in southern lIraq near the
Iranian border, are discussed in this paper. The proposed system includes
wind turbines, solar panels, diesel engines, batteries, etc. This study suggests
a techno-economic viable and optimal size for each component to generate
electricity for this area. This research uses particle swarm optimization
techniques (PSO). The best hybrid renewable energy system (HRES) design
is achieved by balancing the lowest possible cost of energy (COE) with the
lowest possible loss of power supply probability (LPSP) and the greatest
possible reliability factor value. As a result of the findings, the respective
ideal values of number of photovoltaics (NPV), number of wind turbines
(NWT), number of diesel generator (NDG), number of batteries (NBT),
COE, LPSP, and reliability are 138, 43, 2, 324, US$/KWh 0.129, 0.0508%,
and 99.9492%, respectively. Finally, it was discovered that implementing a
HRES is an effective way to address the electrical demands of remote rural
regions in Iraq and other developing countries with similar climates.
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NOMENCLATURE

PSO : Particle swarm optimization NPV : Number of photovoltaics
COE : Cost of energy NWT : Number of wind turbines
NPC : Net present cost NDG : Number of diesel generator
LPSP : Loss of power supply probability NBT : Number of batteries

REL : Reliability NGB : Global best particle number
RF : Renewable factor CRF : Capital recovery factor

IC - Initial capital cost i : Real interest rate

C-Rep : Replacement cost w . Inertia weight

C-O&M  : Operation and maintenance cost C, : Cognitive parameters

RE : Renewable energy C, : Social parameters
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RES : Renewable energy source Vi . Inertia

HRES : Hybrid renewable energy system P! : Best individual particle positions
RF : Renewable factor ps : Best global position

PV : Photovoltaic X : Particle position

WT : Wind turbines NPOP  : Number of populations

DG : Diesel generator N-Ite : Number of iterations

BT . Battery NGB : Number of global best

1. INTRODUCTION

Accessibility to an electric power source that is reliable and affordable is an essential need for all
communities. Nevertheless, the United Nations Development Program (UNDP) report reveals that more than
25% of the global population continues to be without electric power, especially in communities located in
remote areas [1], [2]. Remote areas are typically unconnected to the national grid and in difficult terrain, like
hilly regions or thickly forested areas. Extending electricity transmission lines in some regions might be too
expensive or unfeasible [3]. In such circumstances, the potential is in renewable energy (RE), from renewable
energy resources, like solar, wind, and others, which are invariably present, plentiful, clean, free, and
conveniently obtainable [4]. Renewable energy provides an ideal, dependable, and affordable option for
using locally available renewable energy resources. They make it possible to generate centralized electricity
locally by integrating renewable energy sources into a system that uses a diesel generator (DG) as a backup.
These systems can range from a modest single-phase offering electric power for one residence to a sizeable
three-phase network capable of supplying an entire community [5].

Furthermore, they can conveniently scale up for connection to the national grid should there be
substantial growth in demand or when the community is extended. In the current study, using a diesel
generator is not viable because of several factors: fuel price fluctuations, fuel transportation challenges, and
high operational expenses [6]. Furthermore, there is a matter of diminishing fossil fuel use and environmental
pollution. For these reasons, renewable energy is the preferred option to generate power as it eliminates the
problem of harmful emissions [7]. Integrating various renewable energy sources, such as solar and wind, with
a battery bank enhances the effectiveness of the hybrid renewable energy system (HRES) and renders it more
reliable [8]. Using different optimization techniques, the ideal solution for the hybrid renewable energy
system is assessed based on the minimum cost of energy (COE) [9]. An appropriate technical methodology is
required to techno-economically analyze and determine the use of energy sources for the hybrid renewable
energy system [10]-[15].

2. RURAL REGION DETAILS
2.1. Population density and geographic location

Zerbattiya is a small town near the Iranian border in south-eastern Iraq Figure 1.
Al-Shammari et al. [16] at an elevation of 95 m above sea level. With a land area of 170 km?, it is located at
N°33.26 and E°45.91. It has a population of approximately 7,000 [17]. The chosen population comprises
communities in isolated areas near big cities. These remote areas are mostly populated by low-income
communities that have no access to any grid connection [17].

