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Abstract :

Malaysia's heavy reliance on fossil fuels, such as coal, oil, and
natural gas, for its industrial and transportation sectors, has
presented challenges in recent years, primarily due to the limited
availability and increasing costs of these resources. Moreover, the
continued use of fossil fuels contributes to greenhouse gas
emissions and exacerbates environmental degradation. One of the
industries that contribute to these causes is the fishing industry.
Fishing vessels rely on fossil fuels such as diesel or petrol to power
their engines. Therefore, this project proposes the modeling of a
solar boat as a proactive solution to mitigate the growing challenges
caused by the fishing industry as a solution to reduce diesel
consumption and decrease gas emissions. The model comprises a
DC-DC boost converter, an MPPT controller using Perturb and
Observe (P&0O), and an ideal switch with the power and voltage
output of the system analysed using MATLAB/SIMULINK. Two case
studies were carried out to assess how the system performed under
various weather conditions. The results highlighted the impact of
varying solar irradiance and temperature on the power and voltage
output that is suitable to generate motor power for boats on a large
scale. By leveraging solar energy, this project aligns with the United
Nations Sustainable Development Goals (UNSDGs), specifically in
preserving the environment for future generations and promoting
Renewable Energy (RE). The successful implementation of this solar
electric boat model can contribute to reducing Malaysia's
dependence on fossil fuels, mitigating environmental impact, and
fostering a sustainable energy future.
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INTRODUCTION
Global warming and climate change present
pressing challenges for our world today. implementing

Addressing these issues requires sustainable
solutions, with solar energy emerging as a

prominent option due to
friendly nature and lack of harmful emissions. By
renewable
particularly solar power, in industries, we can
significantly reduce greenhouse gas emissions [1-

its environmentally

energy  systems,
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4]. The transition from traditional energy sources
to renewable alternatives and the advancement of
new technologies in industries are critical. Relying
on fossil and nuclear fuels has resulted in adverse
consequences such as air pollution, acid rain,
resource depletion, and nuclear radiation hazards.
Among various renewable energy sources, solar
power has gained significant attention as a
promising option for industrial use. It holds
tremendous value [5] and has the potential to meet
the increasing global energy demand in the
coming decades. Malaysia, with its tropical climate
characterized by high temperatures, humidity, and
rainfall throughout the year, stands as an ideal
location for solar energy utilization. The country
maintains an average annual temperature of
254°C, with minimal monthly temperature
variations ranging from 24.9°C in January to
25.9°C in May. The hottest months typically occur
from April to June [6].

Solar radiation serves as the most vital natural
energy resource, driving environmental processes
on Earth's surface. The Sun provides an immense
amount of energy, with the energy stored in the
oceans helping maintain the planet's temperature
equilibrium and supporting diverse life forms. In
Malaysia, the monthly average of daily solar
radiation ranges from 4000 to 5000 Wh/m? [7].
Additionally, the country experiences a monthly
average sunshine duration of four to eight hours,
equivalent to approximately 2200 hours per year

(8]

Figure 1 displays a photograph highlighting the
photovoltaic power potential across various
locations in Malaysia, with daily totals surpassing
4.0 kWh/kWp. Direct Normal Irradiation (DNI),
which refers to the solar radiation received per unit
area by a surface held perpendicular to the sun's
rays, serves as a crucial parameter for calculating
energy yield and evaluating the performance of
concentrating solar power (CSP) and concentrator
solar photovoltaic (CPV) technologies.
Photovoltaic modules capture the irradiation by
tracking the sun's direction, utilizing DNI for
measurement [9].

