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DESIGN AND DEVELOPMENT OF SOFTWARE TO DETECT BIRD COLLISIONS
WITH GLASS OBSTACLES

ROMAN BUMBALEK, TOMAS ZOUBEK, RADIM STEHLIK, RADIM KUNES, JEAN DE DIEU
MARCEL UFITIKIREZI

Faculty of Agriculture and Technology, University of South Bohemia, Department of Technology and
Cybernetics, Na Sadkach 1780, 37005 Ceské Bud¢jovice, Czech Republic

Abstract: The paper is focused on the problem of image processing. Its output is software for the
identification of bird collision with a glass obstacle using the detection of changes in the
image with implemented basic algorithms in this area, which is created in MATLAB
programming language. The first part, oriented to the theoretical introduction to the topic,
is divided into image segmentation focusing on edge detection. The second part of the paper
contains an introduction to software development, including its flowchart and examples of
selected parts of the pseudocode of the applied algorithms, with a short description.
Subsequently, the functionality of the developed system is verified on test video frames
and the implemented methods and settings are compared based on data processing speed
and reliability of image change detection

Keywords: Image processing, image segmentation, edge detection

INTRODUCTION

Computer vision algorithms involving convolutional neural networks have opened up new possibilities
for extracting information from image data in the field of image processing, where the application of
these methods can detect objects or segment instances to obtain their exact boundaries even in complex
compositions (Gui et al., 2024). Their main advantages are their robustness to the variability of the
observed features and low image quality, but compared to conventional image processing methods, they
require high computational power and often also a high-quality training dataset, which can be very time-
consuming, and therefore it is not optimal to use these technologies for every task related to image data
(Miinke et al., 2024; Ofir and Nebel, 2021), for example to detect changes in an image by segmenting it
in the case of a not very complicated scene. Segmentation is an essential operation in image processing
to extract the information contained in the image, to divide the image into regions with a certain
probability, corresponding to the structural units of the image scene, into contiguous regions composed
of essential elements with similar properties, to detect objects of interest and to separate this objects
from an uninteresting background (Ciecholewski, 2024; Gao et al., 2022). Segmentation is sometimes
described in analogy to the vision process as a foreground-background distinction, where human vision
interprets an image based on the relationships between elements formed unconsciously at lower levels
of the visual system; it is therefore appropriate even in computer image analysis systems to proceed
from low-level elements in ascending order, creating initial criteria at the pixel level (Yu et al., 2024).
The presented software was designed to identify bird's glass obstacle collisions using image change
detection while implementing selected conventional image processing methods.

MATERIAL and METHODOLOGY

In general, image segmentation algorithms are based on two elementary properties of luminance values:
discontinuity and similarity. Image segmentation approaches based on abrupt changes in luminance
values, such as edges in an image, fall into the first category, i.e. methods based on the detection of
contours that mark the boundaries of individual objects (Gonzales and Woods, 2002). The main
approaches of the second category are based on the partitioning of an image into regions of similarity
according to specified criteria. These approaches include, for example, thresholding, where an image is
extracted based on a given threshold (Amiriebrahimabadi et al., 2024). Another widely used method of
image segmentation based on similarity scores is the K-means segmentation algorithm, which is used to
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segment the image into clusters or groups representing selected categories (Guo et al., 2023). At the
beginning of the segmentation, points are randomly assigned to clusters, then the clusters are
continuously updated and points are reassigned between clusters so that the similarity of point values
increases within the same cluster and decreases between different clusters (Liang et al., 2022).

One of the fundamental features that occur in an image and provide important information for its
interpretation are edges, which can be described as a distinct local change in the brightness intensity of
image pixels or also as a transition between dark and light pixels corresponding to the local contour of
an object (Magnier et al., 2018). These brightness discontinuities are classified according to their one-
dimensional profile into a) jump discontinuities, where sharp, abrupt changes in the values of adjacent
pixels occur, and b) oblique discontinuities, also called ramp edges, which form a smooth transition
whose slope is inversely related to the edge blur, c) line edges, which are characterised by a step change
in values and a steep return to the original values, d) roof edges, which are characterised by a smooth
change in values and their smooth return, €) noise edges, which contain fluctuations of values within the
course of the edge. In real images, jump and line edges are rare, with noise edges being the most common
(Ruslau et al., 2020).

Edge filters are used to detect edges and are divided into several groups. The basic groups are gradient
edge detection methods, also called first derivative methods, which are detectors based on
approximating the maximum values of the first derivative of the image function, as shown in
Figure 3.3 ¢), and second derivative methods, which consist in finding the passes of the second
derivative through zero, as shown in Figure 3.3 d) (Amorim et al., 2023). Another group consists of
methods based on evolutionary algorithms (Mousavi et al., 2019).

a)

b)

d)

Figure 1 a) Illustration of the brightness transition, b) representation of the image function of the brightness
transition, c) first derivative of the image function, d) second derivative of the image function
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First-order derivative edge detection algorithms

Gradient operators used for edge detection consist of approximating the results of the first derivative of
the image function when its values are high in the edge region. The gradient expressing the change in
the values of the image function f (x, y) is defined as a vector

of (x y)
ex(x y)] [ }

Vi y) = ey(x ) af(x ¥)

(D

An important property of the gradient, essential for finding edges, is its magnitude, which gives the
maximum rate of increase of the function per unit distance in the direction of the gradient and is given
by

ECx,y) = Vf (o y)| = Jex(x,y)z +e,(x,7)2. 5

The magnitude of the gradient can also be approximated by the sum of the absolute values of its
components or their maximum value (Muntarina et al., 2022), thus

E(x,y) =~ lex(x, »)| + |ey (x, )], 3)
E(x,y) = max(lex(x, y)|, ey (x, »)]). 4)

The direction of the gradient, which is perpendicular to the edge direction, is given by

ey (x, y))
ex(x,y))’
the a angle is taken as the angle between the gradient direction and the x-axis (Meester et Baslamisli,

2022). Since the image function f(x,y),x =0,1,..,M —1,y =0,1, ..., N — 1, of the real image, is
discontinuous, changes in brightness intensity can be computed by differencing adjacent points so that

a(x,y) = arctan< (5)

ex(x»y)=f(x+1'3’)_f(x»)’)' (6)
ey(x'}’)=f(x»)’+1)_f(x'}’)- (7)

The calculation of e, and e,, values for all points of the image can be realized by convolution of the
image with kernels g, in the x-axis direction and g,, in the y-axis direction, hence

ex(xvy) =f(xv3’)*gx, (8)
ey(x,y) = f(x,¥) * gy ©)

To suppress less pronounced edges, a threshold can be set; the resulting pixel is displayed if its value is
greater than the threshold; if its value is less than the threshold, it is assigned a value of 0 and is replaced
by black. The primary edge detection operators include the Roberts, Sobel, Robinson, Kirsch and Prewitt
operators, which differ in the form of convolution kernels (Ali et al., 2023; Petrou and Petrou, 2010).

Second-order derivative edge detection algorithms

The standard gradient operators described above suffer from some sensitivity to noise. Using the second
derivative to find edges is more convenient due to the higher reliability, which is due to the steepness of
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the second derivative of the function around its zero crossing (Versaci et Morabito, 2021). In 1980, Marr
and Hildreth introduced a procedure that can suppress the negative effect of noise by implementing
a Gaussian smoothing filter, the Laplacian of Gaussian, also known as LoG (Gironés and Julia, 2020).
The operator is based on the second derivative of the convolution of the image with the Gaussian filter,
thus

V2h(x,y) = V2[f(x,y) * G(x,¥)], (10)

after reversing the order of application of the second derivative and the convolution, which is possible
because of the linearity of the two operations, we obtain

V2h(x,y) = [V*G(x, )] * f (x,¥). (11)

A Gaussian two-dimensional filter is defined as

_(x2+y?
G(x,y) = 72 ® ( 207 ) (12)
and the formula for the Laplace operator is
0%f 9%f
V2f=—+4+—=. 13
f >zt %72 (13)

To obtain the relation for the LoG operator, we need to sum the second derivatives of the Gaussian filter
function according to x and y

%G (x,y) N 0%G(x,y)

V26 = 14
(x,y) 922 3y7 (14)
x% —o? _(x2+y2) y? — g2 _(x2+3/2)
V2G(x,y) = 202 207 ) (15)
) 2106 © * 2ma6 ©
from there we get
x? +y®—20% (247
vZG — - 202 (16)
(x,¥) omas ¢ :
after adjustment, we obtain the following equation
1 x2 +y? _(x2+y2)
2 =|—— — 202 . 17
2600) = (-=) (1 — )e (17)
LoG is also expressed in the literature by the relation
x24y2—20g2 _(¥2+y*
VG(xy) =Y —2% , (52 ) (18)

g4

the difference between the LoG expressions of equations 17 and 18 is due to the use of a Gaussian
function of the form

G(x’ y) = e_(%)’ (19)

in the case of relation 18 instead of the prescribed Gaussian normal distribution (Gonzales et al., 2009;
Zhang 2021).
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After the convolution of the image with the LoG operator kernel, a zero-crossing search must be
performed because a pixel belongs to an edge if the values between it and its neighbours change from
positive to negative or vice versa. For example, the zero-crossing detector can take the form of a mask
of size 2 X 2, where a representative point is chosen with a fixed position relative to the mask, and edge
detection occurs when the sign within the mask changes relative to the representative point (Sonka et
al., 2008). Marr and Hildreth (1980), before detecting the zero crossing, create a binary image from the
convolution result by assigning the white colour, i.e. the value 255, to positive values and the black
colour to negative values, the zero values do not change, then the boundary pixels in the immediate
vicinity of which the value change occurs must be detected. Petrou and Petrou (2010) describe a zero
crossing search procedure which is divided into a search in the x-axis direction, along the rows, and in
the y-axis direction, along the columns, where for each point (x,y) from the interval x € (1; M — 1),
y € (1; N — 1) of the resulting image of size M X N a product is performed with the point following
in the direction, i.e. (x + 1,y) or (x,y + 1). If the product is less than or equal to zero, the point (x, y)
belongs to the edge and gets the value 0 in the new output image, otherwise it gets the value 255. In the
default display of found edges, where edges are white and other pixels are black, the values are reversed.

Algorithm design and implementation of selected operators

The image change detection algorithm consists of several main parts, the first of which is aimed at
obtaining input values and generating the parameters or empty sets necessary for its correct operation.
The activity of the other parts, aimed at modifying and comparing the individual frames of the video
file, is cyclic, the number of repetitions depending on the total number of frames of the video, the frame
rate and the chosen time interval between each frame. Input image adjustments include loading a frame
with a given order, adjusting it from RGB colour space to greyscale levels, and scaling the image if
necessary. This is followed by the ability to remove noise by smoothing the image with a Gaussian filter
whose mask size is automatically determined according to the o value, or whose size is precisely defined
by the user. The next step is to search for edges by applying one of the six operators included in the
algorithm; the Sobel, Robinson, Kirsch, Prewitt, LoG and Canny edge detectors are implemented.
UlozZeni vysledki

(  Sstart )
v

Read input values, generating
the start parameters

Selecting images withi _————-
a specified range
Input image adjustments

\4

Noise reduction by smoothing

\

| Edge detectors application |

| Saving the control image |

v

Detection of changes in the
image, saving the results

v
< Endofthecycle >-----
\ 4
( End )

Figure 2 Basic scheme of the algorithm for detecting changes in the image
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The downstream partition stores the control images in their original or modified form in the folder
created in the selected directory during the first stage. The last stage is concerned with the detection of
changes in the image by comparing two frames with a range of 1 to 20 frames, or the current frame with
the first frame of the video, where the relative difference of their values is evaluated and a change is
detected if a predefined threshold is exceeded, which should be calibrated on a short section of the video
examined. The basic simplified scheme is shown in Figure 1, with separate stages arranged in sequence
according to the programme flow. The implemented algorithms were developed using MATLAB
commands and syntax.

Example implementation of the Canny edge detector

The Canny edge detector contains most of the input values of the above operators, outside the image
they are o and the lower and upper thresholds. After converting the image to grey levels, if necessary,
the image is smoothed using the Gaussian filter and edge detection is performed using the Sobel
operator. The detected edges are narrowed by non-maximum suppression, where the magnitudes of the
edge points are compared with two neighbouring points in the gradient direction, and if the feature under
consideration has a higher value than the two features it is compared with, its value is transferred to the
zero matrix at the same position, otherwise no feature value transfer takes place. The process of the
Canny operator action is completed by the hysteresis thresholding, which involves a parameter p that
affects the number of repetitions of the process, in which elements with a value between the lower and
upper thresholds are recognised as an edge point only if there is an element with a value greater than the
upper threshold in its neighbourhood of size 3 X 3.

Table 1 Example of the Canny edge detector pseudocode

CANNY EDGE DETECTOR

1 start
2 READ (image, o, threshold;, thresholdy);
3 p < number_of _repeating ;
4 if SIZE (image,3) # 1 then
5 start
6 image < RGB_TO _GRAYSCALE (image) ;
7 end
8 A < GAUSSIAN_FILTER (image, o) ;
9 [A5, Mg] < SOBEL _EDGE _DETECTOR (4, threshold;)
10 Ag < N-M_SUPPRESSION (4, My) ;
11 Aoy < HYSTERESIS THRESHOLDING (Ag, p, threshold;, thresholdy) ;
12 end

11
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Table 2 Example of the hysteresis thresholding pseudocode

HYSTERESIS THRESHOLDING

1 start

2 READ (Ag, p, threshold;, thresholdy)
3 rows « SIZE (4g,1) ;

4 columns « SIZE (4¢,2) ;

5 for i from 1 to rows
6

7

8

start
for j from 1 to columns
start
9 if Ag = thresholdy then
10 start
11 Aoyt (i,]) < 255
12 end
13 end
14 end
15 for o from 1 to p
16 start
17 for i from 2 to rows — 1
18 start
19 start
20 for j from 2 to columns — 1
21 start
22 if Ag(i,j) = threshold; A Ag(i,j) < thresholdy then
23 start
24 B« Yp——145ut(i+b,j +b);
25 if B > 255 then
26 start
27 Apue(L,j) = 255
28 end
29 end
30 end
31 end
32 end
33 end
RESULTS and DISCUSSION

The proposed software can be evaluated according to several criteria; the results of this paper focus on
the assessment of the speed of the selected algorithms and the reliability of the detection of changes in
the image. The evaluation of the speed of the software was carried out on the basis of the time interval
required to process a FullHD video file of 60 seconds in length at a frame rate of 25 fps. Table 3 shows
the values of the time consumption in seconds as a function of the time interval between the video frames
processed and the size of the convolution mask of the filters used, which depends on the size of the o
a value; the settings of other parameters, such as the threshold or the relative difference between frames,
are insignificant in terms of time dependence, since they do not affect the number of operations
performed. The measurements for each pair of parameters were performed ten times and the resulting
values are their arithmetic mean. The computer setup on which the program was run includes a 14-core
Intel Core 19 10940X processor complemented by 64 GB of RAM; CPU utilisation during software
operation was only in the range of 6—7 %.

12



TECHNOFORUM 2024 ,New Trends in Machinery and Technologies for Biosystems*

Table 3 Processing time of a 60 s video file using a) Sobel filter, b) LoG filter, c¢) Kirsch filter, d) Canny filter [s]

a) b)

The time interval between processed video The time interval between processed video
frames [s] frames [s]

1/25 0.1 0.2 0.5 1 2 1/25 0.1 0.2 0.5 1 2
K=3 |141.98| 52.83 | 34.49 | 18.53 | 17.24 [ 17.18 | 235.86 | 90.89 | 58.69 [30.17|21.59 | 17.06
K=5 |142.02| 53.05 | 34.61 | 18.82 | 17.75 | 17.60 | 246.57 | 90.83 | 58.42 [29.98 |21.56 | 17.09

K=7 |142.68| 53.10 | 34.61 | 18.74 | 17.62 | 18.04 | 227.00 | 83.78 | 54.16 |28.22|20.66 | 16.57

K=9 |144.98| 53.86 | 35.16 | 19.13 | 17.70 [ 17.78 | 228.98 | 83.19 | 52.91 |27.85|21.44|19.02

K=11/146.54| 54.48 | 35.39 | 18.97 | 17.31 [ 17.93 | 233.90 | 85.74 | 55.52 |29.03 | 20.89 | 16.84

K=13/149.21| 55.24 | 35.98 | 19.46 | 17.83 [ 17.17 | 254.01 | 92.67 | 59.67 |30.49|21.74 | 17.01

K=15/152.22| 56.26 | 36.49 | 19.56 | 17.67 | 17.69 | 257.32 | 93.82 | 60.05 |30.60 | 21.85 | 17.08

K=17|155.67| 57.34 | 36.92 | 19.61 [ 17.75 [ 17.91 | 261.02 | 94.90 | 60.48 |30.74 | 21.71 | 17.08
K=19/158.92| 58.05 | 37.43 | 19.88 | 18.47 [ 17.58 | 264.61 | 95.83 | 60.90 |30.97|22.03 | 17.44
K=21/161.81| 58.94 | 37.92 |20.05 | 18.26 | 18.21 | 269.96 | 97.02 | 61.80 |31.12|22.05 [ 17.23
c) d)
K=3 [673.76|232.67 | 141.11 | 63.68 | 40.30 | 28.18 || 451.49 | 156.99 | 97.06 | 45.88 | 31.16 | 23.88

K=5 1672.99232.18 | 141.68 | 63.80 | 40.40 | 28.10 || 457.68 | 159.37 | 98.70 | 46.38 | 31.37 | 23.68

K=7 1673.97| 231.25 | 140.83 | 63.48 | 40.71 | 28.70 || 456.15 | 159.24 | 98.42 | 46.38 | 31.53 | 24.15

K=9 1674.67| 232.16 | 141.78 | 64.09 | 40.19 | 27.66 || 457.47 | 159.79 | 98.43 | 46.36 | 31.29 | 24.31

K=11/675.55|232.69 | 141.85| 63.76 | 40.54 | 28.03 || 461.04 | 160.72 | 99.32 | 46.70 | 31.55 | 23.90
K=13/1679.47|233.30 | 142.01 | 63.81 | 40.50 | 28.45 || 464.17 | 161.68 | 99.87 | 46.82|31.57 | 23.95
K=15/680.781234.01 | 142.53 | 64.00 | 40.72 | 28.22 | 468.30 | 163.23 | 101.56 | 47.08 | 31.57 | 23.33
K=17/682.76|235.26 | 143.48 | 64.19 | 40.86 | 28.51 || 470.96 | 163.85 | 101.03 | 47.37 | 31.99 | 24.00

K=191688.25| 236.76 | 143.95 | 64.49 | 40.92 | 28.46 || 475.54 | 165.12 | 102.14 | 47.33 | 31.92 | 23.65

K=211692.73 | 238.11 | 145.37 | 65.15 | 41.01 | 29.33 || 478.13 | 165.99 | 102.16 | 47.59 | 32.36 | 23.84

The measured data clearly show that the time taken to process the video increases as the time difference
between frames decreases, i.e. as the number of frames processed increases. The size of the convolution
mask used by the filters has a negligible effect on the speed of the programe at higher frame intervals,
its effect is more pronounced for values less than 0.5 s, which is directly related to the greater number
of frames evaluated. The time difference between the values K =3 and K = 21 in processing each frame
of the video, over a range of 1/25 s, is 13.97 % for the Sobel operator, 2.81 % for the Kirsch operator,
14.46 % for the LoG operator and 5.90 % for the Canny operator. Comparing the speeds of the selected
edge detectors, the Sobel operator performs best with an average time of 149.6 s for the frame-to-frame
interval of 1/25 s, and the Kirsch operator performs worst with an average time of 679.5 s. The average
time for the LoG operator is 247.9 s and 464.1 s for the Canny operator at the same values. It is also
clear from these values that none of the selected operators can be used for real-time evaluation of the
video file if every frame of it is processed; the Sobel operator could be used for this activity from 0.1 s,

13
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the Kirsch operator from up to 1 s, the LoG operator from 0.2 s and the Canny operator from 0.5 s. The
speed of the Prewitt operator was not measured because it performs the same number of operations as
the Sobel operator, so the difference in time between them would be negligible; the same situation exists
between the Kirsch and Robinson filters.

The reliability of detecting changes in the image depends on more factors than the size of the convolution
mask and the range between the processed frames, the threshold value of the operators and the value of
the relative difference between the compared frames are also very important parameters, the size of
which must be determined experimentally with respect to the form of the scenes to be evaluated and the
properties of the objects causing their changes. The value expressing the reliability of the image
evaluation is defined as

Is

S, = —0—o (20)
P, +1,

where Iis the number of correctly evaluated frames, I, is the number of frames in which a change
should be defined, and I,, indicates the number of incorrectly identified frames. Using the proposed
software, test videos were created to determine the reliability of the program under given conditions,
simulating a situation where spherical objects with diameters of 5 and 10 cm are incident on a relatively
homogeneous background without significant irregularities; video 1 contains black objects in order to
achieve a high contrast with respect to the light background, while test video 2 contains grey objects, so
the contrast with respect to the background is lower. To be fully successful, all 15 objects that appear in
sequence in the frames must be detected, while those frames in which the objects are not present or in
which the objects shown in the frames have already been detected are also scored as correct. In the
frames, there is a grey square in the upper left corner, which acts as a reference edge, which is important
for the normalisation of each frame that takes place during the output of the edge operators. In the
absence of a reference edge, otherwise insignificant edges are highlighted because the normalisation is
always based on the highest gradient value in a given image, i.e. in the case of an image containing only
background, edges with subtle transitions between background shades are detected despite their low
gradient value compared to gradient values in images with objects.

The test videos were processed for frame-to-frame time ranges from 1/25 s to 2 s and Gaussian filter
convolution mask sizes from 3 to 21. The relative difference between frames parameter was set to
0.01 for all edge detectors, a threshold of 10 for the Sobel, Kirsch and LoG operators, and a lower and
upper threshold of 10 and 30 for the Canny operator.

The output of the program at the given values for the selected video can be evaluated as quite reliable at
time intervals between the processed frames of 0.1, 0.2 and 0.5 s, where for the selected edge detectors
the image changes were evaluated absolutely correctly in at least ten cases for each of them, depending
on the size of the convolution mask of the Gaussian filter, which influences the effect of the image
smoothing. The reliability of the results over the time range of 1/25 s is low for most of the selected
filters, despite the correct detection of all objects, due to the incorrect evaluation of changes in a larger
number of frames, e.g. for the Sobel operator at K = 13, the change was detected in 28 frames instead
of 15, an extreme fluctuation occurred for the LoG operator at K = 7, when changes were detected in
140 frames. One of the main causes is probably the high number of consecutive frames in which the
same object appears with a different position due to its motion. Another source of these discrepancies
could be a low threshold that does not filter out less distinct edges caused by the blurring of objects due
to their rapid motion. Also, for a time range of 2 s, the accuracy of the correct evaluation is low, the total
number of evaluated frames is small due to the size of the time gaps between the frames so that the
object to be detected does not appear very often in the processed frames, since the frames in which the
object is present may fall within the time gap. When averaging all the values found for each operator,
the Canny operator with an average reliability of 80.8 % is the most reliable option, while the LoG
operator with an average reliability of 64.6 % appears to be the least reliable, but this value is biased by
the zero success rate at K = 3, when the values of the LoG convolution mask take on a very high range,
and thus no edges are crawled in all frames, i.e. no image change is detected. The average success rates
of the Sobel and Kirsch operators are 72.8 % and 71.7 %, respectively.
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Table 4 Reliability of image change detection using a) Sobel filter, b) LoG filter, c¢) Kirsch filter, d) Canny filter —
video 1 [%]

a) b)

Time interval between processed video Time interval between processed video
frames [s] frames [s]

80.

|
E

86.

73.3

86.7

The reliability values were also checked in the same way for video 2, in which the grey objects appear
randomly so that the contrast between them and the background is lower than in video 1; the appearance
of the objects is the same in terms of their quantity as in the previous test video, but they differ in time
and order. The results in Table 5 correspond with some similarity to the values obtained by evaluating
the changes in the image for the high-contrast objects, with the lower reliability being evident from
a difference of 0.5 s between frames. This may be due to the different times at which each object enters
the frame, or it may be due to their movement, in which case the imaginary trace created by the blurring
of the objects as they change position in time takes on lighter shades of grey than the trace of darker
objects, and therefore the contrast between it and the background is lower. The operator with the highest
reliability in detecting changes is the Kirsch operator, with an average value of 70,1 %, followed by the
Sobel and Canny operators, with average values of 70.0 % and 69.7 % respectively, with the worst result
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being obtained by the LoG operator with an average reliability of 49.7 %, which, however, gives
excellent results in lower time ranges and with more significant image smoothing.

Table 5 Reliability of image change detection using a) Sobel filter, b) LoG filter, c) Kirsch filter, d) Canny filter —
video 2 [%]

a) b)
Time interval between processed video Time interval between processed video
frames [s] frames [s]
1/25 1725 | 0.1 02 | 05 1 2
=3 | 833
=5 75.0
K=71| 714
K=9 | 55.6
K=11| 55.6
K=13
K=15| 71.4
K=17| 83.3
K=19| 83.3
K=21| 62.5

Figure 3 shows the application of the developed software to real video composition, with the original
frames on the left and the postprocessed frames on the right showing the detection of changes in the
image in the form of birds passing in front of a glass obstacle.
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Figure 3 Identification of birds by detecting changes in the image

CONCLUSION

The developed software uses selected basic methods of image processing and segmentation, which are
very important for the initial work with image data, but there is a wide range of procedures for their
modification and subsequent acquisition of the required information, of which this article deals with
only a fraction. For further elaboration and implementation in software, methods based on histogram
processing, adaptive thresholding, K-means clustering or other more advanced segmentation techniques
can be proposed, or some of the symptom detectors can be applied. From the point of view of usability,
the developed program seems to be a decent tool for detecting changes in the image, but the relevant
settings of the given parameters should be taken into account with respect to the characteristics of the
video file and the detected objects.
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DESIGN OF A LONG-TERM PERIODIC MEASUREMENT DEVICE FOR REMOTE
LOCATIONS USING AN ARDUINO BOARD

MATEJ KOHUTEK, JIRI MARCAN, FRANTISEK KUMHALA, JITKA KUMHALOVA

Czech University of Life Sciences Prague, Faculty of Engineering, Department of Agricultural
Machines

Abstract: This paper presents the design and development of a low-cost, low-power measurement
device for long-term periodic data collection in remote locations, utilizing an Arduino
board. The primary objective is to create a robust solution suitable for environmental
monitoring in the field of hops. Commercial measurement devices often come with high
costs and limited flexibility, necessitating the development of custom solutions for budget-
constrained projects. By optimizing the power consumption and employing a combination
of Arduino Nano and Mega boards, the proposed system ensures reliable data collection
and transmission over extended periods. Key features include the use of solar-powered
batteries, RS485 communication for long-distance sensor integration, and GSM modules
for data relay to cloud storage.

