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ABSTRACT: Around the world, there has been a notable shift toward the use of renewable energy technology
due to the growing demand for energy and the ongoing depletion of conventional resources, such as fossil fuels.
Following this worldwide trend, Brunei’s government has initiated several strategic programs aimed at encouraging
the establishment of energy from renewable sources in the nation’s energy mix. These initiatives are designed not
only to support environmental sustainability but also to make energy from renewable sources increasingly competitive
in comparison to more conventional energy sources like gas and oil, which have historically dominated Brunei’s
energy market. The optimization of a hybrid energy system that combines diesel generators, solar photovoltaic (PV)
panels, and the national power grid is the focus of this study. The objective is to identify the most cost-effective and
environmentally sustainable configuration that can reliably meet local energy demands. During optimization, several
configuration was tried and tested, including only grid, PV and Grid and PV-generator. HOMER (Hybrid Optimization
of Multiple Energy Resources) software, a popular simulation tool that makes it possible to simulate and analyze
hybrid energy systems, is utilized in the optimization process. Inside the HOMER Pro optimization, various system
configuration is taken into account for the optimization. While simulating, it takes into account different combinations
of components such as solar panels, wind turbines and batteries. Later on, it is being ranked by different factors such
as net present cost (NPC), Cost of Energy (COE), etc. A comprehensive techno-economic research is carried out to
evaluate various system configurations, considering key performance indicators such as total energy generation cost,
operational expenditure, and greenhouse gas emissions. The results provide valuable insights into how renewable-based
hybrid systems can reduce environmental impact while maintaining economic viability, supporting Brunei’s broader
goals of energy diversification and sustainability. The study also emphasizes how such hybrid systems could be scaled
for off-grid and rural populations in Brunei, where a dependable electricity supply is still a problem. Furthermore,
sensitivity analyses were performed to evaluate the effects of variations in solar irradiation, load demand, and fuel
prices on the overall system performance. Policymakers and energy planners can use these insights to help them make
data-driven decisions about future investments in infrastructure for renewable energy.
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1 Introduction
In these days of technology and modernization, in our daily lives, energy plays a crucial role. The

demand for energy is growing along with the population as we strive toward advancement and better
lives. Now there’s a big challenge we face: how can we meet this growing demand without using up all the
resources that future generations will need? In recent years, the Earth’s climate has been changing, and there
are ongoing discussions about global warming. Greenhouse gas emissions from the production of energy
are among the most significant causes of global warming [1]. To fulfill their growing need for electricity,
most countries in the world heavily relied on fossil fuels like coal, oil, and gas [1]. Unfortunately, these
sources release harmful gases into the atmosphere, contributing to the greenhouse effect [2]. Researchers and
policymakers are always looking for sustainable, reliable, and safe energy options to replace traditional fossil
fuels. This is where renewable energy comes in. Biomass, Solar, Geothermal, Wind, and Hydropower are
sources of renewable energy [3]. These energy sources provide a cleaner and more environmentally friendly
option to reduce greenhouse gas emissions and protect this planet.

Riayatsyah et al. [4] provide an evaluation of the techno-economic effectiveness and optimization of
grid-connected photovoltaic systems, wind turbines, and battery packs for Syiah Kuala University, which
is situated in the Sumatra Island region affected by the Tsunami. The study analyzed and optimized the
renewable energy needed by the organization using the simulation tool HOMER. Two energy source
types—solar photovoltaics and wind turbines—were picked as the system upon consideration of the opti-
mization outcomes. The decision was made using the Net Present Cost (NPC) and the Cost of Energy (COE).
It should be mentioned that the average cost per kWh of electricity generated by a system is represented by
the Cost of Energy (COE), while the entire life cycle cost of a system is represented by the NPC.

Zhang et al. [5] carried out research on the best way to set up a hybrid renewable energy source with a
photovoltaic and wind turbine to supply the electricity needed for a midsize workshop in an industrial area
in Ardabil, Iran. By applying previously collected data from the supply and demand sides, the paper provided
the techno-economic evaluation using HOMER software to determine the least-cost configuration.

