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Abstract
Various raw materials with enhanced benefits have been discovered for the toiletries

industry. One promising material is coconut shell charcoal powder (Cocos nucifera), which
can be used as a base ingredient in herbal toiletries formulations. However, its production
process still faces challenges, particularly in terms of technology and operations, especially
for small and medium enterprises. Therefore, this study aims to design a control system
concept for a coconut shell charcoal powder processing unit integrated with a PV system.

The methods used include a literature review and a descriptive study through
interviews with practitioners and academics specializing in charcoal powder production
systems and herbal toiletries formulation. The result of this study is a conceptual design of a
control system equipped with a remote monitoring system to oversee and regulate the coconut
shell charcoal powder production process more efficiently.
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1. INTRODUCTION

Coconut shell is a biomass that has more economic value if processed into charcoal
powder 1P Coconut shell charcoal powder is widely used in various industries, including
medicine, cosmetics, and herbal toiletries, due to its good adsorptive properties and its ability
to absorb hazardous substances and odors !¢, In addition, this material has environmentally
friendly characteristics and can be sustainably renewed .. Indonesia, as one of the world's
coconut producers, has great potential in developing an industry based on coconut shell
charcoal powder BIFI0 However, optimization of the use of this material is still constrained
by several factors, especially in terms of efficient and sustainable production.

The production of coconut shell charcoal powder involves several main stages, such as
carbonization, grinding, and screening M This process requires optimal temperature
control and powder size dimensions to produce high-quality charcoal powder. Other
challenges in this production are energy efficiency, process stability, and technology
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availability, especially for small and medium enterprises. Therefore, a more efficient,
sustainable, and easy-to-operate production system is needed for small-scale industry players.

To improve production efficiency and stability, a control system is needed that can
regulate operational parameters. A control system with 10T-based monitoring can also be used
to monitor energy production in PV Systems MM Automation-based control systems
enable real-time process monitoring and control, thereby optimizing the production process.
Integration with remote monitoring technology can provide more flexibility in operating
production equipment, especially for small and medium enterprises that have limited
manpower and technical resources M7,

In line with the advancement of renewable energy technologies and the growing need
for sustainable industry practices, integrating a photovoltaic (PV) system with the charcoal
powder processing equipment presents a strategic solution. The PV system not only serves as a
clean energy source but also reduces dependency on conventional electricity sources, lowering
operational costs and environmental impact. This integration supports the global agenda for
decarbonization and aligns with Indonesia’s commitment to utilizing renewable energy in
local industries. Moreover, the application of such systems can enhance the energy autonomy
of small-scale producers in rural or off-grid areas, fostering inclusive industrial development.

The main finding of this study is an automated control system design integrated with
energy monitoring from a PV system to support the efficient and sustainable production of
coconut shell charcoal powder. Compared to previous research, which focused solely on
crushing coconut shell charcoal without considering the fineness level of the material
[8IoN20021 this equipment is equipped with a screening mechanism to determine the required
material dimensions. The system developed in this study demonstrates advantages in terms of
product quality and operational sustainability. Integration with an loT-based monitoring
system also serves as an additional benefit, addressing the challenges of production
management in the small and medium enterprise sector. Thus, this research provides a new
contribution to the development of coconut shell charcoal processing technology.

Given these considerations, this article proposes a conceptual design of a control
system for coconut shell charcoal powder processing equipment integrated with a PV system.
The design emphasizes automation, energy efficiency, and adaptability to the needs of small
and medium enterprises. This study aims to contribute to the development of an affordable and
reliable processing solution that supports the local herbal toiletries industry, strengthens
energy resilience, and promotes the sustainable use of biomass resources.

2. RESEARCH METHOD

This study adopts a literature study and descriptive study approach to explore the
appropriate control system for coconut shell charcoal powder production technology as a raw
material for herbal toiletries. The literature study was conducted by reviewing various
scientific references, such as academic journals, books, and other relevant sources of
information regarding the utilization of coconut shells and their applications in the toiletries
industry. The purpose of this study is to gain deeper insight into the characteristics of coconut
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shell charcoal powder, its production methods, and its potential in the formulation of toiletries
products.
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Figure 1. Research Flowchart

3. RESEARCH RESULTS AND DISCUSSION

3.1.  Coconut shell charcoal powder production tool design Houses
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Figure 2. (a) Coconut shell charcoal production equipment system.
(b) Coconut shell charcoal powder processing equipment completes with body cover.
(c) Details of coconut shell charcoal powder processing equipment.

The design of the coconut shell charcoal powder processing tool consists of several
main components designed to increase production efficiency and support energy sustainability
through the integration of photovoltaic systems. Figure 2 (a) shows the overall production
equipment system, which includes a PV system as an energy source, a control panel for system
settings, and a coconut shell charcoal grinder. The PV system is used to supply the electrical
power needed by the drive motor, thereby reducing dependence on conventional electricity

and supporting more environmentally friendly production. The control panel functions as a
V0l.19 No.1 - February 2026 51
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control center that regulates the operation of the tool, including activating the electric motor,
controlling the heater temperature, and regulating the sieving system. Figures 2 (b) and (c)
show the shape of the coconut shell charcoal powder grinding tool consisting of several main

components.
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Figure 3. Control System Block Diagram

The production process begins with the charcoal material input funnel, where the raw
material in the form of coconut shell charcoal is fed into the system. The material then enters
the grinder, which functions to crush the coconut shell charcoal into smaller particles. An
electric motor is used as the main driver of the grinder, ensuring that the crushing process runs
efficiently. After the grinding process, the resulting charcoal powder is flowed through the
charcoal powder output funnel, where the material will pass through a mesh sieve. This sieve
functions to separate powder based on particle size, ensuring that only powder with the
appropriate size can be used in further production processes. To increase the efficiency of the
drying process and reduce water content, this tool is also equipped with a heater that helps
maintain the quality of the charcoal powder. The filtered material is then collected in a
container, ready to be packaged or used in the formulation of herbal toiletries products.

