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Abstract- Drying process in agricultural post-harvest activities are deemed to be the most energy consuming reaching up to 
25% of the total energy projected. The use of solar energy especially Photovoltaic (PV) in drying applications is becoming a 
significant and practical alternative resources to preserve post-harvest crops. Solar drying under controlled conditions of 
temperature and moisture (removing rate) ensures desirable drying and product quality.  It is widely applied in reducing the 
moisture content in various agricultural semi-end products namely crop vegetables, herbs, spices, and oil seeds. Hot Air 
Drying (HAD) is naturally harmless and non-toxic, provides a more uniform, hygienic, and rapid dried product that can have 
extended life of at least a year. Two types of Solar-PV based HAD machines have been invented i.e Dual-Pass Solar PV Tray 
Dryer and Floatovoltaic Drying Machine (FDM) for the purpose of drying herbal crops in remote and offshore area. This study 
shares some field assessments on the thermal comparison of HAD with reference to the surrounding air temperature. This green 
machine which is fully powered by the natural sun provides means of energy efficiency and cost reduction in post-harvest 
processes.  
 

Index Terms: Dual-Pass, Floatovoltaic, Green Machine, Hot-Air Drying 

 
I. INTRODUCTION 
  
Malaysia is a tropical-flourished country suitable for 
deploying Solar PV technologies with naturally 
abundance sunshine of 6 hours daily [1, 2]. The 
Malaysian government is dedicated to develop solar 
energy as one of the significant sources of energy in the 
country towards achieving green technology plan [3, 4] 
and as a promising backup energy consequently 
reducing the dependency on the fossil-fuel based 
energy [5]. There are various aspect need to be 
considered in the PV system for tropical sites which 
among others are solar radiation, ambient temperature, 
humidity, wind speed and direction, PV panel material 
composition, and the mounting structure [6-8]. The 
intermittent drawbacks due to fluctuating temperature 
factor inside photovoltaic (PV) cells have clearly 
affected the overall energy performance especially in 
stochastic weather conditions.  Shaari et al. in [9] also 
highlighted that it is essential to determine the 
temperature dependence coefficients for PV 
application especially in the hot and humid climate 
regions. Based on the 2012 annual reports by the 
Meteorological Department of Malaysia, the 
surrounding temperature was reported with monthly 
mean temperature ranging from 26 0C to 29 0C and the 
mean daily global radiation ranging 16 MJ/m2 to 23 
MJ/m2 
 
Solar drying is in practice a long time ago for 
preservation of food and agriculture crops. This was 
done for the most part by open sun drying under the 
open sky. High possibility of loss can occur due to 
traditional sun drying is a relatively slow process. As 
well, a reduction in the product quality takes place 

because of insect plague, enzymatic reactions, 
microorganism growth, and mycotoxin development. 
This process has several disadvantages such as 
spoilage of product due to bad climatic condition like 
rain, wind, moist, and dust, loss of material due to birds 
and animals, corrosion of the material by 
decomposition, insect infestation and fungal growth. 
Also the process is highly labour intensive, time 
consuming, and needs a large area. Artificial 
mechanical drying came into practice with cultural and 
industrial development. This process is highly energy 
intensive and expensive, which eventually increases 
product cost. Consequently, solar drying is the best 
alternative as a solution of all the disadvantages of 
natural drying and artificial mechanical drying [10]. 
The moisture is removed by the solar heated air having 
temperature range of 50°C to 60°C. Solar drying under 
controlled conditions of temperature and moisture 
removing rate ensures desirable drying and product 
quality [11]. 
 
Temperature element in the tropical regions is a crucial 
factor to be determined based on Standard Testing 
Condition (STC) and Nominal Operating Cell 
Temperature (NOCT) correlations [12]. Most PV 
module parameters provided by manufacturers are 
tested under the Standard Test Conditions (STC). STC 
are defined as PV module temperature of 25° C and 
irradiance of 1000 W/m2 with a spectral distribution 
conforming to the AM1.5 spectrum. However most of 
PV researcher considered STC and NOCT only for 
lab-testing purposes and cannot be referred for real-life 
operating conditions for example [13]. Heat source are 
dissipated by the photonic conversion process in PV 
cells and thus implied together with the electricity 
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generation as discussed by various researches [14]. 
Typically 13-20% of the solar radiation is converted 
into electricity and the remainder is converted into heat 
[15].  
 