Riayatsyah et al. [6] utilized Homer to plan and maximize the electrical power of isolated Indian Ocean
islands. The suitability of shifting the pair of diesel generators that were installed with renewable energy is
examined in this study. A 100-kW wind turbine, solar photovoltaics, a converter, and batteries are all part
of the combination diesel and renewable energy system that is suggested in this paper. The investigation
considered parameters such as Net Present Cost (NPC), Cost of Energy (COE), Internal Rate of Return (IRR),
Return on Investment (ROI), and a simple payback period to make decisions.

Sharma et al. [7] discuss a sustainable energy plan for a rural Indian village using a hybrid renewable
energy system (HRES) model. It evaluates performance using HOMER software and provides optimal
solutions for biogas plants and solar PV-operated water pumps.

Usman et al. [8] focused on improving the performance of various hybrid energy system models made
up of grid, solar PV, and diesel generators. The optimization is based on the HOMER software’s techno-
economic analysis of hybrid systems that are connected to the grid and renewable energy sources. The
comparison is based on the per-unit cost of electrical energy production, the operating cost of conventional
fossil fuel-based energy sources, and the reduction in greenhouse gases.

For Brunei to cut costs and offset greenhouse gas emissions, a hybrid PV grid-on-grid system’s techno-
economic viability study is critical [9]. It provides cost stability, integrates renewable energy, reduces
dependency on fossil fuels, and encourages environmental sustainability [10].
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This study investigates the optimization of various hybrid energy system models using HOMER. Four
various cases are developed, and they are analyzed using the system’s Net Present Cost (NPC) and the cost
of generation of energy per unit.

2 Methodology
The initial phase in this study is gathering monthly demand profile information from Berakas Energy

Company. Next the solar irradiation data was collected which is described step by step in Section 2.2. Finally,
the hybrid system modelling is done including PV, battery storage, Diesel generator and electric Grid to
formulate the hybrid system and described elaborately in Section 3. Internal optimization process of the
HOMER optimization is shown in Fig. 1.

Figure 1: HOMER internal optimization process

2.1 Load Profile
In this study, the electrical load profile for Brunei Darussalam has been considered to conduct this study.

Monthly Load data is collected from Berakas Power Company, Brunei. Fig. 1 shows the monthly load profile
for a one-year period of the Brunei Darussalam. Average demand for this load is 6876.01 MWh/day and peak
demand is 600.34 MW. Fig. 2 illustrates the sample daily load profile for a typical day. From the figure it is
evident that there is a peak at around 10 AM and another at 21st hour.
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Figure 2: Daily load profile for 1 year period

2.2 Solar Irradiance Data
Brunei, situated on Borneo’s northern coast, has a tropical climate with feverish temperatures and

humidity [11]. Its proximity to the equator provides abundant solar irradiation, ensuring consistent sunlight
all year round with minimal seasonal variations. This proximity makes Brunei favorable for solar energy
applications [12], making it an ideal location for solar energy production. Country receives highest average
solar radiation in the month of March and in the month of November receives lowest solar radiation [11].
Brunei Darussalam receives 5.25 kWh/m2/day of radiation from the sun on average each year.

3 Hybrid System Components and Specifications
For ensuring a dependable and effective power supply, the suggested hybrid energy system depicted

in Fig. 3 combines solar photovoltaic (PV) panels, battery storage, a diesel generator, and the electrical grid.
The PV system is the primary renewable energy source, converting sunlight into electricity, while battery
storage retains excess energy for use during low solar radiation periods [13]. In order to make the DC output
from photovoltaic cells and batteries compatible, a converter transforms it into AC power [14].

4 Results and Discussion
This investigation looks at cost data, technical details, and optimum performance outcomes for four

distinct energy system configurations: solar power and networks with storage, PV and grid-connected
systems without storage, and PV and diesel generator-based infrastructures are the only options [15]. It also
analyzes monthly average electricity production and emissions, providing insights into their environmental
impact [16]. In order to comprehend seasonal performance fluctuations, the study also assesses each
configuration’s energy contribution over a range of months [17]. Sensitivity analysis is used to evaluate how
changes in important parameters, including fuel price and solar irradiation, affect system performance [18].
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The findings also demonstrate that incorporating storage technologies to improve energy reliability and lower
emissions is technically feasible [19].