3.2.  Control System Design

The design of the coconut shell charcoal powder production system is equipped with a
flexible source of electrical energy, which can be obtained from the grid or Solar Power Plant.
This system uses an Automatic Transfer Switch (ATS) which allows the selection of the main
power source, either from the grid or Solar Power Plant as a backup, or vice versa. With the
concept of the Internet of Things (loT), the control system of this tool can be monitored and
controlled remotely, thereby increasing efficiency and ease of operation.
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Figure 4. Detail of Control System

The equipment control system uses several main components to ensure optimal
performance. The ESP32 functions as the main controller, responsible for processing data
from sensors and executing system control commands. To facilitate the operation of the
device, a Human-Machine Interface (HMI) is used to display the system status and allow users
to set working parameters.

In the power monitoring system, this device is equipped with PZEM 004 which is used
to measure voltage, current, power, and electrical energy from the grid, and PZEM 017 which
measures electrical parameters from the Solar Power Plant. Both of these sensors help in
analyzing energy consumption and resource usage efficiency. To maintain optimal
temperature during the production process, this device is equipped with RexC100, a
temperature controller that works with the heater bar to generate the heat needed in the
charcoal powder drying process. The temperature sensor is used to monitor the temperature in
real-time and send data to the ESP32 so that the temperature remains stable according to
production needs. The electric power control system uses several Solid-State Relays (SSR).
The SSR for the electric motor functions as an electronic switch to control the operation of the
charcoal grinder, ensuring that the motor works as needed. SSR for grid and SSR for PLTS are
used to regulate the power source used by the system based on priority settings from the ATS.
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3.3, Work Process Flow Diagram
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Figure 5. Work process flow diagram

The flow diagram of the coconut shell charcoal powder production process illustrates
the operational stages from start to finish with an integrated automatic control system. The
process begins with the selection of an energy source, where the user can determine whether
the device will operate using electricity from the grid or PV System. Determination of the
electricity source is done through the Automatic Transfer Switch (ATS) which automatically
switches to a backup power source if the main source is disrupted.
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Once the energy source is available, the ESP32-based control system will check the
status of the main components, such as temperature sensors, electrical power, and heating
systems. If all parameters are correct, the system will enter the coconut shell charcoal grinding
stage. The charcoal material is fed through the input funnel, then the electric motor drives the
grinder to crush the charcoal into powder of a certain size. This process is controlled by a
Solid-State Relay (SSR) which regulates the electrical power to the motor.

After the grinding process, the charcoal powder will enter the heating system using a
heater bar controlled by the RexC100 to ensure that the water content in the charcoal powder
remains optimal. The temperature sensor monitors the temperature in real time and sends data
to the ESP32 so that the heating system works automatically as needed. The heated charcoal
powder is filtered with a mesh screen, where particles that are too large will be returned to the
grinding process, while particles that have reached the desired size will exit through the output
funnel to the final container. During the process, all operational data, including electricity
consumption, heating temperature, and motor status, can be monitored in real time via the
Human-Machine Interface (HMI) or via an 10T connection that allows remote monitoring. If
an anomaly occurs such as overheating or unstable power, the system will provide a warning
notification and can automatically shutdown to prevent damage to the equipment.

4. CONCLUSION

This research produces a conceptual design of a control system for coconut shell
charcoal powder production equipment integrated with a photovoltaic (PV) system. The
designed control system automates critical stages in the production process, including
grinding, sieving, and heating, to ensure consistent product quality and improve operational
efficiency. The automation not only enhances process reliability but also reduces dependency
on manual labor, which is particularly beneficial for small and medium enterprises with
limited human resources. The integration of the PV system introduces a renewable energy
source that supports sustainable and environmentally responsible operation. By utilizing solar
energy, the system reduces reliance on conventional grid electricity, lowers operational costs,
and aligns with global and national initiatives for carbon emission reduction and energy
diversification. The combined implementation of automated control and PV integration
presents a resilient and scalable solution for local industries, particularly in rural and off-grid
areas.

Moreover, the use of loT-based monitoring in the control system opens the possibility
for remote supervision, data logging, and predictive maintenance, thus offering further
advantages in terms of system optimization and long-term sustainability. The proposed design
is adaptable for replication in other biomass-based processing industries and serves as a
strategic model for developing green and decentralized production systems. Future work may
include the development of a prototype to validate the conceptual design, performance testing
under different environmental and load conditions, and economic feasibility studies to support
widespread implementation. Overall, the research contributes to the development of
innovative, energy-efficient, and environmentally friendly production systems that support the
circular economy and renewable energy integration in small-scale industries.
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5. SUGGESTED

The next stage of this research is the development and implementation of a physical
prototype based on the conceptual control system design. The prototype will serve as a
tangible model to validate the system’s functionality, reliability, and energy efficiency in real
operating conditions. During this stage, design adjustments can be made to accommodate
specific dimensional, mechanical, and operational requirements based on the intended
production scale and user needs, particularly in small and medium enterprises.

It is also recommended that the prototype be designed with modularity and scalability
in mind, allowing for flexible configurations depending on the volume of production and the
availability of solar energy resources. This would enable the system to be more adaptable for
deployment in various geographic and socio-economic settings, including rural or off-grid
communities.
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