Heat transfer process that involve change of phase of a 
fluid are measured to be convection because of the 
fluid motion induced in the process, such as the 
increase of the vapor bubbles during boiling or the 
decrease of the liquid droplets during condensation. 
Regardless of the complexity of convection, the rate of 
convection heat transfer is observed to be proportional 
to the temperature difference, and is conveniently 
expressed by Newton’s law of cooling as depicted in 
Eqn. 2 

    = h. As (Ts - ) (W)             (1)                                      
 

where h is the convection heat transfer coefficient in 
W/m2 · °C or Btu/h · ft2 · °F (fuid temperature equals the 
surface temperature of the solid), As is the surface area 
through which convection heat transfer takes place, Ts is the 

surface temperature, and  is the temperature of the fluid 

sufficiently far from the surface. 

 
DEVELOPMENT OF PV DRYING MACHINE 

 
Two types of Solar-PV based Hot-Air Drying (HAD) 
machines have been invented which is Floatovoltaic 
Drying Machine (FDM) shown in Fig. 1 and Dual-Pass 
Solar PV Tray Dryer (DPTD) shown in Fig. 2 for the 
purpose of drying herbal crops in remote and offshore 
area.  
 

 
 

Fig. 1: Floatovoltaic Dryer system (FDM) tested at the 
Faculty of Engineering Universiti Putra Malaysia with 

4-parameter weather station measuring ambient 
temperature, relative humidity, wind velocity and 

direction, and solar radiation.  
 

 
Fig. 2: Field test setup for Dual-Pass Tray Dryer with 

highlights on air-flow. 

 
RESULTS AND DISCUSSIONS 
 
Temperature is the main element for the analysis of hot 
air flow for the drying machine. As to prove a 
significant impact of convected air flow, the plotted 
sample data for temperature performance of the 
experiments are shown in Fig. 3. The graph shows 
significant temperature difference before and after the 
air force convection applied to the system. Before the 
air force was applied, TC1 ranges between 50-60 °C 
and TC2 between 45-55°C and contrarily after air 
convected, both of temperature values clocks an 
average at around 50°C. The significant temperature 
changing before and after the air convect into the 
system proves that the energy was collected and 
transfer to drying chamber. It can be observed that the 
temperature in the drying chamber (TC 4) has 
increased from 38 °C to 45 °C after the air force was 
convect into the system. 
 

 
Fig. 3: Plotted temperature data for experiment to 

evaluate the effect on temperature of PV surfaces with 
the air convection flow and without air convection flow 

 
It has been proven that this system decreases PV 
module temperature and increases drying chamber 
temperature when the forced air is properly circulated. 
These sample data is taken from the Dual-pass PV 
dryer machine. 
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Based on the field data collected for both drying 
machine, the Hot-air which is the main component of 
drying crops is projected based on the temperature 
difference, ΔT. 

 
Fig. 4: Comparison between Ambient Temperature and the 

temperature inside Floating PV Dryer, Tfd 

 

 
Fig. 5: Comparison between Ambient Temperature and 

the temperature inside Dual-Pass PV Dryer, Tdd 

 
For the floating dryer, the ΔT reaches up to the value of 
6.8 0C (average) comprises the maximum value of 32.8 
0C for Ta and 48.9 0C for Tfd. This condition has the 
same trend for the Dual-Pass Dryer where ΔT reaches 
12.3 0C (average) with maximum temperature value of 
35 0C for Ta and 48.8 0C for Tdd. The project provides 
means of harvesting the dissipated heat from PV 
modules and transfer this energy via flowing of air 
inside an enclosed compartment. The huge 
temperature different, ΔT as referred to the 
surrounding air proves a significant amount of heat are 
being harvested for drying process. As for the 
Dual-pass dryer, the ΔT value is double as compared to 
the floating dryer due to some reason which are: 
 
i) The surface area for both machine is relatively 
different because the dual-pass dryer only uses 1 unit 
of PV module whereas the floating PV uses 8 units of 
the same module. 
ii) The configuration of dual-pass dryer is fully 
enclosed with only 2 air openings (small) whereas the 
floating PV requires huge air openings for inserting the 
drying tray. 
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