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Abstract

The importance of optimizing dehydration processes in agriculture, particularly in seafood
and fruit production cannot be overstated. Conventional methods reliant on human
observation and susceptible to weather conditions often lead to inefficiencies and
inconsistent product quality. This paper addresses these challenges by introducing a novel
approach, a smart greenhouse system powered by renewable energy sources to enhance
drying processes and product quality. By integrating renewable energy sources, such as
photovoltaic panels, the system efficiently powers heating mechanisms, ensuring optimal
drying conditions irrespective of weather fluctuations. Temperature sensors enable real-time
monitoring and regulation of greenhouse conditions, while a hygienic design safeguards
product safety and quality. Methodologically, the study rigorously examines the greenhouse
system's design, sizing and thermal behavior, particularly in relation to the utilization of solar
energy. Through detailed calculations and experimentation, the research explores variables
including the impact of wind angle on heater fan operation, optimal exhaust fan placement
and the correlation between wind speed and greenhouse temperature. The findings
underscore the profound influence of greenhouse design and management on dehydration
efficiency. Notably, the research elucidates the significance of proper environmental control
in achieving consistent and high-quality dehydration outcomes. Furthermore, the alighnment
of results with existing literature on smart greenhouse systems and dehydration performance
substantiates the study's contributions and insights. The findings not only advance scientific
understanding but also lay the groundwork for further research aimed at refining and scaling
sustainable dehydration practices in agriculture.
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Introduction

In recent years, the use of greenhouses has increased substantially, with the main objective
being to raise the rate of plants producing fruits, and to be able to increase the rate of dried
fruits and dried fish by utilizing the dehydration process (EL-Mesery et al., 2022). Greenhouses
are a building or structures that use transparent or translucent materials which can allow
sunlight to enter while creating a regulated environment for plant growth (Dhurve et al.,
2017). Greenhouses perform several functions, including agriculture, research, and
horticulture. The capacity to monitor and manage dryness, which is a measure of how
effectively the greenhouse can maintain ideal moisture levels for the plants within, is an
important feature of greenhouse design (lhoume et al., 2022). Water stress can lead to
decreased yield and plant performance, thus proper moisture management is critical for plant
health and growth. Dehydration performance in a traditional greenhouse is frequently
adjusted manually, which may be time-consuming and prone to human error.

A new style of greenhouse known as a smart greenhouse has been designed to solve these
challenges. A smart greenhouse monitors and adjusts moisture levels as well as other key
growing variables like temperature, humidity, and light intensity using modern technology
such as sensors and automated control systems (Delfiya, 2019). While the traditional
greenhouse only focuses on the hygiene and rate of production without knowing of waste
that will be made and the quality of the end product. A smart greenhouse may produce a
premium quality of dried fish by closely monitoring and controlling these parameters using
modern technologies (Casas et al., 2022). Not only does this save time and work, but it also
allows for more exact and consistent management of growing conditions, resulting in
increased seafood and fruits development and production (Azam et al., 2020).

Traditionally, the sun drying technique is used since it is theoretically extremely simple,
involving leaving the seafood goods in an open place. Naturally, there are benefits and
drawbacks to this strategy, which mostly involves the temperature and weather (Yuwana et
al., 2020). As a result, drying technology for greenhouses was developed, which may
overcome most of the difficulties through a protected and regulated habitat. But there is still
a lacks of drying technology for greenhouse, the first one is the use of heaters as the main
source of energy for the dehydration process results in high energy consumption, high utility
costs, lack of temperature control and damage to the quality of dried fish. Additionally, the
process is dependent on sunny weather, leading to prolonged production time and low
quality and quantity of the dried fish product (Purusothaman et al., 2019). Implementing
alternative power sources, temperature control systems, and finding ways to dehydrate the
fish during non-sunny days could help to address these issues.

