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Uvodni slovo $éfredaktora

Vazeni ¢tenari,

mate pred sebou tematické Cislo tohoto ¢asopisu,
které navazuje na konferenci VEDLEJSI PRODUKTY
A ODPADY ZE A PRO STAVEBNICTVI, kterou jsme
poradali v ramci TVIP 2023 v fijnu loriského roku. Pri
pripravé programu konference jsme pfrislibili vydani
tohoto tematického Cisla a timto svuj slib plnime. Tehdy
se zdal byt docela velky zajem jak o prednasku na
konferenci, tak i o publikovani v tematickém cisle.
Zatimco o konferenci byl zajem a program byl vcelku
bohaty (viz jeji sbornik, kde najdete jak texty

: : k prednaskam, tak k vétsiné i jejich prezentace), tak

zajem o publikovani v tomto cCisle byl slabsi.

Celkem ctyri prispévky k tématu doplnuji dva prispévky mimo téma, nahodné oba
k tématu potravinovych odpadu. To se shodou okolnosti mi hodi, protozZe letos v ramci
TVIP 2024 pripravujeme konferenci na téma VEDLEJSI PRODUKTY A ODPADY
Z POTRAVINARSKEHO PRUMYSLU A ZEMEDELSTVI (zjednodusené ODPADY
Z POTRAVINARSTVI). Vice k cili a zaméreni konference najdete na posledni strance
tohoto cCisla a detaily pak na strankach TVIP 2024. K této konferenci chystam rovnéz

7 wvr

vydat presné za rok rovnéz tematické cislo.

V této fazi priprav konference uvitam, pokud se mi ozvou ti, které téma zaujme a chtél
by do programu prispét. Termin pro prihlasky prispévkdu je sice az 30. 9., ale uvitam, kdyz
s predstihem budu védét, s ¢im mohu predbézné pocitat a vyuzZivat to pri dalsich
jednanich ohledné programu.

S pozdravem
Ondfrej Prochazka

Editorial

Dear readers,

you have in front of you the thematic issue BY-PRODUCTS AND WASTE FROM AND
FOR CONSTRUCTION. But, this issue is not monothematic, we added two papers on
a different topic to the 4 papers on the named topic, so that their publication would not
be unnecessarily delayed until the next issue. Because publication speed, 10 weeks from
editorial deadline, is what we rely on. Of course, while maintaining an genuin double
independent anonymous assessment within the framework of peer-review.

Finally, I would like to remind you that papers submitted for publication must be the
author's own work and may not have been previously published elsewhere or sent to
another publisher at the same time. For more, see Publication Ethics on
www.WasteForum.cz.

Regards
Ondrej Prochazka
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Pro autory

WASTE FORUM je c&asopis urCeny pro publikovani plvodnich védeckych praci souvisejicich
s primyslovou a komunalni ekologii. Tj. nejen z vyzkumu v oblasti odpadu a recyklace, jak by mohl
naznacovat nazev Casopisu, ale i odpadnich vod, emisi, sanaci ekologickych zatézi atd. Vychazi pouze
v elektronické podobé a Cdisla jsou zvefejiiovana na volné pfistupnych internetovych strankach
www.WasteForum.cz.

Do redakce se pfispévky zasilaji v kompletné zalomené podobé se zabudovanymi obrazky
a tabulkami, tak zvané ,,printer-ready”. Pokyny k obsahovému c&lenéni a grafické upravé prispévku
spolu s pfimo pouzitelnou Sablonou grafické upravy ve WORDu jsou uvedeny na www-strankach
Casopisu v sekci Pro_autory. Ve snaze dale rozSifovat okruh moznych recenzentll zadame autory, aby
soucasné s prispévkem napsali tfi tipy na mozné recenzenty, samoziejmé z jinych pracovist nez je autor
Ci spoluautory. Je vzdy dobré mit rezervu.

Publika¢ni jazyk je Cestina, slovenstina a angli¢tina. Preferovana je angli¢tina a v tom pfipadé je
nezbytnou soucasti ¢lanku na konci nazev, kontakty a abstrakt v ¢eském &i slovenském jazyce, pfiemz
rozsah souhrnu neni shora nijak omezen.

Vydavani C€asopisu neni nikym dotované. Proto, abychom pfijmové pokryli naklady spojené
s vydavanim Casopisu, vybirame publikaéni poplatek ve vysi 500 K& za kazdou stranku (bez DPH).
V pfipadé nepublikovani pfispévku v disledku negativniho vysledku recenzniho fizeni je tato Castka
poloviéni.

Uzdvérka nejblizsiho cisla ¢asopisu WASTE FORUM je 8. dubna 2024, dalsi pak 8. ¢ervence 2024.

For authors

WASTE FORUM is an open access electronic peer-reviewed journal that primarily publishes
original scientific papers from scientific fields focusing on all forms of solid, liquid and gas waste. Topics
include waste prevention, waste management and utilization and waste disposal. Other topics of interest
are the ecological remediation of old contaminated sites and topics of industrial and municipal ecology.

WASTE FORUM publishes papers in English, Czech or Slovak. Papers submitted for
publication must be the author's own work and may not have been previously published
elsewhere or sent to another publisher at the same time. For more, see Publication Ethics.

Manuscripts for publication in the journal WASTE FORUM should be sent only in electronic form
to the e-mail address prochazka@cemc.cz. Manuscripts must be fully formatted (i.e. printer-ready) in
MS WORD. The file should have a name that begins with the surname of the first author or the surname
of the corresponding author.

All articles submitted for publication in WASTE FORUM undergo assessment by two independent
reviewers. The reviews are dispatched to authors anonymously, i.e. the names of the reviewers are not
disclosed to the authors. The paper, if it is of good quality and passes the review, is published no
later than 10 weeks after the editorial deadline.

All papers that was not subjected to a peer-review are labeled in a header of each page by the
text Not peer-reviewed and commercial papers.

Revenue to cover at least the costs associated with the issuance of the magazine, we select a
publication fee 500 CZK per each new page of the paper.

The deadline of the next issue is on April 8, 2024, more on July 8, 2024.
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The stabilized waste dust as a constituent modifying
properties of wood-cement composites

Tomas MELICHAR, Silvestr VASAS, Sarka KEPRDOVA, Jifi BYDZOVSKY,
Pavel SCHMID, Iveta HAJKOVA

Brno University of Technology, Faculty of Civil Engineering, Veveri 331/95, 602 00
Brno, Czech Republic

e-mail: Tomas.Melichar@vut.cz

Abstract

The research presented in this paper deals with the effect of stabilized waste dust (from cement-
bonded particleboard processing) on the properties of wood-cement composites. The attention was paid
to sorption characteristics and mechanical properties. The goal of the research presented was to study
the properties and behaviour of wood-cement composites containing an alternative raw material once
stabilised. To evaluate this aspect, composites of modified composition (filler and matrix - based on
Portland and mixed cement, substitution with waste dust) were exposed to variable relative humidity
ranging from 0 to 96% (increase/decrease in 10% increments). Specimens were always exposed to
a given humidity (0, 10, 20, etc.) for a period of time sufficient to stabilize their weight. Absorption and
then desorption took place. After the exposure to moisture was completed, the bending strength and
modulus of elasticity in bending, tensile strength perpendicular to the plane of the board were tested. In
this way, the effect of stabilization of spruce chips in terms of the different matrix composition of the
materials was indirectly analyzed in a partial way. Sorption isotherms demonstrate the different
behaviour of the materials during varying ambient air humidity. The composition of the wood-cement
composites affecting the stabilization of the spruce chips (contained in the composites), among others. In
case of the physical and mechanical properties a slight increase was observed.

Key words: Stabilization; Waste; Dust; Wood; Cement; Material; Substitution; Properties; Sorption;
Isotherm; Modification

Introduction

Wood-cement composites are made up of spruce chips and cement. Commonly these materials
(board shape) are used, in the construction industry as flooring systems, facade cladding, roofing, fire
protection applications, soffits, lost formwork, railing infills and more. Wood-cement composites are quite
popular due to their favourable combination of performance properties (strength, durability, fire
resistance, etc.). In construction, these composite materials are generally exposed to moisture. Variable
humidity can then have a negative effect on the properties of the wood component of these composites.
When moisture content fluctuates, the dimensions and weight of the wood chips change. This leads to
pressure being exerted on the surrounding cement matrix and an overall change in the dimensions and
weight of the composite. The volumetric changes in the composite material are significant both in terms
of the effect on its properties and with regard to its functionality within the structural unit. Wood consists
of cellulose, hemicellulose, lignin and possibly other minor components. Some of the wood constituents
may to some extent adversely affect the properties of the wood (see Figure 1) and thus the cementitious
chipboard composite. It is therefore appropriate to adjust the properties or to stabilise the wood
composition. Stabilization, sometimes also mineralization, irreversibly changes the structure and
chemical composition of the wood. The primary objective is usually the removal of hemicellulose,
followed by a change in the structure of cellulose or depolymerisation of long-chain hydrocarbons and
lignin. Hemicellulose is problematic not only in terms of absorption of increased amounts of water, but
also because of its negative effect during the maturation of the cement matrix. There are several types of
mineralisation, for example: mechanical, chemical, thermal, hydrothermal and biological. The main
objective is to improve the resistance to water absorption and to increase the dimensional stability of the
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wood. Wood and composite materials containing wood are subject to volumetric (dimensional) and mass
changes related to hygroscopicity. The changes in moisture content (mass changes) of selected wood
masses, materials and components are illustrated in the following figure (see Figure 2). It can be seen
from the curves that spruce can show moisture content (weight) changes of up to 15-20 %, which is not
insignificant in terms of, for example, large-scale facade panels.
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Figure 2: Sorption isotherms of hemicellulose, selected wood species and particleboard?®4>%"8

Wood hysteresis is a phenomenon that occurs when moisture content changes. Wood is hygroscopic,
which means that it can absorb and release moisture from the surrounding air. When the humidity in the
environment changes, wood either gains or loses moisture until it reaches equilibrium. In practice, this
results in an irreversible change in the volume and weight of the wood, see Figure 3. In cement-bonded
particleboard, this phenomenon can be inferred as the release of residual compressive stresses within
the wood structure resulting from the pressing process®.One possibility to improve the stabilization of
wood mass is to use alternative raw material that contains already stabilized wood mass. From this point
of view, the use of the dust generated during the processing of cement-bonded particleboards seems to
be very advantageous. This dust is captured in a part of the production line for the formatting of the

boards and the sanding of their surface. It is a relatively fine particulate material, which is produced in
the order of 7 000 t per year.
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Figure 4: Schematic diagram of the production of cement-bonded particleboards CIDEM Hranice,
a.s: 1-emptying; 2 - mixture preparation; 3 - layering of boards; 4 - pressing; 5 - drying;
6 - formatting; 7 - storage; 8 - transport (red DU 1, 2, 4, 5 - dust collection; purple CU - area for
collecting particleboard scraps; orange PM - area for storing particleboard mixture)**

The production can be summarised in several points. Treatment of wood logs into chips. Mixing the
chips with CEM | 42.5 R Portland cement (or CEM |l 42.5 R Portland mixed cement), hydrating additives
and water. After mixing, the mixture is dosed onto the lay-up line. The top and bottom layers contain fine
chips for a smoother surface, while the core layer contains coarser chips for better mechanical
properties. This layered mixture is stamped onto steel plates, which are then transported to the press.
The hydraulic press compresses the layered mixture to 1/3 of the spreading thickness. After compaction,
the slabs are resealed in a steam chamber for 8 hours at a temperature of 60 °C and a relative humidity
of 95 %. The handling strengths are thus achieved. After curing, they are placed in an air-conditioning
chamber for 7 days. The boards are then dried to a maximum humidity of 9 % and formatted to the

required size, or the surface and edges of the boards are machined (sanded), where the dust mentioned
above is generated (see Figure 4 - DU 1-5).
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A review of the literature (e.g., ?*®) did not reveal that researchers have addressed the issue of
recovery of dust from cement-bonded particleboard processing in terms of its reuse in the production of
these boards with boards hygroscopicity assessment. The knowledge on this topic is studied only briefly
by Russian scientists (CPBP waste applied in concrete)™®. Therefore, the aim of this work was to assess
the properties of cement-wood composites modified with waste dust and to investigate the effect of the
behaviour under increasing and decreasing air humidity.

Experimental part

The cement-bonded particleboards for the experiments were manufactured on the industrial
production line by CIDEM Hranice, a.s. The reference formulations consisted of 63 % wood in the form
of chips, 25 % Portland cement or mixed cement (CEM | 42.5 R and CEM Il 42.5 R), 10 % water and
2 % hydrating additives. Furthermore, a formulation was proposed with the addition of dust generated
during the processing of the cement-bonded particleboard. For this recipe, Portland mixed cement was
substituted at 6 % and spruce chips were substituted at 2 %. The following formulations were proposed
for the research:

¢ Recipe P — standard reference formula based on Portland cement CEM | 42.5 R;
e Recipe B - recipe based on mixed Portland cement CEM Il 42.5 R;

o Recipe B/D - formula based on mixed cement (Portland slag) of strength class 42.5 R and
dust from the processing of cement particleboards (6% cement replacement and 2% spruce
chip replacement).

Publications ***° delve into the properties and composition of dust produced during the processing of
cement-bonded particleboard.

The intention of the research presented here was to assess the behaviour of the modified boards
under changes in ambient relative humidity. Specifically, it involved the determination of absorption and
desorption curves during the increase and decrease of humidity with subsequent comparison of the
physical and mechanical properties (before and after exposure to humidity). In this way, the effect on the
stabilisation properties in terms of moisture fluctuations was also indirectly verified.

The test procedure for the hygroscopicity verification was inspired by the technical standard EN 318,
which defines test bodies with dimensions of (300 + 2) mm x (50 £ 2) mm x t. For the purpose of the
experiment, the procedure was madified by using test bodies with dimensions better characterising the
actual cement-bonded particleboards used in building structures. The cement-bonded particleboard
composites were fabricated with dimensions of 350 mm x 150 mm x 12 mm. From each recipe, 4 solids
were prepared for each parameter studied.

EN 318 specifies the conditions for determining adsorption in the relative humidity range of 65 % to
85 % and desorption in the range of 65 % to 30 %. These limits have been modified to provide a more
detailed description and understanding of the behaviour of the boards over a wider range of relative
humidity changes. Specifically, testing was carried out at intervals of 10 % relative humidity change,
ranging from 0 % (dried bodies) to 90 % and 96 %, respectively. From the values thus determined
(dimensions, masses, etc.), sorption isotherms were generated for each parameter monitored. For each
change in relative humidity, the properties were determined after the mass of the test pieces had
stabilised. The condition of the test body is considered to be steady state if the mass does not vary by
more than 0.1 % after 24 hours (2 consecutive determinations).

Measurements of volume changes were made with a mechanical dilatometer using brass targets with
conical holes for the placement of the dilatometer tips. The targets were fixed with Sikadur CF31
adhesive at precisely measured locations at a distance of 300 mm for the distance in the length direction
and 100 mm for the distance in the width direction of the body. The measurement accuracy was
0.001 mm.

The modulus of elasticity in bending and the bending strength are determined by loading the test body
at its centre, supported on two supports. The spacing of the supports is calculated as 20 times the
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thickness + 50 mm. It should be emphasized that for the tests of bulk mass, strength and modulus of
elasticity, the test bodies according to EN 310, i.e. 290x50 mm, were used. The loading rate was
adjusted to give a maximum load within 60 + 30 s.°

The determination of the tensile strength perpendicular to the plane of the board is determined with
the load applied to the test body until failure in a direction perpendicular to the plane of the body,
coincident with the plane of the board. The tensile strength perpendicular to the plane shall be
determined from the maximum force applied to the surface of the test piece. The test piece shall be
square in shape with a side length of 50 + 1 mm. The loading rate shall be adjusted to produce
a maximum load within 60 + 30 s.’

The density was determined according to EN 323 as the ratio of the mass of the test body to its
volume, both measurements being made at the same moisture content. A sliding scale with an accuracy
of 0.01 mm was used for length and width measurements. Thickness measurements were made using
a micrometer with an accuracy of 0,001 mm. The weight was measured with an accuracy of 0.01 g.*’

Microstructure was analysed by an optical and scanning electron microscope, i.e. Keyence VHX-950F
and scanning electron microscope TESCAN MIRA3 XMU with resolution 1.2 to 1.5 nm at 30 kV in SE
mode and 2 nm at 30 kV in BSE mode.

Results and discussion

Changes in relative humidity resulted in absorption and desorption, with the most significant changes
in the mass parameter, i.e. up to approximately 18%. The results indicate that the effect of composition
is not negligible in terms of hygroscopicity. The P slabs, i.e. the reference slabs based on Portland
cement, are the best evaluated. On the other hand, the most significant change in weight due to varying
relative humidity was observed for slabs containing dust particles from the processing of cement-bonded
particleboards (B/D). The graph (see Fig. 5) also shows that the highest weight increase occurred at
relative humidity of 80 % or more. The trends of the sorption curves are similar, but differences can be
noticed, which is characterized by hysteresis, where a certain amount of water is bound from the air
moisture into the structure of the cement-bonded particleboards (ranging from 2.3 % to 3.1 %), and even
on drying this moisture is not degraded. The standard deviation ranged from 0.002 to 0.229 % for boards
P, 0.009 to 0.360 % for boards B and 0.012 to 0.525 % for boards B/D.

Another parameter monitored and evaluated was the dimensional changes in the longitudinal
direction of the boards on the sections defined by brass targets spaced 300 mm apart, both on the
reverse and face faces. In the following graph (see Fig. 6) only the average values for each set are
shown. The P boards, i.e. 0.30 %, are the best to evaluate with the maximum change in the linear
direction. On the other hand, the B/D boards, i.e. 0.33 %, were the most subject to changes in relative
humidity. The sorption curves are relatively smooth, except for the increase from 90 % to 96 %. Here,
a steeper expansion in the longitudinal direction is noticeable for all formulations. The standard deviation
ranged from 0.003 — 0.013 % for P boards, 0.005 — 0.025 % for B boards and 0.004 — 0.032 % for B/D
boards.

Dimensional changes in the transverse direction of the boards on the sections defined by brass
targets spaced 100 mm apart on both the reverse and face surfaces were also considered. In the
following graph (see Fig. 7) only the average values for each set are shown. The trends of the curves
evaluated demonstrate the similarity of the linear changes of the tested boards in the transverse
direction. The Po boards, i.e. 0.29 %, are the best with the maximum change in the transverse direction.
On the other hand, the B/D boards showed the highest change in relative humidity, i.e. 0.35 %. The
standard deviation ranged from 0.001 — 0.007 % for P boards, 0.003 — 0.010 % for B boards and 0.005 —
0.013 % for B/D boards.

