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 يا ق صحي بمدينة غريان، ليبرفمولد كهربائي( لم –بطاريات  -طاقة رياح -)خلايا شمسيةللطاقة المتجددة  ةهجين منظومة تصميم وتحليل

ـــــار ،2العربي ىدين مصطفالعز ، 1الحراري صخر الهادي  ،*،1عيس ىمحمد أحمد   4، هالة جارالله الخزندار3ياسر فتحي نصَّ

 الملخص   المفتاحية الكلمات

 الشمسية طاقةال

  طاقة الرياح

 بطاريات تخزين الطاقة

 الطاقات المتجددة الهجينة

  ليبيا

بير في تهدف هذه الأطروحة العلمية إلى دراسة كفاءة نظام الطاقة المتجددة الهجينة والمرتبطة بشبكة الكهرباء المقترح في مستشفى ك  

، فإن الجمع بين مولدات الرياح من نوع )
ً
ام طاقة ( والنظام المقترح يشمل نظEocycle EO20مدينة غريان، ليبيا. كما تم الإشارة سابقا

كيلوواط. وعلى الجانب الآخر، تعمل البطاريات كخزان للطاقة، في حين أن المحركات  50ية بنظام ذروة قدرة يصل إلى شمسية ضوئ

الديزل تعتبر مصدر الطاقة الاحتياطي في حالات الطوارئ والأعطال. حيث أن الطاقة المنتجة من الإشعاع الشمس ي وصلت إلى 

، في حين أن ا 94,091
ً
. من الناحية 131,203لطاقة المأخوذة من التوربينات وصلت إلى كيلوواط ساعة سنويا

ً
 كيلوواط ساعة سنويا

دولار  0.47( بقيمة LCOEالاقتصادية، يمكن القول بأن النظام المقترح يعتبر كفاءة عالية، الأمر الذي يبرره بتكلفة التجزئة للكهرباء )

. من الجانب البيئي، تم تخفيض في انبعاثات 5,061مقدار ( بNPCكيلوواط ساعة، وصافي تكلفة الكهرباء الحالية ) /
ً
ثاني  دولار سنويا

(، مع بلوغ تكلفة الكربون المتجنبة  83.4كجم/سنة )أي ما يعادل  83,393أكسيد الكربون قدره 
ً
 سنويا

ً
 سنويا.ً  478طنا

ً
 دولارا

 

Introduction  
In light of the current rise in global demands for electricity 

due to increased industrialization and population growth, The 

global electricity generation in 2024 reached 

approximately 30,850 TWh (30.85 PWh) [1-3]. With fossil 

fuels (coal, gas, oil) providing about 58%, renewables (hydro, 

wind, solar, bio, geo) around 32%, and nuclear around 10%. 

These energy sources currently are under threat because they 

contribute significantly to GHG emissions, including carbon 

dioxide (CO₂). [4-9], this is because GHGs exacerbate 

climate change and environmental pollution [10]. Moreover, 

fluctuations in the costs of fuel around the globe have forced 

companies to consider renewable energy sources to make 

sure that all options available remain economically stable 

[11,12]. Renewable energy technologies would be best suited 

for this purpose [13-27]. In the end of 2025, the global 

installed capacities of renewables such as solar energy (PV, 

thermal and concentrated solar power) [28-50], wind [51-60], 

bioenergy [61-77], etc., reached about 4,448.1 GW, from 

them 2,200 GW for PV solar energy systems, 1,320 GW for 

wind energy, and the total cumulative biopower capacity 

reached 151 GW. Integrating multi-sources of energy are 

excellent since they occur in abundance and are affordable to 

turn into useful forms of energy [78-89]. Lastly, utilizing 

different energy sources together with energy storage 

technologies, such as batteries, pumped hydropower energy 

storage, fuel cells, compressed air storage will eliminate their 

intermittency issues [90-115]. For this reason, there is an 

urgent need for the utilization of techno-economic modeling 

for example, the HOMER software, in optimizing micro-

power systems [116-128]. The main purpose of utilizing the 

technique is to enhance the efficiency micropower systems. 
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Moreover, it helps to compare different technologies 

involved in the production of electrical energy and their 

applications. The physical processes of the power system and 

the overall cost of its life cycle are considered by HOMER. 

Hence, different design options can be analyzed using 

economic and technological criteria. Consequently, 

quantification of effects caused by changes in inputs becomes 

simpler. HOMER assesses many alternatives during the 

optimization process ranking them according to feasibility 

with regard to TNPC. The best alternative representing the 

optimum design for the power system will have the lowest 

TNPCm. The present paper gives a brief overview of the 

cogeneration system. The input data of the HOMER 

simulation are described in [129]. Economic aspects of the 

feasibility analysis are considered in this study. The 

cogeneration concept, as well as the data on its costs, are 

introduced here 

Nassar et al., designed a hybrid renewable energy system 

(HRES) contains solar photovoltaic energy, wind energy 

integrating with pumped hydropower storage 

(PV/Wind/PHS). The sizes of the components are optimized 

based on the minimum levelized cost of electricity (LCOE). 

The results for the actual case study in Libya show that, the 

optimum sizes of the combination are (6000 MW-PV and 

385 MW-wind and 762,161 MWh-PHS), total annual energy 

produced by the proposed HRES is 12,029,670 MWh, which 

is enough to cover 100% of the electrical shortage (9,744,033 

MWh). About 41.74% of the generated energy by the power 

supply system is directly consumed by the load, while 

39.26% is pumped to the upper reservoir and stored to used 

when needed. The rest of energy (about 19.0%) is lost in 

pumping and generating processes with about 90% efficicy 

for pump/turbine equiepment. The sizing is based on the 

minimum values of LCOE ($132.1/MWh), NPV ($19.923 

Billion) LPSP (0), PBP (7.54 years), and the ECO2 savings is 

(11,624 kton), which saved ($ 816.246 M) as a social cost 

and in additional to ($ 2,189 M) as fuel savings [130]. 

Latiwash, et al., designed and analyzed an off grid PV solar 

energy integrated with a hydrogen system as an energy 

storage source to supply electricity to a city located in the 

southern region of Libya. The proposed system consists of a 

625.5 MW PV field, 177 MW fuel cell, 337 MW electrolyser, 

and 24,285 m3 hydrogen storage tank. A desalination plant 

with a production capacity of 186,000 cubic meters per hour 

and a capacity of 400 kW, as well as a hydrogen compression 

station with a capacity of 4.1 megawatts, were also attached 

to the hydrogen system. The results showed that the proposed 

system is capable of covering the entire load at an investment 

cost of $1,742 million, with a levelized cost of energy 

estimated at approximately $338/MWh. with a capital 

payback period of 16.64 years. The system contributes to 

reducing carbon emissions by approximately 611,849 tons of 

CO2 per year [100].  

Fathi, et al., provided a design procedure of reliable 

standalone utility-scale pumped hydroelectric storage 

powered by pv/wind hybrid renewable system. System 

Advisory Model software (SAM) was used to estimate the 

energy production for various sizes of solar PV fields and 

wind turbine farms under specific climatic and electrical load 

conditions.  The optimal combination of the offered HRES 

system, which will cover 100% of an annual electrical load of 

513 GWh in addition to a 20% safety factor, consists of a 290 

MW wind turbine farm, 154 MW PV solar field, and 508 

MW PHS. This is based on the minimum levelized cost of 

energy (LCOE), which was found to be $211.646/MWh. It 

will take 11 years to recover the approximately $929.016 

million required for the first investment, and then it will only 

take 9 years. The proposed HRES will prevent 532.167 kton 

of CO2 emissions annually [131]. 

El-Khozondar, et al., proposed a hybrid off-grid energy 

system for electrolyzing the quarantine COVID-19 center in 

Gaza-Strip. HOMER-Pro program is used to simulate and 

optimize the system design. It is found that the PV-wind-

diesel generators can cover the connected load with the 

lowest cost ($ 0.348/kWh) in comparison to other possible 

HES structures. For the considered case study, it is found that 

a combination of 150 kW PV, 200 kW wind, and two diesel 

generators with capacities of 500 and 250 kW can meet 100% 

of the electrical load of the quarantine COVID-19 center. The 

initial capital cost of the HES is $510,576. The total 

operation and maintainance cost (O&M) is $268,737, that is, 

25.6% for wind turbines, 1.2% for inverters, and 70.7% for 

diesel electric generators. The HES generates 1,659,038 kWh 

of electricity. The total energy requirement of 1,442,553 

kWh, which means a surplus of 212,553 kWh of energy/year. 

The cost of yearly consumed fuel is $437,828.769. The 

payback period for the winning system is 1.8 years. Finally, it 

is proved that the developed approach gives a reasonable 

solution to the decision-makers to find a fast, economic and 

reliable solution to energize the quarantine centers [116]. 

Numerous studies in this field have been summarized and 

listed in Table 1. 

Table 1: Literature review on design the hybrid systems 

Generation 

system 

Storage 

System 

Grid 

mode 
Country Key findings Ref. 

PV/WT B On Iran 

The optimal design of a grid-connected PV/WT/Battery hybrid system 

has been developed to supply an annual load. The results indicate that, 

compared to a stand-alone system, the grid-connected system reduces the 

total system lifespan cost by 0.7–1% and the cost of energy by 0.87–

1.2%, while improving reliability by 7–10%. 

[132] 

PV/WT/BG - On/Off China 

 Off-grid and on-grid operation modes are evaluated using simulations, 

optimizations, and sensitivity analysis. In off-grid mode, the optimal 

system configuration includes 29 kW of PV panels, five 10 kW wind 

turbines, a 30 kW BDG, 89 Generic 1 kWh Lead Acid batteries, and a 26 

kW converter. The initial capital cost is $142,220, with an LCOE of 

$0.131/kWh. In on-grid mode, the optimal system consists of 64 kW of 

PV panels, six 10 kW wind turbines, a 30 kW BDG, and a 42 kW 

converter, with an initial capital cost of $311,634 and an LCOE of 

$0.084/kWh. 

[133] 

PV/WT/ 

BG/DG 
B On/Off Turkey 

A biomass-based hybrid power system integrated with solar energy 

reduces the net present cost by approximately 12% and increases the 
[134] 
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renewable energy fraction by 7%. Grid-connected configurations achieve 

an 88.9% renewable fraction, while energy storage integration further 

enhances the renewable fraction by 10% and reduces excess energy by 

16%.  

PV/BG B Off Bengal 
The system avoids approximately 140 tons of CO₂ emissions, with an 

LCOE ranging from $0.101/kWh to $0.105/kWh. 
[135] 

HCPV B Off Kuwait 

The yearly average efficiency of an integrated HCPV-battery system is 

39.1%, compared to 40.2% for a standard HCPV system. Over a one-

year operation period, the energy loss due to temperature rise in the 

integrated HCPV-battery system is approximately 2.7% compared to a 

conventional HCPV-battery installation. 

[136] 

PV/WT PHS Off Libya 

A hybrid renewable energy system (HRES) consisting of a 1000 kWp 

solar PV array, 5000 kW wind farm, and a PHS system with a 27,954 

kWh capacity (equivalent to 166,532 m³ volume capacity) has been 

deemed suitable for a sustainable power supply. This system meets an 

electric load demand of 1.2 MW peak power and an annual energy 

consumption of 6.14 GWh. About 85% of the load demand is directly 

supplied by the HRES, while the remaining 15% is covered by PHS. The 

system avoids approximately 4,385 tons of CO₂ emissions annually, with 

an LCOE of $0.132/kWh. 

[137] 

PV/BG - On India 
The hybrid system achieves an LCOE of approximately $0.099/kWh, 

saving 27.8 Mt CO₂ per year compared to a diesel-only system. 
[138] 

PV/WT - On Djibouti 

The study highlights that renewable energy can contribute up to 77% of 

the total energy supply, with 47% from solar and 30% from wind power. 

The LCOE is estimated at $0.02/kWh, significantly lower than the 

average grid cost of $0.32/kWh. 

[139] 

PV/WT B Off Algeria 

Cost analysis reveals that batteries account for 52% of the total 

investment cost, wind turbines for 42%, PV panels for 3%, and inverters 

for 4%. The LCOE is calculated at 0.2388 €/kWh. 

[140] 

PV B/FC On Japan 

A state machine-based energy management strategy, combined with a 

hysteresis band control approach, has been proposed to ensure system 

power balance while maintaining battery state of charge and stored 

hydrogen levels.  

[141] 

PV/BG/GE - Off Thailand 
The LCOE and levelized cost of hydrogen (LCOH) are determined to be 

$0.098/kWh and $5.67/kg, respectively. 
[142] 

PV/WT/ PHS B Off Ghana 

A comprehensive review of hybrid pumped hydro energy storage (PHES) 

configurations is presented, including existing and future case studies of 

hybrid systems, while some cases of typical hybrid systems are 

discussed.  

[143] 

CSP PHS Off Egypt 

A specific hybrid system (CSP/PHS) is evaluated with an LCOE of 4.45 

₡/kWh, a net capital cost of $150 million, an annual energy output of 

131 million kWh, and a capacity of 50 MW. 

[144] 

PV/DG B Off Sudan The hybrid system achieves an LCOE of $0.328/kWh. [145] 

PV/WT B Off Botswana 

A fully renewable hybrid system employing 100% clean energy results in 

zero carbon emissions. Solar energy contributes 53.7% of the total 

production, while wind energy accounts for 46.3%. The system has a 25-

year lifespan, with a return on investment (ROI) of 7.6% and an internal 

rate of return (IRR) of 11.4%. 

[146] 

CSP/WT B/FC Off Morocco 
Economic analysis estimates a net present cost (NPC) of 3.391 million €, 

an LCOE of 0.126 €/kWh, and an LCOH of 21.4 €/kg.  
[147] 

PV/HT/DG B Off Iraq 

The study evaluates the techno-economic and environmental 

performance of various hybrid systems, with sensitivity analysis 

conducted to assess parameter variations. 

[148] 

PV B Off Brazil 

A novel approach for power battery management and improved 

maximum power point tracking (MPPT) performance has been proposed 

to extend battery lifespan. 

[149] 

PV/WT B/FC Off Canada 

The results demonstrate that integrating wind resources with solar and 

storage technologies can play a crucial role in satisfying electricity 

demand while significantly reducing costs and greenhouse gas (GHG) 

emissions. Additionally, the study provides insights into sustainable and 

cost-effective policy recommendations for renewable energy microgrids 

(RC MGs). 

[150] 

PV/WT/DG B On Nigeria 

Simulations indicate that integrating solar PV and battery storage into an 

existing system reduces NPC by 32.3% and decreases annual diesel fuel 

consumption by 48.9%. 

[151] 

PV/WT B/FC Off 
Saudi 

Arabia 

The optimal hybrid system configuration includes 270 kW of PV, a 300 

kW wind turbine, a 500 kW electrolyzer, a 100 kg/L hydrogen tank, 70 

lithium-ion batteries (each 1 kWh), and a 472 kW converter. This system 

achieves the lowest LCOE, LCOH, and NPC at $0.6208/kWh, $9.34/kg, 

and $484,360, respectively. 

[152] 

PV B/FC On/Off Oman The analysis has shown that a 3 MWp grid-connected PV system [153] 
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represents a promising green hydrogen production at an LHC of 5.5 €/kg. 

The system produces 58 615 kg of green hydrogen per year reducing 

carbon dioxide emission by 8209 kg per year. The LHC in the stand-

alone PV system with batteries, and stand-alone PV system with fuel 

cells are 5.74 €/kg and 7.38 €/kg, respectively. 

PV/WT/BG B/PHS On Cyprus 

The HRS is designed for a university camps, it consists of 1.79 MW PV, 

2 MW wind and 0.92 MW biomass systems with 24.39 MWh pumped 

hydro storage system and 148.64 kWh batteries. The LCOE equals to 

0.1626 $/kWh. 

[154] 

CSP/TPP - Off Vietnam 

According to the calculations performed for the basic case with no solar 

radiation, the efficiency of the 4.6MW power station was η = 0.345, the 

fuel consumption mF = 0.056 kg/s, and for the 11.86 MW station η = 

0.317 and mF =0.72 kg/s. The highest intensity of solar radiation is 

achieved in February and April. At that time the efficiency is increased 

by 13.3% compared to the basic case, while fuel consumption is reduced 

by11.7% (for a 4.6 MW station). For a more powerful station, efficiency 

is increased by 12.3% and fuel is reduced by 11.1%. Thus, due to the use 

of solar energy, substantial fuel savings are achieved . 

[155] 

PV B On Poland 

For a properly designed photovoltaic system, the energy self-

consumption can be up to 90.19%, while self-sufficiency can be up to 

82.55% for analysed cases. 

[156] 

PVT/CSP/HE FC Off Russia 

In the present study, a hybrid renewable system to supply the electricity, 

heating and fresh water demands of a near zero energy building (NZEB) 

is proposed. 

[157] 

PV/WT - On The USA 

comprehensive assessment of temporal complementarity for co-located 

wind-PV hybrid systems at greater than 1.7 million locations across the 

contiguous United States. We model hourly variation in potential wind 

and solar generation for a period spanning 2007–2013 and evaluate 

robust evidence for complementarity using multiple metrics to assess 

correlations and stabilization benefits achieved via hybridization. 

[158] 

PV/WT/CSP TS/B/PHS Off Chile 

The main results indicate that by 2050, and considering a baseline 

scenario defined for 2016, for most of the scenarios studied the 

renewable electricity generation would be at least a 90 % and CO2 

emissions would be 75 % lower. 

[159] 

PV/WT B Off Botswana The results show that the PV/wind/battery system generates the most 

economic and technical benefits, as measured by the Net Present Cost 

(NPC). Due to the high initial expenditures on renewable energy systems, 

the Levelized Cost of Energy (LCOE) of the system is 65 percent higher 

than the present energy cost in Botswana for households and 57 percent 

higher for companies. 

[160] 
    

PV/WT B Off Italy 

The study demonstrated a correlation between the increase in revenue 

and the capacity installed in the battery and concluded that the use of 

hybrid VRE storage systems would be feasible in the Iberian Peninsula 

and Italy for battery installation costs ranging from €14,804/MW to 

€38,267/MW. 

[161] 

PV/TS B/FC Off Spain 

This study shows that the use of microgrids for a single-family home is a 

technically viable solution, not only in terms of energy demand, but also 

in terms of power demand which is not study in any other literature to the 

best of our knowledge. For this scale, the use of hydrogen technologies is 

technically possible, but economically unfeasible, because of the high 

investment costs of the necessary equipment. 

