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system integrated with an automated irrigation mechanism. Biomass
pellets were combusted to generate steam that drives a turbine-
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dynamo system for electricity production. Experimental results show
Oil palm, renewable energy, that the series configuration of two dynamo motors produced the
sustainability highest output voltage of 5.72 V at 380.36 RPM under no-load

conditions and 5.22 V under load, demonstrating superior energy
conversion performance compared to single and parallel
configurations. The automated irrigation system successfully activated
the water pump when soil moisture dropped below 30 percent,
ensuring efficient water management and reduced wastage. The
system operated stably using a lithium-ion battery for energy storage
and supply. Overall, the findings confirm that oil palm biomass pellets
are a viable small-scale renewable energy source capable of supporting
precision agriculture applications, with strong potential for scalability
in sustainable agricultural development.

1. Introduction

A variety of environmental, financial, and energy-related factors have contributed to a recent increase in interest
regarding the utilization of biomass sourced from oil palm for renewable energy production. Castillo (2007, p. 7)
highlights that the oil palm industry ranks among the largest agricultural sectors globally, with significant
operations in Southeast Asia, parts of Africa, and Latin America. The production of palm oil generates substantial
quantities of biomass waste, including empty fruit bunches (EFBs), palm kernel shells (PKS), and mesocarp fibers.
Traditionally, these by products have been underutilized or regarded as waste. In the past, such waste was either

This is an open access article under the CC BY-NC-SA 4.0 license.

©I8Q



Int. Journal of Integrated Engineering Vol. 18 No. 1 (2026) p. 273-284 274

incinerated outdoors, leading to air pollution and associated health risks, or left to decompose in the fields, which
contributed to methane emissions and environmental degradation (Yusuf, 2006, p.5). Nevertheless, there is a
growing interest in converting oil palm biomass into renewable energy, driven by environmental concerns, the
urgent need to diversify energy sources, and the impacts of climate change.

Biomass derived from oil palm presents numerous inherent advantages for energy production. As a high-
yielding, perennial crop, its plentiful availability ensures a reliable and steady supply. Serving as a renewable
energy source, these byproducts also reduce dependence on fossil fuels, thereby decreasing greenhouse gas
emissions and contributing to the battle against climate change. Moreover, the transformation of biomass into
energy generates economic advantages by creating jobs and additional income, particularly in rural areas where
oil palm plantations are prevalent. There are various techniques for converting palm biomass into energy,
including gasification, pyrolysis, and combustion. Each method possesses distinct advantages and disadvantages
based on factors such as feedstock properties, energy efficiency, and environmental impact. Additionally,
advancements in co-firing, a technique that involves blending biomass with traditional fuels in power generation
facilities, have enhanced the feasibility of integrating palm biomass into current energy systems.

2. Literature Reviews

Biomass encompasses organic materials such as forestry waste, agricultural residues, and energy crops, serving
as a flexible and sustainable renewable energy source. Among these, oil palm biomass is particularly notable due
to its extensive availability and considerable energy potential. The underutilization of byproducts from oil palm
production, including empty fruit bunches (EFBs), palm kernel shells (PKS), and mesocarp fibers, contributes to
methane emissions and air pollution. Converting these wastes into energy not only addresses waste management
issues but also mitigates broader environmental challenges, thereby positioning oil palm biomass as a significant
renewable resource (Ayer & Balart, 2005; Yusuf, 2006).

A range of technologies are available to convert oil palm biomass into usable energy. Combustion, the most
direct method, involves burning biomass to generate heat and electricity, with modern systems offering improved
efficiency and lower emissions (Nazario-Nevada, 2021). Gasification transforms biomass into syngas a flexible fuel
through controlled heating in a low-oxygen environment (Heinrich, 2007). Pyrolysis, another thermochemical
process, breaks down biomass into bio-oil, syngas, and biochar, enabling both energy generation and the recovery
of valuable byproducts (Siwal, 2022). Emerging technologies such as co-firing with fossil fuels, combined heat and
power (CHP) systems, and the integration of moisture sensors are enhancing overall system efficiency while
minimizing emissions. Additionally, byproducts like biochar offer agronomic benefits, improving soil health,
nutrient retention, and water-holding capacity (Kim, 2017). Nevertheless, the large-scale deployment of oil palm
biomass faces several challenges, including high pre-processing costs, logistical constraints, and the
environmental impacts of extensive palm cultivation (Yusuf, 2006). However, advancements in microcontroller-
based systems, sensor technologies, and biomass boiler designs are contributing to greater operational efficiency.