Keywords: Environmental Monitoring, Low Power, Arduino, Remote Data Collection, Autonomous
System

INTRODUCTION

Reliable long-term measurement is a cornerstone of robust research. In the context of monitoring the
environment in the field of hops, the reliability and the accuracy of the data is paramount. Means of
measurement greatly affects the frequency of the measurement. Measurements can be done manually
by a person or automatically by an automatic measuring station. Manual measurements require a person
to be personally in the proximity of the measured environment. That is not usually possible for long-
term measurement with high frequency. That is when automatic measurement is used. For automatic
measurement, there needs to be a power source available like from a battery or a solar panel. These
sources have limited capacity, so the measuring device needs to be low-powered. Commercial grade
measuring devices last up to several years just on battery power. But researchers often need many of
these devices with limited budgets, that is when they must create their own solutions. This paper focuses
on the creation of a low power data logger, leveraging the capabilities of an Arduino board to facilitate
long-term and periodic measurement in a remote location.

Literature review

The usage of microcontrollers as data acquisition devices is not a new invention, as Emory Zimmers
writes in his paper from the year 1980, with the cost of computing power rapidly lowering, computers
find their usage in systems like data acquisition that previously utilized less sophisticated devices
(Zimmers, Brown 1980). Even in the present one must find a balance between execution efficiency and
implementation difficulty. Arduino boards are a popular choice for rapid development of data
acquisition devices, for example gas sensing (Goyal, Patra, Sapre, Kaur, Ramgir 2024), cycling space
environment measuring (Luo, Hui, Shang, Wang, Jin, Wang, Li 2024), High-Speed Cylinder Pressure
Measurement (Celislami, Rawashdeh, DelVescovo 2024), photovoltaic panel monitoring (Khaleel, Al-
Naib, Atyia 2024), haemodialysis monitoring (Sulayman, Araromi, Ayodele, Araromi, Osuolale 2024).
There are projects like the Open Source Building Science Sensors (Ali, Zanzinger, Debose, Stephens
2016) that provide frameworks and guidance for creating a custom low-cost data acquisition system.
For wireless data acquisition systems with multiple sensing nodes energy conservation is a necessity,
there are many ways to extend the battery lifetime like duty-cycling and data compression as discussed
in (Anastasi, Conti, Di Francesco, Passarella 2009). Approaches to reducing the power consumption of
Arduino boards are documented on the official Arduino documentation website (Chung, Bagur 2024),
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some of these include putting the Arduino into sleep mode, removing unused components from the board
or lowering the supply voltage and frequency of the processor.

Objectives

The primary objective of this paper is to develop and validate effective data collection methods using
low-cost methods suitable for the developing countries or projects with low budget, tailored for
monitoring the environment in the field of hops. Specifically, we aim to design a system that ensures
accurate, long-term, and periodic data gathering in remote locations, overcoming the limitations of the
current approaches. Another objective is to design a system using open-source software and hardware
easily programmable by researchers.

Theoretical Framework

Multipurpose boards like the Arduino board contain various components, which consume considerable
amounts of electric energy. The out of the box availability of these components is useful for the
prototyping stage, when rapid development is key, but in case of low-power systems only the necessary
components can be left behind to minimize the power consumption and in hand increase the battery life
of the device. The nonessential components for this project that are by default on the Arduino board are
for example the USB bridge, linear voltage regulator and inbuilt LEDs, as mentioned in the official
Arduino documentation (Chung, Bagur 2024). The documentation mentions other ways of lowering the
power consumption like lowering the supply voltage and reducing the clock speed.

There are many development boards on the market to consider when developing a custom measuring
system like Arduino, Pro Micro, Teensy or ESP. Important attributes to consider when choosing
a suitable development board are the microchip voltage, power consumption, number of programmable
input/output pins, supported communication protocols, means of programming the microchip, size of
the community, and so on.

Saving data persistently is important when working with low power devices. Popular options for saving
data are SD Card and EEPROM. While they both have limited number of writes an SD card usually has
a higher storage capacity of up to several terabytes compared to EEPROM which usually has a capacity
of several kilobytes to several hundred megabytes. When considering the ease of use, the SD card is
easily removable and replaceable, that is why it is often chosen as the primary data storage option.

Real time data monitoring requires data to be transferred from the data acquisition (DAQ) device to
a server located in the cloud or on-site. Transferring data wirelessly consumes considerable amount of
energy. For energy efficient data transmission low power wide area networks (LPWAN) are attracting
a lot of attention (Raza, Kulkarni, Sooriyabandara 2017). The leading LPWAN technologies according
to (Mekki, Bajic, Chaxel, Meyer 2018) are Sigfox, LoORaWAN, and NB-IoT.

MATERIALS and METHODOLOGY
System Architecture

The system, which can be seen on the fig. 1, consists of multiple sensing modules and a single backup
and relay module. The sensing modules sense the environment using sensors that are connected to the
sensing module over the I2C bus or to the analogue 1O pin. The measured data is then transferred over
the RS485 bus to the backup and relay module, which saves the data locally as a backup and sends it
over the internet to a remote server over GSM. Power is supplied to the system from a solar charged
battery pack. The data needs to be timestamped with real time timestamp, for this purpose there is a real
time clock (RKT) connected to the backup and relay module.
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Figure 1 System Architecture comprising of the three sensing modules that collect data from sensors and send it
to the backup and relay module which saves a backup on an SD card in case of connection outage and sends the
timestamped data over the GSM on a server over the internet. The whole system is powered by a solar panel
charged battery located in a separate container.

Hardware

We used the Arduino Nano and Arduino Mega boards. The Arduino Nano as a sensing device and the
Arduino Mega which acts as a data relay and data backup. A single Arduino board would normally be
enough to collect measurements and save them to a micro-SD card, but there are several reasons, why
this simple setup would not be sufficient for our measurement requirements. The first reason is that the
chosen sensors communicating over the 12C bus have a static address, which limits the number of
sensors of one type on a single I2C bus to one. Another reason is that the [2C line can reliably extend to
a maximum of 0.5 meters with lower speed to 1 meter, and the distance between sensors needed for our
research is 2 to 4 meters. The last reason is because one of the sensors has a voltage output, with a higher
length of a wire between the sensor and the microcontroller adds unwanted induced noise, because the
wire acts as an antenna, picking up passing signals. The sensing and data relay Arduinos communicate
over RS485 bus which allows for communication up to 1200 meters. The data relay Arduino saves the
received data on a micro-SD card using a SD card module and relays the data to the cloud using a GSM
communication module. The communication between the backup and relay module and the GSM and
SD Card module is over the SPI Bus.

Software and Cloud

The Arduinos are programmed in an Arduino IDE, which is the standard development environment
when working with Arduino development boards. Other editors can be used as well, for example
VS Code, but these editors require plugins to be installed for them to be able to program the Arduino
boards.
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The data will be sent to a cloud storage like AWS, Google Firebase or Microsoft Azure. With access to
the raw and aggregated data over a website, a user will be able to view the data anywhere on their phone
and check the status of the automatic measurement system like the battery status.

Future Work

The system is built with Arduino boards that contain many unnecessary parts, which consume power.
In the next steps we will design a custom PCB will contain only the necessary part, thus lowering the
power consumption and extending the measurement period. We expect to lower the power consumption
to a point at which a solar panel will not be needed for measurements lasting up to two years. This would
make the at site installation easier, because mounting the solar panels and wiring the whole setup
requires a lot of time and is not cheap.

Communication wise, we are planning to test a solution that uses wireless communication instead of
communication over the RS485 bus. This would further decrease the need for wires, making the system
truly modular and easy to use.

The solution can be modified to specific needs. In case of a project Exploring of context between
growing plants and change in soil with using loT lead by Ing. Jifi Marcan, there is no need for
measurements spread up by several meters. On the fig. 2 it is visible that the sensing module and backup
and relay modules were merged, and the result is a single DAQ device capable of measuring and saving
the data on its own, saving power and space.

Figure 2 Data acquisition device with the sensing module and backup and relay modules merged. One the left

image is the inside of the device with the battery on the left and Arduino Nano board, micro-SD card module,

solar charger module, RS485 to UART bridge and regulator on the right. On the right image is the DAQ with
a connected soils sensor automatically collecting data and saving it on an micro-SD card.

CONCLUSION

In conclusion, the developed Arduino-based measurement device offers a cost-effective and reliable
solution for long-term environmental monitoring in remote locations. The system's design addresses key
challenges such as power consumption, sensor integration, and data transmission. By leveraging open-
source hardware and software, the solution is accessible and customizable, making it suitable for various
research applications, particularly in budget-constrained settings. Future work will focus on field testing,
further optimization of power management, and exploring additional sensor integrations to enhance the
system's versatility and reliability.
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BIOGAS PRODUCTION FROM FOOD PRODUCTION WASTE
TOMAS GIERTL!, JAN GADUS?, MICHAL ANGELOVIC!
! SPU v Nitre, Ustav pol'nohospodarskej techniky, dopravy a bioenergetiky

2 SPU v Nitre, Ustav prava a udrzatel'ného rozvoja

Abstract: The search for new input materials for biogas production is a very current topic. Many
operators of biogas stations are forced to limit the consumption of corn silage simply
because of the high price of the input raw material. The paper deals with the possibilities
of using alternative input materials for biogas production. We compared corn silage,
potatoes and cocoa bean husks. The results show that cocoa bean husks are a very
interesting material for biogas production. Biogas production is 150% higher than from
corn silage and the methane content of biogas is 13% higher.q|

Keywords: waste, electricity, energy, biogas

INTRODUCTION

Slovenska republika sa v ramci zavdzkov plynucich z jej €lenstva v Europskej unii zaviazala k uhlikove;j
neutralite do roku 2050 s cielom zvratit' neziadice dopady klimatickej krizy spdsobenej emisiami
sklenikovych plynov. UdrZateI'ny manazment odpadov je jednym z nastrojov ako moézu krajiny
vyznamne prispiet’ k naplneniu tohto ciela. Kym zdrojov sklenikovych plynov existuje niekol’ko, za
najvyznamnejsie sklenikové plyny sa povazuje oxid uhlic¢ity (CO:), metdn (CH4) a oxid dusny (NO2).
Prave produkcia metanu a jeho koncentracia v atmosfére v roku 2020 zalarmovovala vedecky svet,
nakolko nové zistenia ukdzali, Ze jeho koncentracia mnohonasobne prekracuje predoslé namerané
hodnoty, pricom vécSina ma antropogénny pdvod, teda pochddza z l'udskej aktivity (University of
Rochester, 2020). Podl'a odhadov EDF antropogénny metan v sti¢asnosti prispieva ku globalnemu
otepl'ovaniu az 25-imi percentami (Katz, 2021). Metan je mnohonasobne $kodlivejsi nez oxid uhli¢ity
kvoli jeho schopnosti zachytavat’ teplo, a teda prispievat’ k oteplovaniu nasej planéty. Teplo zadrziava
priblizne 28- az 36-krat ucinnejsie nez oxid uhlicity v ¢asovom horizonte 100 rokov, v kratkodobom
horizonte je to az 80-krat, pricom relativne vyhodnou je jeho kratka zivotnost’ v atmosfére v trvani 9
rokov (IPPC, 2014). Prave vd’aka tymto vlastnostiam moéze mat’ zo strednodobého hladiska znizenie
emisii metdnu najvyznamnejSi dopad v zmieriiovani globalneho oteplovania a klimatickej krizy
(Mathew, 2020).

Najvacsim zdrojom antropogénneho metanu je potravinovy systém, najméa zivoci$na vyroba, produkcia
uréitych plodin, ako napriklad ryza a v neposlednom rade odpad z potravin. Nielenze sa
pol'nohospodarska vyroba celosvetovo zintenziviiuje, ale aj mnozstvo skladkovaného odpadu
celosvetovo rastie a stava sa globalnym problémom, ktory méze do vyznamnej miery ohrozit’ nielen
kvalitu ovzdusia, ale aj kvalitu Coraz vzacnejsich prirodnych zdrojov - vody a pody. Prave spotrebitelia
a domdcnosti st vyznamnym producentom potravinového odpadu. Slovensko nie je vynimkou.
Na jedného Slovéaka podla studie FUSIONS (2017) pripada celkovo 163 kg, priCom domacnosti st
zodpovedné za 53 %. Vicsina z tohto odpadu sa pritom nachadza v zmesovom komunalnom odpade.

To, ze Slovenska republika si uvedomuje dosledky skladkovania organického odpadu, sa odrazilo aj na
jednom z cielov Programu predchadzania vzniku odpadov SR pre roky 2014 — 2018 ,,Znizovat’ vznik
BRKO (biologicky rozlozitelny komunalny odpad) a znizovat' podiel BRKO v ZKO (zmesovy
komunalny odpad)“ (MZP, 2014, str.40). Tento ciel' sa viak v danom ramcovom obdobi naplnit
nepodarilo, naopak, mnozstvo BRKO zaznamenalo narast (Odpady Portal, 2021). Napriek relativne
nahlemu plosnému zavedeniu zberu BRKO ide o komplexnt problematiku zhodnocovania vyznamnych
zdrojov energie a zivin, ktora nema len lokalny, ale aj regionalny, ¢i dokonca ndrodny a nadnarodny
vyznam.
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MATERIALS and METHODOLOGY

Pre cely realizovania porovnavacich testov vydatnosti réznych zmesi vstupnej biomasy na SPU v Nitre
su vyuzivané experimentalne fermentory pre tzv. davkové (batch) pokusy s nasledovnymi zakladnymi
parametrami: fermentor s dvojitym plastom, &istym objemom 100 dm’, s elektrickym ohrevom
vykurovacej vody, s digitalnou regulaciou teploty s presnost'ou + 0,5 °C a elektrickym pomalobeznym
mieSadlom s moznostou nastavovania ¢asu mieSania a prestavok (12 cyklov za def v trvani 20—

30 minat).

Vyprodukované mnozstvo bioplynu sa kontinualne meria a zaznamenava plynomerom pre malé
prietoky Ritter s automatickym zaznamom vyuzivajuc software RIGAMO. Fermentor je vybaveny
uzavermi umoziujucimi odber substratu pocas experimentu k realizovaniu chemickych rozborov, ako
aj na analyzovanie zloZenia produkovaného bioplynu (Obrazok 1). Usporiadanie experimentalnych
fermentorov s plynomermi je znazorneny na Obrazku 2.
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Obriazok 1 Technologické schéma experimentalneho fermentora 100 1

Kazdy experiment zamerany na zistovanie vydatnosti bioplynu skiimaného substratu je realizovany
v dlzke 600 hodin. Po nadavkovani skimaného materidlu do fermentora a doplneni inokulom
(odobratym z prevadzkového fermentora bioplynovej stanice) su realizované analyzy vzoriek bioplynu

z bioreaktora — merané su nasledovné parametre v zmysle prijatej metodiky:

a. TF

— teplota vo fermentore (°C).

a v kazdy den pokusu su realizované analyzy zlozenia produkovaného bioplynu:

a. CHs — metén (obj.%),

b. CO; — oxid uhliéity (0bj.%),
c. H,S — sirovodik (ppm),

d. Oz — kyslik (0bj.%).

Okrem toho denne je stanovovana produkcia bioplynu:

a. PBP
b. KPBP

— prietok bioplynu (dm*.h"),
— kumulativna produkcia bioplynu (dm?), realizovana automaticky,

26



TECHNOFORUM 2024 , New Trends in Machinery and Technologies for Biosystems*

Obrazok 2 Usporiadanie 100 1 fermentorov s plynomermi

S cielom hl'adat’ mozné alternativne vstupné materialy pre produkciu bioplynu boli vyskumu podrobené
ako vstupné materidly odpady =z potravinarskej vyroby a porovnavali sa s produkciou bioplynu
z kukuri¢nej silaze (Tabulka 1).

Tabul’ka 1 Testovana vstupna biomasa pre produkciu bioplynu

Biomasa Zemiaky Supyll)(g;(:‘(l)vych Kukuri¢na silaz
MnoZzstvo (kg) 2 2 2

Vstupné suroviny boli bez uprav nadavkované do fermentorov a doplnené inokulom odobratym
z fermentora bioplynovej stanice v objeme 98 dm?®. Po uzavreti fermentora bol nastaveny automaticky
rezim kontroly ohrevu na teplotu 40 °C + 1 °C, ako aj automaticky rezim zaznamu kumulativnej
produkcie bioplynu v riadiacom programe plynomeru pre malé mnozstva. Hodnota produkcie bioplynu
sa zaznamenavala kazdu hodinu. Raz denne boli uskuto¢iiované analyzy produkovaného bioplynu.
Vysledkom experimentu je grafické zndzornenie produkcie bioplynu a grafické zndzornenie
chemického zlozenia bioplynu.

RESULTS and DISCUSSION

Kumulativnu produkciu bioplynu (KPBP) vybranych materidlov je vidiet Obrazku 3. Celkovo bolo
z testovanej vstupnej biomasy ,,Zemiaky 2 kg + inokulum 98 dm*‘ vo fermentore vyprodukovanych za
600 hodin 260 dm® bioplynu. Zo vstupnej biomasy ,,Supy kakaovych bobov 2 kg + inokulum 98 dm*“
bolo celkovo vyprodukovanych 1231,5 dm® *zo vstupnej biomasy ,,Kukuri¢na silaz 2 kg + inokulum

98 dm** bolo celkovo vyprodukovanych 590 dm? bioplynu.
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Obrazok 3 Kumulativna produkcia bioplynu

Obrazok 4 znazoriuje prietok bioplynu (PBP) pocas experimentu. Maximalny prietok bioplynu nastal
vo vSetkych pripadoch v priebehu prvych 72 hodin. V pripade kukuri¢nej silaZe to bolo 5,64 dm®.h,
v pripade $up kakaovych bobov 5,6 dm*.h™' @V pripade zemiakov 2,61 dm?.h™!. Nasledne prietok bioplynu
klesal a nedochadzalo k vyraznym zmenam v prietoku az do ukon¢enia experimentu.
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Obrazok 4 Prietok bioplynu

Obrazok 5 znazoriiuje obsah metanu v bioplyne. Obsah metanu v bioplyne sa vyvijal odlisne vo
vSetkych troch pripadoch. V pripade zemiakov sa obsah CH4 zvySoval prvych 120 hodin na hodnotu
70 % CH,, Dalsich 120 hodin bol obsah CHy4 v rozsahu 68 az 72 %. Od 240-tej hodiny obsah CH, klesal
az do ukoncenia experimentu, na hodnotu 56 % CHa. V pripade Sup kakaovych bobov sa obsah CHs
zvysil pocas prvych 120 hodin na hodnotu 62 %. Maximalny obsah CH4 bol dosiahnuty po 240-tich
hodinach, kedy bola dosiahnuta hodnota 69,8 %. V stadii o alternativnej energii Redjeki (2013) vhodnou
kombinaciou ¢okolddovej kory a vody dosiahol obsah metanu 74,22 %, o je priblizne o 4 % viac
v porovnani s nami dosiahnutymi vysledkami. Dalej, az do ukonéenia experimentu sa obsah CH,
pohyboval medzi hranicami 67,3 % az 68,9 %. Kukuri¢na silaz dosiahla maximalny obsah CH4 62,5 %
po 72 hodinich od zagiatku experimentu. Dalej obsah CH, klesal a po 240-tich hodinach, az do
ukoncenia experimentu sa pohyboval medzi hranicami 48 % a 52,8 %. Podobny obsah metanu (54,6 %)
stanovil Thiago Da Silva (2016).
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Obrazok 6 znazoriuje obsah CO; v produkovanom bioplyne. Na zac¢iatku experimentu dosahuje obsah
CO; hodnoty okolo 62 % vo vsetkych troch skimanych materialoch. Uvadzany vyvoj produkcie CO,
v bioplyne koresponduje s vyvojom tak, ako ho popisuje Straka (2003).

70
==Zemiaky
60 ——Supy kakaov{ch bobov
X 50 = Kukuri¢na silaz
=
S'40
S 30
3
3 20
10
0
0 120 240 360 480 600

Cas, h
Obrazok 6 Obsah CO; v bioplyne

Proces tvorby bioplynu sa uskuto¢nil v anaerobnych podmienkach, to znamena bez pristupu kyslika.
Analyzy bioplynu preukazali, ze pocas experimentov bol kyslik pritomny do 0,5 % (Obrazok 7).
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Neziadiicim komponentom v bioplyne je H»S. Spdsobuje kordziu a znizuje zivotnost’ spalovacich
motorov. Ako je zndzornené na Obrazku 8, na zaCiatku experimentov boli zaznamenavané vysSie
hodnoty. Bioplyn zo zemiakov obsahoval 1500 ppm H,S, bioplyn z Sup kakaovych bobov
1 300 ppm H>S a bioplyn z kukuri¢nej silaze obsahoval 874 ppm H»S. V priebehu 120 hodin bol obsah
H,S pod 1000 ppm pri vSetkych troch skiimanych vzorkach. V dalich hodinach uz nebol zisteny
prudky pokles H,S. Priemerny obsah H,S v bioplyne zo zemiakov bol 601 ppm, z $up kakaovych bobov
446 ppm, z kukuri¢nej silaze 409 ppm.
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CONCLUSION

V sucasnosti sa na produkciu bioplynu na Slovensku vyuziva najcastejSie kukuri¢né silaz (podla statistik
viac ako 80 %), a to sposobuje opakované pestovanie kukurice na tych istych poliach niekol’ko rokov.
Jeden z problémov je, Ze pri monokulturnom pestovani kukurice (na zrno, silaz, bioplyn) sa zvysil podiel
burin, na ktoré nedostato¢ne zaberaju herbicidy. Preto je dolezité hl'adat’ iné vstupné suroviny, ktoré
nebudi naruSovat’ striedanie plodin (osevny postup) anebudd v konkurencii s potravinami.
Z uvedenych experimentov vyplyva, Ze je mozné pouzit’ ako nahradu za kukuri¢nu silaz aj odpadové
zemiaky a Supy kakaovych bobov, ktoré nie je mozné pouZit’ ako potraviny. Zemiaky produkovali menej
bioplynu ako kukuri¢na silaz, ¢o znamena, Ze pre dosiahnutie rovnakého vykonu kogenerac¢nej jednotky
je potrebné vyssie mnozstvo vstupnej suroviny. Pozitivne je, Ze priemerny obsah metanu je o 8 % vyssi
ako pri kukuri¢nej silazi. Vyhodou pouzitia $tp kakaovych bobov je, Ze je vyssia produkcia bioplynu
v porovnani s kukuri¢nou silazou a aj obsah metanu v bioplyne je o 13 % vyssi, ¢o pozitivne ovplyviiuje
spotrebu plynu spal’ovacieho motora. Vzhl'adom k vys$Siemu obsahu sirovodika v bioplyne vo vSetkych
troch skiimanych materialov, je potrebné zabezpecit’ odsirovanie bioplynu.

REFERENCES

KATZ, CH., 2021. The search for the world’s largest methane sources. Online. Dostupné na:
https://www.bbc.com/future/article/20210805-the-search-for-the-worlds-largest-methane-sources
[datum citovania 2024-05-19]

MATHEW, R., 2020. A4 Rising Problem: Methane More Dangerous than Previously Thought. Online.
Dostupné na: https://ramapolookout.blogspot.com/2020/04/a-rising-problem-methane-more-
dangerous.html [datum citovania 2024-04-09]

MZP SR, 2014. Program predchddzania vzniku odpadu SR na roky 2014-2018 . Online. Dostupné na:
https://www.minzp.sk/files/sekcia-enviromentalneho-hodnotenia-riadenia/odpady-a-obaly/regi _stre-a-
zoznamy/ppvo-vlastnymaterial.pdf [zobrazené 2024-05-09]

30


https://www.bbc.com/future/article/20210805-the-search-for-the-worlds-largest-methane-sources
https://ramapolookout.blogspot.com/2020/04/a-rising-problem-methane-more-dangerous.html
https://ramapolookout.blogspot.com/2020/04/a-rising-problem-methane-more-dangerous.html
https://www.minzp.sk/files/sekcia-enviromentalneho-hodnotenia-riadenia/odpady-a-obaly/regi%20stre-a-zoznamy/ppvo-vlastnymaterial.pdf
https://www.minzp.sk/files/sekcia-enviromentalneho-hodnotenia-riadenia/odpady-a-obaly/regi%20stre-a-zoznamy/ppvo-vlastnymaterial.pdf

TECHNOFORUM 2024 , New Trends in Machinery and Technologies for Biosystems*

ODPADY PORTAL, 2021. Slovensko stile nespliia eurdpske ciele o odpadoch. Online. Dostupné na:
https://www.odpady-portal.sk/Dokument/105873/slovensko-stale-nesplna-europske-ciele-o-
odpadoch.aspx [zobrazené 2024-04-09]

REDIJEKI, S., TRIANA, N.W., IRIANI, UTAMI, 1., 2013. Alternative energy biogas from chocolate
rind. Procedia - Social and Behavioral Sciences. Online. Volume 103. 13th International Educational
Technology Conference. Dostupné na: https://doi.org/10.1016/j.sbspro.2013.10.312 [datum citovania
2024-04-09]

STRAKA, F., 2003. Bioplyn. Riany: GAS s.r.o. 517s. ISBN 80-7328-029-9

DA SILVA, T., SANTOS, E.M., 2016. Advances in Silage Production and Utilization. Online. London:
IntechOpen. 206 s. Dostupné na: http://dx.doi.org/10.5772/61574. ISBN 978-953-51-2777-2 [datum
citovania 2024-04-09]

UNIVERSITY OF ROCHESTER, 2020. Methane emitted by humans vastly underestimated. Online.
Dostupné na: https://www.sciencedaily.com/releases/2020/02/200219113746.htm [datum citovania
2022-04-09]

31


https://www.odpady-portal.sk/Dokument/105873/slovensko-stale-nesplna-europske-ciele-o-odpadoch.aspx
https://www.odpady-portal.sk/Dokument/105873/slovensko-stale-nesplna-europske-ciele-o-odpadoch.aspx
https://doi.org/10.1016/j.sbspro.2013.10.312
http://dx.doi.org/10.5772/61574
https://www.sciencedaily.com/releases/2020/02/200219113746.htm

TECHNOFORUM 2024 ,New Trends in Machinery and Technologies for Biosystems*

MANAGEMENT OF THE WINE FILTRATION PROCESS IN A WINERY
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Abstract: The article is focused on assessing the efficacy of two different types of wine filtration
equipment. The measurements were carried out on aplate filter (Jolly 30) and
diatomaceous earth filter (Velo FOB 2). The chosen company is Velkeer 1113, s.r.0., which
is based in the village of Velky Kyr in the Nitra wine region. Four varieties of wine were
used as samples (Devin, Gewurztraminer, Dunaj and Alibernet). Filtration of these varieties
were further carried out on wine in various stages of processing (initial filtration, primary
fermentation, fined with bentonite, malolactic fermentation, final filtration). In the present
work we introduced time-frames for the different operations (primetime filtration, time to
overcharge filter, time for maintenance or machine preparation, time to remove defects,
time for rest). Comparing the results, we found that the best wines were achieved through
single filtration and that the diatomaceous earth filter was more efficient than the plate
filter.