Figure 3: Hybrid energy system block diagram

4.1 Only Grid Connected System
Figures The simulation conducted by HOMER resulted in an option where the grid supplied 100%

of the facility’s load, as depicted in Fig. 4. This is because no alternative energy source was utilized in this
scenario, leading to the total NPC being attributed solely to the grid. Tables 1 and 2 illustrate the Electricity
Production and Consumption for Grid Only System and HOMER optimized result for Grid only system
respectively. The average monthly generation of energy by grid is shown in Fig. 4. Fig. 4 clearly shows that
August was the month with the largest generation of power. As there were no other potential sources of
energy, Table 3 illustrates an overall of 2,509,742,628 kWh of energy was absorbed every year from the grid.
As a result, Table 4 shows that no capital expenditure was required for buying it or implementation of another
kind of system. This system’s dependence on a single energy source emphasizes how susceptible it is to price
volatility and grid outages [20]. According to similar studies, grid-only setups have limited sustainability
and higher operating costs [21]. Hybrid or renewable-integrated systems are increasingly being suggested to
guarantee long-term energy security and environmental benefits [22].

Table 1: Electricity production and consumption for Grid only system

Production/Consumption kWh/year
Production (Grid purchases) 2,509,742,628

Consumption (AC primary load) 2,509,742,628
Percentage 100%

4.2 Only Grid Connected System
The second scenario of this study is PV and Grid connected system. Fig. 5 presents the system

configuration of PV and Grid connected system generated from HOMER simulation software.
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Figure 4: Monthly average electricity production by Grid

Table 2: Homer optimized result for Grid only system

Grid (kW) NPC ($) COE ($) Operating cost ($) Initial capital ($) Renewable fraction (%)
999,999 2.24B 0.060 151M 0 0

Table 3: PV and Grid without storage hybrid system technical cost information for most optimal scenario

System architecture

PV (kW) Grid (kW) Converter (kW) Dispatch Inverter mean output (kW)
22,119 999,999 16,984 Load following 3342

Electrical

Net present cost ($) Cost of energy ($) Operating cost ($)

2.26B 0.0604 149M

Cost summary

Component PV (kWh/year) Grid (kWh/year) Total (kWh/year)

Production (kWh/year) 31,250,693 2,479,589,31 2,510,839,824

Figure 5: System configuration of PV and Grid without storage hybrid system
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Table 4: PV and Grid without storage hybrid system technical cost information when renewable share is 10%

System architecture

PV (kW) Grid (kW) Converter (kW) Dispatch Inverter mean output (kW)
195,767 999,999 106,827 Cycle charging 28,942

Electrical

Net present cost ($) Cost of energy ($) Operating cost ($)

2.34B 0.0626 138M

Cost summary

Component PV (kWh/year) Grid (kWh/year) Total (kWh/year)

Production (kWh/year) 276,582,166 2,260,585,542 2,537,167,709

HOMER’s optimal choice, determined primarily by the total NPC, is the grid-only system. This option
is the most cost-effective, with the lowest total net present cost (NPC) of $2.24B, a cost of energy (COE)
of $0.060/kWh, and an annual operating cost of $149M. The purchase prices were multiplied by the whole
quantity of energy brought to determine the operating cost. Since Grid only case does not include a PV,
generator and inverter, the capital cost is zero. However, monthly average electricity production is depicted
in Fig. 6 where monthly production sees a peak in the month of August.
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Figure 6: Monthly average electricity production for PV and Grid connected without storage system

Table 3 demonstrates the information regarding PV and Grid hybrid system model configuration. Total
net present cost for most optimal scenario is around $2.26B, Cost of Energy is $0.0604 per kWh operating
cost is $149M per year and Initial Capital cost is $35.6M.

For the best solution, Fig. 6 displays the monthly average electricity production and energy share of
solar power and grid to fulfill the energy requirement. Annually 31,250,693 kWh energy of total demand will
be produced by PV under this scenario.

