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Abstract

Off-grid power generation has become increasingly efficient for remote and
developing regions with the advancement of renewable energy technologies.
Areas with limited access to the conventional grid can now depend on
self-sustaining hybrid systems that offer higher reliability and lower carbon
emissions compared to traditional power sources. The main objective of this
study is to propose an economically viable and optimally designed system
model for electric vehicle (EV) charging infrastructure. The system aims
to provide a practical and sustainable solution for EV charging, considering
electric vehicles as a primary mode of transportation. The motivation behind
this work is to promote the adoption of renewable energy in the transportation
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sector, thereby contributing to a cleaner and pollution-free environment. The
selected location is the capital city of the central region of Oman. The electric
load of a community was synthesized for 25 households, with 60% of them
owning an electric vehicle. Comprehensive system modelling, optimization,
and performance evaluation were carried out under varying operating condi-
tions. The total Net Present Cost (NPC) and Cost of Electricity (COE) of the
proposed system were estimated to be $7,11,333 and $28,394 respectively.
In addition, a sensitivity analysis was conducted to study the impact of
variations in average solar irradiance and diesel fuel prices in Oman, as these
parameters significantly influence the overall production cost of the system.

Keywords: Homer, EVs, sensitivity analysis, renewable energy, techno-
economic analysis.

1 Introduction
1.1 Background

Energy is regarded as one of the key indicators of a country’s independent
growth. Currently, Fossil fuels account for about 80% of global energy
demand, resulting in significant environmental consequences [1]. Large ther-
mal power plants have traditionally been the primary source of electricity,
which is subsequently delivered through medium and high-voltage distribu-
tion grids [2, 3]. But then again, air pollution and greenhouse gas emissions,
which are one of the main causes leading to global warming, are major
sources of worry, owing to the continued use of fossil fuels for energy
generation [4—6]. Other motivations to minimize dependency on fossil fuels
include the rapid depletion of fossil fuel reserves, in addition to a progressive
increase in energy consumption and fuel prices, which are additional reasons
to minimize dependency on conventional fuel sources. [7] To overcome these
challenges associated with traditional power production methods and to meet
current the current growing demand, the development of renewable energy-
based power production systems is gaining traction as a green alternative
[8-10]. It is also important to recognize that a significant amount of the
world’s population lives in rural areas that are only partially connected to the
electrical grid. Geographic inaccessibility, rough terrains, a lack of electrical
infrastructure, and the high cost of establishing massive grid-connected trans-
mission lines across large ranges to deliver electricity for scarcely populated
areas are all contributing to inadequate electricity distribution [11].
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1.2 Challenges and Regional Context

The country of Oman is unique in terms of its greatly contrasting land profile,
which ranges from deserts to the Rocky Mountains. Oman, being an oil-
rich country, is highly dependent on its fossil fuels. The oil and gas sector
mainly promotes Oman’s economy. The dependency of Oman on fossil fuels
is discussed, how incentives are available for renewable energy resources,
and the large potential for demand-side management. The country, despite
having a large potential in solar energy and wind in some areas. Renewable
sources do not have any major contribution to the country’s energy supply
and Oman mainly relies on fossil fuels. [12] This paper finds out how
well-informed the Oman government’s electrical sectors are about renewable
energy and their current options. Oman’s National Strategy aims to derive
30% of electricity from renewable sources by 2030. Oman needs to utilize
more of the available renewable resources. [13] In this study, the appearance
and weight of renewable energy in higher education programs, as well as
Oman’s commitment to renewable energy, are explored. Renewable energy
not only is environmentally friendly, but it also plays a major role in the
development of a country, and further use of electric vehicles improves
the carbon footprints. [14] The algorithm employs a renewable production
following EV charging infrastructure as well as HOMER. It is demonstrated
through simulations that the microgrid built using the suggested algorithm
minimizes investment costs and CO5 emissions.