Figure 1. Geographical location
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2.2. Load estimation

Zerbattiya village is not connected to the national electrical grid. As stated in Table 1, Zerbattiya is
made up of (83) small houses (11), business buildings, schools, and clinics, according to figures from Irag's
Ministry of Planning [16]. According to estimates from Irag's Ministry of Electricity [17], energy
consumption rates in households, establishment buildings, clinics, and schools are approximately (36.41) and
(145.64), (31.54), and (35.96) kwh/day, as shown in Table 1. According to the Iragi Ministry of Electricity's
reports, the demand for electricity in Irag has grown by 1 % annually. Furthermore, because the proposed
system's average life expectancy is 20 years, it will be estimated that the power supply will be 1.2 times the
current load during the system's lifetime. The loads will be around 5,629.932 kwh/d after 20 years, the load
profile presented in Figure 2.

Table 1. Energy consumption 500
N Load equipment Quantity  kwh/d Total kwh/d ‘;gg |
1 House 83 3641  3,022.03 Z o
2 Establishmentbuilding 11 14564  1,602.08 wo || ”l”l “”I“
3 Clinic 1 31.54 31.54 Oty r T T T T T T
4 School 1 35.96 35.96 ST T VR S
Total average Hours

daily energy load 4,691.61 kwh/d

Figure 2. Load profile

3. UNIT SIZING OF HRES

The proposed HRES model is employed in designing a PV/Wind hybrid renewable energy system
with batteries to store electricity and a diesel generator to maintain the uninterrupted flow of electricity to
meet the demanded load [18]. The ideal component sizes and techno-economic analysis of the hybrid
renewable energy system are determined based on annual hourly mean resource (PV/wind) data. The loss of
power supply probability (LPSP) approach is used to assess reliability. The ideal hybrid renewable energy
system arrangement is ranked based on the minimum cost of energy (COE). To regulate the functioning of
the battery bank (BB) and diesel generator (DG), a dispatch approach is required when available renewable
power is insufficient to meet the load demand.

3.1. PV panel

Iraq is blessed with relatively plentiful solar energy due to its geographical position, and various
studies have proposed that solar energy be used as a viable source of renewable energy (RE). However, it is
unfortunate that the use of solar energy as renewable energy is still low. Photovoltaics (PV) converts solar
energy to DC electricity to create power [19]. Table 2 lists the specific characteristics of the PV panels used
in this suggested study [19]. Data about solar radiation was obtained from NASA surface meteorology
database 2022 [20]. As indicated in Figure 3, the average yearly solar radiation has been (5.14) kwh/m?/d.

3.2. Wind turbine (WT)

An electric generator converts wind energy into mechanical energy, which is subsequently turned
into electrical energy. Wind turbine energy primarily depends on the wind and rotor interactions. The
information was utilized to assess the feasibility of wind energy harvesting [19]. Table 2 shows the specifics of
a specific wind turbine [19]. NASA's Surface Meteorology Database provided the wind speed data [20].
Figure 4 shows the average wind speed of (5.36) m/s.

3.3. Battery bank (BB)

Batteries are among the most expensive components in most renewable energy production systems.
The fickle nature of solar and wind energy necessitates the usage of battery storage capacities in photovoltaic
and wind turbine power systems to produce consistent electricity. As a result, the battery serves as a storage
device, ensuring an uninterrupted flow of energy to fulfill demand [21]. Table 2 shows the details of a
particular battery [22].

The battery’s input power can be positive or negative because of the charging and discharging
process.

alDI;I‘V + l:)VFI\N/T = Pgemand (1)
In this situation, total RE (Pay +Pgrp) is equal to load demand.

PI;FV + l:’VFI\N/T > Pgemand (2)
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In this situation, total RE (Ppy, +Pgyr) is higher than load demand.

