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environmental monitoring and control unit to create a self-sustainable greenhouse,
enhancing crop breeders’ efficiency. The primary problem addressed is the difficulty in
maintaining stable temperature and humidity levels in mushroom cultivation
environments. The research aims to develop and simulate a PV-powered temperature
control system for an oyster mushroom house, chosen due to its high market demand.
Using Matlab/Simulink, a working model simulation was created to analyze the
system’s performance in maintaining optimal temperature and humidity levels. The
simulation, based on energy balance equations, connects a mushroom house
subsystem to Simscape electrical components and a solar panel. Simulation results
indicate that the system can maintain a stable temperature around 25.7°C throughout
the day, regardless of ambient temperature variations. In conclusion, the study
Keywords: successfully developed a solar-powered temperature control system for oyster
Solar PV; mushroom house; mushroom cultivation, demonstrating its potential to enhance the efficiency and
Matlab/Simulink; sustainable agriculture  sustainability of agricultural practices.

1. Introduction

As the global population continues to grow, so does the proportional demand for energy. This
surge in energy consumption is largely driven by economic growth, especially in rapidly developing
countries, which are projected to account for 90% of the increase in energy demand by 2035 [1].
Meeting this escalating energy requirement through fossil fuels such as oil, natural gas, and coal
carries significant environmental and socioeconomic consequences. Environmental concerns include
pollution, environmental degradation, global warming, and the resultant climate change. On the
socioeconomic front, reliance on these non-renewable resources leads to their depletion and has

* Corresponding author.
E-mail address: nani@uthm.edu.my

https://doi.org/10.37934/sjotfe.3.1.112



Semarak Journal of Thermal-Fluid Engineering
Volume 3, Issue 1 (2024) 1-12

even triggered conflicts between nations over access to these resources. To address these challenges,
it is imperative to shift towards energy sources that are non-polluting, renewable, and sustainable.

Based on the SEDA Malaysia Annual Report 2022, the demand for solar energy is significantly
higher compared to biogas and other renewable energy sources like biomass and small hydropower
[2]. Solar energy can be harnessed for heating and lighting in greenhouses, creating what are known
as solar greenhouses [3,4]. This method aligns with the principles of eco-efficient and sustainable
production, which emphasize the efficient use of resources. Greenhouses, commonly used in modern
agriculture, are designed to cultivate high-quality plants. Recently, the incorporation of solar energy
has led to the development of solar greenhouses. In these structures, solar energy is harnessed to
provide both heating and lighting. Utilizing resources efficiently is a key aspect of eco-efficient and
sustainable agricultural production.

Malaysia's agro-climatic conditions are highly favorable for industrial mushroom production due
to its tropical climate and high humidity, which facilitate successful cultivation with minimal
environmental impact compared to other countries. However, challenges persist. Malaysian
mushroom entrepreneurs face issues such as poor supply, rising raw material costs, pest attacks,
diseases, and subpar mushroom quality [5-8]. A primary concern for mushroom growers in Malaysia
is controlling the temperature within the growing halls. Given the labor-intensive nature of
mushroom farming are taken from the previous studies [5,6], considerable research and
experimentation have been conducted on creating automated mushroom houses to improve
productivity.

Climate factor is a critical factor that need to be considered in growing mushroom. This will bring
an affect towards the quality of the mushroom. Natural environment such as temperature during the
day either on a hot day and the rain is affecting the temperature and moisture in the mushroom
house directly. The suitable temperature in growing a high quality of mushroom varies by species but
is generally in between 25°C-30°C are taken from [7-9].

Current practices involve manual methods, such as spraying water to cool the environment,
which are inefficient and risk contaminating the crops [10]. An automated temperature and humidity
control system, powered by solar energy, could address these challenges [11,12]. This system would
not only reduce the labor required but also promote the use of renewable energy in agriculture.
Despite the potential benefits of solar PV systems for temperature control in mushroom farming,
there is limited research specifically addressing their application in mushroom houses. Current
conventional methods are labor-intensive and imprecise, highlighting a significant gap in the
optimization of productivity and environmental management.

