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Malaysia is a fortunate country graced by abundant sunlight, potentially having success
in the application of photovoltaic (PV) powered greenhouses to safeguard food
security. This research seeks to develop a design basis for PV greenhouse suitable for
application in Malaysia. The motivation behind this research arises from the fact that
while there have been studies on the application of PV greenhouses globally, most of
them have focused on Europe, the Mediterranean, and Japan. The research will include
two experimental prototypes and one control prototype, all featuring identical mono-
span roof PV greenhouses with a 15° tilt angle and E-W orientation which has been
determined based on literature review. For stage 1 of the research, the prototypes will
differ in terms of the PV array arrangements on the roof; whereas in stage 2, PV panels
fitted with V-Trough Solar Concentrators will be utilized instead of ordinary PV panels.
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By filling the research gap by exploring the potential of PV greenhouses in Malaysia, the
outcome of this research will contribute to the development of a design basis for PV
greenhouses in Malaysia, revolutionising photovoltaic-powered modern agricultural
technology.

1. Introduction

Food security has been a major topic of discussion now a days as human population across the
globe is expected to exceed 9.7 billion in the year 2050 as according to the United Nations (UN)
(United Nations n.d.), coupled with climate changes and the current turbulent political situations in
Eastern Europe that has negatively affected the food supply chains across the globe as halt in
agricultural activities and embargo of important food crop is ongoing.

On top of that, food wastage is another issue that should be looked into seriously. Logistics and
time required to transport crops from farm to consumers require many resources and leaves a
significant carbon footprint as farms are usually located in highlands and rural areas. Lorry
transportation is necessary to transport crops and in an unfortunate event where hiccups in

* Corresponding author.
E-mail address: chuayl@uniten.edu.my

https://doi.org/10.37934/araset.32.3.4351

43


mailto:chuayl@uniten.edu.my

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 32, Issue 3 (2023) 43-51

operations occur, the delays might cause the freshly harvested crops to not being able to be
transported to the consumers in time, resulting in spoilage and wastage.

Urbanisation and modernisation of traditional agriculture can be a mean in ensuring food security
and at the same time reduce food wastage. One approach is to utilize modern agricultural technology
such as greenhouse incorporated with hydroponic system for crop cultivation. Such modern
agricultural technology is a proven method to cultivate and manage crops in a controlled
environment where the optimal conditions for growth, pest control and reduction of fertilizers used
can be achieved, maximizing yield of crops with the minimum space required [12, 22]. With
greenhouses, crop cultivations can be performed in urban settings and can even utilize spaces once
thought to be of no use such as rooftop of office buildings, commercial complexes, and even at home
setting.

Albeit the benefits of modern agricultural methods are vast, there are also some drawbacks. One
major drawback is that greenhouses and hydroponic systems are not self-sustaining as they are
reliant on electricity, making it dependent on the national grid or portable electricity generators
running on fossil fuel. As of now, majority of electricity in Malaysia is generated using fossil fuel and
research has shown that to maintain optimal growth conditions within the greenhouse, up to 50% of
the overhead cost required to maintain and operate a greenhouse is spent on electricity bill charges
[1].

Various research about photovoltaic (PV) greenhouse has been performed, yet these research
are mainly focused in Europe, Mediterranean, and Japan. Photovoltaic powered greenhouses with
heat pumps are available in greenhouses located in locations which experience winter, and opposite
to that, greenhouse located in warm climates have cooling and ventilation system installed,
maintaining the optimum growing condition within the greenhouse [13, 19, 25]. Multiple studies by
various researchers to understand the effects of shading by PV modules installed on greenhouse roof
has been performed in Mediterranean, Europe and North Asia [6, 7, 8, 10, 15, 23, 26, 28]. Studies on
the effects of PV greenhouse orientation has also been done in Japan and Europe [7, 9]. In the
Malaysian context, back in 2007 a research by Al-Shamiry et al., [2] was done on a PV powered
greenhouse with PV panels mounted on racks installed beside the and in year 2020, a portable, mini
herb plantation cabinet was developed by a team in UPM, Roslan et al., [18]. Despite various studies
with regards to PV greenhouse has been performed at different locations, there is still an existing gap
where no research on the application of PV greenhouse in Malaysia has been performed.