1.3 Literature Review

With solar panels, no greenhouse gas emissions are emitted into the atmo-
sphere. When compared to other energy-producing methods, solar panels
have low ongoing running expenses. Solar energy potentially yields great
amounts of electricity since it doesn’t require fuel, which eliminates the cost
and danger of securing a fuel supply. More research on PV systems has
appeared, with an emphasis on efficiency and affordability, which represent
the keys to consumer investment in solar energy. The cost of producing
electricity from PV panels has reduced significantly since 1990. [15] The
present rise in global fuel prices drives governments to seek alternative energy
sources. As a result, policymakers, environmentalists, and academics all
around the globe are seeking possible renewable energy supplies to replace
traditional fossil fuels while also lowering emissions [16]. Most renewable
source-based systems have inconsistent supply concerns due to intermittent
features, with fluctuating atmospheric circumstances, and that impacts the
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energy output. To address this aspect and offer a dependable power source,
systems that utilize renewable energies can be combined with energy storage
technologies or other non-renewable systems. In this study, the author [17]
used HOMER simulations to assess the cost of power from a fuel cell-
based system vs grid supply for a rural health facility in India. The findings
indicated that catering to the electricity exigency from an off-grid source
is economically feasible after a distance of 44 kilometres from the grid.
HOMER was used by the author [18] to assess the economic feasibility of
a hybrid system for a residential application in Malaysia. [19] In this paper,
the author discusses about a system that incorporates diverse energy sources,
which would need the least amount of fuel yearly and would cause the least
environmental impact owing to a reduction in greenhouse gas emissions.
[20] In this paper, the purpose is to optimize the design, planning, scaling,
and operation of a hybrid, renewable energy-based microgrid with the goal of
lowering the lifecycle cost while taking environmental emissions into account
but electric vehicles are not taken into account. [21] Oman has high solar
power available and yet the production is very low. The residential sector
is the major consumer of electricity in Oman. [22] The optimal solution in
order to supply consumers with electricity and the most feasible solution
according to this paper is through a combination of wind, natural gas, and
diesel generators for power production. A multi-energy source approach
would use the lowest quantity of fuel each year, causing minimal impact on
the environment. Hybrid systems will make a safer power source available
for off-grid connections. [23] In this paper, the author discusses that remote
areas have hidden potential for energy production but are not utilized yet.
Implementing hybrid energy systems in these regions could be feasible for
producing electrical energy. Several recent studies have utilized optimization
techniques such as HOMER to assess the viability of hybrid renewable energy
systems. [24] showed the need for greater utilization of renewable resources
and the country’s high solar potential by analyzing the best hybrid renewable
systems for Oman in 2023. [25] investigated the challenges preventing the
adoption of electric cars in Oman and concluded that the poor integration
of renewable energy sources and inadequate charging infrastructure were
the biggest hurdle. In 2024, [26] used HOMER to conduct techno-economic
analysis to analyse the performance of hybrid energy systems and renewable-
based EV charging stations leading to reductions in emissions and running
costs under different operating conditions. Additional works like [27, 28]
focussed on hybrid renewable systems in the Gulf area and similar climatic
conditions, showed the significance of site-specific sensitivity analysis for
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fuel price and solar irradiance fluctuation. In 2025 [29], new studies looked
into whether using solar power and other renewable energy sources is prac-
tical and affordable for charging electric cars in Oman and nearby regions.
However, not many researchers have looked at what happens when more
and more people start using electric cars in remote Omani villages that rely
heavily on solar panels and are not connected to the main power grid. This
study aims to fill that specific gap in our knowledge.

1.4 Motivation and contribution of the Work

The main goal of this study was to find the optimal design for the electrifi-
cation of a community consisting of 25 houses with 60% of them having an
electric vehicle where the grid connection is not possible [30]. For achiev-
ing the aforementioned targets, the electrical load, and solar radiation data
were used in the software Homer to apply techno-economic analysis. It ran
simulations and provided the most feasible solutions. In addition to this,
a comparative analysis is performed for different level of electric vehicle
penetration, showing the effect of EV integration on emissions and system
sustainability. The results further show the potential of achieving large renew-
able energy penetration while retaining system stability and sustainability in
off-grid situations.

1.5 Organization of the Paper

The rest of the paper is organized as follows. Section 2 describes the
methodology of this study, which includes the analysis and optimization
of the proposed system. Section 3 presents the system components, their
design, configuration and key specifications. Section 4 discusses the results
and provides a detailed evaluation of the performance of the system. Finally,
Section 5 concludes the paper with key findings.