Previous studies have highlighted the importance of temperature regulation in mushroom
farming [11-19]. Research by Burton et al., [18] demonstrated that temperature fluctuations can
significantly affect mushroom yield and quality. Renewable energy solutions, such as solar PV
systems, have been proposed as viable alternatives to conventional energy sources [20-22].
However, there is limited research on the application of solar PV systems specifically for temperature
control in mushroom houses as taken from the previous studies [10,11,18].

Addressing this gap is crucial for enhancing mushroom cultivation efficiency, reducing labor costs,
and promoting sustainable agricultural practices. By introducing an automated temperature and
humidity control system powered by solar energy, this study aims to bridge this gap and provide a
sustainable solution for mushroom farmers. This study not only addresses the specific challenges
faced by mushroom cultivators in Malaysia but also contributes to the broader field of sustainable
agriculture globally. By integrating solar photovoltaic (PV) technology with environmental control
systems, the research demonstrates a scalable and eco-friendly solution that can be adapted to
various agricultural contexts worldwide. The successful implementation of a PV-powered
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temperature control system for mushroom cultivation highlights the potential for renewable energy
to enhance agricultural productivity, reduce reliance on fossil fuels, and mitigate the environmental
impact of farming practices. This approach aligns with global efforts to promote sustainable
development and can serve as a model for other regions seeking to improve agricultural efficiency
and sustainability through innovative, renewable energy solutions.

Therefore, the objective of this research is to simulate a temperature monitoring and control
system, demonstrating the benefits of solar energy in greenhouse applications for oyster mushroom
cultivation. This research supports the development of more efficient agricultural practices, reducing
the workload on farmers, and aligning with Malaysia's national renewable energy goals.

2. Methodology
2.1 Mushroom House Model

Figure 1 shows the proposed mushroom house with labeled parameters, while Table 1 and Table
2 list the parameters dimension in Sl-unit.

Fig. 1. Proposed mushroom house model

Table 1

The dimension of each house perimeter
Perimeter Length, m
A 0.500

B 2.548

C 3.048

D 9.144

F 3.500

G 10.144

H 1.720

I 2.000
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Table 2

The dimension of each house part

House part Building materials Area perimeters Sides
Upper end wall (front with door) Polyethylene netting BE + IA + %HE 1
Upper end wall (back) Polyethylene netting BE + %HE 1
Lower end wall (front) Screeded clay brick AE-)) 1
Lower end wall (back) Screeded clay brick AE 1
Upper side walls Polyethylene netting BD 2
Lower side walls Screeded clay brick AD 2
Floor Concrete ED 1
Roof Lightweight metal deck FG 2

2.2 Simulation Setup

The simulation work was conducted using MATLAB/Simulink, with a particular focus on the
Simulink approach. The foundation of the system included a solar collector, a mushroom house
model, and an electrical subsystem. The simulation employed the ON-OFF relay method. The surface
layer of the simulation comprised a solar PV block, two data source blocks, and three subsystem
blocks: a solar cell temperature subsystem, a mushroom house subsystem, and an electrical system
subsystem. The thermal model of the house was adapted from [23].

The thermal model described in [23] focuses on a generic residential heating system,
incorporating components such as a heater, thermostat, and the house structure with thermal
properties. It simulates the thermal behavior of a house, including heat exchange with the
environment through walls, roof, and windows, and calculates heating costs based on energy
consumption. In contrast, the thermal model in this study is specifically designed for a mushroom
house, integrating solar photovoltaic (PV) technology with environmental control systems to
maintain optimal temperature and humidity levels for mushroom cultivation. While both models use
thermal dynamics to simulate temperature control, the model in [23] emphasizes residential heating
efficiency and cost calculation, whereas this study model targets agricultural applications, utilizing
renewable energy to enhance sustainability. This study model includes specialized subsystems for
solar cell temperature, mushroom house thermal dynamics, and an electrical system for
environmental control, demonstrating a more complex interaction with renewable energy sources
compared to the simpler residential focus of the model in [23].