Keywords: filtration, wine, plate filter, diatomaceous earth filter

INTRODUCTION

Utelom lisovania je oddelenie mustu od rmutu, ktoré moze byt vykonané mechanicky — tlakom alebo
odstredivou silou. Uginnost’ procesu je ovplyvnena predovietkym druhom lisovacieho zariadenia,
konzistencie lisovaného materialu (odroda), stupiiom zrelosti, spdsobom spracovania pred lisovanim
(drvenie, odstopkovanie, maceracia), hrubkou lisovacej vrstvy apoétom lisovacich cyklov (Burg,
Zemanek, 2014). OSetrovanie a Skolenie vina su vSetky upravy, ktoré zlepsia trvanlivost’, chut’, vzhl'ad
a buket vina (Jobbagy, Findura, 2013).

Filtracia je technologicka operacia, ktorej ucelom je odstranit’ z vina neziaduce Castice (kaly, kalotvorné
latky, koloidy ai.), ktoré sa vo vine nachadzaju. Filtracia znamena cedenie vina cez jemné porovité
materialy (Kunova, Lopasovsky, 2015). Pre filtraciu sa aplikuju rozne filtre ako napr. tlakové
naplavovacie, tlakové vlozkové a pod. (Filtracia, 2018). Na material pouzity na filtraciu vina sa klada
vel'ké naroky. Ddlezita je jeho indiferentnost’ tj. nesmie vplyvom alkoholu alebo kyselin nic¢
odovzdavat’ do vina a z druhej strany, nesmie vino ochudobiovat’ o chutové a aromatické latky. Okrem
pouzitia vhodného druhu filtracnej latky je rozhodujtci aj typ filtraného zariadenia a druh vina.
NezanedbateInym faktorom je tiez vykon filtracie a spotreba filtraéného materialu. Filtra¢na latka musi
byt I'ahka, aby pri nanasani na filtraény element nedochadzalo k sedimentacii. Aby mala filtra¢na
schopnost’, musi byt tiez mikropdrovita a mat’ také zlozenie, aby nevyzadovala nakladné tipravy. Musi
byt dobre sudrznd, ale nemoze byt mastna ani lepkava (Kunova, Lopasovsky, 2015).

Hlavnym ciel'om prispevku bolo postdit’ celkovy proces riadenia vyroby vina vo vybranom vinarskom
podniku.

MATERIALS and METHODOLOGY
Vinarsky podnik Velkeer 1113, s.r.o.

Rodinné vinohradnictvo a vinarstvo Velkeer 1113, s.r.o. je slovenska vinarska spolo¢nost
zameriavajica sa vyrobou prémiovych vin. Spolo¢nost’ posobi na trhu od roku 2011 a opiera sa
o viacgeneracnu tradiciu vyroby vina rodiny, ktora siaha az do 18 - teho storocia.
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Celkova vymera vlastnych vinohradov predstavuje viac ako 10 ha, pricom sa tieto vinohrady nachadzaju
v jednej z najlep$ich oblasti na pestovanie hrozna na Slovensku — v Nitrianskej vinohradnickej oblasti.
Najvacsiu rozlohu vo vinohradoch predstavuju odrody Rizling Rynsky a Rizling Vlassky, ktoré st pre
tato oblast’ historicky vyznamné. V mladej vysadbe ma vinarstvo vysadené aj slovenské novoslachtence
ako Dunaj a Devin, ktoré sa prezentuju vysokym potencialom.

Priemerna ro¢na produkcia vinarstva je 40 000 flias§ vina, tieto fl'ase su vd’aka distribuénym kanalom
umiestiované na celom svete. Na zaklade filozofie rodiny a manazmentu podniku sa produkty
neumiestiiuju do nakupnych retazcov, flaSe slogom Velkeer 1113 je mozné si zakupit' len
v $pecializovanych predajniach, vo vinotékach, a v HORECA zariadeniach.

Filtracia

Filtrovanie sa vykonava bud’ na kremelinovom filtri Velo Fob 2 alebo na doskovom filtri Jolly 30.
Technické parametre st uvedené v tabulke 1 a v tabulke 2. Casové snimky sa vykonavali pre tieto
pracovné operacie:

t; — hlavny ¢as filtracie,

t, — Cas na prebitie filtra,

t3 — Cas na udrzbu alebo pripravu stroja,
t4 — Cas na odstranenie portch,

ts — ¢as na odpocinok.

Tabul’ka 1 Technické parametre filtracného zariadenia

Filter Kremelinovy filter Velo FOB 2
Vyrobca VeloAcciaiS.r.l
Priemerny prietok, 1.h! 3000
Maximalny pracovny tlak 6 atm.
Filtra¢na plocha, m? 2
Maximalny vykon 3,25 kW
Rozmery (d . § . v), mm 1650 x 900 x 1710
Hmotnost’, kg 200
Pozity filtracny material KremelinaBecoGur 3500

Tabul’ka 2 Technické parametre filtracného zariadenia

Filter Doskovy filter Jolly 30
Vyrobca MORI-TEM Srl
Model Jolly 30
Pocet dosiek 31
Rozmer dosiek, cm 20x20
Filtra¢na plocha, m? 1,2
Vykon, Prietok, L.h™! 900
Hmotnost’, kg 43
Pozity filtraény material Filtra¢né dosky BecoPad 450
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Obrazok 1 Vinohrady Velkeer 1113, s.r.0.
RESULTS and DISCUSSION
Charakteristika odrod hrozna
Odrody, ktoré sme pouzili ako vzorky pri filtrovani sit Devin, Tramin ¢erveny, Dunaj a Alibernet.

Devin. Vina odrody Devin su aromatické, muskatovo — kvetinovo—korenisté. Vznikla v roku 1958
krizenim Traminu Cerveného s Veltlinskym cerveno-bielym, ktoré na Vyskumnou ustave
vinohradnickom a vinarskom v Bratislave uskutoc¢nila pani Ing. Dorota Pospisilova PhD. V sucasnosti
sa na Slovensku pestuje na priblizne 75 ha, ¢o predstavuje 0,49 % plochy. Uznana bola u nas v roku
1997 a v Ceskej republike od roku 1998.Pre vysadbu st vhodné svahovité pozemky, s vel'mi dobrou
expoziciou na slnecné ziarenie. Je narocna na pddne podmienky, neznasa suché lokality. U Devinu
s stretavame i s akostnymi vinami. Pre tiito odrodu s v§ak vhodnejSie privlastkové vina a nezriedka sa
vyskytuju aj najvyssie kvalitativne stupne s hroznom napadnutym uslachtilou formou Sedej hniloby.
K vyrobe vina sa odporuc¢a metoda kratkej maceracie za icelom zvySovania uvolfiovania aromatickych
muskatovo-kvetinovych latok obsiahnutych v Supkach bobul'. Aromaticky prejav moze byt zvyrazneni
vyberom vhodného kmena kvasiniek. U suchych vin byva aréma ¢asto nevyrazna a zastreta vysokym
obsahom alkoholu (14-16 obj. %). Preto je pri vinach vyrobenych s hrozna o vysokej cukornatosti
vhodné nenechat’ prekvasit’ vino do sucha a tym smerovat’ k dosiahnutiu harmoénie medzi cukrom,
kyselinami a aromatickym charakterom vin (Devin, 2018).

Obrazok 2 Kremelinovy a doskovy filter

Tramin ¢erveny. Vina z Traminu ¢erveného st vyrazne aromatické s ovocnymi tonmi pripominajucimi
tropické plody. Povod tejto starej kulturnej odrody je znacne nejasny. Prvotnym predpokladom bolo, ze
sa jedna o starti odrodu pochadzajucu z Grécka. V 15. storoci je potvrdeny jej vyskyt v obci Tramino
v juznom Tirolsku. Je typickou odrodou severnych vinohradnickych oblasti. V Eurdpe je rozsireny vo
franctizskom Alsasku, v Nemecku, Rakusku, severnom Taliansku, Slovinsku, Chorvatsku, Mad’arsku,
Rumunsku, na Ukrajine a v Moldavsku. Na Slovensku sa pestuje na 2 % z vinohradnickych pléch, ¢o
predstavuje 318 ha. Zaregistrovany bol v roku 1941. Poziadavky na pestovatel'skil polohu st vel'mi
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vysoké. VyZzaduje polohy chranené pred vetrom a najma v obdobi kvitnutia vyzaduje dostatok tepla. Ma
vysoké naroky aj na pddu. Vyzaduje hlboké, I'ahko zahrevné a Grodné pody. Najlepsie su hlinité pody
s nizkym obsahom vapnika. Tramin ¢erveny je odrodou pre vina vSetkych akostnych kategorii
a predovsetkym pre odrodové vina.Pri technoldgii vyroby je opidt velmi dolezité prevedenie
kratkodobej maceracie pri riadenych teplotach, ktora napomodze lepSej extrakcii aromatickych
a chutovych latok. Vyroba vina u Traminu by mala smerovat’ i k dosiahnutiu vysokého extraktu vo
vinach. Preto je vhodné iba jemné odkalenie, aplikacia Cistej kultary kvasiniek a kvasenie pri teplotach
okolo 20 °C.Vyrazne aromatické vina sa mozu ziskat’ metdédou chladného kvasenia. U tychto vin v§ak
¢asto chyba chutova plnost’, preto je vhodna predovsetkym pre akostné a kabinetné vina (Tramin, 2018).

Dunaj. Dunaj je vel'mi kvalitna odroda. Dava vina tmavocervenej farby, s vyraznou chutovou plnostou.
V chuti avoni su tony prezretych Ceresni a visni, ktoré prechadzaju az do velmi zaujimavych
cokoladovych tonov. Odrodu vyslachtila vo Vyskumnom ustave vinohradnickom a vinarskom
v Bratislave D. PospiSilova. Pochadza z trojitého krizenia odréd (Muskat Bouchet x Oportox
Svitovavrinecké). Pestuje sa iba u néas a okrajovo v CR. Na Slovensku tvori 0,024 % vinohradov.
Uznana bola v roku 1997. Na polohu je nenaro¢ny. Vo vynikajtcich lokalitach vSak poskytuje velmi
kvalitné ¢ervené vina. Na pddu je stredne naro¢ny. Nie su vhodné vylozene vysu$né pddy, ale tiez ani
vel'mi vyzivné a vodozdrzné. Hrozno odrody Dunaj sa ¢asto zbera vo vyss§ich privlastkovych stupnoch.
Vhodné je zrenie vina v dubovych sudoch. Vina maji vyrazny ovocny charakter a preto je menej vhodné
vyuzitie barikovych sudov. Dunaj je vel'mi kvalitnd odroda. Dava vina tmavocervenej farby, s vyraznou
chutovou plnostou (Dunaj, 2018).

Alibernet. Alibernet je modra mustova odroda, ktor zaradujeme do skupiny farbiarok, t.j. odrod, ktoré
obsahuju antokyaninové farbiva nielen v Supke ale aj v duzine. Vznikla v roku 1950 v Ukrajinskom
vedeckom ustave vinohradnickom a vinarskom v Odese, krizenim odrod AlicanteBouschet
x CabernetSauvignon.Alibernet sa doposial’ vel'mi nerozsiril. V sucasnosti zabera 0,63 % celkovej
plochy vinohradov v SR. Zaregistrovana bola v roku 1975.Patri medzi odrody naro¢né na stanoviste.
Idealne su svahovité pozemky s juznou alebo juhozapadnou expoziciou. Hodi sa iba do teplejsich
oblasti. Vyzaduje pody dobre zasobené zivinami, dostatoCne zahrevnéa s dobrym vodnym
hospodarenim. Pri kvalitne vyzretej surovine je mozné vyuzit i priame lisovanie hrozna, bez akejkol'vek
macerécie. V ostatnych pripadoch potom dizku maceracie uréujeme podl’a charakteru vina ktoré chceme
ziskat’. Pri vyrobe vina musi ist najmi o harmoéniu farebnosti a chutového dojmu vina, nie o ziskanie
¢o najtmavsieho vina, av§ak s vel'mi ostrou trieslovinou v chuti. Alibernet je farbiarka, ale je v nej citit’
kabernetovy charakter. Preto je vhodna iba na prifarbovanie kabernetovych odréd. Pouziva sa aj na
vyrobu odrodovych vin, ¢o je rozSirené najma u nas (Alibernet, 2018).

Zhodnotenie filtracie

Devin: Z vypocitanych ukazovatel'ov vyplyva, ze celkovy cas filtracie bol pri odrode Devin — viac ako
2,5 h (stoceny z kvasenia), z ¢oho Cisty Cas filtracie Cinil 1,5 h. Zostatkovy ¢as pozostaval z roznych
pracovnych operacii ako napr. ¢as na ivodnu sanitaciu, priprava a instalcia stroja, organiza¢né prestoje,
¢as potrebny na prebitie filtra, technické poruchy a koncova sanitacia stroja. Vykonnost’ pri tomto
vybranom vine bola u doskového filtra 0,67 m*.h'. Na druhe;j strane, vykonnost' u kremelinového filtra
pri odrode Devin bola 1,82 m*.h! (sto¢eny z kvasenia). V porovnani s tou istou odrodou a tiprave vina,
ale uz filtrovanom na kremelinovom filtri, ¢inil celkovy ¢as ukonu vyse 4 h a Cisty ¢as filtracie bol vyse
2 h. Z tychto nameranych vysledkov sme zistili, Ze hoci nam jednotlivé operacia a samotna filtracia
u kremelinového filtra trvala dlhsie, vykonnost' bola skoro trikrat vyssia (obr. 4a). Vykonnost, pri
filtracii kremelinovym filtrom u vina jedenkrat filtrovanom, bola efektivnejsia o 70 %, u vina sto¢eného
z bentonitu o 68 % a u vina stoceného z kvasenia o 63 %. Najdlhsi pracovny tkon sa zaznamenal pri
filtracii vina stocen¢ho z kvasenia na kremelinovom filtri. Pri tejto filtracii nepriSlo k ziadnym
technickym alebo technologickym porucham. Cas t5 bol nulovy pri kazde;j filtracii (obr. 5a).

Tramin cerveny. Vykonnost pri filtracii kremelinovym filtrom u vina jedenkrat filtrovanom bola
efektivnejSia o 71 %, u vina stoceného z bentonitu 0 68% a u vina sto¢eného z kvasenia 0 65% (obr. 4b).
Najdlhsi pracovny tkon cinila filtracia vina sto¢eného z kvasenia na doskovom filtri. Podrobnejsie
vysledky st uvedené na obr. Sb.
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Dunaj: Vykonnost pri filtracii kremelinovym filtrom u vina jedenkrat filtrovanom bola efektivnejSia
0 68 %, u vina dvakrat stoc¢ené¢ho 0 63% a u vina sto¢en¢ho z jablkovo — mliecnej fermentéacie o 62 %
(obr. 6a). Pri uvedenej odrode cinil najdlhsi pracovny tkon pri filtracii vina stoc¢eného z jablkovo —
mliecnej fermentacie na kremelinovom filtri. NajdlhSia bola operacia samotnej filtracie. Pri tejto filtracii
neprislo k ziadnym technickym alebo technologickym porucham, preto ¢as t4 je nulovy.

Alibernet: Na obr. 6b je uvedené porovnanie vykonnosti u kremelinového a doskového filtra pre odrodu
Alibernet. Vykonnost pri filtracii kremelinovym filtrom u vina jedenkrat filtrovanom bola efektivnejSia
0 74 %, u vina dvakrat sto¢eného o 72 % a u vina sto¢ené¢ho z jablkovo — mlie¢nej fermentacie o 70 %.
Opét’ bola najdlhsie operacia samotnej filtracie, za fiou pokracuje samotnd priprava a udrzba stroja.

Najmensie zastipenie mala ¢asova zlozka odstranenia portch. Cas t5 bol nulovy aj pri tejto vykonanej
filtracii.

V stcasnosti sa v8ak Coraz viac zacina pouzivat’ tangencialna filtracia tzv. cross-flow filtracia. Patri
k najprogresivnej$im postupom separacnych technik, pretoze umoziuje dosiahnut’ produkt vysokej
Cistoty a kvality. Velky vplyv na kvalitu filtracie ma zlozenie a stav vina. StarSie vina, v ktorych je uz
vacsina koloidnych Castic vyzrazana, sa filtruje pomerne jednoducho. Mozno tu dosiahnut’ maximalny

vykon a rychlost’. Mladé vina s vysokym obsahom bielkovin a slizovitych 1atok sa filtruji horSie a na
filtraciu sa pouziva filtracia kremelinou (IlleSova, 2010).

Obrazok 3 Odrody hrozna (zl'ava, Devin, Tramin ¢erveny, Dunaj, Alibernet)
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Filtracia je separacna az vysoka technika, pricom pomocou nej mozno rozdelit’ pevné Castice suspenzie
od tekutého podielu prietoku cez poréznu vrstvu filtracného materialu (Balik, Stavek, 2017). Prietok
kvapaliny je zaisteny rozdielom tlakov vznikajicich na oboch stranach filtra¢nej vrstvy. Tlak zavisi od
typu filtra a ucelu filtracie, rovnako ako na koncentracii a vlastnosti filtrované suspenzie. Ide prakticky
o posledné manipulacie s vinom pred jeho plnenim do flias. Vlozkova filtracia sa pouziva k ostrej
filtracii priamo pred plnenim do flia§ (Farkas, 1980). V oblasti vinarstva sa vyuziva filtracia k oddeleniu
kalov, kalotvornych latok nebo mikroorganizmov. Podl'a spdsobu snimania pevnych Castic na povrchu
filtragného materialu sa filtracia deli povrchovii a hibkova (Fic, 2015). Na material pouzity k filtracii sa
kladu velké naroky. Ddlezita je jeho indiferentnost’ t.j. nesmie vplyvom alkoholu alebo kyselin ni¢
odovzdavat' do vina az druhej strany, nesmie vino ochudobnovat o chutové a aromatické latky
(Hronsky 2006). Podl'a Sauera (1966) znamena filtracia cedenie vina cez jemne pérovité materialy.
Filtracia ma za ucel vino vy¢istit, aby bolo vino iskrivo ¢isté. Rychlost’ filtracie zavisi od pdorovitosti
a kvality pouzivanych filtracnych hmoét. Malik (1994) tvrdi ze na flaskovanie sa vyzaduje dokonalé,
vyskolené, iskrivé a stabilizované vino. Plnenie je oznacované ako staCanie tekutin do flias, pri ktorom
je treba v kratkom ¢asovom obdobi dosiahnut’ plnenie flaSe pozadovanym mnozstvom tekutiny, bez
strat a vSetkych skodlivych vplyvov.

CONCLUSION

V podniku Velkeer 1113 s.r.o. bolo nasim cielom zhodnotit’ efektivnosti doskového a kremelinového
filtra, kde sme sa zamerali na ¢asové a vykonnostné parametre. Pri porovnavani odrdd a vin, ktoré boli
rozne filtrované (jedenkrat filtrované, dvakrat filtrované, stocené z kvasenia a pod.) sme sa zamerali na
odlisné Casy (hlavny Cas filtracie, ¢as na prebitie filtra, ¢as na udrZzbu alebo pripravu stroja, ¢as na
odstranenie poruch, ¢as na odpoc€inok), z ktorych sme uviedli aj ¢asové snimky. U vSetkych Styroch
odrod (Devin, Tramin ¢erveny, Dunaj a Alibernet) bol Cas t» pri vine jedenkrat filtrovanom nulovy,
pretoze sa tam nemusel prebijat’ filter, ¢i sa jednalo o doskovy alebo kremelinovy filter. Pocas filtrovania
sa u niektorych odrod vyskytli aj technické poruchy napr. zle uzatvorené dvierka na nadrzi, ¢o bol
dosledok zlého tesnenia, kde sa vietko muselo vy&erpat’ a znova zavriet'. Cas t5, ktory bol uréeny ako
¢as na odpocinok, bol pocas nasho merania vzdy nulovy.

V podniku Velkeer 1113, s.r.0. sa zameriavaji na vyrobu kvalitnych prémiovych vin a preto sa snazia
filtraciu robit’ ¢o najSetrnejSiu. Pri porovnani vykonnosti filtratnych zariadeni bola vykonnost’
u kremelinového filtra vzdy vysSia, hoci tam boli aj vysSie objemy.
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POSSIBILITIES OF USING BIOCHAR FROM BIOMASS
LUBOS KUDELA, JURAJ MAGA, JAN JOBBAGY, ADAM TKAC

Ustav pol'nohospodarskej techniky, dopravy a bioenergetiky, TF, SPU v Nitre

Abstract: The aim of the paper was to assess the possibilities of using biochar from biomass, where
the input products were material from wood chips of basket willow from a school farm in
Kolinany. The object of the investigation was the substrate for the cultivation of sown
pickling cucumbers (Charlotte F1 variety) and sown salad cucumbers (Superstar F1
variety). The study was carried out for 55 days and biochar was mixed with the substrate
at concentrations of 0%, 5%, 10%, 15%, 20% and 25%. Cucumbers were sown in prepared
mixed substrates with biochar. The retention capacity of the prepared substrate and the
response of the crop were also monitored. The results show that the constituent status of
the substrate (percentage of biochar) has a significant effect on the growth of the seedlings.
The greatest effect (pickling cucumbers) was observed at 20% biochar content. In the case
of sown cucumbers, the highest influence was observed when the growth was grown with
5 % biochar in the soil.

Keywords: biochar, biomass, water retention, cucumbers

INTRODUCTION

Biouhlie je forma dreveného uhlia, ktora je bohata na uhlik, produkovana ohrievanim organickej hmoty
v prostredi bez pristupu kyslika, pripadne s jeho vel'mi nizkym obsahom (Lehmann, et al. 2011). Tento
proces sa zjednoduSene nazyva pyrolyza. Biouhlie ma nespocetné kvantum prednosti pre
pol'nohospodarstvo, vratane zlepSeného zadrziavania vody, zvySenej pristupnosti zivin a klesania emisii
sklenikovych plynov, ¢o z neho prakticky robi putavii moznost’ pre udrzateI'né pol'nohospodarstvo,
pddne hospodarenie, ale takisto vytvara co najprijatelnejSie prostredie pre podne baktérie (Tan et al.,
2017). Biouhlie je druh dreveného uhlia ako aj organické palivo, vyrabané zahrievanim organického
materialu, ako je napriklad drevo ¢i zvySky plodin. Spravidla obsahuje nie menej nez 50 percent uhlika
(Ahmad a kol., 2014). Biouhlie ma mnozstvo fyzikalnych vlastnosti a mozno ho pouzit’ pre rdzne
aplikacie. Hlavné fyzikalne vlastnosti biouhlia su pérovitost’, povrchova plocha, hustota, pH a elektricka
vodivost’ (Lehmann a Joseph, 2009). Jednym z najdodlezitejSich aspektov tejto aplikacie je zvySenie
produktivity pody, najmi vd’aka zvy3enej dostupnosti podnych Zivin pre rastliny. Uginky, ktoré biouhlie
vyvolava v pdde, moézu spoOsobit mechanizmy, ktoré vedi ktransportu zivin k rastlindm a tym
k zlepSeniu urodnosti. Je zrejmé, Ze jednym z hlavnych mechanizmov, ktorymi biouhlie ovplyviuje
prisun Zzivin, je zvySenie obsahu organickych zivin vo forme nestabilnych organickych zlucenin.
Biouhlie sa spéja s pddou a poskytuje vysoko vyuziteI'né ziviny. Vzhl'adom na to, Ze pddy obvykle
obsahuju pomerne velké mnozstvo podnych organickych nutrientov, biouhlie obvykle prispieva len
obmedzenym mnozstvom zivin vzhl’'adom na ich celkovy obsah (Chan a kol. 2007).

Rastliny mézu vyuzivat’ len mala ¢ast’ z celkového mnozstva pédnych Zivin, ale aj takyto kratkodoby
prisun dostupnych zivin moéze zvysit produktivitu rastlin, zlepsit kvalitu rastlinnych tkaniv
a v kone¢nom désledku ovplyvnit kvalitu a mnozstvo organickej hmoty vstupujicej do pody (Major et
al., 2010).

Hlavnym cielom prispevku bolo analyzovat moznosti vyuzitia biouhlia z drevnych Stiepok viby
kosikarskej zo Skolského podniku v Kolifianoch. Okrem toho sa sledoval vplyv podielu biouhlia na
zadrziavanie vody v pode, d’alej rast priesad a dlzku respektive objem koreniového systému.

