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ABSTRACT

This study evaluates the feasibility of a hybrid renewable energy system (HRES) for rural Malaysian
regions, specifically Pulau Carey and Pulau Ketam. This research employs a three-pronged approach:
Multi-Criteria Decision Making (MCDM): This method selects the most suitable HRES configuration for the target
islands. Criteria Analysis: Economic, environmental, energy security and technical aspects are considered. PSO
(Particle Swarm Optimization) Validation: This technique validates the accuracy of HRES sizing simulations. The
MCDM analysis identifies wind and solar energy as the most suitable choices, with scores of 0.8138 and 0.7877,
respectively. The study identifies Configuration 5, which includes solar PV, wind turbines, a diesel generator, and
battery storage, as the most effective HRES. It balances cost-efficiency, energy security, and renewable
integration, achieving the lowest Levelized Cost of Energy (LCOE) and Net Present Cost (NPC) with a 99.99%
renewable energy fraction. MATLAB-based PSO optimization closely matches results from Homer Pro
software, showing minimal errors. This configuration is particularly beneficial for remote communities like
Kampung Orang Asli Sungai Bumbun, offering significant cost savings over current energy solutions.
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INTRODUCTION underscore the critical need to transition towards renewable
energy sources. Renewable energy offers a sustainable
alternative to fossil fuels, reducing greenhouse gas
emissions and mitigating climate change effects (M. Haase
2022).

Rural regions often face challenges in accessing
reliable and affordable energy sources. Implementing
HRES in these areas can enhance energy access, improve
livelihoods, and foster economic development while
reducing dependence on traditional grid systems (M. Haase
2022). The increasing energy demand in rural areas
necessitates innovative solutions that cater to diverse needs
while ensuring sustainability and resilience. HRES
integration aligns with the evolving energy landscape by
offering decentralized and environmentally friendly power

In today’s world, the urgent need for sustainable energy
solutions has become paramount due to the increasing
challenges of climate change, energy security, and
economic development. The exploration of Hybrid
Renewable Energy Systems (HRES) presents a promising
avenue to address these pressing issues by integrating
multiple renewable energy sources to meet the energy
demands of rural regions effectively (Go 2021). This study
aims to investigate the techno-economic viability of HRES,
focusing on rural areas in Malaysia. The escalating impacts
of climate change, evidenced by rising global temperatures,
extreme weather events, and environmental degradation,



1760

generation options (Go 2021). The urgency to transition
towards renewable energy sources stems from the need to
combat climate change, enhance energy security and
promote sustainable development. Rural communities are
particularly vulnerable to energy poverty and environmental
risks, highlighting the importance of deploying HRES to
meet their energy requirements efficiently.

HRES offers a reliable and resilient energy solution
by harnessing multiple renewable sources such as solar,
wind biomass, etc. The integration of diverse resources
enhances system stability and ensures continuous power
supply even in remote areas. Moreover, cost benefits
associated with renewable energy technologies include
reduced operational expenses, long-term sustainability, and
potential economic growth opportunities (M. Haase 2022).

In Malaysia, HRES has gained significant traction as
a viable solution for electrification, particularly in remote
areas where grid extension is costly and impractical
(Farhad. M. Hossain 2014). The Malaysian government
set ambitious renewable energy targets to achieve a 30%
renewable energy share in the national energy mix by 2030
(Reuters 2023). HRES are expected to contribute to
Malaysia’s transition towards a low carbon economy and
a sustainable future, seeing that the country relies heavily
on fossil fuel and crude oil for energy generation and is
ranked 30" in the world for Green House gases (GHG)
Emissions (UNEP 2021). The development and
implementation of HRES in Malaysia are guided by
international standards and regulations, such as the IEC
61182 series for wind turbines and the IEC 62108 series
for solar photovoltaic systems. Standards ensure renewable
energy system component’s safety, reliability, and
efficiency, promoting their widespread adoption and
contributing to Malaysia’s long-term energy security.