The dimensional changes in the thickness direction are the highest (see Fig. 8). In terms of
dimensional changes and their relative differences, the orientation of the spruce chips in the cement-
bonded particleboards is important. This is described quite clearly in . The authors present images
which show the orientation of the radial and tangential direction of the chips to be predominantly
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perpendicular to the plane of the board, which may justify the greatest dimensional changes in the
thickness direction. Significant dimensional or volumetric changes of wood in the radial and tangential
direction were investigated and found by the authors in **?°. The standard deviation ranged for P boards
0.002 — 0.006 %, B boards 0.003 — 0.007 % and B/D boards 0.002 — 0.009 %.
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Figure 8: Absorption, desorption curves and
hysteresis - changes determined with a
micrometer in the thickness direction

For all tested formulations, the greatest change occurs between 90 % and 96 % relative humidity, with
the maximum thickness change determined to be 1.5% (formulation B/D). Again, the reference slab P is
the best, i.e. a change of 1.3 %. However, it can be seen that the differences are not so noticeable
compared to the other dimensional changes. The hysteresis effect was approximately twice as
pronounced for the thickness compared to the other dimensional changes evaluated.
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Figure 9: Absorption, desorption curves and hysteresis - volume changes

The sorption isotherms characterising the volume changes (see Fig. 9) reach a maximum when the
boards are exposed to a relative humidity of 96 %. The maximum expansion changes range from 1.9 %
to 2.3 %, with hysteresis not exceeding 0.18 %. It is clear from the curves that the reference boards,
i.e. P, are the most resistant to changes in relative humidity. The most significant volume changes can
be observed for the formulation using B/D dust. The replacement of cement by dust particles has the
most significant negative effect on the behaviour of the slabs under variable moisture conditions. The
standard deviation ranged from 0.002 — 0.020 % for P boards, 0.005 — 0.032 % for B boards and 0.007 —
0.037 % for B/D boards.

The results indicate that the composition of cement-bonded particleboards can significantly affect their
hygroscopicity, which is related to the behaviour of the boards and changes in their properties, especially
volume changes under varying ambient relative humidity. The most resistant to volume and weight
changes is the standard Portland cement-based particleboard (formulation P). Conversely, boards
containing cement-based particleboard dust particles as substitutes for the primary components of the
mix are the most subject to changes. The most significant changes were observed in the case of weight
(compared to the changes in individual dimensions and volume). Wood hysteresis was observed for all
formulations - P, B and B/D and was around 0.09, 0.12 and 0.15 % volume change and weight change
was around 2.3, 2.7 and 3 % for individual formulations. The composition of the mixture for the
production of cement-bonded particleboards has an influence on, among other things, the stabilisation of
the spruce chips, which was evident when testing the hygroscopicity of the boards.

Exposure of the board to moisture resulted in an increase in parameters. (Fig. 10 — Fig. 12) The
additional supply of water helped the cement matrix in continued hydration, which had a positive effect
on the strengthening of the matrix structure and hence the development of the properties of the cement-
bonded particleboard. Furthermore, during the saturation of the spruce chips with water, the expansion
of the chips and, to some extent, the release of residual stresses introduced during the manufacture of
the slabs®, which may have contributed to the densification and strengthening of the slab structure.
Importantly, the strength limit of the residual stress release was not exceeded. In such a case, there
would be a decrease in the parameters that would be most evident in the flakiness, which characterizes
the tensile strength perpendicular to the plane of the boards.

The standard deviation was affected by the different type of matrix. The standard deviation for flexural
strength was in the range of 0.52 — 0.74 N/mm? (0.46 — 0.55 N/mm? — after exposure) for the P boards,
0.65 — 0.82 N/mm? (0.51 — 0.62 N/mm? — after exposure) for the B boards and 0.86 — 1.02 N/mm? (0.76 —
0.93 N/mm? — after exposure) for the B/D boards. For the flexural modulus, the standard deviation for
boards P was in the range 460 — 680 N/mm? (420 — 650 N/mm? — after exposure), for boards B 520 —
780 (500 — 710 N/mm? — after exposure) and for boards B/D 750 - 920 N/mm? (660 - 820 N/mm? — after
exposure). The friability values were in the range of 0.05 — 0.08 N/mm? (0.05 — 0.07 N/mm? — after
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exposure) for boards P, 0.04 — 0.09 N/mm? (0.04 — 0.08 N/mm? — after exposure) for boards B and 0.08
—0.12 N/mm? (0.07 — 0.11 N/mm? — after exposure) for boards B/D.

No dependence of the change in parameters due to air humidity on the composition of the boards was
observed, with parameter increases in the order of one percent. The parameters were subject to
changes due to the type and amount of modifying components, matrix and chips. Although the B/D
formulation showed the worst performance, the variation in properties was not significant compared to
the reference formulation.

The bending strength requirement of EN 634-2* was met for all types and environments of
installation, i.e. all test bodies exhibited a bending strength = 9 N/mm?. Similarly, the bending modulus
requirement was met, specifically for class 1, where the boards exhibited values = 4500 N/mm?. For the
tensile strength perpendicular to the plane of the slab, EN 634-2 specifies a requirement for values
> 0.5 N/mm?, which was also met. The tested slabs exhibited significantly high tensile strength values, as
the minimum requirement of EN 634-2 was exceeded by approximately 100 %.
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Figure 12: Tensile strength perpendicular to the plane of the boards

Analysis of the structure by optical microscopy confirms that the structure of wood-cement composites
is compact, even in the case of modified materials (see Fig. 13 and Fig. 14). Based on the evaluation of
the images, it is evident that small micro-cracks are already visible in the structure of the materials from
the manufacturing process. However, in the context of the strength characteristics, it is evident that these
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minor disturbances have no effect on the final properties. It is also significant that these small
insignificant disturbances have been identified in the structure of both the reference and modified
materials. It is also clear from the progression of the identified cracks that these disturbances occur
randomly in the matrix and also in the interfacial transit zone of the cement matrix and spruce chips
(after referred to as ITZ). Leachates or crystallized salts (most likely mainly based on calcium ions) were
observed on the surface of the masses saturated with air humidity and subsequently dried. Detailed
analysis of these leachates will be the subject of following-up research. Even though the hysteresis
phenomenon was observed (for all dimensions), the wood-cement masses contained microcracks after
drying and subsequent tempering.

b 7 AN G N
Figure 13: Microstructure of reference material P - before (left) and after (right) exposure in an

ekl 1 000U

Figure 14: Microstructure of the modified B/D material - before (left) and after (right) exposure in
an environment of variable relative humidity

The following images show the microstructure of selected types of wood-cement materials tested (see
Fig. 15 and Fig. 16). In the microstructure analysis, attention was focused on the compactness of the
cement matrix, even around the spruce chips. The interlocking of the cellular structure of the chips with
the cement matrix and the penetration of hydration products into the spruce chips were also evaluated,
as well as the evolution of the structure due to exposure to increasing relative humidity. The
microstructure assessment showed that the tested wood-cement composites are characterised by
a compact structure. The cement matrix interacts very well with the spruce chips. It is important that the
exposure of the boards to elevated humidity results in additional hydration of the cement. The dust is
compatible with its origin and interacts very well in the structure of the analysed masses. In the figure
below (see Fig. 16), a detail of the compact structure can be seen when dust particles are used as an
alternative binder and filler component. The structure of the B/D boards also appears to be dense and
compact. This structure appears denser due to the effect of moisture, as confirmed by microscopic
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images. The dust particles (from the processing of the cement-bonded particleboards) are compatible
with the cement matrix or the raw material mix for the production of wood-cementitious materials. This is
confirmed, among other things, by the fact that the ITZ of the cement matrix and the waste dust cannot
be clearly identified.

SEM MAG: 500 x Det: SE | MIRA3 TESCAN SEM MAG: 20.0 kx Det: SE | | MIRA3 TESCAN|
SEM HV: 15.0 kV 100 pm SEM HV: 15.0 kV 2pm

Figure 15: Microstructure of boards B before (left) and after (right) exposure to variable ambient
relative humidity

SEM MAG: 1.00 kx Det: SE | | MIRA3 TESCANl SEM MAG: 5.00 kx - Det: SE MIRA3 TESCAN|
SEM HV: 15.0 kV 50 pm

SEM HV: 15.0 kV 10 pm

Figure 16: B/D boards microstructure before (left) and after (right) exposure to variable ambient
relative humidity

Conclusion

It can be concluded that the composition of wood-cement composites influences their properties and
behaviour. Changes in hygroscopic behaviour and physical properties are influenced to a significant
extent by the use of a stabilised alternative raw material (waste dust from cement-bonded particleboard
processing). Similarly, the composition of the cement-bonded particleboard matrix also has an influence
on the stabilisation of the spruce chips contained, among other things. The course of the sorption
isotherms showed a different behaviour of the analysed masses during the gradual increase and
decrease of the ambient air humidity. The boards were always exposed to a given level of moisture for
a period of time sufficient to allow their mass to stabilise. The results determined and the observations
made confirm the following:

Tematické Gislo ODPADY A VEDLEJSI PRODUKTY ZE A PRO STAVEBNICTVI
WASTE FORUM 2024, éislo 1, strana 14



Tomas MELICHAR, Silvestr VASAS, Sarka KEPRDOVA, Jifi BYDZOVSKY, Pavel SCHMID, Iveta HAJKOVA: The
stabilized waste dust as a constituent modifying properties of wood-cement composites

e The best resistance to volume and weight changes is provided by the commonly
manufactured Portland cement-based particleboard (formulation P).

e Slabs containing dust particles as a substitute for the primary binder and partially for the filler
of the mix are the most susceptible to changes.

e The most significant changes were observed in the case of weight (compared to changes in
individual dimensions and volume).

e The differences between the different formulations are not significant, which roughly
corresponds to the compatibility and the amount of raw materials in the mixture for the
production of cement-bonded particleboards.

e The hysteresis value in the case of volume change is slightly lower compared to the results
presented by other authors. It should be noted, however, that these were slabs with a higher
content of alternative ingredients and often with lower quality ingredients.

e The composition of the mixture for the production of cement-bonded particleboards has an
influence on the stabilization of spruce chips, which was evident in the hygroscopicity testing
of the boards.

For further research, it appears that the optimisation of the dust dosage would be a good option,
whereby a higher amount of this alternative ingredient (as a substitute for cement or Portland clinker)
could be dosed into the mix for the production of cement particleboard. One way of achieving this is by
mechanical or mechanochemical modification of the dust composition. Such modification of the dust
could activate it in terms of its participation in the hydration reactions of the cement binder. In the event
of such an intervention in the composition of the cement-bonded particleboard, it is also possible that the
behaviour of the particleboards with regard to their hygroscopicity would be different, which would also
need to be verified. The study of the influence of dust particles in terms of hygroscopicity in cement-
bonded particleboards in the long term is also very interesting and relevant.

Acknowledgment

Research presented in the article was funded by the Czech Science Foundation (GA CR), project 22-
06991S “Stabilisation of Spruce Wood Properties and Structure with Regard to Durability of Wood-
Cement Composites”.

References

1. Jenny CARLSSON, Per Isaksson. Simulating fracture in a wood microstructure using a high
resolution dynamic phase field model. Engineering Fracture Mechanics 232 (2020) 107030

2. PELAEZ-SAMANIEGO, M.R., YADAMA, V., LOWELL, E. et al. A review of wood thermal
pretreatments to improve wood composite properties. Wood Sci Technol 47, 1285 — 1319 (2013).
Available at: https://doi.org/10.1007/s00226-013-0574-3

3. CHRISTENSEN GN, Kelsey KE (1959) Die Sorption von Wasserdampf durch die chemischen
Bestandteile des Holzes. Holz Roh Werkst 17:189 — 203. Available at:
https://www.proholz.at/zuschnitt/22/wechselwirksam-holz-und-feuchtigkeit

4. SKAAR C (1984) Wood-water relationships. In: Rowell R (ed) The chemistry of solid wood.
Advances in Chemistry Series, American Chemical Society, Washington, DC, pp 127 — 172.
Available at: https://www.cabidigitallibrary.org/doi/full/10.5555/19860612936

5. NIEMZ P (2010) Water absorption of wood and wood-based panels—significant influencing factors.
In: Thoemen H et al (eds) Wood-based panels. An introduction for specialists. Brunel University
Press, London. Available at: https://www.research-collection.ethz.ch/handle/20.500.11850/27899

6. SKAAR C (1972) Water in wood, 1st edn. Syracuse University Press, NY.

Tematické &islo ODPADY A VEDLEJSI PRODUKTY ZE A PRO STAVEBNICTVI
WASTE FORUM 2024, &islo 1, strana 15


https://doi.org/10.1007/s00226-013-0574-3

Tomas MELICHAR, Silvestr VASAS, Sarka KEPRDOVA, Jifi BYDZOVSKY, Pavel SCHMID, Iveta HAJKOVA: The
stabilized waste dust as a constituent modifying properties of wood-cement composites

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

SUCHSLAND O (2004) The swelling and shrinking of sood. A practical technology primer. Forest
Products Society, Madison, WI

ECKELMAN CA (1998) The shrinking and swelling of wood and its effect on furniture. Forest Natural
Resources 163:1 — 26. Available at: https://www.extension.purdue.edu/extmedia/fnr/fnr-163.pdf

Eleni Makarona, Chara Koutzagioti, Constantinos Salmas, George Ntalos, Maria-Christina
Skoulikidou, Christos Tsamis, Enhancing wood resistence to humidity with nanostructured ZnO
coating, Nano-Structures & Nano-Objects 10 (2017) str. 57 — 68.

Joseph Adeola Fuwape, James Sunday Fabiyi, Edward Olusola Osuntuyi, Technical assessment of
three layered cement-bonded boards produced from wastepaper and sawdust, Waste Management,
Volume 27, Issue 11, 2007, Pages 1611 — 1616, ISSN 0956-053X, Available at:
https://doi.org/10.1016/j.wasman.2006.09.005.

Cetris. [online]. [cit. 2023-02-25]. Available at:
http://www.cetris.cz/pagedata_cz/download/511 ppp_kap-02.pdf

ZONGYING Fu, YONGDONG Zhou, XIN Gao, HONGHAI Liu, FAN Zhou, Changes of water related
properties in radiata pine wood due to heat treatment, Construction and Building Materials, Volume
227, 2019, 116692, ISSN 0950-0618, Available at:
https://doi.org/10.1016/j.conbuildmat.2019.116692.

Ezerskiy V., Kuznetsova N. V., Seleznev A. D., Evaluation of the use of the CBPB production waste
products for cement composites, Construction and Building Materials, Volume 190 (2018) 1117 — 1123.
Melichar, T.; Venhodova, E.; BydZovsky, J. Analyzing of alternative raw materials for production of
cement-bonded particle boards. Advanced Materials Research 2014, Volume 923, pp. 108 — 111.
Melichar, T.; Bydzovsky, J. Influence of dust waste containing a silicate matrix and organic filler
onproperties of cement composites [Vliv prachového odpadu s obsahem silikatové matrice a
organickéhoplniva na viastnosti cementovych kompozitt]. Waste Forum 2019, Volume 4, pp. 378 — 390.
CSN EN 310 Desky ze dfeva. Stanoveni modulu pruznosti v ohybu a pevnosti v ohybu, CNI, 1995.
CSN EN 319 Trieskové a vlaknité dosky. Stanovenie pevnosti v tahu kolmo na rovinu dosky, CNI 1994.
CSN EN 323 Dosky z dreva. Zistovanie hustoty, CNI, 1993

MELICHAR, T.; LEDL, M.; BYDZOVSKY, J.; DUFKA, A. Effect of use of non-traditional raw
materials on properties and microstructure of cement-bonded particleboards. Waste forum, 2020,
vol. 2020, no. 4, p. 254 — 262. ISSN: 1804-0195

Melichar, T., Meszarosova, L., Bydzovsky, J. et al. The effect of moisture on the properties of
cement-bonded particleboards made with non-traditional raw materials. J Wood Sci 67, 75 (2021).
https://doi.org/10.1186/s10086-021-02008-z

CSN EN 634-2 Cementotiiskové desky — Specifikace — Cast 2: Pozadavky pro triskové desky
pojené portlandskym cementem pro pouZiti v suchém, vihkém a venkovnim prostiedi, CNI, 2007.
Wang L., Chen S. S., Tsang D. C. W., Poon Ch. S., Shih K. Value-added recycling of construction
waste wood into noise and thermal insulating cement-bonded particleboards, Construction and
Building Materials, Volume 125 (2016) 316 — 325.

Ashori A., Tabarsa T., Sepahvand S.: Cement-bonded composite boards made from poplar strands,
Construction and Building Materials, Volume 26, Issue 1 (2012) 131 — 134.

Cabral M. R., Nakanishi E. Y., Marmol G., Palacios J., Godbout S., Lagacé R., Savastano H., Fiorelli
J.: Potential of Jerusalem Artichoke (Helianthus tuberosus L.) stalks to produce cement-bonded
particleboards, Industrial Crops and Products, Volume 122 (2018) 214 — 222.

Cavdar A. D., Yel H., Boran S., Pesman E. Cement type composite panels manufactured using
paper mill sludge as filler, Construction and Building Materials, Volume 142 (2017) 410 — 416.

He P., Hossain M. U., Poon Ch. S., Tsang D. C. W. Mechanical, durability and environmental
aspects of magnesium oxychloride cement boards incorporating waste wood, Journal of Cleaner
Production, Volume 207 (2019) 391 — 399.

Tematické ¢islo ODPADY A VEDLEJSI PRODUKTY ZE A PRO STAVEBNICTVI

WASTE FORUM 2024, &islo 1, strana 16


https://doi.org/10.1016/j.wasman.2006.09.005
https://doi.org/10.1016/j.conbuildmat.2019.116692

Tomas MELICHAR, Silvestr VASAS, Sarka KEPRDOVA, Jifi BYDZOVSKY, Pavel SCHMID, Iveta HAJKOVA: The
stabilized waste dust as a constituent modifying properties of wood-cement composites

27. Caprai V., Gauvin F., Schollbach K., Brouwers H.J.H. Influence of the spruce strands hygroscopic
behaviour on the performances of wood-cement composites, Construction and Building Materials,
Volume 166 (2018) 522 — 530.

28. Wang B. Z., Wang H., Nanjing X. L. Wood-cement compatibility revie. China. Forestry University
College of Materials Science and Engineering (2014).

