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ABSTRACT

The United Nations’ Sustainable Development Goals (SDGs) highlight the importance of affordable and clean
energy sources. Solar energy is a perfect example, being both renewable and abundant. Its popularity shows no
signs of slowing down, with solar photovoltaic (PV) panels being the primary technology for converting sunlight
into electricity. Advancements are continuously being made to ensure cost-effectiveness, high-performing cells,
extended lifespans, and minimal maintenance requirements. This study focuses on identifying suitable locations
for implementing solar PV systems at the University Malaysia Pahang Al Sultan Abdullah (UMPSA), Pekan campus
including buildings, water bodies, and forest areas. A combined technical and economic analysis is conducted
using Helioscope for simulations and the Photovoltaic Geographic Information System (PVGIS) for economic
considerations. Helioscope simulation examine case studies for PV installations in forested areas, lakes, and
buildings. This approach provides comprehensive estimations of solar photovoltaic potential, annual cost savings,
electricity costs, and greenhouse gas emission reductions. Based on land coverage percentages, Floatovoltaics have
a large solar PV capacity of 32.3 Megawatts (MW); forest-based photovoltaics (Forestvoltaics) achieve maximum
yearly savings of RM 37,268,550; and Building Applied Photovoltaics (BAPV) have the lowest CO, emissions and
net carbon dioxide reduction compared to other plant sizes. It also clarifies the purpose of using both software tools
to achieve a comprehensive understanding of both technical and economic aspects.
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1 Introduction

A nation’s economic growth is directly impacted by the energy sector. Presently, fossil fuels
account for 85%-90% of the world’s primary energy generation. Fossil fuel reserves, coupled with the
continuous increase in the cost and rapid utilization of these fuels for power generation, are significant
factors contributing to the global economic crisis. Today, the world is focused on the effective use of
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renewable energy resources, including solar, wind, thermal, and hydro, to solve the problem of the
declining economy and the difficulties associated with the energy sector. Moreover, in various regions
worldwide, agricultural activities, water resources, and infrastructure face obstacles due to insufficient
cropland, freshwater, fossil energy (used for fertilizers and irrigation), and biological resources. The
decline in the availability of fossil fuels has been particularly notable, with this trend intensifying post-
2000 [1].

The one industry that is affected in terms of the energy crisis is agriculture. The primary source of
food for humans is agriculture, but it requires a steady supply of energy to run its equipment, trucks,
irrigation pumps, and other devices, all of which are powered by fossil fuel. The fact that solar energy
is available practically everywhere on the planet’s land surface is pollution-free, and is cost-effective
makes it the ideal renewable energy source. The simplest technology to harness solar energy is through
solar photovoltaic route. The solar PV module consists of silicon cells linked up in series based on the
photoelectric effect. A solar photovoltaic (PV) module is made up of silicon cells linked together in a
series, which uses sunlight to create electricity.

There is a lot of focus on net zero initiatives and sustainable campuses [2] to reduce the carbon
footprint and address climate change. Implementing renewable energy sources like solar power aligns
with the university’s commitment to reducing its carbon footprint and promoting sustainability.
Various solar PV installations on campus create educational opportunities for students, staff, and
the community to learn about renewable energy technologies and their benefits. It can serve as a
living laboratory for studying renewable energy systems and enhancing academic programs related to
sustainability and engineering. The concept of forestvoltaics is unique since it involves the absorption
of carbon dioxide and also generates energy. Forestvoltaics, floatovoltaics, and building-applied
photovoltaics (BAPV) systems utilize underutilized spaces and existing infrastructure to minimize
land use impact and generate clean energy. By utilizing multiple types of solar PV installations, the
university can diversify its energy portfolio, potentially reducing overall energy costs in the long
term. Building-applied photovoltaic systems can also provide additional benefits, such as shading and
reducing university campus cooling costs. In this regard, research on forestvoltaics, floatovoltaics,
and BAPYV can provide a path to achieving net-zero campus targets. Most recent advances include the
use of silicon nanowires in silicon-based technology [3] increases its application for renewable energy
harvesting. Today, solar PV is also used for the generation of hydrogen as a fuel because of its high
energy density per mass (120 MJ/kg) [4] and also as clean energy.

The concept of a solar panel on the canopy or solar tree is a new concept with more eco-system
services. Um studied the potential of forest photovoltaic utilizing the solar tree as part of a simulation
[5]. Janapati et al. showed that solar trees produce more electricity than ground-mounted PV systems
while maintaining plant capacity and increasing the number of panels [6]. Hyder et al. studied the
commercial designs of solar trees and their challenges [7]. Rocha et al. [8] studied the economic viability
of a solar PV project at a forest nursery. The projected net present value was 79.2% greater than the
standard net present value, capturing the benefit of flexibility for managers.

Goswami et al. carried out a techno-economic analysis of a floating solar photovoltaic power
plant. The floating solar photovoltaics (FSPV) plant will save the United States Dollar (USD) 352,125
in land costs and USD 47,600 in water costs. This reduces the FSPV plant’s levelized rate to 0.026
USD/kWh, 39% cheaper than a land-based PV power plant [9]. Sharma et al. studied the design
parameters of a 10 kW floating solar power plant [10].

Zomer et al. studied that the annual energy yield of BAPV is 7% higher than Building Integrated
Photovoltaic (BIPV) [11]. Minelli et al. studied the integration of photovoltaic shading devices on
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building applied photovoltaic [12]. Zhang et al. studied the various geometrical configurations and
analyzed the reliability and feasibility of a BAPV potential [13]. Reddy et al. studied the status of work
in the BAPYV system in India whereas the BIPV window system is arguably the best BIPV solution for
the Indian setting in terms of reducing the Building’s Heating Ventilation Air Conditioning (HVAC)
load [14].

In this context, it is anticipated that solar photovoltaic (PV) and wind technologies will propel the
renewable energy market to surpass fossil fuel sources by the middle of the 2020s and supply more than
half of the world’s electricity needs by 2050 [15]. Compared to the global total of 15 GW barely a decade
ago, the annual solar PV sector has shown sustained growth in recent years, topping 100 GW (including
on/off-grid capacity) and reaching a total capacity of 505 GW. However, the poor energy efficiency of
PV modules (about 14%), which results in a conversion of 66.7 Wp/m? of land, lowers investment
incentives and causes a decrease in the deployment pace. Therefore, the development of floating
photovoltaic (FPV) technology may mark a turning point in PV technology adoption, bypassing
problems related to land occupancy. FPVs have acquired a lot of popularity in recent years due to
their enormous potential for installation on bodies of water as well as other perks, including improved
efficiency compared to PV systems. Energy conservation and energy-efficient technology continue to
have challenges. Thus, the building is becoming more and more interested in using innovative and
renewable energy sources, especially in producing electricity. Building energy consumption accounts
for 25% to 40% of the total energy consumption. Along with transportation and industry as the three
major energy-consuming households, building energy efficiency plays an important role in national
energy conservation.