[162] 

PV/WT/HT/B

G 
- - 

South 

Korea 

The results show that a convolutional neural network can efficiently 

predict sequential demand electricity (R2 = 98.79%), with respective Bio, 

solar, hydro, and wind energies optimally supplied 45.7, 34.52, 14, and 

5.78%. under optimal conditions in S. Korea. 

[163] 

PV/HT - Off Indonesia 

This combined power plant can service the electrical load of 962 

households. The production of electricity to supply the domestic housing 

load is 3273 kWh per day. In addition to meeting the needs of the local 

area, excess electrical power from micro-hydro and solar photovoltaic 

plants can also be sold to available grid systems. Based on the analysis, 

the excess electricity that can be sold every year is 4,263,951 kWh. 

[164] 

PV/WT/DG B Off Malaysia 

Results show that scenario B, with the net present cost (NPC) of 

188,814$ and the cost of energy (COE) of 0.198$/kWh, is reliable in 

delivering the electricity required while having a reasonable cost 

relatively low emission. Sensitivity analysis is also carried out with 

different parameters to examine its effects on the system's sustainability 

throughout its lifetime. 

[165] 

PV/BG - On Argentina 

The optimum hybrid system size was the installation of biomass plant 

with 2.4 kW capacity, and 16 solar panels with a capacity of 5.2 kW. The 

initial investment required is 17,042 USD, with a payback of 3.4 years 

and a GHG reduction of 275.9 tons of CO2 eq per year. 

[166] 
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PV/DG B Off Ethiopia 

The proposed microgrid configuration is capable to meet an average 

daily load of 3,596 kWh/day with 405 kW peak power demand. The NPC 

of $4.13M and at LCOE of $0.149. 

[167] 

PV/WT/CSP PHS Off Qatar 

The results show that increasing the share of RES in electricity 

production is possible by as much as 80%. The optimum cases for the 

deployment of wind, PV, and CSP with storage technologies presented a 

28.3%, 23.4%, and 38.2% share to electricity produced, respectively. The 

market economic simulation shows that the total annual cost for some of 

the scenarios that integrated renewable energy was lower than that of the 

reference case currently deployed in the country. 

[168] 

PV/DG B/FC Off UAE 

The LCOE was found 0.34 $/kWh after including the capital, recourses, 

operation and maintenance, and replacement cost for the lifetime of the 

project which is 25 years. The unmet electrical load and shortage 

capacity were 0.0102 % and 0.0912 %, respectively. Furthermore, the 

environmental impact of the system was compared with the diesel energy 

system based on the carbon footprint and emission as in carbon dioxide, 

carbon monoxide, unburn hydrocarbon, sulfur dioxide, and nitrogen 

oxide. The carbon footprint was 90.1 which equivalent to 1000 saving 

diesel gallons. 

[169] 

CSP/BG - Off Jordan 

Hybrid system of waste incineration — parabolic trough plant was 

investigated to generate power and desalinate water. Around 34 MWe 

power can be generated and 13,824 m3/day of water desalinated. 

Superheated steam temperature can be fixed at 550 °C due to continuous 

waste loading. Minimum treatment cost of each Ton of MSW is found to 

be 11.5 US$ in the 15th year of operation. 

Around 2,450 tons/month of CO2 emissions were reduced due to solar 

field performance. 

[170] 

PV/WT B On Chile 

The evaluation of the potential of on-site 1MWh steady electricity 

generation from a hybrid renewable energy system consisting of 

photovoltaic micro-generation, wind turbines and battery systems shows 

mixed results for Chile. Only specific regions possess weather conditions 

where complementarity between solar and wind resources would be an 

advantage. In regions with very high solar radiation and low cloudiness, 

such as in the Atacama Desert, there is no apparent advantage of 

combining PV and wind power. Under those climatic conditions, systems 

consisting only of PV and Battery would be able to constantly provide 1 

MWh of energy at the lowest cost. 

[171] 

PV/WT B Off Kenya 

The techno-economic modelling shows that PV/wind hybrids have both 

technical and economic potential at average wind speeds above 4.5 m/s 

but little relevance below. The capacities of the components are PV, WT 

and bakeries are 72.5 kW, 5.4 kW and 242 kWh, the NPC is $ 440,000 

and he LCOE of  $0.676 for kWh 

[172] 

PV/DG - Off 
Burkina 

Faso 

The results revealed that the hybrid configuration PV/Diesel leads to 

about 54% decrease of the LCOE when compared to conventional diesel 

generator stand alone configuration. Furthermore, it has been shown that 

the discount rate and fuel prices have a sharp impact on the LCOE. A 

decline of the interest rate from 9% to 0% results in 83% decrease of 

electricity cost while an increase of fuel cost from $1.2/L to $3/L results 

in a staggering 110% increase of the LCOE. 

[173] 

PV/W/BG B On Bulgaria 

One tonne MSW can potentially produce up to 1000 kWh of electricity. 

Biogas generator is found to make the most substantial share of 

electricity generation (up to 60–65% of total) 

[174] 

PV/WT FC OF Chad 

The results showed that in the electricity generation scenario, the average 

total NPC for the studied stations was $ 48164 and the average LCOE 

was $0.573. The lowest LCOE was related to Aouzou station with 0.507 

$/kWh and the highest LCOE was obtained for Bol station with 0.604 

$/kWh. In the simultaneous electricity and hydrogen generation scenario, 

the cheapest hydrogen ($4.695/kg) was produced in the “Grid” scenario, 

which was the same for all of the stations, with a total NPC of $2413770. 

The most expensive hydrogen ($4.707/kg) was generated in the “Grid-

Wind” scenario and Bol stations with a total NPC of $2420186. The 

paper develops cost effective 

[175] 

PV/WT B On Denmark 
The stability of power injected in the grid is discussed with Battery 

Storage for a Hybrid Residential PV-Wind System 
[176] 

PV/WT B/FC Off UK 
The cost of electricity (COE) of the new system was £0.776 per kilowatt 

hour. 
[177] 

PV/DG B On Lebanon 

The optimization approach offers an efficient methodology to evaluate 

alternative designs in order to select the best source sizes that minimize 

the LCOE of the system. 

[178] 

PV/WT/DG B Off Syria 
The system consists of photovoltaic (PV) panels and a wind turbine as 

renewable power sources, a diesel generator for back-up power and 
[179] 
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batteries to store excess energy and to improve the system reliability. The 

optimization results show that using a power supply system consisting 

only of batteries, PV and wind generators may be applicable as well to 

satisfy the power demand. 

PV/WT/DG FC Off Tunisia 

It is shown that the system guarantees a dumped energy of only 4.7%, 

less than 0.05% of unmet power and reduced power losses resulting from 

converting procedure of 1.02% from the total production. From a 

financial perspective, the proposed model presents a competitive LCOE 

of $0.0492/kWh and a renewable fraction of 35.52% with further 

diminished carbon dioxide emission. 

[180] 

PV/WT B/FC On Bahrain 

The annual renewable energy production of the HRES was 3,518 kWh, 

where 3,285 kWh was produced by the 4.0-kWp PV system with an 

annual yield of 821 kWh/kWp and 348 kWh was produced by the 1.7-

kW WT system with an annual yield of 205 kWh/kW. the HRES reduced 

the annual CO2 emission from an expected value of 3,800 kg of CO2 – 

in case of powering the station using the public grid only – to 1,990 kg, a 

48%-reduction. 

[181] 

WT/DG B On 
Mauritani

a 

Analysis shows that the optimum compination of the hybrid system is  

(wind /diesel / batteries): 4 wind turbines of 100 kW each, two generators 

of 100 kW each, 400 batteries of 4 V / 1900 Ah / 7.6 kWh each and a 

converter of 150 kW. This configuration records a total NPC of 3, 

151,076 $, a cost per kWh of 0.199 $ with a renewable energy fraction of 

0.77 (77%) and finally, the diesel generator runs 2,937 h. 

[182] 

PV/WT FC Off 
South 

Africa 

The capital cost of the hybrid system was found to be $177,600 with a 

NPC of $206,323. The LCOE of the system was determined to be 2.34 

$/kWh. 

[183] 

PV/WT/DG - Off Scotland 
The research focused on seeking the optimal size of the batteries and the 

diesel generator usage in small sizes systems. 
[184] 

PV/WT  Off 
Banglades

h 

The work presented a feasibility and sensitivity analysis of on/off grid 

mode hybrid renewable energy by estimating the potentials of solar and 

wind energies at different areas in Bangladesh - a country that 

experiences a tropical climate. 

[185] 

PV B On Cameroon 

The system is designed and optimized for household energy supply in 

three different locations in Cameroon. The monthly PV/Battery energy 

represents 58.371% to 74.160% of the load consumed. 

[186] 

PV/WT/DG - Off Comoros 

A study of PV-Wind-Diesel system for energy supply in remote areas 

applied for telecommunications towers in Comoros was conducted using 

HOMER software tool. The LCOE of the energy generated by the 

offered system (0.198 $/kWh) is cheaper of the Comoros energy (0.31 

$/kWh). 

[187] 

PV/WT/DG B Off Peru 

Technical aspects of implementation, operation, and social impact of a 

hybrid microgrid installed in Peru has been studied, a rural fishing 

community composed of about 35 families who have no access to 

electricity. the wind speed average of 8 m/s and annual average 

irradiation of 6 kWh/m2/day. The designed hybrid system is composed of 

a 6 kWp PV system and two wind turbines of 3 kW each, 4 kW inverters, 

and a battery bank of 800 Ah, 48 V , which is designed to work at 50% 

Depth of discharge. 

[188] 

Abbreviations: B- Battery, PV- Photovoltaic solar panel, WT- Wind turbine, BG- Biogas electrical generator, DG- Diesel electrical generator, FC- Fuel cell, 
HT- Hydro-turbine, GE-geothermal energy, PHS- pumped hydro storage system, TPP- thermal power plant, HE- Hydrogen engine, CSP- concentrated solar 

power, TS- thermal storage, 

 

Based on this literature evaluation, the current work could 

claim to have the following contributions:  

- Emphasizing the economic and technological viability 

of locally available renewable energy resources.  

- Identifying the optimal size of grid-connected 

PV/Wind/Diesel generator hybrid renewable energy 

system integrated with Lithium battery that meets the 

load requirements.  

- Introducing a comprehensive economic and 

environmental analysis including the social cost of CO2.     

- Broader implications: While this research focused on 

the Libya situation, the prescribed approach and 

findings have broader applicability to other developing 

countries with similar energy contexts. 

The article is further organized as follows: Section 2 presents 

the optimization process including the objective functions 

and the constraints, states the hypotheses, limitations and 

uncertainties of the study. The obtained results are presented 

and discussed in Section 3. Finally, the main conclusions are 

given in Section 4.  

Methodology 
Healthcare Facility Load Profile 

Two approaches have been suggested in order to establish the 

electricity consumption of the Garyan Medical Centre [189]. 

One of the methods is based on the statistics provided by 

national power suppliers. Yet, this approach has been found 

unreliable due to its lack of accuracy. Therefore, the approach 

that is based on direct measurements will be employed as the 

most precise one. This method includes calculations of 

electricity consumption per day for each device, taking into 

account light, equipment, and air conditioners [189]. Using 

equation (1) to establish the total load for one day, we can 

conclude from Table 2 what amount of energy is required by 

health care organizations in Garyan City every day. 
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Daily   load =∑(appliance power working hours×no.appliances)   
Daily load=(18× 10 ×802 ) = 144360 Wh/day  

Average hourly cons. =
Total Daily Cons.

24
                    (1) 

Average hourly cons. =
 851450

24
= 35.477KW 

 

Table 2: Daily Electrical Consumption of Appliances in the Healthcare Facility (Gharyan, Libya) [190-192]. 

`Appliances Power (W) Working hours (h) Number Consumption per day (Wh/day) 

Lamps 18 10 802 144360 

Computers 350 10 20 70000 

Air conditioners 1800 8 31 446400 

Boiler 1000 4 20 80000 

TV 120 8 16 15360 

Fridge 150 16 10 24000 

C.T scanner 2000 5 1 10000 

Incubators 350 8 1 2800 

X-ray 3000 8 1 24000 

Ultrasound 1350 9 1 12150 

Elevator 7460 15 2 22380 

Total Daily Consumption = 851.450 kWh/day 

 

The daily energy consumption for a typical day is 

851.45kWh, as detailed in Table 3 Energy consumption is 

allocated according to actual operating schedules: 50% is 

used during daytime hours (08:00–16:00), 20% in the 

evening (16:00–23:00), and 30% at night (23:00–08:00). This 

corresponds to average hourly demands of 53.22 kWh during 

the day, 24.33 kWh in the evening, and 28.38 kWh at night. 

This daily distribution is consistently applied year-round, 

resulting in an 8,760-hour annual load profile for use in 

HOMER Pro simulations. 

Table 3: Distribution of Daily Electrical Load by Time Period 

(Healthcare Facility in Gharyan, Libya). 

Hour (UTC+2) 
Number 

of Hours 

Percentage 

(%) 

Hourly 

Load 

(kWh) 

Night (23:00–08:00) 9 30 28.38 

Day (08:00–16:00) 8 50 53.22 

Evening (16:00–

23:00) 
7 20 24.33 

 

 

Daily electrical loading was distributed proportionately to the 

similar periods of observation in a real-life healthcare facility 

usage. Therefore, 50% of the load went to the daytime period, 

which is from 8:00 to 16:00, 20% of the loading – evening 

period 16:00 – 23:00; and 30% of the loading – nighttime 

period, from 23:00 to 08:00. Hence, the average hourly load 

of the day is 53.22 kWh, evening – 24.33 kWh, night – 28.38 

kWh/hour. The total daily loading is 851.45 kWh. Figure 1 

illustrates the changes in time of the facility's load with 

respect to daily, seasonal, and yearly changes in load. As seen 

in Figure 1, the daily variation demonstrates variations in 

time of the facility's load in one-hour increments, where there 

is maximum loading between morning and late afternoon 

hours when the majority of medical equipment operates, and 

air conditioners are working. Seasonal variation demonstrates 

monthly changes in energy demands, but it can be assumed 

that there is a small variation in demand, which depends only 

on seasonal weather variations. Annual variation of load 

shows that there is no change in load demands throughout the 

year.

 

Figure 1: The temporal variation of the facility’s electrical demand across three scales: daily, seasonal, and year
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Daytime (08:00-16:00) hours were equally split into eight 

hours, hence an equal hourly load demand of 53.22 

kWh/hour. The value represents the peak load in the daily 

load profile because it denotes the hourly load demand when 

there is high activity in the health institutions. However, 

compared to the peak load in the ideal case, where it is 

calculated as the summation of the power rating of appliances 

used within the whole day, the peak load considered in 

HOMER Pro simulation will be the highest hourly load 

demand in the daily load profile. Equally dividing energy 

demand for each hour of the day is necessary to ensure 

accuracy and consistency in calculating daily load profiles 

using the methodology applied. The hourly load curve for the 

normal day comprises a daily load curve pattern having a 

daily load demand of 851.45kWh. The pattern is composed of 

three periods as follows: Night (23:00-08:00) hours with an 

hourly load of 28.38 kWh; Daytime (08:00-16:00) with an 

hourly load of 53.22 kWh, and Evening (16:00-23:00) hours 

with 24.33 kWh as shown in Figure 2 below. The daily load 

curve is determined by the nature of operations in the health 

care facilities, where there is high use of energy during the 

day as compared to the evenings and nights. The data on 

daily use of the load was duplicated 365 times to get 8760 

hours that would be used to run the HOMER pro simulation 

mode.  

 

 

Figur 2: Hourly Load Distribution by Time Segments 

(Healthcare Facility, Gharyan, Libya) 

Renewable Resource Assessment 

Solar radiation data for the Gharyan region 

Gharyan is one of the areas in Libya which benefits from 

great solar potential. The average amount of solar radiation in 

Gharyan is estimated to be 5 to 6 kWh/m2/day [18,19]. In 

combination with the semi-arid climate, Gharyan becomes an 

ideal location for photovoltaic as well as solar thermal 

applications. The high amount of solar radiation gives 

Gharyan an edge for renewable energy development. 

Monthly average solar radiation of Gharyan is tabulated in 

Table 3 [193]. 

In this context, it is essential noting here that the HOMER 

program utilizes the HDKR (1990) model [194], while—

according to local studies [195-198] the Liu & Jordan model 

is the appropriate for the region. Also, it is worth mentioning 

that the solar irradiance incident on solar field is different 

from that incident on a single panel or that recorded in the 

metrological stations [199-204] 

Wind speed and direction measurements at the hospital 

site 

Wind speed and directions for the Gharyan healthcare center 

location in Libya are presented in Figure 4. Wind speeds vary 

from 3 mph to 15 mph (1.5 m/s to 7 m/s), with occasional 

gusts of 20 mph (9 m/s). Southerly winds (S, SSE, and SSW) 

are predominant, but north-easterly (NE) and south-west 

winds (SW) also exist. [205-208]. 

Climatic Conditions  
Climatic parameters for the Gharyan hospital location, Libya, 

based on wind, solar radiation, and temperature 

measurements. This chart provides wind velocity and 

direction, daily average solar radiation, and seasonal 

temperature variations. These climatic parameters determine 

the functioning of the renewable energy system in this area 

[21]—Table 3 Monthly Assessment of Renewable Energy 

Potential and Climatic Parameters in Gharyan, Libya. 

Temperature, humidity, and dust content influence the 

performance of PV and wind [22]. 

 
Tale 3: Monthly Evaluation of Renewable Energy Potential and 

Climatic Conditions in Gharyan, Libya [22]. 

Months 

Solar 

Irradiance 

(W/m2) 

Wind Speed 

(m/s) 

Temperature 

(°C) 

January  2.670 5.370 13.840 

February  3.660 5.700 14.120 

March  4.790 5.690 15.670 

April  6.150 5.640 18.130 

May  6.980 5.760 21.630 

June  7.670 5.670 24.680 

July  7.790 4.760 26.510 

August  7.050 4.890 27.390 

September  5.520 4.920 25.870 

October  3.960 5.060 23.200 

November  2.750 5.070 19.280 

December  2.350 5.210 15.520 

Design of system 

In this part, the hybrid microgrid design and optimization for 

a hospital complex in the ESOGU campus are discussed [23]. 