Figure 2 illustrates the main surface level block diagram for the system. The two external data
source block is a set of data from the Malaysian Meteorological Department (MMD). The data
consists of hourly dry bulb temperature (ambient temperature) and hourly solar radiation. The
ambient temperature block supplies data to be calculated in the equations block of the mushroom
house and solar cell temperature subsystem. The solar irradiation data block provides data for the
solar PV block.
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Fig. 2. Model Simulink block diagram for the whole

2.2.1 Solar cell temperature subsystem

Figure 3 shows the Simulink block diagram for the solar cell temperature. For any solar PV panel,
the crucial temperature that needs to be known are its solar cell temperatures. This is because a PV
panel cells temperature, Tcell has a linear relationship with its voltage production. Based on the
characteristic of the solar panel model used in this simulation, the temperature coefficient is
recorded to be -0.38%/°C. This means that the voltage output of the panel will decrease by 0.38%
for every 1°C increments of the solar cell temperature from its nominal operating cell temperature
(NOCT) which is 25°C for all PV cells.
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Fig. 3. Simulink block diagram for the solar cell temperature

Thus, it is important to calculate the cell temperature, Tcell to simulate the performance of the
panel under real life condition data. This block diagram is build based upon the solar cell temperature,
Tcell equation as shown in Eq. (1) below:

(NOCT—-20°C)
] (1)

Teen = Tomp + G 800W /m?2

where G is the amount of solar irradiance received by the panel. Ambient temperature, Tamb and
solar irradiance data, G were provided from the external data block.
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2.2.2 Mushroom house subsystem

The mushroom house subsystem consisted of four subsystem which represent heat energy
equation for cooler unit, ventilation heat, heat loss from floor, and heat conduction from walls and
roof. Figure 4 below shows the block diagram for the subsystem. The manipulated variables input
that were used in this subsystem is ambient temperature (Tamb), and air mass flowrate (mmair).
While the output of the system is the mushroom house room temperature (Troom). Troom output
signals will then be routed back into each subsystem for further calculation. The initial Troom
temperature which was set at the integrator block located at the end of the block diagram is 24°C.
This temperature is selected under the assumption that the mushroom house is thermally
equilibrium with the surrounding temperature. The surrounding temperature at this time is 24°C at
1.00a.m. based on the meteorological data used.
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Fig. 4. Simulink block diagram for the mushroom house sub system

2.2.3 Electrical system subsystem

The electrical system subsystem, consists of six components which is buck converter, lead acid
battery, booster pump motor, fan motor, signal router, and an RPM to air mass flowrate converter.
Figure 5 shows the full component of the subsystem where each part is color coded for easy function
recognition.

The working principle of the system is that the PV module connects to the MPPT buck converter
which is then connected to a battery to simulate an off-grid system. The battery is then connected to
a PMDC motor to simulate the load of a water booster pump, and a BLDC motor to simulate the fan.
Both motors together simulate a mist cooling system although only the fan output is directly involved
in cooling simulation for this design, as a mean to simplify the block diagram. Both motors are
connected with an ON-OFF switch that receive its signal based on the Troom output from the
mushroom house subsystem. Once the Troom exceed 30°C, a signal of 1 is given out to the motors
to turn them into ON state. After turned ON, the BLDC motor speed is converted into RPM and then
goes to the air mass flowrate converter which uses the first fan law to convert motor RPM into the
fan RPM.
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Fig. 5. Simulink block diagram for the electrical system