Compared to other biomass sources, oil palm biomass offers higher energy density and consistent, year-round
availability. Its development is further supported by evolving technologies and supportive policy frameworks
(Castillo, 2007). Beyond its environmental benefits, palm oil biomass also presents socio-economic opportunities,
particularly in rural areas where oil palm cultivation is prevalent. By optimizing energy conversion technologies
and embracing innovative practices, oil palm biomass can play a pivotal role in advancing a more sustainable and
resilient energy future.

2.1 Comparison with Previous Researcher Work

0il palm biomass has significant potential as a decentralized renewable energy source for sustainable agricultural
systems. This study presents the design, development, and experimental evaluation of a small-scale oil palm
biomass-based energy harvesting system integrated with an automated irrigation control mechanism. Biomass
pellets were combusted to generate steam that drives a turbine coupled with a dynamo for electrical power
generation. Experimental findings indicate that the series configuration of two dynamo motors achieved the
highest performance, producing 5.72 V at 380.36 RPM under no-load conditions and 5.22 V under load,
demonstrating improved voltage stability and energy conversion efficiency compared to single and parallel
configurations.

The irrigation subsystem, controlled by an Arduino microcontroller, automatically activated the water pump
when soil moisture levels dropped below 30 percent, ensuring precise and efficient water utilization. In contrast
to previous studies that predominantly emphasized large-scale biomass power plants or standalone irrigation
automation, this work demonstrates an integrated micro-scale biomass-to-electricity and precision irrigation
framework within a unified system architecture. The prototype exhibited stable energy storage performance
using a lithium-ion battery and consistent operational reliability. These results validate the technical feasibility of
oil palm biomass pellets as a practical energy source for precision agriculture and highlight the scalability
potential of decentralized biomass-powered smart irrigation systems in oil palm-producing regions.
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3. Methodology

This system utilizes renewable energy derived from oil palm biomass pellets to produce electrical power while
simultaneously supporting automated plant irrigation. The biomass pellets are manufactured from oil palm
agricultural waste, which would otherwise be discarded, making the process both environmentally friendly and
sustainable. When these pellets are combusted, they generate a significant amount of heat energy. This heat is
used to boil water inside a pressure cooker, producing high-pressure steam as the water temperature increases.
The generated steam is directed toward a turbine, where the kinetic energy of the moving steam is converted into
mechanical energy. As the turbine rotates, it drives a dynamo motor that converts the mechanical energy into
electrical energy. This electrical energy is not used immediately but is stored in a lithium-ion battery, allowing the
system to operate even when the biomass combustion process is not active. The stored energy ensures a stable
and continuous power supply for all system components.

An Arduino Uno microcontroller serves as the central control unit of the system. It is powered by the energy
stored in the lithium-ion battery and continuously monitors environmental conditions through connected
sensors. A soil moisture sensor is embedded in the soil near the plants to measure the water content in real time.
The sensor sends analogue data to the Arduino, which processes the information and compares it to a predefined
moisture threshold. When the soil moisture level drops below the required value, the Arduino automatically
activates a water pump to irrigate the plants. This automated response ensures that plants receive adequate water
precisely when needed, reducing water wastage and eliminating the need for constant human supervision. At the
same time, an alarm buzzer is triggered to alert users that the soil moisture level has fallen below the optimal
range, providing an additional layer of monitoring and awareness.

For user interaction and system monitoring, an LCD panel is integrated into the setup. The LCD continuously
displays real-time soil moisture readings and system status, enabling users to easily observe environmental
conditions and system performance. This visual feedback helps users make informed decisions regarding plant
care and energy usage.

Overall, this system demonstrates an effective integration of renewable energy generation and automated
irrigation technology. By utilizing oil palm biomass waste as a fuel source and combining it with sensor-based
control and energy storage, the system promotes sustainable agricultural practices. It enhances plant health
through precise irrigation, reduces manual labour, optimizes water consumption, and contributes to
environmentally responsible energy utilization, making it a promising solution for precision agriculture and
sustainable energy applications.
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Fig. 1 System diagram
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The system diagram illustrating a renewable energy-driven automated irrigation system is presented in Figure
1. The process initiates with steam produced by the combustion of biomass derived from oil palm, which drives a
turbine connected to a dynamo. The dynamo converts the thermal energy into electrical energy, which is
subsequently stored in a lithium-ion battery. An Arduino Uno microcontroller, serving as the central control unit
of the system, operates on this stored energy. Through a connected sensor, the Arduino consistently monitors the
soil's moisture levels. When the sensor detects dry soil, the Arduino activates a motor pump to commence
irrigation. If the soil moisture is adequate, the system remains in monitoring mode without engaging the pump.
Once the irrigation process is complete, the system automatically deactivates the pump. By integrating renewable
energy sources and automating irrigation based on real-time soil conditions, this design promotes efficient water
utilization.

