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Abstract: Fresh parsley leaves used for culinary and curative purposes are highly perishable
in nature. Losses after harvest are quite often observed and significant deterioration in
quality is noted. In order to keep the leaves longer and to ensure their easy accessibility for
off-season use without significant deterioration in nutrient levels, they has to be dried. The
low moisture content of products made from dried leaves helps to improve their shelf life and
reduce weight for transportation. Applying an optimized drying process is necessary not only
to preserve the leaves, to achieve concentrated nutrients but also to minimize energy
consumption for the process. The parameters for selecting the technique of drying individual
leaves are based on local climatic conditions, drying agent temperature, relative humidity,
drying time, size, shape and age of the leaves, etc. This article shows the possibility of
replacing a conventional energy source with a renewable one. This study highlights the need
to look for alternative renewable energy sources when drying food for energy saving and
reducing greenhouse gas emissions.

INTRODUCTION

Increasing the energy efficiency of different facilities as well as reducing CO,
emissions generated by different technological processes is a problem of constant relevance.
The main directions in the development of the global energy strategy are as follows:

» use of renewable energy sources;
» creating new, less energy-using technologies using these alternative sources;[1-3]

» increasing the efficiency of the used conventional energy sources.[4]

The safe and long-term storage of fresh agricultural products is particularly difficult,
as the high water content affects the physical, chemical and nutritional quality of the products
during the storage period. In a relation with this, a drying process is used to reduce the
moisture content of the products to a certain value, to improve the expiration date, to preserve
the quality of the appearance and nutritional value during life after harvest. The drying
process is a typical high-energy process, leading to the consumption of large amounts of
energy and increasing of environmental problems [5]. This way, like other energy-intensive
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industries, the drying industry is looking for energy-saving strategies to achieve the most
effective and economical methods. [6], [ 7]. The effect of lowering energy consumption
would lead to significant global results because the annual global cost for drying amounts to
approximately 10-15% of the total energy costs of the industry. [8].

Materials and Methods should be described with sufficient details to allow others to
replicate and build on published results. Please note that publication of your manuscript
implicates that you must make all materials, data, computer code, and protocols associated
with the publication available to readers. Please disclose at the submission stage any
restrictions on the availability of materials or information. New methods and protocols should
be described in detail while well-established methods can be briefly described and
appropriately cited.

Research manuscripts reporting large datasets that are deposited in a publicly available
database should specify where the data have been deposited and provide the relevant
accession numbers. If the accession numbers have not yet been obtained at the time of
submission, please state that they will be provided during review. They must be provided
prior to publication.

Interventionary studies involving animals or humans, and other studies require ethical
approval must list the authority that provided approval and the corresponding ethical approval
code.

The aim of the study is to demonstrate the potential for energy savings and the achievement of
saving CO, emissions in the process of parsley leaves drying using solar energy compared to
conventional electricity drying. A chamber dryer with a classical design is explored [9] with
an electric energy source subsequently replaced with a solar collector [10].

In the kinetics of the drying process, the average moisture content and temperature of the
material within the process are considered. Heat drying is a complex heat and mass exchange
process, driven by the interconnectedness of the heat and moisture transfer processes. The
drying curve represents the dependence of the moisture content of the product as a function of
the drying time. The drying curve is obtained experimentally, but its essential parts can be
defined - initial heating period, | and Il drying periods [11].

The objective of this study is to design, construct and evaluate the performance of a prototype
solar drying for parsley leaves drying. The features of the designed device are presented as
well as performance testing by parameters such as temperature, relative humidity, flow rate
and air efficiency and drying kinetics. An analysis of the possible reduction of CO; emissions
is done. It is important to note that the developed system allows the study of many different
solar drying configurations for a wide variety of food products and drying regimes.

DESCRIPTION OF THE EXPERIMENTAL LAYOUT

All experimental studies underlying this development are made on a laboratory physical
model of a continuous convection dryer. The drying chamber — figure 1 is in the form of
parallelepiped and geometric dimensions length 400mm, width 700mm and height 700mm. 3
frames made of wire mesh are installed in height in the drying chamber, onto which the
material is set to be dried. The distance between the individual frames is 100mm, the bottom
is 200mm from the base of the drying chamber. The drying agent enters the drying chamber
through the valve (4), passes through the electric heater (3), sweeps the trays (2) and through
the fan (1) is thrown into the atmosphere. The flow rate of the drying agent passing through
the dryer can be changed by hand valve (4) and hence its speed of movement. The drying
agent is heated inside the drying chamber, where is installed a 400W electric heater. The
heater has a continuous power supply. The temperature and relative humidity of the air in the
drying chamber at its inlet and outlet are measured. To determine the flow rate of the drying
agent passed through the dryer a circular air duct with d = 100mm is mounted in the top of the
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drying chamber. At a distance of 6d after the fan and 4d before the exit to the atmosphere are
drilled holes, through which the airflow rate is measured by anemometer TESTO 405
according to the scheme shown in figure 1.