1.1 Problem Statement

There is a growing trend towards developing and using renewable energy sources like solar, wind,
and hydropower. Solar energy, in particular, has seen a steady increase in global installations and
demand over the past two decades. However, large-scale solar farms on land can occupy significant
areas, potentially impacting biodiversity. Additionally, geographical factors like sunlight intensity can
affect solar energy utilization. Despite these challenges, advancements in technology are opening doors
for alternative solar applications beyond traditional land-based installations.

1.2 Research Objective

This paper primarily focuses on (i) Analyzing the solar PV potential in forests, lakes, and buildings
at the UMPSA Pekan campus. (i1) Conducting an economic analysis based on payback period and
annual savings. (iii) Performing an environmental analysis in terms of annual carbon dioxide (CO,)
generation and net CO, reduction from solar PV installations. These data are calculated based on the
simulation results of PV GIS and a Helioscope.

1. To analyze the solar PV potential on the rooftops of UMPSA Pekan buildings, including energy
generation, annual savings, carbon dioxide emissions, and net CO, emission reductions.

2. To evaluate the solar PV potential on the surface of water bodies (lakes) inside UMPSA Pekan,
energy generation, annual savings, carbon dioxide emissions, and net CO, emission reductions
to generate electricity.

3. To study the solar PV potential in the forest zones within UMPSA Pekan, including the energy
generation, annual savings, carbon dioxide emissions, and net CO, emission reductions.

1.3 Scope of the Study

The primary scope of this study is to compare and calculate the potential installation of solar
PV systems in forest zones, lakes, and buildings through an extensive literature review. Based on the
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collected data, the study will evaluate the advantages and disadvantages of various solar technologies
from technical, economic, and environmental perspectives. The case study focuses on specific areas at
the University Malaysia Pahang Al Sultan Abdullah (UMPSA) Pekan campus, including its forests,
Tasik Lake, and the Canseleri Tun Abdul Razak building. Additionally, the study assesses solar
technologies for different scenarios of area utilization (40%, 60%, and 80%). These evaluations will
consider improvements based on current trends in PV technology growth.

2 Basic Descriptions of Forestvoltaics, Floatovoltaics and Building Applied Photovoltaics
2.1 Forestvoltaics

Forest photovoltaic system as shown in Fig. 1 is a synergy between carbon sequestration and
renewable energy production [16]. Installation of PV systems over land faces significant challenges like
deforestation, soil erosion, and loss of biodiversity [17]. The forest has large expanses of underutilized
land beneath the canopy that can be utilized to deploy the PV system [18]. Also, resizing the canopy
branches can provide space for the installation of solar PV modules. They provide ecosystem services
beyond electricity generation. The presence of PV panels can help regulate microclimate, reduce
soil erosion, and enhance biodiversity by creating new habitats for certain species. Integrating PV
into forest management methods can help improve sustainability by diversifying revenue streams
and lowering reliance on logging and other extractive activities. This can help prevent forests from
deforestation and degradation while also supporting renewable energy ambitions. These challenges
generated a new concept for the installation of renewable energy systems on forested land. This also
allows more direct solar irradiation; albedo loss will be less.

Transmission lines
Energy storage F

Forest

DC combiner box

. UMPSA Pekan
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controller
Figure 1: Forest-photovoltaics concept applied to UMPSA

The basic components of a Forestvoltaic system include:

1. Solar Panels: Solar panels, also known as photovoltaic (PV) panels, are devices designed to
capture sunlight and convert it into electricity through a process called the photovoltaic effect
[19-21]. These panels consist of multiple solar cells made from semiconductor materials, typ-
ically silicon. When exposed to sunlight, these cells generate an electric current by harnessing
the energy from photons, which are particles of light.

2. Forests and Vegetation Area: It is a densely wooded area characterized by a community of
trees and other vegetation, often supporting a diverse ecosystem of flora and fauna [20].
Forests play a crucial role in maintaining ecological balance, providing habitat for various
species, contributing to biodiversity, and serving as a source of resources such as timber, oxygen
production, and carbon sequestration. Forests can vary in type, including tropical rainforests,
temperate forests, and boreal forests, each with distinct characteristics based on climate, flora,
and fauna [21].
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3. DC Combiner Box: This is a junction box that consolidates the direct current (DC) outputs
from multiple solar panels [22]. Its primary purpose is to combine the electrical outputs of
individual solar panels into a single DC output. The combiner box typically includes fuses or
circuit breakers for each panel to protect against overcurrent or short circuits.

4. Charge Controller: A charge controller is a device that regulates the voltage and current coming
from solar panels to the batteries in a solar power system [23]. It ensures that the batteries
receive the optimal charge without overcharging, which can damage the batteries.

5. Inverter Box: An inverter is an electronic device that converts direct current (DC) electricity
into alternating current (AC) electricity. This conversion is essential because many electrical
devices and appliances used in homes and businesses operate on AC power [24].

6. Energy Storage: Energy storage refers to the process of capturing and storing energy for later
use. It plays a crucial role in modern energy systems, providing a means to store surplus energy
generated during periods of low demand and releasing it when demand is high or during periods
when renewable energy sources, like solar or wind, are not actively generating power.

Power Converter

AL

-
Floating Platform

i
Figure 2: Schematic diagram of a floating solar PV plant [25]

2.2 Floatovoltaics

A floating solar system, also known as a floating solar farm or floating photovoltaic (FPV)
system, is a type of solar power installation where solar panels are mounted on floating structures on
bodies of water, such as lakes, reservoirs, ponds, or even the open sea [26]. This innovative approach
to solar energy generation as shown in Fig. 2 offers several advantages and has gained attention as a
sustainable and efficient solution. Here are the key features of floating solar systems:

1. Floating Platforms: The solar panels in a floating system are typically mounted on buoyant
structures that keep them afloat on the water surface [27]. These platforms can be anchored to
the bottom of the water body, tethered in place, or allowed to drift within a designated area.

2. Modules: Floating solar systems use conventional solar panels mounted on the floating
platforms. The panels can be either monocrystalline or polycrystalline, depending on the
specific project requirements [28].

3. Anchors: They play a crucial role in securing the floating solar platforms in place. Since these
systems are installed on water bodies, it is essential to anchor them to prevent drifting and
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ensure stability. Anchors are typically attached to the floating structures and are secured to
the bottom of the water body [29]. The anchors provide stability against the forces of wind,
waves, and other environmental factors.

4. Junction Box: The junction box in a floating PV system serves as a connection point for the
individual solar panels [30]. It is usually located on the floating platform and is responsible for
interconnecting the electrical wiring from multiple solar panels.

5. Submarine Cable: The submarine cable is an essential component for transporting the electric-
ity generated by the solar panels to the onshore or offshore electrical grid [31].

6. Power Converter: In a floating solar PV (photovoltaic) system, power converters play a crucial
role in transforming and managing the electrical energy generated by the solar panels [32].