In this design, the bus for healthcare loads and the utility grid 

is AC, while the bus that connects the PV array and battery is 

DC. Energy interchange between the two buses is possible 

through the use of bidirectional. converters that can operate 

either as an inverter or a rectifier [24]. Although there are no 

DC loads at present, the inclusion of healthcare loads in the 

future cannot be precluded [24]. Parameters such as 

component specification, rating of capacity, capital cost, 

replacement cost, and O&M cost for each of the following 

components: PV array, diesel generator, battery bank, and 

converter were identified for the design [24,25]. These data 

have been used in simulations and optimizations [25]. The 

main constituents of this hybrid power system include six 

elements, namely: grid access, PV, battery bank, diesel 

generator, converter, and hospital loads 

 

Figure 3: Schematic diagram of the hybrid renewable energy 

system  
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Design of wind turbine 

Power from the wind energy conversion system (EW) has 

been modelled using a piecewise function based on the 

physical operating constraints of the system, it is calculated 

as shown in equation (2). A wind energy system that is rated 

at 20 kW begins its operation when the wind speed equals 2.8 

m/s. The power continues increasing steadily until the wind 

speed reaches 7.5 m/s, which marks the point of rated wind 

speed where the power from the system will be rated Prat 

until wind speeds reach the cut-out speed of 20 m/s. Should 

the wind speed exceed 20 m/s, the wind turbine is stopped via 

feathering or braking and produces no power until it drops 

below 20 m/s. [75, 209]. 

𝐸𝑊 =

{
 
 

 
 
𝑃𝑟𝑎𝑡                         𝑉𝑟𝑎𝑡 ≤ 𝑉𝑍,𝑡 ≤ 𝑉𝑐𝑢𝑡−𝑜𝑓𝑓                    

𝑃𝑟𝑎𝑡 (
𝑉𝑍,𝑡−𝑉𝑐𝑢𝑡−𝑖𝑛

𝑉𝑟𝑎𝑡−𝑉𝑐𝑢𝑡−𝑖𝑛
)         𝑉𝑐𝑢𝑡−𝑖𝑛 < 𝑉𝑍,𝑡 < 𝑉𝑟𝑎𝑡

  
0                         𝑉𝑍,𝑡 ≤ 𝑉𝑐𝑢𝑡−𝑖𝑛 𝑂𝑅 𝑉𝑍,𝑡 > 𝑉𝑐𝑢𝑡−𝑜𝑓𝑓

 
       (2) 

 

Where𝑃𝑟𝑎𝑡is the rated power of the wind turbineat rated wind 

speed 𝑉𝑟𝑎𝑡, 𝑉𝑐𝑢𝑡−𝑖𝑛 and 𝑉𝑐𝑢𝑡−𝑜𝑓𝑓 are the cut-in and cut-of 

wind peeds, and 𝑉𝑍,𝑡 is th wind speed at the wind turbine hub 

height (ℎ𝑍) and it is calculated from:  𝑉𝑍,𝑡 = 𝑉0,𝑡 (
ℎ𝑍

ℎ0
)
∝

 

where, 𝑉0,𝑡 is the wind speed at a certain elevation (ℎ0) and is 

the wind shear coefficient [210]. However, from the 

operational conditions of the chosen 20 kW wind turbine, the 

energy output falls under three major functional regions. 

First, the wind velocities that are lower than the cut-in wind 

speed of 2.8 m/s mean that the energy production rate equals 

zero, or (𝐸𝑊). Within the second region (cut-in wind velocity 

to the rated wind velocity), the power output increases 

proportionally to the wind velocity. For example, with the 

wind speed equalling 5 m/s, the energy output is estimated to 

be around 9.36 kW. Finally, starting from the rated wind 

speed (in this case, 7.5 m/s), the energy output of 20 kW can 

only drop once the cut-out speed of 20 m/s is reached. Table 

4 shows Wind Turbine Technical Specifications and 

Economic Data. 

 
Table 4: Wind Turbine Technical Specifications and Economic 

Data 

Parameter Symbol Value Unit 

Rated Output Power 𝑃𝑟𝑎𝑡 20 kW 

Investment Cost  35,800 USD 

Rated Output Voltage  240V / 60Hz - 

Startup (Cut-in) Wind 

Speed 
𝑉𝑐𝑢𝑡−𝑖𝑛  2.8 m/s 

Rated wind speed 𝑉𝑟𝑎𝑡 7.5 m/s 

Cut-out Wind Speed 𝑉𝑐𝑢𝑡−𝑜𝑓𝑓 20 m/s 

Rotor Diameter  15.8 M 

Operational Lifetime  20 Years 

The energy 

production 
(𝐸𝑊) 9.36 kW 

 

The capacity factor is one of the important indices that shows 

the effectiveness of wind turbines. It can be defined as the 

ratio of the actual energy produced to the maximum 

theoretical energy that could be produced at its rated 

capacity. The formula for the calculation of the capacity 

factor is presented in Equation (3). This index allows us to 

evaluate the performance of the wind turbine in a way that 

helps in the sustainable planning of energy 

CF =
𝐸𝑎𝑐𝑡𝑢𝑎𝑙

𝑝𝑟𝑎𝑡×24×365
   

(3)     

In order to assess the effectiveness of the operation of the 

wind turbine generator with a power rating of 20 kW, the 

Capacity Factor (CF) is determined through the comparison 

between the actual daily energy production and the 

theoretically maximum possible energy generation. Based on 

the turbine's characteristics, including its cut-in speed (2.8 

m/s) and rated speed (7.5 m/s), the energy generation 

potential of the system is compared to the maximal 

theoretical value of 480 kWh per day. For the selected test 

case, with the wind velocity being 5 m/s, the expected energy 

production amounts to 225 kWh per day. Consequently, the 

resulting Capacity Factor equals 46.8%. 

Design of PV solar field 

Photovoltaic (PV) technology uses PV modules to convert 

light energy into direct current (DC) electricity. There are 

certain factors that contribute to the amount of power 

produced by the PV system. Some of the important factors 

considered include the nature of panels, rated capacity, 

derating factor, solar irradiance, cell temperature, and 

environmental conditions. In addition, flat plate PV panels 

are represented using Generic PVs while the AC conversion 

is done through SMA Sunny Tripower 60-US inverter [38-

45]. SMA Sunny Tripower 60-US is a specific inverter 

designed to connect the PV system with the already existing 

grid; thus, it fits perfectly for industrial/commercial purposes. 

The main purpose of the inverter is to convert direct current 

produced by the PV panels into usable AC electricity that can 

be added to the existing grid network. In addition, Generic 

PV is basically a standard PV module that mimics the 

performance of ordinary PV cells (e.g., power output and 

efficiency) [211]. Capital and replacement cost for PV 

subsystem will be around $5,000-$5,500/kW, operation & 

maintenance (O&M) cost between $200-$400 each year, and 

a lifetime of 20 years. Effective energy distribution has been 

achieved in the microgrid structure via the use of the DC bus 

integration method. 

However, the real power generated by a photovoltaic cell 

depends on environmental factors, which can be estimated 

using the equation below (4) [212]. 

𝐸𝑃𝑉 = 𝑃𝑆𝑇𝐶[1 + 𝛽𝑝(𝑇𝑐𝑒𝑙𝑙 − 𝑇𝑆𝑇𝐶)]
𝐻𝑡
𝐻STC

 
(4) 

In this equation, 𝑇𝑆𝑇𝐶  represents the temperature of the cell 

under STC, and 𝑇𝑐𝑒𝑙𝑙 refers to the cell temperature under real 

environmental conditions (°C). 𝛽𝑝 refers to the temperature 

coefficient of power (%/°C), while 𝐻STC and 𝐻𝑡  refer to the 

solar irradiance of STC and real environmental conditions, 

respectively (W/m²). One challenge that faces scientists is 

developing an empirical equation to compute the real cell 

temperature, 𝑇𝑐𝑒𝑙𝑙  (Equation 5) [213]. 
𝑇𝑐𝑒𝑙𝑙 = 𝑇∞ + 7.8 × 10

−2𝐻𝑡 (5) 

Real power generated from the PV panel (𝐸𝑃𝑉) is calculated 

by modifying the rated capacity (𝑃𝑆𝑇𝐶) to consider the 

variations in solar radiation and temperature. This calculation 

takes into consideration two important factors: one being 

linear power scaling, which means that output will change 

according to the ratio between the actual value of tilt 

radiation (𝐻𝑡) and the standard radiation value (𝐻STC), while 

the other factor is thermal degradation. In this case, an 

equation with a coefficient (𝛽𝑝 ) is used to determine the 

efficiency drop when the temperature at which the cells 

operate (𝑇𝑐𝑒𝑙𝑙) is higher than the reference value of 

temperature at 25 degrees Celsius (𝑇𝑆𝑇𝐶) Table 5 shows 

demonstrates that the environmental conditions prevailing in 

the vicinity of the photovoltaic installation have a significant 

impact on its operation compared to the installed power. For 
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instance, reducing the level of radiation from the typical 1000 

W/m² to 800 W/m²leads to a reduction in power production 

by about 20%. Similarly, raising the cell’s temperature from 

the usual 25°C to 55°C reduces efficiency by about 10.5% 

due to the power-temperature coefficient. If the two factors 

are taken into consideration, a 550 W system produces about 

393.8 W. 
Table 5: Electrical characteristics of the PV solar panel 

Parameter Symbol Value Unit 

Rated Power 𝑃𝑆𝑇𝐶 550 W 

Actual solar irradiance (𝐻𝑡) 800 W/m² 

Reference Solar 

Irradiance 
𝐻STC 1000 W/m² 

Operating Cell 

Temperature 
𝛽𝑝 25 °C 

Reference Temperature 𝑇𝑐𝑒𝑙𝑙 55 °C 

Temperature 

Coefficient 
𝑇𝑆𝑇𝐶 -0.0035 /°C 

efficiency η 13.1 % 

Actual Power Output 𝐸𝑃𝑉 393.8 W 

 

The ability to substitute them with a PV system depends upon 

the available solar energy resource at that place, as well as 

the demand for energy per day. Peak Sun Hours (PSH) were 

found with the help of dividing the average daily irradiation 

by peak solar irradiation using equation (6). For the case 

study, the peak Sun Hours were 6 hours. The capacity of the 

PV system is estimated by considering the daily load demand 

and with an additional safety margin of 1.3 for the PV 

system. Besides, the capacity of PV panels was estimated 

with the help of equation (7). With daily energy consumption 

being 851.450 kWh/day, the estimated capacity of the PV 

system is 184.481 kW. 

Design of Battery Energy Storage Unit 

Energy storage systems have proved very critical in ensuring 

a continuous energy supply in microgrids where renewable 

energy is harnessed as the energy source. Any excess energy 

produced is stored and later released when there are deficits 

in energy supply or an increase in energy demand. In this 

study, a kinetic battery energy storage system was used to 

analyze the dynamic behaviour of the system. Some 

operational characteristics, such as the maximum charge rate 

and charge currents, were identified using HOMER software. 

Through this, the charge.  

The state of charge 𝑆𝑜𝐶(𝑡) estimation uses a well-defined 

energy balance technique. which can be estimated using the 

equation below (6). To begin with, the net energy is 

calculated by deducting the load demand from the total 

generation. The net energy is multiplied by the round-trip 

efficiency of the battery system (ηb) to take into account 

internal energy losses. Lastly, the net energy is added to the 

previous SoC, considering the battery's self-discharge rate 

(σ). The recursive modelling process allows for an accurate 

monitoring of energy storage capacity, which is essential in 

ensuring the durability of the battery bank in a hybrid system 

[215-216].  

SoC(t) = SoC(t − 1)(1 − σ) + (Psys(t) −
PL(t)

ηinv
) × ηb (6)      

The simulation findings, as shown in Table 6 above, illustrate 

the charging process of the battery storage sub-system in the 

hybrid grid. Through the consideration of the inverter loss 

and the efficiency of the batteries  

(𝜂𝑏= 0.90), the analysis reveals an excess capacity of 44.74 

kW relative to the total energy requirements at that moment. 

Once the correction is made for the efficiency due to the  

 

Table 5: Battery Modeling Parameters and SoC Calculation Results 

Parameter Symbol Value Unit 

Initial State of Charge 𝑆𝑜𝐶(0) 500 kWh 

Total System Power 

Generation 
P𝑠𝑦𝑠(t) 150 kW 

User Load Demand 𝑃𝐿(𝑡) 100 kW 

Inverter Efficiency 𝜂𝑖𝑛𝑣  0.95 - 

Battery Round-trip 

Efficiency 
𝜂𝑏 0.90 - 

Monthly Self-discharge 

Rate 
𝜎 0.001  

chemical and thermal losses, a net gain of 40.26 kWh is 

gained and the  𝑆𝑜𝐶(𝑡)is increased from 500 kWh to 539.76 

kWh. This indicates the capability of the hybrid power 

system to store surplus energy to meet future demands. Also, 

the use of this method is crucial in maintaining enough 

energy storage in the batteries to cover the deficit energy 

production during periods of less renewable energy 

production. 

Capacity of Battery 

The calculation of the necessary power of the battery (𝑃𝐵) 

depends on the maximum necessary power in a year (max 

[𝑆𝑜𝐶(𝑡)]. Therefore, taking into consideration the maximum 

power needed in a year, the calculation assumes that the 

capacity will cover the most difficult hours of the year. To 

protect the devices and increase their durability, the following 

equation is multiplied by the 𝐷𝑂𝐷 or the energy discharged 

from the battery power. The second factor of this model is 

called the Temperature Correction Factor (CF𝑇). 

The calculation of the Capacity of the battery is presented in 

Equation (7). Table 6 demonstrates the Parameters of Battery 

Capacity [50-52]. 

PB =
max [SoC(t)]t=1,8760

DOD
× CFT                          (7) 

Where:     CF𝑇 = 0.0004𝑇
2 − 0.0246𝑇 +  1.3961 

Table 6:  Parameters of Battery Capacity 

Parameter Symbol Value Unit 

Depth of Discharge 𝐷𝑂𝐷 80 % 

Temperature 

Correction 
CF𝑇 

1.031 

 
- 

Design of Converter 

Power conversion is carried out using a bi-directional 

converter that switches between the roles of being an inverter 

and a rectifier according to the needs for power generation, 

consumption, and storage. To maintain energy management 

reliability, an ABB converter was used. The cost analysis was 

carried out assuming a 1 kW capacity for the power output 

with a capital and replacement cost of 10,000.00 SAR/kW, 

O&M cost of LYD/year, and a useful life period of 15 years. 

The converter, which was coupled with two busbars, was 

expected to have an efficiency level of 95% [217-2019]. 

   𝑝𝑖𝑛𝑣(𝑡) =
𝑃𝑙
𝑚 (𝑡)

𝜂𝑖𝑛𝑣
 (8) 

Design of Diesel Generator 

Diesel power generators are incorporated in the hybrid 

renewable energy system in this study to ensure any 

continuity of supply in case of any shortage in the amount of 

energy produced from renewable energy sources. The process 

was conducted by using the HOMER program to calculate 

the amount of fuel consumed accurately by each load. To 

compare the systems' efficiency, the CAT 50kVA 50Hz PP 
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diesel generator was chosen, producing an output of 40 kW. 

The characteristics of the fuel consumption were determined 

by modelling a linear fuel curve where the intercept equals 

0.300 L/hr and the slope is 0.390 L/hr/kW. [105]. 
𝐹𝐶(𝑡) = 𝐴𝐺 ∗ 𝑃𝐷𝐺 + 𝐵𝐺 ∗ 𝑃𝑟

𝐷𝐺 (9) 

𝐹𝑈𝐸𝐿𝐶 = (𝑆𝑓∑𝐹𝐶(𝑡) ) ∗ 𝐶𝑃𝑉 (10) 

𝐶𝑃𝑉 =
𝑟𝑖(1 + 𝑟𝑖)

𝑛

(1 + 𝑟𝑖)
𝑛 − 1

 (11) 

Where the in eqn. (9) refers to the fuel consumption that 

measured in (Liter/kW), is the coefficient of FC that equals 

0.24, is the generated power from the DG, is the constant 

valve or coco efficient of FC equals 0.084, and refers to the 

rated power, respectively. Additionally, the cost of fuel 

(𝐹𝑈𝐸𝐿𝐶) is mathematically formulated in eqn. (10), the   

denoted as the current price of diesel fuel per liter represents 

the modeled of fuel consumption, denoted as the cumulative 

present value which mathematically can be expressed in eqn. 

(11).   

System Input Data 

The analysis of the hybrid energy generation system sizing 

comprised the following key components: PV, diesel, and 

battery systems, as well as wind power generators and 

converters. Inputs related to the above system components 

refer to the costs (capital, replacement, and operating and 

maintenance (O&M)) connected with the capacity of a 

particular unit. In relation to the HOMER software, the 

capacity of a particular unit (1 kW) is used to calculate the 

cost of that particular unit (capital, replacement, and O&M). 

Meanwhile, the capacity of a particular system (in kW) refers 

to the total capacity of a particular device. This means that 

the cost of a particular energy generation system depends on 

the capacity selected. Table 7 demonstrates the key 

characteristics of system component designs. 

 
Table 7: System Input Parameters and Simulated Performance Results. 

Component Size (kW) Capital ($) Replacement ($) O&M ($/yr) 

PV System 393.8 5,000-5,500 5,000 – 5,500 200-400 

Wind turbine 9.36  50,000-120,000 10,000-30,000 1000-3000 

Generator 40 6,000-10,000 4,000 – 7,000 500–1,500 

Batteries 128.9 kWh 50-120 50-120 3-5 

Converter 200 10,000 –20,000 7,000 –15,000 200–500 

 

System block diagram 

The diagram below illustrates the energy flow between the 

AC system and the DC system, both ways, in the hybrid 

system that has been installed at the healthcare facility. The 

components used in the AC system include the CAT-50 

diesel generator, utility power lines, and the converter. 

Conversely, the components used in the DC system include 

the EO20 wind turbine, SMA60-US solar PV panels, and LA 

ASM battery systems, which can produce a sufficient amount 

of energy, amounting to 851.49 kWh, using 53.22 kW as the 

peak load 

 

Figure 4: Schematic diagram of energy flow between alternating 

current (AC) and direct current (DC) sources in a hybrid system 

Economic and Environmental Analysis 

Accounting for environmental damage costs within an 

economic framework can improve the relative 

competitiveness of clean and renewable energy systems, 

including in contexts where energy prices are supported by 

subsidies [49]. Among the available metrics, the levelized 

cost of energy (LCOE) is considered a key indicator for 

economic–environmental comparison across energy 

alternatives [50]. In this study, LCOE is calculated as follows 

[220]: 

   𝐿𝐶𝑂𝐸 =

𝑟(1 + 𝑟)𝑛

(1 + 𝑟)𝑛 − 1
𝐶𝐻𝑅𝐸 + 𝑂𝑀𝐻𝑅𝐸 − 𝐶𝐶𝑂

2
,𝐸

𝐸𝐿𝑜𝑎𝑑
           (12) 

Where 𝐶𝐻𝑅𝐸 denotes the capital costs of the hybrid renewable 

energy system equipment, (USD). 𝑂𝑀𝐻𝑅𝐸 represents the 

annual operation and maintenance (O&M) costs of the HRE 

system (USD/year). 𝐶𝐶𝑂2,𝐸 refers to the environmental cost of 

carbon emissions (USD/year), 𝐸𝐿𝑜𝑎𝑑  refers to the annual 

electricity supplied (kWh/year), and 𝑛 is the service lifetime 

of the PV and hydrogen system components. 