The objective of this project is to design a greenhouse system that utilizes renewable energy
sources, specifically a PV system with battery storage, to generate power for the heating
system within the greenhouse. This design will include a temperature sensor that will control
the heater to maintain the optimal temperature for drying fish. By using this renewable
energy source, the greenhouse will be able to operate during the night time, decrease the
dehydration time and produce premium quality products, which will increase the quantity of
the product. Additionally, the greenhouse system will be designed to meet hygienic
standards, ensuring the safety and quality of dried fish (Azaizia et al., 2020).
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The scope of work for this project includes the design and implementation of a greenhouse
system that utilizes renewable energy sources to generate power for the heating system
within the greenhouse. The size of the greenhouse will be determined based on the specific
location of the greenhouse in which this project will be implemented. The number of fans and
temperature sensors that will be incorporated into the design will also be based on the
specific needs of the project. These fans and temperature sensors will be used to control the
temperature and circulation of air within the greenhouse, ensuring that optimal conditions
are maintained for drying fish. The limitations of this project include product specific optimal
drying conditions, wattage of PV system and battery storage, availability of materials and
technologies, budget and resources, and unsuitability of the drying process during rainy
season. The use of smart greenhouses in the process of dehydration to produce dried seafood
will be focused on regarding the simulation to achieve the temperature separation equally
inside the greenhouse during day and night. The technology consists of heat accumulated
inside the greenhouse in visual and also recorded data temperature.

Overall System Process

The greenhouse is design based on existing greenhouse to accomplish the objectives of this
project, a comprehensive system flowchart was developed to serve as a blueprint for the
sequential progression of the project, which encompasses gaining insight through research,
carrying out simulations, and evaluating data. Based on Figure 1, the flowchart starts with
knowledge acquisition and data collection. This data is obtained from the literature review
and research which is related to dehydration products by using a greenhouse system. Then,
the clustering and classification of significant characteristics related to the greenhouse for
dehydration are recorded to differentiate the difference between this greenhouse for
dehydration project with the project from the literature review. Next, the size of the
greenhouse needs to be chosen correctly in order to get enough accurate reading data that
can be compared to past projects. Thus, the size of Company XYZ Solar Dehydrator
Greenhouse located at Pahang, Malaysia has been chosen for the size design of this project.

The design of the greenhouse is drawn in Energy2d software. The design and embedding data
by key in the value of the type of material for the structure, fan heater temperature with blow
angle, and speed of the blower are being adjusted. Next, the operation of the greenhouse is
analyzed based on the temperature that is desired which is about 50 °C. This temperature
must be nearly distributed equally inside the greenhouse. Afterwards, the testing, evaluation,
and results analysis are conducted to gain accurate data on this dehydration greenhouse
system and whether the modification of the project from other research projects is needed
which can decrease monthly cost, and produce premium quality end-product in minimum
time consumption for dehydration (Karim et al., 2018). Lastly, the documentation and paper
publication are done in this project which can be used for the next project to implement this
research as a review and understanding to make the actual prototype.
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Greenhouse Design

The greenhouse is located in Tanjung Gemuk, Pahang, Malaysia with GPS addresses 2.65°
North and 103.62° East as shown in Figure 2 which is marked with a purple ‘X’. The yellow ‘X’
marked is the jetty for fisherman. Based on Figure 3, the design of the Company XYZ Solar
Dehydrator Greenhouse is installed with a solar heat collector that can trap heat that can
enhance heat temperature inside the greenhouse but the heat distribution is not equally
distributed. Thus, this is the main reason for the proposed project on which adjusting the
angle to the heat blower.

Figure 1: Flowchart of System Design
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Figure 3: Greenhouse Company XYZ

The design measurement for the greenhouse with side and the top view is shown in Figure 4
and Figure 5 respectively. The length of the base of the greenhouse is 20ft while the height of
the greenhouse is 8ft. The solar heat collector is installed with two units on each side with a
fan heater at each solar heat collector and also four exhaust fans for ventilation inside the
greenhouse. The key aspects of size design for a greenhouse used for fish dehydration include
ensuring that there is enough airflow to dry the fish, the provision of a storage area for the
fish that maintains optimal temperature and humidity and maximizing the use of the available
space to yield the highest number of dried fish with minimal wasted space. This can be
achieved by incorporating exhaust fan to control airflow and by designing the storage area to
keep the fish at optimal conditions to preserve quality and prevent contamination.
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Figure 4: Side View Measurement Design of the Greenhouse
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Figure 5: Top View Measurement Design of the Greenhouse

Design and Sizing

The Standalone Photovoltaic (SAPV) system is implemented in this greenhouse project which
can provide a sustainable and cost-effective solution for maintain optimal temperature and
humidity levels. This can significantly reduce the reliance on conventional energy sources as
the Greenhouse Company XYZ now use direct utility supply and enhance the efficiency of the
dehydration process. However, designing and implementing such system demands thoughtful
examination of various factors such as weather conditions, energy storage, system efficiency,
and economic feasibility. In this research, the feasibility of a standalone photovoltaic system
for greenhouse dehydration will be examined, and methods to enhance its performance will
be identified.