2.3 Building Applied Photovoltaics (BAPYV)

A Building Applied Photovoltaics (BAPV) system as shown in Fig. 3 refers to the installation of
solar photovoltaic (PV) panels on the walls and roofs of a building by mounting structures and moving
rails. Instead of being added on as an afterthought, the solar panels are designed to be an integral part
of the building’s architecture. This integration serves both functional and aesthetic purposes, providing
the dual benefit of generating renewable energy while seamlessly blending with the building’s design.
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Figure 3: Layout of a BAPV system [33]

1. Solar Panel: BAPV systems involve the incorporation of solar modules directly into various
building elements, such as polycrystalline, monocrystalline, and amorphous thin-film solar
panels.

2. Roofing Materials: Solar panels can be integrated into roofing materials, replacing or comple-
menting traditional roofing elements. Solar roof tiles or solar shingles are examples.

3. Facades: Solar panels can be integrated into the building’s exterior walls, serving as a part of
the facade. This integration can be achieved through solar cladding or solar curtain walls [34].
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. Windows: Transparent solar cells can be embedded into windows, turning them into solar

generators without obstructing the view.

. Inverter: In a BAPV system, the inverter plays a crucial role in converting the direct current

(DCQ) electricity generated by the solar panels into usable alternating current (AC) electricity
for use in the building or for feeding back into the electrical grid. Here are the key functions of
the inverter in a BAPV system. The inverter does the functions of DC-AC conversions, voltage
regulation, synchronization with the grid, and monitoring and communication.

. Solar Charge Controller: In renewable energy systems, particularly solar power systems, a

solar charge controller regulates the charging and discharging of batteries. It ensures that the
batteries are charged at the optimal voltage and current from the solar panels and prevents
overcharging or deep discharge, thus extending the battery life.

. Electricity Meter: An electricity meter, also known as an electric meter or energy meter, is a

device used to measure and record the amount of electrical energy consumed by a residence,
business, or industrial facility. It plays a crucial role in utility billing, helping to determine the
amount of electricity used for billing purposes [35].

2.4 Comparison of Forestvoltaics, Floatovoltaics, and Building Applied Photovoltaics
Forestvoltaics, Floatovoltaics, and BAPV represent innovative approaches to harnessing solar

energy

in diverse environments. Each method offers unique advantages and challenges, catering to

specific geographical, infrastructural, and environmental conditions. Table 1 discusses the differences
in innovative technology as per location, environmental impact, efficiency, and scalability.

Table 1: Comparative study of forestvoltaics, floatovoltaics, and building applied photovoltaics

Parameters Forestvoltaics Floatovoltaics Building applied
photovoltaics
Location and It involves the It refers to the installation BAPYV involves
installation installation of solar of solar panels on bodies of  integrating solar
panels within forested water, such as lakes, ponds,  panels directly into the
areas, either by reservoirs, or even the architecture of
integrating them into ocean. buildings. This can
existing clearings or by include solar panels
selectively thinning the installed on rooftops,
canopy to create space facades, windows, or
for the panels. other building
surfaces.
Environmental  There may be concerns It can have environmental BAPYV can help reduce
impact about the environmental  benefits by utilizing the carbon footprint of
impact, including otherwise unused water buildings by generating
habitat disruption and surfaces for solar power clean energy on-site.
ecosystem disturbance. generation. They can also

reduce water evaporation
and algae growth in
reservoirs, improving water
quality.

(Continued)
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Table 1 (continued)

Parameters Forestvoltaics Floatovoltaics Building applied
photovoltaics
Efficiency and The performance of Floatovoltaics can benefit BAPYV systems are
performance Forestvoltaics may be from the cooling effect of typically installed in
influenced by factors water, which can help unshaded areas with
such as shading from improve solar panel direct access to
trees, varying sunlight efficiency. However, they sunlight, which can
conditions, and may also face challenges maximize energy
maintenance challenges such as wave action, production. However,
in forested corrosion, and algae the efficiency may be
environments. growth. affected by factors
such as building
orientation, shading,
etc.
Scalability and  Forestvoltaics may have  Floatovoltaics offer BAPYV systems can be
adaptability limitations in terms of scalability and adaptability, installed on a wide

scalability and
adaptability due to the
need to balance solar
power generation with
forest conservation and
management objectives.

as they can be deployed in
various water bodies,
including reservoirs,
irrigation ponds, and even
offshore.

range of buildings,
including residential,
commercial, and
industrial structures.
They offer flexibility
in design and can be
integrated into both
new construction and
existing buildings.

3 Methodology

The University Malaysia Pahang Al Sultan Abdullah (UMPSA) Pekan campus is chosen as the
case study site. Following the methodology outlined in Fig. 4, we calculate the potential base areas for
Forestvoltaics, Floatovoltaics, and BAPV installations within the UMPSA Pekan campus. Based on
these three potential applications (Forestvoltaics, Floatovoltaics, and BAPV), we estimate the solar
power generation capacity for various scenarios. To validate and compare the results, we utilize two
software tools: PV GIS and Helioscope.

3.1 Site Assessment

Universiti Malaysia Pahang Al-Sultan Abdullah (UMPSA) is located in the east coast state
of Pahang, which is the biggest among other states in Peninsular Malaysia. UMPSA has its base
campus located in the Pekan and another campus in the Gambang. However, in this case study,
the Pekan campus was chosen because of the variety of places that have buildings, agriculture, and
water bodies. The rural campus of UMP is known as the Pekan campus. With 2000 staff members,
15,000 students (5000 in Gambang and 10,000 in Pekan), 18 departments or units, and ten faculties,
Universiti Malaysia Pahang Al-Sultan Abdullah (UMPSA) is a QS-ranked educational institution
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that contributes to the engineering, technology, and creativity fields. The campuses are made up of
dependable infrastructure and facilities. Apart from this, UMPSA has a special interest in practicing
energy and environmentally efficient practices to promote renewable and sustainable energy usage on
campus. Geographically, UMPSA Pekan is situated at Latitude 3.544°N and Longitude 103.429°E.
The UMPSA Pekan campus is about 12 m above sea level. The UMPSA has a total area of 658.06
acres, which is the result of two campuses, including the 642-acre Pekan campus, which is located on the
rural side as marked in Table 2. As shown in Fig. 5, the lake, forest, and rooftops of buildings The lakes
and forest area are marked in Fig. 5a, while the other rooftop areas of the building are respectively
shown in Fig. 5b, c. Given that UMPSA has 658.06 acres of land, many of the open spaces—more than
20% —can be used. In addition, roof space could be utilized. In the below Google Earth terrain image,
the red line shows the Universiti Malaysia Pahang Al-Sultan Abdullah (UMPSA) Pekan campus, while
the forest and lakes have been marked for the study of the potential of solar PV installation.

Literature Review

}

Select of case study in
UMP Pekan

r

Calcuate the base area
of cases study

| y !