The real discount rate 𝑟 is assumed to be 3.4%, and it is 

determined from the nominal discount rate 𝑖 (6%) and the 

inflation rate 𝑓 (2.5%) as follows [220]: 

𝑟 =
𝑖 − 𝑓

1 + 𝑓
 (13) 

The net present value (NPV) is evaluated following, and the 

payback period is estimated according to, as expressed in the 

following equations [220]: 

𝑁𝑃𝑉 =

𝑟(1 + 𝑟)𝑛

(1 + 𝑟)𝑛 − 1
𝐶𝐻𝑅𝐸 + 𝑂𝑀𝐻𝑅𝐸 − 𝐶𝐶𝑂

2
,𝐸

𝑟(1 + 𝑟)𝑛

(1 + 𝑟)𝑛 − 1

 (14) 

𝑃𝐵𝑇𝑀 =
𝐶𝐶𝑝𝑣 + 𝐶𝐶𝐻2

𝐼𝑛𝑐𝑜𝑚𝑒
 (15) 

The carbon cost associated with CO2 emissions from 

electricity generation is determined as follows [220]: 

𝐶𝐶𝑂
2
.𝐸 = 𝑆𝐶𝐶𝑂

2
× 𝐸𝐹𝐶𝑂

2
,𝐸 × 𝐸𝐿𝑜𝑎𝑑  (16) 

Where 𝑆𝐶𝑂2,𝐸 denotes the social cost of carbon, taken as 70 

USD/ton as specified by the International Monetary Fund 

(IMF) 𝑄𝐸  represents the annual electricity amount, and 

𝐸𝐹𝐶𝑂2,𝐸 is the carbon emission factor (1.037 kg CO2/kWh) 

[221]. 

Results and Discussions 

During the simulation phase, the software package HOMER 

Pro was used to model and optimize the proposed hybrid 

system. The data set for the input included the geographic. 

Location of the proposed system, system limitations, control 

parameters of the generators, dispatching policies, life spans 
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of the different components, interest rates, and the hourly 

load demand. In addition, the technical specifications, such as 

tilt angle, efficiency, capacity options, O&M costs, and cost 

of components, were considered 

Figure 5 demonstrates the simulation outcomes achieved for 

the hybrid energy system based on the HOMER Pro software 

tool. Table 8 presents a comparative analysis of different 

alternatives in which solar photovoltaic panels and power 

converters would constitute the primary sources of electricity 

production to augment the conventional power grid system. 

In each line of the table, there is a distinctive configuration of 

the system along with its techno-economic characteristics. 

The system configured in the sky-blue colour provides the 

lowest cost of electricity generation, rendering it 

economically sound while reducing the net present cost and 

lifecycle cost. Moreover, this system finds the optimum 

compromise between initial investment and annual operating 

expenses, representing economic feasibility 

 

 

Figure 5: Optimization results of the hybrid energy system using HOMER  

Cost Summary and Economic Feasibility 

As indicated in Table 8, the economies associated with the 

hybrid RE system under analysis entail a total lifecycle cost 

of approximately $ 54 million. These costs include capital ($ 

997,071), replacement ($ 153,106), and operations and 

maintenance ($ 466,922), minus the salvage value of $ 

79,655. The highest-cost component is the converter/inverter 

($ 747,812), followed by the PV subsystem ($ 390,803). 

Wind turbine and battery storage constitute moderate costs of 

$ 161 and $ 111, $25 respectively. On the other hand, the 

diesel generator and power grid connections constitute very 

minor cost components. These figures indicate that the hybrid 

RE system under discussion has an economic structure 

mainly consisting of capital-intensive components. Efficient 

operations and maintenance are essential for the long-term 

viability of hybrid RE systems in critical facilities, such as 

hospitals. Figure 6 provides an overview of cash flows in a 

long-term project. In year 0, the capital cost would be 

approximately JOD 000,000. No operating gains are observed 

until Year 15, at which point the replacement cost would be 

approximately 200,000 JOD. In Year 20, the investment 

yields a positive gain of approximately +300,000 JOD from 

the residual value and operating profits. Such a cash flow 

pattern is characterized by large investments at the beginning, 

an expense at midlife, and an end-of-life gain, usually 

analyzed via NPV and IRR. 

Electrical and System Simulation Results 

Power generation from the system for the year totals 357,246 

kWh, with photovoltaic modules producing 26.3% (94,091 

kWh) and the wind turbines contributing 36.7% (131,203 

kWh). It should be noted that the generator was not used 

throughout the year, which means that using renewable 

sources for generating electricity is a wise decision. 

Purchased electricity accounted for 36.9% or 131,951 kWh of 

total electricity production. In this case, electricity supply 

could be ensured continuously, and seasonal changes would 

have been evened out. These proportions show that the 

renewable energy sources play an important role in 

generating electricity; however, the integration into the 

electricity grid plays a key role. Therefore, it is possible to 

state that a hybrid system can provide stable power and 

export energy and gain some extra income from it. This 

system proves to be reliable from the point of view of 

financial efficiency, since it was able to produce 18,610 

kWh/year, which is 5.21% of total electricity generation. 

Meanwhile, there were no unmet electrical loads and excess 

capacity. Thus, the results presented in Table 10 show that a 

combined PV-wind-battery system is effective in ensuring 

stable generation of electricity. On the other hand, there are 

no shortages, and even the surplus of electricity generated 

serves as a good indication of how efficient the operation of 

such systems can be, and whether such systems may be 

applied to vital places such as hospitals. The stacked bar 

graph shows the average monthly electricity produced by the 

hybrid renewable energy system throughout the year. To put 

it simply, the graph shows the amount of electricity produced 

using different sources. Each month on the graph is 

represented by a single bar, split into the CAT-50 generator, 

EO20 source, grid power, and SMA60-US photovoltaic 

modules. It is apparent that electricity generation in the 

hybrid system is fairly steady throughout the year; electricity 

generation is roughly equal from all sources.  

Wind System Results 

In the third case, the wind system exhibited the same 

production pattern as in the first case. Figure 8 shows the 

wind system's annual production curve, demonstrating its 

effectiveness over 12 months, while Table 12 shows 

consistent performance, with a capacity factor of 37.4% and 

an annual energy output of 131,203 kWh. Its economic 

viability is reflected in a levelized cost of 147LD/kWh and a 

wind penetration of 42%. 

Grid Results 

Because the grid operates only to cover any unmet load, the 

amount of energy purchased from the grid depends directly 
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on PV and wind system output. When the combined output of 

PV and wind energy exceeds the load demand, the surplus 

electricity is exported to the grid. Table 14 summarizes the 

annual energy purchased from and sold to 
 

 

Table 8: Cost Summary and Economic Feasibility 

System 

component 
Capital ($) Replacement ($) 

Operating 

&maintenance ($) 
Fuel ($) Salvage ($) 

Total 

($) 

PV 275,000.000 0.00 115,802.750 0.00 0.00 390,802.750 

Wind 200,000.000 0.00 23,160.550 0.00 0.00 223,160.550 

Generator 10,000.000 0.00 0.00 0.00 -2,187.018 7,812.982 

Battery 12,000.000 4,610.294 11,580.275 0.00 -3,079.626 25,110.944 

Converter 500,000.000 148,495.840 173,704.126 0.00 -74,388.382 747,811.584 

Grid 0.00 0.00 142,666.058 0.00 0.00 142,666.058 

Overall system 997,071.429 153,106.134 466,922.031 0.00 -79,655.026 1,537,444.568 

 
 

Figure 6: The cash flow profile of a long‑term project 

 

Figure 7: Monthly average electric production 

 

Figure 8: The annual power output profile of the wind energy 
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Figure 9: PV power output 

Table 9: Technical, Operational, and Economic Performance 

Quantity  Value  Units 

Rated capacity 40 kW 

Mean output 15 kW 

Capacity factor 37.4 % 

Total production 131,203 kWh/yr 

Operational and Economic Characteristics 

Quantity  Value  Units 

Minimum output 0 kW 

Maximum output 40 kW 

wind penetration 42.2 % 

Hours of operation 6,964 hr/yr 

Levelized cost 0.147 .د.ل/kWh 

 

the grid, highlighting the balance between renewable 

generation and grid interaction (Figures 10 and 11). Heatmap 

of the energy purchased from the grid over one year. The 

operating principle of the hybrid system depends on the net 

energy balance (𝐸𝑏𝑎(𝑡)), using the equation below (17) [53-

60], which dictates the direction of energy transfer depending 

on three vital conditions. The excess energy condition 

𝐸𝑠𝑢occurs when generation exceeds demand, allowing battery 

charging or energy export to the grid. The neutral energy 

condition (𝐸𝑁𝑒) holds when there is no excess generation, and 

the generation level exactly meets the demand level. The 

shortage of energy condition (𝐸𝑠ℎ) exists when the demand 

level is higher than the generation level. 

Table 10 : Expected electrical output results 

Production  (kWh/yr) % 

PV array 94,091 26.3 

Wind turbines 131,203 36.7 

Generator1 0 0 

Grid Purchases 131,951 36.9 

Total 357,246 100 

Quantity (kWh/yr) % 

Excess electricity 18,610 5.21 

Unmet electric load 0 0 

Capacity shortage 0 0 

 

PV System Results 

The hybrid system's performance evidences this. With a 50 

kW capacity, the hybrid system generates a mean power of 

10.7 kW (258 kWh per day) and an annual energy production 

of 94,091 kWh, with a capacity factor of 21.5%. The system 

generates between 0 and 50 kW, indicating that photovoltaic 

panels play an important role in electricity generation in the 

hybrid system, with a solar contribution of 30%. (See Table 

11 and Figure 9.) Therefore, the hybrid system has been 

designed to produce efficient, reliable, economical, and 

sustainable electricity suitable for use in a hospital. 
 

Tale 11: Technical, Operational, and Economic Performance of the 

PV System 

Quantity Value Units 

Rated capacity 50 kW 

Mean output 10.7 kW 

Mean output 258 kWh/d 

Capacity factor 21.5 % 

Total production 94,091 kWh/yr 

Operational and Economic Characteristics 

Quantity Value Units 

Minimum output 0 kW 

Maximum output 50 kW 

PV penetration 30.3 % 

Hours of operation 4,385 hr/yr 

Levelized cost 0.359 .د.ل/kWh 

 

The analysis of the performance of the hybrid system reveals 

that there is a great difference between the locally generated 

energy and that needed by the health centre. Based on the 

findings in Table 13, the wind and solar systems generate a 

mean daily output of 26.72 kWh, which represents just 3.1% 

of the total energy needed of 851.49 kWh per day. This has 

led to an urgent energy deficiency of 824.77 kWh. It shows a 

high level of dependence on the external sources of energy, 

such as the power grid. For reliable medical services, more 

energy must be generated. 

𝐸𝑏𝑎(𝑡) = 𝐸𝑔𝑟𝑖𝑑  (𝑡) − 𝐸𝑙𝑜𝑎𝑑(𝑡)                            (17) 

{

> 0;   𝐸𝑛𝑟𝑔𝑦 𝑠𝑢𝑟𝑝𝑙𝑢𝑠 Eload(t)

= 0;   Enrgy balance ENe(t)

< 0; 𝐸𝑛𝑟𝑔𝑦 𝑠ℎ𝑜𝑟𝑡𝑎𝑒  𝐸𝑠ℎ (𝑡)

                    

Table 12: The wind and solar systems generate a mean daily output 

Parameter Symbol Value Unit 

Total Annual 

Generation 
𝐸𝑎𝑛𝑛 9,753.8 kWh/year 

Average Daily 

Generation 
𝑝𝑙,𝑑 851.49 kWh/year 

Self-Sufficiency 

Ratio 

SSR 

 

3.1% 

 
% 

Daily Energy 

Deficit 
𝐸𝑠ℎ 824.77 kWh 

The analysis of the performance of the hybrid system reveals 

that there is a great difference between the locally generated 

energy and that needed by the health centre. The wind and 

solar systems generate a mean daily output of 26.72 kWh, 

which represents just 3.1% of the total energy needed of 

851.49 kWh per day. This has led to an urgent energy 

deficiency of 824.77 kWh. It shows a high level of dependence 

on the external sources of energy, such as the power grid. For 
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reliable medical services, more energy must be generated. 

Converter System Results 

 The simulation outcome has proven the effectiveness of the 

bidirectional converter as regards the handling of energy from 

the AC bus to the DC bus. Depending on the generation, 

usage, and storage of energy, the converter performs as both 

the inverter and the rectifier. This enables the microgrid 

system to perform well all the time. This kind of system 

improves reliability and saves costs, which are very important 

in health facilities that should not have power interruptions at 

all times. The inverter performance is evident from Table 13, 

recording a capacity factor of 44.8% and yearly energy 

generation of 196,350 kWh with no effective contribution from 

the rectifier, whose loss amounts to 10,334 kWh. Figure 12 

illustrates the inverter and rectifier output. 

Economic Performance and LCOE Analysis of the 

Hybrid System 

Table 13: Technical and Operational Performance of Inverter and 

Rectifier. 

Quantity Inverter Rectifier Units 

Capacity 50.0 50.0 kW 

Mean output 24.2 0 kW 

Minimum output 0 0 kW 

Maximum output 50.0 0 kW 

Capacity Factor 44.8 0 % 

Hours of Operation 7,524 0 hrs/yr 

Energy Out 196,350 0 kWh/yr 

Energy In 206,685 0 kWh/yr 

Losses 10,334 0 kWh/yr 

A detailed assessment of the economic feasibility of the 

hybrid power plant suggests stability and sustainability with a 

net present cost of $10,537,445, reflecting an appropriate 

approach in investment terms for this venture. In addition, 

this system attains a very competitive LCOE of  

  

 

 

Figure 10: Heatmap of energy sold to the grid throughout the year 

Table 14: Annual energy purchased and sold to the grid 

 

Month 

Energy 

Purchased (kWh) 

Energy Sold 

(kWh) 

Net 

Purchases (kW) 

Peak 

Demand (kW) 

Energy 

Charge 

Jan 12,328 1,282 11,046 53 1,168.690 

Feb 9,694 1,519 8,175 52 893.453 

Mar 10,778 1,718 9,060 50 991.910 

Apr 9,540 1,622 7,917 51 872.849 

May 9,267 1,868 7,399 47 833.330 

Jun 8,680 2,003 6,677 43 767.872 

Jul 11,027 1,592 9,435 41 1,023.086 

Aug 11,267 1,249 10,019 41 1,064.284 

Sep 11,218 1,149 10,069 49 1,064.328 

Oct 12,413 1,161 11,252 52 1,183.247 

Nov 12,638 1,272 11,366 52 1,200.235 

Dec 13,101 1,074 12,028 53 1,256.463 

Annual 131,951 17,508 114,444 53 12,319.747 

 

Figure 11: Heatmap of energy sold to the grid throughout the year 
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Figure 12: Inverter and rectifier output 

$0.4044/kWh, which is lower than the cost of energy 

generation from conventional means in the region, and the 

annual carbon dioxide (CO2) emission of the system is 

83,393 kg/year (=83.4 tons/year) as obtained from HOMER 

Pro simulation results. The economic advantages of the 

system have been exemplified by its ability to maintain low 

operational costs at just $4,624,663 per year due to 

minimized fuel consumption and efficient resource use. 

 Environmental Benefit (𝑪𝐂𝐎𝟐) 
One particularity of this approach is the addition of the 

“Environmental Damage Cost.” Since the process produces 

no carbon dioxide, there are savings associated with this non-

emission of carbon dioxide, estimated at $70/ton can be 

calculated by equation (16) [63]. The operational feasibility 

of the suggested hybrid system is based on a close coupling 

of technical and socio-economic factors. Specifically, in 

calculating LCOE, the economic evaluation model considers 

the initial capital investment cost ($45,000) and annual 

operation and maintenance (O&M) costs of $1,200 over 25 

years of the system's lifespan. An innovative element of the 

analysis of economic feasibility in our case is related to the 

use of the environmental damage cost CCO2. In particular, by 

assigning a value of $70 per ton to avoided carbon dioxide 

emissions, the system can create an environmental credit 

worth approximately $480 per year. In such a way, a part of 

the annual O&M costs is offset, and an effective energy cost 

of $0.47 per kWh is provided. As a result, it becomes clear 

that our hybrid wind and solar energy system is not only an 

effective but also economically justified means of meeting 

the load requirements of the healthcare centre. The calculated 

findings are shown in Table 15. 

Table 15: Economic Indicators and LCOE Calculation Results 

Parameter Symbol Value Unit 

Discount Rate 𝑟 6 - 8 % 

System Lifetime 𝑛 20 - 25  

Capital Cost C 
45,000 

 
 

O&M Costs 𝐶O&𝑀 1,200 $/ kWh 

CCO2 Emission Factor 

 
𝐸𝐹𝐶𝑂2 0.5-0.7 $/yere 

Carbon Social Cost ∅𝐶𝑂2   70  

Carbon Savings Cost CCO2 480 $/year 

Levelized Cost of Energy 𝐿𝐶𝑂𝐸 0.47 $/kWh 

The calculated findings, as shown in Table 16. Therefore, the 

hybrid power system’s performance is summarized by its 

storage needs, economic feasibility, and environmental 

impact. For the uninterrupted work of medical equipment, the 

necessary capacity of the battery(pB) equals 1,097.3 kWh, 

calculated based on daily consumption ld of 851.49 kWh, 

taking into account the 0.8 depth of discharge and 

temperature compensation coefficient CFT 1.031. From the 

perspective of economic feasibility, the levelized cost of 

energy production for the system is $5,061 annually, defined 

as NPV annuity. calculated by the following equation (14). It 

is calculated considering the cost C of $45,000 allocated to 

purchase equipment, amortized via capital recovery factor 

over 25 years, along with additional annual operating costs 

(O&M). However, the environmental cost_CCO2 of $480 per 

year can be considered a benefit in terms of avoiding carbon 

emissions that otherwise would have cost society $70 per ton. 

