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produce a hybrid system, its construction is often costly. As the remote areas depend
on unsustainable diesel-fuelled generators, they have greater operational expenses
than non-remote areas due to the higher cost of diesel and the longer distances needed
to transport the fuel. This work focuses on modelling a hybrid renewable energy system
that is economically sustainable, environmentally friendly and technical consideration
is taken into the design requirements. The energy cost ($/kWh) and lifecycle emission
CO; (kg/year) are considered as economic and environmental indicators, respectively.
In addition, a sensitivity analysis for varied diesel fuel price ($/L) and PV capital cost of
the HRES is performed to achieve a more feasible configuration. To obtain a system that
can fulfil demand while meeting specific technical requirements, three configurations
are evaluated: 1) standalone diesel generators, 2) hybrid PV-Diesel without battery and
3) hybrid PV-Diesel with battery. This study proposed system 3 as the best system
architecture due to the lowest value of COE of 0.2585/kWh and NPC of $22,130. A solar
photovoltaic (PV) and lead acid (LA) battery-based hybrid renewable energy system is
suggested to fulfil the camp facility load demand of 14.92kWh/day in a rural area of
Sungai Tiang, Perak. Sensitivity analysis findings show that LCOE and NPC values are
substantially responsive to fuel price and PV capital cost. Integrated solar and
battery technologies can enhance the economic performance (e.g., NPC, COE),
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1. Introduction

In recent years, escalating environmental degradation, energy consumption, fuel prices, and the
decline in fossil fuel reserves have increased interest in renewable energy systems. The negative
impacts of greenhouse gas (GHG) emissions may be felt beyond the boundaries of the nation, and
the effects of climate change on countries might differ substantially from one another. A number of
climate change initiatives have been initiated to combat global warming and decrease greenhouse
gas emissions throughout the globe. Similarly, Malaysia plans to cut greenhouse gas emissions by
45% by 2030 [1,2]. In addition, Malaysia has begun the process of aligning the 12th Malaysia Plan
(2021-2025) with the nation's sustainable development objectives. The electrification of industries
and services using renewable energy may have an immediate and large effect on carbon emissions
as more energy used to supply demand. Presently, around 19.7% of the world's ultimate energy
consumption is accounted for by electricity; by 2050, this percentage might increase to 50% [3,4]. An
extraordinary worldwide shift is occurring in the twenty-first century, as people increasingly turn to
renewable energy sources. However, hybrid renewable energy system (HRES) development in rural
regions is technically difficult because of the challenging terrain of the cable and financially expensive
to provide energy access due to the dependency on diesel-fuelled generators that have greater
operational expenses than non-remote areas due to the higher cost of diesel and the longer distances
needed to transport the fuel [5-8]. In addition, due to the various components necessary to produce
a hybrid system, its construction is often costly. The growth of renewable energy systems (RES) is
severely constrained by the system's sustainability and the capability of local diesel generators to
accommodate the instantaneous, intermittent production of renewable sources.

Developing an HRES includes a variety of factors, including component size and rating, mode of
operation, material selection to enhance system dependability, cost minimization, and emission
reduction. In 2022, Sharma et al., [9] conducted the optimum size of HRES by minimizing the cost
using multi-objective dynamic optimization. Of the several goals listed, the optimal sizing of the HRES
has been widely researched in the literature. A detailed evaluation of integrated techno-economic-
environmental-society architecture of India's hybrid renewable energy system by Kushwaha et al.,
[10] showed that an appropriate dispatch method was needed to execute the programme for
telecommunication. Along the same line, Hassan et al., [11] did a similar optimum sizing analysis on
the  economic-environmental-social  optimization  for  off-grid  hybrid  Photovoltaic
(PV)/wind/hydro/biogas systems.