3.1 Biomass and Applications System

Pellets derived from oil palm biomass, which is a sustainable energy source created from waste generated by the
oil palm industry, initiate the process. In a pressure cooker, the heat generated from the combustion of these pellets
produces steam. This high pressure steam is then utilized to rotate a turbine. The resulting motion drives a dynamo
motor, which converts mechanical energy into electrical energy. A lithium-ion battery functions as the power
reservoir for the system, storing the generated electricity.

An Arduino Uno microcontroller acts as the primary control unit and is powered by the stored energy. It
receives input from a soil moisture sensor that continuously monitors the moisture level of the soil. For ease of
monitoring, the real time data from the sensor is displayed on an LCD panel. When the soil moisture falls below a
predetermined threshold, the sensor notifies the Arduino, which activates a motor pump to irrigate the plants.
Simultaneously, a buzzer is triggered to alert users about the low moisture condition.

The pump ensures that water is delivered directly to the plants, maintaining optimal moisture levels for
robust and healthy growth. This technology effectively integrates automated irrigation with renewable energy.
While the Arduino-based automation manages the irrigation process through precise sensor input, motor control,
and user notifications, the oil palm biomass serves as a sustainable energy source. This system not only promotes
ongoing plant health but also minimizes manual labour and enhances efficient water usage. The corresponding
block diagram of the system is illustrated in Figure 2.

Fig. 2 Project block diagram
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Arduino utilizes the energy stored in lithium-ion batteries to activate a motor pump that waters the plants
when the soil moisture levels fall below a specified threshold. Simultaneously, a buzzer is triggered to alert users
about the low moisture condition. The pump delivers water directly to the plants, ensuring optimal soil moisture
levels and fostering healthy plant growth. This technology effectively merges automated irrigation management
with renewable energy utilization. By integrating sensors, a motor pump, and an alarm system, the Arduino-based
control unit automates the irrigation process, while oil palm biomass serves as a sustainable energy source for
power generation. With precise moisture monitoring and responsive actions, this setup enhances consistent plant
care, minimizes manual labour, and enables efficient water management. Figure 3 illustrates the system flowchart

that depicts this operational sequence.
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Fig. 3 Flowchart system

4. Results and Discussion

The effective functioning of the turbine and dynamo motors in generating power demonstrated the effectiveness
of oil palm biomass pellets as a renewable energy source. The energy produced was reliably stored in the lithium-
ion battery, which acted as a consistent power supply for the system. The Arduino based control system
proficiently managed the irrigation process by activating the motor pump when the soil moisture dropped below
the set threshold, while the soil moisture sensor delivered accurate, real-time information. This automatic
response facilitated healthy plant growth, reduced water wastage, and ensured optimal soil moisture levels. The
findings underscore the potential integration of precision agriculture with sustainable energy production. In
modern agricultural practices, the efficiency of the energy conversion system and the intelligent irrigation control
present promising opportunities for resource conservation and environmental sustainability.

4.1 Actual Prototype

This initiative promotes agricultural management and the generation of renewable energy by integrating
automation with biomass technology derived from oil palm. In a pressure cooker fuelled by biomass pellets
produced from oil palm, steam is generated. This steam drives a turbine connected to a dynamo motor to generate
energy. The electrical energy is stored in lithium ion batteries and regulated through a DC-DC converter to supply
power to an Arduino-based control system. The Arduino continuously monitors soil moisture levels and activates
a water pump when the soil is dry, while also triggering a buzzer to alert the user. This self-sustaining system
effectively repurposes oil palm biomass for energy production while automating irrigation, promoting both
resource efficiency and environmental sustainability. Figure 4 shows the actual working prototype of the system.
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Fig. 4 Project actual prototype

4.2 Testing the Motor Without Load

This project focuses on the development of oil palm-based biomass technology for efficient renewable energy
harvesting. Various dynamo motor configurations were tested namely, a single dynamo motor, two dynamo
motors in parallel, and two in series. Among these, the series configuration demonstrated the most effective
performance. The two dynamo motors connected in series produced the highest output voltage of 5.72 V and a
rotational speed of 380.36 RPM, making it the most suitable for efficient energy storage and long-term operation.
In comparison, the single motor setup, while straightforward, generated only 3.26 V and 410.97 RPM, which is
inadequate for powering larger systems. The parallel configuration improved torque and reduced mechanical
stress on the motors but resulted in a lower voltage output of 2.95 V, limiting its efficiency for energy storage
applications.