Table 16: Integrated Technical-Economic and Environmental 

Sustainability and Calculation Results 

Parameter Symbol Value Unit 

Required Battery Capacity 𝑃𝐵 1,097.3 kWh 

Annualized System Cost 𝑁𝑃𝑉 5,061 $/year 

Avoided Carbon Cost CCO2 478 $/year 

Levelized Cost of Energy 𝐿𝐶𝑂𝐸 0.47 $/kWh 

Temperature Correction Factor 𝐶𝐹𝑇 1.031 - 

Conclusions 
Through the study, it is evident that there is the possibility for 

a hybrid renewable energy system that combines solar PV 

and wind energy systems to meet the energy demands for a 

health care facility in Gharyan, Libya. Through the 

optimization model, it is clear that the hybrid energy system 

has been effective in meeting the demands without having to 

rely on fossil fuel energy sources. The total energy 

production for the year has been determined, with an 

impressive energy output from both the solar PV and wind 

subsystems. The output energy will be controlled by the grid, 

which considers variations in energy demands. It is important 

to note that the absence of diesel generators in the energy 

production process shows that there is the possibility of 

meeting the demands through renewable energy sources. 

Author Contributions: Aisa: conceptualization and 



Aisa, et al.  

Wadi Alshatti University Journal of Pure and Applied Sciences, vol. 4, no. 2, Jaly-December 2026 Page 84 

methodology, simulation, writing original manuscript. 

Alharari and Elarb: software, data analysis. Nassar and El-

Khozondar: visualization and critical review of the work. all 

authors have read and approved the final version of the 

manuscript for publication. 
Conflict of interest: "The authors declare that there are no 
conflicts of interest." 
Funding: "This research received no external funding." 
Data Availability Statement: "The data supporting the 
findings of this study are available from the corresponding 
author upon reasonable request." 

References 
[1] A .Makhzom, et al. " Estimation of CO2 emission factor for 

Power Industry Sector in Libya." The 8th International 

Engineering Conference on Renewable Energy & Sustainability 

(ieCRES 2023), 08-09 May 2023, Gaza, Palestine. 

https://doi.oeg/10.1109/ieCRES57315.2023.10209528 

[2] N. Fathi, et al. "Estimation of CO2 emission within Libya's 

electricity generation sector." Next Research, vol. 2, no. 3, p. 

100567, 2025. https://doi.org/10.1016/j.nexres.2025.100567. 

[3] Y. Nassar,et al. " Towards Green Economy: Case of Electricity 

Generation Sector in Libya." Solar Energy and Sustainable 

Development Journal, vol. 14, no. 1, pp. 334–360, 2025. 

https://doi.org/10.51646/jsesd.v14i1.549 

[4] A. Youssef. "Nuclear Plants Trends for Development Planning 

in Egypt." Wadi Alshatti University Journal of Pure and Applied 

Sciences, vol. 4, no. 1, pp. 277-286, 

2026. https://doi.org/10.63318/waujpasv4i1_29 

[5] N. Fathi, K. Aissa, and S. Alsadi, "Air Pollution Sources in 

Libya," Research & Reviews: Journal of Ecology and 

Environmental Sciences, vol. 6, no. 1, pp. 63–79, 2018. 

https://doi.org/10.63318/waujpasv3i1_23 

[6] O. Abualoyoun, and A. Amar. “Toward Achieving Net-Zero in 

the Evolution of the Global Energy Sector.” ijees, vol. 3, no. 1, 

pp. 143–156, 2025. https://doi.org/10.65998/ijees.v3i1.128 

[7] A. Shleag, F. Shiha, and N. Aborba. “Environmental and Air 

Pollution’s Impact on Health: Challenges and Opportunities.” 

ijees, vol. 2, no. 3, pp. 23–34, 2024. 

https://doi.org/10.65998/ijees.v2i3.91 

[8] M. Inweer, et al. "Carbon Emissions Life Cycle Assessment of 

Cement Industry in Libya." Wadi Alshatti University Journal of 

Pure and Applied Sciences, vol. 3, no. 2, pp. 162-173, 

2025. https://doi.org/10.63318/waujpasv3i2_21 

[9] M. Inweer, et al. "Carbon Emissions Life Cycle Assessment of 

Cement Industry in Libya." Discover Concrete and Cement, vol. 

1, no. 1, p. 37. https://doi.org/10.1007/s44416-025-00037-1 

[10] K. Omemen, and M. Aldbbah. “Climate Change: Key 

Contributors and Sustainable Solutions.” ijees, vol. 3, no. 1, pp. 

10–27, 2025. https://doi.org/10.65998/ijees.v3i1.105 

[11] Y. Nassar, and M. Khaleel. “Sustainable Development and the 

Surge in Electricity Demand Across Emerging 

Economies.” ijees, vol. 2, no. 1, pp. 51–60, 2024. 

https://doi.org/10.65998/ijees.v2i1.77 

[12] Y. Nassar, et al. "Technical and environmental cost-benefit 

analysis of strategies towards a green economy in the electricity 

sector in Libya." Economics and Policy of Energy and the 

Environment, vol. 2, pp. 133-167, 2025. 

https://doi.org/10.3280/EFE2025-002007 

[13] M. Andeef, et al. “The Role of Renewable Energies in 

Achieving a More Secure and Stable Future.” ijees, vol. 1, no. 2, 

pp. 11–20, 2023. https://doi.org/10.65998/ijees.v1i2.17 

[14] M. Khaleel, et al. “Enhancing Microgrid Performance through 

Hybrid Energy Storage System Integration: ANFIS and GA 

Approaches.” ijees, vol. 1, no. 2, pp. 38–48, 2023. 

https://doi.org/10.65998/ijees.v1i2.34 

[15] A. Almabrouk and S. Ali Abulifa, “The Technology of 

Renewable Energy and Its Role in Achieving Sustainable 

Development ”, ijees, vol. 1, no. 2, pp. 1–9, Apr. 2023. 

https://doi.org/10.65998/ijees.v1i2.16 

[16] M. Mohammed, Y. Nassar, H. El-Khozondar, and M. Al Bari. 

"Renewable energy in Libya: A systematic review of resources, 

costs, and implementability." Energy 360, vol. 5, p. 100066, 

2026. https://doi.org/10.1016/j.energ.2026.100066. 

[17] M. Abuhelwa, et al. " Exploring the Prevalence of Renewable 

Energy Practices and Awareness Levels in Palestine." Energy 

Science & Engineering, vol. 13, no. 3, pp. 1292-1305, 2025. 

https://doi.org/10.1002/ese3.2070 

[18] M. Mohamed, A. Yousef, and A. Hafez. "Concise Comparative 

Study of Economic Dispatch of Electrical Power 

Systems." Wadi Alshatti University Journal of Pure and Applied 

Sciences, vol. 4, no. 1, pp. 404-413, 

2026. https://doi.org/10.63318/waujpasv4i1_44 

[19] M. Nyasapoh, et al. "Navigating Renewable Energy Transition 

Challenges for a Sustainable Energy Future in Ghana." Solar 

Energy and Sustainable Development Journal, vol. 14, no. 1, pp. 

237–257, 2025. https://doi.org/10.51646/jsesd.v14i1.479 

[20] M. Khaleel, Z. Yusupov, S. Rekik. "Exploring trends and 

predictions in renewable energy generation." Energy 360, vol. 4, 

p. 100030, 2025. https://doi.org/10.1016/j.energ.2025.100030 

[21] S. Rekik, and S. El Alimi. "Prioritizing sustainable renewable 

energy systems in Tunisia: An integrated approach using hybrid 

multi-criteria decision analysis." Energy Exploration & 

Exploitation, vol. 42, no. 3, pp. 1047-1076, 2024.   

[22] S. Rekik, and S. El Alimi. "A spatial perspective on renewable 

energy optimization: case study of southern Tunisia using GIS 

and multicriteria decision making."Energy Exploration & 

Exploitation, vol. 42, no. 1, pp. 265-291, 2024. 

https://doi.org/10.1177/01445987231210962 

[23] W. Salah, M. Abuhelwa, and M. Bashir. "The key role of 

sustainable renewable energy technologies in facing shortage of 

energy supplies in Palestine: Current practice and future 

potential." Journal of Cleaner Production, 125348, 2021. 

[24] M. Bashir, S. Abdelhak, W. Salah, and M. Abuhelwa. 

"Exploring public perception and willingness to pay for a 

renewable source of energy: evidence from an emerging 

economy of renewable-energy development." Clean Energy, 

vol. 8, no. 2, pp. 177–188, 2024. 

[25] W. Salah, J. Tamimi, and S. Al-Takrouri. "Utilizing Renewable 

Energy Sources to Mitigate Power Outages in Hebron, Palestine: 

A Case Study." Palestine Polytechnic University, 2025. 

[26] M. Moumani. "Management of sustainable development in the 

light of Arab and international cooperation, a case study of the 

Arab vision of management of sustainable development." Wadi 

Alshatti University Journal of Pure and Applied Sciences, vol. 1, 

no. 1, pp. 1-8, 2023. https://doi.org/10.63318/waujpasv1i1_01 

[27] B. Ahmed, et al. "Technical, Economical and Environmental 

Aspects of Hybrid Renewable Energy Systems."  Scientific 

Journal for Publishing in Health Research and Technology, vol. 

1, no. 2, pp. 01-17, 2025. https://doi.org/10.65420/sjphrt.v1i2.8 

[28] Y. Nassar. "Thermodynamic Analysis and Optimization 

Procedure for Domestic Solar Water Heating System." 

American Journal of Energy and Power Engineering, vol. 2, no. 

6, pp. 92-99, 2015. 

https://www.researchgate.net/publication/339783152 

[29] A. Fadiel, et al. "Transforming Solar Energy with AI and Smart 

Technologies." Renewable Energy Resources Assessment and 

Development in MENA/Mediterranean Regions. Earth and 

Environmental Sciences Library. Springer, Cham. 

https://doi.org/10.1007/978-3-032-09407-0_11 

[30] M. Elmnifi, et al. "Simulating the Energy, Economic and 

Environmental Performance of Concentrating Solar Power 

Technologies Using SAM: Libya as a Case Study." Solar 

https://doi.org/10.63318/waujpasv4i1_29
https://doi.org/10.63318/waujpasv3i2_21
https://doi.org/10.63318/waujpasv4i1_44
https://doi.org/10.63318/waujpasv1i1_01
https://doi.org/10.65420/sjphrt.v1i2.8


Aisa, et al.  

Wadi Alshatti University Journal of Pure and Applied Sciences, vol. 4, no. 2, Jaly-December 2026 Page 85 

Energy and Sustainable Development Journal, vol. 12, no. 2, pp. 

4–23, 2023. https://doi.org/10.51646/jsesd.v12i2.153 

[31] H. El-Khozondar, et al. "Feasibility of Concentrating Solar 

Power as a Solar Fuel for Electrical Power Stations: A Case 

Study of Ubari Gas-Power Station in Libya." Wadi Alshatti 

University Journal of Pure and Applied Sciences, vol. 4, no. 1, 

pp. 56-69, 2026. https://doi.org/10.63318/waujpasv4i1_06 

[32] M. Mohammed, E. Mohammed, R. Elzer, and Y. Nassar. 

"Techno-Economic Feasibility of Parabolic Trough Solar Steam 

for Thermal Enhanced Oil Recovery." Wadi Alshatti University 

Journal of Pure and Applied Sciences, vol. 4, no. 1, pp. 184-

190, 2026. https://doi.org/10.63318/waujpasv4i1_19 

[33] A. Alkhazmi, et al. "Design and Analysis of PV Solar Street 

Lighting systems in Remote Areas: A Case Study." Wadi 

Alshatti University Journal of Pure and Applied Sciences, vol. 4, 

no. 1, pp. 1-14, 2026. https://doi.org/10.63318/waujpasv4i1_01 

[34] A. Alsharif, et al. "Mitigation of Dust Impact on Solar 

Photovoltaics Performance Considering Libyan Climate Zone: 

A Review." Wadi Alshatti University Journal of Pure and 

Applied Sciences, vol. 1, no. 1, pp. 22-27, 2023. 

https://www.waujpas.com/index.php/journal/article/view/7 

[35] H. El-Khozondar, et al. "DC off-grid PV system to supply 

electricity to 50 boats at Gaza seaport." 2023 8th International 

Engineering Conference on Renewable Energy & Sustainability 

(ieCRES), 08-09 May 2023, Gaza, Palestine. https://doi.org/ 

10.1109/ieCRES57315.2023.10209467 

[36] M. Al-Maghalseh , A. Hammad, M. Hamdan, and E. 

Abdelhafez. "Thermal Comfort of Buildings Integrated 

Photovoltaics (BIPV)." Wadi Alshatti University Journal of 

Pure and Applied Sciences, vol. 4, no. 1, pp. 146-164, 

2026. https://doi.org/10.63318/waujpasv4i1_16 

[37] W. Salah, et al. "Grid Reliability Enhancement via PV-Diesel 

Hybrid System in Palestine: Load Flow Analysis and CO₂ 

Assessment." Wadi Alshatti University Journal of Pure and 

Applied Sciences, vol.4, no. 1, pp. 436-452, 

2026. https://doi.org/10.63318/waujpasv4i1_48 

[38] F. El-Batta, et al. "AI-Based Monitoring of Solar Panels in 

Desert Environments: Distinguishing Dust Accumulation for 

Fault Detection." Wadi Alshatti University Journal of Pure and 

Applied Sciences, vol. 4, no. 1, pp. 340-353, 

2026. https://doi.org/10.63318/waujpasv4i1_38 

[39] D. Albuzia, A. Ali, M. Mohmed, and A. Hafez. "Reliable and 

Robust Optimal Interleaved Boost Converter Interfacing 

PhotoVoltaic Generator." Wadi Alshatti University Journal of 

Pure and Applied Sciences, vol. 3, no. 2, pp. 192-201, 

2025. https://doi.org/10.63318/waujpasv3i2_24 

[40] M. Khaleel, et al. “An Integrated PV Farm to the Unified Power 

Flow Controller for Electrical Power System Stability.” ijees, 

vol. 1, no. 1, pp. 18–30, 2023. 

https://doi.org/10.65998/ijees.v1i1.12 

[41] A. Ghayth, Z. Yusupov, Ali Hesri, and M. Khaleel, 

“Performance Enhancement of PV Array Utilizing Perturb & 

Observe Algorithm.” ijees, vol. 1, no. 2, pp. 29–37, 2023. 

https://doi.org/10.65998/ijees.v1i2.33 

[42] A. Alsharif. “Applications of Solar Energy Technologies in 

North Africa: Current Practices and Future Prospects.” ijees, 

vol. 1, no. 3, pp. 164–173, 2023. 

https://doi.org/10.65998/ijees.v1i3.59 

[43] S. Abdulwahab, et al. “Meeting Solar Energy Demands: 

Significance of Transposition Models for Solar Irradiance.” 

ijees, vol. 1, no. 3, pp. 90–105, 2023. 

https://doi.org/10.65998/ijees.v1i3.52 

[44] M. Andeef, et al. “Transitioning to Solar Fuel Instead of Fossil 

Fuel in the Electricity Industry.” ijees, vol. 1, no. 4, pp. 32–46, 

2023. https://doi.org/10.65998/ijees.v1i4.68 

[45] A. Abu-Aeshah, M. Alghafoud, and M. Elsherif. “Performance 

Analyses Of Solar Water Heating System With Thermal Storage 

Using SAM Simulation.” ijees, vol. 3, no. 1, pp. 01–09, 2025. 

https://doi.org/10.65998/ijees.v3i1.104 

[46] M. Razig, A. Mohammed, and A. Khalifa. “Manufacturing Of A 

Solar Desalination System.” ijees, vol. 2, no. 4, pp. 19–26, 2024. 

https://doi.org/10.65998/ijees.v2i4.100 

[47] K. Amer, et al. "Economic-Environmental-Energetic (3E) 

analysis of Photovoltaic Solar Energy Systems: Case Study of 

Mechanical & Renewable Energy Engineering Departments at 

Wadi AlShatti University." Wadi Alshatti University Journal of 

Pure and Applied Sciences, vol. 3, no. 1, pp.  51-58, 

2025. https://doi.org/10.63318/waujpasv3i1_07 

[48] R. Elzer, et al. "Optimum Number of Glass Covers of Thermal 

Flat Plate Solar Collectors." Wadi Alshatti University Journal of 

Pure and Applied Sciences, vol. 2, no. 1, pp. 1-10, 

2023. https://doi.org/10.63318/ 

[49] Y. Aldali, D. Henderson, and T. Muneer, "A 50 MW very large-

scale photovoltaic power plant for Al-Kufra, Libya: Energetic, 

economic and environmental impact analysis," International 

Journal of Low-Carbon Technologies, vol. 6, no. 4, pp. 277–

293, 2011. https://doi.org/10.1093/ijlct/ctr015 

[50] I. Imbayah, et al. "Design of a PV Solar-Covered Parking 

System for the College of Renewable Energy Tajoura, Libya: A 

PVsyst-Based Performance Analysis. University of Zawia 

Journal of Engineering Sciences and Technology, 3(2), 288–

307. https://doi.org/10.26629/uzjest.2025.23 

[51] E. Salim. “Exploring the Contribution of Wind Energy to the 

Electrical Load at Wadi Alshatti University:" ijees, vol. 2, no. 2, 

pp. 46–61, 2024. https://doi.org/10.5281/zenodo.11382647 

[52] A. Elmabruk, M. Salem, M. Khaleel, and A. Mansour. 

"Prediction of Wind Energy Potential in Tajoura and Mislata 

Cities." Wadi Alshatti University Journal of Pure and Applied 

Sciences, vol. 3, no. 2, pp. 125-131, 

2025. https://doi.org/10.63318/waujpasv3i2_17 

[53] Y. Fathi, ett al. "Carbon footprint and energy life cycle 

assessment of wind energy industry in Libya," Energy 

Conversion and Management, vol. 300, p. 117846, 2024. 

https://doi.org/10.1016/j.enconman.2023.117846. 

[54] M. Elnaggar, et al. "Assessing the techno-enviro-economic 

viability of wind farms to address electricity shortages and foster 

sustainability in Palestine," Results in Engineering, vol. 24, no. 

