
ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 23.-25.05.2018. 

 

1926 

AERIAL SOLAR COLLECTOR USAGE IN DRYING TECHNOLOGIES  

OF MEDICINAL AND SPICE PLANTS 

Ausra Cipliene, Egidijus Zvicevicius, Algirdas Raila 

Aleksandras Stulginskis University, Lithuania 
ausra.cipliene@asu.lt, egidijus.zvicevicius@asu.lt, algirdas.raila@asu.lt 

Abstract. In Lithuania small farmers more often are focusing on alternative plant production like medicinal and 
spice plants. Processing of medicinal-spice raw material cannot be performed without the drying process. It is 
known that a drying process of medicinal and spice plants takes up to 50-70 % of all its production costs. The 
aim of this research was to determine the possibilities of decreasing the energy consumption by using solar 
energy while drying medicinal and spice plants. In the medicinal plant dryer with 131 m2 air solar collector 
integrated into the roof of the building, solar irradiance was 453.3 ± 317.9 W·m-2 and the ambient air 
temperature of 23.1 ± 3.8 ºC from 10:00 a.m. to 6:00 p.m. maintained at 31.3 ± 3.8 ºC temperature of the drying 
agent. It means that external solar collector, within 8 hours, converts 130.21 ± 37.3 kWh of thermal energy. The 
largest solar collector efficiency factor was 0.6, while comparative air flow from 1.8 to 2.0 kg·s-1 was moving 
over the panels. It is possible to convert 15235 kWh of thermal energy as well as to reduce about 64 % of fossil 
fuel or biofuel consumption and the amount of environmental emissions while using an aerial solar collector in 
preparation of the drying agent during the harvesting period of medicinal-spice plants. 

Keywords: aerial solar collector, solar radiation, drying, renewable energy. 

Introduction 

Drying process is a technological operation in agriculture crop sector demanding the most energy 
of all operations. Although its thermal efficiency is only 25-50 %, this process takes up to 15 % of 
total energy consumption in the world [1]. Arata et al. states that concentrated energy costs can be 
reduced by 27-80 %, if solar conversion energy systems with 40 % of efficiency could be used in 
drying technologies [2]. 

Solar conversion energy systems are not used practically in drying technologies in Lithuania. This 
is because the amount of obtained solar energy is almost 2 times less, about 1000-1300 kWh·m-2 per 
year, compared with the countries located in tropical and subtropical climate zones [3]. Also, the 
harvest time of prevailing traditional farming in Lithuania is quite short and late. Recently, however, 
since small farmers are hardly able to compete with big farms, they started developing a non-
traditional crop production, in which the medicinal herb plantations attracted a lot of attention. A large 
diversity of species allows farmers to create a diverse range of different medicinal herb-spice 
collections. Also, the period of harvesting and preparation can be allocated within an entire summer 
season ranging from April to September. 

The moisture content in medicinal plant raw material is up to 80 %. After the harvesting process 
the most important technological operation is to reduce the moisture content of plants raw material 
down to 8-12 %. To evaporate the water inside of the plants requires a plenty of thermal energy and its 
production costs takes up a largest part in the production cost of medicinal plant raw materials. Most 
scientists claim that the temperature of the drying agent and ventilation intensity has the biggest 
influence on the drying time [4-6]. It is noted that the temperatures of the drying agent also influence 
the losses of biologically active substances [7]. Per scientific studies the colour of most medicinal 
plant raw materials and active substances (essential oils, phenolic compounds including caffeic acid 
derivatives) are responsive to high temperature of drying agents [8; 9]. The temperature of the drying 
agent is commonly recommended to be between 30 to 50 ºC [8; 9], while in Lithuania the average 
temperature in April-September ranges from 6.5 to 17 ºC. It means that energy is required to heat up 
the drying agent.  

To reduce costs and environmental impact while developing cleaner production technologies, 
solar energy can be used in preparation of the drying agent. Aerial solar collectors are commonly used 
in drying technologies that require relatively low temperature of 60 ºC [10-12]. The efficiency of the 
collector is highly influenced by the structure. It is recommended to install collectors with a 
transparent cover, if ambient air must be heated up above 10 ºC [13, 14]. The researchers also found 
that the collector’s efficiency increases up to 10-15 %, if air flows on both sides of the absorber 
compared with the collectors, where air flows only on one side of the absorber [15; 16]. Quite a lot of 
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different types of dryers were tested around the world with different solar energy conversion systems 
like chimney or greenhouse type dryers and dryers with integrated solar collectors, but most of these 
dryers were tested in tropical and subtropical climate zones [17; 18]. 