Stabilizovany odpadni prach jako slozka modifikujici vlastnosti drevo-
cementovych kompoziti

Tomds MELICHAR, Silvestr VASAS, Sarka KEPRDOVA, Jifi BYDZOVSKY, Pavel SCHMID,
lveta HAJKOVA
Viysoké uceni technické v Brné, Fakulta stavebni, Vevefi 331/95, 602 00 Brno-stred

Souhrn

Vyzkum prezentovany v &lanku se zabyva vlivem stabilizovaného odpadniho prachu (z opracovani
cementotfiskovych desek) na viastnosti dievo-cementovych kompoziti. Pozornost byla zaméfena na
sorpéni charakteristiky a mechanické viastnosti. Cilem prezentovaného vyzkumu bylo studium vlastnosti
a chovani drevo-cementovych kompozitii obsahujicich jiz jednou stabilizovanou alternativni surovinu.
Pro hodnoceni tohoto aspektu byly kompozity modifikovaného sloZeni (plnivo i matrice — na bazi
portlandského a smésného cementu, substituce odpadnim prachem) vystaveny proménlivé relativni
vihkosti vzduchu v rozmezi 0 aZ 96 % (zvySovani/pokles po 10 %). Dané vihkosti (0, 10, 20, atd.) byla
vZdy zkuSebni télesa vystavena po takovou dobu, aby doSlo k ustaleni jejich hmotnosti. Nejprve
probihala absorpce a nasledné desorpce. Po ukonceni expozice (proménlivé vihkosti) byla testovana
pevnost a modul pruznosti v ohybu, pevnost v tahu kolmo na rovinu desky. Timto zplisobem byl
parcialné nepfimo analyzovan vliv stabilizace smrkovych tfisek z hlediska rozdilného sloZeni matrice
kompozitll. Sorpéni izotermy prokazuji rozdilné chovani materiali béhem proménlivé okolni vzduSené
vihkosti. SloZzeni smési dfevo-cementovych kompoziti ovliviiuje mimo jiné i stabilizaci smrkovych trisek
(v nich obsaZenych). V ramci fyzikalnich a mechanickych vlastnosti byl zaznamenén mirny narust.

Klicova slova: Stabilizace; Odpad, Prach; Drevo; Cement; Material; Substituce; Vlastnosti; Sorpce;
|zoterma; Modifikace

Tematické éislo ODPADY A VEDLEJS| PRODUKTY ZE A PRO STAVEBNICTVI
WASTE FORUM 2024, &islo 1, strana 17



Adriana ESTOKOVA, Miriama CAMBAL HOLOSOVA, Martin JAS, Alena SICAKOVA: VyuZitie odpadov pre
zvyS$enie trvanlivosti cementovych kompozitov

Vyuzitie odpadov pre zvysenie trvanlivosti cementovych
kompozitov

Adriana ESTOKOVA, Miriama CAMBAL HOLOSOVA, Martin JAS,

Alena SICAKOVA

Technicka univerzita v KoSiciach, Stavebna fakulta, InStitut pre udrzatelné a
cirkularne stavebnictvo, Oddelenie materialového inZinierstva, Vysoko$kolska 4,
042 00 KosSice, Slovensko

e-mail: adriana.estokova@tuke.sk

Souhrn

Prezentovany vyskum sa zameriava na pouZzitie Specifickych odpadovych materidlov ako nahrady
cementu v cementovych kompozitoch. Primarnym cielom je zistit, ¢i pouZitie netradi¢nych odpadov
moZe viest k pozitivnym zmenam v fyzikalno-mechanickych a trvanlivostnych parametroch cementovych
kompozitov. Cementové malty s 20% nahradou cementu réznymi odpadmi boli porovnhavané
s referencnymi kompozitami bez nahrady cementu. Pri analyze sa Studovali zmeny vybranych fyzikalno-
mechanickych parametrov vratane pevnosti v tlaku a tahu pri ohybe, objemovej hmotnosti, nasiakavosti
a konzistencie Cerstvej zmesi. Osobitny dbraz sa kladol na trvanlivost kompozitov, pricom jednym
z parametrov bola penetracia agresivnych iénov. Vysledky experimentov ukazali, Ze kompozity
s nahradou cementu vajeénymi Skrupinkami vykazovali uspokojivé vysledky vo védzbe na skumané
technické a trvanlivostné parametre. Kompozity obsahujice vysokopecnu trosku vykazovali dobru
odolnost’ voéi prenikaniu agresivnych iénov podla o¢akavania.

Kli¢ova slova: vysokopecna troska, sklo, vajecné Skrupinky, cementovy kompozit, nahrada cementu.

Uvod

Beton ako cementovy kompozit je jednym z najbeznejSich stavebnych materialov, ktory sa pouZziva na
vystavbu budov, ciest, mostov a dalSej infrastruktury’. Jeho vyroba je v8ak spojena s vyznamnym
negativnym vplyvom na Zivotné prostredie a vy&erpavanie prirodnych zdrojov?. V stéasnej dobe je ¢oraz
viac snah o udrzatelnost’ a znizenie uhlikovej stopy pri vyrobe beténu. Jednym z pristupov k dosiahnutiu
tychto ciefov je vyuzitie odpadov v procese vyroby betdénu. Tradi¢né suroviny pre vyrobu betdnu
zahffaju cement, piesok, strk a vodu. Cement je vSak zodpovedny za vyraznu €ast emisii sklenikovych
plynov podas svojej vyroby, a piesok je vzacny prirodny zdroj, ktory je éasto neudrzatelne tazeny®. Preto
je délezité preskumat alternativy, ktoré by minimalizovali negativny vplyv vyroby beténu na Zivotné
prostredie.

Jednym z pristupov k zniZeniu environmentalnych vplyvov je vyuZitie recyklovanych materialov.
Recyklacia stavebného demolicného odpadu méze byt efektivnym spésobom zniZzenia mnozZstva
odpadu a zaroveri zniZenia potreby tazby novych surovin®. Odpady z beténu, ktoré st spracované a
znovupouzité v novych betdénovych zmesiach, nazyvame recyklovany beton. Recyklovany beton moze
byt pouzity ako nahrada za Cast prirodnych surovin, naj¢astejSie frakcie prirodného kameniva. Tymto
spbsobom sa nielen minimalizuje mnozstvo stavebného odpadu, ale aj zniZzuje potreba nového tazenia
surovin. NavySe, recyklovany beton moéze dosahovat podobné alebo dokonca lepSie vlastnosti ako
tradiény betén, pokial ide o pevnost a odolnost”®.

Okrem vyuzivania recyklovaného betdnu existuju aj iné inovativne pristupy k udrzatelnej vyrobe
beténu®. Jednym z nich je vyvoj novych typov cementu s niz$im obsahom slinku, ktory je hlavnou
pri¢inou emisii sklenikovych plynov pri vyrobe cementu’. Cementovy priemysel je znamy svojimi
vysokymi emisiami sklenikovych plynov a vysokou spotrebou energie, preto hladanie udrzatelnejSich
alternativ stava prioritou. DalSie inovacie zahffiaju vyskum alternativnych spojiv a aditiv, ktoré by mobhli
nahradzovat &ast cementu bez straty pevnosti a trvanlivosti beténu®. Nahradou cementu sa nielenze
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znizuje mnozstvo priemyselného odpadu konéiaceho na skladkach, ale zniZzuje sa aj uhlikova stopa
cementovych kompozitov®. Okrem toho existuju poznatky o zlepSeni vybranych vlastnosti, napr.
trvanlivosti cementovych kompozitov na baze réznych odpadov v agresivnom prostredi’®. Cement
mozno nahradit’ druhotnymi surovinami z vyroby v pripade, ak tieto vykazuju puzolanové alebo latentné
hydraulické vlastnosti. Medzi tradi¢né priemyselné odpady, ktoré sa vyuzivaju ako nahrady pre vyrobe
cementovych kompozitov patria: popoléeky, vysokopecna troska, mikrosilika™™.

Vyskumy potvrdili, Ze optimalne mnoZstva takychto nahrad maju za vysledok porovnatefné alebo aj
lepSie technické vlastnosti vyslednych kompozitov, &o sa tyka napr. ich trvanlivosti. Je dobre
zdokumentované, ze materialy na baze cementu s pridavkom puzolanov maju zvy$enu odolnost voci
pdsobeniu kyselin a siranov v porovnani s materialmi vyrobenymi len z bezného portlandského
cementu'?*3. Thomas a kol. vo svojich vyskumoch opakovane potvrdil, Ze vyuZitie tychto uvedenych
puzolanovych materidlov je mimoriadne vyhodné pre zvy$enie trvanlivosti beténu'**°. Sasanipour
a kol.* vo svojej studii dospel k zaveru, Ze puzolanové materidly na baze odpadov zohravaju délezitl
ulohu v ramci zlep3enia trvanlivosti, pretoZe zniZzuju nasiakavost a vyrazne zvysuju elektricky odpor a
odolnost proti prenikaniu chloridovych iénov. Shahmansouri a kol.'” skimal geopolymérny betén
obsahujuci mikrosiliku a prirodny zeolit, pricom zistili negativny vplyv prisad na spracovatelnost, ale
priaznivy vplyv na pevnost v tlaku (mikrosilika) a dlhodobu pevnost v tlaku (prirodny zeolit). Ahmad
a kol.*® skumal ré6zne pomery nahrady cementu mikrosilikou na pevnost v tlaku, priom pri zohfadneni
technického a ekonomického hladiska za optimalny podiel nahrady uvadza 15 %. Vysledky
experimentov ukazali, ze nahradenie cementu popoléekom s podielom 20 % a vysokopecnou troskou
(40 %) vyrazne zmierfiuje vznik mikrotrhlin, ¢o poukazuje na ich potencial na zvySenie trvanlivosti
beténu pri vystaveni vysokym teplotam®.

Okrem tradi¢nych odpadovych materialov, ktorymi sa nahradza cement sa venuje Coraz vacSia
pozornost aj réznym typom menej tradiénych nahrad alebo takym, ktoré su Casto viazané na urcity
regién, napr. sklenenému recyklatu, popoléekom z bioodpadov, ryZovych Supiek a pod.*?#. Je vsak
délezité zdéraznit, ze vyuzivanie netradi¢nych odpadov v betdne si vyZaduje dékladné skumanie ich
vlastnosti a dopadov na celkovu kvalitu betonu. Rovnako je délezité zabezpelit, aby tieto materialy
neobsahovali Skodlivé latky, ktoré by mohli negativne ovplyvnit Zivotné prostredie alebo zdravie ludi.

Ciefom tejto prace bolo skumat, ¢i by nahrada cementu vybranymi, menej tradiénymi odpadmi, ako
su bypasovy odprasok, vajeéné Skrupiny a skleneny recyklat, mohla viest k porovnatelnym alebo
dokonca lepSim vlastnostiam cementovych kompozitnych materidlov vo vazbe na ich fyzikalno-
mechanické a trvanlivostné parametre.

Material a metody

Cementové maltové vzorky s rozmermi 40 x 40 x 160 mm boli pripravené podla STN EN 206-1 #.
Jednotlivé receptury tvorili: 450 g cementu CEM | (referenéna vzorka (REF) bez nahrady cementu) alebo
360 g cementu (vzorky s nahradou cementu) + 90 g nahrady cementu odpadom, 1350 g piesku
s frakciou 0/4 mm a 225 ml vody. U vSetkych vzoriek bol dodrzany rovnaky vodny sucinitel s hodnotou
0,5. Pre cementové kompozitné zmesi boli pouzité ako nahrada 20 % hmotnosti cementu tieto odpady:
vajeéné Skrupinky (SKR), recyklované sklo (SKL), bypasovy odprasok (BO) z vyroby cementu
a vysokopecna troska (VPT), ktora reprezentovala tradi¢nu, bezne pouzZivanu nahradu cementu.
Bypasovy odprasok, ktory pochadzal z procesu vyroby cementu a zachytdval sa na filtroch
v cementarskej peci, sa pouZil bez akejkolvek upravy. Vaje¢né Skrupinky, ktoré vo vSeobecnosti mézu
predstavovat su€ast komunalneho alebo S$pecificky priemyselny odpad z vyroby potravin boli pre
potreby experimentu zozbierané z domacnosti, oCistené, preplachnuté etanolom, aby sa odstranili stopy
po organickych zvySkoch, a rozomleté na prasok. Skleneny material pochadzal z bezne pouzivanych
sklenenych flias, ktoré boli oCistené, rozdrvené a nasledne rozomleté na prasok. Pre porovnanie sa
skumala sa aj vysokopecna troska ako priemyselny odpad z vyroby Zeleza, ktora sa dlhodobo pouziva
v cementovych kompozitoch a predstavuje typicki nahradu cementu. Pouzité nahrady sa liSili svojim
chemickym zloZzenim. Obsah CaO v jednotlivych nahradach predstavoval priblizne 16 %, 13 %, 58 %
a 9 % pre vysokopecnu trosku, bypasovy odprasok, vajec¢né Skrupinky a sklo. NajvysSie zastupenie SiO,
bolo v sklenenom recyklate (60 %), potom nasledovala vysokopecna troska s 13 %, bypasovy odprasok
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s 4 % a vajeCné Skrupinky s obsahom 0,2 %. Vstupné suroviny mali aj réznu zrnitost. Priemerny rozmer
zrna sa pohyboval od 5 ym (BO) do 90 um (SKR).

Zakladné chemické zlozenie bolo analyzované pomocou réntgen fluorescenénej spetroskopie na
zariadeni Ametec Spectro iQ Il (Ametek, Weiterstadt, Nemecko), vzorky malt boli podrvené a pomleté
a analyzované v praskovej forme. Mnozstvo hydratovanych faz bolo analyzované metédami termicke;j
analyzy na analyzatore STA 449 F3 Jupiter (Netzsch, Nemecko) pri rychlosti ohrevu 30 K/min
v dusikovej atmosfére.

Pre posudenie vhodnosti pouzitia jednotlivych primesi v cementovych maltach boli vybraté
nasledovné fyzikalno-mechanické parametre: konzistencia Cerstvej malty, pevnost v tlaku a v tahu pri
ohybe, objemova hmotnost a nasiakavost, ktoré boli testované v sulade s platnymi postupmi podla
prislusnych noriem. Skuska Cerstvej malty bola prevedena podla Metddy skuSania malt na murovanie.
Cast 3: Stanovenie konzistencie Serstvej malty (pomocou rozlievacieho stolika) #*, pevnost' v tlaku bola
skugana podla STN EN 1015-3 2% a pevnost v tahu pri ohybe podla STN EN 206-1 ), objemova
hmotnost podla STN EN 12390-7 % a nasiakavost podla STN 73 1316 .

Pre hodnotenie odolnosti vo€i agresivnym prostrediam bola zvolena skuska priepustnosti ibnov
(RCPT — Rapid chloride penetration test) podla ASTM C1202 ?’. Prechod iénov priamo suvisi
s priepustnostou cementovych kompozitov, kedZe pri materidli, ktory je viacej priepustny, dochadza
k vacSiemu prenikaniu idbnov a naopak, ¢im je menej priepustny, tym menej idbnov sa dostane do
Struktury materialu, ¢o predpoklada jeho pomalSiu degradaciu a tym vysSiu trvanlivost.

Na zdbéraznenie vyznamu zniZenia uhlikovej stopy takto pripravenych cementovych kompozitov sa
vyhodnotil potencial globalneho oteplovania (GWP) pre rézne zmesi cementovych malt na baze odpadu
v porovnani s referenénou vzorkou. Vypocet uhlikovej stopy cementovych malt sa uskuto¢nil pomocou
metdédy ReCiPe % v softvéri SimaPro #° v hraniciach systému od kolisky po branu. Potencial globalneho
oteplovania sa analyzoval na zaklade Udajov z databazy Ecoinvent .

Vysledky a diskuse

ZloZenie cementovych malt bolo z chemického hladiska porovnavané na zaklade vysledkov prvkovej
analyzy na zaklade pomerov dominantnych prvkov. Pomer Ca/Si kazdej vzorky bol vaési ako 0,6 a
zaroven mensi ako 1,0 ¢o vyhovuje pomeru pre cementové malty (tabufka 1). Pomery prvkov Ca/Si boli
pre jednotlivé receptury velmi blizke, a to indikovalo podobné vstupné podmienky pre vznik CSH fazy pri
hydratacnych procesoch.

Tabulka 1: Vysledky prvkovej analyzy

Vzorka
Pomer prvkov Ca/Si REF  VPT BO SKR  SKL
0,799 0,62 0,76 0,75 0,74

Skusky Cerstvej malty

Vysledky skuSok rozliatia Cerstvej malty pre jednotlivé zmesi su prezentované v tabulke 2. Ako je
zrejmé ztabulky 2, nebol pozorovany vyznamny rozdiel v konzistenciach jednotlivych zmesi, €o
znamena, ze nahradenie cementu Studovanymi primesami v danom hmotnostnom pomere nemalo
vyrazny vplyv na vysledné konzistencie Cerstvych zmesi a tym danu spracovatelnost. Skusky mozno
povazovat za uspokojivé, kedZe sa jednotlivé hodnoty rozliatia nelisili o viac ako 10 % podfa STN EN
1015-3.
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Tabul'ka 2: Vysledky skusky rozliatia

Vzorka Sirka rozliatia [mm] Konzistencia
REF 148 plasticka
VPT 147 plasticka

BO 123 tuha
SKR 145 plastické
SKL 138 tuha

Fyzikalno-mechanické parametre zatvrdnutej malty

Z obrazku 1, ktory prezentuje porovnanie objemovych hmotnosti zatvrdnutych vzoriek po 28 drioch
vyplyva, Ze najvadsiu objemovi hmotnost dosiahla referenéna vzorka bez nahrady REF (2090 kg/m®).
Vzorky s primesou vysokopecnej trosky (VPT) a skla (SKL) dosiahli zhodné vysledky (2060 kg/m®), ktoré
boli nizSie nez hodnota pre referencnu vzorku, o mdze byt zaprlcmene vySSim podlelom porov Vzorky

(2000 kg/m® a 2020 kg/m°®). Je vSak nutné podotknut, Ze celkovy rozdiel v objemovych hmotnostiach
nebol tak vyrazny, kedze rozdiel medzi referenénou vzorkou (REF) a vzorkou s najniz§ou hodnotou (BO)
bol len 90 kg/m?®.
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2020

2000
2000
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SKR

Maltové vzorky

Objemové hmotnosti vzoriek po 28 ditoch [kg/m?3]

SKL

Obrazok 1 Porovnanie objemovych hmotnosti 28 driovych vzoriek

NajvysSie hodnoty pevnosti v tlaku (57,7 MPa) dosiahla referenéna vzorka bez nahrady cementu (REF)
a vzorka s primesou vysokopecnej trosky VPT (54,3 MPa) - obrazok 2. Vzorky s primesou vaje¢nych
Skrupiniek (SKR) a skla (SKL) dosiahli porovnatelné hodnoty pevnosti (37,7 a 38,1 MPa), ktoré boli nizSie
nez u referenénej vzorky, avSak je mozné oCakavat, Ze v dlh§om €asovom horizonte sa v désledku
puzolanovej aktivity tieto hodnoty priblizia referenénej vzorke. Vzorka s primesou bypassu (BO) dosiahla
velmi nizku pevnost v tlaku, €o je pravdepodobne spojené s relativnhe vysokym podielom tejto primesi vo
vzorke, kdeZe podla *! sa odpori&a optimalna nahrada cementu bypasom na trovni 10 %.
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Obrazok 2 Porovnanie pevnosti v tlaku 28 driovych vzoriek

Analogicky, ako tomu bolo u hodnét pevnosti v tlaku, aj pri pevnosti v tahu pri ohybe boli zistené
najvyssie hodnoty pre referenénu vzorku bez nahrad (REF) na urovni 7,2 MPa, nasledovala vzorka VPT
s pevnostou 6,3 MPa, ¢o zodpoveda takmer 88%-nej pevnosti referenCnej vzorky. Takmer rovnaka
hodnota pevnosti v tahu pri ohybe bola namerana aj pre malty s nahradou cementu sklom (SKL).

v v

odpradkom (BO) — obrazok 3.
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Obrazok 3 Porovnanie pevnosti v tahu pri ohybe 28 driovych vzoriek

Z obrazku 4 vidime, Ze najvacsiu nasiakavost dosiahla vzorka s nahradou cementu bypasom, Co
priamo koreluje s hodnotami objemovych hmotnosti a pravdepodobne najvy$§im podielom pérov
v materiali. Ostatné vzorky preukazali porovnatelné hodnoty nasiakavosti v intervale 7,4 — 8,2 %, priCom
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Obrazok 4 Porovnanie hodnét nasiakavosti 28 driovych vzoriek

Pre lepSie porovnanie jednotlivych sledovanych parametrov ako aj posudenie celkovych charakteristik
maltovych vzoriek boli namerané hodnoty prepocitané vo vztahu k hodnotam parametrov referencnej
vzorky a su uvedené v tabulke 3 vo forme percentualnych hodnét.