PI;FV + l:’Vrl\‘/T < Pgemand (3)

In this situation, total RE (Pay +Pgr) is less than load demand.
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Figure 3. Annual hourly solar radiation Figure 4. Annual hourly wind speed

3.4. Diesel generator (DG)

The PV-WT hybrid system is often unreliable, which is a major impediment to the commercial growth
of these renewable energy systems (RES). Diesel generators have become suitable for enhancing systems
reliability [22]. As a result, diesel generators have shown to be effective in improving system dependability.
Table 2 shows the specifications of a specific diesel generator [19].

Table 2. Input parameters

Parameters Unit  Value Parameters Unit Value
PV Diesel generator

Initial cost $IKW 1,250 Initial cost $IKW 125
Replace cost ~ $/KW 1,250 Replace cost $IKW 125
O&M cost $/unit/year 10 O&M cost $/unit/hour 0.25
Rated power ~ Watts 1000 Rated power KW 100
Lifetime year 25  Lifetime hours 15,000
Wind turbine converter

Initial cost $IKW 1,700 Initial cost $IKW 500
Replace cost ~ $/KW 1,700 Replace cost $IKW 500
O&M cost $/unit/year 120 O&M cost $lunit/year 10
Rated power KW 10 Rated power KW 1
Lifetime year 20  Lifetime year 20
Battery System lifetime  year 20
Initial cost $/KWh 500 Economic parameters

Replace cost ~ $/KWh 500 Real interest % 4[23]
O&M cost $/unit/year 10 W 05
Rated power  KWh 1 (C1=C 1
Lifetime year 10  N-Iteration 1,000

4, OPTIMIZATION

In designing a low-cost but highly efficient hybrid microgrid system (HMGS), the sizing of system
components should be prioritized. Combining generating devices and employing only parts significantly influences
the system's lifetime and reduces consumer electricity costs, especially in remote locations. Various methods and
algorithms are regarded today as artificial intelligence algorithms.
— Particle swarm optimization (PSO)

In general, artificial algorithms have their basis in the population and must have some simulations.
The ideal plan for such a hybrid system of high reliability is considerably complicated and involves
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exhaustive computation. Particle swarm optimization (PSO) was initially defined by Kenney and Eberhart in
1995 [1], [9], [21], [24], [25]. The PSO algorithm comprises three major stages presented below.

Stage 1: Evaluating the fitness of each particle.

Stage 2: Updating individual and global best fitness and positions

Stage 3: Updating the velocity and position of each particle.

5. RESULTS AND DISCUSSIONS

All variables and data for the location were inserted that concerned the renewable energy sources
and hybrid systems, like the solar radiation, temperature, wind speed, size of PV, WT, DG, and BT available,
the project lifetime, the location coordinates, all price details such as initial cost (IC), replacement cost,
Operating and Maintenance cost (O&M), the component numbers of hybrid power system generation, etc.
Particle swarm optimization (PSO) achieved optimal PV, WT, BT, and DG ratings. The optimal solutions are
presented in Table 3 and Figure 5. In addition, Table 4, Figure 6, and Figure 7. PVs, WTs, and DGs generate
a certain annual percentage of energy with a swarm motion in 1,000 iterations for each population.
Specifications of the hybrid renewable energy system (HRES) components in the Table 1 include (1 KW) PV
panel, (10 KW) WT, (100 KW) DG, and (83.4 Ah) BT.

Table 3 PSO results Optimal sizing for each component
N Station Results : ; :
1 Number of photovoltaic NPV 138
2 Number of wind turbines NWT 43
3 Number of diesel generators NDG 2
4 Number of batteries NBT 324
5  Cost of energy COE  0.129 $/KWh _
6  Loss of power supply probability LPSP  0.0508 % £
7  Reliability REL  99.9492 % E
8  Global best particle number NGB 750
Table 4. Annual energy percent provided by PV, WT, and DG
Components PV% WT% DG%

PV-WT-DG  9.77 7742 1281 0 NPvw) NVT{W) NDG(KW) NET(kW)

MNumbers of components

Figure 5. Each component's optimal sizing
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6. CONCLUSIONS