Several studies reported in literature have employed different types of algorithms such as particle
swarm optimization (PSO) as conducted by Alshammari et al., [12] in modelling HRES. Sharma et al.,
[9] however, used multi-objective optimization formulation for in their study on HRES. In contrast to
Sharma et al., [9] genetic algorithm (GA) was used by Ismail et al., [13] on modelling and designing of
HRES and whale optimization algorithm (WOA) was conducted by Cai et al., [14]. Numerous studies
have assessed the sustainability of either the power producing system or electricity generation
technology, and often both. To evaluate the HRES sustainability based on technical, economic and
environmental performance, Chaurasia et al., [15] compared the best-case scenario between PV-
diesel generator (DG)-battery (BAT) to the base case (DG/BAT). Preliminary work of hybrid renewable
energy system in conservation park was undertaken by Sreenath et al., [16] that points out another
standpoint that received less attention to other researchers which was social parameters.

Overall, the evidence reviewed here highlight a pertinent role for HRES to maintain the
sustainability of a system according to social, environmental, economic and technical (SEET)
parameters. Nonetheless, these studies continue to have a limited scope as they solely address the
well-known diesel cost and neglect to emphasize the concealed transportation expenses associated
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with delivering diesel to remote regions. This oversight potentially jeopardizes both the final cost and
the comprehensive simulation of the research study. Furthermore, although certain studies have
examined remote areas, none have specifically focused on exploring the application of Hybrid
Renewable Energy Systems (HRES) in conservation parks, where the load profile exhibits stochastic
characteristics due to visitors arriving at unpredictable times. This highlights the necessity to
comprehend the diverse perspectives on HRES within different types of location specifications. The
purpose of this paper is to emphasize the significance of diesel transportation costs. The primary
objective of this study is to assess the sustainability of Hybrid Renewable Energy Systems (HRES)
within a conservation park.

The next part of this paper is organized as follows. Section 2 presents an assessment of locations
with resources and loads, the optimization of HRES models and techno-economic-enviro factors,
Section 3 discuss the results and discussions and in Section 4 conclusion is drawn.

2. Methodology
2.1 Site Specifications and Data Collections

This study is carried out at Royal Belum State Park in Perak, Malaysia. The coordinates are 5°40'
N, 101°23' E. The map of Royal Belum State Park is illustrated in Figure 1. The Perak State Parks
Corporation (PSPC), which is a statutory organisation under the jurisdiction of the State government
of Perak, is in charge of managing this conservation park that is situated in the Hulu Perak District.
Sungai Tiang is one of the four observation/recreational campgrounds available at the state park. The
only way to reach the camps is via boat, and it is quite remote from any kind of connection to the
national power system. Diesel and fuel generators are used to provide the necessary power.
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Fig. 1. Map of the Royal Belum Park [17]
2.1.1 Solar radiation data
Solar radiation measurements taken at the Sungai Tiang camp and provided by National

Aeronautics and Space Administration (NASA) are shown in Figure 2. The average daily solar radiation
varies from 4.010 kWh/m2/day to 5.48 kWh/m2/day, with a yearly average of 4.82 kWh/m2/day.
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Fig. 2. Monthly average daily solar radiation profile at Sungai Tiang [18]

2.1.2 Temperature data

The temperature data for the Sungai Tiang may also be obtained from NASA and is shown in
Figure 3. The average daily temperature is between 23.69°C and 25.74 °C, with a yearly average of
24.91°C.
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Fig. 3. Monthly average daily temperature profile at Sungai Tiang [18]

2.1.3 Load data

Hourly load profiles are estimated by collecting information on various electrical appliances, their
power ratings, and their consumption profiles over the course of a given hour. The hourly average
daily load profile of Sungai Tiang is shown in Figure 4, and it is clear from the chart that load readings
range throughout the day.

According to the load pattern, the lowest demand comes in the morning, when guests are
expected to have switched off unnecessary lights or be active in outdoor activities. The highest load
demand is recorded at the whole family is in their rooms and all LED lights are on. The daily energy
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consumption in Sungai Tiang is estimated to be roughly 14.92 kWh, with a peak demand of 0.93 kW,
based on measurements and speculations.