According Table 1, the main load in this greenhouse is lighting, exhaust fan and heater fan.
The primary output of the system is two unit of heater fan that operate during night time
when temperature inside the greenhouse drop to 45°C and the heater fan cut-off when the
temperature inside the greenhouse achieve 60°C. The lighting is used also during night time
to raise the temperature inside the greenhouse as well as given lighting for worker to observe
the condition of the fish that will be dried. Two exhaust fan is used as blower for the solar
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heat collector to pull and distribute the heat inside the greenhouse while the other four
exhaust fan is used to control airflow as well as control the humidity level. Table 2 shown the
symbol name that is used in those equation after this based on Alternating Current (AC) load
and Direct Current (DC) load. This includes the power load, number of units, converter and
inverter efficiency, duration of operation, power factor and surge factor that the load of this
greenhouse used.

Table 1
Load Profile
No. Load Power (W) Unit Duration (Hours) | Power Factor Surge
(p.u) Factor (p.u)
1 Lighting 13 2 12 1 1
2 Exhaust Fan 45 6 24 0.9 2
3 Heater Fan 2500 2 3 0.9 2
Table 2
Symbol Name
Name/Unit Formula (Symbol)
Load AC Load DC Load
Power/unit (W) P Pycq
Number of units Ngel Ngc1
Converter / Inverter efficiency Naci Ndc1
Duration of operation /day (h) hact hact
Power factor Pf1 -
Surge factor (p.u) Sf1 -

As shown in Eqn. (1), the total daily energy consumption, Ey., is 25.451kWh which is
important an important parameter to decide the sizing of battery storage system in this SAPV
system and the PV input power needed. The total maximum demand, B,,,, is shown in Eqgn.
(2) with 6.191kW is needed to ensure power supply is sufficient to meet demand. The total
maximum surge power demand, Py;,4, is 12.355kW as shown in Eqn. (3) to determine the
power capacity required that the system can handle in short-term high-power usage
scenarios. From the E,., obtained, the recommended system voltage, ;s = 96V.

[Pdcl XMNge1 X hdcl ] + [Pacz XMNgex X hacz ]
E — Pflxnacl PfoTlacz
red [Pac3 XMNge3z X hacB ]

Pf3 X Nac3
= 25.451kWh (1

Brax =

{ Pdcl X ndcl] + [Pacz X nacz] + [PaCB X naCB]}

Pflxndcl PfoTlacz Pf3xnac3
= 6.191kW (2)
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_ Pdcl XNge1 X Sfl acZ XNgez X Sf2 ac3 X Ngez X Sf3
Psmax

Pflxndcl szxnacz Pf3x77ac3
= 12.355kW (3)

After knowing the E_req value, the size of battery required for this system is 736.739Ah but
the discharge rate of the battery which is 11.4242 also need to be known. This is because the
discharge rate of the battery can affect performance and lifespan of the battery. The total
surge current is 128.6979A to make sure the battery could support the surge current. Based
on Eqn. (4), the battery available size, C_bat_available is 300Ah from Felicity Solar model,
LPBF48300 give the number of batteries in parallel, N_p_bat is 3 units. While the number of
batteries in series per string, N_s_bat is 2 units by using Eqn. (5) as the voltage of each battery
is 48V. Thus, this system required 6units of battery as shown in Egn. (6) to operate based on
system demand.

N. = round 3units
p_bat Cb(ltreq 4
up{cbatavallable} ( )
V.
Ny, = 224 = Qunits ®)
-bat V

batynit

(6)

Nt pat = Ny pat X Ng por = 6units

This system used PV module of TSM-DEG20C.20 600W by Vertex in this calculation. The
sunlight also partially can pass through the roof as the greenhouse roof is made transparent
material and have 0.01m gap between the PV module. The output current from PV module,
|_mp_out is 16.8198A. This value is needed to determine the number of parallel PV strings
which is 5units as shown in Egn. (7). From datasheet of the PV module, the standard voltage
of the PV module is 24V. The number of PV module in series per string is 4 units as shown in
Egn. (8). Thus, the total PV array needed is 20 units by using equation in Egn. (9). With the
total PV array needed, this PV array exceed the size of the greenhouse roof thus the extra
number of PV module will be put on the jetty.