Case study of Water
Bodies

Case study of Forest Case study of Buildings

Develop the solar panel
parameters

Y

Evaluate and SWOT
Analysis

r

Ranking and compare
the PV solar farm

Y

END

Figure 4: Methodology flowchart for solar potential assessment in forests, buildings, and water bodies
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Table 2: Site information

Description UMPSA Pekan campus
Latitude 3.544 North

Longitude 103.429 East

Elevation from sea level 12m
Rural/Urban/Semiurban campus Rural

Area of campus 642 acres

Female Residential

_ Exam Centre

Colleges

Student Activity
Centre

Male Residential
College

Chancellory

Figure 5: (Continued)
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Figure 5: Overview of UMPSA Pekan (a) Rooftop of academic, and hostel (b) Rooftop of administra-
tive building (c¢) Forest and lake area (Not to scale)

3.2 Photovoltaic Geographic Information System (PVGIS)

A photovoltaic geographic information system, or PVGIS for short, is one of the most well-known
tools for evaluating the efficiency of solar PV power plants on most of the continents of Europe,
Asia, and Africa. This tool is packaged with estimates for economic parameters, such as the cost of
electricity, a performance assessment method, and a database of solar radiation [34]. The parameters
needed for PV plant sizing can be entered into PVGIS based on the load or any hypothetical plants.
The slope, tilt, and azimuth angles of the PV module can also be optimized by the user. Simulated
results are displayed in a variety of ways depending on the user’s preferences, including as graphical
representations, tabular columns, excel sheets, and PDF files. Using PVGIS, the user can perform the
following analysis:
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Consummation of grid-connected PV
Consummation of tracking PV
Consummation of off-grid PV systems
Monthly, average, and hourly irradiance data

3.3 Helioscope

The leading software platform for designing and evaluating the performance of a solar plant for
medium-sized to large solar PV plants are called a Helioscope. The initial input for the Helioscope
software is the area’s longitude and latitude; alternatively, as shown in Fig. 6, if the area’s name
is correctly entered in the designated window, the area map of the relevant land is automatically
downloaded. Once the area’s location has been determined in the software, the primary feature of
the Helioscope is to put the field segments. The field segments consist of heights, azimuths, tilts, and
module layouts. Further electrical segments consist of inverters and a range of maximum power point
tracking (MPPT) strings. Also, it can select the appropriate kind of panels and inverting, and the entire
plant’s layout is automatically generated with all the necessary information, including power output,
system loss, energy to the grid, the number of modules and inverters, and the arrangement of the panel.

Mounting
LT » e position
Technology (Azimuth

Using

Horizon

Information and slope)

Figure 6: Input parameter of PV GIS simulation

Methodology of Helioscope for designing Forestvoltaics, Floatovoltaics, and Building Applied
Photovoltaic (BAPV) is shown in Fig. 7. In Helioscope, create a login and project name. Enter the
Global Positioning System (GPS) coordinates for your forest, lake, and building areas. This allows you
to design separate projects utilizing solar panels for each application (forest, lake, Building). Within a
new project, navigate to the “Mechanical” layout section. Here, you will define the placement of your
solar panels. “Field Segments” represent areas like forests, lakes, and building roofs suitable for panels.

Conversely, “Keep Outs” defines areas excluded due to shading from surrounding obstacles.
Optimize your design by setting the maximum system size at the periphery and specifying the canopy
area for solar coverage. Choose a suitable solar module for your project. Next, define the height,
azimuth (orientation), tilt, layout, setbacks, and alignment of your panels, considering the specific
conditions of forests, lakes, and building areas. Inverter placement also varies by location. In forests,
position the inverter below the tree canopy for shade. For lakes and buildings, prioritize shaded areas
to enhance inverter cooling. Finally, plan the string layout for connecting the solar panels in series. In
the forest zone, route the strings internally to connect all panels. Due to limited combiner box inputs,
combine these series strings from the solar panels as needed.
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Figure 7: Input parameter of Helioscope simulation

3.4 Technical Potential

The solar panel forms the main part of the entire PV system, which accounts for the conver-
sion from solar irradiance to DC electricity. On the types of various technologies, polycrystalline,
monocrystalline, and amorphous solar PV have an efficiency of 15%, 20%, and 10%, respectively.
Solar power capacity is given by the formula:

P.=4,P, (1

In the Eq. (1), P, is the capacity of Forestvoltaic, Floatovoltaic, and BAPV system in MW, while
A, 1s the area coverage of the solar plant in meter square with a P, as a power density, in general, the
power density is taken as FPV power density = kW/10 m?.

E,=P.U.T, )

where E, is the annual energy generated by the Forestvoltaics, Floatovoltaics, and BAPV measured
in Megawatt hour (MWh) MWh/year shown in Eq. (2). P. is the nameplate capacity of the solar
plant installed, i.e., forestvoltaics, floatovoltaics, and BAPV. Capacity Utilization factor U, measures a
plant’s energy production over a time 7}, i.e., 21 years in Malaysia. It is typically calculated by dividing
the total energy produced over a given period. It calculates the amount of energy the plant would have
produced if it ran at full load [36].
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3.5 Economic and Carbon Mitigation Analysis
Egs. (1) and (2) are used to conduct an economic analysis of the planned PV project. The annual
savings and payback durations were determined.

C, = E,.FiT )

where annual savings C, are in Malaysian ringgit (RM)/year, energy generation is in MWh/year, and
FiT rate is the tariff rate for solar power purchased as shown in Eq. (3). The proposed solar power
plant’s carbon mitigation is done by Eq. (4) takes the following approach:

e., = E,.GEF )

The CO, emission is measured in tCO,, which is the yearly energy generation measured in MWh
or kWh, and its grid emission factor. The grid emission factor (GEF) is defined as the CO, emission
factor (tCO,/MWh) that is connected to every unit of electricity produced by a power system and is
calculated per kWh or MWh. However, solar power facilities are not fully emission-free. Estimating
CO, emissions per kWh generated by solar plants is minimal. The emission from the PV facility is
calculated using Eq. (5).

e, =FE,e.,, (5

where CO, emissions from a PV plant are measured in tCQO,, annual energy generation in MWh or
kWh. Eq. (6) calculates the net reduction in CO, emissions from the solar PV plant. Net CO, reduction
is the overall reduction in carbon dioxide (CO,) emissions achieved by transitioning from traditional
power plants to photovoltaic (PV) power plants. This reduction represents a significant environmental
benefit as it helps mitigate climate change by reducing greenhouse gas emissions and minimizing the
carbon footprint associated with electricity generation.

Cpet = ewz - epv (6)

4 Results and Discussion

4.1 Forestvoltaics Potential in UMPSA Pekan

Based on Helioscope software, the forest voltaic potential of the UMPSA Pekan campus is
estimated. Table 3 shows the solar PV site capacity to be installed over forest zones 1, 2, 3, and 4.
The red line shows the area demarcated, the green line shows the periphery area where solar trees
are planted, and the light blue shaded part shows the solar panels in the canopy area. Based on the
percentage of land covered, there are three different cases discussed: the optimistic case (60%).