Access to an electricity source is a fundamental requirement for any community. Electrification can
enhance living standards by improving the status of education and healthcare and spurring the regional
economy. Implementing microgrids is a possible solution to introduce rural electrification by minimizing
installation expenses and maximizing the supply. Zerbattiya is the study's subject site, a rural southern Irag
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region near the Iranian border. This research suggests a regulating strategy for a hybrid micro grid system
(HMGS) that considers the combination of photovoltaic (PV), wind turbine (WT), diesel generator (DG), and
battery storage (BT) with variable loads to produce and sustain continuous energy and fulfill the desired load
in various operational modes. The multi-objective particle swarm optimization (MOPSO) approach is
adopted to obtain the optimal system mix and appropriate component sizes. The loss of power supply
probability (LPSP) and cost of energy (COE) are defined as the “objective functions.” The respective values
of the NPV, NWT, NDG, NBT COE, LPSP, and reliability are (138), (43), (2), (324), US$/KWh (0.129),
(0.0508 %), and (99.9492 %), respectively. Zerbattiya's hybrid microgrid system (HMGS) works on PV, WT,
and DG. Still, the optimization result shows that using a hybrid microgrid system (HMGS) will be a high
value for reliability. As a result, employing renewable energy can improve the accessibility of power to rural
places in Iraq while raising living standards.

Furthermore, generating electricity with wind turbines has various advantages compared with PV
panels. The suggested method can overcome several technological barriers preventing the implementation of
microgrid efforts. In addition, the findings of this study might be utilized as a springboard or tool to
accelerate rural electrification programs and speed up the design and implementation of various projects.

REFERENCES

[1] K. Goswami and A. K. Sil, “Renewable energy based dynamic tariff system for domestic load management,” Indones. J. Electr.
Eng. Comput. Sci., vol. 25, no. 2, pp. 626-638, 2022, doi: 10.11591/ijeecs.v25.i2.pp626-638.

[21 The millennium development goals report. United Nations Development Program. (2010). Available:
https://www.un.org/millenniumgoals/pdf/MDG%20Report%202010%20En%20r15%20-low%20res%2020100615%20-.pdf

[3] S. Rolland, and G. Glania, "Hybrid mini-grids for rural electrification: lessons learned," Study prepared for USAID by ARE.
Brussels: Alliance for Rural Electrification (ARE). 2014. [Online]. Available: https://www.eldis.org/document/A61640

[4] Z.W.J. AL-Shammari, M. M. Azizan, and A. S. F. Rahman, “Techno-economic feasibility to generate electricity by using PSO
technique for the urban city in Iraq: Case Study,” Int. J. Integr. Eng., vol. 12, no. 8, pp. 222-232, 2020, doi:
10.30880/ijie.2020.12.08.021.

[5] A. M. Hemeida et al., “Optimum design of hybrid wind/PV energy system for remote area,” Ain Shams Eng. J., vol. 11, no. 1, pp.
11-23, 2020, doi: 10.1016/j.asej.2019.08.005.

[6] C.Bahanni, M. Adar, S. Boulmrharj, M. Khaidar, and M. Mabrouki, “Performance comparison and impact of weather conditions
on different photovoltaic modules in two different cities,” Indones. J. Electr. Eng. Comput. Sci., vol. 25, no. 3, pp. 1275-1286,
2022, doi: 10.11591/ijeecs.v25.i3.pp1275-1286.

[71 M. Liu, S. Jia, and X. Liu, “Evaluation of mitigation potential of GHG emissions from the construction of prefabricated subway
station,” J. Clean. Prod., vol. 236, no. 2, 2019, doi: 10.1016/j.jclepro.2019.117700.

[8] K. Gebrehiwot, M. A. H. Mondal, C. Ringler, and A. G. Gebremeskel, “Optimization and cost-benefit assessment of hybrid power
systems for off-grid rural electrification in Ethiopia,” Energy, vol. 177, pp. 234-246, 2019, doi: 10.1016/j.energy.2019.04.095.

[91 A.M. Abdelshafy, H. Hassan, and J. Jurasz, “Optimal design of a grid-connected desalination plant powered by renewable energy
resources using a hybrid PSO-GWO approach,” Energy Convers. Manag., vol. 173, no. May, pp. 331-347, 2018, doi:
10.1016/j.enconman.2018.07.083.