3. Results
3.1 Simulation Result for Electrical Components

This section discussed the behavioural pattern for the electrical components involved in the
simulation. It is part of the investigation and proof of concept for the development of the
temperature control system to indicate the electrical components of the simulations is working as
theorised. Figure 6 shows the graph of the solar cell temperature (Tcell) and Tamb versus time. The
graphical comparison in Figure 6 shows that Tcell has an overall difference of about £21.09°C as
compared to Tamb. The highest Tcell recorded is 55.39°C while Tamb is 34°C. The added heat is the
by-product of the process in when the panel absorbs the sunlight to convert it into electrical power.
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Fig. 6. Tcell and Tamb versus time

Furthermore, the aluminium case of the PV panel will also get hot from the exposure to sunlight
which also contribute to the increase in. Solar panels are made from silicon PV cells that when gets
too hot, will significantly reduce the solar cell efficiency and which is the output conversion from

sunlight to electricity. The point of which this will happen is when the temperature exceeds 65°C.
Figure 7 below shows the result of voltage and Tcell versus time.
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Fig. 7. Voltage and Tcell versus time

The voltage output of a solar panel is directly affected by temperature. As the temperature of a
solar panel increases, its voltage output will decrease while current increases. The graph above
however, showed a default minimum value of 12V produced by the panel and increases slightly
according to temperature. This is achieved with a MPPT buck converter that is connected with the
PV model inside the simulation since the PV model used has a voltage rating of 30.97V at maximum
power point. The buck converter steps down the voltage to the desired level which in this case is 12V
and converts the excess energy into current.

Figure 8 shows the relationship between solar radiation intensity and PV output current. Solar
radiation or solar irradiance have the most prominent effects among others on the performance of
a PV panel. An increase in solar radiation leads to increase in output current but will also increase
Tcell which in turn reduces voltage when it reaches a certain threshold as discussed before. From
Figure 8, the relationship between solar radiation and PV current is well established as the production
of current output follows the pattern of the solar radiation. The current rating of the panel used in
this simulation is 9 Amp but the result showed up to 43 Amp because the simulation uses 4 identical
panels in parallel setting along with the equipment of buck converter.

1200 45

40

35
30

1000

0
=]
=]

N
o

~N
=]

Solar Radiation, MJ/m?
o
o
o
Current, A

N
=3
=}

-

0

=
15)

"Iy :

PR R B IR IR = = =]

Time, hour

e Solar Radiation Current

Fig. 8. Solar radiation intensity and PV output current and
versus time

Figure 9 shows the graph for Tcell and solar radiation against time. Figure 9 shows that the solar
cell temperature, Tcell is directly affected by the solar radiation as both shared identical graph
pattern. It can be concluded that as the solar radiation increases, the solar cell temperature also
increases accordingly if it received direct exposure from the sun. Solar radiation increases and
decreases as the day progress according to the position of the sun.
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Fig. 9. Tcell and solar radiation intensity versus time

From the graph shown, it can be concluded that the solar radiation will start taking effect from 8
a.m., peak at around 11 a.m. to 2 p.m., and start declining afterwards until 7 p.m. this means that
the active time for the solar panel to function is in between 8 a.m. to 7 p.m. every day with the ideal
energy generation time is around 11 a.m. to 2 p.m. which is also the timeframe on which the
temperature will be the highest as shown in Figure 9. Unfortunately, the relationship between the
solar cell temperature and its voltage generation is inversely perpendicular as every 1°C temperature
increases, the voltage generation will decrease by 0.12 V. This leads to future possible improvement
for the system in future studies.