12, p. 103111, 2024. 

https://doi.org/10.1016/j.rineng.2024.103111 

[55] A. Elmariami, et al. "Life Cycle Assessment of 20 MW Wind 

Farm in Libya." Appl. Sol. Energy, vol. 59, pp. 64–78, 2023. 

https://doi.org/10.3103/S0003701X22601557 

[56] Y. Fathi, and S. Alsadi. "Wind Energy Potential in Gaza Strip-

Palestine state." Solar Energy and Sustainable Development, 

vol. 7, no. 2, pp. 57-41, 2018. 

https://doi.org/10.51646/jsesd.v7i2.40 

[57] S. Mohammed, et al. "Carbon and Energy Life Cycle Analysis 

of Wind Energy Industry in Libya." Solar Energy and 

Sustainable Development Journal, vol. 12, no. 1, pp . 50-69, 

2023. https://doi.org/10.51646/jsesd.v12i1.150 

[58] S. Rekik, I. Khabbouchi, A. Eladeb, B. Alshammari, and L. 

Kolsi. "A spatio-techno-economic analysis for wind-powered 

hydrogen production in Tunisia." Alexandria Engineering 

Journal, vol. 128, pp. 833-851, 2025. 

[59] S. Rekik, I. Khabbouchi, and S. El Alimi. "A spatial analysis for 

optimal wind site selection from a sustainable supply-chain-

management perspective." Sustainability, vol. 17, no. 4, p. 1571, 

2025. 

[60] M. Elnaggar, et al. "Sustainable energy, economic, and 

environmental impacts of small‐scale wind turbines: A 

comprehensive study." International Journal of Energy 

Research, vol. 46, no. 8, pp. 10808-10821, 2022. 

https://doi.org/10.1002/er.7881 

[61] Hala J. El‐Khozondar, Rifa J. EL-Khozondar, Yasser F. Nassar, 

Fady El-Batta, "Technical-economical-environmental 

https://doi.org/10.63318/waujpasv4i1_06
https://doi.org/10.63318/waujpasv4i1_19
https://doi.org/10.63318/waujpasv4i1_01
https://scholar.google.com/citations?view_op=view_citation&hl=ar&user=5sitmbIAAAAJ&cstart=20&pagesize=80&citation_for_view=5sitmbIAAAAJ:BUYA1_V_uYcC
https://scholar.google.com/citations?view_op=view_citation&hl=ar&user=5sitmbIAAAAJ&cstart=20&pagesize=80&citation_for_view=5sitmbIAAAAJ:BUYA1_V_uYcC
https://doi.org/10.63318/waujpasv4i1_16
https://doi.org/10.63318/waujpasv4i1_48
https://doi.org/10.63318/waujpasv4i1_38
https://doi.org/10.63318/waujpasv3i2_24
https://doi.org/10.63318/
https://doi.org/10.63318/
https://doi.org/10.63318/waujpasv3i2_17
https://doi.org/10.1002/er.7881


Aisa, et al.  

Wadi Alshatti University Journal of Pure and Applied Sciences, vol. 4, no. 2, Jaly-December 2026 Page 86 

assessment of grid-connected hybrid renewable energy power 

system for Gaza Strip-palestine." Engineering Science and 

Technology, an International Journal, vol. 69, p. 102120, 2025. 

https://doi.org/10.1016/j.jestch.2025.102120. 

[62] M. Elnaggar, M., et al., Sustainable energy, economic, and 

environmental impacts of small-scale wind turbines: A 

comprehensive study. International Journal of Energy Research, 

2022. 46(8): pp. 10808-10821. 

[63] M. Rezal, D. Ishak, and W. Salah. "Multiobjective design of 

permanent magnet synchronous machines based on analytical 

sub-domain particle swarm optimization." in 2017 IEEE 

Conference on Energy Conversion (CENCON). 2017.  pp. 230-

235. https://doi.org/10.1109/CENCON.2017.8262489. 

[64] W. Salah, et al. "The feasibility of renewable energy recovery 

from municipal solid wastes in Palestine based on different 

scenarios." Biofuels, Bioproducts and Biorefining,  vol. 14, no. 

5: pp. 499-507, 2023. 

https://doi.org/10.1080/17597269.2022.2151428. 

[65] W. Salah, D. Ishak, and K. Hammadi, "Minimization of torque 

ripples in BLDC motors due to phase commutation - A review." 

Przeglad Elektrotechniczny, vol. 87, no. 1, pp. 183-188, 2011. 

[66] W. Salah, et al. "Analysis of Energy Recovery from Municipal 

Solid Waste and Its Environmental and Economic Impact in 

Tulkarm, Palestine." Energies, vol. 16,  pp. 5590, 2023. 

https://doi.org/10.3390/en16155590. 

[67] W. Salah, et al. Assessment of waste to energy approaches to 

compensate for the shortage in energy supply in Gaza, 

Palestine." Biofuels, Bioproducts and Biorefining, vol. 19, no. 6: 

pp. 2318-2332, 2025. https://doi.org/10.1002/bbb.70027. 

[68] B. Alsayid, W. Salah, and Y. Alawneh. "Modelling of sensored 

speed control of BLDC motor using MATLAB/SIMULINK." 

International Journal of Electrical and Computer Engineering, 

vol. 9, no. 5: pp. 3333-3343, 2019. 

https://doi.org/10.11591/ijece.v9i5.pp3333-3343 

[69] H Awad, et al. "Energy, economic and environmental feasibility 

of energy recovery from wastewater treatment plants in 

mountainous areas: a case study of Gharyan city–Libya." Acta 

Innovations, pp. 46-56, 2023. 

[70] A. Miskeen, et al. "Electricity from wastewater treatment 

plants/" Solar Energy and Sustainable Development Journal, 

vol. 12, no. 2, pp. 24-37, 2023. 

https://doi.org/10.51646/jsesd.v12i2.156 

[71] H.El-Khozondar, F. El-Batta, R. EL-Khozondar, R. Afif, and C. 

Pfeifer. "Microgrid for Remote Area In Gaza Strip Powered By 

Solar Energy And Olive Oil Mill Waste." Sustainable Energy 

and Environmental Protection (SEEP) 2021, 13 – 16 Srptember 

2021. 

[72] M Elmnifi, et al. "Design of an Innovative Wastewater 

Treatment System Using Photovoltaic-Hydro System Coupled 

with Reverse Osmosis Technology: Sustainability and 

Continuous Improvement." Proceedings of the 7th International 

Symposium on Water Resource and Environmental 

Management, 2025. https://doi.org/10.1007/978-3-031-88850-

2_12 

[73] M. Mohammed, M. Al Bari, Y. Nassar, H. El-Khozondar. 

"Biogas and biomethane value chains: A critical review of 

anaerobic digestion, upgrading, utilization, and system 

integration." Biomass and Bioenergy, vol. 214, p. 109562, 2026. 

[74] M. Elmnifi, D. Aleksandrovna, M. Khaleel, Y. Nassar, A. 

Ibrahim. "Energy recovery from municipal solid waste 

incineration: Benghazi Libya—case study." Future Smart Cities, 

pp. 167-192, 2026. 

[75] F. Farouj, and R Al-Sharif. "Organization and Management of 

Household Solid Waste in Brack Alshatti City and its 

Environs." Wadi Alshatti University Journal of Pure and 

Applied Sciences, vol. 2, no. 1, pp. 46-55, 2024. 

https://waujpas.com/index.php/journal/article/view/47 

[76] I. Mangir, et al. "Feasibility of innovative topography-based 

hybrid renewable electrical power system: A case study." 

Cleaner Engineering and Technology, vol. 14, p. 100650, 2023. 

https://doi.org/10.1016/j.clet.2023.100650 

[77] S. Rekik, J. Mensah, and M. Khaleel. "Sustainable Waste 

Management in Developing Countries: Applying MCDM to 

Waste-to-Energy in Tunisia." The International Conference on 

Sustainable Waste Management (SWM 2025), 2025. 

https://www.researchgate.net/profile/Sassi-

Rekik/publication/390756398 

[78] S. Rekik, and S. El Alimi. "Optimal wind-solar site selection 

using a GIS-AHP based approach: a case of Tunisia."  Energy 

Conversion and Management: X, vol. 18, p. 100355, 2023. 

https://doi.org/10.1016/j.ecmx.2023.100355 

[79] S. Rekik, and S. El Alimi. "Unlocking renewable energy 

potential: A case study of solar and wind site selection in the 

Kasserine region, central‐western Tunisia." Energy Science & 

Engineering, vol. 12, no.  3, pp. 771-792, 2024. 

https://doi.org/10.1002/ese3.1650 

[80] A Aqila, et al. "Design and Analysis of a (PV/Wind/Battery) 

Hybrid Renewable Energy System for Residential buildings 

under real time conditions." Engineering for Palestine 

Conference, Palestine Polytechnic University, Hebron, 

Palestine, 29–30 September 2025. 

https://www.researchgate.net/profile/Yasser-Nassar-

3/publication/396910534 

[81] S. Rekik, I. Khabbouchi, D. Lounissi, M. Khaleel, D. Richards, 

and L. Kolsi. "Opportunities and Challenges of Solar-Wind-

Powered Hydrogen in Emerging Economies: A Spatial and 

Techno-Economic Analysis." 2025 Global Conference on 

Sustainable Energy and Net-Zero Emissions (SENZE), 28-29 

October 2025, Hail, Saudi Arabia. 

https://doi.org/10.1109/SENZE66459.2025.11428538 

[82] B. Kumar, S. Rekik, D. Richards, amd H. Yabar. "Solar-

Assisted Thermochemical Valorization of Agro-Waste to 

Biofuels: Performance Assessment and Artificial Intelligence 

Application Review." Waste, vol. 4, no. 2, 2026. 

https://doi.org/10.3390/waste4010002 

[83] B. Ahmed, N. Fathi, E. Hala, and M. Khaleel. "Optimal Design 

of Hybrid Renewable Energy System (PV/Wind/PHS) Under 

Multiple Constraints of Connection to the Electricity Grid: A 

Case Study." Wadi Alshatti University Journal of Pure and 

Applied Sciences, vol. 4, no. 1, pp. 83-93, 

2026. https://doi.org/10.63318/waujpasv4i1_09 

[84] S. Alfathi, G. Miskeen, and W. Mremi. "Evaluation and 

Prediction Performance of Solar Panel and Wind Turbine 

Systems Using Simulation." Wadi Alshatti University Journal of 

Pure and Applied Sciences, vol. 4, no. 1, 94-104, 

2026. https://doi.org/10.63318/waujpasv4i1_10 

[85] S. Ahmad, A. Agrira, and N. Fathi. "The Impact of Loss of 

Power Supply Probability on Design and Performance of Wind/ 

Pumped Hydropower Energy Storage Hybrid System." Wadi 

Alshatti University Journal of Pure and Applied Sciences, vol. 3, 

no. 2, pp. 52-62, 2025. https://doi.org/10.63318/waujpasv3i2_06 

[86] E. Salim, et al. "Performance Evaluation of a Standalone PV-

Hydrogen Power System for Continuous Supply Reliability in 

Brack Al-Shatti." Wadi Alshatti University Journal of Pure and 

Applied Sciences, vol. 4, no. 1, pp. 362-376, 

2026. https://doi.org/10.63318/waujpasv4i1_40 

[87] A. Aqila, A. Abubaker, and Y. Nassar. "Design of a Hybrid 

Renewable Energy System to Meet Housing Thermal Loads: 

Performance Evaluation Under Real Conditions of a House in 

Samno Region, Libya." Wadi Alshatti University Journal of 

Pure and Applied Sciences, vol. 3, no. 2, pp. 179-191, 

2025. https://doi.org/10.63318/waujpasv3i2_23 

[88] A. Al-Mousa, and B. Al-Dakhil. "Using Geographic Information 

Systems (GIS) in Analyzing the Digital Elevation Model (DEM) 

for Idlib Governorate, Northwest Syria." Wadi Alshatti 

https://doi.org/10.1109/CENCON.2017.8262489
https://doi.org/10.1080/17597269.2022.2151428
https://doi.org/10.3390/en16155590
https://doi.org/10.1002/bbb.70027
https://scholar.google.com/citations?view_op=view_citation&hl=ar&user=5sitmbIAAAAJ&cstart=20&pagesize=80&citation_for_view=5sitmbIAAAAJ:kzcrU_BdoSEC
https://scholar.google.com/citations?view_op=view_citation&hl=ar&user=5sitmbIAAAAJ&cstart=20&pagesize=80&citation_for_view=5sitmbIAAAAJ:kzcrU_BdoSEC
https://doi.org/10.63318/waujpasv4i1_09
https://doi.org/10.63318/waujpasv4i1_10
https://doi.org/10.63318/waujpasv3i2_06
https://doi.org/10.63318/waujpasv4i1_40
https://doi.org/10.63318/waujpasv3i2_23


Aisa, et al.  

Wadi Alshatti University Journal of Pure and Applied Sciences, vol. 4, no. 2, Jaly-December 2026 Page 87 

University Journal of Pure and Applied Sciences, SI, 42-52, 

2026. https://doi.org/10.63318/waujpas.sp_FISCSDR2026_05 

[89] A. Alatrash, et al. "Assessing the Viability of Solar and Wind 

Energy Technologies in Semi-Arid and Arid Regions: A Case 

Study of Libya’s Climatic Conditions." Appl. Sol. Energy, vol. 

60, pp. 149–170, 2024. 

https://doi.org/10.3103/S0003701X24600218 

[90] E. Salim, A. Abubaker, B. Ahmed, and Y. Nassar. "A Brief 

Overview of Hybrid Renewable Energy Systems and Analysis 

of Integration of Isolated Hybrid PV Solar System with Pumped 

Hydropower Storage for Brack city- Libya." Wadi Alshatti 

University Journal of Pure and Applied Sciences, vol. 3, no. 1, 

pp. 152-167, 2025. https://doi.org/10.63318/waujpasv3i1_22 

[91] M. Abuqila, Y. Nassar, and M. Nyasapoh. "Estimation of the 

Storage Capacity of Electric Vehicle Batteries under Real 

Weather and Drive-mode Conditions: A Case Study." Wadi 

Alshatti University Journal of Pure and Applied Sciences, vol. 3, 

no. 1, pp. 58-71, 2025. 

https://waujpas.com/index.php/journal/article/view/116 

[92] M. Amer, A. Elmojarrush, Y. Nassar, and M. Khaleel. "ritical 

Materials for EV Batteries: Challenges, Opportunities, and 

Policymakers." ijees, vol. 3, no. 1, pp. 119–133, 2025. 

https://doi.org/10.65998/ijees.v3i1.117 

[93] S. Mohammed et al. "Exploring Promised Sites for Establishing 

Hydropower Energy Storage (PHES) Stations in Libya by Using 

the Geographic Information Systems (GIS)." Wadi Alshatti 

University Journal of Pure and Applied Sciences, vol. 3, no. 1, 

pp. 85-94, 2025. https://doi.org/10.63318/waujpasv3i1_13 

[94] S. Mohammed, et al. "Exploring Optimum Sites for Exploitation 

Hydropower Energy Storage Stations (PHES) Using the 

Geographic Information Systems (GIS) in Libya." Solar Energy 

and Sustainable Development Journal, vol. 14, no. 1, pp. 394–

409, 2025. https://doi.org/10.51646/jsesd.v14i1.426 

[95] A. Aqila, et al. "Design of Hybrid Renewable Energy System 

(PV/Wind/Battery) Under Real Climatic and Operational 

Conditions to Meet Full Load of the Residential Sector: A Case 

Study of a House in Samno Village– Southern Region of 

Libya." Wadi Alshatti University Journal of Pure and Applied 

Sciences, vol. 3, no. 1, pp. 168-181, 

2025. https://doi.org/10.63318/waujpasv3i1_23 

[96] M. Elmnifi, et al. "Solar and Wind Energy Generation Systems 

with Pumped Hydro Energy: City of Derna." Proceedings of the 

7th International Symposium on Water Resource and 

Environmental Management, 2025. https://doi.org/ 10.1007/978-

3-031-88850-2_17 

[97] M. Khaleel, et al. "Battery technologies In electrical power 

Systems: Pioneering secure energy transitions." Journal of 

Power Sources, vol. 653, p. 237709, 2025. 

https://doi.org/10.1016/j.jpowsour.2025.237709 

[98] I. Latiwash, and A. Abubaker. "Performance Analysis and 

Sizing Optimization of a Utility Scale Stand-Alone Renewable 

Energy PV/Battery Storage System for Urban 

Zones." University of Zawia Journal of Engineering Sciences 

and Technology, vol. 3, no. 2, pp. 261–275, 2025. 

https://doi.org/10.26629/uzjest.2025.21 

[99] M. Elnaggar,et al. "Harnessing Solar Energy for Electricity 

Generation and Green Hydrogen Production: A Sustainable 

Pathway for Low‐Carbon Transportation in Gaza." International 

Journal of Energy Research, vol. 2026, no. 1, p.  8748862, 2026,  

[100] I. Latiwash, et al. "Energy, Economic and Environmental 

Analysis of a Solar Photovoltaic Energy System Integrated with 

a Hydrogen System to Supply the Electrical Load of an Urban 

Area." Fezzan University Scientific Journal, 2026. 

[101] M. Alnadhif, Y. Nassar, M. Salem, and S. Abdulwahab. "Design 

of a Multi-Source Hybrid Renewable Energy System (Solar, 

Wind, Biomass, and Hydrogen) for Achieving Sustainability." 

Fezzan University Scientific Journal, pp. 202-237, 2026. 

[102] A. Aqila, and Y. Nassar. "Design and Analysis of a Hybrid 

Renewable Energy System to Meet Part of the Residential 

Energy Demand in Libya." Fezzan University Scientific Journal, 

pp. 142-168, 2026. 

[103] S. Abdulwahab, Y. Nassar, M. Salem, and M. Alnadhif. "Design 

of an Off-Grid Hybrid Renewable Energy System (Solar 

Photovoltaic and Biomass) to Meet the Energy Requirements of 

the Agricultural Sector in Libya." Fezzan University Scientific 

Journal, pp. 109-141, 2026. 

[104] I. Imbayah, Y. Nassar, M. Khaleel, H. El-Khozondar, and M. 

Elmnifi. "Design of a Hybrid Photovoltaic-Battery-Diesel 

System for Green Hydrogen Production." Fezzan University 

Scientific Journal, pp. 1-22, 2026. 

[105] M. Irhouma, M. Ihmiudah, M. Fakher, and Y. Nassar. "Design, 

Modeling, and Simulation of an Off-Grid Hybrid Energy System 

Integrating Solar Photovoltaics, Diesel Generators, and Batteries 

for Brack Al-Shatti Area, Libya." Fezzan University Scientific 

Journal, pp. 180-201, 2026. 