Tabulka 3. Percentualne hodnoty fyzikalno-mechanickych parametrov vo vztahu k referen¢nej
vzorke

Objemova Pevnost’ P(?vn OSt,. , s
Vzorka hmotnost’ v tlaku v tahu pri Nasiakavost
0,
[%] [%] ohybe [%0]
[%]
REF 100 100 100 100
VPT 98.54 94.25 88.12 102.13
BO 96.09 37.58 69.69 129.35
SKR 96.63 65.43 79.60 109.86
SKL 98.91 66.03 87.41 103.67

Z hladiska tychto vybranych fyzikalno-mechanickych parametrov je mozné konS$tatovat, Ze malty
s 20%-nou nahradou cementu vybranymi odpadmi nedosiahli parametre referenénej vzorky bez
nahrady. Najviac sa referenénej vzorke priblizuju malty s nahradou vysokopecnou troskou, ktora sa
dlhodobo pri vyrobe cementovych kompozitov uz vyuziva a sklenenym recyklatom. VyuZitiu skleného
recyklatu je potrebné venovat vaésiu pozornost z hfadiska moznej alkalickej reakcie v beténe, v nasej
Studii sme predpokladali, Ze pouzitie vefmi jemnych &astic skla nebude prispievat’ k uvedenému procesu.
Najmenej vhodnou nahradou sa pri hodnoteni vybranych vlastnosti malt javi bypasovy odprasok, ktory

v

Av8ak ciefom prace bolo posudit mozny pozitivny prispevok jednotlivych nahrad pre zvySenie
odolnosti resp. trvanlivosti kompozitov.

Trvanlivostné parametre malt

Ako uz bolo spomenuté, pre posudenie odolnosti vo€i agresivnemu pésobeniu bolo zvolené
testovanie prechodu agresivnych iénov cez maltové vzorky. Celkové mnoZstvo preneseného naboja cez
jednotlivé vzorky, ziskané pomocou RCPT testu je porovnané na obrazku 5.
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Obrazok 5. Porovnanie priepustnosti 28 driovych vzoriek na zaklade RCPT testu

do Struktury cementovej matrice bolo zistené pre malty s vysokopecnou troskou (VPT), naopak, najviac
priepustné pre agresivne idény boli vzorky s nahradou cementu bypasovym odpraskom (BO)
a sklenenym recyklatom (SKL). Referenéna vzorka, na rozdiel od vysledkov fyzikalno-mechanickych
parametrov dosahovala horSie hodnoty nielen ako VPT (takmer o 43 %) ale aj ako vzorka s nahradou
cementu vajeénymi $krupinkami SKR (0 5,3 %). Tabulka 4 udava percentualne porovnanie vysledkov
RCPT merani vo vazbe na referenénu vzorku.

Tabul'ka 4: Percentualne porovnanie vysledkov RCPT testu vo vztahu k referencnej vzorke

Vzorka
Preneseny naboj [%] REF VPT BO SKR  SKL
100 57.38 137.00 94.72 131.42

Tieto vysledky nie celkom koreluju s hodnotami nasiakavosti, ako je to vidiet na obrazku 6. Badatelny
rozdiel medzi vysledkami nasiakavosti a RCPT testu je v pripade vzoriek s vysokopecnou troskou (VPT)
a skleneného recyklatu (SKL). Pre vysvetlenie tohto rozporu by bolo vhodné sa blizSie venovat' typu
a velkosti porov ako aj dalSim faktorom, ktoré ovplyviuju permeabilitu materialu.

Pre jednotlivé vzorky s nahradou cementu odpadmi boli Studované aj hmotnostné dbytky
zodpovedajuce rozkladu hydrataénych faz (napr. CSH fazy a etringitu) v teplotnom intervale 70 — 400 °C.
Porovnanie termogravimetrickych kriviek (TG) cementovych malt je na obrazku 7. Z obrazku vyplava, Ze
najvyssi podiel hydrataénych faz bol stanoveny u vzorky s nahradou cementu vysokopecnou troskou
(VPT), nasledovali malty s vaje&nymi $krupinkami (SKR), a vzorky BO a SKL vykazovali najniz$i, takmer
rovnaky hmotnostny ubytok v dosledku rozkladu hydrataénych faz, ktory bol priblizne o0 40 % nizSi ako
tomu bolo u VPT.
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Obrazok 6. Porovnanie hodnét nasiakavosti a vysledkov RCPT testu

TG /% ———————  CK-SKL

CK - VPT
1027 CK - 3KR

100 A CK - BO

98 1

96 -

94 -

Mass Change

Residual mass

92 4

Mass Change: -4.87 %
90 1 Residual mass: 94.34 %

Mass Change: -3.99 %
88 1 Residual mass: 95.17 %

Mass Change: -3.97 %
86 1 Residual mass: 95.40 %

84 1

100 200 300 400 500 600 700 800 900 1000
Teplota/ °C

Obrazok 7. TG krivky - hmotnostné ubytky zodpovedajuce rozkladu hydratacnych faz

Obsah hydratacnych faz a mnoZstvo preneseného naboja cez jednotlivé vzorky vykazuju vysoku
korelaciu (R = 0,987), €im je vy35i obsah hydratacnych faz vo vzorke, tym je menej preneseného naboja
cez vzorku, ¢o indikuje menej agresivnych iénov v matrici (obrazok 8). Potvrdzuje sa tak opodstatnenost
predikcie trvanlivosti kompozitov podla merania mnozstva prieniku agresivnych iénov do cementovej
matrice.

Z hladiska Studovanych trvanlivostnych parametrov je mozné konsStatovat, ze malty s 20%-nou
nahradou cementu vysokopecnou troskou a vajeCnymi Skrupinkami dosiahli lepSie vysledky ako
referenéné kompozity a mozno predpokladat’ ich vy$$iu odolnost v agresivnom prostredi. Co sa tyka
vysokopecnej trosky, tieto poznatky su zname, av8ak perspektivnym odpadovym materidlom vo vazbe
na zvySenu odolnost’ sa javi aj netradicny menej pouzivany typ odpadu a to vajecné Skrupinky.
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Obrazok 8 Koreldacia medzi obsahom hydrataénych faz a prenesenym nabojom
Environmentalne parametre malt

Pre hodnotenie environmentalnej zataze Studovanych cementovych kompozitov bol vybrany jeden
indikator environmentalneho vplyvu, konkrétne ich prispevok ku klimatickej zmene, ktory sa vyjadruje
pomocou hodnét potencialu globalneho oteplovania (GWP) *. Pri vypoéte GWP jednotlivych receptir sa
uvazovalo o nahradach cementu ako o odpade, a boli zohfadnené iba procesy, ktoré sa s odpadom
vykonavaju v priemyselnom zariadeni po bod, kedy sa odpad dostava na trh. Tieto informacie a hodnoty
pre jednotlivé typy odpadov a nahrad boli ¢erpané z databazy Ecoinvent, na zaklade priemernych
europskych udajov. Ako sa predpokladalo, nahrada cementu vyustila do znizenia hodnét GWP. Obrazok
9 ilustruje porovnanie vypocitanych hodnét GWP v jednotkach kg CO, ekvivalentov, vztiahnutych na
individualnu skasobnu vzorku cementovej malty v nasej Studii.
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Obrazok 9: Porovnanie vypocitanych hodnét GWP pre jednotlivé vzorky
Pri_ porovnani hodn6t GWP sa zistilo, Ze najnizSi prispevok ku klimatickej zmene ma vzorka
s ndhradou cementu vajeCnymi Skrupinkami (SKR), ktory je 0 20,1 % nizSi ako je GWP referencnej
vzorky (REF). Najmensi rozdiel medzi GWP hodnotami na urovni 9 % bol zaznamenany medzi REF

a SKL. Prispevky ku klimatickej zmene kompozitov BO a VPT boli porovnatelné a vykazovali hodnoty
0 17 % niZSie.
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Zaver

Na zaklade vysledkov Studie je mozné konStatovat, Ze sa potvrdil potencial vyuzivania tradicnych
odpadov, ako je vysokopecna troska, ale aj netradicnych odpadov, napr. vajeénych Skrupiniek pre
zlepSenie trvanlivosti cementovych kompozitov. Hladanie alternativ nahrad cementu je vysoko aktualne,
kedZe napr. existuje velky tlak na transformaciu vyroby Zeleza z vysokoopecného spésobu na vyrobu
v elektrickych oblukovych peciach a Siroko pouZivana vysokopecna troska do buducnosti nemusi byt
dostupna.

Je v8ak potrebné podciarknut, Zze pre hodnotenie vhodnosti vyuzivania odpadov pri vyrobe
stavebnych materialov je délezité vyvijat a implementovat komplexné rieSenia, ktoré budu brat’ do uvahy
nielen technické ale aj environmentalne, trvanlivostné a ekonomické faktory. Mozno povedat, ze
vyuzivanie tradi¢nych a netradi¢nych odpadov v procese vyroby betdnu predstavuje sfubny smer pre
dosiahnutie udrzatelnejSieho stavebného priemyslu. Implementacia tychto nahrad mobzZe prispiet
k znizeniu emisii sklenikovych plynov, minimalizacii odpadu a udrzatelnejSiemu vyuzivaniu prirodnych
zdrojov.

Pod'akovanie
Vyskum sa uskutoCnil v ramci rieSenia projektov VEGA 1/0230/21 a 2/0108/23.

Literatura

Van Damme, H. Cem. Concr. Res. 112, (2018).

Song D., Yang J., Chen B., Hayat T., Alsaedi A. Appl. Energy. 164, (2016).

Busch P., Kendall A., Murphy C. W., Miller S. A. Resour. Conserv. Recycl. 182, 106278 (2022).
Jiménez L. F., Dominguez J. A., Vega-Azamar R. E. Adv. Civ. Eng. (2018).

Bennett B., Visintin P., Xie T. J. Build. Eng. 52, 104394 (2022).

Habert G., Miller S. A., John V. M., Provis J. L., Favier A., Horvath A., Scrivener K. L. Nat. Rev.
Earth Environ. 1, 11 (2020).

7. Thomas M., Barcelo L., Blair B., Cail K., Delagrave A., Kazanis K. Transp. Res. Rec. 2290, 1
(2012).

8. Busch P., Kendall, A., Murphy C. W., Miller S. A. Resour. Conserv. Recycl. 182, 106278 (2022).
9. Knight K. A., Cunningham P. R., Miller S. A. Cem. Concr. Compos.,139, 105049 (2023).

10. Sharma R., Khan R. A. J. Mater. Eng. Struct. "JMES". 3, 3 (2016).

11. Lollini F., Redaelli E., Bertolini L. Constr. Build. Mater. 120 (2016).

12. Bondar D.: Alkali activation of Iranian natural pozzolans for producing geopolymer cement and
concrete. Doctoral dissertation: University of Sheffield, Sheffield, UK, 2009.

13. Hossain M. M., Karim M. R., Hossain M. K., Islam M. N., Zain M. F. M. Const. Build. Mat. 93
(2015). https://doi.org/10.1016/j.conbuildmat.2015.05.094.

14. Thomas M., Hooton R. D., Rogers C., Fournier B. Concrete International, 34, 1 (2012).

15. Thomas M. D. Mag. Concrete Res. 48, 177 (1996).
https://doi.org/10.1680/macr.1996.48.177.265.

16. Sasanipour H., Aslani F., Taherinezhad J. Const. Build. Mat. 227, 116598 (2019).
https://doi.org/10.1016/j.conbuildmat.2019.07.324.

17. Shahmansouri A. A., et al. J. Clean. Prod. 279, 123697 (2020).
https://doi.org/10.1016/j.jclepro.2020.123697.

18. Ahmad O. A., Amer. J. Appl. Scien. 14 (2017). https://doi.org/10.3844/ajassp.2017.1031.1038.
19. Sim S., Rhee J. H., Oh J. E., Kim G. Const. Build. Mat. 407, 133538 (2023).

S o

Tematické éislo ODPADY A VEDLEJS| PRODUKTY ZE A PRO STAVEBNICTVI
WASTE FORUM 2024, &islo 1, strana 27



Adriana ESTOKOVA, Miriama CAMBAL HOLOSOVA, Martin JAS, Alena SICAKOVA: VyuZitie odpadov pre
zvyS$enie trvanlivosti cementovych kompozitov

20. Wang Y., Ramanathan S., Chopperla K. S. T., Ideker J. H., Suraneni P. Cem. Concr. Compos.
133, 104723 (2022).

21. Alengaram, U. J. (2023). Dostupné na https://www.intechopen.com/online-first/88348, 9.1.2024

22. STN EN 206: Beton. Specifikacia, vlastnosti, vyroba a zhoda (2021).

23. STN EN 1015-3 722441: Metddy skusania malt na murovanie. Cast 3: Stanovenie konzistencie
Cerstvej malty (pomocou rozlievacieho stolika) (2000).

24. STN 73 1316: Stanovenie vlhkosti, nasiakavosti a vzlinavosti betonu (2023).

25. STN EN 12390-7: (73 1302): Ski$anie zatvrdnutého beténu — Cast' 7: Objemova hmotnost
zatvrdnutého betonu (2011).

26. STN EN 12390-3: (73 1302): Skusanie zatvrdnutého beténu — Cast 3: Pevnost v tlaku
skusobnych telies (2020).

27. ASTM C1202: Standard test method for electrical indication of concrete’s ability to resist chloride
ion penetration (1997).

28. 28 Huijbregts M.A.J., Steinmann Z.J.N., Elshout P.M.F. et al. Int. J. Life Cycle Assess. 22 (2016).
https://doi.org/10.1007/s11367-016-1246-y.

29. Sustainability, PRé. "SimaPro database manual: methods library." Pré Sustainability: Amersfoort,
The Netherlands (2020).

30. Weidema B. P., Bauer C., Hischier R., Mutel C., Nemecek T., Reinhard J., Vadenbo C. O.,
Wernet G. St. Gallen: The ecoinvent Centre (2013).

31. Stevulova N., Junak J., Strigac J., Junakova N. Mater. Sci. Eng. 1252 (2013).

32. STN EN 15804 + A2 +AC: (73 0912): Trvala udrzatelnost vystavby. Environmentalne vyhlasenia
o produktoch. Zakladné pravidla skupiny stavebnych produktov (2023).

Waste utilization and durability of cementitious composites

Adriana ESTOKOVA, Miriama CAMBAL HOLOSOVA, Martin JAS, Alena
SICAKOVA

Faculty of Civil Engineering, Technical university of Kosice, VysokoSkolska 4,
04200 KoSice, Slovensko

e-mail: adriana.estokova@tuke.sk

Summary

The focus of the research presented is on the use of specific waste materials as supplementary
cementitious components in cement-based construction materials. The primary objective is to investigate
whether the incorporation of non-traditional wastes with pozzolanic properties can result in positive
changes in the quality and technological parameters of cementitious composites. Cement mortars were
prepared with 20% cement substitution by the mentioned wastes and subsequently compared with
reference composites without any waste substitution. Several technological parameters were considered
in the analysis, including compressive and tensile strength, bulk density, water absorption and
consistency. Particular emphasis was placed on durability parameters, as evidenced by the
measurement of aggressive ion penetration. The experimental results showed that the composites with
eggshell exhibited satisfactory values in both engineering and durability parameters studied. Composites
containing blast-furnace slag showed improved resistance to the penetration of aggressive ions, as
expected.

Keywords: concrete, cement substitution, corrosion, industrial waste
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Optimizing properties of gypsum mixtures through
modifications of construction gypsum board waste

Hana SEKAVOVA, Zdenék PROSEK, Pavel TESAREK
Czech Technical University in Prague, Faculty of Civil Engineering, Thakurova 7,
166 29 Prague 6, Czech Republic

Summary

The article presents the results of utilizing modified gypsum board waste from construction and
demolition debris, obtained from a real construction site and processed using a developed recycling line
for construction gypsum board. The research focused on examining the impact of modification (in terms
of grinding fineness) on the resulting properties of dry gypsum mixtures, with replacements in the mixture
ranging from 10%, 25%, to 50% by weight for gypsum binder. Parameters such as bulk density, flexural
strength, and compressive strength after 7 days from the sample production were monitored. The results
indicate that, with appropriate modification, it is possible to efficiently substitute a portion of gypsum
binder in dry gypsum mixtures with modified gypsum board recyclate.

Keywords: recycling, construction and demolition waste, gypsum, gypsum board.

Introduction

The global challenge of recycling building materials is gaining worldwide attention. While concrete is
often spotlighted as a recyclable material, it is essential to recognize that various widely used materials
require recycling and further processing. However, the recycling of certain building materials, including
gypsum I?(Z)ard waste, encounters challenges similar to waste from other industries, often leading to
landfilling™*.

In recent years, the focus on dry construction, particularly in gypsum board systems, has increased.
The rising demand for gypsum boards has resulted in a corresponding increase in waste generated from
production, construction, reconstructions, and demolitions®. Presently, the majority of gypsum board
waste ends up in landfills, with only a relatively small portion being reused?.

One aspect often overlooked in recycling solutions for gypsum boards and gypsum products is that
gypsum is a unique material. It is 100% recyclable indefinitely*. From a construction perspective, gypsum
has been a valuable material for several thousand years (e.g., in ancient Egypt) due to its excellent
thermal-technical properties, mechanical strength, and fire resistance. Gypsum also offers the advantage
of being modifiable through additives and admixtures to enhance its properties”®.

Gypsum binder (stucco, calcium sulfate hemihydrate CaS0O,4-1/2 H,0) does not occur naturally (only
as CaSO, anhydrite or CaSO,4-2H,0 calcium sulfate dihydrate). It is produced by subjecting calcium
sulfate (either natural or synthetic) to high temperatures in a process called calcination, typically
occurring at temperatures above 180 °C, releasing water from gypsum (calcium sulfate dihydrate) at
temperatures exceeding 150 °C°.