Malaysia is a blessed country located in the tropical region and receives abundant of sunlight and
also has much fertile soil suitable for agricultural purpose. However, the usage of modern agricultural
technologies such greenhouse and hydroponic cultivation should be normalized to ensure Malaysia
is one step ahead in future proofing the agriculture industry, at the same time combating food
security and wastage issues. By having a controlled environment and technique to cultivate crops,
issues caused by climate changes for extreme weather conditions or triggers of agricultural pest can
be averted [11, 20, 21]. Besides that, optimization of land for crop cultivation use can result in
urbanization of agriculture, minimizing the need to exploit remaining forest land and at the same
time bringing farms closer to consumers, saving on logistics and other resources.

As Malaysia is situated near to the equator and receives abundant sunlight with constant average
solar irradiation, photovoltaic energy is suitable to be used as auxiliary power supply for greenhouse
incorporated with hydroponic systems. Studies has been performed by researchers on the potential
of PV energy application in East Malaysia was found to be satisfactory [4, 14]. The photovoltaic power
potential of Malaysia is well illustrated in the solar resource map of Malaysia as illustrated in Figure
1 which is provided by Solargis which is published by The World Bank Group, financially supported by
ESMAP, and contents prepared by Solargis [3]. On top of that, to further support the potential of PV
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energy in Malaysia, the establishments of large-scale solar farms in Malaysia recently have taken

place.
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Fig. 1. Solar Resource Map of Malaysia [3].

With the incorporation of photovoltaic panels onto greenhouse roof arranged in varying
configurations to provide shading needed for crop production whilst generating energy required for
the greenhouse and hydroponic system is an innovative agriculture and renewable energy approach.
This approach could possibly contribute towards revolutionizing photovoltaic powered modern
agricultural technology in Malaysia, bringing forth a fresh and realistic model of photovoltaic

greenhouse appropriate for the application in tropical countries.
2. Research Objectives

The research objectives for this proposed research are as follows:

i.  To determine the optimal arrangement of PV module installed on roof of PV greenhouse
in terms of power generation and Photosynthetically Active Radiation (PAR) available for

crops cultivated within PV greenhouse.
ii. To develop a design basis of PV greenhouse for the application in Malaysia.

3. Methodology

The research methodology for this proposed research is outlined as per flowchart in Figure 2. The

detailed explanation of the methodology will be found in the Proposed Concept section.
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Fig. 2. Research Methodology Flowchart of Proposed Concept

4. Proposed Concept

Experimental Data Not Sufficient for Analysis

The methodology and all design considerations of this proposed concept will be laid out then

discussed accordingly in this section.
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Researchers shall be well aware that Malaysia is located relatively close to the equator, well
within the tropical region. The travel path of the sun for regions near the equator will be different as
compared to locations located in the Southern or Northern Hemisphere. Thus, the research leading
to the development of PV greenhouse for the application in Malaysia shall reflect upon the location
coordinates in Malaysia.

The proposed concept will be tested within the Universiti Tenaga Nasional (UNITEN) Putrajaya
Campus. The longitudinal and latitudinal coordinates of the test location is as per Table 1. The
prototype shall be set up at an open field where no other structures, trees, or plants that might cast
a shadow on the prototype are present. The orientation of the prototype was determined based on
past research in Malaysia. Based on the mini herb plantation cabinet produced by researchers in
UPM, Roslan et al., [18], the optimum orientation of the greenhouse prototype is to be of E-W
direction.

Table 1
Longitudinal and Latitudinal Coordinates of the Test Location
Coordinate (in degrees and minute

format, WGS84)
Longitude 2°57.874620°(N)
Latitude 101° 43.544280’(E)

For stage 1 of the research, a custom-built, mono-span roof greenhouse prototype made from
slotted angle iron will be used as the test prototype for this research. The dimension of the prototype
will be 1.9m at its tallest point, 1.44m long and 1.5m wide. Two experimental test beds and one
control unit will be fabricated for this research. The prototypes shall be spaced a minimum of 4m
apart to prevent shadow overcast from one PV greenhouse prototype to another. The roof tilt of this
prototype will be set at 15° as per previous research of optimal roof tilt for PV power generation by
Mamun et al., [17] and portable PV powered plant cultivation cabinet by Roslan et al., [18], where
both researches were performed in Malaysia.