The investigation of the techno-economic viability of
HRES is crucial for informing policy decisions, guiding
investment strategies, and promoting sustainable energy
transitions in rural regions. By leveraging multi-criteria
decision-making approaches, innovative objective
weighting methodologies rooted in SDG 7 affordable, clean
energy, and simulation accuracy validation with Particle
Swarm Optimization (PSO), this study aims to provide
comprehensive insights into selecting suitable HRES
tailored to the needs of rural communities in Malaysia. To
visually represent the significance of renewable energy
toward advancing sustainable energy solutions in rural
regions through the strategic integration of Hybrid
Renewable Energy Systems. The main goal of assessing
the techno-economic viability of hybrid renewable energy
systems (HRES) is to demonstrate that these systems can

be a sustainable and beneficial solution for providing
reliable and affordable electricity.

Renewable energy sources are energy sources that are
naturally replenished on a human timescale (www.eesi.org
2024). This means that they are not depleted as they are
used, unlike fossil fuels such as coal, oil, and natural gas,
which are considered non-renewable energy sources.
(Qusay Hassan, 2024). Renewable energy sources the
utilization of renewable energy from sources like solar,
wind, hydropower, geothermal, and biomass has evolved
significantly over the years, driven by technological
advancements, decreasing costs, and increasing
environmental concerns (Ostergaard 2023). From early
applications like harnessing wind power for sailing ships
and using watermills for grinding grain the adoption of
renewable energy has expanded to include sophisticated
solar panels, wind turbines, and hydroelectric power plants
(Bhutada, Govind 2022).

Early applications of renewable energy sources were
primarily focused on direct utilization, such as using wind
power for sailing ships and watermills for grinding grain
(Bhutada, Govind 2022). These applications were limited
in scale and efficiency but demonstrated the potential of
renewable energy to provide power and perform work
(Cleveland 2023). The Industrial Revolution marked a
turning point in the utilization of renewable energy, as
technological advancements led to the development of
more efficient and large-scale renewable energy systems.
Hydropower, for instance, became a significant source of
electricity in the early 20th century, with large hydroelectric
dams constructed across the globe (Association 2021). The
20th century also saw the emergence of solar energy
applications, with the development of photovoltaic cells
that could convert sunlight directly into electricity. While
initially limited in efficiency, solar energy technology has
undergone significant improvements, making it a viable
and widely adopted renewable energy source today (Energy
2020).

While the concept of fully renewable energy systems
might seem cutting-edge, research into this field began
gaining traction in the mid-1970s (IEEE 2022). Research
into 100% renewable energy systems has accelerated
dramatically since the mid-2000s (IEEE 2022). A key
finding is the feasibility of transitioning away from fossil
fuels while maintaining affordable energy costs (Breyer,
2022). The field has made significant strides in developing
realistic transition pathways toward a sustainable energy
future, driving policy shifts and commitments to renewable
energy goals (IEEE 2022).”The field of renewable energy
research has made significant strides in developing realistic
transition pathways toward this sustainable future (Breyer



2022). These advancements have fueled policy shifts and
commitments to renewable energy goals, further propelling
research efforts (IEEE 2022). Solar and wind power
consistently emerge as cornerstones for future sustainable
energy systems, often coupled with focused energy
efficiency measures. The research delves into optimizing
costs, resource availability, and supply diversification.
Studies focused on cost optimization generally lean
towards greater adoption of solar photovoltaic technology,
while those emphasizing diversified supply favor greater
reliance on wind power (Stevovic 2021).

Current research tackles challenges such as grid conges-
tion, energy storage, integrating renewable energy into
different sectors (e.g., transport and industry) and explor-
ing technologies related to carbon dioxide removal (Lee
2023). The goal is a comprehensive vision of a sustain-
able, cost effective, net negative carbon emissions econo-
my based fully on renewable energy sources, potentially
reducing the effects of climate change (Breyer 2022). It’s
worth noting that in its early stages, the concept of a
100% renewable energy future was met with substantial
skepticism, demonstrating the groundbreaking nature of
the research involved.