The fundamental equation for gypsum production is expressed as follows (Equation (1)):
CaS0,.2H,0 + HEAT - CaS0,.1/2 H,0 + 3/2 H,0 Q)

Rehydration of gypsum, leading to the formation of hardened gypsum, occurs upon mixing with water,
as per Equation (2):

CaS0, .1/2 H,0 + 3/2 H,0 - CaS0, .2 H,0 + HEAT )

According to these equations, gypsum can be recycled multiple times at relatively low costs, involving
high temperatures (calcination) and grinding to achieve the desired grain size. The properties of the
resulting calcined gypsum depend directly on the grain size and the extent of calcination (amount of
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uncalcined gypsum grains). Both grain size and the presence of uncalcined gypsum grains influence the
hydration process. Smaller grain sizes increase the specific surface area, accelerating the hydration
reaction’.

The contribution is primarily based on projects funded by the Technology Agency of the Czech
Republic (TA CR), specifically Trend 3 under the grant number FW03010054, titled "Recycling and
Transformation of Construction Gypsum Board Waste into New Building Products and Applications with
Added Value" (2021-2023). Additionally, support is acknowledged from another TA CR project,
Environment for Life 3 under the grant number SS03010302, titled "Development of Effective Tools for
Minimizing the Generation of Construction and Demolition Waste, its Monitoring, and Reutilization"
(2021-2023). The ongoing research is expected to continue under the framework of the HORIZON
2020+ project with the grant number 101058580, titled "Automated Solutions for Sustainable and
Circular Construction and Demolition Waste Management" (2022-2026).

Materials and samples

The tested mixtures were composed of varying ratios of gypsum binder and recycled material based
on gypsum board waste. The chosen gypsum binder for testing was a calcined gypsum-based binder
produced from energy gypsum, referred to as REF (reference). The gypsum binder consisted of
hemihydrate of calcium sulfate with a purity of 98 wt.%. The sample waste material was selected from
gypsum board Type A waste according to (CSN) EN 5208, i.e., standard gypsum board. The waste
material originated from the sorting of construction and demolition waste from the construction of family
houses in Prague.

The recycled material was obtained by processing gypsum board waste using the Lavaris LAV
400/IR-SD recycling line developed by Lavaris s.r.o. in Lib&ice nad Vitavou®. For coarse processing and
separation of cardboard and other (construction) impurities, a primary crusher was initially used, and the
fraction 0/1 mm was separated from it (labeled as REF 0). The coarse recyclate REC 0 consisted of
gypsum with a purity of around 90 wt.%, with the remainder comprising impurities in the form of
cardboard remnants and various forms of calcium sulfate, which are challenging to define.

The coarse recyclate REC 0 was subsequently processed using a high-speed (high-energy) mill at
various grinding levels. In the case of recyclate REC 1, it was a single-level grinding; in the case of
recyclate REC 2, it was a two-level grinding, and in the case of recyclate REC 3, it was a three-level
grinding. In all cases, the same grinding elements (pins) and grinding speed (100 m/s) were used.

The main task was to verify the efficiency of multiple grinding treatments on the resulting properties of
the modified gypsum recyclate and its influence on the properties of the hardened gypsum paste
concerning the amount of replacement used for the reference gypsum. During grinding, heat is
generated due to friction, resulting in partial calcination of the recyclate. According to XRD phase
analysis, recyclate REC 1 contained an unmeasurable amount of hemihydrate of calcium sulfate, REC 2
contained approximately 2 wt. % hemihydrate of calcium sulfate, and REC 3 contained from 2 to 5 wt. %
hemihydrate of calcium sulfate.

The grain characteristics of the individual materials used (reference and modified recyclate) are
evident in Figure 1, showing the grain size curves of the materials used. The results indicate that
grinding treatment achieved a finer material than that of the reference gypsum binder. Each subsequent
grinding level resulted in a finer material. Minimal differences were observed between the second and
third grinding levels. The recyclate once grind (REC 1) had a grain size curve most similar to the
reference gypsum binder (REF).

Tematické &islo ODPADY A VEDLEJSI PRODUKTY ZE A PRO STAVEBNICTVI
WASTE FORUM 2024, &islo 1, strana 30



Hana SEKAVOVA, Zdenék PROSEK, Pavel TESAREK: Optimizing properties of gypsum mixtures through
modifications of construction gypsum board waste

12

T
o

Percent of passing [%)]
(o)}
Volume density [%]

0
10000.00

Particle size [um]

Figure 1. Comparison of the percent of passing and Volumetric density of the tested samples.

The structure of individual CaSO, crystals was characterized using electron microscopy. Scanning
Electron Microscopy (SEM) was conducted with the FEG SEM Merlin from ZEISS, situated in the
Electron microscopy laboratory at the University Centre for Energy Efficient Buildings. In Figure 2, the
distinctive grain characteristics of the recyclate are compared with the reference gypsum binder.

Figure 2 illustrates that, during grinding, a larger quantity of fine particles is generated compared to
the reference binder, validating the grain size curve depicted in Figure 1. Additionally, the impact of
grinding is observable, resulting in a mild disruption of the gypsum crystal structure. This effect is
attributed to the recycling process itself, consistent with findings by A. Erbs et al. in their work, where
they determined three recycling cycles as the maximum limit before the crystals become unusable®.
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v

Figure 2: SEM images of the microstructure of the used gypsum-based powder materials,
BSE electron detector, magnified 2 kx: a) REF, b) REC 1, ¢c) REC 2, d) REC 3

Table 1 presents the composition of individual mixtures, with replacement amounts of the reference
gypsum chosen at 10, 25, and 50 wt. %. Each mixture comprised six samples with dimensions of 40 x
40 x 160 mm, cast into rectangular molds. After casting, these samples were stored in molds in the
laboratory at a temperature of 22 °C. Once removed from the mold, the samples were allowed to rest in
the laboratory environment for 5 days. Subsequently, the samples were placed in a drying room and
artificially dried at a temperature of 40°C.

For ease of mixture processability, a water ratio (water/gypsum) of 1.2 was used for the coarse
recyclate REC 0, and for the fine recyclate (REC 1, REC 2, and REC 3), a water ratio of 1.4 was
employed. The comparative parameter was the workability of the mixture with a 50 wt. % recyclate
content. The workability was measured according to CSN 72 2301'° using a modified procedure for
determining the standard consistency, with the resulting spread being 250 mm. The high water content
resulted in a slow-setting binder, for which the setting time is not standardized according to
CSN 72 2301"°. For this reason, it was not measured.
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Table 1: Composition of the tested mixtures.

Set Gypsum Recycled Recycled Recycled Recycled Water | w/g

binder REF | gypsum REC 0 [gypsum REC 1| gypsum REC 2 |gypsum REC 3| [g] [-]

[a] [a] [a] [a] [a]

Ref 1000 0 0 0 0 1200 | 1.2
RO_10 900 100 0 0 0 1200 | 1.2
RO_25 750 250 0 0 0 1200 | 1.2
RO_50 500 500 0 0 0 1200 | 1.2
R1 10 900 0 100 0 0 1200 | 1.4
R1_25 750 0 250 0 0 1400 | 1.4
R1_50 500 0 500 0 0 1400 | 1.4
R2_10 900 0 0 100 0 1400 | 1.4
R2_25 750 0 0 250 0 1400 | 1.4
R2_50 500 0 0 500 0 1400 | 1.4
R3_ 10 900 0 0 0 100 1400 | 1.4
R3_25 750 0 0 0 250 1400 | 1.4
R3_50 500 0 0 0 500 1400 | 1.4

Experimental methods

The samples were destructively tested after 7 days to determine the flexural and compressive
strength using the FHF Strassentest device. The flexural strength was determined by a three-point
bending test. The flexural strength testing was controlled by a constant speed of 0.5 mm/min. The
distance between supports for the three-point bending test was 100 mm. The resulting flexural strength
was calculated using Equation (3):

_ 3 -Fb,max Lg

where Fy max is the maximum force during bending (determined during the test), L is the span between
supports for the three-point bending test (in our case, 100 mm), b is the width of the sample, and a is the
height of the sample.

The compressive strength was determined using uniaxial compression testing. Uniaxial compression
tests were conducted on the fractured halves of the samples after the flexural test, with effective
dimensions of 40 x 40 x 40 mm. Compressive strength testing was controlled at a constant speed of
1 mm/min. The resulting compressive strength was calculated using Equation (4):
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fc = Fc,max/ab (4)

where F¢ max iS the maximum force during compression, and a and b represent the height and width of
the sample, respectively.

All tests were conducted in accordance with the CSN 72 2301 standard™. The resulting average
values for compressive strength and flexural strength were calculated by excluding the highest and
lowest values obtained during testing. From the measured values determined during the destructive
testing, the bulk density and volumetric changes were subsequently calculated.

Results and discussion

In Figure 3, average bulk density values are compared with indicated standard deviations for samples
aged 7 days after drying. The comparison reveals that, for material RO, the coarsely processed material
with a fraction of 0/1 mm, there was no noticeable change in bulk density with increasing replacement
content. For all mixtures with RO replacement, it decreased from approximately 900 kg/m? to 700 kg/m>.

Significant changes in bulk density values depending on the replacement content were observed for
recycled materials R1 and R3. For the material R3 with 10% replacement, a value of 750 kg/m*® was
determined, increasing to 1500 kg/m? for 50% replacement, doubling the original value. During the drying
of samples with replacements R1, R2, and R3, substantial volumetric changes occurred.

The reference material REF is composed of 98 wt. % hemihydrate of calcium sulfate, while the
recycled material REC 0 is significantly coarser and has a markedly lower specific surface area, as
evidenced by the particle size distribution (Figure 1). It consists of 90 wt. % gypsum (dihydrate of calcium
sulfate). Primarily, in the dry gypsum mix, it acts as an inert filler but also serves as crystallization
centers at the beginning of the hydration process (i.e., setting and hardening of gypsum paste) due to its
fine particles.

Volumetric changes are relatively small, resulting in a slight decrease in bulk density values. For other
mixtures, which are markedly finer than the reference material and consequently have a significantly
higher specific surface area, the influence of replacements is pronounced.

During the initial mixing of homogenized and dry mixtures, in the case of material R3 with a ratio of
50/50 hemihydrate/dihydrate of calcium sulfate, a significant change in the water-to-gypsum binder ratio
occurred. Compared to the reference set REF, this led to a considerable delay in the setting and
hardening process. In the REF set, samples could be demolded after 20 minutes from mixing with water,
exhibiting slight expansion typical for gypsum samples. After 20 minutes, the samples already had
sufficient compressive strength, reaching their final strength after 7 days, with minimal shrinkage.

For REC 3 samples, demolding was possible only after 24 hours, and volumetric changes associated
with drying continued for several days. Another effect during hydration was a reduction in the
development of hydration heat, both in terms of the time course and the values of specific heat during
hydration.

For sets R1, R2, and R3 with a 50/50 wt. % gypsum binder/recyclate ratio, it can be assumed that the
water ratio allowed the formation of much larger crystals of calcium sulfate, which could form over
a significantly longer time. Simultaneously, part of the mixing water was adsorbed by the hemihydrate
from the recyclate, enveloping the grains and gradually leading to its dissolution. The solubility of
dihydrate of calcium sulfate in water is approximately 0.26 g/100 g at 20 °C. Gradually, especially after
demolding, the evaporation surface area increases, causing drying, while a fairly high-quality internal
structure is gradually forming. After drying, the samples exhibit some deformation but remain relatively
compact even with volumetric changes of up to 50%. B. Hansen and colleagues also arrived at similar
results, addressing various influences of additives and sulfur content on the resulting quality of the
formed gypsum crystal*’.
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Figure 3: Comparison of the volume change of the tested samples (with standard deviations).
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Figure 4. Comparison of bulk density of the tested samples (with standard deviations).

In Figure 5, average flexural strength values at 7 days are compared for the tested samples. Despite
the high shrinkage values, it is noteworthy that relevant flexural tensile strength values were determined.
Cracks did not significantly impact these values, although the standard deviations are higher than typical
for hardened gypsum slurry (as seen in the reference set REF).

In comparison to the reference set, the RO set with coarse recyclate experienced an expected
decrease, with values dropping by up to a quarter at 50% replacement. For recycled materials REC 1,
REC 2, and REC 3, a 10% replacement led to a decrease in flexural strengths ranging from 50% to
approximately 80%. At a 25% replacement in the R1 set, values remained the same, while the R2 set
experienced an increase of approximately 30%, and for the R3 set, the flexural tensile strength more
than doubled.

With a 50% replacement in the R1 set, the value is comparable to the REF material, R2 showed an
increase of about 40%, and the R3 set exhibited a doubling of flexural tensile strength. Furthermore, it is
evident that the flexural strength values correspond to the bulk density values of samples or individual
sets, showing their dependence on the amount of replacement with recyclate.
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Figure 5: Comparison of the flexural strength of the tested samples (with standard deviations).

In Figure 6, average compressive strength values at 7 days are compared for the tested samples.
Similar to flexural tensile strength, it is important to note that despite the high shrinkage values, relevant
compressive strength values were determined.

In comparison to the reference set REF, the recycled material RO experienced an expected decrease,
with values dropping by up to a quarter at 50% replacement. For recycled materials REC1, REC2, and
REC3, a 10% replacement led to a decrease in compressive strength by approximately half. At a 25%
replacement in all three mixtures, there was an increase in compressive strength. With a 50%
replacement in the R1 set, the value is comparable to the REF material, R2 showed an increase of more
than double, and the R3 set exhibited a 2.5 times increase in compressive strength. Similar to flexural
tensile strength, it is evident that compressive strength corresponds to the values of bulk densities of
samples.

In the case of coarser grain size replacements, other authors achieved similar results*. In the case of
using a larger amount of finely ground dihydrate calcium sulfate, there are no known publications
because it leads to the formation of a large number of nucleation centers, and the mixture becomes
unprocessable. Often, even a content below 1% by weight creates a completely unusable mixture. In our
case, we circumvented this issue by using a higher water ratio®
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Figure 6: Comparison of the compressive strength of the tested samples (with standard
deviations).
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Conclusion

In conclusion, this study has emphasized the impact of the chosen recycling method on the properties
of gypsum mixtures. High-speed grinding on the recycling line resulted in material refinement and
increased specific surfaces. The recycled material, when used as a substitute for gypsum, plays a dual
role as both a filler and a crystallization center. Despite significant shrinkage, a solid structure was
achieved, albeit with high fragility. Multivariable grinding led to increased flexural and compressive
strength with a growing specific surface. The material with coarse recycled content exhibited strength
reduction, particularly at higher replacements.

Overall, the scientific approach to recycling construction gypsum board waste paves the way for
a more sustainable and efficient utilization of these materials in construction.
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Optimalizace vlastnosti sadrovych smeési prostrednictvim
uprav stavebniho sadrokartonového odpadu
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Ceské vysoké uceni technické v Praze, Fakulta stavebni, Thakurova 7, 166 29
Praha 6, e-mail: zdenek.prosek@fsv.cvut.cz

Souhrn

V prispévku jsou prezentované vysledKy vyuZiti upraveného recyklatu na bazi sadrokartonu ze
stavebniho a demoli¢niho odpadu, ktery byl ziskan z realné stavby a upraveny pomoci vyvinuté linky na
recyklaci stavebniho sadrokartonu. V rémci vyzkumu byl testovan viiv tpravy (z pohledu jemnosti mleti)
na vysledné viastnosti suché sadrové smési, nahrada ve smési byla 10, 25 a 50 hm. % za séadru (resp.
sadrové pojivo). Sledovana byla objemova hmotnost, pevnost v tahu za ohybu a pevnost v tlaku po
7 dnech od vyrobeni vzorku a smrsténi. Z vysledku je patrné, Ze pfi vhodné dpravé, je mozné efektivné
nahradit ¢ast sadrového pojiva v suché sadrové smési upravenym sadrokartonovym recyklatem.

Kli¢ova slova: recyklace, stavebni demoli¢ni odpad, sadra, sadrokarton
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Abstract

The paper focuses on minimizing the carbon footprint associated with temporary buildings on site
through the identification and implementation of sustainable measures. Experimental work on two of the
sites studied revealed high levels of night-time heating consumption in temporary buildings, highlighting
the need for more efficient heating and insulation technologies. The analysis of the consumption showed
significant opportunities for energy savings, with critical areas identified that allow for the implementation
of improvements in energy management, with a potential positive impact on the overall sustainability of
the construction industry.

Keywords: Carbon footprint, energy consumption, temporary buildings, construction traffic.

Introduction

The construction industry is facing an increasingly urgent challenge in the form of environmental
impacts and the need to reduce its carbon footprint *. One of the key aspects of this issue is temporary
buildings on site, which often consume significant amounts of energy and contribute to high greenhouse
gas emissions.

Construction production consumes many inputs that are involved in the realization of the construction
work. The incorporation of materials results in the generation of construction waste, which is a significant
environmental problem in the construction industry 2. Many studies have investigated this issue, but the
energy required to run construction production also needs to be addressed *.

Electricity is required to power the machinery and equipment on site *. Furthermore, electricity is
converted to create working conditions in the premises for the site personnel. Currently, temporary
buildings are mostly powered by electricity, which is needed for lighting, heating, cooling, ventilation and
powering all electrical appliances °. The analysis of electricity consumption at the surveyed construction
sites showed significant opportunities for energy savings. Critical areas where improvements in energy
management can be implemented were identified, and these modifications could have a positive impact
on the overall sustainability of the construction industry.

An expert perspective on the topic should contribute to forming a better understanding of the impact
of temporary buildings on the environmental sustainability of the construction sector. In this way, we
consequently open up the debate on the need and possibilities of implementing sustainable approaches
in the construction industry and contribute to the creation of innovative solutions with regard to the future
of this sector.

Basic hypothesis

The basic hypothesis of this study is that the implementation of sustainable measures, innovative
technologies and efficient energy strategies for temporary site buildings can lead to a significant
reduction in the carbon footprint of the construction industry.

It is anticipated that the heating analysis and identification of critical high consumption areas will
provide valuable information for the design and implementation of specific measures to minimize the
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environmental impacts of temporary structures. Focus on innovative technologies, smart energy
management and new practices that can lead to significant emission reductions and energy efficiency
improvements.

Contemporary literature

The dependence of the construction industry on electricity has been investigated in several
researches and provides valuable insights into energy consumption and greenhouse gas emissions ®’.
In particular, the focus is on buildings where non-negligible consumption occurs. In buildings throughout
their lifetime, conditions are created that must be met by electricity. For example, the study by Yu Mishin
et al. deals with the energy consumption patterns in buildings and provides insights into energy efficiency
8. However, it already highlights the significant impact of construction on sustainability and explores the
impacts in protecting the natural environment through resource and water use °.

Research in the United States has identified key barriers to the promotion of sustainable construction
and offered practical solutions to overcome the barriers and one of these was electricity consumption *°.
In the context of emissions, it has been argued that even small changes in the operation of temporary
structures can have a significant impact on the surrounding environment as well as on long-term
behaviour ™. In the current context, the existing literature reflects on several key aspects, addressing
sustainability issues in the construction industry, but quantitative data of the real behaviour of
construction offices is not evident.