2 Methodology

With countless feasible integrations of renewable and non-renewable energy
sources, additional reliance on various constituents such as power demand,
component and fuel costs, and the availability of energy sources on a sea-
sonal basis all affect the cost of energy, and government policies, finding
the best solution is difficult and requires extensive research [31-33]. As a
consequence, numerous optimization techniques and software are developed
and put to the test in order to examine the technical and financial advantages
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of various integration of renewable technologies in order to streamline the
design of hybrid systems and maximize the utilization of renewable energy
sources. The literature [34—38] has plenty of research aimed at establishing
the best hybrid setup for various electrical loads. There isn’t any thorough
research on the techno-economic estimation of PV, Wind, and Diesel hybrid
systems in Oman that includes electric vehicles, to the best of the author’s
knowledge. As a result, the primary goal of this research is to examine off-
grid cities in Oman with varying climatic circumstances in order to find the
optimal combination of available resources to meet each location’s electrical
demand in a dependable and sustainable manner. To carry out the techno-
economic analysis, the solar irradiation, wind speed, and power consumption
were first presented using HOMER software simulation. The starting capital,
cost of energy (COE in $/kWh), and net present cost (NPC) were used to
advance, to the targets with the aim to find an ideal composition for the chosen
location. The software HOMER was used to evaluate the techno-economic
viability of various configurations. HOMER is an optimization software
tool that can assess design alternatives for both off-grid and grid-connected
power systems for remote, stand-alone, and Diesel generator applications
using a variety of technologies (including wind, PV, boilers, fuel cells, and
hydro). HOMER creates a model for each specific system configuration by
running an hourly time-step simulation with various technological possibili-
ties, component pricing, and resource availability as inputs. The system next
evaluates the technically possible configuration and calculates the system’s
overall cost of installation and operation [39]. HOMER software was used
to obtain a feasible system for all conceivable combinations of the system’s
components. Figure 1 shows the optimization algorithm in HOMER. This
software is a strong tool for doing techno-economic evaluation for areas with
limited grid connectivity. With the goal to optimize the design, size, and
planning of renewable energy systems. It runs simulations based on vari-
ous system configurations or hybrid combinations of components to create
feasible system configurations ordered by COE (Cost of Energy) and NPC
(Net Present Cost). System design configurations are optimized by reducing
the objective function to the restrictions. In this study, the goal is NPC (Net
Present Cost), which is the current cost of the system minus the total revenues.
The load consists of only electrical load in this study and the components
are PV panels, battery storage, converter, and diesel generator. The cost of
the components used in the system is the standard rate provided by Homer
Software. Further, the sensitivity analyses were done by varying average solar
radiation per day and diesel prices.
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Figure 1 Flow diagram of optimization algorithm in HOMER.

2.1 Location Specification

The location selected was a residential community in central Oman named
“Haima”, which is the capital of the Al-Wusta Governate. The community
is situated at coordinates (19°57'29.6”"N 56°16’15.5”E) and is known for
its hot, arid desert climate, followed by minimal rainfall and consistently
high temperatures. With an average yearly radiation of 6.16 kWh/m?/day,
Haima is one of Oman’s best sites for solar energy production and is therefore
ideal for solar photovoltaic (PV) installations. The location of the residential
community in the map of Oman is shown in Figure 2, and the road view map
of the community is depicted in the Figure 3.
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Figure 2 Location of the community on the Oman’s map.
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Figure 3 The road view map of the community.

2.2 Levelized Cost of Energy

The Levelized Cost of Energy (LCOE) is a financial indicator used to
determine the economic performance of energy systems. It is defined as the
average cost of generating usable electrical energy in ($/kWh or €/kWh)
over the lifetime of a project, to determine the Levelized Cost of Energy,
the software divides the yearly cost of generating electricity (total annualized
cost minus the cost of feeding the thermal load) by the total electric load. The
LCOE is determined by the following equation [40] —

Cann ,t

COFE =
Eser'ued + Egm'd,sales

ey

Where Cypy, ¢+ represents the total annualized cost of the system ($/yr),
Eerveq 18 the total electrical load served (kWh/yr), and Egiq sqles 18 total
grid sales (kWh/year).

2.3 Net Present Cost

The net present cost, also known as life-cycle cost, is a key factor in determin-
ing the overall cost of a system over its lifetime. It is calculated by subtracting
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the present value of all the money the system makes during the project’s
duration from the present value of installing and operating all the system’s
components.

The Net Present Cost is given as:

Cann N

CRF (i, N) @

Cnpc =
Where Cyp ¢ is the total annualized cost (USD/year), and CRF is the
capital recovery factor.
The CRF is defined as —

i(14 )N

CRF(i,N) = CrY 1

3)
N is the project duration (year), and i is the actual interest rate (%).