This scenario matches the present renewable energy production structure of Brunei. However, by 2035,
Brunei plans to have 10% of its energy come from renewable sources. Fig. 7 displays the monthly average



3992 Energy Eng. 2025;122(10)

generation of electricity for PV and grid-tied systems without storage systems with a 10% renewable share.
This goal is in keeping with Brunei’s national energy policy framework’s long-term objectives for energy
security and sustainability [23].
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Figure 7: Monthly average electricity production for PV and Grid connected without storage system when renewable
share is 10%

4.3 PV and Grid Connected System with Storage Scenario
The third scenario looks at a PV and grid-connected system with battery storage that was modeled using

HOMER software. The grid-only system is the most cost-effective alternative in terms of total NPC, with an
NPC of $2.27 billion, a COE of $0.0606/kWh, and an annual running cost of $151 million. The optimized
findings exclude PV and battery storage, however an alternate scenario that includes both is considered the
first result.

Table 5 illustrated the information regarding PV and Grid hybrid system model structure. Total net
present cost for this scenario is around $2.27B, Cost of Energy is $0.0606 per kWh operating cost is $151M
per year and Initial Capital cost is $19.6M.

Table 5: PV and Grid with storage hybrid system technical cost information

System architecture

PV (kW) Grid (kW) Converter (kW) Dispatch
11,481 999,999 892 Load following

Electrical

Net present cost ($) Cost of energy ($) Operating cost ($)

2.27B 0.0606 151M

Cost summary

Component PV (kWh/year) Grid (kWh/year) Total (kWh/year)

Production (kWh/year) 16,219,920 2,501,925,060 2,518,144,979
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Annually 16,219,920 kWh energy of total demand will be produced by PV. Fig. 8 shows the system
configuration of PV and Grid Storage hybrid system. PV integration with grid and storage can improve
system resilience and cost-effectiveness while drastically lowering operating emissions [24].

Figure 8: System configuration of PV and Grid storage hybrid system

Table 5 highlights the information regarding PV and Grid hybrid system model configuration. Total net
present cost for this scenario is around $2.27B, Cost of Energy is $0.0606 per kWh, operating cost is $151M
per year and Initial Capital cost is $19.6M.

Fig. 9 displays the monthly average yield of electricity as well as the energy share of the grid and PV to
fulfill energy requirement. Annually 16,219,920 kWh energy of total demand will be produced by PV. Fig. 10
displays the monthly average power generation as well as the energy share of PV and the grid to satisfy the
required energy.
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Figure 9: Monthly average electricity production for PV and Grid connected with storage system

Figure 10: PV and generator based simulation model layout by HOMER
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4.4 PV and Generator-Based System Scenario
The PV-diesel based scenario in the simulation involves the integration of PV generation with a diesel

generator. It offers a balance between renewable energy and backup power, resulting in reduced reliance on
the grid. Fig. 10 shows the layout of PV and Generator based configurations.

In Fig. 10, all potential combine system architecture is given in increasing sequence of whole
NPC. Table 6 provides a detailed overview of the technical and financial information for all hybrid system
configurations from the optimization procedure.

The optimization findings show that a 1300 MW PV array, a 610 MW diesel generator, 1,884,335 kWh
batteries, and a 582.25 MW capacity converter with a cycle charging dispatch technique make up the ideal
mix of hybrid system components. Table 6 provides more information on this arrangement. For such a
hybrid system, the total NPC, operating cost, and cost of energy (COE) are $12.5B, $657M, and $0.33 per
kWh, respectively.

Table 6 : PV and generator based system technical cost information

System architecture

PV (kW) Generator (kW) Converter (kW) Dispatch Battery (kW)
1,834,469,446 1,549,209,341 582,250 Cycle charging 1,884,335

Electrical

Net present cost ($) Cost of energy ($) Operating cost ($)

12.5B 0.33 657M

Cost summary

Component PV (kWh/year) Grid (kWh/year) Total (kWh/year)

Production (kWh/year) 1,834,469,446 1,549,209,341 3,383,678,787

Fig. 11 indicates the monthly average power produced in kW from diesel generators and solar photo-
voltaic systems. Diesel usage decreases as solar PV adoption increases. The generator’s operating hours are
reduced as the PV’s production increases.
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Figure 11: Monthly average electricity production for PV and generator based system
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Table 7 presents the emissions data for greenhouse gases (GHGs) and other pollutants released by three
different scenarios: Only grid connected system, PV and grid connected system, and PV and Generator based
system, more than a year operational period. The inclusion of PV in the grid connected system results in
a significant reduction in emissions, particularly carbon dioxide and sulfur dioxide. In the PV and diesel
generator-based system, while there are reductions in certain gases like carbon dioxide and sulfur dioxide, the
presence of a diesel generator leads to the emission of other pollutants such as carbon monoxide, unburned
hydrocarbons, particulate matter, and nitrogen oxides.