An analysis of greenhouse gas emissions in construction offices will provide insight and prompt the
search for more effective solutions *2. In the planning of temporary offices and changing rooms,
demands are placed on the typological division and the creation of an environment according to the
requirements of the planned construction 3. At the same time, research into new technologies in
insulation, energy management and renewable energy present opportunities for energy efficiency
improvements. These new practices should gradually make their way into the literatures related to the
design of building organization.

Methodology

The study procedure involves a combination of data collection, the use of statistical methods and the
design of optimization measures. Smart metering devices have been installed on site to monitor the
electricity consumption of temporary buildings. These devices have the ability to provide detailed and
accurate data on electricity consumption, which has enabled a better understanding of energy usage
patterns and helps to identify areas of high consumption and potential energy saving opportunities. The
data collected from these devices can be analyzed using statistical methods to identify trends, patterns,
and correlations in electricity consumption.

The combination of analysis and statistical methods provides a comprehensive understanding of
electricity consumption on site. This approach enables evidence-based decision making on energy
management and the implementation of energy saving measures.

Description of the investigated sites

The construction sites that were analyzed by the study are located in the city of Bratislava. In both
operations, the support system of the planned building was reinforced concrete and lifting mechanisms
were deployed to carry out heavy construction works. Temporary buildings were placed for the site
personnel to serve various purposes, including operational, social and sanitary needs *.

Each construction site had temporary objects placed in one part of the plot according to the project
documentation of the construction organization project. Site "A" had 10 temporary objects, where the
central object consisted of 8 containers and 2 containers were placed next to each other. Site 'B' had 13
temporary objects, where the central object consisted of 10 containers and 3 were also located in close
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proximity. The year of manufacture of the temporary site objects for "A" was 2008 and the age was 15
years, for "B" the year of manufacture was 2016 and the age was 7 years. The average number of
workers on site "A" was 23 and on site "B" was 31 during working days.

The wiring at the construction sites was branch-wired, which means that the temporary buildings were
powered by a separate branch via a 3pole B 50 A circuit breaker and the site operation also had
a separate branch. The site power supply via the 3pole circuit breaker formed the node for consumption
metering. The site was designed to capture the consumption of all site facilities. The metering equipment
installed met the basic criteria of recording and evaluating electricity consumption at hourly intervals and
storing the data on remote storage. The same type of metering equipment was used for each
construction site with factory calibrated with 99 % accuracy.

Data processing

The research started with the processing of data from consumption measurements at selected
construction sites for a time period of 365 days from 1 September 2022 to 31 August 2023. The aim was
to obtain detailed and accurate information on the amount of energy consumed at temporary buildings
and to identify areas of high energy consumption.

Table 1: Consumption of the study areas

Site A Site B
Month Consumption of Site operation Consumption of Site operation
temporary objects consumption temporary objects consumption
(kWh) (kWh) (kWh) (kWh)
September'22 3,260.0 1,413.0 1,902.0 736,5
October 22 3,984.0 1,9315 3,511.3 1,088.7
November’'22 4,502.1 1,609.0 4,155.1 2,014.0
December'22 4,807.7 1,208.5 6,907.8 3,076.1
January’'23 5,307.9 1,208.5 7,231.1 2,217.0
February 23 6,307.5 1,208.5 6,677.0 2,560.9
March'23 4,919.1 1,945.7 6,010.0 1,882.0
April'23 2,323.2 1,360.3 4,310.8 2,125.7
May'23 2,049.1 928.1 2,769.3 1,246.8
June 23 1,062.5 458.9 1,328.0 514.0
July'23 880.6 256.3 1,378.9 535.0
August 23 877.0 768.5 1,245.0 709.2
Total 40,280.7 14,296.8 47,426.3 18,705.9
Total 54,577.5 66,132.2

Tab. 1 provides a detailed view of the monthly consumption of the two sites. For better orientation and
comparison of site consumption, the data are recorded separately for the temporary structures area and
the site operations area in the table. Comparing the consumption between sites ‘A" and 'B' allows for the
identification of differences in the energy behavior of each site.

The results show that temporary facilities represent a significant part of the total energy consumption
at both sites, accounting for more than 70 % of the total consumption. Seasonal variations are also
observed, with winter months showing an increase in consumption, while summer months show
a decrease.

Tematické éislo ODPADY A VEDLEJS| PRODUKTY ZE A PRO STAVEBNICTVI
WASTE FORUM 2024, &islo 1, strana a1



Stefan KRISTOFIC, Nada ANTOSOVA, Peter MAKYS: Reducing the carbon footprint of temporary site structures

Identification of critical areas

Based on the data, the energy intensity of the temporary buildings was identified. The analysis
showed that site 'A' had a higher consumption per container of 4,028.07 kWh per year than site 'B' with
a consumption of 3,648.17 kWh per year, but with a larger number of containers and personnel. The first
critical area demonstrated is the age of the temporary building.

Comparing the highest and lowest consumption values creates an important indicator that points to
increased energy consumption. This trend is strongest in the winter months when climate conditions are
more challenging and heating is needed in work areas. Conversely, in summer, temperatures are higher
and there is a decrease in energy consumption. This effect is further accentuated by the long daylight
hours, the need for artificial lighting in temporary buildings is not required. Conversely, on days with
shorter daylight hours, energy consumption also increases due to the illumination of the premises. The
second proven critical area is heating.

Proposal for optimisation measures

Based on the identification of critical areas, the research established proposals for optimization
measures to mitigate the energy intensity of temporary buildings. Prospective opportunities for electricity
savings are a key aspect in the quest for more efficient and sustainable use of resources on construction
sites.

One of the main prospective savings opportunities is the optimisation of electricity consumption
through alternative energy sources. Data has shown that there are specific time periods when electricity
consumption in temporary buildings on construction sites is significantly higher during the day than at
night. Therefore, it is proposed to implement 5 kWp photovoltaic panels that could be installed on the
roof of construction containers for on-site electricity generation. The electricity generation from the PV
panels is only during the sunshine hours and the construction production has been carried out during the
day time.

Table 2: Overview of electricity production and consumption

Site A Site B
Month Production Consumption Production Consumption

(kWh) (kWh) (kWh) (kWh)
September'22 581.9 3,260.0 581.9 1,902.0
October'22 424.7 3,984.0 424.7 3,611.3
November'22 251.5 4,502.1 251.5 4,155.1
December'22 197.6 4,807.7 197.6 6,907.8
January’'23 219.3 5,307.9 219.3 7,231.1
February'23 306.2 6,307.5 306.2 6,677.0
March'23 531.7 4,919.1 531.7 6,010.0
April'23 679.3 2,323.2 679.3 4,310.8
May 23 685.9 2,049.1 685.9 2,769.3
June’23 623.4 1,062.5 692.2 1,328.0
July'23 587.9 880.6 718.69 1,378.9
August 23 521.41 877.0 669.26 1,245.0

Sum 5,610.81 40,280.70 5,958.25 47,426.34
Percentage saving \ 14 % \ \ 13 %

Tab. 2 gives us the production and consumption values in each month. The modeling software
program SOLAR PRO was used to simulate the production, in which the possible quantities of optimal
electricity production with respect to the consumption of a specific construction site were evaluated. The
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program processed the consumption during the eventual production at the investigated site and
evaluated the possible electricity savings in a given month. A 5 kWp generating plant would produce
more than the consumption during the summer months, but for the specific consumption at the
temporary sites, no storage in batteries or sale of electricity to the grid was considered. For the
temporary buildings on site 'A' and site 'B' there would be an eventual electricity saving of 14 % and
13 % respectively.

The second optimization solution on the investigated construction sites can be the control of the
heating consumption. Electric heaters were used to condition the indoor environment in all temporary
buildings.

Figure 2: Thermal assessment of temporary structures on site B

In Fig. 1 and 2, the operation of these devices was demonstrated, which caused an increase in
consumption. An important piece of information was that the heating of the containers was also during
night hours. This effect can be thought of as a waste of energy as no one was on the sites at the time.
The staff had the area heated during the night hours as during the day.
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Figure 3: Comparison of consumption trajectories

Fig. 3 confirms and highlights the difference in averaged consumptions during warm and cold nights.
The cool nights show consumption during the nighttime hours of 7:00 p.m. to 5:00 a.m. for the coldest
months of December, January, and February. For comparison, values during the summer months of
June, July, and August are shown. This difference is mainly due to heating in the temporary buildings, on
site 'A' there was an increase over the summer months to a value of 87.04 kWh per night and on site 'B'
there was an increase to a value of 103.89 kWh per night.

Table 3: Optimizing heating during the winter months

Site A Site B
Month Heating reduction at | Consumption | Heating reduction at Consumption
night (kW) (kW) night (kW) (kW)
September 22 - 3,260.0 - 1,902.0
October'22 - 3,984.0 - 3,511.3
November 22 - 4,502.1 - 4,155.1
December'22 2,698.1 4,807.7 3,220.7 6,907.8
January 23 2,698.1 5,307.9 3,220.7 7,231.1
February 23 2,437.0 6,307.5 2,909.0 6,677.0
March'23 - 4,919.1 - 6,010.0
April'23 - 2,323.2 - 4,310.8
May 23 - 2,049.1 - 2,769.3
June’23 - 1,062.5 - 1,328.0
July'23 - 880.6 - 1,378.9
August 23 - 877.0 - 1,245.0
Total 7,833.2 40,280.7 9,350,4 47,4263
Percentage saving 19 % 20 %

Based on Tab. 3, the savings by controlling the heating during the 3 coldest months are quantified.
Over a 90 day period, 19 % savings can be achieved by controlling heating during night hours on site 'A’
and up to 20 % savings on site 'B'. In order not to reduce the thermal comfort of the workers, it is
planned to heat the rooms for an hour before the arrival of the workers.
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Results

The research first shows the high electricity consumption at the surveyed construction sites. For site A
a consumption of 54,557.5 kWh was recorded and for site B a consumption of 66,132.2 kWh was
recorded, with construction offices accounting for 70 % of the consumption on both sites.

The high energy consumption was also confirmed by the thermal photographs which showed high
internal temperature of around 17 °C and high thermal leakage. A key finding was the unnecessary
heating during the night when nobody was in the premises.

The research sought to find optimisation practices where consumption could be reduced. Suggested
optimization measures include the implementation of photovoltaic panels on the roof of temporary
buildings and heating controls. Simulations suggest that these measures could contribute to savings of
13,444.01 kWh at Site A and 15,308.65 kWh at Site B.

Discussion

The results achieved are significant for the construction industry. The critical areas identified, such as
the age of temporary buildings and heating systems, highlight the need for innovative solutions to
minimise the carbon footprint. Seasonal fluctuations in energy consumption indicate the importance of
adapting energy strategies and creating pressure for more energy efficient containers. Improvements
should focus on thermal insulation properties and on more energy efficient appliances.

The implementation of photovoltaic panels and the management of heating consumption appear to be
promising measures. Photovoltaic panels could cover time periods with significant electricity
consumption, while heating control at night could minimise consumption. Furthermore, on-site generation
plants could increase the electricity supply by a storage and use system in the evening.

Several studies examining the emissions of different process operations count only the process itself,
not including offices or changing rooms, which are needed for workers.

Discussions need to be opened on legislative measures and incentives that could encourage the
implementation of sustainable approaches. The insights provided could shape the approach of policy
interventions and regulatory frameworks to create pressure to change the production process in the
construction industry. For example, the study by Dalirazar and Sabzi looks at support such as financial
incentives, low-interest loans and tax breaks for sustainable buildings. They appear to be effective ways
to increase the demand for sustainable buildings and to encourage investors in the market to construct
sustainable buildings '*. However, these incentives need to precede the identification of areas and some
research highlights.

Conclusion

The study highlights the need and opportunities to improve the environmental sustainability of the
construction industry by minimizing the carbon footprint of temporary buildings. The critical areas
identified present a challenge but also an opportunity for the implementation of innovative measures.

The proposed optimization steps in the form of photovoltaic panels and heating management could
contribute to significant energy savings, which would have a positive impact on the overall sustainability
of the building industry. The debate on these measures should be continued in order to promote their
implementation and stimulate further research on eco-innovation in the building sector. Overall, these
adjustments could contribute to positive changes in the sector and to a better integration into the current
trend of environmental sustainability.
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Znizovanie uhlikovej stopy do€asnych objektov staveniska

Stefan Kristofi¢, Nad’a Antosovd, Peter Makys
Katedra technolégie stavieb, Stavebna fakulta, Slovenska technicka univerzita v Bratislave

Abstrakt

Clanok sa zameriava na minimalizéciu uhlikovej stopy spojenej s do&asnymi objektmi na stavenisku
prostrednictvom identifikacie a implementacie udrzatefnych opatreni. Experimentalna ¢innost na dvoch
sledovanych staveniskach odhalila vysoku mieru spotreby na vykurovanie poéas noci v doéasnych
objektoch, zdbrazriujuc potrebu efektivnejSich technolégii vykurovania a izolacie. Analyza spotreby
ukazala na vyrazné moznosti uspor energie, pricom identifikované kritické oblasti umoZzriuju
implementéaciu zlepSeni v riadeni spotreby energie, s potencidlnym pozitivnym vplyvom na celkovu
udrzatelnost’ stavebného priemyslu.

Kracové slova: Uhlikova stopa, spotreba energie, do¢asné objekty, stavebna prevadzka
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Summary

Agriculture is the most important branch of the economy. It is influenced by natural processes, but
also by human intervention in nature, especially rapid urbanization. Another factor is globalization,
population growth and pressure on the growth of food supply chains. The production of an ever-
increasing amount of food to satisfy the basic needs of 8 billion inhabitants had and still has an impact
on the intensification of agricultural production. Increased food production has not avoided an increase in
the use of pesticides which has had an impact on soil resources, soil biodiversity and in an unplanned
way on our diet. The increase in production also ensured better affordability of food. Intensive agriculture
exerts significant pressure on the landscape and soil for example in the form of contamination, erosion
and compaction caused by heavy agricultural machinery. It accounts for up to six percent of CO,
emissions in the entire Union. Experts draw attention to the fact that the area of land that is used
worldwide to grow unnecessary food is greater than the area of India and Canada. It is necessary to
seriously deal with the way crops are grown, their subsequent processing and distribution. There are
several opinions on how to deal with this problem. Disruption of supply chains and restriction of transport
significantly contributed to the immediate need to change some methods of production and distribution of
crops and food. A particularly important topic is the relationship to the soil, food quality, food habits and
waste production. Food waste is an ecological and climate product. In the European Union, almost 57
million tons of food is wasted annually, which is 127 kilograms per person. In Slovakia around 860,000
tons of food is thrown away per year, which is approximately 163 kilograms per inhabitant. The
European Union is also trying to reduce the volume of food waste by fulfilling goals of the strategy
"Farm-to-Fork". The European Commission is revising the waste directive to reduce food waste. In the
contribution on the one hand, we focused on agriculture and its impact on the environment and its role in
meeting the demand for food, and on the other hand we conducted a survey through a questionnaire.
Based on our survey we can conclude that more than half of the respondents are concerned with the
impact of the food they buy on the environment, some plan to limit the consumption of meat and meat
products, which is a prerequisite for possible changes in consumer behaviour in relation to the
environment, primarily to minimize waste with food.

Keywords: affordability of food, the environmental footprint, food safety, food waste.

Introduction

Agriculture together with forestry, aquaculture, food and chemical industry is part of the bioeconomy.
The bioeconomy is a part of the economy that uses renewable biological resources to produce food,
feed, chemicals, textiles and energy in a sustainable way. The concept of a sustainable bioeconomy is
gaining traction on the international political agenda with governments around the world adopting
bioeconomy strategies. The main goal of agricultural production in the context of the bioeconomy is to
ensure a sufficient amount of high-quality and healthy food in a sustainable way, which is part of the
circular economy.

Food is one of the essential goods that satisfy the basic needs of the population. Healthy and high-
quality food is a requirement for most consumers. The food system is affected by globalization, which on
the one hand affects economic growth, but also poverty and environmental degradation. The agri-food
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industry is complex, requires a wide range of processes and operations, but is largely inefficient. It faces
challenges to increase productivity, it needs solutions for growers, producers, traders®.

In agriculture predicted climate changes will affect crop yields and their geographical distribution, as
well as livestock breeding®. Due to the increasing intensity of extreme weather fluctuations the risk of
crop failure will increase (Bernard, et. al.).> The consequences of climate change will also affect the soil -
the amount of organic matter in it will decrease, which is a decisive factor in its fertility (Blanc, Liang et.
al.)*®. Food production is increasing significantly to meet the needs of the population in countries where
the income of the population is increasing. Food supply chains are coming under great pressure as
a result of the conflict in Ukraine. However, future developments would encounter disruptions to global
supply chains. Transport is responsible for almost 5% of the total emissions of the food system, so
shortening supply chains seems desirable, especially in relation to fruit and vegetables, where
refrigerated transport contributes significantly to the carbon footprint (Crippa, et. al.)®. However, it is also
important to distinguish between shorter food supply chains and more sustainable food supply chains, as
they are not necessarily the same. For example, it might be technically possible to produce soybeans in
Norway for the Norwegian market using a lot of energy, but the total carbon footprint would be higher
than growing soybeans in Brazil or the US, where the energy required is much lower (and more than
offsets the impact of transporting soybeans to Norway). Many soft commodities can be produced
economically and in sufficient quantities in only a few countries, and replacing these products with
alternatives is often difficult. Figure 1 illustrates the extent of this concentration for corn, rice, soybeans
and wheat, where the five largest producing countries account for between 58% and 85% of world
exports of these commaodities.

2 : = Thailand, 14%
Argentina, 16%

USA, 26%

Figure 1: Top five producers (percentage of 2020 global exports).
Source: Food and Agriculture Organization of the United Nations (FAO)’

A May 2020 survey of 70 respondents by McKinsey found that 93% plan to make their supply chains
"more flexible, agile and resilient". A follow-up survey 12 months later found that 92% of respondents
had changed the physical footprint of their supply chains and nearly 90% expected to continue some
degree of regionalization over the next three years®. In addition to increased resilience shorter supply
chains are easier to monitor allowing companies more control over sustainability risks such as slave
labour, greenhouse gas emissions and biodiversity loss as well as more traditional business risks such
as fraud. At the same time the possibility of satisfying the demand for food is limited as the area of land
for production is limited the number of inhabitants is increasing. The trend of satisfying needs will have to
change both in production and consumption. Continued expansion and intensification will affect
resources which will affect the food system. The preservation of ecosystems and the future well-being of
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the human population are centrally dependent on the structural transformation of the food system
towards a sustainable and resilient state®.

Reducing the environmental footprint of agriculture and food systems and improving the environment
and ensuring healthy and affordable food are to be achieved in the countries of the European Union
through the "Farm-to-Fork" strategy’®. The creation of a favourable "food environment" that facilitates the
choice of healthy and sustainable eating can have a positive effect on the health, quality of life of
consumers, reduce social costs related to health, production and consumption of food''. The EU food
system is supposed to ensure fresh and safe food for all Europeans. Food safety is measured through
three basic dimensions, affordability, physical availability, safety and nutritional value of food. The basis
of food security is the soil as it provides 95% of the food we consume. The EU's 2030 Soil Strategy
adopted on 17 November 2021 sets out a vision for all soil to be in a healthy state by 2050 and for soil
conservation, sustainable use and restoration to become the basic norm*2. Soil contains more than 25%
of the world's biodiversity is the largest terrestrial carbon store on the planet, and plays a key role in the
circular economy and adaptation to climate change. However, around 60-70% of EU soil ecosystems are
unhealthy and suffering from degradation. It is estimated that land degradation costs the EU
approximately 50 billion € per year. Halting and reversing current land degradation trends could bring up
to €1.2 trillion annually in economic benefits. However, sustainable land management and its restoration
requires the involvement of a wide range of economic and social entities.