MATERIALS and METHODOLOGY

Pre dosiahnutie stanoveného ciel’a sme si museli stanovit’ metodiku, ktora pozostava z nasledovnych
bodov (technické parametre pristrojov tabul’ka 1 a tabul’ka 2):
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- priprava substratu s rdznym obsahom biouhlia,
- vazenie jednotlivych pomerov danych vzoriek za pomoci vahy Momert 6000 (obr.1),

- sejba vybranych plodin do pripravenych zmesi substratu a biouhlia (mnozstvo bolo postupne
vypocitané objemovo — 0 %; 5 %; 10 %, 15 %; 20 %; 25 %),

- podpora rastu uhoriek — UV lampa Gardloy (obr.1), chladné mesiace (januar, februar, marec —
nepriaznivé pocasie, nedostatok svetla, kratSie dni), 12hodinové intervaly pocas tmy dokazala
rastlinam vynahradit’ slne¢né ziarenie,

- aplikacia zavlahy (konkrétne bolo zaznamenanych presne 11 merani pri polievani zo zaciatku kazdy
deii, postupom Casu cca kazdy 2-3 den pri presnom mnozstve 10 ml vody za pomoci injekénej
striekacky),

- sledovanie vplyvu biouhlia na uhorky pocas siedmych dni bez zavlahy (pri tomto procese bola
korenova sustava starostlivo vybrata, umyta a nasledne skenovana),

- sledovanie korenovej stustavy uhoriek po siedmych diioch bez zavlahy,
- spracovanie jednotlivych vysledkov v programe Microsoft Excel.

Obrazok 1 Digitalna vaha Momert 6000, UV lampa Gardloy

Tabul’ka 1 Technické parametre vreckovej digitalnej vahy Momert 6000

Parameter Hodnota
Automaticka kalibra¢na funkcia Ano
Rozsah vazenia 500 g
Presnost’ vazenia 0,1g
Jednotky véaZenia g/oz/ozt
Displej LCD (8cm)
Sirka 120 cm
Vyska 20 cm
Hibka 85 cm
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Tabul’ka 2 Technické parametre vreckovej digitalnej vahy Momert 6000

Parameter Hodnota
Casovag 3,9, 12 hod.
Pocet LED diod 40
Napédjanie USB
Flexibilné ramena Ano
Farba vyzarovania Cervena a modra
Vykon 20 W 2 svetelné panely
Uhol sklonu Do 180°
Rozmery 68x12x7cm
RESULTS and DISCUSSION

Charakteristika rieSenej problematiky, priprava substrdtu

Biouhlie je jemnozrnny material podobny drevenému uhliu a vyréba sa procesom pyrolyzy. Pridava sa
napr. do pody, aby sa zlepsila jej kvalita. Jeho zloZenie je vel'mi podobné vstupnej biomase, s vynimkou
dusika. V&csinu tvori Cisty uhlik, ktory je vo velmi stabilnej forme a len zriedka sa udeje proces
nasledného €o i len Ciastoéného rozkladu. Ma vyrazny dosah na rast rastlin a ich Grodnost’, ¢o bolo
preukazané v roznych Stadiach (Ameloot, 2013).

Presnu aplika¢nt davku drevného biouhlia (5%, 10%, 15%, 20% a 25%, obr. 2) sa zabezpecila do
jednotlivych zmesi mnozstvom daného substratu prostrednictvom valcovej odmerky (priemer 3,6 cm
a vyska 2,4 cm). PouZzivané biouhlie bolo vyrobené zo Stiepky z rychlorasticich drevin v Skolskom
podniku SPU, Kolinany. Pouzita $tiepka bola vyhotovena konkrétne z viby kosSikarske;.

Obrazok 2 Priprava substratu, kontrola, podiel biouhlia 5%, 10%, 15%, 25 %
Typy pestovanych uhoriek

Pre nase vyskumné prace sme si vybrali ako objekt skimania druh uhorky siatej nakladacky, konkrétne
odrodu Charlotte F1 a druh uhorky siatej Salatovej, konkrétne odrodou Superstar F1. Uhorky boli po
zasiati polievané ,,v prvotnej faze* tj. prvych cca 10-15 dni v kazdodennom intervale rovnakym
mnozstvom vody 10 ml. Nasledne dochadzalo k miernemu zaplesneniu pody aj sledovanych uhoriek
siatych a z tohto dévodu bolo potrebné obmedzit’ prisun vody na vac¢si rozostup dni v tyzdni (cca 3—
4 dni). Pocas pokusov sa realizovalo aj jeden krat do tyzdia mierne prekyprenie pody, aby sa na vrchu
nevytvarala uz spominana plesen, ¢o by mohlo rast a vyvin ovplyvnit. Presné mnozstvo vody bolo
aplikované pomocou injekénej striekacky. Pracovna teplota v miestnosti bola udrzovana po cely ¢as
vyskumu nad 20 °C. Poloha rastlin bola kazdy deni menend, z dovodu rovnakého prisunu svetla.

42



TECHNOFORUM 2024 , New Trends in Machinery and Technologies for Biosystems*

Sledovanie vyvinu priesad uhoriek

Uhorky siate oboch druhov, teda druh Charlotte F1 aj druh Superstar F1, sme sledovali po dobu 55 dni,
pocas ktorych sa vykonalo celkovo 11 merani. Po¢as merani bol pomocou metra pozorovany postupny
rast vSetkych sadenic od téglika az po korunku a tento proces bol tiez fotograficky zdokumentovany
(obr. 3). Merané parametre rastovych dizok s uvedené v tabul’kach 3 a 4. V defi siatia bola teplota 21 °C
a vlhkost” externého prostredia bola 67 %. V 15.den rastu bola teplota 20 °C a vlhkost’ vzduchu 68 %.
V 30.den rastu bola teplota 20 °C a vlhkost’ sa zvySilana 76 %. V 45.dni rastu sa teplota nezmenila, ale
vlhkost’ ovzdusia klesla na 71 %. V 55 den rast sa teplota opét’ nezmenila, ale vlhkost’ stiipla na 73 %.

Zhruba na Styridsiaty piaty az pit'desiaty deil od zasadenia bolo mozné pozorovat’ jemné zoZltnutie
spodnych listkov. ZoZltnutie bolo viditeI'ne volnym okom na uhorkach siatych nakladacich s kazdym
percentualnym pomerom biouhlia. Vynimkou boli len tégliky s 0% biouhlia, teda rastlina, ktora
neobsahovala prakticky Ziadne biouhlie. Poc¢as vyskumu (35. deni od sejby, pri 0% obsahu biouhlia
odumrela jedna z piatich meranych rastlin, z toho dévodu priemernd velkost’ uhorky siatej mierne
klesla). Podl'a dovtedy zistenych tdajov sa da predpokladat, Ze by priemerna velkost’ uhoriek siatych
pri nulovom pomere v 55. den od siatia bola urcite vyssia).

Vysledky ziskané pri pestovani priesad uhoriek siatych naznacuji, Ze pouzitie biouhlia pri pestovani
zahradnych plodin mdéze mat ako pozitivne, tak aj negativne vysledky. Sporné az diskutabilné vysledky
boli ziskané pri pouziti substratov. Vysledky ziskané sledovanim rastu uhoriek siatych poukazali na
pozitivny vplyv aplikacie drevného biouhlia na rast priesad, pricom je treba sledovat’ jeho percentualny
obsah. Podobné vysledky odzrkadl'uju aj zavere¢né prace Ing. Mateja Holana a Ing. Daniela Kovacsa
a d’alSie vyskumné prace z praxe (Atkinson et all., 2013; Basu, 2010; Elad, 2010; Graber, 2010).
Nnadmerna aplikacna davka biouhlia teda nemusi mat’ nutne priaznivy vplyv na rast priesad. Ich vyskum
bol zamerany na rozdielny druh zdhradnej zeleniny, mdzeme s istotou povedat’, ze vysledky su si
viacmennej podobné. Prili§ vel'ké mnoZstvo totiz moze branit’ potrebnému prisunu urcitych zivin, ktoré
su nevyhnutné k rastu plodiny. Priesady uhorky siatej nakladacej s obsahom biouhlia 20% dosiahli

Obrazok 3 Uhorky (nakladacky-horny riadok, Salatovky-dolny riadok),
zl'ava — den siatia, 15 den rastu, 30 den rastu, 45 deii rastu)
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Tabulka 3 Dizka nadzemnej ¢asti po vysiati uhoriek siatych nakladacich (Charlotte F1), mm

Obrazok 4 Uhorky (nakladacky-vlavo, Salatovky-vpravo, 55 dei rastu)

Pocet dni Pomery biouhlia v substrate nakladaciek

od sejby 0% 5% 10% 15% 20% 25%
0 0,0 0,0 0,0 0,0 0,0 0,0
5 1,0 0,0 0,0 0,0 0,0 0,0
10 67,0 63,3 66,7 50,6 6,0 60,5
15 71,0 68,6 71,3 59,6 81,3 72,0
20 82,3 75,3 77,3 65,0 91,0 77,5
25 85,3 77,6 80,3 66,3 94,3 80,5
30 86,3 82,3 83,6 69,0 100,3 84,9
35 89,0 84,3 89,6 75,0 102,3 89,7
40 90,3 85,6 90,0 75,6 102,6 90,5
45 91,3 86,6 90,6 76,3 100,3 91,0
50 98,3 91,0 1063 88,6 109,6 97,5
55 105,3 96,0 110,3 94,0 111,0 101,8
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Tabulka 4 Dizka nadzemnej ¢asti po vysiati uhoriek siatych alatovych (Superstar F1), mm

Pocet dni Pomery biouhlia v substrate nakladaciek

od sejby 0% 5% 10% 15% 20% 25%
0 0,0 0,0 0,0 0,0 0,0 0,0
5 23 1,0 0,0 0,0 0,0 0,0
10 96,3 99,6 83,0 72,0 92,6 91,3
15 100,6 107,3 92,5 98,5 106,6 106,0
20 123,0 125,6 106,0 103,5 1243 115,0
25 138,0 136,3 112,5 106,5 134,6 123,5
30 145,0 138,6 121,5 111,5 137,6 127,5
35 145,0 141,6 124,5 115,5 145,6 135,5
40 141,5 144,0 127,5 117,5 147,0 138,0
45 143,0 1453 128,5 118,0 147,6 138,5
50 149,5 169,6 154,0 137,0 152,3 144,0
55 151,0 172,3 156,0 140,0 154,3 146,5

Obrazok 5 Korenova sustava — uhorky siate nakladacie, obsah biouhlia v substratoch (0, 5, 10; 15; 20, 25 %)
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Obrazok 6 Korenova ststava — uhorky siate Salatové, obsah biouhlia v substratoch (0, 5, 10; 15; 20, 25 %)

Biouhlie ma d’alej schopnost’ zlepsit’ retenciu vody v pdde, ¢o bolo pozorované aj pri nasich vzorkach
Pri pouziti substratu bolo viditelné urcité zlepsSenie retencie vody (Elad, 2010; Steiner, 2010). Pri
nedostatku vody, ktorej bola vystavena nami skiimana zahradna pdda a biouhlie bol prejav retencie vody
evidentne zlepSeny. Rozne §tadie o vplyve drevného biouhlia na zlepsenie retencie vody v péde nam
len potvrdili, ze aj uhorky siate ,,Salatovky* pri vyssich aplikacnych davkach ako st v nasom pripade
20% a 25% obsah biouhlia prezili dlhsie po¢as obdobia sucha. Avsak, na rozdiel od uvedenych pokusov,
sa pri uhorkach siatych ,,nakladackach® prejavil skor presny opak. Priesady s 0% pomerom biouhlia boli
tie, ktoré sa drzali najlepsie v obdobi bez zavlahy. Bolo by vel'mi zaujimavé sa uvedenej problematike
venovat’ podrobnejsie a dokazat’ respektive vyvratit’ uvedené konstatované vysledky.

Tabulka 5 Dizka nameranych korefiov rastlin uhorky siatej, D-diZka korefiov, Opio-obsah biouhlia

Obios % Dmm D.mm
(Uhorky siate nakladacie) (Uhorky siate Salatové)
0 18 33
5 27 25
10 20 44
15 40 37
20 26 56
25 21 61

Zhodnotenie stavu koreriovej sustavy pri roznych koncentrdcidch obsahu biouhlia

Poslednou sti¢astou vyskomov prezentovaného prispevku bolo aj postidenie stavu korenovej ststavy
uhoriek siatych nakladacich a Salatovych. Najviac rozvinuté koreniové sustavy mali uhorky siate
,nakladatky“ ato sadenice s pomerom 5% biouhlia a z hladiska celkovej dizky to bola sadenica
s pomerom 15% biouhlia (40 mm). Pri uhorkéch siatych ,,Salatovky* mala najviac rozvinuti korefiovii
sustavu a rovnako aj najdlhsi koren rastlina s pomerom 25% (61 mm). Meranie prebiehalo rovnakym
spdsobom u vsetkych rastlin a to od stonky po korer.

CONCLUSION

Vyuzitie biouhlia z biomasy predstavuje vel’ky potencial v oblasti pol'nohospodarstva, pricom pomaha
zvysit obsah organickych latok a mikroorganizmov (zlepsuje jej Struktaru a ziviny), pH a znizit
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mnozstvo tazkych kovov vpdde. Vysledky ukazali, ze biouhlie méze mat pozitivny vplyv na
zlepSovanie rastovych podmienok pre rastliny. V ramei vyskumu (55 dni) sledovania a merania rastlin
s zistilo, Ze pri uhorkach siatych nakladacich mal najvacsi vplyv 20% pomer biouhlia a pri uhorkach
siatych Salatovych mal 5% pomer biouhlia. Vysledky poukazaly na fakt, ze uhorky siate nakladacie
najlepSie reaguju na retenciu vody priesady s nulovym pomerom biouhlia a pri uhorkach siatych
Salatovych to boli priesady s najva¢$im pomerom biouhlia (15%, 20% a 25%). Optimalna davka biouhlia
zavisi od konkrétneho typu pody a druhu rastliny. Bolo by vhodné sa v buducnosti zamerat’ na presnejsie
urcenie optimalnej davky a aplikacie biouhlia v r6znych druhoch pdd a plodin, ¢im by sa skiimany
problém posunul vpred. Biouhlie z biomasy méze byt uzito¢nym nastrojom pre zlepSenie a kvalitu
plodin v pol'nohospodarstve. Vystupy z prispevku posliuzia ako zdroj informécii a inSpiracie pre d’alSie
vyskumy a aplikéacie v praxi.
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EVALUATION OF THE PRODUCTION POTENTIAL OF BIOMASS FROM VINEYARDS
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Abstract: Intoday's world, a large portion of the population relies on fossil fuels, but the problem lies
in the constantly increasing cost of these fuels. Therefore, new solutions are being sought
through renewable energy sources. The demand for these energy sources is becoming
a necessity in the construction of family homes. The main goal of the study was to utilise
and analyse biomass from vineyard cuttings during winter pruning in a selected enterprise.
The work is divided into several parts, where we focused on processing the waste biomass
material, selecting a suitable procedure for the final product (pellets). We tested the quality
of the pellets and subjected them to several tests. The final part of the study is focused on
evaluating and efficiently utilizing waste biomass for heating family homes.

Keywords: biomass, pellets, vineyard, calorific value.

INTRODUCTION

Na Zemi sa biomasa te$i povesti jedného z najvSestrannejSich a najpocetnejSich zdrojov energie.
Ludstvo siahlo po tomto palive ako po prvom. Drevo, suchd trdva a Sachoriny boli s najvicsSou
pravdepodobnost'ou prvotnymi energetickymi surovinami a teplo prvou formou, aku si I'udia osvojili
najprv nahodne a neskor aj cielene. Od pravekého ohna v jaskyni az po moderné biomasové elektrarne
presla biomasa fascinujicim vyvojom, ktory odzrkadl'uje neustalu snahu ¢loveka o zdokonalovanie
a zefektiviiovanie energetickych zdrojov. Biomasa si tak drzi poziciu kl'i¢ového hréca v energeticke;j
hre a jej dostupnost’, obnovitelnost” a nizky dopad na zivotné prostredie ju predurcuju k tomu, aby aj
v budlicnosti zohravala dolezitt ulohu v tomto strategickom odvetvi (Sarvas a Inasova, 2013).

Biomasa je tretim najva¢$im zdrojom energie na svete zo vSetkych zdrojov. Pre tri Stvrtiny l'udi
v rozvojovych krajindch je tiez hlavnym zdrojom energie na varenie a vykurovanie. Predstavuje
priblizne 14 % celkovej svetovej spotreby energie. Viac ako 80 % narodnej spotreby energie je
zabezpecené biomasou vo vac¢Sine tychto krajin. Napriklad, v Etidpii tradicia spalovania biomasy
sleduje viac ako 92 % spotreby energie, viac ako 64 % v Ghane, 70 % v Keni, 78 % v Nigérii a 60 %
v Bangladési a 7 % elektriny v Brazilii (A Review of Technical and Economic Aspects of Biomass
Briquetting, 2020).

Na redukciu velkosti biomasy pred briketovanim sa pouzivaju kladivové mlyny, nozové mlyny, mriezky
s linearnymi nozmi a diskové mlyny. NajvhodnejSie s kladivové mlyny, nasledované noZovymi
mlynmi (A Review of Technical and Economic Aspects of Biomass Briquetting, 2020).

Zhutnend biomasa v podobe brikiet pontka niekol’ko vyhod. Jednou z nich je zvySena hustota energie,
¢o znamena, ze brikety obsahuju viac energie v porovnani s rovnakym objemom volnej biomasy.
Dal$ou vyhodou je jednoduchd manipulacia, preprava a skladovanie vd’aka ich kompaktnej forme.
Brikety tiez vynikaju zlepSenou horlavostou, pretoze horia rovnomernejsie a s mensim dymom ako
vol'na biomasa. Okrem toho produkuju nizSie emisie Castic, ¢im st SetrnejSie k zivotnému prostrediu
ako fosilne paliva. Brikety maji tiez nizku prchavost, ¢o znamena, ze sa lahko nerozpadavaju
a nestracaji na hmotnosti. V neposlednom rade je dolezita aj rovnomernost’ brikiet, ktora sa prejavuje
v konzistentnej velkosti, hustote a kvalite (A Review of Technical and Economic Aspects of Biomass
Briquetting, 2020).
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Cielom studie bolo hodnotenie produkéného potencialu biomasy z vinohradnictva so zameranim na
kvantifikaciu objemu odpadu s naslednym navrhom spracovania a vyuzitia na energetické ucely.

MATERIAL and METHODOLOGY,

Predmetny vinohrad sa nachadza v katastralnom tzemi obce Komjatice. Tato oblast’ patri
do vinohradnickej oblasti Juzné Slovensko, pod zony Podunajska. Vinohradnictvo ma v Komjaticiach
dlhu histériu a miestne vina su zname svojou kvalitou. V obci sa kona aj viacero vinarskych podujati.
Vinohrad sa rozprestiera na miernom svahu orientovanom na juhozapad. Tato orientacia umoznuje
optimalne vyuzitie slne¢ného ziarenia, ktoré je dolezité pre fotosyntézu a dozrievanie hrozna. Miermny
sklon terénu znizuje riziko erézie pody a umoziuje lepsiu drendz vody. Klimatické podmienky v oblasti
st vhodné pre pestovanie vini¢a. Priemerna ro¢na teplota sa pohybuje okolo 9 °C a priemerny rocny
uhrn zrazok okolo 550 mm. Vegeta¢né obdobie je dostatoéne dlhé na dozrievanie hrozna.

Zimny rez vini¢a predstavuje neoddelite'nt sucast’ jeho pestovatel'skej stratégie a vyznamne ovplyviiuje
jeho celkové zdravie, rast a Grodu. V tejto Casti prace sa zameriame na podrobny opis zakladnych krokov
zimného rezu. Optimalne obdobie pre vykonanie zimného rezu vinica sa datuje do vegetacného pokoja,
obvykle v rozmedzi od decembra do februara. V chladnejSich klimatickych oblastiach sa odporuca
odlozit’ rez do konca januara alebo februara s cielom predist’ poskodeniu pucikov mrazom. Naopak,
vykonévanie rezu pocas vegetacného obdobia sa neodporuca, nakol’ko moze oslabit’ vini€ a zvysit jeho
nachylnost’ na choroby. Vzdialenost’, ktoru sme strihali pre zaverecntl pracu: 100 m z jedného radu.
Po dostrihani sme odrezky dali do vriec: 13,8 kg. Z celého vinohradu by bolo priblizne 241,5 kg.

Efektivita zhutiiovania ovplyviiuje pevnost a stabilitu materialu. Uprava velkosti a tvar materialu podl'a
pouzitej technoldgie. Dosusenie materialu na spravnu vlhkost' pre lepSie zhutnenie. Bola vybrana
vhodna technologia zhutilovania pre dany material a poZzadované vlastnosti. Dodrzanim tychto krokov
dosiahneme optimalne zhutnenie a pozadované vlastnosti materidlu (Tulumuru et al., 2011).
Na podrvenie biomasy bude pouzity kladivkovy drvi¢ 9FQ40.

Sledovany material bol nasledne zhutneny do formy peliet peletovacom lise: LPBB 2000 V2. Material
na peletovanie musi mat’ optimalnu vlhkost’ (priblizne 10 — 15 %) a na velkost’ vstupnej frakcie. Vlhkost’
materidlu sa moéze upravit’ suSenim alebo pridanim malého mnoZzstva vlhkého materidlu. Material sa
nasype do zasobnika lisu. Podavaci systém dopravuje material do lisovacej komory. V lisovacej komore
sa material stlica medzi dvoma maticami a otaCajucimi sa valcami. Tlak a trenie generuje teplo, ktoré
napomaha k spekaniu materialu a tvorbe peliet. Pelety sa vytlacia z lisu cez otvory v matici. Pelety sa
po vytlaceni z lisu ochladzuj na vzduchu alebo pomocou chladiaceho zariadenia. Po ochladeni sa pelety
preoseju cez sito, aby sa oddelili od prachu a drobnych ¢astic (Matas a Krizan, 2009).

Nasledne boli pelety testované za G¢elom zhodnotenia: oteruvzdornosti, pevnosti v tlaku a stanovenie
spalného tepla podla (Pertuf, 2014), (Ilabo, 2022) a (Studeny, 2022).

RESULTS and DISCUSSION

Vzdialenost, ktor sme strihali pre zavere¢nu pracu: 100 m z jedného radu, o tvori 140 m? z vinohradu.
Po dostrihani sme odrezky dali do vriec: 13,8kg. Z celého vinohradu by bolo pravdepodobne 241,5 kg.
Hmotnost, ktort sme ziskali po procese peletovania, bola 12,55 kg, ¢o znamena, ze straty na hmotnosti
boli 9 %.

Tabulka 1 Oteruvzdornost’ peliet

Meranie ¢. hmotnost’ na zaciatku (g) hmotnost’ po skiske (g) | oteruvzdornost’ (%)
1 200,29 191,27 4,50

2 201,13 194,65 3,22

3 200,76 191,48 4,62
Aritmeticky priemer: 4,12
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Merali sme oteruvzdornost’ vyrobenych peliet na 3 vzorkach. Na zaklade tychto vysledkov je mozné
usudit, Ze hodnoty sa prili§ nelisili a pelety vyrobené z vini¢nych odrezkov maji priemerni
oteruvzdornost’ 4,12 %. To naznacuje, Ze pelety st odolné voci opotrebovaniu, manipulovatel'nostou
a mali by vydrzat’ dlht dobu bez vyznamného opotrebenia (Purohit a Chaturvedi, 2016).

Tabulka 2 Skuska pevnosti peliet v tlaku

Vzorka Priemer (mm) Sila (N)
1 6 1 845,5
2 6 16233
3 6 1970,1
4 6 1492,0
5 6 16764
6 6 1742,5
7 6 1892,1
8 6 16143
9 6 1735,7
10 6 1795,0
Aritmeticky priemer: 1738,7

Z prevedenych merani vieme usudit’, Ze priemerna pevnost’ v tlaku peliet je 1 738,7 N a vieme povedat’
ze pelety vyrobené z vini¢nych odrezkov st pevné a odolné voci tlaku. To naznacuje, ze pelety by sa pri
skladovani mohli navis$it’ bez toho, aby spodné boli poSkodené. Vd'aka svojej pevnosti sa pelety budi
dobre prepravovat’ a manipulovat’ s nimi. Taktiez by mali odolat’” beznému opotrebovaniu a narazom
(Grover a Mishra, 1996).

Tabulka 3 Vysledky merania spalného tepla kalorimetrickou metédou

Meranie ¢. Hmotnost’ (g) Spalné teplo (MJ.kg™")
1 0,82 16,86
2 0,78 16,74
3 0,85 16,96
4 0,84 17,12
5 0,91 17,30
6 0,89 16,81
7 0,83 16,87
8 0,77 16,72
9 0,85 16,80
10 0,90 17,22
priemerné hodnoty m a QS 8,44 16,94

Priemerné spalné teplo peliet z vini¢nych odrezkov bolo 16,94 MJ.kg™!, zatial’ ¢o priemerné spalné teplo
komeréne dostupnych peliet z dreveného odpadu bolo 16,58 MJ.kg'! (Valorization of Wood-Based
Waste from Grapevine, 2023). To znamena, ze pelety z viniénych odrezkov mali o 2 % vysSie spalné
teplo ako pelety z dreven¢ho odpadu. Rozdiel v spal'ovacom teple medzi peletami z vini¢nych odrezkov
a peletami z dreveného odpadu nie je Statisticky vyznamny. To naznacuje, ze pelety z viniénych
odrezkov by sa mohli z hl'adiska spal'ovania povazovat’ za ekvivalent peliet z dreveného odpadu (Lieth
et al., 1975; Salano et al., 2016).

Na Slovensku sa nachadza 7 752,09 ha rodiacich vinic, z toho 3 332 ha v Nitrianskom kraji, (Statisticky
urad SR, 2021) ¢o predstavuje 43 % z celkovej plochy. V tejto praci sme analyzovali produkciu biomasy
a peliet z vini¢nych odrezkov na malej meranej ploche 0,245 ha. Zistili sme, Ze z 1 ha vini¢nych
odrezkov sa da v priemere vyrobit’ 911,66 kg biomasy a 831,2 kg peliet. Tieto vysledky naznacuju, Ze
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produkcia biomasy a peliet z vini¢nych odrezkov ma na Slovensku znacny potencial. Je vSak dolezité
poznamenat’, ze tieto vysledky s zalozené na merani malej vzorky viniénych odrezkov a pre
komplexnejsie posudenie potencialu biomasy na Slovensku by bolo potrebné vykonat’ rozsiahlejSie
testovanie na vicsej vzorke.