The aim of this research was to determine the possibilities of decreasing the energy consumption 
by using solar energy while drying medicinal and spice plants. 

Materials and methods 

Studies were carried out in a medicinal-spice plant dryer, which is located in the geographical  
54º9’7.76” N latitude and 24º3’16.94” E longitude. An aerial 131 m2 of area solar collector is 
integrated into a roof of a dryer facing south with a tilt angle of 45º Fig. 1. The aerial solar collector 
consists of a thick 10 mm transparent polycarbonate cover 3 (optical permeability coefficient τ = 0.82 
– 0.89) and a thick 10 mm sheet of steel painted in black – absorber 4 (absorption ability α = 0.94 – 
0.98). Air flows along both sides of the absorber downwards. 
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Fig. 1. Principal scheme of medicinal and spice plant raw materials dryer with aerial solar 

collector: 1 – outdoor air flow; 2 – heated air flow; 3 – transparent cover; 4 – absorber; 5 – fan; 6 – 
under sieve cavity; 7 – garner; 8 – floor of the garner; t0, φ0, t1, φ1, t2, φ2, t3, φ3, t4, φ4, t5, φ5 – 

temperature and humidity sensors 

The solar collector with the air flow converts the obtained solar radiation energy into heat energy 
and transfers it to the air flow inside the collector. Preheated air flow enters a block of fans through 21 
(0,195 x 0,245 m) holes in a wall of the aerial solar collector. The air flow is created by four high 
pressure and powerful air flow fans; they allow setting the required air supply to each bin, depending 
on the dried raw material. The experimental research comprised measurements of the following 
parameters: air temperature and relative humidity (AHLBORN FH A646, accuracy t ± 0.1 ºC, φ ± 2 %), 
solar irradiance on the collector surface (AHLBORN FLA 613 GS, absolute accuracy < 10 %). Data 
were recorded periodically every 10 min and stored in memory of the secondary device ALMEMO 
5690-2. Sensor arrangement is shown in Fig. 1.  

Additionally, using HH-600 Series temperature-anemometer Omegaflo, Model 615M ( ±0.1 m·s-1) 
the air flow velocity was measured at the holes in a wall of the aerial solar collector. Detailed 
specifications of measurement devices are presented in Table 1. Air and heat flows were calculated 
according to the results of the measurements obtained. 

During the research, the necessary quantity of energy to prepare the drying agent was determined. 
Also, comparative environmental assessment calculations were carried out. During the period of the 
research, the assessment of greenhouse gas emissions was carried out using other energy sources to 
produce thermal energy, i. e. electricity (produced by Lietuvos elektrinė, Plc), natural gas, diesel and 
wood fuels. Comparative calorific values used in the calculations were taken from the Fuel and Energy 
Balance 2013 reports of Statistics Lithuania and are presented in Table 2. Emission into the 
environment (CO2, SO2 and NOx) is calculated using the standard emission factors [19]. 
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Table 1 
Specifications of measurement devices 

Instrumentation Measurements Range Accuracy 

Digital temperature & humidity 
sensor 

AHLBORN FH A646 

Air temperature 
Air relative 

humidity 

-20 to +80 ºC 
0 - 100 % 

±0.1 ºC 
± 2 % 

Thermo-wire 
AHLBORN T 190–3 

Temperature -45 to + 200 ºC ±0.1ºC 

Temperature anemometer 
OMEGAFLO HH-600 Serial, 

Model 615M 
Air flow velocity 0-30 m·s-1 ±0.1 m·s-1 

Global radiation probe head 
AHLBORN FLA 613 GS 

Solar irradiance 
0 to approx. 1200 

W·m-2 
Absolute 

accuracy < 10 % 

Data recorder 
ALMEMO 5690-2 

80 Measuring 
channels via 

selector 

Sufficient for 
400.000 values, 

linear or ring 
memory 

- 

Table 2 
Standard emission factors of different energy sources, kg·MWh

-1
 [19] 

Standard emission factors, kg·MWh
-1

 
Type of energy source 

CO2 SO2 NOx 
Electric power 626.0 0.450 0.95 
Diesel 280.8 0.351 0.540 
Natural gas 204.8 0.001 0.288 
Wood fuel* 367.2 (0) 0.468 0.360 

* wood releases the same amount of CO2 while naturally disintegrating, so the burning of wood 

does not increase the amount of CO2 in the atmosphere 

Results and discussion 

Lithuania is located on the northern part of temperate zone along with prevailing western humid 
air transfer and changeable weather. Countries located within the temperate zone on average reach up 
to 4000 MJ·m-2 of solar radiation in total: 60 % consist of dispelled energy and 40 % consist of direct 
solar radiation energy [20]. 