The solar energy industry can be classified into
two main sectors: solar thermal and solar
photovoltaic (PV). Solar panels, or photovoltaic
(PV) panels, act as silent solar energy converters
without rotating parts, making them an ideal
solution for Malaysia given its high solar energy
potential. The fishing industry in Malaysia heavily
depends on fossil fuel-powered boats, leading to
significant challenges. The limited availability and

escalating costs of fossil fuels pose economic may
be burdened for fishermen, while the continued
reliance on these fuels contributes to greenhouse
gas emissions and environmental degradation
Moreover, the combustion of fossil fuels in fishing
boats results in environmental pollution, adversely
affecting marine ecosystems and human well-
being.
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Figure 1. Photovoltaic Power Potential Map of
Malaysia [10]

To address these critical issues, it is imperative to
develop an innovative and sustainable solution
that reduces the fishing industry's dependence on
fossil fuels and mitigates its environmental impact.
The purpose of this study is to model a solar
electric boat using MATLAB software. Through
this model, the aim is to analyze the power and
voltage output of the boat under different
operating conditions. By embracing solar electric
boats, we aim to optimize their performance to
decrease diesel consumption, minimize gas
emissions, and foster a sustainable energy future
for Malaysia's fishing industry.

METHOD

This section will comprehensively examine the
various methods employed to carry out research
on the maximum power point tracking (MPPT)
technique wusing the perturb and observe
approach. This section will delve into the specific
techniques utilized in MPPT to effectively track the
maximum power point, elucidating the anticipated
outcomes of this analysis. Furthermore, it will
explore the evaluation process of the data
obtained from this research. Additionally, it will
encompass a detailed discussion on the prediction
of data related to irradiance and temperature, as
well as an elaboration on the model employed in
the photovoltaic (PV) cell. Notably, this chapter will
also feature the inclusion of a flowchart depicting
the perturb and observe algorithm.

The research commences by conducting an
extensive exploration of various publications,
journals, and credible sources relevant to solar
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electric boat power systems. The primary
objective of this phase is to gather comprehensive
information and knowledge essential for the
successful execution of the project. Moreover, this
phase facilitates the identification of potential
challenges that may arise. Subsequently, the
specific problem related to the design of solar-
powered boats will be identified. Based on the
problem statement, the objectives and scope of
work will be established.

This project comprises three main simulation
steps. The initial step involves modeling a
photovoltaic (PV) module. Following this, two
graphs representing Power versus Voltage (PV)
and Current versus Voltage (IV) will be generated.
The second step entails the modeling of a perturb
and observe (P&0) maximum power point
tracking (MPPT) controller. This algorithm utilizes
voltage perturbation and power observation to
incrementally increase power by raising the
voltage. The final step involves integrating the
MPPT controller with the PV module and a DC-DC
converter, specifically a boost converter. The
boost converter is employed to amplify the input
voltage to a higher level required by the load.
Figure 2 shows the flowchart of the project from
the start to the end.
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Figure 2. Overall flowchart of the project

Simulink Model of the Proposed System

The proposed system is implemented using
MATLAB/Simulink. The system includes a PV
array, MPPT controller, DC-DC converter, and
Switching Relay for analyzing the performance of
the system components. Figure 3 displays the
Simulink model of the proposed system in
MATLAB.

o),

Figure 3. Simulink model of the proposed system
in MATLAB

PV Array Design in Simulink

Figure 4 shows the block parameters for the PV
array, which describe the input parameters in the
Simulink PV block.
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Figure 4. PV Array Input Parameter in the
Simulink

Figure 5 and Figure 6 display the I-V and P-V
characteristic curves, respectively, for the PV
array under various solar irradiances.
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Figure 5. PV Array Current-Voltage (IV)
Characteristic Curve for Various Solar Irradiance
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Figure 6. PV Array Power-Voltage (PV)
Characteristic Curve Various Solar Irradiance

Maximum Power Point Tracking (MPPT)

To maximize the power output of solar PV
modules, it is crucial to operate them near the
maximum power point (MPPT). Various MPPT
techniques have been proposed, with the
Perturbation and Observation (P&0O) method
being chosen for this project due to its efficiency
and widely known for its simple implementation on
the PV system. The P&0O method involves
observing the PV array output power and
perturbing the array operation current or voltage to
optimize the power supply. The flowchart of the
P&O algorithm operation is shown in Figure 7
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Figure 7. Flowchart of the P&0O method

Proportional-Integral Controller

A PI controller is employed as a feedback control
loop that calculates the error signal by comparing
the system output with the reference voltage
obtained from the MPPT. By adjusting the
proportional gain (Kp), the PI controller achieves
the desired response. The block diagram of the PI
controller is presented in Figure 8.

g B WO

Figure 8. Block diagram of PI controller

Boost Converter

A DC-DC boost converter is utilized to regulate the
PV voltage by stepping up the voltage based on
the duty cycle received from the MPPT. The boost
converter circuit consists of an inductor, diode,
capacitor, load resistor, and an ideal switch, as
illustrated in Figure 9.