Z uvedeného vieme urCit celkovi vyhrevnost vini¢nych odrezkov v jednotlivych oblastiach
z priemernej vyhrevnosti ktora bola 16,94 MJ.kg!. Vzhl'adom na rozsiahlu plochu rodiacich vinic na
Slovensku a pouzitie vini¢nych odrezkov ako vedl'ajSicho produktu pestovania vini¢a by sa tieto
odrezky mohli stat’ vyznamnym a udrzateInym zdrojom bioenergie.

V dnes$nej dobe sa Casto stretavame s kladenim si otdzky ohl'adom obnovitelnych zdrojov, ktoré nam
mozu posluzit v domacnosti napriklad pri vykurovani rodinného domu. V praci som pracoval
s viniénymi odrezkami, ktoré méZeme ziskat’ pri zimnom strihu.

Na zaklade zisteni (Valorization of Wood-Based Waste from Grapevine, 2023) mozeme povedat, Ze
nami vyrobené pelety dosahovali mierne niz§iu odolnost’ v otere. Autori uvadzaji priemerné hodnoty
5,9 %, pricom my sme namerali 4,12 %, co znamena rozdiel 1,78 %. To znamena, Ze pelety budi mat’
vel'mi podobné vlastnosti vzhl'adom na skladovatel'nost’, transport a podobne.

Vysledky mechanickych skuSok peliet z vini¢nej révy sa pohybovali od 1492 N az do 1970,1 N,
priemerna hodnota z vykonanych desiatich merani bola 1 738,7 N, ¢o mézeme porovnat’ s ostatnymi
materialmi, napriklad priemerna hodnota peliet zo slivky bola 2 146,52 N (Valovi¢, 2022), slama
pSeni¢na 2 174,68 N (Kiss, 2019). Tieto hodnoty naznacuju, Ze pelety vyrobené pre potreby nasej prace
nie su az tak nachylné na mechanické poskodenie pri manipulacii, nakol’ko ich pevnost’ je priblizne o 20
% nizsia ako porovnavané.

Podla vysledkov (Valorization of Wood-Based Waste from Grapevine, 2023) drevené pelety maja
hodnotu spalného tepla 16,58 MJ.kg!. M6Zeme ich porovnat’ s nasimi peletami z vini¢nej révy, ktoré
dosiahli hodnotu 16,94 MJ.kg!, taktieZ vieme porovnat’ s pracou, kde sa zaujimali spalnym teplom
viniénych odrezkov s vysledkom 16,96 MJ. kg, pri porovnani s hodnotami v mojej praci vysledky sa
od seba velmi nelisia. Energeticky potencial odrezkov vini¢a je porovnatelny s inymi drevenymi
materialmi. 20,70 MJ. kg! pre druhy Guaiac a Rose (Giinther, 2012), hruba vyhrevnost’ medzi brezou
17,9 MJ kg a palisanderom 20,5 MJ kg (Burg, 2016), dreveny odpad z jednoro¢nych zdrevnatenych
vyhonkov z pestovania vini¢a odrod Seyval Blanc, Solaris, Regent a Rondo. Studia ukazala, Ze material
ma vysoky energeticky potencial 15,88 — 16,19 MJ. kg''. (Maj, 2022)

Pri modelovom vykurovani rodinného domu pocas celého roka za pouzitia drevenych peliet bolo
odmerana spotreba 3 700 kg. Za predpokladu, keby sme vykurovali rodinny dom s nasimi peletani,
spotreba by bola o 2 % nizsia ako pri pouziti drevenych peliet. Pri pouzZiti kotla s vysokou vyhrevnostou
93,7 % od znacky BIOPEL, model: MINI TOWER 21 kW, dosiahneme vysoku ucinnost’ energie
o hodnote priblizne 15,9 MJ z 1 kilogramu (Kurenie peletami).

Cena za 960 kg drevenych peliet sa pohybuje okolo 299 € (prvotriednej kvality) (Palivové drevené
pelety). Ak budeme brat’ do Givahy tito sumu aj pri vyrobe peliet z vini¢nej biomasy, méZzeme hovorit’
o spotrebe 3 622 kg, ktora domacnost’ spotrebuje pocas roka. Domacnost’ zaplati 1 128,10 € za rok ak
bude kurit’ peletami z vinicu, ale ak by domacnost’ kurila drevenymi peletami, zaplatia by o 23,05 €
viac.

Na zéklade tdajov $tatistického uradu SR (Statisticky urad SR, 2021), pri pracovani vini¢nej biomasy z
celej plochy slovenskych plodiacich vinohradov, ktora predstavuje oblast’ 7 752,09 ha, by sme dokazali
vykurit' 1 775 rodinnych domov o $tandardnej zastavanej / obytnej ploche 136 m? Celkovy podet
vyrobenych peliet z vini¢nej révy z celého uzemia Slovenska je v priemerne 6 431 234 kg a celkova
suma peliet by sa mohla pohybovat’ okolo 1 922 939 € za celkovy vyrobeny pocet peliet.

Z vinohradov, ktoré sa nachadzaji v Nitrianskom kraji, oblast’ predstavuje rozlohu 3 332 ha, by sme
vedeli vykurit’ celkovo 763 rodinnych domov. Z nasho vinohradu by sme vyrobili 219,76 kg peliet a ich
hodnota by sa pohybovala okolo 65,7 € za celkovy zber. Celkové mnozstvo odpadu, ktoré vznika pri
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zimnom reze vinica sa rok po roku meni. So spotrebou peliet je to tak isto, kazdym rokom je ina
a nevieme dopredu povedat’, kol’ko peliet spotrebujeme pocas nasledujuceho vykurovaciecho obdobia.

Celkovo moézeme konStatovat, Ze odpadova biomasa pri kazdoroCnom reze vini¢a je vhodny
obnovitel'ny zdroj energie

CONCLUSION

Pocas jednotlivych technologickych procesov, ktoré je mozné vyuzit na energetické ucely, sme sa
v nasej praci snazili poukazat' najméd na vyhody a perspektivu zhutilovania materialu z vinica. Vysledky
prace nadm ukazali niekol’ko podstatnych zisteni. Po ziskani a Gprave materialu, z ktorého sme vyrobili
finalny produkt (pelety), sme vykonali niekol’ko merani ur¢enych vlastnosti. Proces peletovania je vel'mi
podobny ako pri ostatnych biomasach. Vzorky presli niekol’kymi testami. Boli podrobené skuSke
odolnosti peliet voci oteru, z ktorej vysiel vysledok s minimalnou hodnotou odolnosti vo¢i oteru 4,50 %
a s maximalnou hodnotou 4,62 %. Skaska pevnosti peliet v tlaku bola d’alsi test, ktory sme vykonavali
na nasSich peletach s vysledkami od 1492 do 1970,1 N na jednu peletu. Pre tato pracu najdolezitej$im
meranim bolo meranie spalného tepla pomocou pristroja IKA C 5000. Na tomto pristroji sme vykonali
10 merani individualne. Pomocou aritmetického priemeru sme ziskali vysledni hodnotu spalného tepla
16,94 MJ kg!. Podstatnou hodnotou bola aj vlhkost’ pri tvorbe peliet. Pred zacatim peletovania bola
vlhkost’ materialu 15 %. Hotové pelety mali vlhkost’ 10 %.

Vysledky studie, ktora sa zaoberala tvorbou peliet a spalnym teplom, vieme vyjadrit’ nasledovne: ak
pouzijeme pelety na vykurovanie rodinného domu, spotrebujeme 3 622 kg rocne. Cena peliet, ktort sme
ratali, je 299 € za 960 kg a rodina by musela zaplatit’ 1 128,10 €. Ak budeme ratat’ s ¢islami, ktoré nam
poskytol Statisticky trad, na Slovensku sa nachadza 7 811,07 ha plodnych vinohradov, z ¢oho by sme
mohli vyrobit’ 6 480 165 kg peliet. Toto mnozstvo peliet by vedelo vykurovat’ 1 775 rodinnych domov
s rozlohou 136 m?.

ACKNOWLEDGEMENTS

This project was supported by the Scientific Grant Agency of the Ministry of Education, Science,
Research and Sport of the Slovak Republic and the Slovak Academy of Sciences (VEGA) no. Grant
1/0559/23: Assessment of the Production and Regulatory Function of Agricultural Ecosystems Affected
by Climate Change.

REFERENCES

GROVER, P.D., MISHRA, S.K., 1996. Biomass Briquetting: Technology and Practices. Regional
Wood Energy Development Programme In Asia; Field Document No 46; Food and Agriculture
Organization: Rome, Italy, 1996.

GUNTHER, B., GEBAUER, K., BARKOWSKI, R., ROSENTHAL, M., BUES, C.T., 2012. Calorific
value of selected wood species and wood products. Eur. J. Wood Wood Prod., [cit. 2024-02-22] 70,
755-757. https://link.springer.com/article/10.1007/s00107-012-0613-z

ILABO, spol. sr. 0., 2022. Kalorimeter C5000 Control. [Online] [cit. 2023-10-15] Dostupné na:
https://www.ilabo.cz/.

KISS, M., 2019. Diplomova praca: Moznosti zhutfiovania biomasy mobilnym peletovacim zariadenim
[cit. 2024-03-15] Dostupné na:

https://opac.crzp.sk/?fn=detailBiblioFormChildGCNEM &sid=9F8942B94996237AAAFB1EF666DC
&seo=CRZP-detail-kniha.

KPALO, S.Y.,ZAINUDDIN, M.F., MANAF, L.A., ROSLAN, A.M., 2020. A Review of Technical and
Economic Aspects of Biomass Briquetting [cit. 2023-10 20] Dostupné na: https://www.mdpi.com/2071-
1050/12/11/4609.

Kurenie peletami: aké si skusenosti, spotreba acena, 2021, [cit. 2024-01-18] Dostupné¢ na :
https://www.opop.sk/kurenie-peletami-ake-su-skusenosti-spotreba-cena.

52


https://link.springer.com/article/10.1007/s00107-012-0613-z
https://www.ilabo.cz/
https://opac.crzp.sk/?fn=detailBiblioFormChildGCNEM&sid=9F8942B94996237AAAFB1EF666DC&seo=CRZP-detail-kniha
https://opac.crzp.sk/?fn=detailBiblioFormChildGCNEM&sid=9F8942B94996237AAAFB1EF666DC&seo=CRZP-detail-kniha
https://www.mdpi.com/2071-1050/12/11/4609
https://www.mdpi.com/2071-1050/12/11/4609
https://www.opop.sk/kurenie-peletami-ake-su-skusenosti-spotreba-cena

TECHNOFORUM 2024 , New Trends in Machinery and Technologies for Biosystems*

LIETH, H., LIKENS, G.E., WHITTAKER, R.H., 1975. Primary Productivity of the Biosphere.
Ecological Studies 14. New York: Springer-Verlag. 340 s. ISBN-13:978-3-642-80915-6.

MAJ, G., KLIMEK, K., KAPLAN, M., WRZESINSKA-JEDRUSIAK, E., 2022. Using wood-based
waste from grapevine cultivation for energy purposes. Energies, 15, 890. [cit. 2024-02-18] Dostupné
na: https://www.mdpi.com/1996-1073/15/3/890.

MATUS, M., KRIZAN, P., 2009. Identifikacia vazbotvornych mechanizmov v procese zhutiiovania
biomasy a ich vplyv na konstrukciu zhutiiovacich strojov. In: Energie z biomasy X — Brno: Vysoké
uceni technické v Brn¢, 2009, s. 73-78, ISBN 978-80-214-40272.

PETRUF, A. 2014. Vyskum procesu zhutiiovania odpadov z biomasy. Diplomova praca. [cit. 2024-03-
15] Dostupna na:

https://opac.crzp.sk/?fn=detailBiblioFormChildG2N2HM&sid=18BOB0A A43959DC6DB56374321B
D&seo=CRZP-detail-kniha.

PUROHIT, P., CHATURVEDI, V., 2016. Techno-Economic Assessment of Biomass Pellets for Power
Generation in India; CEEW: New Delhi, India, 2016.

SARVAS, J., INASOVA, D., 2013. Paletovanie a briketovanie — efektivne vyuzivanie biomasy. In
Zbornik vedeckych prac vramci projektu Nové technologie pre energeticky enviromentalne
a ekonomicky efektivne zhodnotenie biomasy. Bratislava: Ekonomicka univerzita v Bratislave,
s. 74-80. ISBN 978-80-225-3820-6.

SOLANO, D., VINYES, P., ARRANZ, P., 2016. Biomass Briquetting Process; UNDP-CEDRO
Publication: Beirut, Lebanon, 2016.

STUDENY P., 2022. Meranie fyzikdlno mechanickych vlastnosti peliet vyrobenych z Paulownie.
Diplomova praca. [cit. 2024-03-15] Dostupné na:
https://opac.crzp.sk/?th=detailBiblioFormChildI2L.DC7&sid=DD4AECDD61273E16FD3CF986B1F
D&seo=CRZP-detail-kniha.

Statisticky urad SR, 2021. Definitivne Gidaje o urode polnohospodarskych plodin a zeleniny v SR za rok
2021, [cit. 2024-01-18] Dostupné na:

https://slovak.statistics.sk/wps/portal/c46a8ab6a-48ed-4088-b775-
2cacaebc7610/!ut/p/z0/jVDLTsMwEPyaHF 1vUie2jymVqlbOUFWI4AtaOyY 1SZ00MYH260nhAociL
gN9zM6shipaUOVxdBUG13pspv5JZc87vhalLRZwD8HQJ683DerfayxgYOP1Q0w1VVdPgb3rSb--
2FVUdhgNx gWIBWNCmJKVJEOtXtIOH2{v5jiDGeNxKiWHjEuRyPIVwL.2eTignyrQ-
219Ai1YPeCBDHcEQpr8M-drdEEGJATVezhHOtnJDsD1p-
wq9u6Bx7rdTnAiesSRmQibzqf7TinRvOolJGldPUjaCcbChPv-
cGJahwAWJE7YkKDIQgmvOUJAYNWmI14FsONQP512tWrR6J020z3-Sc3LY4j/.

TUMULURU, J.S., WRIGHT, C.T., HESS, J.R., KENNEY, K.L., 2011. A review of biomass
densification systems to develop uniform feedstock commodities for bioenergy application. In. Biofuels
Bioproducts & Biorefining-Biofpr [online], vol. 5(6), pp. 683-707 [cit. 2024-04-18].

VALKOVIC, J., 2022, Zhutnenie odpadovej biomasy, Diplomova praca, [cit. 2024-04-22] Dostupne
na:

https://opac.crzp.sk/?fn=detailBiblioFormChildWCHPS &sid=FE42652C724A629CC6634524874B&s
e0=CRZP-detail-kniha.

53


https://www.mdpi.com/1996-1073/15/3/890
https://opac.crzp.sk/?fn=detailBiblioFormChildG2N2HM&sid=18B0B0AA43959DC6DB56374321BD&seo=CRZP-detail-kniha
https://opac.crzp.sk/?fn=detailBiblioFormChildG2N2HM&sid=18B0B0AA43959DC6DB56374321BD&seo=CRZP-detail-kniha
https://opac.crzp.sk/?fn=detailBiblioFormChildI2LDC7&sid=DD4AECDD61273E16FD3CF986B1FD&seo=CRZP-detail-kniha
https://opac.crzp.sk/?fn=detailBiblioFormChildI2LDC7&sid=DD4AECDD61273E16FD3CF986B1FD&seo=CRZP-detail-kniha
https://slovak.statistics.sk/wps/portal/c46a8a6a-48ed-4088-b775-2cacaebc7610/!ut/p/z0/jVDLTsMwEPyaHF1vUie2jymVqlb0UFWI4AtaOyY1SZ00MYH260nhAociLqN9zM6shipaUOVxdBUG13pspv5JZc87vhaLRZwD8HQJ683DcrfayxgY0P1Q0w1VVdPqb3rSb--2FVUdhgNx_qWlBWNCmJKVJE0tXtlOH2fv5jiDGeNxKiWHjEuRyPlVwL2eTiqnyrQ-2I9Ai1YPeCBDHcEQpr8M-dr4EEGJATVezhH0tnJDsD1p-wq9u6Bx7rdTnAiesSRmQibzqf7TinRvOoIJGldPUjaCcbChPv-cGJahwAwJE7YkDIQgmvOUJAYNWm14FsONQP512tWrR6J02oz3-Sc3LY4j/
https://slovak.statistics.sk/wps/portal/c46a8a6a-48ed-4088-b775-2cacaebc7610/!ut/p/z0/jVDLTsMwEPyaHF1vUie2jymVqlb0UFWI4AtaOyY1SZ00MYH260nhAociLqN9zM6shipaUOVxdBUG13pspv5JZc87vhaLRZwD8HQJ683DcrfayxgY0P1Q0w1VVdPqb3rSb--2FVUdhgNx_qWlBWNCmJKVJE0tXtlOH2fv5jiDGeNxKiWHjEuRyPlVwL2eTiqnyrQ-2I9Ai1YPeCBDHcEQpr8M-dr4EEGJATVezhH0tnJDsD1p-wq9u6Bx7rdTnAiesSRmQibzqf7TinRvOoIJGldPUjaCcbChPv-cGJahwAwJE7YkDIQgmvOUJAYNWm14FsONQP512tWrR6J02oz3-Sc3LY4j/
https://slovak.statistics.sk/wps/portal/c46a8a6a-48ed-4088-b775-2cacaebc7610/!ut/p/z0/jVDLTsMwEPyaHF1vUie2jymVqlb0UFWI4AtaOyY1SZ00MYH260nhAociLqN9zM6shipaUOVxdBUG13pspv5JZc87vhaLRZwD8HQJ683DcrfayxgY0P1Q0w1VVdPqb3rSb--2FVUdhgNx_qWlBWNCmJKVJE0tXtlOH2fv5jiDGeNxKiWHjEuRyPlVwL2eTiqnyrQ-2I9Ai1YPeCBDHcEQpr8M-dr4EEGJATVezhH0tnJDsD1p-wq9u6Bx7rdTnAiesSRmQibzqf7TinRvOoIJGldPUjaCcbChPv-cGJahwAwJE7YkDIQgmvOUJAYNWm14FsONQP512tWrR6J02oz3-Sc3LY4j/
https://slovak.statistics.sk/wps/portal/c46a8a6a-48ed-4088-b775-2cacaebc7610/!ut/p/z0/jVDLTsMwEPyaHF1vUie2jymVqlb0UFWI4AtaOyY1SZ00MYH260nhAociLqN9zM6shipaUOVxdBUG13pspv5JZc87vhaLRZwD8HQJ683DcrfayxgY0P1Q0w1VVdPqb3rSb--2FVUdhgNx_qWlBWNCmJKVJE0tXtlOH2fv5jiDGeNxKiWHjEuRyPlVwL2eTiqnyrQ-2I9Ai1YPeCBDHcEQpr8M-dr4EEGJATVezhH0tnJDsD1p-wq9u6Bx7rdTnAiesSRmQibzqf7TinRvOoIJGldPUjaCcbChPv-cGJahwAwJE7YkDIQgmvOUJAYNWm14FsONQP512tWrR6J02oz3-Sc3LY4j/
https://slovak.statistics.sk/wps/portal/c46a8a6a-48ed-4088-b775-2cacaebc7610/!ut/p/z0/jVDLTsMwEPyaHF1vUie2jymVqlb0UFWI4AtaOyY1SZ00MYH260nhAociLqN9zM6shipaUOVxdBUG13pspv5JZc87vhaLRZwD8HQJ683DcrfayxgY0P1Q0w1VVdPqb3rSb--2FVUdhgNx_qWlBWNCmJKVJE0tXtlOH2fv5jiDGeNxKiWHjEuRyPlVwL2eTiqnyrQ-2I9Ai1YPeCBDHcEQpr8M-dr4EEGJATVezhH0tnJDsD1p-wq9u6Bx7rdTnAiesSRmQibzqf7TinRvOoIJGldPUjaCcbChPv-cGJahwAwJE7YkDIQgmvOUJAYNWm14FsONQP512tWrR6J02oz3-Sc3LY4j/
https://slovak.statistics.sk/wps/portal/c46a8a6a-48ed-4088-b775-2cacaebc7610/!ut/p/z0/jVDLTsMwEPyaHF1vUie2jymVqlb0UFWI4AtaOyY1SZ00MYH260nhAociLqN9zM6shipaUOVxdBUG13pspv5JZc87vhaLRZwD8HQJ683DcrfayxgY0P1Q0w1VVdPqb3rSb--2FVUdhgNx_qWlBWNCmJKVJE0tXtlOH2fv5jiDGeNxKiWHjEuRyPlVwL2eTiqnyrQ-2I9Ai1YPeCBDHcEQpr8M-dr4EEGJATVezhH0tnJDsD1p-wq9u6Bx7rdTnAiesSRmQibzqf7TinRvOoIJGldPUjaCcbChPv-cGJahwAwJE7YkDIQgmvOUJAYNWm14FsONQP512tWrR6J02oz3-Sc3LY4j/
https://slovak.statistics.sk/wps/portal/c46a8a6a-48ed-4088-b775-2cacaebc7610/!ut/p/z0/jVDLTsMwEPyaHF1vUie2jymVqlb0UFWI4AtaOyY1SZ00MYH260nhAociLqN9zM6shipaUOVxdBUG13pspv5JZc87vhaLRZwD8HQJ683DcrfayxgY0P1Q0w1VVdPqb3rSb--2FVUdhgNx_qWlBWNCmJKVJE0tXtlOH2fv5jiDGeNxKiWHjEuRyPlVwL2eTiqnyrQ-2I9Ai1YPeCBDHcEQpr8M-dr4EEGJATVezhH0tnJDsD1p-wq9u6Bx7rdTnAiesSRmQibzqf7TinRvOoIJGldPUjaCcbChPv-cGJahwAwJE7YkDIQgmvOUJAYNWm14FsONQP512tWrR6J02oz3-Sc3LY4j/
https://opac.crzp.sk/?fn=detailBiblioFormChildWCHPS&sid=FE42652C724A629CC6634524874B&seo=CRZP-detail-kniha
https://opac.crzp.sk/?fn=detailBiblioFormChildWCHPS&sid=FE42652C724A629CC6634524874B&seo=CRZP-detail-kniha

TECHNOFORUM 2024 ,New Trends in Machinery and Technologies for Biosystems*

ANALYSIS OF THE SELECTED LINE OF MACHINES FOR POST-HARVEST
PROCESSING OF CEREALS FROM THE POINT OF VIEW OF PRODUCT QUALITY

MICHAL ANGELOVIC, KRISTIAN FIALA, JAN JOBBAGY, TOMAS GIERTL, KOLOMAN
KRISTOF

Slovak University of Agriculture, Institute of Agricultural Engineering, Transport and

Bioenergetics

Abstract: The objective of this thesis was to evaluate a selected line of machinery for the
postharvest processing of cereals in terms of product quality. The machinery analyzed
included the Schneider Jaquet & Cie SNST 1150 cleaner, the Mathews Company model
675 BEM-NG/HRS dryer, the MO 20 seed treater, conveyors, and storage facilities.

The results indicated that the quality of the processed wheat (Csillag variety) and
barley (Casanova variety) met Slovak technical standards. Wheat achieved the highest
classification (Class E), and barley was classified under Class A. The analysis showed that
the highest percentage of the cereals by weight was found in the second fraction, with wheat
exceeding 95% and barley over 50%, demonstrating that wheat grains were more uniform
compared to the more varied barley grains. However, both the first and third fractions
remained fully usable, satisfying the criteria for bulk density, impurity percentage,
and moisture content.

Key words:  Post-harvest treatment, machine line, cleaner, dryer, cereals

INTRODUCTION

V modernom svete zohrava polnohospodarstvo kIi¢ovu tlohu v zabezpeCovani potravinovej
bezpeCnosti pre stale rasticu globalnu populaciu. Zabezpecit U¢innu a bezpecnu produkciu
obilnin, ktoré tvoria zakladnt Cast’ I'udskej stravy, je preto kI'i¢ovym cielom pol'nohospodarskeho
sektora. V tejto suvislosti ma pozberova tprava obilnin zasadny vyznam, pretoze ovplyviiuje nielen
kvalitu vysledného produktu, ale aj bezpecnost’ prace pre tych, ktori sa podiel’aju na tejto kritické faze
pol'nohospodarskej vyroby. (MARECEK, 2011)

Tato praca sa zameriava na analyzu vybranej linky strojov urcenych na pozberovil pravu obilnin
s doérazom na kvalitu produktu. Kvalita produktu je neoddelitelnou stcastou uspe$ného
pol'nohospodarskeho procesu, pretoze ovplyviiuje trhova hodnotu obilnin, ich vyuzitie
v potravindrskom priemysle a celkovl spokojnost’ spotrebitel'ov. (ZIMOLKA, 2005)

Cielom tejto prace je poskytnut’ komplexnu analyzu vybranej linky strojovna pozberova Upravu
obilnin a identifikovat’ faktory, ktoré ovplyviiuji kvalitu vysledného produktu. Tato praca je
rozdelena do viacerych kapitol, ktoré pokryja rdzne aspekty analyzy linky strojov na pozberovi Gpravu
obilnin. Zahrnuté budi popisy vybranych strojov, analyzy kvality produktua névrhy na vylepSenie.
Celkovym ciel'om je prispiet’ k efektivnejSiemu a bezpecnejSiemu pol'nohospodarskemu procesu, ktory
bude zodpovedat’ si¢asnym a budicim potrebam v oblasti potravinovej produkcie.