The series configuration successfully combines higher voltage output with stable performance, ensuring
optimal utilization of energy harvested from oil palm biomass. In conclusion, connecting two dynamo motors in
series significantly enhances energy conversion efficiency and supports the goal of sustainable renewable energy
harvesting. Figure 5 illustrates the motor performance graph under no-load conditions.
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4.3 Testing the Motor with Load

When comparing motor performance under load and no-load conditions, it is evident that load significantly affects
the current-voltage relationship across all configurations. For the single dynamo motor setup, torque (RPM)
increases rapidly without load, reaching 410.97 RPM at 3.26 V. Under load, the same torque is achieved at a lower
voltage of 2.87 V, indicating the motor operates less efficiently and must work harder when a load is applied. In
the case of the two dynamo motors connected in parallel, the impact of the load is more pronounced. Without load,
the motors achieve 380.36 RPM at 2.95 V. However, under load, this torque is only reached at 2.61 V. The torque
increases more gradually with voltage underload, suggesting the motors struggle to maintain performance.

The configuration with two dynamo motors in series demonstrates the highest efficiency. Without load, it
achieves 380.36 RPM at 5.72 V, while under load, the same torque is obtained at 5.22 V. This minimal drop in
voltage highlights better voltage sharing and improved efficiency. Overall, load conditions reduce efficiency in all
setups. However, the series configuration proves to be the most resilient and efficient underload, making it the
most suitable choice for renewable energy harvesting applications. Tables 1-3 present the detailed testing results.

Table 1 Testing with 1 dynamo motor with load

Voltage,V (max) Current,A RPM / Tourque  Time (second) Number of
(max) (max) Pallets
0 0 0 900 3
0.89 0 117.32 900 6
1.58 0 149.91 900 9
2.19 0.01 253.13 900 12
2.87 0.01 410.97 900 15

Table 2 Testing with 2 dynamo motor with load (parallel)

Voltage,V (max) Current,A RPM / Tourque  Time (second) Number of
(max) (max) Pallets
0 0 0 900 3
0.66 0 103.29 900 6
1.27 0.01 136.71 900 9
2.06 0.01 231.72 900 12
2.61 0.02 380.36 900 15

Table 3 Testing with 2 dynamo motor with load (series)

Voltage,V (max) Current,A RPM / Tourque  Time (second) Number of
(max) (max) Pallets
0 0 0 900 3
1.03 0 103.29 900 6
2.35 0 136.71 900 9
4.19 0.01 231.72 900 12
5.22 0.02 380.36 900 15

4.4 Testing Using Different Blade

The comparison of the two turbine blade designs reveals significant differences in performance, materials, and
overall suitability for energy generation applications. The 10 curved fan blades of the 3D-printed ABS blade are
engineered to optimize the capture of steam energy. Its aerodynamic shape and increased blade count make it
particularly effective for tasks such as charging lithium-ion batteries, as they provide enhanced torque and power.
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However, this design experiences greater air resistance, resulting in a slower rotation speed and a heavier weight.
Additionally, the complexity of the 3D printing process contributes to higher manufacturing costs.

(b)

Fig. 6 The types of blades (a) 3D printing using abs material; (b) Plastic material

Despite these limitations, the ABS blade excels in energy-intensive applications due to its impressive
performance under stress. However, it is important to note that ABS can deform over time when exposed to high
temperatures, leading to moderate durability. In contrast, the plastic blade, which consists of four flat fan blades,
features a lighter and simpler design that allows for quicker rotation. Unfortunately, this results in reduced torque
and power output, making it less effective for high-demand energy applications. It is more suitable for low-cost or
lightweight uses, as it is cheaper and easier to manufacture through conventional plastic moulding techniques.
Nevertheless, the plastic blade is less durable and struggles under pressure, increasing the likelihood of breakage
in challenging conditions.

In conclusion, the 3D-printed ABS blade with 10 curved blades stands out as the superior choice for steam
turbine projects aimed at energy harvesting, especially when consistent and reliable performance is essential.
Despite its higher cost and complexity, its ability to generate strong torque and sustain load conditions makes it a
more effective solution. Figure 6 illustrates both blade designs.