Ny, py = round { Eyeq X 1 = Sunits 7
P VsysXTmpoye X PSHXNcoupy,
V
Ns py = e = 4units (8)
- va_standard_voltage
Npy = Np pp X Ng p, = 20units ©)

Determining the appropriate size and capabilities of the SAPV system for greenhouse
dehydration is a complex process that involving various factors such as energy demand, size
of battery storage and number of PV module needed. This affect the cost-effectiveness when
install this system as the amount power of energy required to power heating system in the
greenhouse is high. Thus, this SAPV system can save money on spending monthly for the
utility bill of electricity.
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Result and Discussion

This research aims to thoroughly examine the thermal performance of a smart greenhouse
and its impact on dehydrating fish. Data gathered from the greenhouse will be analyzed to
determine the efficiency of the smart greenhouse system in maintaining ideal temperature.
The findings will be discussed in relation to the objectives of this research, with emphasis on
any noteworthy discoveries or observations. The results will also be compared to previous
research on greenhouses and dehydration to provide context and confirm the validity of the
study's conclusions. Five main observation is discussed in this research which are wind angle,
location of exhaust fan, number of heater fan, variation of wind speed to achieve desired
temperature and electricity bill based on power consumption that will be used in this
greenhouse. This proposed is based on simulation from Energy2D software as shown in Figure
6, the greenhouse with complete loads, temperature sensor and same sizing as Greenhouse
Company XYZ.

Greenhouse for Dehydration

o
'
T8

PV/Madule

b...
L N

ExhaustFant

Bloke

Figure 6: Greenhouse for Dehydration

Wind Angle

The angle of the heater fan in relation to the greenhouse plays an important role in the
dehydration process. The angle of the fan can affect the distribution of heat within the
greenhouse, which in turn can influence the temperature. A proper angle can ensure that the
heat is distributed evenly throughout the greenhouse, resulting in optimal conditions for
dehydration as shown in Figure 7. On the other hand, an incorrect angle can lead to uneven
heating, resulting in hot and cold spots within the greenhouse, which can negatively impact
the dehydration process. Therefore, the angle of the heater fan is a crucial factor that must
be considered when designing a smart greenhouse for dehydration. The visualization of
different colour is defined to different the temperature level based on Figure 8.
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Greenhouse for Dehydration

Figure 8: Simulation Regarding Wind Angle

Figure 9 shown the example of right heater fan that will blow heat in the direction of the
arrow and left heater fan will blow in vice versa direction. According to Table 3, the wind angle
is measured in degrees and represents the direction that the wind is blowing in relation to
the greenhouse. The desired temperature region is the area of the greenhouse that is
achieving the desired temperature for the crop, and it is represented by a color scale that
ranges from red (indicating a low achievement of the desired temperature) to white
(indicating high achievement of the desired temperature). The percentage is the ratio of the
desired temperature region to the total region of the greenhouse. The value of wind angle
starts with 10° and have increment of 40° for each test. This value is decided to compare the
wind angle when it is blow to the bottom side, middle side and top side of the greenhouse.
During 50° wind angle for both side of heater fan, the percentage shows the highest among
others for this size of greenhouse. The relationship between wind angle and the desired
temperature region in a greenhouse is linked to the principles of heat transfer. The movement
of thermal energy from the solar heat collector and heater fan into the fish that will be dried
through the greenhouse structure is not always evenly distributed, resulting in areas that are
too hot or too cold for the fish.