Table 3: Forestvoltaics potential inside UMPSA Pekan

Forest region UMPSA Area (m?) DC/AC ratio Total forestvoltaics potential capacity (MW)
38,563.7 1.08 0.9302

(Continued)
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Table 3 (continued)

Forest region UMPSA Area (m?) DC/AC ratio Total forestvoltaics potential capacity (MW)
Ft zne 2 18,299.5 0.92 0.5714

18,117.3  0.93 1.19

52,747.5 1.08 1.62

127,728 4.31

The Potential of Forestvoltaics Capacity (MW ) with Different Solar Technologies
Total Area = 127,728 m?

Scenario Area (m*)  Poly crystalline (MW)  Mono crystalline (MW)  Amorphous
thin film (MW)

Case I: 60% 76,636.8 7.66 9.58 6.39

Case I1: 40% 51,091.2 5.11 6.39 4.26

Case III: 80%  102,182.4  10.22 12.77 8.52

The solar PV potential in the forests of UMPSA Pekan on the basis of scenarios as depicted
in Fig. § used different solar PV technologies. Table 4 compares three scenarios (Case I, Case II,
and Case III) with varying coverage percentages (60%, 40%, and 80%) and three types of solar
panels (polycrystalline, monocrystalline, and amorphous thin film). The capacity ranges from 5.11
to 12.77 MW, indicating the amount of solar energy that can be generated based on the specific
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scenario and solar panel type. Case I1I with monocrystalline solar panels consistently shows the highest
potential capacity of 12.77 MW, while Case II with amorphous thin film solar panels has the lowest
capacity at 4.26 MW. The optimum scenario among the three cases is Case I, with 60% coverage
using polycrystalline panels, resulting in a capacity of 7.66 MW. Potential energy generation for these
scenarios ranges from 6713.38 to 8§954.48 MW. Again, Case 111 with monocrystalline solar panels
shows the highest potential energy generation, while Case II with amorphous thin film panels shows
the lowest. The optimal scenario, Case I with 60% polycrystalline panels, yields an energy generation
of 7.66 MW.

Forest Voltaics Capacity

Poly crystalline Mono crystalline Amorphous Thin Film
Solar PV Technologies

Plant Capacity (MW)

m Case |: 60% m Case II: 40% m Case IIl: 80%

Figure 8: Potential of Forestvoltaics (MW) with different technologies

Table 4: Energy generation for different scenarios in Forestvoltaics

Energy generation Polycrystalline (MWh) Monocrystalline (MWh) Amorphous thin-film (MWh)

Case I: 60% 10,070.07 13,426.77 6713.38
Case II: 40% 6716.11 8954.82 4477.41
Case III: 80% 13,32.23 17,909.64 8954.482

4.2 Floatovoltaics Potential in UMPSA Pekan

Based on Helioscope software, the floatovoltaic potential of the UMPSA Pekan campus is
estimated. Table 5 showcases the viable opportunity for solar PV systems to be installed on the lakes of
UMPSA Pekan. At the same time, the total potential capacity can be optimized based on the various
parameters.

Potential Floatovoltaics Capacity with Different Generations of Solar Panels

The quantity of solar energy that can be produced in a given location, including the base area, is
referred to as the prospective solar capacity related to that base area. Solar capacity is calculated using
data on solar irradiation, installed capacity, and available area. In this instance, the base area can be
used to determine the potential solar capacity. Specifically:

e 10 m? of polycrystalline material can yield 1 kilowatt (kW) of power.
e 8 m? of monocrystalline material can produce 1 kW of power.
e 12 m? of amorphous thin film material can create 1 kW of power.
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Table 5: Floatovoltaics potential inside UMPSA pekan

Lake region UMPSA Area capacity (m?) DC/AC ratio Total floatovoltaics
potential capacity (MW)
Lake 1 104,960.4 1.25 3.238
143,147.3 1.24 4.45
17,384.5 1.24 0.53
57,572.8 1.19 1.788
Total 323,065 10.006

Total Area = 323,064.2 m?

Fig. 9 and Table 6 illustrate the potential of floating solar installations at UMPSA Pekan’s
Lake. The total available surface area is 3,230,64.2 square meters. The tables analyze potential solar
capacity (in MW) across three scenarios (Case I, Case II, and Case III) with varying land use
percentages (60%, 40%, and 80%) and three solar panel types (polycrystalline, monocrystalline, and
amorphous thin film). The potential ranges from 12.9 to 32.3 MW. As expected, potential capacity
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increases with higher scenario percentages (more land use) for all panel types. Both polycrystalline and
monocrystalline panels consistently outperform amorphous thin film in terms of potential capacity
across all scenarios. Considering the objective of maximizing solar generation, Case III (80% land
use) with monocrystalline panels emerges as the most suitable option. This scenario boasts the highest
potential capacity at 32.3 MW. Overall, the analysis suggests that maximizing land use (Case I11) with
monocrystalline panels offers the most promising approach for floatovoltaics at UMPSA Pekan’s lake.
Table 7 presents the potential energy generation for the three scenarios (Case I, Case 11, and Case I1I)
with different coverage percentages (60%, 40%, and 80%) and the three types of solar panels. The
annual energy yield ranges from 11,321.42 to 45,271.68 MWh. Case III with monocrystalline panels
consistently shows the highest energy generation of 45,271 MWh, while Case 11 with amorphous thin
film panels consistently has the lowest energy generation.

Floatovoltaics Capacity (MW)
350

S 300
< 250
>
'S 200
Q
8 150
& 100
o
5
0

Poly crystalline Mono crystalline Amorphous Thin Film
Solar PV Technologies

o

m Case |: 60% = Case ll: 40% m Case Ill: 80%

Figure 9: Potential of floatovoltaics solar capacity (MW) with different technologies of solar panel

Table 6: Floatovoltaics capacity potential in different solar technologies

Scenario Area (m*)  Polycrystalline (MW)  Monocrystalline (MW)  Amorphous
thin film (MW)

Case I: 60% 1,938,38.5 19.3 24.2 16.1

Case I1: 40% 1,292,25.6  12.9 16.15 10.76

Case III: 80%  2,584,51.3  25.8 323 21.53

Table 7: Energy generation for different scenarios in floatovoltaics

Energy generation Polycrystalline (MWh) Monocrystalline (MWh) Amorphous (MWh)

60% 25,470.36 33,960.49 16,976.88
40% 16,982.14 22,635.84 11,321.42
80% 25,465.32 45,271.68 22,635.84

4.3 BAPYV Potential in UMPSA Pekan

Based on the Helioscope simulation, the potential for Building Applied Photovoltaics (BAPV) is
estimated since the side view of the buildings is not available in Google Earth. The solar potential of the
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buildings is studied from the top view, excluding the fagades and windows. Table 8 highlights the viable
opportunities for installing solar PV systems on various buildings, including the chancery, Faculty
of Mechanical and Automotive Engineering Technology (FTKMA), Faculty of Manufacturing and
Mechanical Engineering Technology (FTKPM), Faculty of Electrical and Electronics Engineering
Technology (FTKEE), Faculty of Computing (FC), the student activities center, and the male and
female residential colleges. The total potential capacity can be optimized based on various parameters.