4.5 Testing the Soil Moisture Sensor

During the operation of the soil moisture monitoring system, the water pump is automatically activated when the
soil moisture level drops below 30%, as detected by the sensor. For example, on 19 November 2024 at 8:00 AM,
the sensor recorded a moisture level of 26%, prompting the system to activate both the pump and buzzer to ensure
the plants received sufficient water. The LCD screen displayed real-time information such as “Pump: ON” along
with the current moisture level, while the serial monitors logged data entries like “Moisture: 26%, Pump
Activated,” confirming the system’s responsive action. This testing demonstrates the system’s effectiveness in
managing irrigation automatically based on real-time soil conditions. Figure 7 shows the soil moisture sensor in
testing.
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Fig. 7 Testing the soil moistures sensor

Soil type plays a crucial role in determining the frequency and efficiency of irrigation. For instance, sandy loam
soils, which have larger particles and low water-holding capacity, allow water to drain quickly. As a result, crops
or plants grown in sandy loam require more frequent but smaller amounts of watering to prevent water stress.
On the other hand, clay soils have much finer particles and higher water retention. The water absorbs slowly but
hold onto it for longer periods, reducing the need for frequent irrigation. This makes clay soil particularly
advantageous in water-scarce regions, as it supports more efficient water use and reduces the risk of drought
stress on crops. Understanding these differences is critical when designing or managing an irrigation system. By
aligning the watering schedule with the specific characteristics of the soil, it’s possible to optimize water usage,
avoid overwatering or underwatering, and improve plant health and yield. Moreover, this approach contributes
to sustainable water management in agriculture or landscaping.

Fig. 8 The LCD screen indicates pump activation by displaying “ON”

Sc4 M ‘Penerbit

7 Universi Tun Hussein Onn Naiaysia



283 Int. Journal of Integrated Engineering Vol. 18 No. 1 (2026) p. 273-284

In the irrigation system illustrated, Figure 8 displays the LCD screen showing "Pump: ON," indicating that the
system is actively delivering water to the soil. This real-time feedback allows users to monitor and adjust irrigation
activity based on soil type, weather conditions, and plant needs, further enhancing the system'’s effectiveness and
reliability.

5. Conclusion

In conclusion, this study demonstrates the successful development and operation of an oil palm biomassbased
renewable energy system integrated with an automated irrigation mechanism using embedded control and real
time soil moisture monitoring. The use of an Arduino microcontroller, soil moisture sensors, and automated
pumping effectively illustrates how renewable energy harvesting can be combined with precision agriculture to
improve water efficiency, reduce manual intervention, and support sustainable farming practices. The
experimental results confirm that oil palm biomass pellets can serve as a viable renewable energy source for small
scale energy generation while simultaneously powering agricultural automation systems.

Although the current system is implemented as a small scale prototype, it establishes a strong technical
foundation for future expansion. To support medium to large scale agricultural operations, several system
upgrades are required. These include the use of larger and more efficient turbines and generators capable of
handling higher steam flow rates, as well as advanced energy storage systems equipped with intelligent charge
controllers and inverters to ensure stable voltage regulation and reliable power distribution. Such improvements
are essential for maintaining consistent system performance during peak load conditions and periods of low
energy generation. A key aspect of future scalability involves replacing the household pressure cooker with
industrial grade biomass boilers. Unlike small domestic equipment, industrial biomass boilers are designed to
operate safely at higher temperatures and pressures, allowing continuous steam generation and improved
thermal efficiency. This transition significantly enhances electrical output while also addressing critical safety and
thermal management requirements. The inclusion of pressure relief systems, temperature and pressure
monitoring, fire suppression mechanisms, and appropriate operator training becomes increasingly important as
system capacity increases, ensuring safe and dependable long-term operation.

To support larger agricultural fields, the irrigation system must also be expanded into multiple independently
controlled zones. Each zone can be equipped with dedicated soil moisture sensors, solenoid valves, and flow
control mechanisms to ensure precise and localized water delivery. The use of more advanced microcontrollers
or programmable logic controllers enables coordinated control of multiple zones and system components.
Furthermore, the integration of wireless communication technologies such as Wi-Fi, LoRa, or GSM allows
centralized monitoring and remote control, improving system flexibility and ease of management. From an
economic perspective, while large scale implementation requires higher initial investment, the system offers long
term financial benefits through economies of scale, reduced dependence on grid electricity or fossil fuels, and
improved energy self-sufficiency. Environmentally, the system contributes to the reduction of greenhouse gas
emissions by utilizing renewable oil palm biomass and minimizing agricultural waste. At the same time, optimized
irrigation reduces water consumption and supports sustainable resource management.

Overall, the proposed system presents a scalable, efficient, and environmentally responsible solution for
renewable energy generation and automated irrigation. It is particularly well suited for oil palm producing regions
where biomass waste is abundant and readily available. By converting agricultural residues into useful energy
and integrating intelligent irrigation technologies, the system supports long-term agricultural productivity,
environmental conservation, and sustainable rural development.
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