Table 7 : GHG and emissions for simulated four cases

Pollutant Only grid system
emissions
(kg/year)

PV and grid
without storage

system emissions
(kg/year)

PV and grid with
storage system

emissions
(kg/year)

PV and
generator system

emissions
(kg/year)

Carbon dioxide 1,586,157,341 1,567,100,331 1,581,216,638 1,071,002,936
Carbon monoxide 0 0 0 6,751,012

Unburned hydrocarbons 0 0 0 294,590
Particulate matter 0 0 0 40,915

Sulfur dioxide 6,876,695 6,794,074 6,855,275 2,622,633
Nitrogen oxides 3,363,055 3,322,649 3,352,580 6,341,859

Table 8 provides a concise economic comparison of different system configurations. The “Only Grid”
configuration has the lowest Net Present Cost (NPC) of 2.24 billion dollars, while the “PV and Generator”
configuration has the highest NPC of 12.5 billion dollars. The “PV and Grid” configuration falls in between
with an NPC of 2.26 billion dollars. The cost of energy (COE), operating cost, and renewable energy amount
are also provided for each configuration.

Table 8 : Economic comparison between multiple system configurations

System configuration NPC ($) COE ($) Operating cost ($) Renewable amount (kWh)
Only Grid 2.24B 0.060 151M 0

PV and Grid without storage 2.26B 0.0604 149M 31,250,693
PV and Grid with storage 2.27B 0.0604 151M 16,219,920

PV and Generator 12.5B 0.33 657M 1,834,469,446

5 Conclusion
The PV plus Grid system, despite having a somewhat higher COE, is almost as advantageous as the

Only Grid system. The PV plus Grid system is still cost-competitive with a COE of 0.0604 dollars/kWh (a
marginal increase of 0.0004 dollars/kWh) and an NPC of 2.26 billion dollars (just 0.02 billion dollars higher
than the just Grid system). In addition, it provides lower running costs of 149 million dollars (as opposed
to 151 million dollars for the Only Grid system) and produces 31,250,693 kWh of significant amounts of
renewable energy. In contrast, the PV and Generator system has a substantially higher NPC of 12.5 billion
dollars and a COE of 0.33 dollars/kWh while producing the maximum amount of renewable energy 1,834,469,
446 KWh. According to analysis of pollution emission, the PV and Grid system is the best option for reducing
pollutant release. In comparison to both the PV and Only Grid system and the PV and Generator system,



3996 Energy Eng. 2025;122(10)

the PV and Grid system consistently shows reduced emissions across a range of pollutants. Comparing the
PV and Grid system to the Only Grid system, it emits 19,057,010 kg/year less carbon dioxide, no carbon
monoxide or unburned hydrocarbons, 40,915 kg/year less particulate matter, 82,621 kg/year less sulfur
dioxide, and 1,019,210 kg/year fewer nitrogen oxides. As a result, the PV and Grid system presents itself as
an appealing substitute that reduces greenhouse gas emissions more than the Only Grid system while being
almost as profitable. Brunei can incentivize PV-grid adoption through subsidies. Researchers will look into
longitudinal performance monitoring for the hybrid system in their future work.

Acknowledgement: The authors extend their appreciation to the Deanship of Scientific Research at Northern Border
University, Arar, Saudi Arabia for funding this research work through the project number “NBU-FFR-2025-3623-06”.
This author would like to thank Faculty of Integrated Technologies, Universiti Brunei Darussalam for providing research
related support.

Funding Statement: This research is funded through Deanship of Scientific Research at Northern Border University,
Arar, Saudi Arabia—project number “NBU-FFR-2025-3623-06”.