Agriculture production and sustainable food system

Global food and agricultural production have increased significantly since the end of World War Il due
to a combination of population and economic growth along with technological and cultural shifts in
production practices. Rapid human population growth coupled with unsustainable patterns of
consumption and production has contributed to various forms of environmental degradation including
global warming, climate change, deforestation and biodiversity loss. Global wildlife populations fell by
two-thirds between 1970 and 2020, while the human population more than doubled. Since 1990, an
estimated 420 million hectares of forest have been lost to land conversion, and the area of primary forest
has decreased by more than 80 million hectares worldwide. Environmental damage often results from
economic processes that lead to a higher standard of living, especially when market prices do not
include the full social and environmental costs, such as damage caused by pollution and habitat
destruction’.

The Green Revolution played a significant role in the introduction of intensive agricultural production
methods throughout the world and the formation of governing philosophies in common agricultural
practice. Global yields have increased steadily since the 1950s so more food is now produced per
person than ever before. Although widely acknowledged to have helped avert the expected widespread
food shortages of the post-World War 1l era, the intensification practices brought about by the Green
Revolution have also been criticized for causing ecological degradation, unsustainable resource
consumption and entrenching dependence on non-renewable resources such as fossil fuels.
Intensification, consolidation and specialization are some of the broad behavioural trends inherent in the
food system. The system as a whole is dominated by intensive practices, and a small number of actors
in production, processing and retail control the majority of the food system and strongly influence policy-
making. Stronger states widely abuse loopholes in trade agreements leading to unfair economic
competiﬂ)on for developing countries ultimately producing dependency and undermining local food
security.

Based on Planet Tracker's analysis the assets of 400,000 companies connected to the food system
were estimated and the revenues they would produce related to food system activities (estimated
revenues in the range of 15 to 19 trillion USD - about 20% of global GDP). Lowder et al.** estimate that
there are around 510 million smallholder farmers.
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Figure 2: The value of the global food system

Source: Planet Tracker**.

A sustainable food system is essential to achieving climate and environmental goals™ . It can help
protect Europe's nature and biodiversity as the Farm-to-Fork strategy is also aligned with the EU
Biodiversity Strategy until 2030, as biodiversity is of fundamental importance for food security and
people's well-being™. The goal is to protect nature, reverse the degradation of ecosystems and reduce
emissions in all areas. This also applies to agricultural production. In every activity related to food
production greenhouse gases are released into the atmosphere. Agricultural activities primarily release
a large amount of two very effective greenhouse gases — methane and nitrous oxide (Smatana, -
Macak)"’. In Slovakia agriculture accounts for a smaller share of emissions than in the EU. While in
Slovakia the sector is responsible for 7% of total emissions in the Union it is 11%.
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Greenhouse gas emissions in Slovak agriculture have fallen by 59% since 1990. The main reason is,
above all, the decrease in livestock numbers. They have been at a stable level since 2005. Greenhouse
gas emissions from agriculture are to be reduced by 10% by 2030. This is the goal prescribed for the
agricultural sector in Slovakia by the Ministry of the Environment in the draft climate law.
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European Commission wants to reduce meat consumption in the "Farm-to-Fork" strategy. According
to it, the food system of the Union will be sustainable in the long term only if the consumption of meat is
reduced. Workers from the National Agricultural and Food Centre and the Slovak Hydrometeorological
Institute investigated the entire carbon balance of cow breeding, including the cultivation of fodder,
during which carbon from the atmosphere enters the soil through photosynthesis. The result of their
calculations is that after taking into account the carbon stored the carbon production of the average cow
IS even negative. The carbon footprint of a cow with a live weight of 602 kg and a milk yield of 10,400 | is
8,832.65 kg CO2eq. per year, on the other hand, the plants that must be grown for such a cow consume
9,289.34 kg of carbon dioxide during photosynthesis. This means that the plants needed for the cow's
nutrition consume 465 kg of CO, more from the air than the CO2eq production of this cow per year.
From the above it follows that the balance of the carbon cycle is preserved when raising cows, and it is
not entirely correct to claim that cows are a contributor to global warming®®.
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Figure 4: Development of aggregated animal numbers in the Slovak Republic
Source: own processing 19

Meat consumption can also be gradually reduced thanks to "new foods". New foods and their
consumption are in line with the aforementioned "Farm-to-Fork" strategy. The strategy recommends
research into alternative proteins, including insect proteins and meat alternatives, to help the food sector
mitigate and adapt to climate change, preserve biodiversity and secure food in a healthy and fair way. It
has framework programs to achieve the goals of the European Green Deal including the "Farm-to-Fork"
strategy®®. One was Horizon 2020, which had 1 billion € available for cellular meat research in the
European Union. In the period 2021-2027 this research is financed by the Horizon Europe program
within the mission area "Healthy food and a healthy environment". From Horizon Europe around €9
billion has been allocated to support research and innovation in the areas of "food, bioeconomy, natural
resources, agriculture and the environment", with one third of this budget allocated specifically to
agriculture. €2 billion is already planned for various challenges in the years 2023-2024. Additional funds
are also earmarked for research projects developing pilot vaccines against African swine fever, which
has significantly affected the sector. The Commission also generally supports cross-sectoral cooperation
and the involvement of farmers, advisors and other actors in research projects, in particular through the
Agricultural Knowledge and Innovation System (AKIS).

Paradoxically the European Commission in the strategy "Farm-to-Fork" talks about the need to
reduce meat consumption in the EU. Between 2016 and 2020, however, it paid out almost €220 million
to promote the consumption of meat and dairy products?.

Tematické &islo ODPADY A VEDLEJSI PRODUKTY ZE A PRO STAVEBNICTVI
WASTE FORUM 2024, &islo 1, strana 52



Jarmila VIDOVA: Agricultural production, sustainable food system and food (non)waste

Global food production and food waste

Due to increases in population wealth and urbanization, the world has seen an overall increase in
food demand coupled with a shift in dietary preferences towards more resource-intensive foods.
Although a sufficient amount of food is already being produced, by 2050 food production will need to be
increased by more than 60%. As businesses strive to produce agricultural crops and food for
sustenance, the big problem is that according to the Food Waste Index Report 2021, one-third of food is
wasted worldwide, which is more than 931 million tons of food costing the global economy nearly €900
billion. Of this, around 30% of all cereals, 20% of dairy products, 45% of vegetables and fruits, 20% of
oil seeds and legumes, 35% of fish and seafood, 45% of root vegetables and tubers and 20% of meat
are thrown away. Food waste is generated at every stage of the production and supply chain, from initial
agricultural production to final consumption in households. It is estimated that approximately 14% is lost
between harvest and the retail market, and 17% of food is wasted at the retail and consumer level
(UNEP, 2021)%. Food waste has far-reaching effects both nationally and globally. In the US, up to 40%
of all food produced is not eaten and about 95% of wasted food ends up in landfills. It is the largest
component of municipal solid waste with 21%. The food we don't eat produces up to 10% of global
carbon emissions at retail and in homes. according to the UN, if food loss and food waste were
a separate country, it would be the third largest producer of greenhouse gases in the world after the US
and China. When we waste food, we also waste the resources needed to produce it, such as land, water
and energy22’23. Wasting food is morally wrong also because the amount that is currently wasted would
be enough to feed twice the number of malnourished people in the world.

The main causes of waste include overproduction, harvest losses, poor crop storage, improper
transportation, packaging errors, high aesthetic standards for fruits and vegetables, buying too much
stock, disproportionately large portions in catering establishments, poor consumer habits, improper
storage food by households. Food waste is also a direct financial loss for producers, traders and
consumers. In the total bill for the production of food that is never eaten, the costs associated with land
acquisition and erosion, loss of biodiversity, air pollution, water degradation, loss of dwellings, health
damage and compensation for these losses must also be added. In developing countries food is wasted
at harvest time. Poor storage facilities on farms lead to pest and mould infestations that destroy crops.
Lack of access to technology and markets means that many farmers are forced to watch their crops rot
in the fields, as the labour and financial investment needed to harvest them is often unavailable. In rich
countries the purchase itself is basically the beginning of food waste. According to van Geffen et al.,
2020%, food waste is related to the neglect of shopping planning, the place of purchase, the way food is
stored and the way food is prepared for consumption. Because households do not plan what meals they
will prepare, they buy uncontrollably, when they also buy food that they do not need to consume.
Uncontrolled quantities are also purchased due to sales promotions in stores. Some consumers are not
aware of expiration dates, store food inappropriately or to try new foods and try foods they do not know
and experiment with them. New untried foods may not be tasty and become waste. Food waste occurs
during food preparation in the kitchen, when a large amount of food is prepared that is not consumed
and perishes in refrigerators or kitchen cabinets.

In the countries of the European Union about 20% of produced food goes to waste, but about 33
million people cannot afford quality food, and food aid is a necessity for part of the population. According
to the portal Free - food, in the countries of the European Union, primary production is responsible for
approximately 11% of food waste, production and processing 19%, distribution 5%, restaurants 12% and
consumers up to 53%, which is about 70 kilograms per inhabitant®>?. Part of the food waste is
a consequence of legislation that is often introduced to protect human health. An example is the way
some meat and dairy products are handled. All such products had to be disposed of at the end of the
sales period.
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Results and discussions

Already in 2011 the European Commission in its plan to create a Europe that uses resources
efficiently pointed out the fact that waste is produced in the food industry. The fact that people produce
significant amounts of food but do not eat it has major negative impacts: environmental, social and
economic. Estimates suggest that 8-10% of global greenhouse gas emissions are related to food that is
not consumed. Reducing food waste at the retail, food service and household levels can provide multi-
faceted benefits for people and the planet. However, the true extent of food waste and its impacts have
not yet been well understood. The opportunities offered by reducing food waste have remained largely
unexploited and underutilized. If we want to get serious about fighting food waste, we need to increase
efforts to measure food waste and inedible parts at the retail and consumer levels, and track the
production of food waste in kilograms per capita at the country level. Only with reliable data will we be
able to track progress towards Sustainable Development Goal (SDG) 12.3, which aims to halve global
food waste per capita at the retail and consumer levels and reduce food losses in production and supply
chains, including post-harvest losses.

Based on Eurostat data, the most food waste occurs in Cyprus (397 kg/person). In Denmark food
waste is 221 kg per inhabitant, in Greece 191 kg per inhabitant, in Portugal 184 kg per inhabitant. The
least amount of food waste per inhabitant is in Slovenia (68 kg) and Croatia (71 kg). In Slovakia, there is
83 kg of food waste per inhabitant. Of this households produced up to 78%, i.e. 65 kg per inhabitant, of
which 22% (18 kg/inhabitant) was food waste generated in primary production (16%), in the food industry
(1%), in retail or distribution (4%) and in catering facilities (1%)?’.

The (im)possibility of changing behaviour in food handling in the Slovak Republic

As we have already stated, in Slovakia, as well as in other countries, food waste is mainly generated
in households. For the purposes of our article we conducted a survey with the aim of finding out the
attitude of Slovak consumers towards food, how they shop, whether they keep in mind the environmental
impact of the food they buy on the environment, what kind of food they buy and consume. The research
gquestion was whether the respondents take into account the impact of the food purchase on the
environment when purchasing food. We established research questions. Q1. Does the quality of food
influence at least half of the respondents when buying? Q2: When choosing food, do the respondents
also monitor the impact on the environment? Q3: Do the respondents buy food of Slovak origin?

We conducted the survey through an anonymous questionnaire. Respondents filled out the
questionnaire from February 12, 2023 to February 28, 2023. 250 respondents were contacted, 235
questionnaires were returned. The success rate of the survey was 94%. Out of the total number 72%
(169) women and 28% (66) men took part in the questionnaire survey of which 28.4% (67) respondents
were in the age range of 20-25 years, and 23.4% (55) respondents in the age range of 26-34 years, in
the age range of 35-49 years 24.7% (58) of respondents, in the age range of 50-59 years 17% (40) of
respondents and in the age range of 60 and over 6.5% (15) of respondents. The educational structure
was diverse, the most respondents were 43.6% (102) with secondary education, 41.2% (97) with
university education and 15.2% (36) with basic education. Based on the regional analysis, the majority of
respondents participated in the survey from the region of KoSice (17.9%), Trencin (15.7%), Bratislava
(14.8%), Banska Bystrica (12.5%). (Figure 5).

Part of the survey included qualitative and quantitative questions related to respondents' shopping
habits, monthly food costs, and questions about how respondents deal with food that they do not
consume. The respondents' answers to the question: "How often do you buy foods?" showed that 38.5%
buy foods three times a week, twice a week 28.3% of respondents, once 16.5% of respondents and
once every 2 weeks 16.7% of respondents. When asked whether respondents consider the quality of
food when purchasing, for 69.5% of respondents the quality of food is important, for 29.4% of
respondents due to their income, the quality of food only occasionally influences their purchase and
1.1% of respondents do not consider the quality of food when purchasing. Based on the answers, we
can conclude that more than half of the respondents consider the quality of food when buying food (Q1).
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B Age scales ™ Education

Education Age scales

26— 34
Higher education
&0
and
Basic 35— 49 50—59 older

Figure 5: Socio-economic characteristics of respondents (%)
Source: own processing

To the question "What is the average monthly expenditure on food?" of the total number of
respondents 2.6% answered that they spend €350 or more on food, 14.6% answered that they spend
€300 to €349 or more on food per month, 46.8% of respondents have monthly food costs in the range
from €250 to €299, 25.6% of respondents have monthly food costs in the range from €200 to €249 and
10.4% up to €199. By further analysing the answers of the respondents we found that the country of
origin also influences the respondents when buying food. Out of the total humber up to 79.6% of
respondents follow the country of origin, the others do not focus on this fact. As for the preference to buy
Slovak food we found out from the answers that 96.4% of the respondents buy Slovak food and we got
a positive answer to the research question Q3 and the respondents buy food of Slovak origin. Through
the following analysis of the answers, we get a positive answer to the research question Q2: Do the
respondents also monitor the impact on the environment when choosing food? 53.6% of respondents
said that when buying food, they are interested in whether the food has an impact on the environment,
26.7% of respondents only sometimes think about the impact of the purchased food on the environment
and 19.7% of respondents are not interested in the impact of food on the environment.

On the basis of the obtained data on the frequency of food shopping, we looked in more detail at the
frequency of food shopping by the group of women and the group of men. We formulated the null
hypothesis HO: There is no statistically significant association between gender and frequency of food
shopping. At the same time, we formulated an alternative hypothesis H1: There is a statistically
significant connection between gender and the frequency of food shopping. Based on the contingency
table for observed (O) and expected (E) abundances, we tested the hypotheses at the alpha 0.05
significance level. Since the table value of Chi-square was smaller (7.81) than the calculated value, we
reject the hypothesis HO and accept H1. We can state that in our research sample there is a relationship
with a moderately strong dependence (0.38) between the variables gender and shopping frequency.

We also addressed the consumption of meat in the previous parts of the post, we asked the
respondents how often they consume meat. The question is related to the possibilities of changing the
eating habits of consumers, as the goal is to reduce the consumption of animal products and replace
them with a plant-based diet. We asked respondents how often they consume meat. The answers
showed that 2.9% of respondents consume meat more than five times a week, 13.5% of respondents
consume meat three times a week, 48.7% of respondents consume meat twice or less, and 34.9% of
respondents do not consume meat. Respondents had the opportunity to state the reasons for consuming
meat. As for the reasons why they consume meat they stated that a plant-based diet is not very
nutritious for them, they have domestic livestock, they are used to consuming meat and meat products,
and they cannot imagine another way of providing protein. To the question: "Are the respondents

Tematické Gislo ODPADY A VEDLEJSI PRODUKTY ZE A PRO STAVEBNICTVI
WASTE FORUM 2024, éislo 1, strana 55



Jarmila VIDOVA: Agricultural production, sustainable food system and food (non)waste

interested in the quality of life of the animals from which the meat comes?" up to 91.2% of the
respondents are interested in the methods of animal husbandry. Respondents who consume meat had
the opportunity to answer the question Do you plan to reduce or completely limit the consumption of
meat and meat products? 48.9% of respondents definitely want to reduce the consumption of meat and
meat products, 25.6% want to limit the consumption of meat and meat products, and 32.4% of
respondents do not plan to reduce or limit the consumption of meat and meat products.

Table 1. Respondents' shopping frequency, attitude towards food quality and

the environment

. . Cumulative
Cumulative Relative .
| buy food Frequency o relative
frequency frequency (%) frequency (%)
once/week 39 39 16.5 16.5
twice/week 66 105 28.3 4.8
three times/week 90 195 38.5 83.3
once/2 weeks 40 235 16.7 100.0
| take the quality of food Cumulative Relative Cumulgtlve
) . Frequency relative
into account when buying frequency frequency (%) frequency (%)
| take into account the 163 163 69.5 69.5
guality of food rather
| do not take into account 69 232 29.4 98.9
due to income
I do not consider the quality 3 235 1.1 100.0
of food
. . Cumulative
. Cumulative Relative .
Impact on the environment Frequency o relative
frequency frequency (%) frequency (%)
I'm interested in 126 126 53.6 53.6
rather yes 63 189 26.7 80.3
not 46 235 19.7 100.0

Certainly yes

Rather yes

Rathernot

Definitely not

m Do you plan to reduce the consumption of meat and meat products?

H Do you plan to completely limit the consumption of meat and meat products?

Wwill you continue to eat meat and meat products?

I do not know

Figure 6: Change in consumer behaviour in relation to the consumption of meat and meat
products (%)

Source: own processing
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We also asked respondents whether they produce food waste. Up to 91.5% of respondents answered
positively. At the same time, they had the opportunity to state why they do not consume the foods they
buy and which are the most common. Respondents stated that a large part of unconsumed food is bread
and bakery products, vegetables and fruits, as they are perishable. They also gave a reason, which is
the fact that they buy more than they consume at stock prices. In this context, we asked how the
respondents deal with food that they do not consume. Respondents who live in cities said that they use
containers for food waste (89.8%), the rest place food waste in municipal waste containers.
Respondents living in rural areas put food waste in composters and use it for raising pets.