MATERIAL and METHODOLOGY
Charakteristika podniku

Podnik sidli v okrese Zlaté Moravce, pody na tomto uzemi st vel'mi roznorodé, ale zato priaznivé pre
rastlinni vyrobu. Podielnické druzstvo je v prevadzke od roku 1975 a disponuje vlastnou technikou
pre rastlinnti vyrobu a pozberovu upravu. Vlastni kombajn znacky New Holland, traktory Zetor, Massey
Ferguson, New Holland a John Deere, nakladace Caterpillar, kyprice Véderstad, sejatky Vaderstad
aMonosem ardzne iné naradia ako napr. rozmetadld, mulCovace, plecky, pluhy atd’. Z hladiska
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pozberovej linky podnik vlastni Cisticku od firmy Schneider Jaquet & Cie a susicku Mathews Company,
v pripade potreby maju aj moricku osiv MO 20.
Zakladnou filozofiou firmy je priamy kontakt so zakaznikom. Svojim klientom sa snazia ku kvalitnym

produktom poskytnat’ pridantt hodnotu. Spolo¢nost’ ustaviéne vylepSuje svoje postupy a technoldgie
z dovodu zvysenia kvality a konkurencieschopnosti na trhu.

Charakteristika vybranych meranych odrod

PSenica-Csillag. Vysoko vynosnd odroda s velmi dobrou adaptabilitou v rdznych klimatickych
podmienkach, rastie vyrovnane s vysokou urodou a stabilnou potravinarskou kvalitou.

Jacmen ozimny-Casanova. Dvojrad4 Grodna odroda sladovnickeho ja¢mena, najskorsia v sortimente
s vysokym podielom predného zrna. Vyznacuje sa dobrym zdravotnym stavom. (POSPISILOVA,
2005).

Charakteristika vybranej linky strojov

Funkciou tejto linky je upravovat’ obilniny, ktoré si dopestoval podnik. Linka pozostava z prijmového
ustrojenstva, Cistenia, susenia a skladovania. (Obrazok 1).

Medzi hlavné casti prijmového Ustrojenstva patri prijmovy koS, Cisticka, dopravné pasy, suSicka
a skladovacie zasobniky. Na upravu mikroklimy st v skladoch vyuzité ventilatory.

Ventildtor - - : Susicka

' ] — Skl e £  alebo

€10 s adovacie Llad
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| m— v s— :
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Obrazok 1 Schéma technologickej linky
— Cisti¢ka Schneider Jaguet & Cie SNST 1150

V ramci procesu pozberovej Upravy obilnin vyuziva podnik Specializovant Cisticku Schneider Jaquet &
Cie SNST 1150 (Obrazok 2). Cisticka SNST 1150 je navrhnuta tak, aby zvladla ¢istenie vietkych typov
obilnin, bez ohl'adu na to, ¢i s vlhké alebo suché s vysokou spracovatel'nost'ou materialu. Vd’aka svojej
vysokej vykonnosti a efektivnemu odstraiiovaniu necistot je CistiCka Schneider Jaquet & Cie SNST 1150
neocenitelnou sucastou linky strojov na pozberova upravu obilnin, ¢o prispieva k udrzaniu vysokej
kvality produktu.
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Obrazok 2 Cisti¢ka Schneider Jaquet & Cie SNST 1150
— Susic¢ka obilnin Mathews Company 675 BEM-NG/HRS

Firma efektivne vyuZziva susi¢ku obilnin Mathews Company 675 BEM-NG/HRS (Obrazok 3), ktora je
$pecidlne navrhnuta pre potreby pol'nohospodarstva. Susicka ponuka pokrocilé funkcie, ako je susenie
v zrnovych stipcoch irokych 30,5 cm, umozitujuce spracovanie Sirokého spektra zrnin a olejnin,
zacCinajuc uz pri velkosti priemeru zrna 1,27 mm. KluCovym aspektom susicky je jej schopnost
automaticky udrziavat’ suSiacu teplotu v rozmedzi od 25 do 110°C, ¢o umoziuje presné
nastavenie podmienok pre optimalne susenie.

£

Obrazok 3 Susicka Mathews Company, 675 BEM-NG/HRS
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— Moricka osiv MO 20

Firma tspesne vyuziva moricku osiv MO 20 (Obrazok 4) na vlastna urodu, ktora aplikuje osiva beznych
druhov plodin pomocou moderného mokrého kontinualneho procesu. Vdaka tejto technologii je
mori¢ka vhodna aj pre 'ahko poskodite'né semena ako hrach, sdja a kukurica, pricom minimalizuje
riziko ich poskodenia pocas procesu morenia.

Obrazok 4 Moricka osiv MO 20

RESULTS and DISCUSSION
Vysledky merania pozberovej uipravy

Pri posudzovani linky sme sa zamerali na niekolko kritérii a ukazovatele kvality obilnin. Prvym
kritériom hodnotenia bola objemovd hmotnost’ v kg.m>. Nasledujucim kritériom bola hmotnost
1 000 ztn (HTZ) v g, analyza podielu frakcii v %, analyza vlhkosti zrna v % .

— Analyza merani objemovej hmotnosti

Pri merani objemovej hmotnosti pSenice Csillag a jaémena Casanova sme postupovali podl'anormy STN
ISO 7971-3, pricom sme na ur¢enie objemovej hmotnosti zin pouzili obilny skisac OS-1.

Zisten¢ meranie objemovej hmotnosti pSenice Csillag mozno vidiet’ v nasledujucej tabul’ke 1. Tabulka
poskytuje detailné informacie o kazdom merani.
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Tabulka 1 Objemova hmotnost’ pSenice Csillag pred ¢istenim a po Cisteni

Objemova hmotnost’ (kg.m) pSenice Csillag
Cislo merania V.Pr“} Po &isteni | Primesi (g) | Primesi (%) | Cisté zrmo (%)
cistenim
1 807,14 836,64 29,50 3,53 96,47
2 807,82 833,99 26,17 3,14 96,86
3 795,96 834,93 38,97 4,67 95,33
4 810,87 837,17 26,30 3,14 96,86
5 799,38 836,93 37,55 4,49 95,51
6 804,27 834,16 29,89 3,58 96,42
7 808,62 837,80 29,18 3,48 96,52
8 795,56 838,29 42,73 5,10 94,90
9 794,56 835,87 41,31 4,94 95,06
10 807,91 837,50 29,59 3,53 96,47
Min. 794,56 833,99 26,17 3,14 94,90
Max. 810,87 838,29 42,73 5,10 96,86
Rozsah 16,31 4,30 16,56 1,96 1,96
Priemer 803,21 836,33 33,12 3,96 96,04
Smer. odchylka 6,22 1,52 6,32 0,75 0,75
Var. koeficient % 0,77 0,18 19,09 19,05 0,79

T

Zvysenie priemernej objemovej hmotnosti po ¢isteni naznacuje, Ze Cistenie odstranilo z obilia necistoty
a l'ahké castice, ¢im sa zvysila jeho hustota. Vyrazny pokles rozsahu objemovej hmotnosti po Cisteni
potvrdzuje, ze Cistenie viedlo k homogenizacii vzorky z hl'adiska objemovej hmotnosti.
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Tabulka 2 Objemova hmotnost’ ja¢mena Casanova pred ¢istenim a po Cisteni

Objemova hmotnost’ (kg.m) jaémena Casanova
Cislo merania éizzgm éigczni Primesi (g) | Primesi (%) Cisté zrno (%)
1 663,13 671,95 8,82 1,31 98,69
2 658,45 673,20 14,75 2,19 97,81
3 665,14 674,22 9,08 1,35 98,65
4 660,45 671,76 11,31 1,68 98,32
5 667,52 672,53 5,01 0,74 99,26
6 665,91 671,87 5,96 0,89 99,11
7 660,23 671,67 11,44 1,70 98,30
8 661,01 672,16 11,15 1,66 98,34
9 662,14 672,46 10,32 1,53 98,47
10 661,19 669,83 8,64 1,29 98,71
Min. 658,45 669,83 5,01 0,74 97,81
Max. 667,52 674,22 14,75 2,19 99,26
Rozsah 9,07 4,39 9,74 1,45 1,45
Priemer 662,52 672,17 9,65 1,44 98,56
Smer. odchylka 2,87 1,13 2,83 0,42 0,42
Var. koeficient % 0,43 0,17 29,29 29,24 0,43

Tak ako pri pSenici Csillag, tieto udaje naznacuji zvySenie Cistoty a znizenie variability po procese
Cistenia. Pokles rozsahu objemovej hmotnosti po Cisteni potvrdzuje, Ze Cistenie viedlo k homogenizacii
vzorky z hl'adiska objemovej hmotnosti a zvySenia hustoty.

— Analyza hmotnosti 1000 zrn (HTZ)

Proces analyzy hmotnosti 1000 zfn (HTZ) pSenice Csillag a ja¢mena Casanova prebiehal v laboratornej
suprave, kde nastrojom bolo laboratérne pocitadlo ztn NUMIREX.

Zistené udaje o hmotnosti 1000 zin pSenice Csillag a jacmena Casanova mozno vidiet' v tabul’ke 3, ktora
obsahuje presné vahy pre jednotlivé vzorky.

59



TECHNOFORUM 2024 ,New Trends in Machinery and Technologies for Biosystems*

Tabulka 3 Hmotnost’ 1000 zin pSenice Csillag a jaémena Casanova

Hmotnost’ 1 000 zin (HTZ) (g)
Cislo merania Psenica Csillag Ja¢men Casanova
1 33,12 36,72
2 34,61 36,62
3 34,32 35,90
4 34,44 37,27
5 35,13 36,09
6 35,15 36,23
7 34,68 35,62
8 34,51 36,24
9 34,28 36,78
10 35,46 35,40
Min. 33,12 35,40
Max. 35,46 37,27
Rozsah 2,34 1,87
Priemer 34,57 36,29
Smer. odchylka 0,064 0,57
Var. koeficient % 1,86 1,57

Napriek tomu, ze jacmen Casanova mal v priemere tazSie zrna ako pSenica Csillag, jeho rozsah
hmotnosti bol mensi, to naznacuje, ze zrna jaémena Casanova boli jednotnejsej velkosti a hmotnosti ako
zrna pSenice Csillag.

— Triedenie zrn podl’a vel’kosti

Pri analyze podielu frakcii v zrne pre pSenicu Csillag a jaémen Casanova sa pouzila laboratorna sitova
Cisticka znacky Pfeuffer Sortimat, ktord je navrhnutd na presné laboratorne rozdelenie zrnovej vzorky
na rozne vel'kostné frakcie. Pouzité sita pre psenicu Csillag boli s priemerom otvorov 3,5, 2,0, 1,0 mm
a pre jaémen Casanova 2,8, 2,5, 2,2 mm.

Ziskané tdaje z analyzy podielu frakcii v zrne pre pSenicu Csillag ajaémen Casanova sii zaznamenané
v tabul’ke ¢.4 a 5, ktora poskytuje hmotnosti jednotlivych frakeii po triedeni.
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Tabulka 4 Triedenie pSenice Csillag

Triedenie pSenice Csillag pri rozmeroch sit 3,5; 2,0; 1,0 mm

Cislo 1. Frakcia 2. Frakcia 3. Frakcia 4. Frakcia Spolu

merania g % g % g % g %o g %
1 2,43 2,43 96,31 96,31 1,25 1,25 0,01 0,01 100,00 | 100
2 2,23 2,23 96,39 96,41 1,34 1,34 0,02 0,02 99,98 | 100
3 2,86 2,86 95,62 95,59 1,53 1,53 0,02 0,02 | 100,03 | 100
4 5,00 5,00 93,24 93,28 1,70 1,70 0,02 0,02 99,96 | 100
5 2,90 2,90 95,35 95,28 1,78 1,78 0,04 0,04 | 100,07 | 100

Min. 2,23 2,23 93,24 93,28 1,25 1,25 0,01 0,01 99,96 | 100

Max. 5,00 5,00 96,39 96,41 1,78 1,78 0,04 0,04 | 100,07 | 100

Rozsah 2,77 2,77 3,15 3,13 0,53 0,53 0,03 0,03 0,11 0

Priemer 3,08 3,08 95,38 95,37 1,52 1,52 0,02 0,02 | 100,01 | 100

Smer.

odchylka 1,11 1,11 1,28 1,26 0,23 0,23 0,01 0,01 0,04 0

Var.

};‘)’eﬁmm 3593 | 3596 | 134 | 133 | 1491 | 1489 | 4979 | 4975 | 0,04 | 0

Prva atretia frakcia maji menSie hmotnostné a percentudlne podiely, zatial’ ¢o Stvrta frakcia,
ktorou je prach alebo ulomky, ma najmensi hmotnostny a percentualny podiel.

Tabulka 5 Triedenie ja¢meiia Casanova

Triedenie ja¢mena Casanova pri rozmeroch sit 2,8; 2,5; 2,2 mm

Cislo 1. Frakcia 2. Frakcia 3. Frakcia 4. Frakcia Spolu

merania g % g % g % g %o g %
1 14,89 14,88 | 51,96 | 51,93 | 27,97 | 27,96 | 5,23 5,23 100,05 | 100
2 15,01 15,01 | 52,04 | 52,04 | 28,23 | 28,23 | 4,72 4,72 100,00 | 100
3 14,71 14,69 | 51,72 | 51,63 | 29,62 | 29,57 | 4,12 4,11 100,17 | 100
4 14,86 14,88 | 53,24 | 53,30 | 27,05 | 27,08 | 4,74 4,75 99,89 | 100
5 13,02 13,02 | 48,35 | 4835 | 33,26 | 33,26 | 5,37 5,37 100,00 | 100

Min. 13,02 13,02 | 48,35 | 4835 | 27,05 | 27,08 | 4,12 4,11 99,89 | 100

Max. 15,01 15,01 | 53,24 | 53,30 | 33,26 | 33,26 | 5,37 5,37 100,17 | 100

Rozsah 1,99 1,99 489 | 495 6,21 | 6,18 1,25 1,26 0,28 0

Priemer 14,50 14,49 | 51,46 | 51,45 | 29,23 29,22 | 4,84 4,84 100,02 | 100

Smer.

odchylka 0,83 0,83 1,84 1,85 244 | 243 0,49 0,50 0,10 0

Var.

};‘)’eﬁmm 575 | 574 | 357 | 359 | 833 | 831 | 1021 | 1025 | 0,10 | 0

Analyza jednotlivych frakcii pSenice Csillag ajacmena Casanova odhalila zaujimavé rozdiely, pri pSenici
je dominujuci podiel zrna v 2. frakcii, kde sa koncentruje viac ako 95% z celkovej hmotnosti vzorky.
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V pripade ja¢meiia je to podobné, viac ako 50% sa nachadza v 2. frakcii. Tento fenomén mobze
naznacovat’, ze zrna p$enice su vo vSeobecnosti rozmerovo homogénnejsie v porovnani s jaCmenom.

— Analyza vihkosti zrna

Proces merania vlhkosti zrna pSenice Csillag a jaémena Casanova prebiehal s vyuzitim
vlhkomera na obilie Pfeuffer HE 50. Meranim pomocou vlhkomera bola zistena vlhkost’ pSenice Csillag
na urovni 10,3% a vlhkost’ ja¢mena Casanova na urovni 10,2%.

— Porovnavanie hodnét s technickymi normami

Pocas merania pSenice Csillag musi byt splnena stthrna kritéria uréena normami STN 46 1011-1, STN
46 1011-30, STN 46 1100-1, STN 46 1100-2, ako aj pravidlami potravinového kddexu Slovenske;j
republiky a d’alSimi suvisiacimi $pecifikaciami uvedenymi v tychto normach. Potravinarska pSenica je
klasifikovana do kvalitativnych tried podl'a technickych noriem, ktoré rozdel'uju zrmo do nasledujucich
kategorii:

a) elitna pSenica je zaradena do kvality triedy E,
b) zlepSujica pSenica patri do kvality triedy A,
c) Standardnu kvalitu reprezentuje pSenica triedy B,

d) slaba pecivarska pSenica je klasifikovana ako kvalita triedy P.

Tabulka 6 Porovnavanie hodndt s STN 461100-2

Ol em(‘l’(vgarﬁf?)"mo“ Primesi (%) | Cisté zmo (%) | Vihkost (%)
Namerané hodnoty 836,33 3,96 96,04 10,3
Poziadavky podl'a normy . . o S
STN 461100-2 (Trieda E) Najmenej: 800 Najviac: 4 - Najviac: 14

Vzorka pienice Csillag splia alebo prekraduje priemerné §tandardné hodnoty objemovej hmotnosti,
primesi a vlhkosti, ako je stanovené v technickych Specifikaciach kvality normy STN 46 1100-2. Tieto
kritéria umoznuju zaradenie pSenice do elitnej kvalitativnej triedy skupiny E.

Pri testovani ja¢mena Casanova je nutné splnit’ normy STN 46 1011-1, STN 46 1011- 33, STN 46 1100-
1, STN 46 1100-6 aISO 5527.

Tabulka 7 Porovnavanie hodnot s STN 461100-6

Objemova hmotnost’ | b .; (04) | Cisté zmo (%) | Vihkost (%)
(kg.m")
Namerané hodnoty 672,17 1,44 98,56 10,2
Poziadavky podl'a normy . . L S
STN 461100-6 (Tricda A) Najmenej: 640 Najviac: 3 - Najviac: 14

Ked’7e vybrana vzorka jaémetia spifia alebo prekratuje §tandardné hodnoty objemovej hmotnosti,

mnozstva primesi

a vlhkosti, ktoré su

klasifikovat’ do akostnej triedy A.

stanoven¢ v norme STN 46 1100-6, je mozné ju
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CONCLUSION

Ciel'om prace bolo zhodnotit’ vybrant linku strojov na pozberovu Upravu obilnin vzhl'adom na kvalitu
produktu. V ramci prace sme podrobne analyzovali Cistiaci stroj Schneider Jaquet & Cie SNST 1150,
suSi¢ku Mathews Company model 675 BEM-NG/HRS, moricku osiv MO 20, dopravniky a sklady.

Z hladiska kvality produktu, obidve analyzované obilniny pSenica Csillag a jaémen Casanova boli
testované v laboratornych podmienkach a spiiali slovenské technické normy. PSenica bola zaradena do
najvyssej triedy E ajacmen do triedy A. Zistilo sa, Ze pSenica ma vyrazne homogénnejsie zrma ako
jacmen, €o sa prejavilo najmi v druhej frakeii, kde pSenica dosiahla viac ako 95% a ja¢men viac ako
50%. Aj napriek vicsej variabilite jacmena boli prva a tretia frakcia stale plne pouzitelné.

Na zaklade zisteni by bolo z technologického hl'adiska prospesné zvazit’ implementaciu pokrocilejsich
technologii na zvySenie uniformity zfn, najmé pri jacmeni, ¢o by mohlo prispiet’ k zlepSeniu kvality
kone¢ného produktu. Odportica sa tiez zaviest dodato¢né monitorovacie a kontrolné postupy pre
skladovanie obilnin, aby sa predis§lo pripadnej kontaminacii a zabezpecila sa konzistentna kvalita
obilnin.

Problematika pozberovej upravy obilnin z hl'adiska strojov, technologického a ekonomického hladiska
je vramci Slovenskej republiky malo preskiimana, preto tieto otazky budu predmetom d’alSieho
vyskumu na Ustave pol'nohospodarskej techniky, dopravy a bioenergetiky, Technickej fakulty SPU
v Nitre.
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COMPUTER MODELLING OF THERMAL STRESS ON GLASS SHEET DURING LASER
ENGRAVING
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ZBYNEK HAVELKA

Faculty of Agriculture and Technology, University of South Bohemia, Department of Technology and
Cybernetics, Na Sadkach 1780, 37005 Ceské Bud¢jovice, Czech Republic

Abstract: Computer modelling is often used to understand the nature or behaviour of physical
phenomena. In this work, a three-dimensional computer model was created from a glass
plate on which twenty dots with a radius of 371.54 pm were burned using a laser engraving
process. The distance between the dots was 1.25 mm. A computer simulation of the thermal
stress of the laser engraving process was carried out on this model. The input parameters
used were the laser travel time between points, the duration of the laser discharge, the laser
power, the laser intensity and the laser density over a given area, the heat flux coefficient
of the glass sheet and the function controlling the firing of the laser beam at specific points
and times. The simulation was carried out for two variants that differed in the order of the
fired points. The second variant proved to be more optimal for the geometry and material
studied. It resulted in less thermal stress, as lower temperatures were achieved with
a defined laser beam, and at the same time there was a greater time delay between processes
stressing the same locations.

Keywords: Finite Element Method; COMSOL Multiphysics®; Heat Transfer; Computer Simulation

INTRODUCTION

Laser engraving is used in the glass processing industry mainly for design purposes. Thanks to
specialised computer programs, it is possible to take almost any design or image and have it burned onto
the surface of glass using laser engraving equipment. As part of the FV30234 project "Research and
development of a process for laser printing of small to large format glass surfaces for the needs of the
contemporary building industry", it was investigated whether this process could be used for other than
purely design purposes. A special grid of dots was designed with a specific pitch and laser power to
reflect the required amount of the UV part of the light spectrum to create an optical barrier to flying
birds. However, when using the specified pitch of the dots, the material began to exhibit destructive
behaviour due to excessive thermal stress. Therefore, one of the sub-problems addressed in the TRIO
project FV30234 was to map the thermal stress on the glass surfaces during this specific surface
treatment. Given the software and hardware facilities available at the Department of Engineering and
Cybernetics at the Faculty of Agriculture and Technology, it was proposed to carry out a study of the
thermal stresses described above using computer simulation. The advantages of computer simulations
are undoubtedly the possibility of repeating simulations with adjustment of the input values or the
possibility of studying the influence of one or more variables on the simulation result.

Methods of computer modelling of physical-technical phenomena contribute greatly to a better
understanding of them, which can be of considerable benefit in operational practice. Computer
simulations allow the influence of many variables on a mathematically defined model to be studied. In
ashort time, simulations can provide awealth of data that would often take years to obtain
experimentally. Another advantage is the ability to set custom model conditions under which the
simulation can be run. Given the complexity of some of the phenomena being studied, the biggest
problem with computer simulations is their questionable correlation with experimentally measured data
in the real world. This correlation is influenced by the mere mathematical description of the phenomenon
under study, or rather by the accuracy of the mathematical description and the degree of simplification.
The next step, where inaccuracies occur, is the numerical solution of the equations describing the
phenomenon under study. These solutions often involve further simplifications, which can further
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increase the deviations between simulation and reality. Inaccuracies can also arise from the choice of
a limited number of variables as input data, simplification of the geometry of the phenomenon under
study and inaccurately measured input parameters. When obtaining experimental data for comparison,
the accuracy of the measuring instruments used and the method of data acquisition are important. (Abar
et al., 2017; Oliveira et al., 2019; Wang and Jiang, 2022; Foo et al., 2023; Sass and Reusken, 2023)

As computing power increases and becomes more widely available, the use of computer simulations is
becoming more widespread across disciplines to elucidate the behaviour of selected systems under
defined conditions. In health research, for example, a model has recently been developed to simulate
pulmonary ventilation flow in advanced COVID-19 disease (Middleton et al., 2022). Redlarski and
Jawoski (2013) developed a tool to predict the course of respiratory disease, using data from a large
database of previously published results. Another example of the use of computer simulations in
healthcare is a model to assess hand tremor in Parkinson's disease (Legaria-Santiago et al., 2022). In the
agricultural sector, especially in crop production, one of the most discussed areas of research is the study
of compaction of agricultural soils due to the effects of soil management. Research is therefore
developing computer models that focus on this issue. Jimenez et al. (2021) use computer simulations to
study the effect of mechanised sugar beet harvesting on soil compaction. Escobar et al. (2021) focused
on the use of computer models to better understand the interaction between the roller and the partially
saturated soil for compaction analysis, and Guimardes Jinnyor et al. (2021) developed a predictive
model to compare soil compaction during mechanised harvesting with or without crop rotation on
a given plot. Apart from weather forecasting models, the best known applications of computer
simulations are computational fluid dynamics (CFD) models and models that simulate the stresses on
materials during engineering processing. Models dealing with flow or fluid dynamics include the model
used by Kumar et al. (2023) for the design and analysis of a three-way catalytic converter. From an
environmental or economic point of view, some technologies and materials are of great interest, which
is why many research teams focus on them. Review articles can then be produced to summarise the
latest findings on the subject, as in the case of Novia et al. (2023), who present recent advances in
modelling bioethanol production processes using CFD tools. Similarly, Tominaga et al. (2023)
summarise advances in the use of CFD models, this time in the area of urban aerodynamics and
microclimate simulations.

Computer modelling techniques are also used to map heat transfer mechanisms in glass surfaces. This
may involve attempting to identify the value of the heat transfer coefficient at the glass/mould frame
interface, as done by Cressin et al. (2023). Their work resulted in the development of a methodology to
identify the heat transfer coefficient based on a 1D finite difference model. To find a solution to the
thermal contact problem between the glass cylinder and the mould, it was necessary to solve thermal
equations 1 and 2.

aTI (x,t)

Co(ro)p TEED _ g . (k8 (T9)0,T9(x,0)) - Vs~ Graa (6, TO), M
CmImp TR — - (T, (1), @

where T/ (x, t) is the temperature of the points x at time t, where j = g or m and q,qq (W - m™~2) is the
heat flux. The two regions (g and m) are connected by a thermal contact condition x = 30,5 mm.

From a different perspective, Béchet et al. (2015) addressed the issue of glass forming. In their work,
they developed a 2D model of the forming and tempering processes in glass manufacturing, including
radiation heat transfer. The model was to be based on the finite element method, and the calculations
were carried out using the ABAQUS® software kernel. Equations 3 and 4 were used to calculate the
stresses in the material.

o7, 6) = s(7, 1) + TECCD | = 57, 1) + 2T 3)

trace(e(f,t))[ _ e(f t) n ep(rt) I (4)

e(r,t) =e(rt) + . .
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where e (7, t) is the strain tensor and s(7, t) is the stress tensor, I is unit tensor, €, (7, t) he first invariant
of the strain tensor and o3, (#,t) and is the first invariant of the stress tensor. They then used the
generalized Maxwell model for the shear part.