Author Contributions: The authors confirm contribution to the paper as follows: Conceptualization, Khairul Eahsun
Fahim and Hayati Yassin; methodology, Md Ashraful Islam; software, Md Shakib Hassan; validation, Khairul Eahsun
Fahim, Hayati Yassin and Liyanage C. De Silva; formal analysis, Naveed Ahmad; investigation, Hayati Yassin; resources,
Md Ashraful Islam; data curation, Khairul Eahsun Fahim; writing—original draft preparation, Khairul Eahsun Fahim;
writing—review and editing, Md Ashraful Islam; visualization, Hayati Yassin and Liyanage C. De Silva; supervision,
Hayati Yassin; project administration, Sk. A. Shezan. All authors reviewed the results and approved the final version of
the manuscript.

Availability of Data and Materials: Data is available upon request.

Ethics Approval: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest to report regarding the present study.

References
1. Newman P, Beatley T, Boyer H. Resilient cities: overcoming fossil fuel dependence. Washington, DC, USA: Island

Press; 2017.
2. Tariq M, Xu Y. Heterogeneous effect of GHG emissions and fossil energy on well-being and income in emerging

economies: a critical appraisal of the role of environmental stringency and green energy. Environ Sci Pollut Res.
2022;29(46):70340–59. doi:10.1007/s11356-022-20853-3.

3. Fahim K, De Silva LC, Hussain F, Shezan S, Yassin H. An evaluation of ASEAN renewable energy path to carbon
neutrality. Sustainability. 2023;15(8):6961. doi:10.3390/su15086961.

4. Riayatsyah T, Geumpana T, Fattah IR, Rizal S, Mahlia TI. Techno-economic analysis and optimisation of campus
grid-connected hybrid renewable energy system using HOMER grid. Sustainability. 2022;14(13):7735. doi:10.3390/
su14137735.

5. Zhang G, Xiao C, Razmjooy N. Optimal operational strategy of hybrid PV/wind renewable energy system using
homer: a case study. Int J Ambient Energy. 2022;43(1):3953–66. doi:10.1080/01430750.2020.1861087.

6. Riayatsyah T, Geumpana T, Fattah IR, Mahlia TI. Techno-economic analysis of hybrid diesel generators and
renewable energy for a remote island in the indian ocean using HOMER Pro. Sustainability. 2022;14(16):9846.
doi:10.3390/su14169846.

7. Sharma KK, Gupta A, Kumar R, Chohan JS, Sharma S, Singh J, et al. Economic evaluation of a hybrid renewable
energy system (HRES) using hybrid optimization model for electric renewable (HOMER) software—a case study
of rural India. Int J Low Carbon Technol. 2021;16(3):814–21. doi:10.1093/ijlct/ctab012.

https://doi.org/10.1007/s11356-022-20853-3
https://doi.org/10.3390/su15086961
https://doi.org/10.3390/su14137735
https://doi.org/10.3390/su14137735
https://doi.org/10.1080/01430750.2020.1861087
https://doi.org/10.3390/su14169846
https://doi.org/10.1093/ijlct/ctab012


Energy Eng. 2025;122(10) 3997

8. Usman M, Khan MT, Rana AS, Ali S. Techno-economic analysis of hybrid solar-diesel-grid connected power
generation system. J Electr Sys Inform Technol. 2018;5(3):653–62. doi:10.1016/j.jesit.2017.06.002.

9. Pacudan R. Feed-in tariff vs incentivized self-consumption: options for residential solar PV policy in Brunei
Darussalam. Renew Energy. 2018;122(7):362–74. doi:10.1016/j.renene.2018.01.102.

10. Malik A. Assessment of the potential of renewables for Brunei Darussalam. Renew Sustain Energ Rev.
2011;15(1):427–37. doi:10.1016/j.rser.2010.08.014.

11. Malik AQ, Abdullah RH. Estimation of solar radiation in Brunei Darussalam. Int Energy J. 2007;18(2).
12. Ali MY, Rahim AS, Ya’akub SR. Solar energy system for Brunei residence. Int J Eng Mater Manuf. 2021;6(4):312–8.

doi:10.26776/ijemm.06.04.2021.07.
13. Fahim KE, Farabi SM, Farhan SS, Esha IJ, Muhtadi T. Overview of maximum power point tracking techniques for

PV system. E3S Web Conf. 2021;242(7):01004. doi:10.1051/e3sconf/202124201004.
14. Fahim KE. Off grid solar PV system sizing for a typical east african household. TechRxiv. 2023 May 02. doi:10.