Table 8: Building applied photovoltaics potential inside UMPSA pekan

Buildings in UMPSA Total potential DC/AC ratio Total BAPV potential
capacity (MW)
Chancellor 0.293 0.96 9773.9

0.575 0.96 18,126.14
0.406 1.00 14,705.91
0.418 1.05 14,795.91

(Continued)
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Table 8 (continued)

Buildings in UMPSA Total potential DC/AC ratio Total BAPV potential
capacity (MW)
0.2167 1.08 7333.3
0.267 1.11 8318.04
0.102 1.10 3353.07
0.128 1.22 4257.48

(Continued)
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Table 8 (continued)

Buildings in UMPSA Total potential DC/AC ratio Total BAPV potential
capacity (MW)
0.1028 1.14 2574.15
0.062 1.04 2121.34
3.5424 85,359.2

Potential of Buildings Solar Capacity (MW )
Total Area = 85,359.2 m?

Case III consistently shows the highest potential capacity across all panel types, as shown in
Table 9. The potential of solar pv capacity on buildings using different PV panels is illustrated
in Fig. 10. Among the solar panel options, monocrystalline panels consistently exhibit the highest
potential capacity, followed by polycrystalline and amorphous thin film panels. Therefore, considering
the highest possible capacity and the performance of different solar panel types, Case I1I with
monocrystalline panels appears to be the most suitable choice for maximizing solar energy generation
in forested areas. The potential energy generation in Building Applied Photovoltaics (BAPV) is
presented in Table 10 for three scenarios (Case I, Case II, and Case III) with different coverage
percentages (60%, 40%, and 80%) and three types of solar panels (polycrystalline, monocrystalline,
and amorphous thin film). The energy generation figures range from 2990.97 to 11,963.91 MWh.
Comparing the scenarios, Case I1I with monocrystalline solar panels consistently shows the highest
energy generation of 11,963.91 MWh. In contrast, Case II with amorphous thin film solar panels
consistently has the lowest energy generation.
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Table 9: Building applied photovoltaics capacity potential in different solar technologies

Solar capacity (MW) Area (m*) Polycrystalline (MW) Mono crystalline (MW) Amorphous

silicon (MW)
Case I: 60% 76,636 5.12 6.4 4.27
Case I1: 40% 51,091.20 3.41 4.27 2.85
Case I1I: 80% 102,182.40 6.83 8.54 5.69

Building Applied Photovoltaics (BAPV) Capacity (MW)

Poly crystalline Mono crystalline Amorphous Thin Film
Solar PV Technologies

Plant Capacity (MW)
O =N WA OO N O

m Case |: 60% mCase Il: 40% » Case lll: 80%

Figure 10: Potential solar capacity of buildings applied photovoltaics in (MW)

Table 10: Energy generation for different scenarios of BAPV

Energy generation Polycrystalline (MWh) Monocrystalline (MWh) Amorphous (MWh)

60% 8972.93 8972.93 4486.46
40% 5981.95 4486.46 2990.97
80% 11,963.91 8972.93 5981.95

4.4 Financial Analysis of Forestvoltaics, Floatovoltaics, and Building Applied PV

The annual savings provide information on the FiT rate (RM/kWh) for different installed
capacities of renewable energy installations in Malaysia, along with the effective and yearly period
rates. The FiT rate in Table 11 represents the tariff rate at which the utility company purchases
electricity generated from renewable energy sources. By multiplying the annual energy generation
by the FiT rate, the formula calculates the amount of money that can be saved annually by selling
renewable energy to the grid.

Table 11: FiT rates for solar PV (Non individual (>500 kW))

Description of qualifying renewable energy installation basic FiT rates (RM/kWh), Jan. 2016
FiT rates as per installed capacity

Upto and including 4 kW 0.8249

Above 4 kW and upto and including 24 kW 0.8048

Above 24 kW and upto and including 72 kW 0.6139

(Continued)
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Table 11 (continued)

Description of qualifying renewable energy installation basic FiT rates (RM/kWh), Jan. 2016
FiT rates as per installed capacity

Above 72 kW and up to and including | MW 0.5930
Above 1 MW and up to and including 10 MW 0.4651
Above 10 MW and up to and including 30 MW 0.4162
Bonus FiT rates having the following criteria (one or more) :

Use as installation in buildings or building structures +0.1550
Use as building materials +0.1325
Use of locally manufactured or assembled solar PV modules -+0.0500
Use of locally manufactured or assembled solar inverters +0.0500

The effective period mentioned in a table related to solar PV installations typically refers to
the duration over which the savings or benefits from the installation are calculated or realized. The
effective period determines the time it takes to recover the initial investment in the renewable energy
installation through savings on energy costs. A longer effective period allows for more time to recoup
the upfront investment, potentially resulting in greater overall savings. The effective period impacts
financial metrics such as the payback period, return on investment (ROI), and net present value
(NPYV). A longer effective period may result in a shorter payback period and a higher ROI, indicating
a more financially attractive investment. The effective period should align with the expected lifespan
of the installed renewable energy technology. For example, solar panels typically have a lifespan of 25
years or more. Extending the effective period beyond the technology’s lifespan may overstate potential
savings. Changes in policies, regulations, incentives, and tariffs can impact the financial viability
of renewable energy installations. The effective period should account for potential changes in the
regulatory environment and their effects on savings over time.

4.4.1 The Effect of Degradation Rate on the FiT of a Solar PV System

The annual degradation rate in solar PV systems refers to the gradual decrease in the efficiency
or output of the solar panel over time due to factors such as aging, environmental conditions, and
material degradation. Typically expressed as 0.5% per year, this rate signifies that the panel loses 0.5%
of its efficiency annually. This yearly degradation rate is crucial in determining the annual savings for
solar PV systems as it directly influences the overall savings estimate. The degradation rate directly
impacts the amount of electricity generated by the solar PV system. As the efficiency of the solar
panels decreases over time, they produce less electricity compared to when they were initially installed.
Consequently, the degradation rate must be taken into account when assessing the system’s annual
energy production. Since the electricity generated by the solar PV system decreases each year due
to degradation, the savings from avoided electricity purchases or revenue from excess energy sold
back to the grid also decline over time. This reduction in savings is a direct consequence of the
decrease in energy production caused by degradation. Incorporating the yearly degradation rate into
the annual savings table leads to more accurate long-term financial estimates for the solar PV system.
By accounting for degradation, stakeholders can gain a better understanding of how the system’s
performance and savings potential will change over its operating life.
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Annual Savings of Solar Power Plant.

FiT: 0.4162 RM (Floatovoltaics).

FiT: 0.4162 (RM (Floatovoltaics)).

FiT: 0.4651 (RM (BAPV)) + 0.1550 RM (Bonus for BAPYV).