Wind plays a crucial role by increasing the rate of convection, the transfer of heat through the
movement gas, by moving the air around the greenhouse. This helps to distribute heat more
evenly throughout the greenhouse, maintaining the desired temperature for the fish to dry.
Data from the experiment in the table shows that as wind angle increases from 10° to 130°,
the desired temperature region also increases, which indicates that the wind is distributing
heat evenly and maintaining the desired temperature for the fish to dry. This is due to the
increase in wind speed and direction which boosts the rate of convection and heat transfer,
thereby maintaining the optimal temperature for the fish to dry as well as give good quality
of dried fish as the final product (Villagran et al., 2021).
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Figure 9: Right Heater Fan
Table 3
Percentage of Desired Temperature Region Based on Wind Angle
Wind Angle Desired Temperature Region with Red to Percentage
White Colour
Total Region 128
10° 26 20.31%
50° 109 85.16%
90° 96 75.00%
130° 8 6.25%

Number of Heater Fan

The simulation shown in Figure 10 during the number of heater fan is one which gave about
half of the smart greenhouse to achieve desired temperature region. The number of heater
fans used will depend on the size of the greenhouse. Based on Table 4, during the number of
heater fan that operate is one, 62.5% of the greenhouse achieved the desired temperature
region with red to white colour scale. While, two heater fans maintain the desired
temperature with 85.16% of the greenhouse region. Thus, this shown that two exhaust fans
gave better impact for the heat distribution.

This number of heaters can be use during rainy season which fisherman will not go to find
fish, thus number of fresh fish that need to be dried decrease. To save the energy for running
the heater fan, only one heater fan will be used. The number of heater fans in a greenhouse
is important in determining the ideal temperature range for dehydrating fish products. More
heater fans can increase the heat in the greenhouse, facilitating faster dehydration, but an
excessive number can also raise the temperature too high, potentially causing harm to the
fish products (Arifianti et al., 2018). It is important to carefully monitor and adjust the number
of heater fans to achieve optimal dehydration conditions.
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Greenhouse for Dehydration
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Figure 10: Simulation When Number of Heater Fan is One
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Table 4
Percentage of Desired Temperature Region Based on Number of Heater Fan
Number of Desired Temperature Region with Red to Percentage
Heater Fan White Colour
Total Region | 128
1 80 62.5%
2 109 85.16%

Location of Exhaust Fan
The simulation shown in Figure 11 during the location of exhaust fan is on top that gave the
high temperature in center of the greenhouse. The location of exhaust used will depend on
the size of the greenhouse. Based on Table 5, top location of exhaust fan gave 54.69% of
desired temperature region while the middle location of exhaust fan gave 85.16% of desired
temperature region. Thus, this shown that the middle location of exhaust fan gave better
impact for the heat distribution.

DA
l‘eater a2 T2

Blower 2

Greenhouse for Dehydration

Figure 11: Simulation When Number of Heater Fan is One
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Table 5
Percentage of Desired Temperature Region Based on Location of Exhaust Fan
Location of Desired Temperature Region with Red to Percentage
Exhaust Fan White Colour
Total Region 128
Top 70 54.69%
Middle 109 85.16%

Based on temperature reading in Figure 12, the highest temperature is 70°C while the lowest
is 18°C. This too high temperature can damage the quality of dried fish and too low
temperature can make the fish does not dry completely. Thus, will make the worker job even
harder as need to keep exchange and move the fish inside the greenhouse. This not support
the goals of this research. For the location of exhaust fan on middle of the greenhouse, the
highest temperature is 60°C and lowest temperature is 45°C as shown in Figure 13. This is the
optimal and appropriate temperature do the dehydration of fish (Mehta et al., 2018).
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Figure 12: Location of Exhaust Fan on Top
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Figure 13: Location of Exhaust Fan on Middle

The location of exhaust fans in greenhouse can greatly impact the temperature for
dehydrating seafood. These fans aid in removing excess heat and humidity to maintain
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optimal conditions for drying. Placing exhaust fans near the top of the greenhouse will aid in
removing hot air and cooling the greenhouse while placing them near the bottom will aid in
reducing humidity. The size, number and power of the fans also play a role in regulating
temperature and humidity. Optimal placement and appropriate size and power of exhaust
fans can maintain ideal drying conditions and enhance the quality and yield of produce
(Ananno et al., 2020).

Variation of Wind Speed to Achieve Desired Temperature

The variation of wind speed can have a significant impact on the ability to achieve the desired
temperature in a greenhouse for dehydration. Wind speed can affect the temperature inside
a greenhouse by influencing the rate of heat loss through convection, conduction, and
radiation. This heater fan wind speed is range from 0.1m/s to 0.3m/s. Based on Figure 14,
when the wind speed of heater fan increase, the temperature inside increases. But, some
temperature region inside the greenhouse will drop when the wind speed is high. The
optimum wind speed for dehydration take place is 0.15m/s. This is because the temperature
inside the greenhouse achieves the desired temperature which is range from 45°C to 60°C
while the others wind speed is out of range.