Figure 9. Boost Converte.r in the Simulink model
RESULTS AND DISCUSSION

Simulation Results with Boost Converter
using MPPT (P&O)

The Perturb and Observe (P&0O) method was
employed in the simulation, and it achieved a
maximum output power of 418 kW and an output
voltage of 1.813 kV. These values represent the
peak power (Pmax) and maximum voltage (Vimax)
attainable from the PV module. Notably, the P&O
algorithm reached this peak power level within a
remarkably short timeframe of 0.5 seconds. The
X-axes represent the time in seconds and the Y-
axes represent power and voltage output. Figure
10 and Figure 11 show the P&O power and
voltage under 1000 W/m? irradiance at 25°C. The
power output is 418 kW, and the voltage output is
increased from 200W to 1.813 kV.
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Figure 10. The P&O power under 1000 W/m?
irradiance at 25°C
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Figure 11. The P&O voltage under 1000 W/m?
irradiance at 25°C
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Case Study

Two case studies were conducted. The first case
study involved simulating the PV module under
different irradiance levels while maintaining a
constant temperature of 25°C. The second case
study simulated the PV module under constant
irradiance levels at varying temperatures ranging
from 10°C to 75°C.

Case Study |

The first case study examines the impact of
irradiance levels on PV module performance while
maintaining a constant temperature. This scenario
mimics real-world conditions where the sunlight
intensity may vary throughout the day, but the
temperature remains relatively stable. The power
and voltage output at the maximum power point
were analysed for the PV module under 200 W/m?,
400 W/m? and 800 W/m? irradiance levels at
25°C. Figure 12 and Figure 13 show the power
and voltage output at the maximum power point
under 200 W/m?. The power output is 21.1 kW,
and the voltage output is 0.4518 kV.
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Figure 12. The P&O power output
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Figure 13. The P&O voltage output

Figure 14 and Figure 15 show the power and
voltage output at the maximum power point under
400 W/m? with the value of power is 68.25 kW and
voltage is 0.7327kV.
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Figure 14. The P&O power output
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Figure 15. The P&O voltage output

Similarly, Figure 16 and Figure 17 illustrate the
power, 269.3 kW, and voltage output, 1.455 kV at
the maximum power point of the simulation
respectively under 800 W/m? irradiance at 25°C.
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Figure 16. The P&O power output
. Figure 20 and Figure 21 display the power and
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power point were analyzed for the PV module 9 ' P el
under 1000 W/m? irradiance levels at 10°C, 50 C, =
and 75°C. Figure 18 and Figure 19 display the  “*/ ___Oubu volage ]
power and voltage output at 10°C respectively. 4
The power output is 413.6 kW and the voltage - ]
output is 1.804 kV.
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as Likewise, Figure 22 and Figure 23 present the
o power, 431.6 kW and voltage output, 1.843 kV at
O oo o1 o1 o0z o025 03 o o0s o4 the maximum power point of the simulation
Figure 18. The P&O power outpu respectively under the same irradiance at 75 °C.
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Figure 23. The P&O voltage outpu

Comparison Between Case Studies

A comparison between the two case studies is
presented in Table 1, showcasing the power and
voltage output under different weather conditions.
The results demonstrate that the P&O algorithm
consistently improves the PV module's efficiency
by accurately identifying the maximum power
point (PMPP).

Case study | showed that the PV module's power
output varied under different irradiance levels, with
larger oscillations observed at 200 W/m?
compared to 400 W/m? and 800 W/m? as depicted
in Figure 24 Figure 25 and Figure 26
respectively. In simpler terms, it means that the PV
module generated more inconsistent or unstable
power output when it received an irradiance level
of 200 W/m? compared to when it received higher
irradiance levels of 400 W/m? and 800 W/m?.