The load profile is based on several input and assumptions: the LED lights (outdoor and open
spaces) are turned on for 14 hours to prevent the wildlife. Bathroom lights are used both in the
morning and the evening. At Wakaf and the Arrival Hall, the LED are not used between the hours of
08:00 and 17:00. The information about campground appliances is provided in Table 1.

Load Profile Sungai Tiang
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Fig. 4. Hourly average daily load profile at Sungai Tiang
Table 1
Details on appliances/items used in the camp
Appliances/ Chalet Camp A’ Shaped Wakaf Arrival Hall (AH) Toilet Dining Hall  Praying
Items Chalet Room
LED Fan LED LED Wall LED LED Fan Wall LED LED Fan LED Wall
Fan Fan Fan
Quantity 5 5 10 2 2 5 6 2 2 2 2 2 2 2
Power (W) 10 45 15 10 45 10 10 60 45 10 10 60 10 45

Total (kW) 0.05 0.225 0.05 0.02 0.09 0.05 0.06 0.12 009 0.02 0.02 0.12 0.02 0.09

2.2 Hybrid Renewable Energy System (HRES) Design

In the design of HRES, several components must be taken into account. At the Sungai Tiang camp,
the hybrid system is comprised of a Photovoltaic (PV) system that serves as the primary energy
source, along with batteries and diesel generators as backup. In addition, one of the significant
components that has to be taken into consideration is the converter. In this study, the currency
conversion is taken as USD 1 = MYR 4.476 [19]. The following is a quick summary of each component
of HRES.

2.2.1 Photovoltaic (PV) panels
PV panels are the primary source of energy for HRES. They are utilised during daylight hours when
the sun is out. Throughout the night, batteries or diesel generators will be responsible for providing

load. In the linear programming model, the derating factor and lifespan of PV panels are modelled as
77% and 25 years, respectively [20]. This is because PV panels need very little maintenance and may
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endure for a very long period. The replacement cost and capital cost of 1 kW of PV panels are fixed
at $740 for economic inputs. A minimal operation and maintenance (O&M) expense is projected to
cost $14.8 per year.

2.2.2 Battery

In this investigation, the 12V nominal voltage is accounted for using lead-acid batteries. HOMER's
default lifespan prediction for the battery is 10 years. Capital and replacement costs are estimated
to be 171.05 $/unit, with an annual O&M cost of 8.555/year [18].

2.2.3 Diesel generator

Diesel generators are utilised to meet the load requirement when there is no output from the PV
system and the batteries have reached their minimal capacity. This research utilizes autosize
generators with an initial capital and replacement cost of $191.40. The default O&M cost provided
by the HOMER software is $0.03 per operating hour. This generator automatically adjusts its output
to accommodate the load. The generator's capacity will be the least that will prevent a capacity
shortage in all sensitivity cases.

The cost of diesel at fuel station is 0.479 USD/L [21]. To accommodate the cost of fuel
transportation in remote location, 50% higher than the normal fuel price is considered at the
campsite.

2.2.4 Converter

The converter in the HRES system is rated according to PV size since it is critical to provide full
power delivery from PV panels. The initial cost is estimated to be $330/kW, the replacement cost is
estimated to be $330/kW, and the annual O&M cost is $6.60. In the meanwhile, the operating
lifespan of the converter is estimated to be 15 years [18].

2.3 System Configuration

The configurations of systems analysed in this work are provided in three instances: 1) standalone

diesel generators, 2) hybrid PV-diesel without battery and 3) hybrid PV-diesel with battery storage.
The standalone diesel generator system relies on diesel generators to supply load requirements.
In addition, a hybrid PV-diesel system without a battery is a configuration of the system in which
photovoltaic panels are given more priority to meet the load demand and a diesel engine is used
during times of low solar radiation. The hybrid PV-diesel with battery design will enable the PV panels
to meet the load requirement, as shown in Figure 5. The PV panels' excess energy is utilised to charge
the battery until it is completely charged. So, if there are insufficiencies of energy from PV panels,
the battery will fulfil the requirement. If the battery is unable to satisfy the higher demand, the diesel
generators are used later to handle the load.
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Fig. 5. Schematic of components of hybrid renewable
energy system in Sungai Tiang