METHODOLOGY

PROFILE OF STUDY AREA

Pulau Carey and Pulau Ketam are islands located on the
southwest coast of Selangor, Malaysia about 101°20°E and
101°15’E respectively. The land size of Pulau Carey is
approximately 38000 acres with 28000 acres owned by
Sime Darby plantations and the remaining area being state-
reserved (Wonderful Malaysia, 2024), on the other hand,
Pulau Ketam has an area of about 22921 square kilometers
about 8850 square miles (Selangor 2018) (CH’NG 2016)
(YAN 2015). Pulau Carey is also known as Carey Island,
it is situated near the mouth of the Klang River,
approximately 30 kilometers southwest of Kuala Lumpur
and 50 kilometers northwest of Port Klang. The island is
connected to the mainland by a causeway making it easily
accessible by road (Sea-seek 2011) (Tan 2016). Pulau
Ketam, or Crab Island is another small that is situated near
Pulau Carey approximately 20 kilometers southwest of
Kuala Lumpur and 40 kilometers northwest of Port Klang.
The island is also connected to the mainland by a causeway
providing easy access for residents and visitors. The Langat
River separates Pulau Carey from the mainland Selangor
coast, Bridges connect the island to both Chondoi and Teluk
Panglima Garang near Banting as well as Pulau Indah
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(another island) to the south (Sea-seek 2011). Both Pulau
Carey and Pulau Ketam are located within the state of
Selangor, which is developed and quite populous in
Malaysia. The islands are situated close to the mainland,
making them easily accessible for transportation and trade.
The proximity to Kuala Lumpur and Port Klang also
provides opportunities for economic development and
tourism (Rashid 2008).

In terms of population, Pulau Ketam has a total
population of around 10,000 people (my- rummy.com
2017). The majority of the population, approximately 95%,
are Chinese, with the remaining 5% consisting of Malays
4% and Indians 1% (my-rummy.com, 2017). The island
has four neighborhood fishing villages (my-rummy.com
2017). When it comes to Pulau Carey, has a smaller
population compared to Pulau Ketam. The exact population
figure is not available but with further research, it is
believed to be approximately 1,400 people (Traveller
2011).

The energy needs for Pulau Carey and Ketam are not
readily available. However, it is common for islands with
a small population to rely on diesel generators for electricity
supply. In the case of Pulau Carey and Ketam, it is likely
that they also depend on diesel generators for their energy
needs. Specific data on the current energy demands of Pulau
Carey and Pulau Ketam might be limited due to their island
nature and potentially lower population densities compared
to mainland areas. In terms of logical assumptions, Pulau
Carey might have a higher energy demand due to potential
industrial activities (depending on the specific locations
within the island) and residential electricity consumption
that would be a factor, Pulau Ketam might likely have a
lower overall energy demand due to its smaller size and
focus on fishing, tourism activities and residential needs.

EXPERIMENT DESIGN AND PROCEDURE

MULTI-CRITERIA DECISION MAKING

Multi-criteria decision-making (MCDM) is a structured
approach to evaluating and selecting the best option among
multiple alternatives, considering multiple criteria. It is
particularly useful when the alternatives have conflicting
or non-commensurable criteria, meaning that they cannot
be directly compared. MCDM methods involve a range of
techniques to weigh, rank, and compare alternatives based
on their performance across multiple criteria.
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Particle Swarm Optimization

FIGURE 1. Particle Swarm Optimization Visual Iterations (Essam H. Houssein 2021)

The PSO algorithm uses a series of iterations, which
are essentially repeated cycles of calculations. In each
iteration, each particle (potential solution) remembers two
important aspects.

1. Personal Best Position: This represents the best
solution the individual particle has encountered
so far in its search.

2. Global Best Position: This represents the best
solution found by the entire swarm of particles
during the current search process.

Figure 1 , as reference, the particles adjust their
positions in each iteration. These adjustments aim to move
the particles closer to the overall best solution (global best
position) identified by the swarm. As iterations progress,
the particles collectively converge towards the optimal
solution for the problem. The number of iterations is an
important parameter in PSO, as it directly affects the
accuracy and convergence speed of the algorithm.