[106] M. yasapoh, ett al. "Integrated Assessment of Nuclear-

Renewable Hybrid Energy Systems: A Pathway to Sustainable 

and Resilient Industrial Electrification in Ghana.". AFRICAN 

JOURNAL OF APPLIED RESEARCH, vol. 11, no. 2, pp. 22-46, 

2025. https://doi.org/10.26437/ajar.v11i2.969 

[107] A. Mohamed. "High-Pressure Compression, Liquefaction and 

Metal Hydrides for Hydrogen Storage." Wadi Alshatti 

University Journal of Pure and Applied Sciences, vol. 3, no. 2, 

pp. 75-84, 2025. https://doi.org/10.63318/waujpasv3i2_08 

[108] S. Baitalmal. "Dual-Fluid Compressed Air Energy Storage for 

Renewable Integration: Thermodynamic Modeling and 

Performance Evaluation." Wadi Alshatti University Journal of 

Pure and Applied Sciences, vol. 4, no. 1, pp. 429-435, 

2026. https://doi.org/10.63318/waujpasv4i1_47 

[109] A. Abduallah, et al. "Leveraging Hydrogen for Covering Energy 

Shortage in an Electricity Subgrid." Wadi Alshatti University 

Journal of Pure and Applied Sciences, vol. 4, no. 1, pp. 245-

254, 2026. https://doi.org/10.63318/waujpasv4i1_26 

[110] A. Abduallah, Y. Nassar, S. Mohammed, and M. Ghatus. 

"Integrating Electricity Sub-Grid with Pumped Hydropower 

Storage System for Grid Stability and Sustainability." Wadi 

Alshatti University Journal of Pure and Applied Sciences, vol. 3, 

no. 2, pp. 322-332, 

2025. https://doi.org/10.63318/waujpasv3i2_40 

[111] M. Amer, A. Elmojarrush, and A. Alsosi. “Materials of 

Supercapacitor: Applications and Developments.” ijees, vol. 3, 

no. 2, pp. 01–18, 2025. https://doi.org/10.65998/ijees.v3i2.118 

[112] A. Abu-Aeshah, M. Alghafoud, and M. Elsherif. “Performance 

Analyses Of Solar Water Heating System With Thermal Storage 

Using SAM Simulation.” ijees, vol. 3, no. 1, pp. 01–09, 2025. 

https://doi.org/10.65998/ijees.v3i1.104 

[113] M. Khaleel, Z. Yusupov, N. Yasser, and H. El-Khozondar. 

"Enhancing Microgrid performance through hybrid energy 

storage system integration: ANFIS and GA approaches." ijees, 

vol. 1, no. 2, pp. 38–48, 2023. 

https://doi.org/10.65998/ijees.v1i2.34 

[114] M. Khaleel, E. Yaghoubi, E. Yaghoubi, and M. Jahromi. “The 

Role of Mechanical Energy Storage Systems Based on Artificial 

Intelligence Techniques in Future Sustainable Energy Systems.” 

ijees, vol. 1, no. 1, pp. 01–31, 2023. 

https://doi.org/10.65998/ijees.v1i4.65 

[115] A. Ahmed, A. Alsharif, and N. Yasser. "Recent Advances in 

Energy Storage Technologies." ijees, vol. 1, no. 4, pp. 9–17, 

2023. 

[116] H. El‐Khozondar, et al. "Standalone hybrid PV/wind/diesel‐

electric generator system for a COVID‐19 quarantine center." 

Environmental Progress & Sustainable Energy, vol. 42, no. 3, p. 

e14049, 2023. https://doi.org/10.1002/ep.14049 

[117] Y. Nassar, et al. "Design of an isolated renewable hybrid energy 

system: a case study." Materials for Renewable and Sustainable 

https://doi.org/10.63318/waujpas.sp_FISCSDR2026_05
https://doi.org/10.63318/waujpasv3i1_22
https://doi.org/10.63318/waujpasv3i1_13
https://doi.org/10.63318/waujpasv3i1_23
https://doi.org/10.26437/ajar.v11i2.969
https://doi.org/10.63318/waujpasv3i2_08
https://doi.org/10.63318/waujpasv4i1_47
https://doi.org/10.63318/waujpasv4i1_26
https://doi.org/10.63318/waujpasv3i2_40


Aisa, et al.  

Wadi Alshatti University Journal of Pure and Applied Sciences, vol. 4, no. 2, Jaly-December 2026 Page 88 

Energy, vol. 11, no. 3, pp. 225-240, 2022. 

https://doi.org/10.1007/s40243-022-00216-1 

[118] Hala J. El‐Khozondar, Fady El-Batta, Rifa J. EL-Khozondar, 

Yasser F. Nassar, Christoph Pfeifer, Rafat Al Afif, “Utilizing on 

Grid Renewable Energy Power System for Gaza Strip”,  15th 

International Conference on Sustainable Energy & 

Environmental Protection “SEEP2023”, July 25-28, 2023, 

Brunel University London, UK, 2023. 

[119] Hala J. El‐Khozondar, Rifa J. EL-Khozondar, Fady El-Batta, 

Rafat Al Afif, Christoph Pfeifer, “Microgrid for remote area in 

Gaza Strip powered by solar energy and olive oil mill waste”, 

12th International Conference on Sustainable Energy & 

Environmental Protection (SEEP 2021), Vienna, Austria, 14th - 

17th September 2021. 

[120] Hala J. El-Khozondar, Fady El-batta, Off-Grid Hybrid Energy 

System for Dier El-Balah Quarantine Center in Palestine, 

International Conference on Electric Power Engineering (ICEPE 

-P2020), by GEDCo and Islamic University of Gaza, Gaza, 

Palestine, 23-24 March 2021. 

[121] Hala J. El‐Khozondar, Rifa J. El-Khozondar, Yasser F. Nassar, 

Fady El-Batta, “Technical-economical-environmental 

assessment of grid-connected hybrid renewable energy power 

system for Gaza Strip-Palestine”, Engineering Science and 

Technology, an International Journal, Vol. 69, 102120, 

September 2025. https://doi.org/10.1016/j.jestch.2025.102120   

[122] Yasser F. Nassar, Hala J. El-Khozondar, Mohamed Elnaggar, 

Fady El-batta, Rifa J. El-khozondar, Samer Y. Alsadi, 

“Renewable Energy Potential in the State of Palestine: Proposals 

for Sustainability”, Renewable energy focus, Volume 49, 

100576, June 2024, 

https://www.sciencedirect.com/science/article/pii/S1755008424

000401?via%3Dihub. 

[123] Hala El-Khozondar, Fady El-batta, Rifa El-Khozondar, Mansour 

Alramlawi, “Optimal Design of a Standalone Hybrid Energy 

System for a Covid-19 Quarantine Center Energization (2021)”. 

Available at SSRN: https://ssrn.com/abstract=3880850 or 

http://dx.doi.org/10.2139/ssrn.3880850  

[124] Hala J. El‐Khozondar, Fady El-Batta, Rifa J. EL-Khozondar, 

Rafat Al Afif, Christoph Pfeifer, “Microgrid for Remote Area In 

Gaza Strip Powered By Solar Energy And Olive Oil Mill 

Waste”, Proceedings of SEEP2021, 13-16 September 2021, pp 

1-6, BOKU, Vienna, Austria. 

[125] Hala J. El-Khozondar and Fady El-batta, “Hybrid energy system 

for Dier El Balah quarantine center in Gaza Strip, Palestine”, 

2021 International Conference on Electric Power Engineering – 

Palestine (ICEPE- P), 2021, IEEE Xplore, DOI: 

10.1109/ICEPE-P51568.2021.9423489. 

[126] Heyam Al-Najjar, Christoph Pfeifer, Rafat Al Afif, and Hala J. 

El-Khozondar, “Performance evaluation of a hybrid grid-

connected photovoltaic biogas-generator power system”, 

Energies, 15, 3151, pp 1-22, 2022; 

https://doi.org/10.3390/en15093151 (24-4-2022) 

[127] Heyam Al-Najjar, Hala J. El-Khozondar, Christoph Pfeifer, 

Rafat Al Afif, “Hybrid grid-tie electrification analysis of bio-

shared renewable energy systems for domestic application”, 

Sustainable Cities and Society 77, 103538-1-17, 2022, 

https://doi.org/10.1016/j.scs.2021.103538, 12-1-2022. 

[128] Heyam Al-Najjar, Christoph Pfeifer, Rafat Al Afif, Hala J. El-

Khozondar “Estimated view of Renewable Resources as a 

Sustainable Electrical Energy Source, Case Study”, Designs, 

4(3), pp 1-18, 2020, doi:10.3390/designs4030032. 

[129] HOMER Energy, HOMER Pro 3.12 Documentation. [Online]. 

Available:  (homerenergy.com in Bing). [Accessed: May 24, 

2018]. 

[130] Y. Nassar, H. El-Khozondar, and M. Fakher. "The role of hybrid 

renewable energy systems in covering power shortages in public 

electricity grid: An economic, environmental and technical 

optimization analysis." Journal of Energy Storage, vol. 108, no. 

2, p, 115224, 2025. https://doi.org/10.1016/j.est.2024.115224  

[131] N. Fathi, et al. "Design of reliable standalone utility-scale 

pumped hydroelectric storage powered by PV/Wind hybrid 

renewable system." Energy Conversion and Management, vol. 

322, p. 119173, 2024. 

https://doi.org/10.1016/j.enconman.2024.119173. 

[132] A. Naderipour, H. Kamy, J. Klemes, R. Ebrahimi, S. Chelliapan, 

S. Nowdeh, A. Abdullah and M. Marzbali, "Optimal design of 

hybrid grid-connected photovoltaic/wind/battery sustainable 

energy system improving reliability, cost and emission," Energy, 

vol. 257, p. 124679, 2022. 

[133] J. Li, P. Liu and Z. Li, "Optimal design of a hybrid renewable 

energy system with grid connection and comparison of techno-

economic performances with an off-grid system: A case study of 

West China," Computers and Chemical Engineering, vol. 159, 

p. 107657, 2022. 

[134] A. Demirci, O. Akar and Z. Ozturk, "Technical-environmental-

economic evaluation of biomass-based hybrid power system 

with energy storage for rural electrification," Renewable Energy, 

vol. 195, p. 1202e1217, 2022. 

[135] M. Das and R. Mandal, "The effect of photovoltaic energy 

penetration on a Photovoltaic-Biomass-Lithium-ion off-grid 

system and system optimization for the agro-climatic zones of 

West Bengal," Sustainable Energy Technologies and 

Assessments, vol. 53, p. 102593, 2022. 

[136] K. Kandil, I. Kadad, A. Ghoneim and R. Altawash, "Analysis of 

HCPV-LIB integrated hybrid system for renewable energy 

generation in Kuwait hot climate," Sustainable Energy 

Technologies and Assessments, vol. 53, p. 102594, 2022. 

[137] Y. Nassar, M. Abdunnabi, M. Sbeta, M. Hafez, K. Amer, A. 

Ahmed and B. Belgasim, "Dynamic analysis and sizing 

optimization of a pumped hydroelectric storage-integrated 

hybrid PV/Wind system: A case study," Energy Conversion and 

Management, vol. 229, p. 113744, 2021 

[138] P. Malik, M. Awasthi and S. Sinha, "A techno-economic 

investigation of grid integrated hybrid renewable energy 

systems," Sustainable Energy Technologies and Assessments, 

vol. 51, p. 101976, 2022. 

[139] H. Guelleh, R. Patel, C. Zaitri and I. Mujtaba, "Grid connected 

hybrid renewable energy systems for urban households in 

Djibouti: An economic evaluation," South African Journal of 

Chemical Engineering, 2022. 

[140] A. Kerboua, F. Hacene, M. Goosen and L. Ribeiro, 

"Development of technical economic analysis for optimal sizing 

of a hybrid power system: A case study of an industrial site in 

Tlemcen Algeria," Results in Engineering, vol. 16, p. 100675, 

2022  

[141] L. Van, L. Hieu, K. Chi, H. Takano and T. Duc, "An improved 

state machine-based energy management strategy for renewable 

energy microgrid with hydrogen storage system," Energy 

reports, vol. 9, pp. 194-201, 2023. 

[142] G. Ding, P. JI and M. Geng, "Technical assessment of 

Multigeneration energy system driven by integrated renewable 

energy Sources: Energetic, exergetic and optimization 

approaches," Fuel, vol. 331, p. 125689, 2023. 

[143] M. Atinsia, W. Amankwah, E. Asuamah and F. Diawuo, "Case 

studies on hybrid pumped hydro energy storage systems," in 

Pumped Hydro Energy Storage for Hybrid Systems Hybrid 

Systems, Academic Press, 2023, pp. 73-88 

[144] A. Ali, E. Karram, Y. Nassar and A. Hafez, "Reliable and 

economic isolated renewable hybrid power system with pumped 

hydropower storage," in The 22nd international Middle East 

power systems conference (MEPCON 2021 ), Qairo-Egypt, 

2021. 

[145] N. Ladu, R. Samikannu, K. Gebreslassie, M. Sankoh, L. Hakim, 

A. Badawi, T. Paskwali and B. Latioe, "Feasibility study of a 

standalone hybrid energy system to supply electricity to a rural 

https://www.sciencedirect.com/journal/engineering-science-and-technology-an-international-journal/vol/69/suppl/C
https://doi.org/10.1016/j.jestch.2025.102120
https://www.sciencedirect.com/journal/renewable-energy-focus/vol/49/suppl/C
https://ssrn.com/abstract=3880850
https://dx.doi.org/10.2139/ssrn.3880850
https://doi.org/10.3390/en15093151
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=abWsUv4AAAAJ&sortby=pubdate&citation_for_view=abWsUv4AAAAJ:fEOibwPWpKIC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=abWsUv4AAAAJ&sortby=pubdate&citation_for_view=abWsUv4AAAAJ:fEOibwPWpKIC
https://doi.org/10.1016/j.scs.2021.103538


Aisa, et al.  

Wadi Alshatti University Journal of Pure and Applied Sciences, vol. 4, no. 2, Jaly-December 2026 Page 89 

community in South Sudan," Scientific African, vol. 16, p. 

e01157, 2022 

[146] R. Samikannu, M. Oladiran, G. Gamariel, P. Makepe, K. 

Keisang and N. Ladu, "An Assessment and Design of a 

Distributed Hybrid Energy System for Rural Electrification: The 

Case for Jamataka Village, Botswana," International 

Transactions on Electrical Energy Systems, p. Hindawi, 2022 

[147] H. Allouhi, A. Allouhi, K. Almohammadi, A. Hamrani and A. 

Jami, "Hybrid renewable energy system for sustainable 

residential buildings based on Solar Dish Stirling and wind 

Turbine with hydrogen production," Energy Conversion and 

Management, vol. 270, p. 116261, 2022. 

[148] A. Aziz, M. Tajuddin, M. iAdzman, A. Azmi and M. Ramli, 

"Optimization and sensitivity analysis of standalone hybrid 

energy systems for rural electrification: A case study of Iraq," 

Renewable Energy, vol. 138, pp. 775-792, 2019. 

[149] L. Carralero, H. Gomes, F. Costa, F. Bahia, A. Andrade, J. 

Pinheiroa and A. Tahim, "An Isolated Standalone Photovoltaic-

Battery System for Remote Areas Applications," Journal of 

Energy Storage, vol. 55, p. 105568, 2022. 

[150] E. Vera, C. Canizares and M. Pirnia, "Integration of Renewable 

Energy Sources for Low Emission Microgrids in Canadian 

Remote Communities," in In Proceedings of the 11th Bulk 

Power Systems Dynamics and Control Symposium (IREP 2022), 

BANFF, CANADA, 2022. 

[151] S. Adetoro, M. Nwohu and L. Olatomiwa, "Techno-economic 

Analysis of Hybrid Energy System Connected to an Unreliable 

Grid: A Case Study of a Rural Community in Nigeria," in 

Proceedings of the 2022 IEEE Nigeria 4th International 

Conference on Disruptive Technologies for Sustainable 

Development, NIGERCON 2022, Lagos, Nigeria, 2022. 

[152] P. Okonkwo, I. Mansir, E. Barhoumi, W. Emori, A. Radwan, R. 

Shakoor, P. Uzoma and M. Pugalenthi, "Utilization of 

renewable hybrid energy for refueling station in Al-Kharj, Saudi 

Arabia," International Journal of Hydrogen Energy, vol. 47, no. 

53, pp. 22273-22284, 2022. 

[153] E. Barhoumi, P. Okonkwo, I. Belgacem, M. Zghaibeh and I. 

Tlili, "Optimal sizing of photovoltaic systems based green 

hydrogen refueling stations case study Oman," International 

Journal of Hydrogen Energy, vol. 47, no. 75, pp. 31964-31973, 

2022. 

[154] L. Al-Ghussain, A. Ahmad, A.Abubaker and M. Mohamed, "An 

integrated photovoltaic/wind/biomass and hybrid energy storage 

systems towards 100% renewable energy microgrids in 

university campuses," Sustainable Energy Technologies and 

Assessments, vol. 46, p. 101273, 2021. 

[155] D. Nguen, D. Pham, G. Mingaleeva, O. Afanaseva and P. 

Zunino, "Assessment of efficiency and prospects for the use of 

hybrid thermal low-capacity power plants in the Republic of 

Vietnam," in E3S Web of Conferences, 2019. 

[156] Q. Hassan, B. Pawela, A. Hasan and M. Jaszczur, "Optimization 

of Large-Scale Battery Storage Capacity in Conjunction with 

Photovoltaic Systems for Maximum Self-Sustainability," 

Energies, vol. 15, no. 10, 2022. 

[157] M. Dashtebayaz, A. Nikitin, M. Norani, V. Nikitina, M. 

Hekmatshoar and V. Shein, "Comparison of two hybrid 

renewable energy systems for a residential building based on 

sustainability assessment and emergy analysis," Journal of 

Cleaner Production, vol. 379, p. 134592, 2022. 

[158] D. Atlas, C. Murphy, A. Schleifer and N. Grue, "Temporal 

complementarity and value of wind-PV hybrid systems across 

the United States," Renewable Energy, vol. 201, pp. 111-123, 

2022.  

[159] P. Ferrer, E. Miranda, C. Tenreiro and F. Vega, "Assessing 

flexibility for integrating renewable energies into carbon neutral 

multi-regional systems: The case of the Chilean power system," 

Energy for Sustainable Development, vol. 70, pp. 442-455, 

2022. 

[160] R. Samikannu, M. Oladiran, G. Gamariel, P. Makepe, K. 

Keisang and N. Ladu, "An Assessment and Design of a 

Distributed Hybrid Energy System for Rural Electrification: The 

Case for Jamataka Village, Botswana," International 

Transactions on Electrical Energy Systems, vol. 2022, pp. 1-12, 

2022. 

[161] J. Gomes, J. Jiang, C. Chong, J. Telhada, X. Zhang, S. 