A special case of the cause of thermal stress and heat transfer in glass surfaces is cutting (Nisar et al.,
2009), welding (Kahle and Nodop, 2022) or laser beam surface treatment (Lai et al., 2022). The
processing of glass using laser discharges can be performed by several types of these devices. In
particular, ultrashort pulse lasers (Wu et al., 2022), femtosecond lasers (Witcher et al., 2015) and CO,
lasers (Mishra et al., 2017) have received much attention. For each type of laser, different pitfalls and
possible material defects after their use are described. Cvecek et al. (2014) published a paper presenting
experiments based on which it is possible to understand the origin and basic mechanisms of formation
and movement of gas bubbles formed in some types of glasses during their processing with an ultrashort
pulsed laser. Following this issue, Bulgakova et al. (2015) published a paper entitled " How to optimize
ultrashort pulse laser interaction with glass surfaces in cutting regimes?". The focus was on several
influences on the final cutting result, including laser wavelength, pulse duration, and laser energy, as
well as often neglected influences that affect industrial production, such as debris accumulation, the
need to use toxic substances after laser processing, and high sensitivity to relatively small changes in
laser parameters, including fluence, tracer velocity, and repetition rate.

In terms of the focus of this work, the most interesting problem addressed is the prediction of heating,
heat transfer and thermal stress of glass materials during CO; laser processing. The volumetric changes
of fused silica (Si0O,) at high temperatures were the focus of Vignes et al. (2013) when they developed
a thermomechanical model of laser-induced structural relaxation and deformation. They used equation
5 to calculate the heat transfer.

oT
Q(r,z,t,T) = p(T) - C,(T) -E—V-(K(T)-VT) (5)

where p is material density (g - cm™3), C, is the heat capacity at constant pressure (K) and k is the
thermal conductivity (W -m~1- K1),

Tiam and Chiu (2004) presented a heat transfer model to calculate the temperature field in a moving
glass rod heated by a CO2 laser. To calculate the heat transfer in the glass for a stable, axisymmetric
state, they relied on Eq. 6.

pCpU VI =V- (kVT —qr — qu)a (6)

where p is material density (kg -m™3), Cp is the specific heat capacity (J - kg=1-K™1), is the rod
displacement rate (cm - s~ 1), k is the thermal conductivity (W - m~1 - K~1), g, is the radiation-induced
heat flux (W), g, is the laser-induced heat flux (W).

Grellier et al (1998) carried out a theoretical and numerical study of the self-regulation of the diameter
of optical fibres produced by a CO, laser. After completing the theoretical study and interpreting the
computer simulation results, they concluded that for small diameters of glass fibres produced by CO,
laser, its polarisation is important because resonance effects cause oscillations in the equilibrium
temperature plots.

When cutting or surface treatment of glass surfaces with a laser, thermal stresses occur, which can cause
the material to break during the cutting process. Jiao and Wang (2008) came up with the idea of
preheating the material to be cut by using a dual CO; laser, where the first unfocused beam will preheat
and thus reduce the thermal gradients, and the second already focused beam will cut the glass sheet.
They verified their thesis using ANSY'S computer modelling software.

Therefore, the aim of this work was to create and numerically implement a computer model of a glass
plate thermally stressed during the laser beam engraving process, which will serve for a better
understanding of the specifically designed engraving procedure and its adjustment to avoid excessive
thermal stress leading to the destruction of the processed material.
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MATERIAL and METHODOLOGY

COMSOL Multiphysics® 5.5 software (COMSOL, Inc., USA) was used to create a computer model
simulating the thermal stress on the glass plate during the laser engraving process. This tool was used
on an HP Z4 G4 workstation with an Intel(R) Core(TM) 19-10940X CPU @ 3.30 GHz 3.31 GHz, 64
GB RAM, Windows 10 Pro, 64-bit operating system, version 22H2, and NVIDIA GeForce RTX 3090
graphics adapter.

To create a thermal stress model of the glass material during the laser engraving process, the initial setup
of the COMSOL Multiphysics® 5.5 software was created using the Model Wizard process, in which the
three-dimensional dimension of the physical phenomenon to be solved was selected, the physical
environment Heat Transfer in Solid was selected, and the entire computer simulation was solved using
the Time Depend study. The entire model was created parametrically, which allows for quick change of
input values in one place and also the possibility to export them in txt format. The parameters were set
in the Global Definitions node, namely the width (25 mm), height (30 mm) and thickness (4 mm) of the
glass sheet, the edge of the glass surface not treated by the laser beam (10 mm), the distance between
the burned points (1.25 mm), the radius of the burned points (371.54 um), the time for the laser to move
between the burned points (0.5 s) and the time for the laser beam to act on the burned point (0.5 s).

After entering all the necessary parameters from the previous step, it was possible to proceed to the
creation of a geometric representation of the studied phenomenon of heat propagation in the glass plate
during the laser engraving process. The glass plate was created using the block tool with the dimensions
width, height and thickness, while a corner was created with the coordinates. On the created plate it was
then necessary to construct 20 cylinders representing the points burned by the laser. The Cylinder tool
was used to create the first row of five points, with the Radius parameter set to Radius and the Height
parameter set to 0.001 mm, values common to all the points to be burned. The position setting for the
starting point of the cylinder construction (the centre of the lower base) is different for each point, or the
y and z coordinates are identical and the x axis coordinates change. The specific setup is described by
equations 6-8.

x = space + (n — 1) - spacing, (6)
y = height — space, @)
z = depth — 0.001, ®)

where n is the value of the order of the constructed cylinder. After all five cylinders were completed,
a second series was created using the Copy tool, where the input (copied) objects are cylinders 1-5 and
the displacement vector is (0, —spacing, 0). In the last step of geometry creation, copying was used
again, where the input objects were all ten cylinders, the original five and the new five created by the
first copy, and the displacement vector was (0, —2 - spacing, 0).

Another part of the model that had to be set up was the functions that control the switching on and off
of the laser beam, so that the surface treatment of the glass surface was continuous, with only one point
being fired at a time. The functions are set at the node. The Rectangle function, defined by the upper
and lower limits, was used to give the best flow for starting, operating and stopping the laser beam.
A control function was created for each point to be fired, making a total of twenty. The values of the
lower and upper limits are controlled by equations 9 and 10.

Lower limit = (n — 1) - discharge + (n — 1) - shiftLowerlimit = (n-1) - )
vyboj + (n-1) - posun,

Upper Limit = n - discharge + (n — 1) - shift UpperLimit = n - vyboj + (10)
(n-1) - posun,
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Once the functions controlling the laser discharge during firing were established, equations describing
the intensity and density of the laser beam as a function of position at the firing point, see equations 11—
16, had to be defined for each firing point.

. 11
DlStz,y(n) = ((z—o0p)" €y +(-y+ Ony) ’ ez)z (b
DiStz,x(n) =((—z+o0pz) " ex+ (X +0ny)° ez)z (12)
DiSty,x(n) = ((y - Ony) ey + (=X + 0py) ey)z (13)

Dist,,(n) 4+ Dist,,(n) + Dist,, ,.(n
distance(n) = Z’y( ) 5 Z';( ) 5 y’x( ) (14)
ex“ +ey“+e,
—0.5-distance(n)
- sz
intensity(n) = 0,5 -eT, (15)
PowerDensity(n) = P - intensity(n) (16)

where x, y, z are the coordinates around the laser beam, o, is the x-coordinate of the origin of the
beam, 0,,,, is the y-coordinate of the origin of the beam, 0,,, is the z-coordinate of the origin of the beam,
e, 1s the orientation of the beam in the x-direction, ey, is the orientation of the beam in the y-direction,
e, is the orientation of the beam in the z-direction and ¢ is the standard deviation with a decision to
increase it in case of too coarse elements of the computational mesh.

To monitor the temperature values, specific locations were selected where probes were placed.
Coordinates (x,y,z) had to be specified for each probe. A total of 12 probes were placed at the
intersection of the diagonals of four adjacent points forming a square. The coordinates of each point
were P; j, where i is the row number and j is the column number where the probe is located. The
coordinates of the probes can then be defined using equations 17-19.

1
X = space + (j - E) - spacing (17)
y = height — space — i - spacing (18)
z = 0.004 mm (19)

The next step in creating the computer model was to define the materials for the geometry. The entire
geometric domain was assigned the material silica glass from the implied materials library.

The correct setting of the physical model and boundary conditions is critical to the functionality of the
overall model. A heat source was created for each firing point using the Boundary Heat Sources tool.
A separate heat source had to be created for each point as each point was fired at a different time.
The heat flux value for each point was defined by Equation 20.

Q, = power_density(n) - rect(n) (20)

where n je potradi vypalovaného bodu. is the order of the burned point. In the Boundary Heat Source
setting, you must specify the units in which the rect(n) variable is substituted into the equation. Without
this information, the information will be incomplete for the software and it will not be able to perform
the calculation. For the rect(n) parameter, this is a time value because it ensures that the laser beam
starts at a specific time, so it will be entered here(t[1/s]).
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Within the physical environment of heat propagation, it is also necessary to define the value of the heat
flux. In this setting, the normal ambient temperature of 293.15 K was used and the value of the heat flux
coefficient of the glass sheet was set to 5.7 W -m™2 - K~1, as reported by Tong et al. (2019) in their
paper. These values were assigned to all geometric entities that form the virtual representation of the
glass sheet used to simulate the laser engraving process. The software uses the equation
qo = h+ (Toxt — T), whre h is the heat flux coefficient, T,,; is the ambient temperature and the source
temperature to calculate the convective heat flux. The second critical part of setting up a computer model
to simulate a particular physical phenomenon is the generation of a computational mesh. In this thesis,
the finest computational mesh generation was used for the model creation. This was used because of the
very small size of the firing points.

At the end of the process, two versions of the computer model were produced, differing in the order in
which the points were fired. In the first version, the points were fired from left to right and in rows,
whereas in the second version the points were fired one at a time and the rows were omitted. The specific
order of the points is shown in Figure 1.
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Figure 1 Order of firing points by laser engraving machine in a) variant 1, b) variant 2

Once these versions were completed, a time-dependent study was run, monitoring the burning process
of 20 points for 21 seconds. The initial calculation time was set to 0 s, the time-dependent study step
was set to 0.1 s and the entire simulation was terminated when the time reached 21 s. In total, the study
was calculated for 211 different time points.

RESULTS and DISCUSSION

A computer simulation was performed for both proposed variations of the order of the fired points, using
an identical computational grid consisting of 10 139 620 elements with an average quality of 0.5322.
The lowest quality element had a value of 4.905 - 10, The lower quality of the computational mesh was
due to the large variation in the size of the individual geometry elements, where the overall dimensions
of the glass plate were in the order of tens of mm, whereas the average of the fired points had a value of
371.54 pm.

Setting the order of the points had only a minimal effect on the total computation time, with variant 1
taking 22 hours 24 minutes and 4 seconds to compute and variant 2 taking 22 hours 48 minutes and
27 seconds to compute, and the difference of 24 minutes 23 seconds may be due to the different load on
the computing setup, which was busy with normal operations in addition to model processing.

Table 1 shows the maximum values of each probe in the computer simulation of the laser engraving of
dots in each row. The first row burns points 1-5, the second row burns points 6—10, the third row burns
points 11-15 and the fourth and final row burns points 16—20. During the firing of the first row, none of
the probes reached the calculated maximum temperature for the entire engraving process. For probes 1—
4, the maximum temperatures were calculated for the firing of the second row. The maximum
temperatures for probes 5-8 were obtained during the surface treatment that formed the third layer of
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dots. For the remaining probes 9—12, the engraving process of the fourth row was the most stressful in
terms of recorded temperatures. The minimum temperature differences for probes 4 and 8 were due to
the fact that they were boundary probes that only cooled in the following time interval, which was
reflected in the highest measured value obtained in that interval. For clarity, the data from Table 1 has
also been visualised in the graph in Figure 2.

Table 1 Maximum temperature values [°C] measured by the probes in the computer simulation of firing points in
individual rows for variant 1

1% line 2™ Jine 3 line 4" line
Probe 1 796.83 873.76 263.47 185.01
Probe 2 840.93 922.54 292.99 230.18
Probe 3 861.65 936.28 353.35 261.54
Probe 4 838.09 921.23 919.53 284.30
Probe 5 152.29 859.83 914.30 288.15
Probe 6 177.07 908.74 952.16 317.44
Probe 7 189.10 925.71 979.36 387.89
Probe 8 168.36 909.75 951.29 948.94
Probe 9 64.38 192.47 893.64 931.86
Probe 10 74.07 222.76 932.60 963.33
Probe 11 75.03 233.13 963.61 992.00
Probe 12 61.46 205.94 939.44 986.27
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Figure 2 Visualisation of the values measured by the probes in the computer simulation of the firing
of points in individual rows in variant 1

In Variant 2, the first, third and fifth dots are burned first in the first and then in the third row, then the
second and fourth dots are engraved in the second, fourth, first and third rows, and finally the first, third
and fifth dots are formed in the second and fourth rows.The temperature waveform recorded by each
probe during the computer simulation of the laser engraving process shows peak temperatures in the
range of approximately 100 °C after the initial start-up and heating of the glass sheet throughout its
circulation, atime interval of 0—7.5 s. Table 2 shows the maximum temperatures reported by the
respective probes during the computer simulation. In contrast to Table 1, the points are not fired in a row
but in a series. Points 1, 3, 5, 11 and 13 are included in the first series, points 15, 7,9, 17 and 19 in the
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second series, points 2, 4, 12, 14 and 6 in the third series and finally points 8, 10, 16, 18 and 20 in the
fifth series. With the exception of points 8 and 12, the maximum temperature values during all 4 series
were within a maximum of 230 °C. At the same time, most of the probes reached their maximum
temperature during the entire engraving process only during the fourth run. The only exceptions were
probes 3, 7 and 11, which reached their maximum temperature during the third series. However, the
difference between the third and fourth runs was marginal. For probe 3 it was 2.27 °C, but this could be
due to the fact that the time limit between the third and fourth series was identical to the end of the firing
point in the vicinity of the probe and therefore the cooling process was taking place. For probe 7 the
difference was 19.58°C and for probe 11 the difference was 37.68°C. For the sake of clarity, the data
from Table 2 has also been visualised in the graph in Figure 3.

Table 2 Maximum temperature values [°C] measured by the probes in the computer simulation of firing points in
individual rows for variant 2

1% series 2™ geries 3rd series 4™ series
Probe 1 663.72 748.52 774.88 825.32
Probe 2 725.43 769.36 799.12 900.30
Probe 3 676.75 835.26 863.63 861.36
Probe 4 721.93 786.86 802.20 872.53
Probe 5 724.58 765.58 816.36 851.05
Probe 6 721.04 796.09 858.87 920.76
Probe 7 677.18 853.88 905.58 886.00
Probe 8 134.24 808.58 839.13 883.57
Probe 9 698.21 782.99 790.41 828.06
Probe 10 696.74 820.28 816.40 876.58
Probe 11 645.99 717.18 876.39 838.71
Probe 12 79.37 769.06 812.92 888.02
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=
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Figure 3 Visualisation of the values measured by the probes in the computer simulation
of the firing of points in individual rows in variant 2
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In the graphs in Figures 4—-6 we can see a comparison of the two proposed variants of the laser engraving
procedure on the temperature evolution during the firing of the individual points recorded by the selected
probes 1, 6 and 12, which were chosen because they are the initial probe, the probe located practically
in the center of the treated area and the final probe. For probe 1, the first firing point is completely
identical, but already for the second point there is a noticeable difference in the value of the maximum
temperature measured by the probe during engraving in the vicinity. From the graph in Figure 4, the
difference in the delay of the next thermal loading between the two variants is also clearly observable.
The same observation can also be made from the graphs in Figures 5 and 6, where the variants based on
different firing point order are compared from the values obtained by probes 6 and 12. Again, we can
observe that higher temperatures are achieved for variant 1 and, conversely, longer time delays between
the next thermal stresses for variant 2. Table 3 compares the temperature differences of the maximum
measured values. The smallest difference was measured with probe 2, namely 22.24 °C. On the other
hand, the largest difference was recorded at probe 11, namely 115.61 °C. The mean temperature
difference (69.3825 °C) and the median (70.18 °C) corresponded very well.
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Figure 4 Comparison of the temperature evolution obtained from probe 1 in the computer simulation
of the laser engraving process for Variant 1 and Variant 2.
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Figure 5 Comparison of the temperature evolution obtained from probe 6 in the computer simulation
of the laser engraving process for Variant 1 and Variant 2.
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Figure 6 Comparison of the temperature evolution obtained from probe 12 in the computer simulation
of the laser engraving process for Variant 1 and Variant 2.

Table 3 Comparison of the maximum temperatures obtained from the probes in the computer simulation of the
laser engraving process for Variant 1 and Variant 2.

1 variant 2" yariant Difference

Probe 1 873.76 825.32 48.44
Probe 2 922.54 900.30 22.24
Probe 3 936.28 863.63 72.65
Probe 4 921.23 872.53 48.7

Probe 5 914.30 851.05 63.25
Probe 6 952.16 920.76 314

Probe 7 979.36 905.58 73.78
Probe 8 951.29 883.57 67.72
Probe 9 931.86 828.06 103.8
Probe 10 963.33 876.58 86.75
Probe 11 992.00 876.39 115.61
Probe 12 986.27 888.02 98.25

A number of observations can be made from the results of the computer simulation of the two different
variants and their comparison on the above graph, which can be summarised as follows:

e In Variant 1, higher temperatures are reached during the laser engraving process on all the probes.
o In variant 2, there is a longer time delay before the subsequent re-thermal loading.

Based on the results, it appears that Variant 2, where the individual points are fired out of sequence, is
more optimal for the laser engraving process described. In this particular case, the order of the dots was
1,3,5,11,13,15,7,9,17,19,2,4, 12, 14, 6, 8, 10, 16 and 20.

CONCLUSION.

The computer simulation of thermal stress during surface treatment of glass material by laser engraving
was carried out on a three-dimensional model. Two variants were studied to optimise the firing of
individual dots. The first variant was the initial treatment variant, where the firing order of the dots was
identical to their chronological order, i.e. dot 1 was fired first, dot 2 second and so on up to dot 20.
However, with this type of treatment, destruction of the glass sheet due to excessive thermal stress was
not uncommon. For the second variant, the order of the fired points was proposed to be independent of
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their chronology, namely the order was 1, 3, 5, 11, 13, 15,7,9, 17, 19, 2,4, 12, 14, 6, 8, 10, 16 and 20.
From the results of the computer simulation of the two different variants and their comparison on the
above-mentioned graphs, it can be concluded that variant 2 achieved lower temperatures during the
surface treatment of the material, on average by 69.3825 °C, and at the same time the time delays
between reheating treatments of the same sites were longer. Based on these results, it appears that
Variant 2, in which the individual points are fired out of sequence, is more optimal for the laser
engraving process described.

Due to the fact that the parameters that are important for the topology of the fired dots, in particular the
laser power and the distance between the individual dots, which are necessary for the functionality of
the surface treatment, were left out, only the influence of the order of the fired dots was investigated in
the work. In order to gain a deeper understanding of the physical phenomenon of laser engraving of the
glass surface under investigation, it would have been useful to carry out a study of the influence of laser
power or point spacing.
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VERIFICATION OF THE FUNCTIONALITY OF THE GLASS SURFACE TREATMENT IN
TERMS OF PROVIDING A VISIBLE BARRIER TO FREE-CHEWING BIRDS

TOMAS ZOUBEK, ROMAN BUMBALEK, MARTIN FILIP, ONDREJ TUPY, PAVEL OLSAN

Faculty of Agriculture and Technology, University of South Bohemia, Department of Technology and
Cybernetics, Na Sadkach 1780, 37005 Ceské Budéjovice, Czech Republic

Abstract: The main objective of this work was to verify the mastery of the design, production
technology and manufacture of small, medium and large transparent glass surfaces that
reflect light rays in the UV part of the optical spectrum and, on the contrary, transmit rays
in the visible part of the optical spectrum to the maximum extent. Such a material would
appear to birds as an insurmountable obstacle to be avoided during flight, and the human
eye would perceive such a material as transparent with no aesthetically disturbing elements.
The functionality of the prototype-coated glass surface bales was verified in a test tunnel
with 54 wild bird species at a site close to the test area.

Keywords: laser engraving; test tunnel; UV reflection; design

INTRODUCTION

Today, glass structures are increasingly used in the construction and related industries. However, with
this comes the problem of increasing bird mortality. A flying bird does not recognise a transparent
obstacle when it hits it, which usually results in fatal injuries. From the point of view of modern
architecture and the facade materials market, glass surfaces must be transparent and properly integrated
into the environment. And it is the use of light reflection in the UV part of the optical spectrum to deter
birds from flying into transparent surfaces without significantly reducing the visibility through the
transparent surfaces to the human eye that appears to be a suitable innovative solution to this problem.
Nguyen et al. (2017) reported that to improve the reflection of the UV part of the light spectrum, alloying
elements or compounds can be added in their appropriate concentrations during the laser printing process
of glass surfaces. The gaseous compounds can be added directly to the plasma discharge treating the
glass surface. Solid compounds can be used in the form of powders that are baked into the structure and
burned onto the glass surface by the plasma discharge. Suitable precursors that positively affect the
reflection of the UV part of the light spectrum include TiO; by Zhao et al. (2017) and Nagasawa et al.
(2018). Zheng et al. (2018) used ZnO for the same purpose. However, CaZrOs; (Subrami et al., 2018) or
SiO; (Rafiaei et al., 2019) can also be used.

Collision with glass is one of the most common causes of death in wild birds, as birds are unable to
perceive it as an obstacle (Klem, 1989; Ogden, 1996). According to Klem (1990) and Veltri and Klem
(2005), collisions with glass surfaces are fatal for approximately 50% of birds. It is estimated that 365—
988 million birds die annually from collisions with glass surfaces in the USA (Loss et al., 2014), about
25 million birds in Canada (Machtans et al., 2013) and hundreds of thousands of birds in Austria (Rdssler
and Doppler, 2014). In the Czech Republic, similar estimates are lacking, but the fact that this is also
a problem in our area is illustrated by the death of almost 200 birds by hitting a noise barrier near the
D47 motorway. This number was counted on one kilometre of this noise barrier wall within six months
(Strnad and Bil4, 2015). The highest risk of bird mortality due to collisions with glass is found in large
buildings located in regions with low urbanisation (Hager et al., 2017; Ocampo-Pefiuela et al., 2016).
However, even small glass buildings can affect bird mortality, as shown by Zysk-Gorczynska et al.
(2020). In their paper, they report that they recorded 155 bird deaths as a result of collisions with glass
bus stops in Poland over the course of one year. In total, they monitored 81 glazed bus stops and
collisions occurred at 40 of them.
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To prevent wild birds from colliding with the glass surfaces, measures have been taken to prevent birds
from hitting the glass surfaces. These measures fall into three main groups:

1) Do not use large glazed areas and highly reflective materials.
2) Cover hazardous areas.
3) Place structures in front of and behind the glass surface.

For existing buildings and structures, the most common approach is to modify the glass surfaces so that
they are perceived as obstacles by birds. However, most very effective solutions reduce or eliminate
transparency or change the appearance of the building. For example, a study by Zysk-Gorczynska et al
(2020) reported the effect of graffiti and dust on glazed bus stops on reducing the number of bird strikes.
However, such a solution is unthinkable for most owners, designers and architects. A comparison of the
functionality of surface treatments used to prevent wild birds from colliding with glass surfaces was
carried out by Rossler and Doppler (2014). They tested a total of 39 types of surface treatments and
categorised them according to their functionality into categories A to D, where category A includes
those solutions that resulted in collisions up to 10% of the time during experimental validation, category
B includes surface treatments with collision rates between 10 and 19.9%, category C resulted in
collisions 20—45% of the time, and all technical solutions with a result of 45% and above are categorised
in category D.

Categories A and B only include treatment technologies in the form of visible coatings, which are not
acceptable to all building owners, designers and architects. Therefore, methods of treating glass surfaces
that reflect the UV spectrum of light are being developed. These solutions are invisible to the human
eye or do not cause a disturbing effect. However, the effectiveness in preventing bird collisions with
such treated surfaces is not as high as with visible coatings. The disadvantage of stickers or films applied
to glass surfaces, apart from their reduced or total lack of transparency, is their temporary nature and the
need to replace them.

In terms of the technology used to reflect the UV part of the light spectrum, the result of this study is
comparable to the ORNILUX Mikado and Birdpen® products. In the experimental validation, the
Ornilux Mikado product was observed in the middle of the tested birds in 37.2% of the cases, which
places it in category C. The Birdpen® product is placed in the last category D, as it was observed in the
middle of the tested birds in 54.3% of the cases.

MATERIAL and METHODOLOGY

During the experimental verification of the surface treatment, 54 wild birds were captured. The treated
glass was tested successively in a test tunnel measuring 7 x 1.2 x 2 m (length x width x height).
An ornithological net was placed at a distance of approximately 120 cm in front of the tested panes to
prevent direct collision between the bird and the pane. To prevent a collision, birds were caught in the
ornithological net. Once caught in the ornithological net, each bird was released by a competent person.
This measure ensured that no flying birds were killed during the experiment. The conduct of the
experiment and the capture of the birds required for the experiment were supervised by a qualified
person holding a bird-trapping licence. During the experimental verification of the functionality of the
glass surface treatment using the test tunnel, the treated surfaces, as shown in Figure 1, were alternated
with the untreated surfaces. The same Pilkington Optifloat™ Clear 4mm material was used for both
treated and untreated glass. The technical properties of this material are given in Table 1.
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Table 1 Technical Information of used glass material Pilkington OptifloatTM Clear 4mm (Pilkington, 2024).

Transmittance 0.89
Light

Reflectance 0.08

Direct Transmittance 0.83

Reflectance 0.07
Solar Energy

Absorptance 0.10

Total Transmittance 0.85

Short Wavelength 0.95
Shading Coefficient Long Wavelength 0.03

Total 0.98
U value W-m2-K! 5.80

Figure 1 Visualisation of the print form of the surface treated glass (Float clear 4 mm,
dot pitch 1.25 mm at 100% laser power).