After a carried-out analysis of the meteorological data it was determined that the highest quantity 
of 1.49-5.4 kWh·m-2 of solar energy per day in Lithuania, Poland and Germany occurs between April 
and September, in other words during the period of harvesting and preparation of medicinal and spice 
plants (Fig. 2). 

0,0

1,0

2,0

3,0

4,0

5,0

6,0

7,0

I II III IV V VI VII VIII IX X XI XII

P
ot

en
ti

al
 o

f 
so

la
r 

en
er

gy
, 

kW
h 

m
-2

pe
r 

da
y

Month

Lithuania Germany Poland

Harvesting and preparation period
of medicinal and spices plants

 
Fig. 2. Potential of solar energy in Lithuania, Germany and Poland 
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The highest quantity of solar energy in Lithuania occurs in June at 4.8 kWh·m-2 per day, in Poland 
and Germany this number is 0.5 kWh·m-2 and 0.38 kWh·m-2 bigger per day during the same time 
respectively. The lowest quantity of solar radiation during the harvesting and preparation period of 
medicinal and spice plants occurs in April and September respectively: 3.57 and 2.71 kWh·m-2 in 
Lithuania, 3.71 and 2.85 kWh·m-2 in Poland, 3.83 and 2.91 kWh·m-2 in Germany per day. During the 
period between April and September not only the highest intensity of solar radiation energy prevails in 
temperate zone countries, but there is also the highest quantity of rainfall. There are 11.2 ± 0.91 days 
on average in Lithuania that contain more than 1 mm of rainfall during the period between April and 
September [20]. Both Poland and Germany have less number of such days with 8.3 ± 0.95 and 
9.5 ± 0.75 respectively [21; 22]. 

During the experimental studies an average daily temperature of 19.8 ± 4.0 ºC and relative 
humidity levels of 70.5 ± 9.6 % were recorded (Fig. 3). Maximum values of solar irradiance ranged 
from 1:00 p.m. to 3:00 p.m. hours, and during individual days during this period they ranged from 
332.7 ± 359.3 to 722.1 ± 410.2 W·m-2. On average, under such natural conditions the aerial solar 
collector heats the drying agent from 7.5 to 14 ºC, i. e. the temperature of the drying agent supplied on 
the layer of medicinal and spice plant raw materials was 30.4 ± 3.2 ºC. Relative humidity levels of air 
decreased 1.84 times on average, i. e. relative humidity of the drying agent – 38.2 ± 8.0 %. 
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Fig. 3. Evolution of drying agent temperature through the day: 1 – solar irradiance, W m-2;  
2 – surrounding air temperature, ºC; 3 – temperature of drying agent, ºC 

During the experimental studies it was determined that between 9:00 a.m. and 8:00 p.m. hours, i. 
e. within 11 hours, the area of 131 m2 of the aerial solar collector produces from 397.4 to 616.4 MJ of 
heat respectively, when instantaneous power per one solar collector varies from 25.7 ± 33 to 
54.6 ± 46.5 kW (Fig. 4.) A convertible heat began to decline from 17-18 hours, but due to inertia of 
the structural elements of the collector 22.04 ± 7.33 MJ of heat per hour was produced for up to 20 
hours. 
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Fig. 4. Change of solar energy radiation flow, received by solar collector, and of amount of 

converted heat when air flow in aerial solar collector is 1.86–2.21 kg·s-1
: 1 – instantaneous power 

input to solar collector (first type of day); 2 – instantaneous power input to solar collector (second type 
of day); 3 – converted amount of heat (first type of day); 4 – converted amount of heat  

(second type of day) 
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When the air flow in the solar collector varies in the range from 1.18 to 2.21 kg·s-1, its efficiency 
varies according to the logarithmic curve (Fig. 5.). The biggest efficiency coefficient of 
61.82 ± 3.25 % was found, when average solar irradiance was 105.96 ± 15.07 W·m-2 and the 
difference between temperatures of the ambient air and the air flowing out from the collector was 
4.19 ± 0.83ºC. The lowest efficiency coefficient of 16.1 ± 0.1 % was found at the time, when the ratio 
of the temperature difference and solar irradiance (reduced temperature difference) was the lowest, 
too, i. e. 0.010-0.013 (ºC·m2·W-1). 