Effect Wind Speed to Temperature

110
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&0
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10 —_—T7
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Wind Speed (m/s)

Temperature (°C)

Figure 14: Effect Wind Speed to Temperature

When wind speed is low, the rate of heat loss is reduced, which can cause the temperature
inside the greenhouse to increase. This can make it more difficult to achieve the desired
temperature for dehydration, as the higher temperature can lead to increased humidity and
slower drying times. On the other hand, when wind speed is high, the rate of heat loss is
increased, which can cause the temperature inside the greenhouse to decrease. This can
make it easier to achieve the desired temperature for dehydration, as the lower temperature
can lead to lower humidity and faster drying times. However, the high wind speed can also
cause damage to the greenhouse structure and the fish products, and if it is too high, the
temperature inside the greenhouse can drop too low and cause damage to the fish products
(Bouraoui et al., 2020). It is important to find the right balance of wind speed that can
maintain the optimal temperature for dehydration while also protecting the greenhouse and
the fish products that needs to be dry.
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Electricity Bill Based on Power Consumption

Table 6 shown the power consumption in kilowatt-hours (kWh) based on the number of
heater fan used over the course of one day and one month with the electricity bill in Malaysian
Ringgit (RM) per month. The green house is assumed to be operated 24 hours per day, 7 day
per week in the calculation. The energy block rates for electricity bill are based on power
consumption for Tariff B — Low Voltage Commercial Tariff by Tenaga Nasional Berhad (TNB),
Malaysia. According to this table also, the power consumption for one heater fan in one day
is 16.679kWh, and the electricity bill for one month is RM239.89. For two heater fans, the
power consumption in one day is 25.451kWh, and the electricity bill for one month is
RM373.84. This implies that, having more heater fans will increase the power consumption
and resulting a higher electricity bill. This number of heater fan used can be implemented
during rainy season which the greenhouse can use one heater fan as the fisherman cannot
catch fish that will be made as dried fish. Thus, production rate of dried fish will be low and
the electricity cost will be low which resulting on no waste of electricity (Gospodinova et al.,
2020). A SAPV system is used in this smart greenhouse to produce free energy and store it in
batteries, eliminating the need for grid electricity and optimizing food production both day
and night. If the customer spends around RM500.00 each month for the utility bill and change
the electricity supply to 6kW of SAPV system, the total spend for the SAPV system is around
RM30000.00 will leads to a return of investment within 5 years or sooner depends on the
market price of installation of SAPV system.

Tabl
PZEcir?tage of Desired Temperature Region Based on Location of Exhaust Fan
Number of Heater Power Consumption (kWh) Electricity Bill per Month
Fan 1-day 1-month (RM)
1 16.679 500.370 239.89
2 25.451 763.530 373.84
Conclusion

Overall, the thermal behaviour of a smart greenhouse based on the dehydration performance
is a complex and multi-faceted issue. The results of this research show that the proper design
and management of the greenhouse environment, including factors such as the angle of the
heater fan, exhaust fan location and number of heater fan on or off, can significantly impact
the efficiency and effectiveness of the dehydration process. The renewable energy source
used with battery storage that can be use during night based on the calculation can gave time
efficient which resulting in increasing of production rate of dried fish each day. Additionally,
it has been found that the results of this research are in line with existing literature on smart
greenhouse systems and dehydration performance, which provides validation for the
findings. After the payback period, the energy produced by the smart greenhouse's PV system
is nearly cost-free. This research has provided a deeper understanding of the thermal
behaviour of a smart greenhouse and its impact on the dehydration performance. It is
recommended that further research be conducted and implemented prototype based on this
research to continue to improve the design and management of smart greenhouses for
optimal dehydration performance. Finally, it is important to keep in mind that the thermal
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behaviour of a smart greenhouse is not only limited to the dehydration performance, but also
its potential impact on the other seafood and fruits.

Acknowledgement

| would like to express my very great appreciation to Solar Research Institute (SRI), Universiti
Teknologi MARA (UiTM) and College of Engineering, UiTM Shah Alam, Selangor, Malaysia for
knowledge, facilities and financial support.