Table 1: The comparison between power and
voltage output

Weather condition Output Power (kW) Output V\»h.’lgc (kV)
Fixed lrradiance 7 118 7 1813
G = 1000 Wim?
Constant temperature
T=25C
Case Study |

Vanable Irradiance 20 04518
G =200 Wm*

Constant temperature

I=25C

Vanable lradiance 68 25 0.7327
G- 400 Wme

Constant temperature

T =25C

Variable luudﬁnﬂc 269 3 1 455
G = 800 Wm

Constant temperature

['=25C

Fixed Iradiance Ta36 1 804
G = 1000 W m-

Vanable temperature

I=10C

Fixed Irradiance 425.2 1.829
G = 1000 Wm?

Vanable temperature

I=50C

Fixed Irradiance 431.6 1.843
G- 1000 Wm-*

Vanable temperature

of +

Figure 24. The power output under 200 W/m? at
25°C
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Figure 25. The power output under 400 W/m? at

25°C
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Figure 26. The power output under SOOVW/r“n; at
25°C
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It was observed that as the irradiance increased
from 200 W/m? to 800 W/m? the output power and
voltage demonstrated a consistent upward trend
as shown in Figure 27. The output power
increased from 21.1 kW to 269.3 kW, and the
output voltage rose from 0.4518 kV to 1.455 kV.
This indicates a strong positive correlation
between solar irradiance and the system's
performance, as higher irradiance levels provided
greater power generation capabilities.

Case Study |

X 80C
—@— Voltage(kV

400 6(

Figure 27. The P&O power and voltage at
constant temperature, 25°C

In Case Study Il, fixed irradiance of 1000 W/m?
was paired with variable temperatures of 10°C,
50°C, and 75°C. The results indicate a marginal
increase in output power and voltage as the
temperature rose as illustrated in Figure 28. At
10°C, the system generated 413.6 kW of power
with an output voltage of 1.804 kV. At 50°C and
75°C, the power output increased to 425.2 kW and
4316 kW, respectively, with corresponding
voltage levels of 1.829 kV and 1.843 kV. These
outcomes suggest that higher temperatures can
slightly enhance system performance but have a

more limited impact compared to variations in
irradiance.

Case Study Il
e — >
w * ) J
—@—Powe —— k

Figure 28. The P&0O power and voltage at
constant irradiance, 1000 W/m?

CONCLUSION

The simulation results demonstrated the
successful implementation of the P&O algorithm in
achieving maximum power output and voltage
from the PV module. The algorithm showed
excellent performance in tracking the maximum
power point under varying solar irradiance levels
and temperature conditions.

Two case studies were conducted to evaluate the
system's performance under different weather
conditions. The results highlighted the impact of
varying solar irradiance and temperature on the
power and voltage output. The P&O algorithm
exhibited greater tracking accuracy at higher
irradiance levels, while the power output showed
smaller oscillations.

In conclusion, this project successfully achieved
its stated objectives, which were to study the
current perspective on renewable energy,
specifically solar energy development in Malaysia.
propose a modeling of a solar electric boat power
system, and analyse the power and voltage output
of the system. The findings of the study revealed
promising advancements in solar energy
development in Malaysia, highlighting its potential
as a viable renewable energy source. This
knowledge serves as a solid foundation for further
exploration and implementation of solar energy
projects within the country.

The proposed modeling of a solar electric boat
power system was successfully carried out. The
results of the study have shed light on the
significant influence of fluctuating solar irradiance
and temperature on the power and voltage output
required to effectively generate motor power for
large-scale boats. Additionally, the power and
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voltage output of the photovoltaic (PV) system
were thoroughly analysed. The PV voltage output
was measured to be 200 V. After connecting the
PV system to a Maximum Power Point Tracking
(MPPT) mechanism and a boost converter, the
voltage output was effectively boosted to boosted
to 1.813 kV, which suitable to generate motor
powerboat.
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