Fig. 3. lllustration of Greenhouse Prototype

The PV greenhouse will be covered with 0.15mm thick transparent greenhouse covering material
made from polyolefin. The PV panels will be mounted on the roof, above the greenhouse covering
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based on data available from past research done. The three units of PV greenhouse prototype will be
fitted with different PV module arrangements on the roof as per Table 2.

Table 2
Arrangement of PV Modules on PV Greenhouse roof prototype
Prototype 1 Prototype 2 Prototype 3
Description No PV panels installed on roof Straight line PV array Loosely, evenly spaced PV
installation in middle of roof. array installation across
roof.
PV
Arrangement

The photovoltaic system shall be sized according to the power requirements of the PV
greenhouse and the hydroponics system in it. Preliminary studies on the power requirements
required are done by identifying all appliances that require electricity supply and its kWh values.

Upon completion of the prototypes, data collection will be performed throughout a 45-day
period from sunrise to sun set. A data collection period of 48 days is chosen to mimic the growth
period of lettuce cultivated hydroponically in a greenhouse without artificial lighting [16]. The data
to be collected can be categorized into three main categories as illustrated in Table 3.

Table 3
Data to be Collected for Research
Data Category Data Involved
Microclimate Inside Greenhouse - Photosynthetically Active Radiation (PAR) intensity
- Lightintensity
- Wet bulb temperature
- Relative humidity
Greenhouse Exterior Climate - Daily weather condition
Condition - PARintensity
- Lightintensity
- Wet bulb temperature
- Relative Humidity
PV Panel Operation Condition - PV panel output voltage and current

- Panel temperature

Throughout this research, a highly specialized PAR light meter, Spectrum Lightscout 3415A
Quantum PAR meter will be utilized for this research to log the PAR values inside the PV greenhouse
to understand the shading effect and available PAR for the crops. The PAR light meter is capable to
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measure light utilized by plants to perform photosynthesis most efficiently, which are within the red
and blue colored wavelength between 400 um to 700um [5].

Once sufficient data is successfully collected, all data will be analysed and corelated to determine
the effects of different PV array configuration on PV greenhouse roof. Data analysis will mainly focus
on graphs and incorporated with all observations done on site. Graphs to be plotted for analysis is as
illustrated in Table 4.

Table 4
Graphs to be plotted for data analysis
Graph Title
PAR Inside PV Greenhouse and PAR Outside PV Greenhouse vs
Time
Solar Irradiance Inside PV Greenhouse and Solar Irradiance
Outside PV Greenhouse vs Time
Temperature Inside PV Greenhouse and Temperature Outside
PV Greenhouse vs Time
Temperature of PV Surface vs Time
PV Output vs Time
PV Current — Voltage Characteristics
PV Energy and Measured Solar Irradiation

Upon completion of data analysis and correlation, the PV greenhouse prototype with optimum
PV energy generation capability and microclimate within PV greenhouse will be identified. This will
be the developed design basis of PV greenhouse for the application in Malaysia.

Stage 2 of the research will involve the incorporation of V- Through solar concentrator
photovoltaic system installed on the PV Greenhouse roof instead of ordinary solar panels as research
in Malaysia has shown significant improvement of power output as compared to a normal
photovoltaic panel [27]. This will be performed only after the completion of stage 1. An example of a
V-Trough Solar Concentrator is shown in Figure 4 below.

Fig. 4. V-Trough Solar Concentrator
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5. Contribution of Studies

Once the PV greenhouse prototype with optimum PV energy generation capability and
microclimate within PV greenhouse has been identified, a design basis of an optimum PV greenhouse
model for the application in Malaysia will then be proposed.

This design basis of PV greenhouse model can contribute towards the urbanization and
modernization of agricultural technology in Malaysia, allowing growers to build greenhouses which
are self-sustaining in terms of electricity and able to utilize currently unused or not profitable land
space on commercial building roofs for crop generation.

This will ensure food security as crops can be generated within a controlled environment, at the
same time bringing forth better farm to table management of crops, reducing food wastage and
resources required for logistics.

6. Conclusion

Essentially, the proposed application of PV greenhouse in Peninsular Malaysia is able to harness
the benefits of modern agricultural crop generation within controlled environment and abundant of
photovoltaic power available in Malaysia. The design basis of PV greenhouse specially optimised for
the application in Malaysia will be able to provide growers a greenhouse that provides optimal
shading and microclimate condition for plants cultivated, at the same time self-sustaining in terms of
electricity without the need to rely on the national grid or generators for electricity.
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