2.4 Operating Strategies

In the renewable energy system, a dispatch strategy is a method of control for energy storage
devices or generators to deliver electricity when renewable supply is insufficient [22]. Load following
(LF) and cycle charging (CC) control algorithms are frequently used as operation dispatch techniques
in the HRES. The CC method permits diesel generators to supply the load requirement while
simultaneously charging the batteries. In this investigation, the LF technique was chosen because it
generates less surplus energy than the CC strategy [22]. In contrast, LF approach enables generators
to meet demand when PV panels are incapable of doing so. In the meanwhile, the excess energy
produced by the PV panels is utilised to charge the battery [22].

2.5 Optimization of Hybrid Model and Economic Evaluation

An objective function is required to develop an optimum hybrid system. The whole net present
cost is taken into consideration as the objective function in this research. Take into consideration the
fact that a hybrid system has diesel generators, photovoltaic panels, and a battery. Hence, the goal
function is provided by the Eq. (1) [23].

_ Cann,tot
CTNPC = CRF(1Rprop) (1)
_i@+dN
CRF(N) = oy (2)
where

i.  Canntor = total annual cost of the system (S/yr),
ii.  CRF(ny=recovery ratio, which depends on the interest rate (%) and project lifespan
Rpro; and [ is the real discount rate,
iii. N =number of years.

The average cost per kWh of useful electrical energy provided by the HOMER simulated system,
defined as the levelized cost of energy (LCOE), and the cost of energy, will equal the total annual cost
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of the system divided by the total electrical load served. To calculate the LCOE, the following formula
is used

COE = Cann,tot— Cth (3)

Eserved

where
i. ¢y = total cost of thermal load served ($/yr),
ii.  Eserpeq=total electrical load served (kWh/yr).

2.6 Environmental Evaluation

Every system configuration's environmental impact is calculated based on its emissions of
nitrogen oxides, carbon monoxide, sulphur dioxide, unburned hydrocarbons, carbon dioxide, and
particulate matter. The measuring of emissions is deemed essential due to its close relationship with
major environmental concerns such as acid rain and the greenhouse effect.

In this research, all emissions of pollutants come from diesel generators used to produce energy.
It is measured in kilogrammes per year (kg/yr).

2.7 Sensitivity Evaluation

When designing a hybrid renewable energy system, the HOMER programme is used to execute
iterations until the best possible outcome is found for every choice, including the sensitivity variable.
To learn how different factors, including the global solar and diesel fuel price, affect energy costs, we
conduct sensitivity analyses. With cost analysis in mind, from least to most expensive, the table of
the many possible hybrid renewable energy system configurations will be compiled. In this research,
the sensitivity analysis for diesel fuel prices (S/L) is analysed to achieve a more feasible configuration.

3. Results

This section summarises the economic, environmental, and technological (sensitivity analysis)
outcomes of each configuration.

3.1 Economic Analysis

As was noted before, the NPC and LCOE values are going to be the primary economic measures
that are analysed in this study. The economic outcomes may be shown as follows

3.1.1 Standalone diesel generator

In order to accurately assess the effect of integrating PV into the system, it is essential to
introduce the first case, which is a standalone diesel generators setup. This case exhibits an NPC
value of $27,579.90 and an LCOE value of 0.3215 S/kWh making it the configuration with the most
expensive cost of energy. In addition, the system reveals O&M cost, replacement cost, fuel cost, and
capital cost for the project’s 25-year duration are $4,553.70, $1,862.61, $20,985.24, and $210.54,
respectively.
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3.1.2 Hybrid PV-diesel without battery

As indicated in Table 2, the O&M cost, replacement cost, fuel cost, and capital cost of the hybrid
PV-diesel system without batteries are $4,828.68, $1,943.69 $18,686.64 and $1,083.35 respectively.
The total NPC and LCOE for this configuration are $26,491.77 and $0.3088 S/kWh respectively. As
the implementation of RE resource is implement into the system in this case, the recorded NPC and
LCOE is lower compared to standalone diesel generator which considered as the base case in this
study. However, the total cost for the system in case 2 is more expensive than case 1. This is because
there's a lot to install upfront, making the initial investment bigger. Hybrid systems may minimise
long-term energy costs by compensating for diesel fuel use with renewable generation. The solar
array generates electricity throughout the day, while the diesel generator provides backup power at
night or when there is no sunshine.