Based on Table 12, it is evident that the annual savings for forest photovoltaics generally increase
as the scenario percentage rises for all types of solar PV technology. For maximizing annual savings,
Case I1I with the 80% scenario for monocrystalline PV in forest photovoltaics seems the most suitable
choice. However, the lowest yearly savings for forestvoltaics occur in Case II (40%) for amorphous
thin film, amounting to RM 1863.50 * 10°; meanwhile, the optimal value in Case I (60%) is RM
3568.97 * 10°. Looking at the data in Table 13 on floatovoltaics, it is apparent that the annual savings
generally increase as the scenario percentage rises for all solar PV technology. Among the panel
types, polycrystalline and monocrystalline panels yield higher annual savings than amorphous thin
film panels across all scenarios. For maximizing annual savings in floatovoltaics, Case III with the
80% scenario for monocrystalline panels appears to be the most suitable choice, amounting to RM
18,842.0710. However, the lowest annual savings value across the three scenarios is in Case I (40%)
for Amorphous Thin Film, totaling RM 4711.97 * 10°. The optimal value lies in Case I (60%) with
polycrystalline panels, totaling RM 10,600.76 * 10°. Based on the values in Table 14, the annual savings
for BAPV generally increase as the scenario percentage rises for all panel types. Among the panel types,
monocrystalline panels in Case III (80%) exhibit higher annual savings of RM 7418.82 * 10° compared
to the lowest value of amorphous thin film panels in Case II (40%). Therefore, the optimal value is
RM 4173.08 * 10° for Case I (60%) with polycrystalline solar panels.

Table 12: Annual savings of forestvoltaics

Annual savings Polycrystalline (RM) % 10°  Mono crystalline (RM) % 10°  Amorphous thin film

(RM) * 10°
Case I: 60% 4191.16 5588.22 2794.10
Case II: 40% 279524 3726.99 1863.45
Case III: 80%  5590.49 7453.99 3726.85

Table 13: Annual savings of floatovoltaics

Annual savings  Polycrystalline (RM) * 10°  Mono crystalline (RM) x 10°  Amorphous thin film

(RM) * 10°
Case I: 60% 10,600.76 14,134.35 7065.77
Case I1: 40%  7067.96 9421.04 4711.97

Case I1I: 80% 10,598.67 18,842.07 9421.03
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Table 14: Annual savings of building applied photovoltaics (BAPV)

Annual savings  Polycrystalline (RM) * 10°  Mono crystalline (RM) x 10°  Amorphous thin film

(RM) * 10°
Case I: 60% 4173.08 5564.10 4486.46
Case I1: 40%  1867.26 2489.69 2990.97
Case ITL: 80%  5564.11 7418.82 3709.40

4.5 GHG Mitigation Analysis of Forestvoltaics, Floatovoltaics, and Building Applied Photovoltaics
CO, Emission from PV Plant:

Unlike fossil fuel-based power plants, PV plants do not directly emit carbon dioxide (CO,) during
their operation. In trials, PV systems emitting 30-317 g/kWh of CO, yielded associated energy [37].
This is because they utilize a clean and renewable energy source, the sun, to produce electricity.
However, it’s essential to consider the entire life cycle of a PV plant, including the production of solar
panels, their installation, maintenance, and eventual decommissioning. CO, emissions associated with
a PV plant mainly arise from the energy-intensive manufacturing processes of solar panels, transporta-
tion, and construction activities. Based on the Tables 15-17 below, it is evident that CO, emissions
generally increase with higher scenario percentages. In terms of panel types, both polycrystalline and
monocrystalline panels have higher emissions compared to amorphous thin film panels across all
scenarios. Considering the goal of minimizing CO, emissions in the case of forest photovoltaics, Case 11
with a 40% scenario for amorphous thin film appears to be the most suitable choice with 179.01 tCO,
emissions. Similarly, CO, emissions generally increase as the scenario percentage increases. Among
panel types, both polycrystalline and monocrystalline panels exhibit higher emissions than amorphous
thin film panels across all scenarios. Considering the objective of minimizing CO, emissions, Case 11
with a 40% scenario for Amorphous Thin Film stands out as the most suitable choice, with the lowest
emissions for all panel types totaling 452.85 tCO,. Upon comparing the data, it is observed that CO,
emissions generally increase as the scenario percentage rises. Considering the goal of minimizing CO,
emissions, Case II with a 40% scenario for amorphous thin film appears to be the most suitable choice,
as it has relatively lower emissions for all panel types, totaling 119.63 tCO,.

Table 15: Carbon-di-oxide emission by forest photovoltaic plant

tCO, Polycrystalline (tCO,) Monocrystalline (tCO,)  Amorphous thin-film (tCO,)
Case I: 60% 402.80 537.07 268.53

Case II: 40% 268.64 358.19 179.01

Case III: 80%  537.28 716.38 358.179

Table 16: Carbon-di-oxide emission by floatvoltaic plant

tCO, Polycrystalline (tCO,) Monocrystalline (tCO,)  Amorphous thin-film (tCO,)
Case I: 60% 1018.81 1358.42 679.28
Case II: 40% 679.286 905.43 452.86

Case III: 80% 1018.81 1810.87 905.43
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Table 17: Carbon-di-oxide emission by building applied photovoltaics

tCO, Polycrystalline (tCO,)  Monocrystalline (tCO,)  Amorphous thin-film (tCO,)
Case I: 60% 269.19 358.92 179.46
Case 11: 40% 179.46 239.28 119.64
Case III: 80%  358.92 478.56 239.28
Net CO, Reduction:

It is noticeable that the reduction of CO, emissions generally increases as the scenario percentage
rises for all panel types. Among the panel technologies as indicated in Tables 18-20 both polycrys-
talline and monocrystalline panels exhibit higher CO, emissions reductions than amorphous thin
film panels across all scenarios. For instance, in terms of floating solar capacity, the highest value
of CO, emission reduction is 29,834.04 tCO, from Case III (80%) for monocrystalline solar panels.
Similarly, for forest photovoltaics, the highest value for net CO, emission reduction is observed
in monocrystalline panels. Considering the goal of minimizing CO, emissions, the Case II (40%)
scenario of amorphous thin film (7460.816 tCO,) appears to be the most suitable choice as it
demonstrates relatively lower emissions for all panel types. To summarize, among the panel types,
both polycrystalline and monocrystalline panels exhibit higher CO, emissions reductions compared
to amorphous thin film panels across all scenarios. Considering the goal of minimizing CO, emissions,
the Amorphous Thin Film Case II (40%) scenario appears to be the most suitable choice, as it
demonstrates relatively lower emissions for all panel types. Moreover, in the case of floating solar
capacity, the highest net CO, emission reduction value is 29,834.04 tCO, from Case III (80%) with
monocrystalline solar panels.