Sammarchi, S. Wang, Y. Lin and J. Li, "Hybrid solar PV-wind-

battery system bidding optimisation: A case study for the Iberian 

and Italian liberalised electricity markets," Energy, p. 126043, 

2022. 

[162] S. Navas, G. González and F. Pinob, "Hybrid power-heat 

microgrid solution using hydrogen as an energy vector for 

residential houses in Spain. A case study," Energy Conversion 

and Management, vol. 263, p. 115724, 2022. 

[163] P. Ifaei, A. Charmchi, J. Benitez, R. Yang and C. Yoo, "A data-

driven analytical roadmap to a sustainable 2030 in South Korea 

based on optimal renewable microgrids," Renewable and 

Sustainable Energy Reviews, vol. 167, p. 112752, 2022.  

[164] R. Syahputra and I. Soesanti, "Renewable energy systems based 

on micro-hydro and solar photovoltaic for rural areas: A case 

study in Yogyakarta, Indonesia," Energy Reports, vol. 7, pp. 

472-490, 2022. 

[165] A. See, K. Mehranzamir, S. Rezania, N. Rahimi, H. Afrouzi and 

A. Hassan, "Techno-economic analysis of an off-grid hybrid 

system for a remote island in Malaysia: Malawali island, 

Sabah," Renewable and Sustainable Energy Transition, vol. 2, 

p. 100040, 2022. 

[166] C. Blanchet, A. Pantaleo and K. Dam, "A process systems 

engineering approach to designing a solar/biomass hybrid 

energy system for dairy farms in Argentina," Computer Aided 

Chemical Engineering, vol. 46, pp. 1609-1614, 2019. 

[167] A. Ashetehe, F. Shewarega and B. Bantyirga, "Feasibility Study 

and Energy Management of a Hybrid Microgrid for Ethiopian 

Rural Community," in 2022 International Conference on 

Electrical, Computer and Energy Technologies (ICECET), 

Prague, Czech Republic, 2022. 

[168] E. Okonkwo, I. Osho, O. Bamisile, M. Abid and T. Al-Ansari, 

"Grid integration of renewable energy in Qatar: Potentials and 

limitations," Energy, vol. 235, p. 121310, 2021. 

[169] T. Salameh, M. Alkasrawi, A. Juaidi, R. Abdallah and S. 

Monna, "Hybrid renewable energy system for a remote area in 

UAE," in 2021 12th International  

[170] Q. Thabit, A. Nassour and M. Nelles, "Innovative hybrid waste 

to energy–parabolic trough plant for power generation and water 

desalination in the Middle East North Africa region: Jordan as a 

case study," Energy Reports, vol. 8, pp. 13150-13169, 

2022.Renewable Engineering Conference (IREC), Amman, 

Jordan, 2021. 

[171] L. Camargo, J. Valdes, Y. Macia and W. Dorner, "Assessment 

of on-site steady electricity generation from hybrid renewable 

energy systems in Chile," Applied Energy, vol. 250, pp. 1548-

1558, 2019. 

[172] R. Johannsen, P. Alberg and R. Hanlin, "Hybrid photovoltaic 

and wind mini-grids in Kenya: Techno-economic assessment 

and barriers to diffusion," Energy for Sustainable Development, 

vol. 54, pp. 111-126, 2020. 

[173] B. Ouedraogo, S. Kouame, Y. Azoumah and D. Yamegueu, 

"Incentives for rural off grid electrification in Burkina Faso 

using LCOE," Renewable Energy, vol. 78, pp. 573-582, 2015. 

[174] .Tiwary, S. Spasova and I. Williams, "A community-scale 

hybrid energy system integrating biomass for localised solid 

waste and renewable energy solution: Evaluations in UK and 

Bulgaria," Renewable Energy, vol. 139, pp. 960-967, 2019. 

[175] M. iJahangiri, M. Soulouknga, F. Bardei, A. Shamsabadi, E. 

Akinlabi, S. Sichilalud and A. Mostafaeipour, "Techno-econo-

environmental optimal operation of grid-wind-solar electricity 

generation with hydrogen storage system for domestic scale, 



Aisa, et al.  

Wadi Alshatti University Journal of Pure and Applied Sciences, vol. 4, no. 2, Jaly-December 2026 Page 90 

case study in Chad," International Journal of Hydrogen Energy, 

vol. 44, no. 54, pp. 28613-28628, 2019. 

[176] D. Stroe, A. Zaharof and F. Iov, "Power and Energy 

Management with Battery Storage for a Hybrid Residential PV-

Wind System – A Case Study for Denmark," Energy Procedia, 

vol. 155, pp. 464-477, 2018. 

[177] N. Kennedy, C. Miao, Q. Wu, Y. Wang, J. Ji and T. Roskilly, 

"Optimal Hybrid Power System Using Renewables and 

Hydrogen for an Isolated Island in the UK," Energy Procedia, 

vol. 105, pp. 1388-1393, 2017. 

[178] A. Richa and S. Karaki, "Optimal Design of Hybrid Renewable 

Energy Systems in Lebanon," in 2018 IEEE International 

Multidisciplinary Conference on Engineering Technology 

(IMCET), Beirut, Lebanon, 2018. 

[179] G. Merei, C. Berger and D. Sauer, "Optimization of an off-grid 

hybrid PV–Wind–Diesel system with different battery 

technologies using genetic algorithm," Solar Energy, vol. 97, 

pp. 460-473, 2019. 

[180] F. Oueslati, "Hybrid renewable system based on solar wind and 

fuel cell energies coupled with diesel engines for Tunisian 

climate: TRNSYS simulation and economic assessment," 

International Journal of Green Energy, vol. 18, no. 4, pp. 402-

423, 2021. 

[181] S. Haji, M. Shams, A. Akbar, H. Abdali and A. Alsaffar, 

"Energy analysis of Bahrain’s first hybrid renewable energy 

system," International Journal of Green Energy, vol. 16, no. 10, 

pp. 733-748, 2019. 

[182] M. Soukeyna, I. Ramdhane, D. Ndiaye, M. Elmamy, M. Menou, 

A. Yahya, A. Mahmoud and I. Youm, "Feasibility analysis of 

hybrid electricity generation system by HOMER for 

Mauritanian northern coast," International Journal of Physical 

Sciences, vol. 13, no. 8, pp. 120-131, 2019. 

[183] T.Ayodele, T. Mosetlhe, A.Yusuff and A. Ogunjuyigbe, "Off-

grid hybrid renewable energy system with hydrogen storage for 

South African rural community health clinic," International 

Journal of Hydrogen Energy, vol. 46, no. 38, pp. 19871-19885, 

2021. 

[184] L. Gan, J. Shek and M. Mueller, "Hybrid wind–photovoltaic–

diesel–battery system sizing tool development using empirical 

approach, life-cycle cost and performance analysis: A case study 

in Scotland," Energy Conversion and Management, vol. 106, p. 

479–494, 2015. 

[185] M. Nurunnabi, K. Roy, E. Hossain and H. Pota, "Size 

Optimization and Sensitivity Analysis of Hybrid Wind/PV 

Micro-Grids- A Case Study for Bangladesh," IEEE Access, vol. 

7, pp. 150120-150140, 2019. 

[186] R. Falama, F. Welaji, A. Dadjé, V. Dumbrava, N. Djongyang, C. 

Salah and S. Doka, "A Solution to the Problem of Electrical 

Load Shedding Using Hybrid PV/Battery/Grid-Connected 

System: The Case of Households’ Energy Supply of the 

Northern Part of Cameroon," Energies, vol. 14, no. 10, 2021. 

[187] F.  Maoulida, D. Rabah, M. El Ganaoui and K. Aboudou, "PV-

Wind-Diesel System for Energy Supply on Remote Area 

Applied for Telecommunication Towers in Comoros," Open 

Journal of Energy Efficiency, vol. 10, pp. 50-72, 2021. 

[188] F. Canziani, R. Vargas and J. Gastelo-Roque, "Hybrid 

Photovoltaic-Wind Microgrid With Battery Storage for Rural 

Electrification: A Case Study in Perú," Frontiers in Energy 

Research, vol. 8, p. 528571, 2021. 

[189] A. Khalil, and A. Asheibe. “The chances and challenges for 
renewable energy in Libya.” in Proceedings of the Renewable 
Energy Conference, Palermo, Italy, 2015. 

[190] General Electricity Company of Libya, Annual Report 2010. 
[Online]. Available: http://www.gecol.ly/gecol/index.php. 
[Accessed: May 24, 2018]. 

[191] J. Smith, and R. Brown, Energy Systems Analysis. New York: 
Springer, 2015. 

[192] Global Solar Atlas, [Online]. Available: 
http://globalsolaratlas.info. [Accessed: 2026]. 

[193] NASA, Surface Meteorology and Solar Energy Data Set, 

accessed via HOMER Pro software tool, version 3.12. [Online]. 

Available:  (homerenergy.com in Bing). [Accessed: May 24, 

2018]. 

[194] Y. Nassar, A. Hafez, and S. Alsadi. "Multi-factorial 
comparison for 24 distinct transposition models for inclined 
surface solar irradiance computation in the state of Palestine: A 
case study." Frontiers in Energy Research, vol. 7, 2019. 
https://doi.org/10.3389/fenrg.2019.00163 

[195] Y. Fathi, et al. "Investigating the applicability of horizontal to 
tilted sky-diffuse solar irradiation transposition models for key 
Libyan cities." 2022 IEEE 2nd International Maghreb Meeting 
of the Conference on Sciences and Techniques of Automatic 
Control and Computer Engineering (MI-STA), 23-25 May 
2022, Sabratha, Libya. https://doi.org/10.1109/MI-
STA54861.2022.9837500 

[196] Y. Nassar, S. Alsadi, H. El-Khozondar, and S. Refaat. 
"Determination of the Most Accurate Horizontal to Tilted Sky-
Diffuse Solar Irradiation Transposition Model for the Capital 
Cities in MENA Region." 20-22 March 2022, Doha, Qatar, pp. 
1-6, htts://doi.org/10.1109/SGRE53517.2022.9774146 

[197] M. Elmnifi, et al. "Sensitivity of global solar irradiance to 
transposition models: Assessing risks associated with model 
discrepancies." e-Prime - Advances in Electrical Engineering, 
Electronics and Energy, vol. 11, p. 100887, 2025. 
https://doi.org/10.1016/j.prime.2024.100887 

[198] A. Aqila, et al. "Determining the Least Risky Solar Radiation 
Transposition Model for Estimating Global Inclined Solar 
Irradiation." Solar Energy and Sustainable Development 
Journal, vol. 14 ((FICTS-2024)), pp. 1-16, 2025. 
https://doi.org/10.51646/jsesd.v14iFICTS-2024.440 

[199] S. Alsadi, and Y. Nassar. "Estimation of Solar Irradiance on 
Solar Fields: An Analytical Approach and Experimental 
Results." IEEE Transactions on Sustainable Energy, vol. 8, no. 
4, pp. 1601-1608, 2017. 
https:doi.org/10.1109/TSTE.2017.2697913 

[200] S. Alsadi, and Y. Fathi. "A general expression for the shadow 
geometry for fixed mode horizontal, step-like structure and 
inclined solar fields." Solar Energy, vol. 181, pp. 53-69, 2019. 
https://doi.org/10.1016/j.solener.2019.01.090 

[201] N. Fathi, and A. Samer. "View Factors of Flat Solar Collectors 
Array in Flat, Inclined, and Step-Like Solar Fields." ASME. J. 
Sol. Energy Eng., vol. 138, no. 6, p.  061005, 
2016.. https://doi.org/10.1115/1.4034549 

[202] Y. Nassar. "Analytical-numerical computation of view factor 
for several arrangements of two rectangular surfaces with non-
common edge." International Journal of Heat and Mass 
Transfer, vol. 159, p. 120130, 2020. 
https://doi.org/10.1016/j.ijheatmasstransfer.2020.120130 

[203] N. Fathi , E. Hala, S. Belha, S. Alsadi, and N. Abuhamoud. 
"View Factors in Horizontal Plane Fixed-Mode Solar PV 
Fields." Front. Energy Res., vol. 10, p. 859075, 2022. 
https://doi.org/10.3389/fenrg.2022.859075 

[204] Y. Nassar, S. Belhaj, S. Alsadi, and H. El-Khozondar. 
"Analysis of the View Factors in Rooftop PV Solar." 2022 3rd 
International Conference on Smart Grid and Renewable 
Energy (SGRE), Doha, Qatar, pp. 1-6, 2022. 
https://doi.org/10.1109/SGRE53517.2022.9774104. 

[205] M. Salem, A. Elmabruk, M. Irhouma, and I. Mangir. 
“Assessment of wind energy potential in Western Mountain: 
Nalut and Yefren as case study.” Wadi AlShatti University 
Journal of Pure and Applied Science, vol. 3, no. 1, pp. 35–43, 
2025. https://doi.org/10.63318/waujpasv3i1_7 

[206] N. Fathi, et al. "Assessing the Viability of Solar and Wind 
Energy Technologies in Semi-Arid and Arid Regions: A Case 
Study of Libya’s Climatic.Conditions." Appl. Sol. Energy, 
vol. 60, pp. 149–170, 2024. 
https://doi.org/10.3103/S0003701X24600218 

[207] Y. Nassar, et al. “Solar and Wind Atlas for Libya”, ijees, vol. 1, 
no. 3, pp. 27–43, Jul. 2023. 
https://doi.org/10.65998/ijees.v1i3.44 

[208] A. Amhimmid, et al. "Financial Modeling of Social and 
Environmental Impacts of Wind Farm in Urban Zones: A Case 
Study of Zawia-Libya." International Journal of Energy and 
Environmental Engineering (IJEEE), vol. 13, no. 4, pp. 1-19, 
2024. https://doi.org/10.57647/ijeee.2024.1504.17 

https://doi.org/10.3389/fenrg.2019.00163
https://doi.org/10.1115/1.4034549
http://dx.doi.org/10.3389/fenrg.2022.859075
https://doi.org/10.57647/ijeee.2024.1504.17


Aisa, et al.  

Wadi Alshatti University Journal of Pure and Applied Sciences, vol. 4, no. 2, Jaly-December 2026 Page 91 

[209] B. Ahmed, et al. "Atlas of solar (PV and CSP) and wind energy 
technologies in Libya." The North African Journal of Scientific 
Publishing (NAJSP), vol. 1, no. 4, pp. 8-24, 2023. 

[210] A. Abdalla, et al. "Estimation of Dynamic Wind Shear 
Coefficient to Characterize Best Fit of Wind Speed Profiles 
under Different Conditions of Atmospheric Stability and 
Terrains for the Assessment of Height-Dependent Wind Energy 
in Libya." Appl. Sol. Energy, vol. 59, pp. 343–359, 2023. 
https://doi.org/10.3103/S0003701X23600212 

[211] Y. Nassar, S. Alsadi, G. Miskeen, H. El-Khozondar, and N. 
Abuhamoud. "Mapping of PV Solar Module Technologies 
Across Libyan Territory," 2022 Iraqi International Conference 
on Communication and Information Technologies (IICCIT), 
Basrah, Iraq, pp. 227-232, 2022. 
https://doi.org/10.1109/IICCIT55816.2022.10010476 

[212] M. Elmnifi, et al. "Design and manufacture of a photovoltaic 
thermal solar collector equipped with aluminum foam fins for 
enhanced electrical, thermal, and integrated performance." 
International Communications in Heat and Mass Transfer, vol. 
173, p. 110844, 2026. 
https://doi.org/10.1016/j.icheatmasstransfer. 2026.110844. 

[213] N. Yasser, and A. Salem. "The reliability of the photovoltaic 
utilization in southern cities of Libya." Desalination, vol. 209, 
Issues 1–3, pp 86-90, 2007. 
https://doi.org/10.1016/j.desal.2007.04.013 

[214] H. El-Khozondar, et al. "Photovoltaic Solar Energy for Street 
Lighting: A Case Study at Kuwaiti Roundabout, Gaza Strip, 
Palestine." Power Engineering and Engineering 
Thermophysics, vol. 3, no. 2, pp. 77–91, 2024. 
https://doi.org/10.56578/peet030201 

[215] H. El-Khozondar, et al. "Economic and Environmental 
Implications of Solar Energy Street Lighting in Urban Regions: 

A Case Study." Wadi Alshatti University Journal of Pure and 
Applied Sciences, vol. 3, no. 1, pp. 142-151, 
2025. https://doi.org/10.63318/waujpasv3i1_21 

[216] H. El-Khozondar, et al. "Sustainable street lighting in Gaza: 
Solar energy solutions for main street." Energy 360, vol. 4, p. 
100042, 2025. https://doi.org/10.1016/j.energ.2025.100042. 

[217] D. Albuzia, A. Ali, M. Mohmed, and A. Hafez. "Reliable and 
Robust Optimal Interleaved Boost Converter Interfacing 
PhotoVoltaic Generator/".Wadi Alshatti University Journal of 
Pure and Applied Sciences,.vol. 3, no. 2, pp. 192-201, 2025. 
https://doi.org/10.63318/waujpasv3i2_24 

[218] W. Mremi, A. Al-Mathnani, and S. Alfathi. "Harmonic 
Distortion in Three-Phase Networks Using a 24-Pulse 
STATCOM: Modeling, Simulation, and Performance 
Evaluation." Wadi Alshatti University Journal of Pure and 
Applied Sciences,.vol.  4, no. 1, 122-130, 2026. 
https://doi.org/10.63318/waujpasv4i1_13 

[219] A. Al-Mathnani, A. Mohammed, S. Al-Hashmi, and E. 
Geepalla. "Control and Modification of 12-Pulse Static 
Compensator with PV Cell Using New Control 
Algorithm." Wadi Alshatti University Journal of Pure and 
Applied Sciences, vol. 3, no. 1, pp. 30-34, 
2025. https://doi.org/10.63318/waujpasv3i1_06 

[220] H. El-Khozondar, et al, "Analysis of a grid/wind/hydrogen 
hybrid energy system for producing electricity, vehicle fuel and 
freshwater for Gaza Strip-Palestine." Fuel, vol. 428, p. 140358, 
2027.https://doi.org/10.1016/j.fuel.2026.140358. 

[221] N. Fathi. And S. Alsadi. "Estimation of Environmental Damage 
Costs from CO2e Emissions in Libya and the Revenue from 
Carbon Tax Implementation." Low Carbon Economy, vol. 8, 
pp. 118-132, 2017. 

 
 

https://doi.org/10.63318/waujpasv3i1_21
https://doi.org/10.63318/waujpasv3i1_06