2.4 Salvage Value

In Homer software, the salvage value of the software components is its
remaining worth after the completion of the project’s lifespan. The salvage
value of a system’s component is directly proportional to its remaining life.
The salvage value lowers the NPC as it takes into account the remaining value
of parts that can be sold or used.

Homer uses the following equation to calculate the salvage value of the
system —

R'rem
< Rcomp

Where C), is the component’s replacement cost ($), Ry, is the
remaining life of the component, and R, is the component lifetime (year).

S=cC )

2.5 Total Annualized Cost

The Total Annualized Cost (TAC) in Homer Software refers to the entire
cost of owning and operating an energy system, averaged annually. It is the
annualized value of the total NPC and includes all the capital, operation
and maintenance (O&M), replacement, and other costs generated during the
project’s lifetime. The following formula determines the total annualized
cost:

Cann,t = CRF(iaRproj) X C1NPC’,2£ (5)
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Where Ry, is the project lifetime (year), i is the yearly real discount rate
(%), CRF is a function that returns the capital recovery factor, and Cypc ¢
is the total net present cost (USD).

2.6 Operating Cost

The operating cost in the HOMER software refers to the overall costs and
revenues incurred for running and maintaining a system over its operational
lifetime other than initial capital costs. It consists of operation and mainte-
nance (O&M) costs and fuel costs. The operating cost is calculated by the
given equation:

Copemting = Cann,t - Ca'rm,cap (6)

Where Cypp ¢ is the total annualized cost ($/yr), and Cpp, cap 1S the total
annualized capital cost ($/yr).

2.7 Load Estimation

This study takes into account the load of a community consisting of 25 houses
with 60% of them having an electric vehicle and assuming they also have an
inbuilt charger at home for charging the electric vehicle. The charger is a
medium-level charger with a 3kW rating, and it charges for an average of
4 hours per day. The load was carefully examined with the peak being the
summer season of July which is shown in Figure 4. The load of the houses
with an electric vehicle is calculated to be approximately 475 kWh/day for
15 houses having a peak of 62.34 kW. The load of the remaining 10 houses
without an electric vehicle is 78 kWh/day with a peak of 10.98 kW. The daily
profile of a single house in the community is shown in Figure 5 having an
electric vehicle and Figure 6 shows the daily load profile of a house without
an electric vehicle.

Seasonal Profile
30
20
B
-
=
) @ Q
0
S ¥ & N G T N T 2 S
T ¢ F & F VY @ g 0 & ¢

Figure 4 Monthly average of seasonal profile.
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Figure 5 Electric load of a house with an Electric vehicle.
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Figure 6 Electric load of a house without an Electric vehicle.
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Figure 7 Monthly average of seasonal profile.

3 System Design and Specifications

The system considered is a Solar PV-Diesel based off grid system, which has
mainly generator, converter, storage batteries, and PV (photovoltaic) panels.
The load profile of the houses is shown in Table 1. The specifications of the
components used in the system are discussed below in Table 2 and the model
is depicted in Figure 8. The system uses PV panels to produce clean energy.
The data for average solar radiation is provided in Figure 7. The data was
obtained through Homer software. The annual average is 6.16 (kWh/m?/day).
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3.1 System Design

Table 1 Load profile for HOMER optimization analysis

Loads Power Unitsin Use Time Total Load (Watt-hours)
Ceiling Fan 50 3 5 750

E.V. charger 1300 1 4 5200

Low energy CFL’s 24 3 4 288
Fluorescent tubes 40 2 4 320
Television 175 1 2 350

Water pump 750 1 0.5 375

Electric iron 500 1 0.25 125

Air conditioner 700 1 4 2800

Total 10.208 kWh

Table 2 System components and sizing

Component Name Size

PV SG330P 169 KW
Storage 1kWh Li-Ion battery 400 KW
Converter System Generator 50 KW
Generator Diesel Generator 81 KW

AC DC @
Gen Electric Load #1 SG330

&) )

78.00 kWhy/d
10.58 kW peak

Electric Load #2 1kWh LI

—m =)
e

475.00 kWhy/d

6234 kW peak

Converter

Figure 8 Schematic diagram of the system.
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Table 3 Specifications of the solar panels (SG330P)

Parameters Units Values
Capital cost $/kW 550
Replacement Cost $/kW 400
Derating Factor % 80
Lifetime Years 25
Nominal Output (Pmax) Watt 330
Voltage at Pmax Volts 34.35
Current at Pmax Ampere  9.61
Open circuit voltage Volts 41.91
Open circuit current Ampere  10.18
Module Efficiency % 19.78