Table 2
Economic evaluation for hybrid PV-diesel without battery
Component Capital Cost (5) O&M Cost (S) Replacement Cost ($) Fuel Cost ($)

DG 210.54 4,553.70 1,862.61 18,686.64
PV 728.44 229.49 0.00 0.00
Converter 144.38 45.49 81.08 0.00
System 1,083.35 4,828.68 1,943.69 18,686.64

3.1.3 Hybrid PV-diesel with battery

The third configuration is a battery-powered hybrid PV-diesel system. The results reveal an NPC
value of $22,129.92 and an LCOE value of 0.2580 S/kWh which has the lowest value compared to all
configurations. This is due to the constant power supply offered by hybrid solar systems, which is a
significant advantage over previous ways. As the batteries of hybrid solar systems store energy, they
give power without interruption. As indicated in Table 3, the figures for O&M cost, replacement cost,
fuel cost, and capital cost are $4,048.17, $2,872.40, $11,912.89, and $3,488.76, respectively.

Table 3
Economic evaluation for hybrid PV-diesel with battery
Component O&M Cost (S) Replacement Cost (S) Fuel Cost (§) Capital Cost ($)

DG $2,692.19 $1,053.78 $11,912.89 $210.54
PV $538.73 $1,653.87 $0.00 $684.20
Battery $724.82 $0.00 $0.00 $2,300.67
Converter $92.42 S164.74 $0.00 $293.36
System $4,048.17 $2,872.40 $11,912.89 $3,488.76

This architecture requires the use of diesel generators to provide the demand, particularly at
night when PV is unavailable, and the battery is depleted. Furthermore, this system will not create
any stability issues since it has a battery that can be utilised to store excess PV energy for later use.

3.2 Environmental Analysis

The simulation result of the HOMER Pro programme is used to figure out the amount of each kind
of pollutant produced annually by the power system in kilogrammes. With renewable energy,
greenhouse gas (GHG) emissions from sources other than power plants are dominant. Table 4 shows
the emissions generated by each system architecture according to the simulation results. From the
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table, it is clear that the addition of a battery to stand-alone diesel generators and hybrid PV-diesel
generators without a battery would substantially reduce dangerous gas emissions. Sustainable
resources reduce carbon dioxide emissions, making this system environmentally friendly because it
doesn't pollute our planet by adding more CO; gas into our atmosphere, which would cause global
warming and climate change issues if we don't stop using fossil fuels as soon as possible.

Based on the information shown in Table 4, the configuration of the standalone diesel generators
has led to the highest rate of hazardous pollutants being released into the environment. In addition,
the present standalone diesel generators system benefited from the addition of PV as well as
batteries, which allowed for a greater decrease in harmful emissions. The value of emission reduction
is calculated with respect to base case which is standalone diesel generator in system 1.

Table 4
Environmental evaluation for hybrid PV-diesel with battery
Emission/System Standalone Diesel Hybrid PV-Diesel Without Hybrid PV-Diesel with
Architecture Generator Battery Battery
Emission  Emission Emission Emission

Reduction Reduction
Carbon dioxide (kg/yr) 4,774 4,251 523 2,710 2,064
Carbon monoxide (kg/yr) 30.1 26.8 3.30 17.1 13.00
Unburned hydrocarbons 1.31 1.17 0.14 0.745 0.57
(kg/yr)
Sulfur dioxide (kg/yr) 0.182 0.162 0.02 0.104 0.08
Particulate matter (kg/yr) 11.7 10.4 1.30 6.64 5.06
Nitrogen oxide (kg/yr) 28.3 25.2 3.10 16 12.30

3.3 Sensitivity Analysis

The sensitivity analysis may be used to assess the technical analysis for each possible
configuration of the system. This analysis involves changing numerous parameters of the system.
Throughout the course of this research, two criteria, namely fuel price and PV capital cost, have been
subjected to a range of different treatments. The price of fuel is adjusted by plus or minus 3% of the
standard price. Meanwhile, the PV capital cost has been lowered by 40%. Table 5 provides an
illustration of the findings obtained from the sensitivity analysis.