[10] L. H. Fang and R. B. A. Rahim, “Design of Savonius model wind turbine for power catchment,” Int. J. Electr. Comput. Eng.,
vol. 12, no. 3, pp. 2285-2299, 2022, doi: 10.11591/ijece.v12i3.pp2285-2299.

[11] A. A. Adesanya and C. Schelly, “Solar PV-diesel hybrid systems for the Nigerian private sector: An impact assessment,” Energy
Policy, vol. 132, no. April, pp. 196-207, 2019, doi: 10.1016/j.enpol.2019.05.038.

[12] Z. W. Al-Shammari et al.,“Green micro-grid based on PV/WT hybrid system for remote and rural population in Irag: A case
study,” Lect. Notes Mech. Eng., pp. 1081-1093, 2021, doi: 10.1007/978-981-16-0866-7_96.

[13] D. Muddenahalli Narasimhaiah, C. K. Narayanappa, and G. S. Lakshmaiah, “Hybrid controller design using gain scheduling
approach for compressor systems,” Int. J. Electr. Comput. Eng., vol. 12, no. 3, pp. 3051-3060, 2022, doi:
10.11591/ijece.v12i3.pp3051-3060.

[14] S. A. A. Shah, P. Zhou, G. D. Walasai, and M. Mohsin, “Energy security and environmental sustainability index of South Asian
countries: A composite index approach,” Ecol. Indic., vol. 106, no. 66, p. 105507, 2019, doi: 10.1016/j.ecolind.2019.105507.

[15] A.Sagastume Gutiérrez, M. Balbis Morejon, J. J. Cabello Eras, M. Cabello Ulloa, F. J. Rey Martinez, and J. G. Rueda-Bayona,
“Data supporting the forecast of electricity generation capacity from non-conventional renewable energy sources in Colombia,”
Data Br., vol. 28, 2020, doi: 10.1016/j.dib.2019.104949.

[16] Z. W. J. Al-Shammari, M. M. Azizan, and A. S. F. Rahman, “Feasibility of pv-wind-diesel hybrid renewable energy power
system for off-grid rural electrification in Iraq: A case study,” J. Eng. Sci. Technol., vol. 16, no. 3, pp. 2594-2609, 2021.

[17] Y. Zhang, Q. S. Hua, L. Sun, and Q. Liu, “Life Cycle Optimization of Renewable Energy Systems Configuration with Hybrid
Battery/Hydrogen Storage: A Comparative Study,” J. Energy Storage, vol. 30, no. February, p. 101470, 2020, doi:
10.1016/j.est.2020.101470.

[18] H. Borhanazad, S. Mekhilef, V. Gounder Ganapathy, M. Modiri-Delshad, and A. Mirtaheri, “Optimization of micro-grid system
using MOPSO,” Renew. Energy, vol. 71, pp. 295-306, 2014, doi: 10.1016/j.renene.2014.05.006.

[19] Z. W. J. Al-Shammari, M. M. Azizan, and A. S. F. Rahman, “Grid-independent pv-wind-diesel generator hybrid renewable
energy system for a medium population: A case study,” J. Eng. Sci. Technol., vol. 16, no. 1, pp. 92-106, 2021.

[20] HOMER PRO, NASA surface meteorology and solar energy database, 2022. [Online]. Available: www.homer pro.com.

[21] J. Lian, Y. Zhang, C. Ma, Y. Yang, and E. Chaima, “A review on recent sizing methodologies of hybrid renewable energy
systems,” Energy Convers. Manag., vol. 199, no. April, p. 112027, 2019, doi: 10.1016/j.enconman.2019.112027.

[22] Z. W.J. Al-Shammari, M. M. Azizan, A. S. F. Rahman, and K. Hasikin, "Analysis on renewable energy sources for electricity
generation in remote area of Iraq by using HOMER: A case study," In AIP Conference Proceedings, vol. 2339, no. 1, p. 020007,
2021, doi: 10.1063/5.0044278.

[23] Tradingeconomics. 2022. [Online]. Available: https://tradingeconomics.com/irag/interest-rate.