The initial step involved selecting the site for the study,
which was Pulau Carey (Kampung Orang Asli Sungai
Bumbun with about 98 houses), and Ketam(Sungai Lima).
An investigation into the available resources on the site
was conducted. This included collecting various data, such

as the total population of this particular area, load profiles
and recording them into the journal and reports. One of the
critical steps was selecting an appropriate software
package. MATLAB and Homer appeared to be the most
suitable options for PSO and system design because of it’s
ability to handle heavy data and complex calculations.
Understanding MCDM was an important part of the
flowchart, which involved establishing criteria from
techno-economic, environmental, and social assessments
and other relevant factors for selecting an appropriate
system. A conceptual design was presented as a guideline
and example of how the system will be selected and what
might be the best system for the locations taking into
consideration that the best system is one that can be
implemented in both areas (Study area in Pulau Carey and
taking into account many similarities between the areas
specifically the land size and load profiles.

Load profiles for the area are derived through a multi-
step process. First, the load profile of a single home is
analyzed. Next, the number of houses within the area is
determined. Multi-criteria Decision-Making (MCDM) is
then employed to identify the most suitable energy system.
Finally, the area’s total load profile based on the single-
home data, the number of homes, and the chosen energy
system is calculated.

Criteria Min Weight Max Weight

Cost Per kWh 02 025
Initial Cost 015 0.2
Maintenance Cost 0.05 0.1

Return On Investment 0.1 0.15
Noise 0.07 0.1
Environmental Impact 0.015 0z

Resource Availability 0.03 0.07

Technical Reliability 0.03 0.06.

wp =

max v; + min

z

max vy = maximum weight

min ¥; = minimum weight

wy = comprimise weight

FIGURE 2. Criteria And Weights for the MCDM TOPSIS used for this study



Figure 2 shows the first step was to construct the
decision matrix after the weights and criteria had been
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established, where the columns represent the alternatives
and the rows represent the criteria.
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FIGURE 3. Relative Closeness and Ranking

Figure 3 shows the relative closeness of each
alternative to the ideal solution is calculated as the ratio of
the separation from the negative ideal solution to the sum
of the separations from both the ideal and negative ideal
solutions. This value ranges from 0 to 1 with 1 representing
the ideal solution. The alternatives are then ranked in
descending order based on their relative closeness to the
ideal solution. The alternative with the highest relative
closeness is considered the best alternative.

The average baseline daily load is 11.25 kWh/day,
which, when scaled, becomes 11.13 kWh/day. This system

can be used in pulau ketam considering proximity and
many similarities with the population, number of homes,
etc.

DATA ANALYSIS

Figure 4 shows the amount of power output (kW) that can
be generated from varying wind speeds. The output starts
at 80 kW at 4 m/s and increases with higher wind speeds
until it plateaus at 1,500 kW from 13 m/s onward.
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FIGURE 4. Power capability of turbine (extracted from homer)

The proposed system selected for a single household
in a community in the study area uses solar panels, a
generator, a wind turbine (G1500 model), a battery, and a

converter. The battery helps ensure a steady supply of
power.
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RESULTS AND DISCUSSION

Figure 5(a) shows the proposed system selected for a single
household in a community in the study area. This system
uses solar panels, a generator, a wind turbine (G1500
model), a battery and a converter. The battery helps ensure
a steady supply of power. Figure 5(b) illustrates the Generic
PV system has a nominal capacity of 0.147 kW. The annual

production is 217 kWh/yr.

Specific Yield: 1,470 kWh/kW

Rated Capacity: 0.147 kW

Total Production = (Specific Yield)(Rated Capacity) =
1,470 kWh/kW x 0.147 kW =216 kWh/yr

Figure 5(c) shows the power output from the Generic
wind turbine system, rated at 135,000 kW, is 18,051,068
kWh/yr. Figure 5(d) shows the power output from the
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(a) Schematic of proposed power generation system (homer)
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Generic generator system, rated at 2.60 kW using Diesel
as fuel, is 8,367 kWh/yr.