Table 18: Net CO, reduction by forestvoltaics

Scenario Polycrystalline (tCO,)  Mono crystalline (tCO,)  Amorphous thin film (tCO,)
Case I: 60% 6636.18 8848.241 4424117
Case I1: 40% 4425916 5901.226 2950.613
Case III: 80%  8851.84 11,802.45 5901.004

Table 19: Net CO, reduction by floatovoltaics

Scenario Polycrystalline (tCO,)  Mono crystalline (tCO,)  Amorphous thin film (tCO,)
Case I: 60% 16,784.97 22,379.96 11,187.76
Case II: 40% 11,191.23 14,917.02 7460.816
Case II1: 80%  16,781.65 29,834.04 14,917.02

The theoretical potential of solar capacity is depicted in Tables 21 and 22, showcasing solar
capacity in megawatts (MW) for different scenarios. These scenarios include floating (323.06 MW),
forests (12.77 MW), and buildings (8.54 MW), all utilizing monocrystalline solar panels in Case I1I
(80%). Moving on to annual savings, the highest value is attributed to monocrystalline solar panels
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in Case III (80%). For the floating scenario, annual savings amount to RM 18,842.07 x 10°, while
for the forest and building scenarios, the values are RM 37,268.55 x 10° and RM 7418.82 x 10°,
respectively. However, CO, emissions from PV plants are at their lowest for all scenarios, specifically
with amorphous thin-film solar panels in Case II (40%). The floating scenario emits 452.86 tCO,,
while forest and building scenarios emit 179.01 tCO, and 119.64 tCO,, respectively. Similarly, net CO,
emissions reductions follow the same pattern. For the floating, forest, and building scenarios, net CO,
emissions reductions are 7460.82 tCO,, 2950.61 tCO,, and 119.64 tCO,, respectively, with the use of
amorphous thin film solar panels. In Table 23, a polycrystalline solar panel with a scenario of Case I
(60%) is utilized across all three scenarios. Here is a breakdown of the results:

Table 20: Net CO, reduction by BAPV

Scenario Polycrystalline (tCO,)  Mono crystalline (tCO,)  Amorphous thin film (tCO,)
Case I: 60% 269.188 358.9172 179.4584

Case I1: 40% 179.4584 239.278 119.6388

Case I11: 80%  358.9172 478.5564 239.278

Table 21: Theoretical potential of solar capacity, annual saving, CO, emission and net CO, reduction
for mono-crystalline panel

Type of solar PV Case scenario  Solar Solar PV Annual CO, Net CO,
system crystalline capacity saving emission  reduction

technologies (MW) (RM) % 10°  (tCO,) (tCOy)
Forestvoltaics Case I1I (80%) Mono 12.77 37268.55 716.38 11802.45
Floatovoltaics Case III (80%) Mono 32.3 18842.07 1810.87 29834.04
Building applied  Case III (80%) Mono 8.54 7418.82 478.55 478.56
photovoltaics

Table 22: Theoretical potential of solar capacity, annual saving, CO, emission and net CO, reduction
for thin film panel

Type of solar PV Case scenario  Solar Solar PV Annual CO, Net CO,
system crystalline capacity savings emission  reduction
technologies (MW) (RM) % 10°  (tCO,) (tCO,)
Forestvoltaics Case II (40%)  Thin-film 4.26 1980.08 179.01 2950.61
Floatovoltaics Case II (40%)  Thin-film 10.76 4185.66 452.86 7460.82
Building applied  Case III (40%) Thin-film 2.85 1764.56 119.64 119.64

photovoltaics




2358 EE, 2024, vol.121, no.9

Table 23: Technical potential of solar capacity, annual saving, CO, emission, and net CO, for
polycrystalline panels

Type of solar PV Case scenario  Solar Solar PV Annual CO, Net CO,
system crystalline capacity saving emission  reduction

technologies (MW) RM) x10°  (tCO,) (tCO,)
Forestvoltaics Case I (60%) Poly 7.66 4191.16 402.80 6636.18
Floatovoltaics Case I (60%) Poly 19.3 10,600.76 1018.81 16,784.97
Building applied  Case I (60%) Poly 5.12 4173.08 269.19 269.19
photovoltaics

Floating Scenario: This scenario exhibits the highest potential solar capacity of 19.38 MW and the
highest annual savings of RM 10,600.76 « 10°. However, it also records the highest CO, emissions from
the floating PV plant, totalling 1018.81 tCO,. Despite this, it achieves the highest net CO, emissions
reduction of 16,784.97 tCO,.

Forest Scenario: With a potential solar capacity of 7.66 MW, this scenario has the lowest among
the three. Its annual savings amount to RM 4191.16 % 10°. However, it registers the highest CO,
emissions from the forests, totalling 402.80 tCO,. Interestingly, it also shows the lowest net CO,
emissions reduction at 6636.18 tCO,.

Building Scenario: Here, the potential solar capacity is the lowest at 5.12 MW, with annual savings
of RM 4173.08 % 10°. CO, emissions from the PV plant in this scenario amount to 269.19 tCO,, and
the net CO, emissions also stand at 269.19 tCO,.

These results highlight the varying outcomes across different scenarios, with the floating scenario
demonstrating both the highest potential solar capacity and annual savings but also the highest CO,
emissions. On the other hand, the forest scenario exhibits the lowest potential solar capacity but also
the highest CO, emissions from the forests. The building scenario, while having the lowest potential
solar capacity, presents relatively lower CO, emissions compared to the other scenarios.

5 Conclusion

This study investigated the feasibility of installing solar PV systems at the University Malaysia
Pahang Al Sultan Abdullah (UMPSA) Pekan campus. We explored three scenarios with land coverage
percentages of 40%, 60%, and 80%, analyzing the potential for forest photovoltaics, floatovoltaics, and
building-applied PV (BAPV).

Optimum Scenarios for Each Coverage Ratio:

60% Scenario: Polycrystalline solar panels emerged as the optimal choice for this scenario, offering
a balance between high solar PV capacity (due to extensive forest area) and good annual savings
(achieved with floatovoltaics, RM 4173.08 % 10°). BAPV in this scenario resulted in the lowest CO,
emissions (269.19 tCO,) due to the smaller rooftop area covered.

40% Scenario: Thin film solar panels were most suitable here. Floatovoltaics offered the highest
capacity (10.76 MW) and annual savings (RM 4185.66 x 10°) as predicted by Helioscope simulations.
BAPYV, due to its lower capacity, resulted in minimal net carbon dioxide reduction.
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80% Scenario: Monocrystalline solar panels performed best. Floatovoltaics again offered the
highest capacity (32.3 MW), while forest photovoltaics yielded the most significant annual savings
(RM 372,685.55 % 10%). However, BAPV still produced the lowest CO, emissions and net carbon
dioxide reduction.

Practical Applications and Limitations:

The study provides valuable insights for implementing solar PV systems in forests, lakes, and
buildings, particularly at UMPSA Pekan. However, it is important to acknowledge limitations. Our
reliance on assumptions and simulation data introduces uncertainties. Future improvements should
address real-world variations to enhance system reliability.

Overall, this research offers valuable data on the potential of forest photovoltaics, floatovoltaics,
and BAPYV for solar energy generation, annual cost savings, and CO, emission reduction at UMPSA
Pekan.
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