η = 30,94ln(G) + 155,22
R² = 0,83
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Fig. 5. Change of efficiency coefficient of aerial solar collector 

During the studies, the air speed in the aerial solar collector was amended from 0.4 to 2.9 kg·s-1. 
The largest power and efficiency of the aerial solar collector was at 1.83-2.02 kg·s-1 (Fig. 6.). It means 
that at 560 ± 50 W·m-2 of solar irradiance and higher than 2.02 kg·s-1 air flow in the collector, the air 
flows through the collector too fast and fails to transmit the whole extracted heat flux. 

Qk = -16344Lk
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Fig. 6. Change of efficiency coefficient of aerial solar collector with different air flows in 

collector: 1 – instantaneous power of aerial solar collector; 2 – efficiency coefficient  
of aerial solar collector 

In the medicinal and spice plant raw material dryer, when the average solar irradiance is 
453.3 ± 317.9 W·m-2, an aerial 131 m2 solar collector, which is integrated into the roof of a building, 
raises the ambient temperature by 8 ºC on average during a period from 10:00 a.m. to 6:00 p.m. hours, 
i. e. the average temperature of the drying agent reaches up to 31.3 ºC. It means that during 8 hours the 
solar collector produces 130.21 ± 37.3 kWh of thermal energy. 

Due to the fact that from April to September in Lithuania there are 66 rainy days on average 
during the season, it is estimated that the aerial solar collector converts about 15235 ± 4364 kWh of 
thermal energy throughout the period of harvesting and preparation of medicinal and spice plants. That 
amount of thermal energy can be obtained after consuming 15.24 ± 4.36 kWh of electricity or burning 
in an amount of 1532 ± 4 kg of oil, 1819 ± 52m3 natural gas or 3254 ± 932 kg of wood fuel. However, 
with the obtained thermal energy the amount of gases containing a negative impact on the 
environment gets released into the environment, i. e. CO2, NOx, SO2. After comparative calculations 
were carried out, it was found out that to receive such amount of thermal energy, while using usual 
energy sources, an amount of (3,12-9,54)·103 kg of CO2, 0,015-7,13 kg of SO2 and 5,27-14,47 kg of 
NOx could be released into the environment. 
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Fig. 7. CO2, NOx and SO2 emissions released in obtaining 15235 ± 4364 kWh  

of thermal energy from different energy sources 

In summary, the carried-out studies suggest that effective usage of solar energy conversion 
systems for drying of medicinal-spice plants allows to essentially decrease the usage of fossil fuels as 
well as lower the impact on the environment. In the temperate climate zone the amount of energy 
consumption and environmental emissions reduce for about 64 %, if in the medicinal-spice plant dryer 
an integrated aerial solar collector is used to prepare the drying agent. 

Conclusions 

1. During the period of harvest-preparation for medicinal and spice plants, Lithuania has about 50 % 
of the annual rainfall, and one month has an average of 10 rainy days. Solar radiation intensity is 
4.1 ± 0.8 kWh per day. Lithuanian natural conditions are close to Poland’s and Germany’s natural 
conditions.  

2. In the medicinal plant dryer with 131 m2 air solar collector integrated into the roof of the building, 
solar irradiance was 453.3 ± 317.9 W·m-2 and the ambient air temperature of 23.1 ± 3.8 ºC from 
10:00 a.m. to 6:00 p.m. maintained at 31.3 ± 3.8 ºC temperature desiccant. It means that the 
external solar collector, within 8 hours, converts 130.21 ± 37.3 kWh of thermal energy. The 
largest air solar collector efficiency factor was 0.6, while comparative air flow from 1.8 to 
2.0 kg·s-1 was moving over the panels. 

3. It is possible to convert 15235 kWh of thermal energy as well as to reduce about 64 % of fossil 
fuel or biofuel consumption and the amount of environmental emissions, while using an aerial 
solar collector in preparation of the drying agent during the harvesting period of medicinal-spice 
plants. In other words, the release of gases such as CO2, SO2, NOx into the environment would 
decrease from 3.12 to 9.54 t, from 0.015 to 7.13 and from 5.27 to 14.47 kg respectively. 
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