Table 4 Specifications of the LI-Ion battery

Parameters Units Values
Capital cost $ 70,000
Replacement Cost $ 70,000
Operation & Management $ 1000
Nominal Voltage Volts 600
Nominal Capacity kWh 100
Round Trip Efficiency % 90
Maximum discharge Current ~ Amperes 500
Maximum charge current Amperes 167

3.2 Solar Modules

865

The solar modules used in the system are the SG330P, which have a 169kW
capacity. The cost per kW was considered 5508 without a converter. The PV-
rated capacity is 1 kw of a single panel with 25 years of lifetime, and the
operation and management cost is $10 per year. The complete specifications

of the solar panels are given in Table 3.

3.3 Batteries

The batteries are primarily used for storing the electricity that photovoltaic
panels produce to utilize at night The system requires around 400 kWh of
battery backup. 4 batteries of lithium ion with 100 kWh storage were used
to prevent overcrowding of batteries and reduce operation and maintenance
costs. The technical specifications are given in Table 4.
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Table 5 Specifications of the generator

Parameters Units Values
Capital cost $ 8125
Replacement Cost $ 8125
Current Ampere 223
Output Voltage Volts 415
Power Rating Watts 128 kVA

3.4 Converter

A converter is a power electronic device that converts electrical energy
between different forms, such as from DC to AC or AC to DC. The converter
has an efficiency of 85%. The capacity of the converter used is 50 kW.

3.5 Generator

A diesel generator is integrated with a PV system. 81 kW of power comes
from the generator for this purpose generator with 128 kVA capacity was
used. A diesel generator acts as a reliable source of power generation. The
technical specifications are given in Table 5.

4 Result and Discussion

The most optimal system configuration was taken into account using Homer
software for simulations. Different suitable parameters were chosen for sen-
sitivity analyses. Renewable power generation depends upon the availability
of solar radiation. As its availability is unpredictable, therefore its average
values will vary. The diesel prices were also varied as they also fluctuate. As
these parameters were varied, their effects on the system were observed. The
complete sensitivity analyses are provided in Figure 9.

The diesel prices were varied from 0.645%/liter to 0.680%/liter and the
scaled average of solar radiation was varied from 5.00 (kWh/m?/day) — to
6.16 (kWh/m?/day).

4.1 System Optimization Results

The system under consideration was optimized along with sensitivity inputs
using HOMER software to determine the optimal configuration of PV, Diesel
Generator, and Batteries. The optimal structure consists of 145 kW by PV
panels, and 81 kW by Diesel Generator with Battery storage of 371 kWh to
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Figure 9 Results for different Sensitivity scenarios.
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Figure 10 Optimized results.

fulfil the load demands of the community as shown in Figure 10. HOMER
differentiates between results on the basis of NPC, COE, and initial capital
investment. The monthly average of PV and generators is shown in Figure 11.
The green bars depict the power generated by the Diesel Generator and the
orange bars depict the power produced by PV panels. Solar power dominates
production by generators throughout the year. The solar panels produce
231,395 kWh/year, while the generator produces 33,602 kWh/year. This
system has high renewable energy penetration, and it also supports Electric
Vehicles. Thus, it will help in reducing the stress from conventional sources.

4.2 Proposed System: Fuel Intake & Environmental Effects

With the analysis of fuel intake by the generator, it was observed that the
maximum fuel consumed by the generator gradually increased from January,
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Figure 11 Monthly average of PV and generators.

Table 6 Emissions profile of 60% EV-equipped houses

Quantity Value Units

Carbon Dioxide 34,317 Kgl/year
Carbon Monoxide 216 Kg/year
Unburned Hydrocarbons 9.44 Kg/year
Particulate Matter 1.31 Kgl/year
Sulphur Dioxide 84.0 Kg/year
Nitrogen Oxides 203 Kg/year