For the measurement of the inlet and outlet temperature of the drying agent as well as
the temperature inside the drying chamber are mounted Pt100 thermal resistors, whose
resistance is converted by three transmitters into a unified signal 4 +~ 20 mA. For measuring
inlet and outlet relative humidity as well as the under pressure are selected sensors with built-
in transmitters, which have a direct output of 4 + 20 mA.

A solar collector is connected to the dryer chamber in the bottom part [12]. The sizes
of the solar collector are 700x1000x100 mm. A double glazing is used for transparent coating
over the absorbent plate, with a glass thickness of 4 mm, tightly fitting to the absorber. The
flat absorbent plate is “MIROTHERM MT 1300”. To determine the falling down solar
radiation on the air collector in its plane a solar meter KIMO SL 100 is installed.
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1.Figure 1. Scheme of the drying chamber
1- Fan; 2- trays; 3- electric heater; 4- valve; 5- an air solar collector.



Figure 2. Scheme of measuring the spéed of the drying agent

RESULTS AND DISCUSSION

Developed physical model of the continuous-action solar dryer was considered as a
management object. An algorithm for drying was used in the experimental study in
determining criteria - the final moisture content of the dried product. A method for static
optimization of the parameters of the drying process has been developed with guaranteed
accuracy and energy efficiency of drying. The method is suitable for this product due to the
relatively shorter time it takes to dry it because of the large heat exchange surface compared
to other drying products.

Most management methods do not count the energy aspects related to energy savings
under the existing quality limits for dried material. Estimation and comparison of the energy
efficiency of the drying installations are carried out on the basis of their thermal efficiency
indicators, which takes into account besides the energy consumed by the installation, also its
load. The requirements for energy economy in the management of such objects are related to
the achievement of a certain drying accuracy by indirectly measuring the moisture of the dried
product.

The problem of energy-saving management of the drying process, with the
achievement of a specified accuracy of the final moisture content of the leaves of parsley has
been achieved using balance equations for substance and energy storage.

The initial moisture content of the leaves of parsley which is the ratio of the mass of
moisture to the absolutely dry mass is:

m, W, (1)
- 1-W, 97kg

0

Where Wx is the moisture of parsley.
The final moisture content of parsley, which is the ratio of the mass of moisture to the
absolutely dry mass is:

m W 2
u =—=—x_9/k
T T IoW g/Kkg
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Where Wk is the final moisture content of parsley after drying.
Dryer productivity by evaporated moisture expressed by the initial and final moisture
content of the product is:
AU =m %" g (3)
1+u,
Where m; = 1,8 [kg] is the mass of the parsley leaves before the drying process.
The mass of parsley leaves m; after drying shall be equal to:
AU 4)
m, = kg
u,—u

H k

1+u,

As the drying is carried out with an air drying agent with initial and final moisture
content - d,, and d, respectively, and consumption of drying agent =i..= 0,03[kg/s], the water
that evaporates and passes into the drying agent for a time period 7 is determined by the
dependence:

. T (5)
AU, =m. [(d, —d, )dt

Subject to the condition:
AU_ =AU (6)
It follows that the desired final moisture content of the dried material has been
reached.

The duration of drying in (5) in the experimental studies is in accordance with
the recommendations of [9].

The implementation of (6) guarantees high drying accuracy, provided that the
air inlet flow is equal to the inlet. Since sensors for measuring the relative humidity of the
drying agent are installed at the inlet and outlet of the dryer ¢, and ¢, for the calculation of dy
and d the following relationship is used:

(7)

ud :623&,g/kg
p,; - qopﬂll
where: Ps = 96800 [Pa], is the average barometric pressure for the city of Sliven;
P - partial pressure of saturated water vapor, [Pa].
Partial pressure of saturated water vapor P,, depends on the temperature t. This dependence
on the temperature range t= 0+300°C, with accuracy which is sufficient for the practice is
expressed:

P, =140974.10°¢ " .

So with a well-sealed dryer and known drying agent flow rates me, , initial ¢, and final
o relative humidity of the drying agent, initial t, and final t, temperature of the drying agent,
using (5), (7) and (8) a high accuracy of drying can be achieved in the embodiment of (6).
Using the above-described dependencies and obtaining in real time information about the
initial and final relative humidity of the drying agent and obtaining in real time information
about the initial and final relative humidity of the drying agent, as well as its initial and final
temperature the desirable final moisture content of the dried material can be achieved.

After processing the experimental results are presented below in tabular form.