Optimal sizing of standalone for hybrid renewable energy system ... (Zaidoon Waleed Jawad Al-Shammari)



432 a ISSN: 2088-8694

[24] M. A. Destek and A. Aslan, “Disaggregated renewable energy consumption and environmental pollution nexus in G-7 countries,”
Renew. Energy, vol. 151, pp. 1298-1306, 2020, doi: 10.1016/j.renene.2019.11.138.

[25] 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, doi:
10.1016/j.energy.2017.12.057.

BIOGRAPHIES OF AUTHORS

Zaidoon Waleed Al-Shammari Bl 2 is a lecturer in biomedical engineering
department, Al-Mustagbal University College, Babil, Iraq since 2020. He received the B.Eng.
degree in electrical power engineering from Technical College /Al-Mussaib, Al-Furat Al-
Awsat Technical University, IRAQ, in 2010; and the M.Eng. degree in Electrical &
Electronics Engineering from Atilim University, Turkey, in 2017; while the Ph.D. degree in
Electrical System Engineering from University Malaysia Perlis, Malaysia, in 2020. His
research interests include the field of Hybrid System Design, Renewable Energy System,
Power Generation, Atrtificial Intelligence, and Smart Grid. He can be contacted at email:
zaidoon.waleed@mustagbal-college.edu.iq.

Muhammad Mokhzaini Azizan ki 2 was conferred a Doctor of Philosophy in
Electrical and Electronic Engineering in the year 2013 by Universiti Sains Malaysia. Before
this, he obtained his Master of Science in Electrical and Electronic Engineering in 2009, also
from Universiti Sains Malaysia. His basic degree was received from Universiti Teknikal
Malaysia Melaka in 2006, where he graduated with a Bachelor of Engineering in Electrical
Engineering, majoring in Industrial Power. He began his academic career in 2013 as a senior
lecturer and was later promoted to Associate Professor in 2020. He currently serves as a
university lecturer and a researcher at Universiti Sains Islam Malaysia (USIM). He can be
contacted at email: mokhzainiazizan@usim.edu.my.

Ahmad Shukri Fazil Rahman Bl 2 received the MSc. And Ph.D. degrees from
Universiti Teknologi MARA (UiTM) and Universiti Malaysia Perlis (UniMAP) respectively.
Currently, he is an academic staff at the Electrical Engineering Technology Faculty in
UniMAP. His research interests are automatic control systems and renewable energy systems.
He can be contacted at email: ahmadshukri@unimap.edu.my.

Khairunnisa Hasikin (& E B8 © received her B.Eng (Hons.) in Electrical Engineering and
Master of Engineering Science in Biomedical Engineering from Universiti Malaya (UM). She
obtained her Ph.D. in medical informatics from School of Electrical and Electronics
Engineering, Universiti Sains Malaysia (USM). She began her academic career in 2009 as
tutor at Department of Biomedical Engineering, Faculty of Engineering, UM before leaving
for Ph.D. study leave under SLAB/SLAI scheme in 2011. She is now serving as senior lecturer
at the Department of Biomedical Engineering, Faculty of Engineering, UM since October
2014. She can be contacted at email: khairunnisa@um.edu.my.

Int J Pow Elec & Dri Syst, Vol. 14, No. 1, March 2023: 426-432


https://orcid.org/0000-0002-7137-7783
https://scholar.google.com/citations?user=j1PgFbMAAAAJ&hl=ar
https://www.researchgate.net/profile/Zaidoon-Al-Shammari
https://orcid.org/0000-0002-4356-598X
https://scholar.google.com/citations?hl=en&user=XgR9QIAAAAAJ&view_op=list_works&sortby=pubdate
https://www.webofscience.com/wos/author/record/1992677
https://orcid.org/0000-0003-0469-0996
https://scholar.google.com/citations?user=TWgQ2rEAAAAJ&hl=en
https://orcid.org/0000-0002-0471-3820
https://scholar.google.com/citations?user=sOCncOMAAAAJ&hl=en
https://www.webofscience.com/wos/author/record/1344775