Table 7 Fuel consumption by 60% EV-equipped houses
Quantity Value Units
Total fuel consumed 13,110 L
Average fuel per day 35.9 L/day
Average fuel per hour 1.50 L/hour

peaked in July, and then gradually decreased till December. Owing to the
increased load in the summertime and decreased efficiency of PV panels due
to increased temperatures. The burning of diesel produces secondary pollu-
tants which pollute the environment furthermore noise and thermal pollution
are also a major problem with diesel generators. The list of pollutants emitted
by diesel generators in 60% of houses with EVs is given in Table 6 and for
30% of houses with EVs in Table 8. The overall consumption of fuel for 60%
of houses with EV and the rest with IC engine cars is given in Table 7 and
the overall consumption of fuel for 30% of houses with EV and the rest 70%
with IC engine cars is given in Table 9.
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Table 8 Emissions profile of 30% EV-equipped houses

Quantity Value Units

Carbon Dioxide 31,894 Kgl/year
Carbon Monoxide 201 Kgl/year
Unburned Hydrocarbons 8.77 Kgl/year
Particulate Matter 1.22 Kgl/year
Sulphur Dioxide 78.1 Kg/year
Nitrogen Oxides 189 Kg/year

Table 9 Fuel consumption by 30% EV-equipped houses
Quantity Value Units
Total fuel consumed 12,184 L
Average fuel per day 334 L/day

Average fuel per hour 1.39 L/hour

4.3 Comparative Study

For analysing the feasibility of the system, a comparative study of two
configurations is done.

Case 1: 60% of houses have EVs, while 40% of houses have normal IC
engine vehicles.

Case 2: 30% of houses have EVs, while 70% of houses have normal IC
engine vehicles.

The total cost of Generator, Li-ion batteries, and PV panels in Case 1 is
more as compared to Case 2, but at the expense of increased pollution from
vehicles, a major drawback is that taillight emissions are not localized, and
treating them is a cumbersome task. The pollutant graph comparison shows
the number of pollutants ejected by diesel generators while running for a
yearly profile. Figure 13 presents the overall cost summary for both scenarios.

The integration of solar energy with diesel generators aids in reducing
the pollution caused by generators, by using EVs as a mode of transport, the
taillight emissions are eliminated, which is a major contributor to pollution,
and further adding the batteries as a backup power source also increases
renewable energy penetration. Also, with EVs included in the system the pol-
lution caused is indirectly transported to the generating stations, the pollutants
are much easier to capture and treat as they now come from a point source.
Adding batteries not only reduces pollution but also makes the system more
economical.
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Figure 12 Pollutants graph for houses having 60% and 30% EVs.
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Figure 13 Cost summary graphs for 30% and 60% EVs.

4.4 Environmental Impact

The emission Factor is used to examine the emissions from IC engines, Diesel
vehicles have the highest Emission factor for Carbon monoxide, having
the average values as follows: 35.12 4+ 21.37 g/kg fuel and CNG vehicles
have the highest Emission Factor for Hydro Carbons, with the average of
28.15 £+ 11.97 g/kg fuel and as the vehicles ages the emissions increase
even further whereas the electric vehicles only run via electricity. Figure 12
illustrates the pollutants levels for houses having 60% and 30% EVs. With
electric vehicles charging via stand-alone hybrid systems vehicle pollution is
eliminated. The noise pollution caused by diesel engines is also reduced. In
comparison with a regular diesel engine car, the EV helps in the elimination
of pollution and it also helps in reducing running costs. Since EVs are more
cost-effective than gasoline or diesel, charging an electric vehicle is more
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affordable than filling it up with fuel for traveling needs. With the usage of
EVs, they are more feasible for reducing carbon emissions even further when
powered by a renewable energy source.

5 Conclusion

This work presents a novel optimal design and a techno-economic assessment
of a hybrid solar PV-diesel system for Haima, a city in Oman, that has limited
grid connection and a high penetration of electric vehicles, by explicitly
integrating residential electric vehicles’ charging demand into the system
with climatic and economic conditions, thereby helping to reduce pollution.
The most feasible solution was proposed, consisting of 129 kW generated by
PV panels and 81 kW generated by a diesel engine. The initial investment
totalled $344,268, with a net present cost of $711,333 and an operating cost
of $28,394. The excess electricity produced is about 34,000 kWh/year; thus,
the external grid connection isn’t required. The net present cost is feasible
as it is for 25 years of projection. The designed system has high renewable
energy penetration and reduced carbon emissions, the system also takes into
account the charging of Electric Vehicles, which will help in reducing carbon
emissions further. In addition, the sensitivity analysis highlights the impact
of solar irradiance and diesel fuel price variations on the system. Future work
will focus on incorporating real-time load data along with vehicle-to-grid
(V2G) operation, and energy management strategies to enhance the system’s
overall performance and reliability.
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