Table 1

1.Parameter

1.Drying using a
conventional heat source

1.Drying using a
renewable heat source

2.initial moisture of the

2.W=75% 2.W=75%
leaves of parsley
3.final moisture of the 3. W=10% 3 \W=10%
leaves of parsley
4.initial moisture content 4.0,=3 g/kg 4.u=3 g/kg

in the product

5.final moisture content in
the product

5.ux=0,11 g/kg

5.uc=0,11 g/kg

6.weight of parsley leaves

before drying 6.m;= 1,8 kg 6.m;= 1,8 kg
7.weight of leaves of _ _

parsley after drying 7mz=0,5kg 7.m;=0,5kg
8.dryer performance by _ _

evaporated moisture 8.AU=1,3 8.AU=1,3
9.weight of leaves parsley _ _

after drying 9.m,=0,5 kg 9.m,=0,5 kg

ageln(i'consump“o” of drying 10.me.= 0,03 kg/s 10.me.= 0,03 kg/s
11.average temperature in A0 — AR O

the drying chamber 11tn=507C 1Lty=407C
12.duration of the drying 12.120 min 12 150 min

process ' '
13.amount of heat needed 13.400W 13.580W

to heat the drying agent ' '
14.fan power 14.P=100W 14.P=100W
15.total electricity

consumed for carrying out 15.P.=1,0 kWh 15.P.=0,25 kWh

the drying process

16.Ecological equivalent
coefficient [12]

16.Fi=819 gCO,/kWh

16.Fi=819 gCO./kWh

17.Amount of CO,
emissions generated per
cycle of the drying
installation

17.819 gCO./kWh

17.204,75 gCO2/kWh

18.Amount of CO, saved
as a consequence of
replacing a conventional
dryer with solar

18.614,25 gCO./kWh

CONCLUSIONS

The drying of parsley leaves has been carried out through the use of renewable solar
energy. The performance characteristics of the prototype of a solar dryer are determined. An
analysis of the possible reduction of CO; emissions has been carried out. The proposed and
developed system allows the study of many different solar drying configurations for a wide

variety of food products and drying regimes.




Based on the experiments conducted, it can be concluded that in order to minimize the
energy costs of drying other leaf spices and herbs such mode parameters should be sought in
which drying temperature is within the lower limit of the permissible variation range, while
the flow rate of the drying agent is within the upper range of allowable variations. The
optimum values of drying agent parameters that are found so ensure low energy consumption.
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Texnuuecku ynueepcumem — Cogpus,
Huorcenepno-neoazozuuecku gpaxyimem Cnugen
Cnueen, ya. ,, Knumenm Oxpuocku“ 8
BBIITAPUA

Kntouoeu oymu: npoyec na cyuieHe, 8b300H06eMU eHEPSULIHU USMOYHUYYU, HAMANABAHE HA
CO2, enepeutina epexmugrnocm

Pesztome: [Ipechume nucma om mMaz0aumos, U3NON36AHU 34 KYIUHADHU U Je4eOHU yeau, cd
CUnHO Hempaunu no npupooa. Yecmo ce wnabrooasam 3acyou cied npubupame Ha
pekonrmama u ce 3a0ens136a 3HAYUMENHO 6lOUABAHe HA Kayecmeomo. 3a 0a ce 3anassam
aucmama no-0vj2o u 0a ce ocucypu iecHama um O0OCMBbHHOCH 3ad Ynompeba U38bH Ce30Hd
0e3 3HauUmMenHo 610WABaAHe HA HUBAMA HA XPaAHUMeTHUme eewecmad, me mpsaoea 0a 6voam
uscywenu. Huckomo cvovporcanue Ha éraea 6 npooykmume, uspabomenu om cyueHu 1ucmad,
cnomaea 3a noooopssane HA MeXHUsi CPOK HA 200HOCM U HAMAIAGAHE HA Me2l0omo npu
mpancnopmupaue. Ilpunacanemo Ha onmumusupan npoyec Ha CyuieHe e HeoOXO0OUMO He
camo 3a 3anazeéame Ha AUCMama, 3a NOCMueaHe Ha KOHYeHMpUPAauu XpaHumeiHu eeujecmad,
HO U 30 MUHUMU3UPAHE HA KOHCyMayuama Ha enepeus 3a npoyeca. llapamempume 3a uzbop
HA MeXHUKama Ha cyuiene Ha omoenrHume JUCma ce OCHO8A8AM HA MeCMHUmMe KIUMAmui4Hu
VCI08UsL, MeMnepamypama Ha CYWUIHUS deeHm, OMHOCUMETHAMA BIANCHOCH, 8peMemo Ha
cyutene, pasmepa, opmama u ev3pacmma Ha aucmama u m.H. Tasu cmamus noxazea
Bb3MOIICHOCIMA 30 3AMAHA HA KOHBEHYUOHANEH eHepeueH U3MOYHUK ¢ NnooHogeH. Toea
npoyysane nooYepmasa HeobXoO0UMOCMMmMA Om MbpceHe HA ANMePHAMUBHU 68b300H06seMU
eHepeuLiHU USMOYHUYU NpU CyuleHe HA XPAaHUu 3d eHepeocnecmssane U HAMAlaeane Ha
eMucuume Ha NAPHUKOBU 2A3086€.
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