Figures 5(e) and 5(f) show the generic storage system’s
nominal capacity is 10,000 kWh. he annual throughput
is 8,392 kWh/yr.

Figure 5(g) shows inverter and rectifier outputs
thought the most important information is the converter’s
which is the bottom, the capacity of the converter being
0.831 kW, this converter is able to generate a maximum
output of 0.831 kW.

GRID

The annual energy purchased from the grid is 1,233 kWh
and the annual energy sold to the grid is 18,049,932 kWh
as shown in Table 1.
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FIGURE 5. Schematic diagram and data obtained (extracted from Homer)



TABLE 1. Annual Energy Purchased from the Grid

Month Energy Energy Sold  Net Energy Peak Energy Demand Total
Purchased (kWh) Purchased Load Charge Charge
(kWh) (KWh) W)
January 134 4,160,142 -4,160,008 255 - $000 -
$332,791 $332,791
February 157 2,217,050 -2,216,893 220 - $0.00
$177,340 $177.340
March 174 1,223,282 -1,223,108 2.33 -$97.837 $0.00 -$97,837
April 139 27,476 27336 218 $2,177 $000 -$2,177
May 97.6 77,757 77,659 182 -$6,206 $0.00 -$6,206
June 64.0 1,260,086 -1,260,022 161 - $0.00 -
$100,797 $100,797
July 57.3 1,531,683 -1,531,625 1.83 - 5000 -
$122,526 $122,526
August 74.2 1,868,027 -1,867,952 1.79 - $0.00 -
$149.431 $149,431
September 98.6 389,277 -389,178  1.93 -$31,127 $0.00  -§31,127
Oclober 130 76,327 -76,197 2.03 -$6,087 $0.00 -$6,087
November 90.8 1,001,549 -1,001,458 254 -$80,110 $0.00  -$80,110
December 16.0 4217276 4217260 118 - $000 -
$337,380 $337,380
Annual 1,233 18,049,932 - 255 -$1.44M $0.00 -§1.44M
18,048,698

COST SUMMARY

The project’s cumulative cash flow, highlighting significant
cost savings with the proposed system. Although the
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current system costs only $609.37 annually, the small
community size makes these savings meaningful. By
adding PV, generator, battery, and wind capacities,
operating costs drop to -$1.44 million per year, with a rapid
payback period of 0.130 years and a high IRR of 766%.

OPTIMIZATION RESULTS

Figure 6 presents 16 system design configurations, among
which Configuration 5 emerged as the clearly preferred
option. This configuration not only has the lowest LCOE
and NPC but it also satisfies the criteria of incorporating
at least two renewable energy sources and ensuring energy
security by including a battery. Although the initial cost is
$188, 070, Configuration 5 delivers the most cost effective
solution that meets all the essential requirements.

o 1 B (kpvvv) ¥ G500 ¢ i\jvn) I (cm g/ Comverter & i 7 NC @ T c(?)E @ v Orerting cost @ \mha\(;)ﬂpvtal 7| fenfac g

(8) (8/yn) (%)
-$182M  -§0.0789  -§1.44M $184725 100
-$182M  -$0.0789  -§1.44M $185470 100
-$182M  -$0.0789  -$1.44M $183375 100
-$182M  -$0.0789  -$1.44M $187,325 100
-$182M  -$0.0789  -$1.44M $188,070 100
-$182M  -50.0789  -$1.44M $180,000 100
-4182M -$0.0789 -$1.44M $186,069 100
-$18.2M -$0.0789  -$1.44M $182,600 100
5,036 $0.0634  $6563 $4,197 92.8
5,081 $0.0378  -$205.84 $7,712 993
$6,551 $0.0788  $175.10 $4313 650
$7,046 $0.0887  $19.43 $6.797 928
$7,090 $0.0527  -$252.04 $10.312 993
$7,790 $0.150 $609.37 $0.00 0
48,560 $0.103 $128.89 $6913 65.0
$9,799 $0.189 $563.16 $2,600 0

FIGURE 6. Homer Optimization Results

Validation Table:

Homer Pre Results

P8O Optimized Selutien  Erzer Margin

Fuel Price
Wind Speed

PV Size

G1500 Count
Gen Size

MLB Count
Grid Size
Converter Size
CcoE

NPC 1
Oparating Cost -1.
Initial Capital 1.8
Ren Frac

Total Fuel

Gen Hours

Gen Production

Gen Fuel

Gen Q&M Cost

Gen Fusl Cost

PV Capital Coat

PV Production

61500 Capital Cost

61500 Production

G1500 O&M Cost

MLE Autonomy

MLB Throughput

MLB Nominal Capacity

MLE Usable Capacity
Converter Rectifier Output
Converter Inverter Output
Grid Purchased

Grid sold

Optimization Validation

FIGURE 7. Particle Swarm Optimization of the system using Matlab iterations
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Figure 7 compares the results from HOMER Pro with
those obtained using the PSO-optimized solution for a
hybrid renewable energy system. Key parameters include
a fuel price of $0.75, wind speed of 2.4 m/s, PV capacity
of 0.15 kW, and specific generator, battery, grid, and
converter configurations. The resulting costs are a COE of
-$0.08/kWh and an NPC of -$18.2 million, with a
renewable fraction of 99.99%. The PSO solution closely
aligns with the HOMER Pro results, with minimal error
margins ranging from 0.001 to 0.047, demonstrating the
optimization method’s effectiveness in identifying near-
optimal system configurations. The PSO parameters defines
the parameters for the Particle Swarm Optimization PSO
in this case the algorithm. Swarm size was 50 meaning the
number of particles in the swarm this sets the number of
particles or solutions in the swarm to 50, 50 was chosen
because most popular and best choice ranges from 20-50
some researchers restricted their PSO to this limit thus the
justifying why the same limit was used (Adam P. Piotrowski
a, 2020). The swarm size is an important parameter that
affects the exploration and exploitation capabilities of the
PSO algorithm. Max iterations was equal to 100 because
100 is a common value used when using PSO. The number
of iterations determines the stopping criterion for the
optimization process.

For the inertia weight it controls the influence of the
previous velocity on the current velocity update. A value
of 0.9 was used as the inertia weight, the reason is a value
of 0.9 is mostly used because research has shown it to be
effective in achieving minimum objective function values
(Rabie, 2022).

CONCLUSION

The proposed Hybrid renewable energy system for
Kampung Orang Asli Sungai Bumbun in Pulau Carey
demonstrated significant cost savings compared to the
current system. The system, combining solar panels, a wind
turbine, a generator and battery storage, offered a negative
operational cost of -$1.44 million per year.

An optimized system was identified, with Configuration
5 emerging as the best solution due to its balance between
cost-effectiveness, energy security, and renewable
integration. This configuration achieved the lowest
Levelized Cost of Energy (LCOE) and Net Present Cost
(NPC), while integrating at least two renewable energy
sources and incorporating a battery system.
Particle Swarm Optimization (PSO) validation confirmed
the effectiveness of the chosen HRES configuration. The
PSO solution closely matched Homer Pro results, with
minimal error margins, indicating the optimization’s abil-
ity to find near-optimal system designs.

Although the simulations provided valuable data to work
with, obtaining real-time data from Pulau Carey and Ke-
tam would enhance the study’s accuracy and account for
more accurate local variations in wind speed, solar irradi-
ance, and load profiles.

Given the proximity to potential biogas sources at the
inland study area, investigating the feasibility of a biogas
generator as a renewable energy source is recommended.
Biogas is more likely to be widely available of a resource
as compared to wind in Malaysia. As for the case of Pulau
Ketam is situated somewhat on the strait of Malacca and
the population study is close to hydro resources, a more
thorough study regarding hydropower is recommended.

Expanding the study to encompass a larger community

or multiple households would provide a clearer picture of
the economic viability and grid integration challenges
associated with a larger scale HRES implementation.
A comprehensive social and environmental impact as-
sessment would be beneficial to understand the potential
social and environmental benefits and drawbacks of im-
plementing HRES in these communities.
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