3.2 Simulation Results for Temperature Control

The simulation was run using a one-week period data. Three runs were made use the ON-OFF
relay switch. The simulation setting for the three relay switch runs are always OFF signal, always ON
signal, and ON-OFF signal. These results focus on the temperature controller development of the
system. The list of results obtained from the simulations are as follows. Figure 10 shows the
simulation results of Tamb, Troom, and control signal vs time for always OFF signal setting under a 7-
day simulation.
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Fig. 10. Tamb, Troom, and signal vs time for always OFF signal setting

The simulation starts at 1 a.m. and represents a whole day whenever the time axis scale reaches
its 24 increments. This means that the 24th, 48th, 72th, 96th, 120th, 144th, and 168th mark is
representing the end of day 1 until 7 respectively. The simulation results showed that the Troom has
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a slightly cooler temperature fluctuations but still follows identical temperature pattern from the
surrounding Tamb. This setup simulated the condition in which the mushroom house is monitored
as is without any temperature control mechanism. Since the setting is set to be always OFF, the
electrical signal will always stay at 0. The highest recorded Tamb and Troom are 34.29°C and 34.00°C
respectively. The time of day in which the sun is producing the most heat to the environment is
between 10 a.m. to 6 p.m. In this setting, the mean Troom during this time for 7 days is 30.76°C.

Figure 11 shows the simulation result for the always ON signal configuration. The always ON signal
setting simulates the condition in which the cooling mechanism is always cooling the mushroom
house regardless of Tamb. This is showed as the signal is always on 1 which indicated that the cooling
system is running. Figure 11 shows a significant temperature difference between the Tamb and
Troom. It is shown that the highest Troom level recorded on the 2nd day at 29.54°C while the lowest
and mean Troom level from the 7 days run is 29.54°C and 27.89°C respectively.
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Fig. 11. Tamb, Troom, and signal vs time for always ON signal setting

A classical ON-OFF setting is where the system monitors and control the temperature by turning
the system into ‘ON’ and ‘OFF’ state based on the Troom level. As per the setting used in this
simulation, the system will fully turn ON when Troom exceeds 30°C and turn OFF when it dropped

below 26°C. Figure 12 shows the graphical results of Tamb, Troom, and signal vs time for ON-OFF
setting.
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The temperature pattern showed that the room temperature took a sudden decrease nearing
the 12th hour (12.00 p.m.) at the 30°C which indicates that the cooling mechanism is turned ON. This
result is aligned with the electrical signal that reached the value of 1 on this time which indicates that
the cooler switch is turned ON. The switch is turned ON until the 18.8 hours mark (6.48 p.m.) where
the room temperature had decreased to 26°C and the cooling system is turned OFF. The same
behaviour is observed on every other day except for the 5th where Tamb is not hot enough to trigger
the cooling system.

4. Conclusions

A simulation of a mushroom house was then successfully developed by using MATLAB/Simulink
software. The simulation design is based on the thermal energy balance while its parameters were
based on various specification commonly used in Malaysia agricultural industry as well as the official
Malaysian Standard guideline. At the same time, a temperature control system was also simulated
and integrated successfully inside the model. From the simulation run, it is concluded that it was able
to simulate the temperature control inside the mushroom house. When the control signal is turned
OFF, the result showed that the temperature inside the mushroom house to be similar to that of the
ambient temperature. When the signal is set to always ON, the temperature drops below the optimal
level. After the setting were set as ON-OFF depending on the temperature, the system manages to
maintain a temperature level of between 26°C and 30°C throughout the day. Although the mushroom
house temperature was able to be controlled as intended, it is observed that the electrical
component specifically the pump and fan motors does not achieve the desired performance as per
the parameters input on them. This can be traced back to the electrical system subsystem as each
component connected to the motors such as the buck converter, MPPT, and battery parameters may
contribute to the performance of the motors. Since the mushroom house model was successful
developed however it requires revision on the electrical component which can be the subject for
future studies.

In conclusion, this study offers a viable solution to several global agricultural challenges by
integrating renewable energy with advanced environmental control systems. The successful
implementation of a PV-powered temperature control system for mushroom cultivation not only
enhances productivity and sustainability but also provides a model that can be replicated and
adapted worldwide. By addressing climate change, promoting sustainable energy use, enhancing
automation, and improving food security, this study contributes to the global effort to create a more
resilient and efficient agricultural sector.
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