References

EL-Mesery, H. S., EL-Seesy, A. |., Hu, Z., & Li, Y. (2022). Recent developments in solar drying
technology of food and agricultural products: A review. Renewable and Sustainable
Energy Reviews, 157, 112070.

Dhurve, B., Gupta, V., & Singh, A. K. (2017). Experiment analysis of open, simple and modified
greenhouse dryers for drying tomato flakes. International Journal of Research and
Scientific Innovation IV (Issue VIS), 128-131.

lhoume, I., Tadili, R., & Arbaoui, N. (2022, July). A comparative experimental study of orange
drying in an indirect and greenhouse-solar dryers. In 2022 International Conference on
Electrical, Computer and Energy Technologies (ICECET) (pp. 1-6). IEEE.

Aniesrani Delfiya, D. S. (2019). Advanced drying techniques for fish. ICAR-Central Institute of
Fisheries Technology.

Casas, J. A, Chavez, J., Oliden, J., & Vinces, L. (2022, November). Numerical simulation of a
greenhouse coffee drying system using a continuous flow of hot air. In 2022 |EEE
ANDESCON (pp. 1-6). IEEE.

Azam, M. M., Eltawil, M. A., & Amer, B. M. (2020). Thermal analysis of PV system and solar
collector integrated with greenhouse dryer for drying tomatoes. Energy, 212, 118764.

Yuwana, Y., Silvia, E., & Sidebang, B. (2020, October). Observed performances of the hybrid
solar-biomass dryer for fish drying. In IOP Conference Series: Earth and Environmental
Science (Vol. 583, No. 1, p. 012032). IOP Publishing.

Purusothaman, M., Valarmathi, T. N., & sai Santhosh, P. (2019, March). CFD analysis of
greenhouse solar dryer with different roof shapes. In 2019 Fifth International
Conference on Science Technology Engineering and Mathematics (ICONSTEM) (Vol. 1,
pp. 408-412). IEEE.

Azaizia, Z., Kooli, S., Hamdi, I., Elkhal, W., & Guizani, A. A. (2020). Experimental study of a new
mixed mode solar greenhouse drying system with and without thermal energy storage
for pepper. Renewable Energy, 145, 1972-1984.

Karim, E., Haque, M. M., & Hoq, M. E. (2018). Improvement of dried fish products through
using a Mechanical Fish Dryer. Bangladesh Journal Fisheries Research, 17(1-2), 91-99.

Villagran, E., Henao-Rojas, J. C., & Franco, G. (2021). Thermo-environmental performance of
four different shapes of solar greenhouse dryer with free convection operating principle
and No load on product. Fluids, 6(5), 183.

Arifianti, Q. O., Abidin, M. R., Nugrahani, E. F., & Ummatin, K. K. (2018, October). Experimental
Investigation of a Solar Greenhouse Dryer Using Fiber Plastic Cover to Reduce the
Moisture Content of Refuse Derived Fuel in an Indonesian Cement Industry. In 2018
International Conference and Utility Exhibition on Green Energy for Sustainable
Development (ICUE) (pp. 1-5). IEEE.

166



INTERNATIONAL JOURNAL OF ACADEMIC RESEARCH IN ECONOMICS AND MANAGEMENT SCIENCES

Vol. 13, No. 1, 2024, E-ISSN: 2226-3624 © 2024

Mehta, P., Samaddar, S., Patel, P., Markam, B., & Maiti, S. (2018). Design and performance
analysis of a mixed mode tent-type solar dryer for fish-drying in coastal areas. Solar
Energy, 170, 671-681.

Ananno, A. A., Masud, M. H., Dabnichki, P., & Ahmed, A. (2020). Design and numerical analysis
of a hybrid geothermal PCM flat plate solar collector dryer for developing
countries. Solar Energy, 196, 270-286.

Bouraoui, C., & Nejma, F. B. (2020, September). A comparative study of two different
greenhouse solar dryers for the drying of Olive Mill Wastewater. In 2020 6th IEEE
International Energy Conference (ENERGYCon) (pp. 278-283). IEEE.

Gospodinova, D., Dineff, P., & Milanov, K. (2020, September). Greenhouse Gas Emissions
Assessment After Renewable Energy Sources Implementation In Bulgarian Grid-
Connected Single-Family Houses By HOMER Pro Software. In 2020 12th Electrical
Engineering Faculty Conference (BulEF) (pp. 1-6). IEEE.

167