36227/techrxiv.22722511.v1.
15. Vendoti S, Muralidhar M, Kiranmayi R. Techno-economic analysis of off-grid solar/wind/biogas/biomass/fuel

cell/battery system for electrification in a cluster of villages by HOMER software. Environ Dev Sustain.
2021;23(1):351–72. doi:10.1007/s10668-019-00583-2.

16. Ur Rashid M, Ullah I, Mehran M, Baharom M, Khan F. Techno-economic analysis of grid-connected hybrid
renewable energy system for remote areas electrification using homer pro. J Elect Eng Technol. 2022;17(2):981–97.
doi:10.1007/s42835-021-00984-2.

17. Hüner B. Feasibility and environmental analysis of biogas-based hybrid energy system using HOMER pro software:
a case study for Hatay. Energy Convers Manag. 2025 Feb;326:119480. doi:10.1016/j.enconman.2025.119480.

18. Guddanti B, Orrego JR, Roychowdhury R, Illindala MS. Sensitivity analysis based identification of key parameters
in the dynamic model of a utility-scale solar PV plant. IEEE Trans Power Syst. 2022 Mar;37(2):1340–50. doi:10.
1109/TPWRS.2021.3101466.

19. Dell RM, Rand DAJ. Energy storage—a key technology for global energy sustainability. J Power Sour. 2001
Nov;100(1–2):2–17. doi:10.1016/S0378-7753(01)00894-1.

20. Roozbehani M, Dahleh MA, Mitter SK. Volatility of power grids under real-time pricing. IEEE Trans Power Syst.
2012 Nov;27(4):1926–40. doi:10.1109/TPWRS.2012.2195037.

21. An PQ, Scully T, Breen M, Murphy MD. Determination of optimal battery utilization to minimize operating costs
for a grid-connected building with renewable energy sources. Energ Convers Manag. 2018 Oct;174:157–74. doi:10.
1016/j.enconman.2018.07.081.

22. Ang BW, Choong WL, Ng TS. Energy security: definitions, dimensions and indexes. Renew Sustain Energ Rev.
2015 Feb;42:1077–93. doi:10.1016/j.rser.2014.10.064.

23. Shams S, Sahu JN, Mubarak NM. A route for energy recovery from municipal solid waste and developing a
framework for waste management in Brunei Darussalam. Sci Rep. 2024 Aug;14:19767. doi:10.1038/s41598-024-
16740-7.

24. Shafiei K, Seifi A, Hagh MT. A novel multi-objective optimization approach for resilience enhancement con-
sidering integrated energy systems with renewable energy, energy storage, energy sharing, and demand-side
management. J Energy Storage. 2025 Apr;115:115966. doi:10.1016/j.est.2024.115966.

https://doi.org/10.1016/j.jesit.2017.06.002
https://doi.org/10.1016/j.renene.2018.01.102
https://doi.org/10.1016/j.rser.2010.08.014
https://doi.org/10.26776/ijemm.06.04.2021.07
https://doi.org/10.1051/e3sconf/202124201004
https://doi.org/10.36227/techrxiv.22722511.v1
https://doi.org/10.36227/techrxiv.22722511.v1
https://doi.org/10.1007/s10668-019-00583-2
https://doi.org/10.1007/s42835-021-00984-2
https://doi.org/10.1016/j.enconman.2025.119480
https://doi.org/10.1109/TPWRS.2021.3101466
https://doi.org/10.1109/TPWRS.2021.3101466
https://doi.org/10.1016/S0378-7753(01)00894-1
https://doi.org/10.1109/TPWRS.2012.2195037
https://doi.org/10.1016/j.enconman.2018.07.081
https://doi.org/10.1016/j.enconman.2018.07.081
https://doi.org/10.1016/j.rser.2014.10.064
https://doi.org/10.1038/s41598-024-16740-7
https://doi.org/10.1038/s41598-024-16740-7
https://doi.org/10.1016/j.est.2024.115966

	Techno-Economic Feasibility Analysis of Grid-Connected Hybrid PV Power System in Brunei
	1 Introduction
	2 Methodology
	3 Hybrid System Components and Specifications
	4 Results and Discussion
	5 Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