3.3.1 Sensitivity analysis result with variation on fuel price

This project adjusted the diesel price to vary between $0.694/L, $0.731/L, and $0.767/L
considering 5% of increment and decrement. According to Table 5, a rise in the price of fuel will result
in an increase in the price of electricity. Therefore, the NPC value for the load demand of 5446
kWh/day is reduced to $21,572 for a fuel price of $0.694/L, $22,130 at current price of diesel of
$0.7341/L, and increased to $22,732 with a fuel price of $0.767/L. Similarly, LCOE values are seen to
rise proportionally by $0.251, $0.258, and $0.265 for gasoline prices of $0.694/L, $0.731/L, and
$0.767/L, respectively.

3.3.2 Sensitivity analysis result with variation on PV capital cost

This study modified the capital cost of PV by a factor between 1 and 0.6. The factor of 1 represents
the real capital cost of the PV panel and battery, whereas the factor of 0.6 represents a 40% decrease
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in the PV panel's capital cost. This represents the variance in PV panel capital costs between $1,711
per kW and $2,301 per kW. Table 5 shows the result of the sensitivity analysis.

Table 5
The result of sensitivity analysis

Sensitivity PV DG Battery Converter Initial Operating Cost TNPC LCOE
Variables (kW) (kW) (Units) (kW) Capital (S)  (S/yr) (S) (Skwh)
Variations of Fuel Price

$0.694/L 2.98 1.10 4 0.909 3,402 1,153 21,572 0.251
$0.731/L 3.11 1.10 4 0.889 3,489 1,183 22,130 0.258
$0.767/L 3.11 1.10 4 0.898 3,490 1,222 22,732 0.265
Variations of Solar PV Capital Cost at Fuel Price $0.694/L

1 2.98 1.10 4 0.909 3,402 1,153 21,572  0.251
0.6 4.32 1.10 3 0.890 2,936 1,117 20,536  0.239
Variations of Solar PV Capital Cost at Fuel Price $0.731/L

1 3.11 1.10 4 0.889 3,489 1,183 22,130 0.258
0.6 3.85 1.10 3 0.891 2,739 1,166 21,097 0.246
Variations of Solar PV Capital Cost at Fuel Price $0.767/L

1 3.11 1.10 4 0.898 3,490 1,222 22,732 0.265
0.6 3.99 1.10 3 0.893 2,790 1,199 21,675 0.253

3.4 Discussions

This subsection will discuss the findings in terms of cost and environmental analyses for each
system design. NPC and LCOE are used to represent the expected cost of each configuration. Each
configuration also displays the pollutant emission rate and the impact of changing the fuel price and
PV price factors.

3.4.1 Techno-economic analysis

Table 6 illustrates the different architectures categorized based on their highest NPC (Net Present
Cost) and COE (Cost of Energy). Introducing PV (Photovoltaic) and BAT (Battery) into the system
reduces both the total net cost and the cost of energy. Figure 6 demonstrates that the hybrid PV-
Diesel system with a battery exhibits the most favorable economic characteristics, followed by the
hybrid PV-Diesel system without a battery and the standalone diesel generator. The estimated capital
costs of hybrid systems are higher compared to standalone diesel generators, primarily due to the
additional investment required for PV or batteries, which can be costly to acquire.