The test tunnel, see Figure 2, was designed so that there was only one exit for flying birds, which was
obstructed by the tested pane and a control untreated pane. A net was placed in front of the panel at
a distance of 120 cm. In the experimental test, video recordings and subsequent image processing were
used to assess whether the bird chose the treated or untreated glass panel when exiting the tunnel.
Immediately after capturing a test individual in the ornithological net, the bird was always released back
into the wild. To carry out this experiment, it was necessary to provide a site that had access to electricity
and was also close enough to the capture site to avoid excessive psychological stress on the test
individuals caused by a long transport to the test site. In the end, the area in front of the Technical Hall
of the Faculty of Agriculture and Technology (FAT USB) was used and the capture site was a nearby
city park, where the wild birds were transported within about 5 minutes of capture.

For experimental validation in the test tunnel, species commonly found in the vicinity of the FAT USB
were captured and used, in particular the field sparrow, blue tit, common robin and black-headed
warbler.
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Figure 2 Escape routes from the test tunnel, left clear glass without laser treatment (Float type clear 4 mm), right
surface treated glass (Float type clear 4 mm, dot pitch 1.25 mm at 100% laser power).

Table 2 Light and solar characteristics of selected treatments and untreated glass surfaces according
to CSN EN 410.

4 mm float, 1.25 mm | 4 mm float, 0.5 mm dot

Characteristics float 4 mm | dot pitch at 60% laser pitch at 60% laser
power power
Total light transmission 91.7% 88.6 % 70.8 %
UV reflectance of the treated 83 % 83 % 81%

surface
UV reflectance of the 8.0 % 1% 1%
untreated surface

RESULTS and DISCUSSION

The experiment compared the ability of birds to recognise surface-treated glass as an obstacle by having
to choose between two paths when escaping from a test tunnel. The first path contained surface treated
glass (Float type clear 4 mm, 1.25 mm dot pitch at 100% laser power) and the second path contained
untreated glass (Float type clear 4 mm). During the test, solar radiation intensity was recorded using an
Ocean Optics STS-UV micro-spectrometer. The readings at the start, during and at the end of the test
are shown in Figure 3. It was overcast on both days of the test and the reading was low in the UV part
of the light spectrum, which is the basis of the coating's functionality. Over the two days, 54 wild-caught
birds were used successively in the experiment. After being captured in a nearby city park, the birds
were transported to the test site within approximately 5 minutes. Each bird was placed in a cage at the
start of the tunnel for 2 minutes to calm down and get used to the environment, then released from the
cage by a remote mechanism and monitored by camera to see which escape route it chose. After testing,
each individual was immediately released into the wild. The ability of captured individuals to return to
the capture site is demonstrated by the fact that one individual was captured in the same location on both
test days. Table 3 shows the escape route chosen by each individual tested.
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Figure 3 Light intensity measured on both test days.

The video recordings made during the experimental verification of the functionality of the surface
treatment of the glass panes using the test tunnel were analysed using automatic image analysis software.
The automatic image analysis software is able to detect a change in the video image, store this image
and then convert it into a black and white image using edge detection, in which it is easy to see the path
chosen by the test subject to escape. A comparison of the original image and the result processed by the
automatic image processing software is shown in Figure 4. From the data obtained in this way, only
38.89% of the test subjects considered the coated glass to be an obstacle and tried to escape from the
test tunnel by the other route, where the clear glass without laser coating was used.

Figure 4 Comparison of the original image and the result processed by
the automatic image evaluation software
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Table 3 The escape route chosen by each individual bird tested

Menifenion | Leskose | g | o8| gy | o
tested treated glass untreated tested treated untreated
glass glass glass

S824170 X N738908 X

N738906 X S824180 X

S824171 X TY70257 X

N738907 X 5999628 X
N905836 X N908543 X
S824179 X TP5949 X

TY35134 X TP5950 X
TP96203 X TP5949 X
S999627 X TP5951 X

S824174 X TP5952 X

S824175 X TP5953 X

TZ88734 X TP5954 X

TU06795 X TP5954 X
TV83408 X TP5953 X

S824169 X TP5952 X

N883186 X TP5951 X
N738905 X TP5950 X
N738903 X N748508 X

S824168 X N748509 X

N908557 X N748510 X

N738902 X N748511 X
N941621 X S824218 X
N738909 X S824219 X
S812177 X SA60449 X

S824178 X N748512 X
S824179 X TP96332 X

Leakage through treated glass Leakage through untreated glass

Summary 32 (61,11 %) 20 (38,89 %)
CONCLUSION

In order to verify the functionality of the surface treatment of the glass surfaces with regard to their
detection as an obstacle by wild birds, an experimental verification was carried out in a test tunnel. Out
of a total of 54 wild birds in the vicinity of the test site, only 38.89% were able to recognise the coated
glass as an obstacle. One of the reasons for this low efficiency was the unfavourable weather conditions,
in particular the low intensity of sunlight, which is essential for sufficient reflection of the UV part of
the light spectrum. At the same time, the experiment in the test tunnel to verify the surface treatment
proved to be inappropriately designed. In this experiment, the glasses to be compared were placed close
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to the exit of the test tunnel, which shaded most of the glasses tested. The performance of this
experimental test failed to demonstrate the functionality of such coated glass in terms of preventing wild
bird strikes. Although the laboratory tests over the past three years have been judged positive, the test
tunnel verification did not demonstrate sufficient effectiveness of the treated glass.
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USE OF DRONES WITH MULTISPECTRAL CAMERAS IN AGRICULTURE
ONDREJ TUPY
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Cybernetics, Na Sadkach 1780, 37005 Ceské Budgjovice, Czech Republic

Abstract: Remote sensing of agricultural areas is a modern technology that offers several innovative
solutions for more efficient and sustainable agriculture. The use of drones equipped with
multispectral cameras offers a wide range of applications for this specific activity, bringing
significant benefits both in terms of work efficiency and environmental protection. Finally,
these technologies are also gaining ground in data collection in forestry or in archaeological
surveys of selected areas.

Keywords: remote sensing; data collection; optimisation; nature conservation

INTRODUCTION

Both livestock and plant production face increasing challenges, particularly how to feed a growing
population on shrinking land with a shortage of labour while being as environmentally friendly as
possible. As a result, there is a strong emphasis in the agricultural sector on the use of the latest
technologies and agrotechnical practices. Controlled driving, variable rate fertilisation and spraying
systems are already commonplace in current technology. At the same time, autonomous robotic
platforms are being developed that will be able to perform selected tasks independently or even manage
the entire cultivation process of selected crops. For all these systems, it is important to have as much
information and data as possible about a given plot of land. Remote sensing of agricultural land can also
be used for this purpose, including the use of drones equipped with cameras capable of capturing images
in different spectrums of light. In addition to the classic RGB spectrum, which corresponds to the band
visible to the human eye, NIR, red-edge, SWIR or thermal infrared are also used. Thermal imaging
cameras can visualise the temperature of surfaces in the image. They are useful for detecting thermal
anomalies and are also used, for example, to detect game on land to be harvested or mown. With this
technology, it is possible to locate the game, see Figure 1, and thus avoid its death during the work
process (Cukor et al., 2019). The NIR spectrum can be used to detect vegetation and its health, as healthy
vegetation is highly reflective in this band, as shown in Figure 2 (Louw and Chen, 2024). The red-edge
spectrum can be used to monitor changes in the chlorophyll content of plants, which can indicate plant
stress (Smith et al., 2004). The SWIR band can be used to analyse the moisture content of both soil and
vegetation (Krzyszczak et al., 2023).

Figure 1 Detect and locate the game using thermal imaging before starting work
on a particular piece of land.
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(a) RGE image (b) Red channel difference
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Figure 2 The difference in red reflectance captured by the infrared converted and multispectral camera for
a scene over the potato field. Sub-figure (a) shows a true color (RGB) image, (c) and (d), the red-channel's
reflectance from the infrared converted and multispectral cameras respectively, and sub-figure (b) the difference
between the two sensor's red-channels. (i.e., infrared converted minus multispectral). (Louw and Chen, 2024)

For comprehensive data collection, multispectral cameras can be used to enable efficient monitoring and
crop management. This technology provides farmers with accurate and detailed information that can
significantly contribute to the optimisation of agricultural processes. Multispectral cameras can detect
stress in plants before it is visible to the naked eye (Mandal, 2024). This capability is crucial for the
carly detection of problems such as water and nutrient deficiencies, pest infestations or diseases (Devi,
2024). By detecting changes in light reflectance in different spectral bands, cameras can identify stress
factors, allowing farmers to intervene quickly and minimise potential damage. For example, reduced
Normalised Difference Vegetation Index (NDVI) values can indicate plant growth problems, leading to
immediate remedial action (Barjaktarovic, 2024). Multispectral imagery can be used to create detailed
vegetation maps that can identify different crop types and growth conditions (Deng, 2018). These images
can be used to analyse the distribution of crops in a field, track their growth stages and identify potential
anomalies. This is useful, for example, for crop planning or evaluating the effectiveness of agronomic
practices (Xu, 2021). A vegetation map created from multispectral data can also reveal areas with
different soil quality or access to nutrients and water, allowing for targeted and efficient crop
management. Analysis of multispectral data is essential for better irrigation scheduling and fertiliser
application, which can significantly increase yields and reduce costs. Multispectral imagery can be used
to identify which parts of the field need more water or nutrients. This allows you to optimise irrigation
systems and fertiliser application, eliminating wasted resources and ensuring that all parts of the field
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receive the amount of water and nutrients they need. This targeted water and fertiliser management not
only increases efficiency, but also reduces negative environmental impacts, such as contamination of
water sources from excess fertiliser (Racwa, 2019).

In crop production, many existing and new technologies are based on the collection, processing and use
of data, usually geo-referenced. This includes data on soil conditions, crop stands, crop yields and their
variability. The data can be obtained by traditional sampling, but nowadays technologies using remote
sensing methods, i.e. using satellite imagery or imagery from a drone or aircraft, are increasingly used
(Kakooei, 2017).

APPLICATION OF MULTISPECTRAL CAMERAS IN REMOTE SENSING OF SELECTED
LAND AREAS

Large farms often use multispectral imaging to monitor large areas, allowing them to manage their
resources efficiently and maximise yields. In the US and Australia, for example, these technologies are
widely used in wheat, corn and soybean production. Multispectral cameras are a key tool in precision
agriculture, where each part of the field is managed individually based on actual data. This includes the
targeted application of pesticides, herbicides and fertilisers, leading to greater efficiency and
sustainability. Even small farms can benefit from multispectral imaging as the cost of the technology
falls. These farms can monitor the health of their crops and optimise their management with limited
resources (Honrado, 2017).

Harvest (Maturily)

Do g e

Figure 3 Site A required exclusion of the areas of the town where residences and commercial buildings were
located due to the high intensity of NIR reflectance from the roofs. It is divided into 5 categories indicative
of the stage in its growth cycle. (Honrado et al., 2017)

Multispectral drone imaging in forestry allows detailed monitoring of forest health. With the ability to
scan across multiple spectral bands, cameras can detect changes in vegetation that are not visible to the
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naked eye. This includes detecting tree stress caused by lack of water, nutrients or pollution.
Multispectral imagery also makes it possible to map growth patterns and monitor forest biodiversity,
which is key to maintaining ecosystem health (Marques, 2024). Multispectral cameras can quickly and
accurately identify areas affected by pests or diseases. For example, infested trees often have specific
spectral characteristics that can be detected using NIR or red-edge bands. As a result, action can be taken
quickly and appropriate measures applied to minimise the spread of pests and diseases and protect larger
forest stands from devastation. Multispectral cameras on drones are also very useful for environmental
monitoring of water bodies. These cameras can analyse water quality, detect the presence of pollutants
and monitor algae growth. Imaging in specific bands, such as NIR and SWIR, can detect changes in
water chemistry and identify areas with high concentrations of pollutants or algal blooms, which is
important for protecting aquatic ecosystems. Multispectral imaging is also key to mapping and
monitoring soil erosion. Soil erosion can have devastating effects on agriculture, forestry and
infrastructure. With the ability of multispectral cameras to detect changes in surface vegetation and soil
structure, experts can monitor erosion-prone areas and plan appropriate erosion control measures. This
could include the introduction of vegetation strips, landscaping or changes in land management
(Buchelt, 2024).

In the field of archaeology, remote sensing of land using multispectral cameras enables efficient and
non-invasive survey and documentation of archaeological sites. This technology provides valuable
information that is crucial for the identification, analysis and protection of historical sites and artefacts.
Multispectral imagery can reveal underground structures and artefacts that are not visible on the surface.
Different materials and soil properties reflect light differently in different spectral bands. Multispectral
cameras capture these bands, allowing the identification of anomalies in the ground that may indicate
the presence of archaeological features such as old foundations, burials, roads or irrigation systems. This
approach is non-invasive and environmentally friendly, minimising damage to sites during surveys.
Multispectral cameras allow detailed mapping and documentation of historical and archaeological sites.
High-resolution images and the ability to record data in multiple spectral bands provide a wealth of
information about the condition and characteristics of sites (Ciccone, 2024). This is crucial for the
analysis and interpretation of archaeological finds. Using these images, archaeologists can create
accurate maps and models of sites, making it easier to plan and carry out excavations. Multispectral
imaging can also be used to track changes in archaeological sites over time. This is important for the
protection and conservation of these sites. Regular imaging can help identify hazards such as erosion,
vegetation cover, illegal excavation or other activities that could damage the site (Singh, 2024). In this
way, archaeologists and conservationists can take timely action to preserve cultural heritage. The
technological aspects of multispectral cameras on drones represent an advanced technology that allows
sensing in multiple spectral bands simultaneously. This capability provides detailed information about
the characteristics and condition of the objects and environment being imaged, which is crucial for
applications in agriculture, forestry, archaeology and environmental monitoring (Carvalho, 2024;
Collaro, 2024).

¥ : L

Figure 4 NDVI index and highlighting of the linear anomalies identified in the field west of the Tower
(Stracciacappe, May 2021) (Ciccone, 2024).
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DISCUSSION

The ability to sense in different spectral bands provides rich and detailed information about the condition
and properties of the objects being monitored. With this technology, we can gain important insights that
would not be possible with other methods. One of the key advantages of multispectral imaging is that it
is non-invasive - it does not damage the objects or the environment under investigation, which is
important for long-term monitoring and analysis without adverse effects. Multispectral imaging is an
extremely versatile technology that has applications in a wide range of fields. In agriculture, it enables
more accurate monitoring of crop growth and health, which can lead to better yields and more efficient
use of resources. In environmental protection, it provides valuable data for monitoring changes in
ecosystems, monitoring pollution and planning conservation measures. Technological advances in
sensors are resulting in higher resolution and sensitivity, leading to significant improvements in the
quality and accuracy of the images obtained. Higher resolution allows more detailed analysis of smaller
objects and finer structures, while higher sensitivity allows better detection of even subtle changes and
signals. These innovations are critical for applications that require accurate and reliable data. The
integration of multispectral cameras with other sensor types, such as LiDAR (Light Detection and
Ranging) and hyperspectral cameras, opens new possibilities for collecting more complex data. By
combining these technologies, much richer and multi-dimensional information can be obtained about
the objects and environments being monitored. For example, LiDAR provides detailed 3D terrain and
structure models, while hyperspectral cameras provide information on the chemical composition of
materials. Advanced algorithms and machine learning are playing an increasing role in the processing
and analysis of multispectral data. These technologies enable more efficient and automated image
evaluation, increasing the speed and accuracy of analysis. Machine learning can identify patterns and
anomalies that would be difficult for a human analyst to detect, improving the usability and applicability
of this data in the field. Overall, multispectral sensing is a powerful tool with a wide range of
applications. Advances in sensor technology and integration with other technologies, as well as the use
of'advanced algorithms and machine learning, promise even greater data quality, accuracy and utility in
the future.
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PREDICTION OF TRACTOR REPAIR AND MAINTENANCE COSTS
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Abstract: For all businesses, the main indicator of success is their economic balance sheet.
Agricultural enterprises are no exception in this respect. The desire to reduce costs and
increase income is therefore quite logical and this topic is therefore also very topical and
interesting for many research teams. This has led to the development of various scientific
studies on the need to reduce costs in the acquisition, operation and maintenance of
agricultural machinery.

Keywords: agricultural machinery, tractor, prediction of repair and maintenance costs

INTRODUCTION

The first step in the acquisition of agricultural equipment, which is often an investment in the order of
units to tens of millions of crowns, is to determine the specific use of the machine and select its required
parameters. Once it is clear what the company's intentions for the machine are and which parameters it
requires, scientific studies comparing selected machines according to specific parameters can help with
the selection of a particular machine. Examples of such studies are Wollner et al. (2015) comparing
CASE 8120 and NEW HOLLAND CX 8080 combine harvesters, and Grisso et al. (2012) using data
measured at the Nebraska Tractor Test Laboratory (NTTL) in their work on comparing selected
parameters in tractors. Todorovic et al. (2012) looked at the acquisition of agricultural equipment from
a different perspective. In their work, they investigated the economically justifiable investment in
purchasing a combine harvester on a family farm.

Once agricultural equipment is purchased, the cost of maintenance and repairs begins to add to the
purchase price. A number of researchers are therefore looking at the potential savings in the operation
of agricultural equipment. Kosiba et al. (2012) studied the characteristics of the hydraulic circuit in a
John Deere 8100 tractor using different oils. Other works that allow savings are the model for optimal
organization of crossings in agriculture by Mileusni¢ et al. (2012) and the visual program for the optimal
speed and gear ratio for the most economical driving in terms of fuel consumption for tractors with
32 kW engine developed by Kumar and Pandey (2015).

In economic planning on farms, the problem is mainly the randomness of the costs of repairing
agricultural machinery and for this reason it is interesting to map their accidents. Gligorevic et al. (2012)
focused on the Belgrade area, where they mapped 185 cases of farm equipment accidents over a period
of five years. However, repair costs are not only due to accidents, but also to the gradual ageing of the
equipment caused by its use. Sailer et al. (2008) looked specifically at the effect of farm machinery use
on its market price, repair costs and annual use.

As the maintenance and repair costs of farm machinery increase, so do efforts to develop a model that
predicts them based on their use or the area farmed. Either the models use regression analysis tools on
data already collected, such as in the works of Dahab et al. (2016), Khodabakhshian et al. (2011), Lipse
et al. (2012), Lorencowicz et al. (2015) and Niari et al. (2012), or a model using neural networks for
prediction has already emerged, as presented by Rohani et al. (2011). This paper also uses a regression-
based model to predict maintenance and repair costs and compares five different regression models
according to their level of reliability based on cumulative maintenance and repair costs since
commissioning.
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MATERIAL and METHODOLOGY

In the following part of this thesis, data collected from eight agricultural entities on the maintenance and
repair costs of John Deere tractors are evaluated. More specifically, six Series 7 machines of type 7810
and four Series 8 machines of type 8120. All machines had an identical year of manufacture. Series 7
and 8 are similar in terms of parameters, so we have taken the liberty of evaluating their maintenance
and repair costs together in this paper. As can be seen from Table 1, where the owners of the specific
machines are also listed, the maximum difference in their purchase prices was 850 thousand CZK. CZK.
The difference was not only in the purchase prices of the individual tractors, but also in the engine power
of the 7810 and 8120 machines. The engine power of the 7810 machines is 130.5 kW and that of the
8120 machines is 149.1 kW.

Table 1 Cost of tractor purchases

Type of Pu'r chase price Engine power
tractor Owner of the tractor without VAT [KW]
[CZK]

Tractor 1 7810 CIZ-AGRO 3000 025 130.5
Tractor 2 7810 ZD Cernovice 2 500 000 130.5
Tractor 3 7810 Rozvoj Kosova Hora 2350 000 130.5
Tractor 4 7810 Agrodruzstvo Nacehradec 2 600 000 130.5
Tractor 5 7810 Agrodruzstvo Vysetice 2 630 830 130.5
Tractor 6 7810 Agrodruzstvo Zahoti 2 640 930 130.5
Tractor 7 8120 Zilovska zemédglska a.s. 3 100 000 149.1
Tractor 8 8120 Zilovska zemédglska a.s. 2 700 000 149.1
Tractor 9 8120 Zilovska zemédglska a.s. 3 100 000 149.1
Tractor 10 8120 Karlik Vladislav ml. 3200 000 149.1

Data on the cost of repairing individual tractors was collected by the repair shops used by the farmers
to repair and maintain their machines over a four-year period beginning when the machines were put
into operation, with annual usage of individual machines ranging from 1500 to 2 000 MTh - yr’.
A summary of the maintenance and repair costs of specific machines for each year is recorded in
Figure 1.

120 000
100 000
80 000

60 000

40 000
il I | I
1 2 3 4

Time since commissioning [years]

Maintenance and repair costs [CZK]

Figurel A summary of maintenance and repair costs for specific machines for each year
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Using regression analysis, linear, exponential, logarithmic, polynomial and power models of the trend
in tractor repair costs as a function of time since introduction into service were developed.

Table 2 Percentage of tractor repair and maintenance costs from purchase price

Type of Accumulated costs [% of purchase price]

tractor 1% year 2" years 3 years 4™ years
Tractor 1 7810 0.63 1.44 3.15 3.78
Tractor 2 7810 0.59 1.48 3.33 4.63
Tractor 3 7810 0.85 2.12 3.81 4.77
Tractor 4 7810 0.64 1.52 3.64 6.76
Tractor 5 7810 0.43 1.14 2.71 6.75
Tractor 6 7810 0.47 1.37 3.09 6.50
Tractor 7 8120 0.55 2.22 4.41 5.55
Tractor 8 8120 0.73 1.20 3.92 5.69
Tractor 9 8120 0.29 2.35 4.54 5.25
Tractor 10 8120 0.57 1.27 2.77 3.26

Two statistics are important for the usability of the models. Namely, the correlation coefficient r, the
formula of which is equation 1 and which tells us about the degree of dependence of data Y, in our case
the cost of maintenance and repair of machines, on data X, or the time since commissioning.

) %Z{;l(xi — )i — ) (1)
_ P

Txy

where x and y are the mean values of the data sets and s, and s, are the standard deviations quantifying
the dispersion of the data around its mean value.

The second important characteristic value of the models in this paper is the coefficient of determination,
sometimes referred to as the reliability value of the model. The coefficient of determination obtained
from equation 2 lies in the interval K 0;1X and the closer it is to the value 1 the more accurate the
regression model is to the initial data.

Syx
R?=1-2% (2

where sjz,x =Y" .y —¥)? and 532, = Y™ ,(y; — ¥,)* when 7, is the functional value of the regression
function corresponding to the i-th x-component.

The computer programs STATISTICA Base CZ, MS Office and MATLAB R2015a were used to
process, evaluate and graphically display the obtained data and regression models.

RESULTS and DISCUSSION

To assess which of the regression models more closely approximates the obtained data, it is sufficient
to compare their coefficients of determination, which, together with the specific equations of our models,
are presented in Table 3. The plots of each regression model together with the obtained data are ordered
in ascending order of the value of the coefficient of determination in Figures 2—6.
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Table 3 Equation of models

Models General equation Coefficient of determination
Linear 1.6084 - x — 1.2668 0.9858
Exponential 0.3173 + g0-7446x 0.9655
Logarithmic 3.3098 - In(x) + 0.1246 0.9051
Polynomial 0.1809 - x> +0.7042 - x — 0.3626 0.9958
Powerful 0.5613 + x 16247 0.9969
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Figure 2 Predicting tractor repair and maintenance costs using logarithmic regression
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Figure 3 Predicting tractor repair and maintenance costs using exponential regression
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Figure 4 Predicting tractor repair and maintenance costs using linear regression
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Figure 6 Predicting tractor repair and maintenance costs using power law regression

CONCLUSION

The cost of maintenance and repair of agricultural equipment is one of the factors that fundamentally
affects the bottom line of all agricultural companies. For effective management, it is necessary to
monitor this factor over the long term to form the basis for sound management decisions.
The determination of the equations for estimating the cost of maintenance and repair is affected by
the considerable degree of randomness of the input values. It is not possible to include factors in
the resulting equations that have a major impact on the overall result. The quality of the operator,
the difficulty of the work tasks, the difficulty of the terrain and climate, the distance of service and the
regularity of maintenance are factors that are effectively impossible to include in the calculations yet
can have a major impact on the accuracy of the estimate.

The results indicate that the most reliable regression is the power regression with a general equation
(Y = 15.966 + x!) and a coefficient of determination of 0.9181. The average cost of maintenance and
repairs for the first 4 years of operation of the tractors under study, with a probability of 91.81%, is
129 461 CZK and corresponds to a value of 4.65% of the average purchase value of the machine.

Sailer (2008) studied the effect of the time of use of agricultural machinery and tractors on the degree
of realization of operating parameters. The result was a statistical evaluation of the functional
dependence of the decline in residual market value, the growth in repair costs and the evolution of the
annual use of machines. The result for the 258 agricultural machines and 51 tractors under study can be
used in the calculation of maintenance and repair cost estimates. He established a linear regression
equation for estimating the annual cost of tractors y = 1.4718 - x with a determination value R? = 0.995.
The maintenance and repair cost derived from this regression is expressed as a percentage of the
purchase price of the new machine and reaches 14.718% in 4 years of machine operation. This is
significantly higher than the calculation from this paper. This may be due to the lower amount of input
data used to determine the regression.

Dahalab tracked average repair and maintenance costs with increasing age on 3 tractor brands in Sudan.
His results show relatively higher repair costs from 10 years of age of the machine. By statistical
processing of the data, he determined a power regression: Y = 1.883 x!"!°! with a determination value
of R2=10.989. The value of the maintenance and repair costs for the first 4 years in this case corresponds
to 8.66%.
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Lips and Burose observed agricultural machinery in Switzerland and derived the maintenance and repair
costs as a function of the expected lifetime of the machine. They evaluated 4 sections of agricultural
machinery: tractors, ploughs, mowers and self-picker trailers. They monitored 1 083 machines, of which
655 were tractors. The intensity of use is low with an average of 272 moto-hours per year. Lips and
Burse estimated the life of the tractors at 37 years or 10 000 moto-hours. The repair and maintenance
costs of the machines range between 0.012—0.036 of the catalogue price of the machine. For tractors,
they estimated a maintenance and repair factor of 0.022/10 000 moto-hours. Increasing the intensity of
use reduces the value of the factor and therefore the total cost of maintenance and repair.

Lorencowicz writes in his article that the coefficients for calculating tractor maintenance and repair costs
are not universal and vary from country to country.
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