Table 6

Categorised system architecture based on techno-economic

System Solar DG (kW) Battery (kWh) Converter (kW) NPC (USD) COE (USD)
Architecture PV (kW)

DG only - 1.10 - - 27,580 0.322
PV/DG 0.984 1.10 - 0.438 26,492 0.309
PV/DG/BAT 3.11 1.10 4 0.889 22,130 0.258
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System Architecture
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Fig. 6. Estimation cost of every system configuration

By altering the parameters of fuel price and PV price on the performance of each design, the
sensitivity analysis of each configuration is determined. Surprisingly, the findings indicate the reliance
on hybrid PV, diesel generators, and batteries in the case of high load demand and high fuel prices.
Additionally, in the case of NPC and LCOE values, the increase in load demand and fuel price, as well
as the decrease in the capital cost of PV, has led the system to utilize a hybrid system consisting of
PV, diesel generators, and batteries. Battery and PV prices are likely to decrease in the future, lending

credence to the feasibility of a system that relies only on these sources of clean energy.

Measurements of fuel consumption may also be used to quantify the performance of standalone
diesel generators and hybrid systems. As can be shown in Figure 7, the fuel consumption of hybrid
systems is lower than that of conventional diesel-only power plants. As a consequence, diesel
generators will operate fewer, hence decreasing replacement, fuel, maintenance, and operating

expenses. Hence, NPC and LCOE values will also decline.
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Fig. 7. Fuel consumption, TNPC and LCOE in system configuration

3.4.2 Environmental analysis
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The results of sub section 3.2 indicates that standalone diesel generators emit the most
dangerous pollutants into the atmosphere, while hybrid systems release fewer harmful pollutants.
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This indicates that the insertion of PV or batteries into the existing standalone diesel generators
reduced hazardous gas emissions. The outcomes of a comparison between hybrid PV-diesel without
battery and hybrid PV-diesel with battery indicate that hybrid PV-diesel with battery offers greater
performance. This is owing to the fact that the hybrid PV-diesel without a battery system does not
use excess energy produced from PV to charge the battery. As a consequence, the surplus energy
becomes excess energy, and diesel generators will be responsible for delivering the load. Hence,
diesel generators provide an enormous quantity of energy and emit a greater number of dangerous
pollutants into the atmosphere. In conclusion, the quantity of dangerous pollutants emitted is
significantly correlated with the system structure and amount of energy produced.

4. Conclusions

In this study, the HOMER Pro programme is used to provide estimates for the HRES's techno-
economic-environmental analysis. The findings of this research indicate that a combination of a diesel
generator, PV, and battery to create energy is an efficient and economical means of satisfying the
required power supply.

The simulation reveals that a hybrid system with 1.1 kW diesel generators, 3.11 kW PV, a 0.889
kW system converter, and 4 units of batteries with a nominal voltage of 12 V is the ideal hybrid design
based on the minimal NPC and LCOE values. Using HOMER Pro, the optimal renewable energy use
strategies for campsites in Sungai Tiang were established. Independent analyses were conducted to
determine the profitability of solar and hybrid energy investments. This project includes five
scenarios with distinct system architectures.

Sensitivity analysis findings show that LCOE and NPC values are substantially responsive to fuel
price and PV capital cost. The inclusion of renewable energy sources into generating electricity has
reduced reliance on the standalone diesel generator, enhanced system performance, and produced
less hazardous emissions. This study confirmed the significance of installing a battery to decrease
energy losses and store extra energy. It also increased the system's sustainability. In addition, cutting
the cost PV may reduce NPC and LCOE, which will increase the adoption of both technologies in the
existing system. Studies indicate that the PV/DG/BAT combination is better to a single RE technology
in rural areas such as the Sungai Tiang campsite. Hybrid RE systems provide quicker returns, greater
cost reductions, and less emissions. In conclusion, the hybrid renewable energy system with the
battery has the potential to be adopted in the current system, particularly to upgrade and to replace
the existing standalone diesel generators system in Malaysia. This is because the hybrid system
combines the benefits of both conventional and renewable energy sources. Further research might
explore the implementation of hydro and biomass energy as RE sources in the conservation park.
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