Based on the conducted survey, in its conclusion, we can state that most respondents look at their
quality when buying food and are also interested in their impact on the environment. It is a potential for
supporting the consumption of products of domestic and regional production with a subsequent positive
effect for other sectors of the Slovak economy. As for changing eating habits, the majority of
respondents want to limit the consumption of meat and meat products, but there are also those who do
not plan to do so. An important finding is the fact that we waste food even though Slovak households
spend 20.5% of their income on food, which is one of the highest shares among EU countries. In order to
reduce food waste it is necessary to start from the consumer's side. Purchasing management can be the
first step. Shopping planning is a way for consumers to avoid buying excessive amounts of food. Another
possibility is to correctly estimate the amount of food to be prepared for direct consumption at home and
to learn how to properly store food. Although these are small steps, they will help to reduce food waste
and reduce CO, production on a global scale. Since food waste is the fifth largest producer of emissions
in the EU, the European Commission has proposed a revision of the waste directive, which includes
a binding target for reducing food waste. The states of the European Union will be obliged by law to
reduce the total food waste in shops, restaurants and households by 30 percent per inhabitant by the
end of 2030. The starting year for the measurement will be 2020. In order to fulfill it, the average Slovak
household would have to reduce its annual food production within seven years waste by 20 kilograms.

Conclusion

In the article, we tried to point out the effects of economic development, which were accompanied by
undesirable effects in the form of a degraded environment. We focused on agriculture as a sector that,
together with other sectors of the food industry, transport, trade, ensures livelihood for the inhabitants.
Recently, in connection with the increase in the number of the population and the need to feed the
population, increased attention has been paid to the processes of loading and using food, food losses
and food waste. Food waste presents several specific challenges and opportunities for people to prevent
the continuous deterioration of the environment and improve people's health, as food that is not
consumed or otherwise used ends up as waste. Food losses and food waste produce a relatively high
volume of greenhouse gases created by humans, which have a negative effect on living conditions on
Earth. It is estimated that the amount of emissions caused by food loss and waste is increasing. It can
contribute to their elimination by applying sustainable agricultural productivity and minimizing its impact
on biodiversity, soil, food losses and their waste. This is possible, for example, by shifting to a healthier
diet through a sustainable food system?2°%®_ A sustainable food system is a type of food system whose
goal is to provide healthy food for people and create a sustainable environmental and economic
environment, primarily on regional level. Reducing food loss and waste is a significant lever for wider
improvements in our food systems towards improving food safety, quality and sustainability and
increasing farm efficiency.
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Polnohospodarska vyroba, udrzatelny potravinovy systém a
(ne)plytvanie potravinami
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republika, e-mail: jarmila.vidova@euba.sk

Suhrn

Polnohospodarstvo je najdélezitejSie odvetvie ekonomiky. Je ovplyvriované prirodnymi procesmi, no
aj zdsahmi ¢loveka do prirody najmé rapidnou urbanizaciou. Inym faktorom je globalizacia, narast poctu
obyvatelov a tlak na rast potravinovych dodéavatelskych retazcov. Produkcia stale vacSieho mnoZstva
potravin pre uspokojenie zakladnej potreby 8 mlid. obyvatelov, malo a ma stale vplyv na
zintenzivriovanie polnohospodarskej produkcie. ZvySena produkcia potravin sa nevyhla narastu
pouZivania pesticidov, ¢o malo vplyv na pédne zdroje, pédnu biodiverzitu a neplanovanym spésobom aj
na nasu stravu. Narast produkcie zaroven zabezpedil lepSiu cenovu dostupnost potravin. Intenzivne
pofnohospodarstvo vyvija na krajinu a pédu vyrazny tlak napriklad v podobe kontaminacie, erdzie
a zhutriovania zapricineného tazkymi polnohospodarskymi strojmi. V' celej Unii tvori az $est percent
emisii CO,. Odbornici upozorriuju na fakt, Zze rozloha pdédy, ktora sa vyuziva na celom svete na
pestovanie zbyto¢nych potravin je vacsia ako rozloha Indie a Kanady. Je nevyhnutné vazne sa zaoberat
spbésobom pestovania plodin, ich naslednym so spracovanim a distribuciou. Existuje viacero ndzorov na
to, ako sa s tymto problémom vysporiadat. NaruSenie dodavatelskych retazcov obmedzenie dopravy,
vyrazne prispelo k okamZitej potrebe zmenit niektoré spbésoby vyroby, distribuciu plodin a potravin.
Zviast délezitou témou je vztah k pbde, kvalita potravin, potravinové navyky ako aj produkcia odpadu.
Potravinovy odpad je ekologickym, ale aj klimatickym vyrobkom. V Eurépskej Unii sa roéne vyhodi
takmer 57 milibnov ton potravin, ¢o predstavuje 127 kilogramov na osobu. Na Slovensku sa za rok
vyhodi okolo 860 tisic ton potravin, ¢o je priblizne 163 kilogramov na obyvatela. Eurdépska tnia sa snazi
zniZit objem potravinového odpadu aj plnenim cielov stratégie Z farmy na stél. Eurbpska komisia
reviduje odpadovu smernicu na zniZenie potravinového odpadu. V prispevku sme sa na jednej strane
sustredili na polnohospodarstvo a jeho vplyv na Zivotné prostredie, jeho ulohu v uspokojovani dopytu po
potravinach a na druhej strane sme realizovali prieskum prostrednictvom dotaznika. Prave na zaklade
nasho prieskumu mdZeme konStatovat, Ze viac ako polovica respondentov sa zaobera vplyvom
kupovanych potravin pévodom na Zivotné prostredie, niektori planuju obmedzit konzumaciu masa a
mésovych vyrobkov. Problémom je skutocnost, Ze az 91,6 % opytanych respondentov produkuje
potravinovy odpad. Velku C&ast neskonzumovanych potravin (predovSetkym chlieb a pekarenské
vyrobky, zelenina a ovocie) nakupuju za akciové ceny, kedy nakupia viac ako spotrebuju.
Predpokladom mozZnych zmien vo vztahu k Zivotnému prostrediu a plytvaniu s potravinami je zmena
v spotrebitelskom spravani a predovsetkym spravne nastavenie manaZmentu nakupovania potravin.
ZniZenie strat potravin a odpadu je vyznamnou pakou pre SirSie zlepSenia v nasich potravinovych
systémoch smerom k zlepSeniu potravinovej bezpecnosti, kvality a udrZzatelnosti a zvySovaniu efektivity
fariem.

Kracové slova: Cenova dostupnost potravin, environmentalna stopa, bezpecénost potravin, plytvanie
potravinami,
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Abstrakt

Skolni stravovéni by mélo slouzit zejména k poskytovani chutného, zdravého jidla a k podpore
spravnych stravovacich navyku. Zaroveri vSak muze mit po zavedeni cirkularnich principt vyznamny
pozitivni vliv na Zivotni prostfedi i komunitu; systém jen v Cesku denné obsluhuje cca 2 miliony
stravnikd. Zamérem prizkumu realizovaného v ramci grantového projektu Jiho¢eské univerzity GAJU
103/2023/S bylo zanalyzovat, jak jsou tyto principy integrovany do kazdodenniho provozu $kolnich
jJidelen. Online dotaznik se postupné vénoval trovni informovanosti vedeni Skolnich jidelen o samotném
pojmu udrZitelna gastronomie, posouzeni jejiho vyznamu v ramci Skolniho prostfedi a mife aplikace
vybranych cirkularnich zasad. Pozornost byla vénovana také komunikaci udrZitelnosti $kolniho
stravovani se v8emi zainteresovanymi stranami a vzdélavani zaméstnancu. Sledovan byl pristup
Skolnich jidelen ke zvaZzovanym zménam v systému S$kolniho stravovani a ponechan prostor i pro
prezentaci navrhu a pfipominek.

Hlavni vyzvy pro ¢eské skolni stravovani pfedstavuji zejména: otevreni pfilezitosti pro mistni farmy
a podniky; vyuZivani kvalitnich, dle moZnosti organickych surovin; respektovani sezénnosti; vétsi
pestrost a vyS8si senzoricka hodnota pripravovanych pokrmd; optimalizace vydeje; omezeni plytvani
potravinami; efektivni nakladani s odpady, zejména s gastroodpadem; zlepSeni informovanosti
0 udrzitelnych aspektech stravovani a posileni vzajemné komunikace.

Kli¢ova slova: Skolni jidelny, udrzitelné $kolni stravovani, zasady cirkulérni gastronomie, zmény
Skolniho stravovani

Uvod

Skolni stravovani v Ceské republice je pevné regulovano zakonem &. 561/2004 Sb., o predskolnim,
zakladnim, stfednim, vy8Sim odborném a jiném vzdélavani ("Skolsky zakon"), konkrétné § 122 odst. 2.
Toto ustanoveni zafazuje Skolni stravovani mezi "Skolské sluzby" a specifikuje jeho pravni ramec. Pravo
na Skolni stravovani je upraveno v souladu s hygienickymi a vyzivovymi normami. K nim se vztahuje
napfiklad vyhlaska 602/2006 Sb. upravujici hygienické pozadavky na stravovaci sluzby. Dale vyhlaska
107/2005 Sb., o Skolnim stravovani (nové pozména vyhlaskou 13/2023 Sb.), ktera podrobné upravuje
stravovani zaku, studentd a pracovnikl ve Skolach; v pfilohach uvadi vyzivové normy a finanéni limity na
nakup potravin.

Skolni stravovaci systém podléha dohledu a kontrole ze strany Ceské $kolni inspekce (CSI),
hygienické a veterinarni sluzby. CSI ma za ukol sledovat dodrzovani vyzivovych norem specifikovanych
ve vyhlasce o Skolnim stravovani, v€etné tzv. "spotfebniho kose". Provadi inspekce a monitoruje, zda je
poskytoviané strava v souladu s legislativnimi pozadavky a zabezpecuje fyziologické potfeby déti, Zaku a
studentl™.
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SILNE A SLABE STRANKY SKOLNIHO STRAVOVANI V CR

Skolni stravovani v Ceské republice ma své silné i slabé stranky, které maji vyznamny dopad
na udrzitelnost systému?®.

Silné stranky:

Jednou z kliCovych silnych stranek systému je jeho dlouholeta tradice a celostatni koncept. Sit
$kolnich jidelen funguje pies 70 let®, zahrnuje téméF 9000 provozoven, denné zajistuje stravovani pro
2 miliony stravnikd. Celkové se roc¢né jedna zhruba o 383 miliona pfipravenych porci v hodnoté
18 miliard korun®. DuleZitou soudasti tohoto systému je jeho legislativni zakotveni a regulace
kompetentnimi organy. Financovani je zajiStovano pfispévky ze strany statu, zfizovatelu a rodi€u. Kromé
toho systém poskytuje socialni sluzby, a to zejména seniorim, a denné obslouzi pfiblizné 200 tisic cizich
stravnik(l. Modernizace provozoven umozfiuje mj. Setrnou Upravu surovin, pfipravu Cerstvé stravy
v misté vydeje a zaroveri dodrzeni vysokého hygienického standardu?.

Slabé stranky:

Mezi nejvétsi nedostatky sousasného systému $kolniho stravovani v Ceské republice patfi absence
jasné definovaného cile celého systému, omezena volnost pfi pouZiti receptur, problémy spojené
s personalem ve $kolnich jidelnach, nedostateCna propojenost systému s vyukou, neprovadéni
pravidelné evaluace systému Skolniho stravovani, nedostateény c¢as na konzumaci stravy, Cci
nedostateCna kvalita pouzZivanych surovin. Velké plytvani potravinami pak vyznamné omezuje
udrzitelnost systému®. Zprava CSI ukazuje, Ze vyznamna &ast $kolnich jidelen spoléha na primyslové
zpracované potraviny, coz negativné ovliviiuje kvalitu stravy®.

PLYTVANI POTRAVINAMI A APLIKACE PRINCIPU CIRKULARNI EKONOMIKY

Udrzitelné stravovani ve Skolach se stava vyznamnym tématem, a to nejen z environmentalniho, ale
i socialniho, kulturniho a ekonomického hlediska.

Z pruzkumu projektu Skute¢né zdrava Skola vyplyva, Zze az 48 000 tun potravin roéné skonci
v Ceskych Skolnich jidelnach jako odpad, coz pfedstavuje zhruba 96 miliond porci pokrmu. Z finanéniho
hlediska to znamena, ze az 35 % prostfedku, které rodiCe plati za stravovani svych déti (tj. 2,5 miliardy
korun), koné&i jako odpad®.

Uvadi se nékolik doporu€eni, jak zabranit plytvani potravinami ve Skolnim stravovani. Tato
doporuceni zahrnuji zajiSténi dostateéného ¢asu pro konzumaci, vzdélavani studentti a personalu
0 udrzitelnosti a odpovédném nakladani s potravinami a analyzu mnozstvi nezkonzumovaného
jidla. Také zapojeni studentu do snizovani plytvani jidlem napfiklad tim, Ze si pfinesou vlastni obaly na
nedojedené jidlo®. Vyznamna je komunikace udrzitelnosti, tj. sdileni informaci o udrzitelnych
aspektech jidelni¢ku, surovin, pfipravy jidel a dalich souvisejicich faktorech s u€astniky stravovani
(zaky/studenty, rodi€i, zaméstnanci 3kol, v nékterych pfipadech také s mistni komunitou). Obecné je
dllezitym krokem k minimalizaci plytvani zvySeni senzorické hodnoty pokrmu prostfednictvim Skoleni
personalu a investic do kvalitngjich surovin’.

Kromé vySe zminénych zplsobUl, existuje fada cirkularnich principu z oblasti gastronomie, které
by mély byt aplikovany i v systému $kolniho stravovani. Zmiriuji se tyto principy®:

. Vyuziti lokalnich a sezénnich surovin: preference téchto surovin snizuje uhlikovou stopu
a podporuje mistni farmare a vyrobce.

. Snizovani potravinovych odpadt: peclivé planovani jidel, zlepSeni postupl pro nakup potravin,
spravné skladovani a sprava zasob i optimalizace a kontrola velikosti porci vede k redukci
odpadu’.

. Tridéni odpadu a kompostovani: recyklace a kompostovani podporuji obéhovou ekonomiku.
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. Zero waste koncepty (nulovy odpad): pfi aplikaci v gastronomii je potfeba pfemyslet o tom, jak
spotfebovat vSechny slozky potravin (napf.: slupky, nat, kosti). Dale jde o vyuzivani vratnych
oballl nebo nakupovani bez obalu.

Uvedené principy Ize doplnit o dal3i cirkularni zasady:

. Vyuziti biopotravin (udrzitelnych potravinovych vstupl): biopotraviny maji niz8i obsah rezidui
pesticidu, predstavuji tak mensSi riziko pro lidské zdravi. Hlavnim pfinosem je ekologicka
udrzitelnost samotné produkce s mensSim negativnim dopadem na zZivotni prostfedi (vodu, plidu,
biodiverzitu). Biopotraviny maji v priméru nizsi dopad na klima nez konvenc¢ni potraviny (nizsi
emise sklenikovych plyn()*°.

. Sdileni a redistribuce: nevyuzité potraviny z pfipravy jidel/nevydana hotova jidla mohou byt
pouzity v dalich pokrmech nebo darovany mistnim charitim a neziskovym organizacim'?,
vhodna je spoluprace s potravinovymi bankami®.

. Uspora energie a vody: diraz je kladen na $etfeni energiemi a vodou vyuZivanim Gspornych
technologii i podporou odpovédného vyuzivani zdroja*.

. Udrzitelné obaly: pouzivani udrzitelnych oball (kompostovatelné, biologicky rozlozitelné,
opakované vyuzitelné) vyznamné sniZuje jejich environmentalni dopad &*2,

. Vétsi zastoupeni potravin rostlinného plvodu pri pripravé jidel: existuji velké rozdily
v emisich sklenikovych plynd u riznych potravin; celkové maji potraviny zivo€iSného plvodu
vétsi ekologickou stopu neZ potraviny rostlinného pavodu®.

Projekt SchoolFood4Change

Projekt SchoolFood4Change, financovany Evropskou unii, klade do centra pozornosti vzdélani
a zdravi. Uvédomuije si, Ze tyto faktory jsou kli¢ovymi pilifi budoucnosti. Od ledna 2022 do prosince 2025
spojil 43 partnerll z 12 evropskych zemi, v€etné mistnich samosprav, aby transformovali stravovani ve
$kolach do podoby inovativniho a udrzitelného procesu™.

Hlavnim cilem projektu SchoolFood4Change je vytvofit inovativni a mistné relevantni feSeni pro Skoly
a poskytovatele Skolniho stravovani, ktera budou v souladu s cili udrzitelného rozvoje OSN a strategii
EU Farm to Fork. KliCovym prvkem je tzv. celoSkolni pfistup ke stravovani (Whole School Food
Approach — WSFA), jehoz cilem je dosahnout zdravé a udrzitelné kultury stravovani ve Skolach a
okolnich komunitach®.

Projekt SchoolFood4Change spojuje vzdélani, udrzitelnou gastronomii a zodpovédné stravovani.
Nezamérfuje se pouze na vyuku studentll o vyznamu udrzitelného stravovani, ale také na jejich zapojeni
do aktivit, jako je zahradnieni, vafeni, kompostovani a snizovani odpadu. Timto zplsobem se snazi
proménit zplasob, jakym zachazime s potravinami, a naplfiuje tim troji udrzitelnost — ekonomickou,
socialni a environmentalni®.

Béhem projektu SchoolFood4Change bylo provedeno rozsahlé mapovani systém( Skolniho
stravovani v evropskych zemich, véetné Ceské republiky. Toto mapovani odhalilo rozmanité pFistupy,
fidici struktury a metody zadavani vefejnych zakazek. Projekt upozornil na zajem o udrzitelné nakupy
potravin a sluZzeb, ale sou€asné ukazal na nedostatecné znalosti v oblasti udrzitelnych kritérii a vyzvy
spojené s naklady na udrzitelné alternativy'’.

Hlavnimi tématy k FeSeni jsou v CR pfedevsim: zkraceni dodavatelského Fetézce, zvyseni podilu
organickych surovin ve Skolnim stravovani, otevieni pfileZitosti pro mistni malé farmy a malé a stfedni
podniky, dodrzovani sezéonnosti, méfeni environmentalniho dopadu nakupu potravin (napfiklad vypocet
emisi C0127), zacClenéni vzdélavani o potravinach do Skolnich osnov a zlepSeni poméru mezi cenou
a kvalitou™'.
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VYBRANE PROJEKTY PODPORUJICI UDRZITELNOST SKOLNIHO STRAVOVANI/ V €R

V Ceské republice byla realizovana fada podptirnych projektt zamétenych na $kolni stravovani,
ramcove i na jeho udrzitelnost. Zde je uvedeno pouze nékolik zakladnich projektl z posledniho obdobi:

1. Mame to na talifi a neni nam to jedno (*2020): Projekt je zaméfen na zlepSeni Skolniho
stravovani a vzdélavani o zdravé vyzivé'®. ReSena témata: jak vytvorit systém $kolniho
stravovani, ktery splfiuje pfedstavy vSech zucCastnénych; jak dostat denné na talife déti vyzivové
hodnotné pokrmy; jaka kritéria musi byt naplnéna, abychom 3kolni stravovani mohli oznacit za
kvalitni; jak takovy systém udrZet v praxi. Garantem projektu je Statni zdravotni Gstav'®. Vice
informaci na https://www.mametonataliri.cz.

2. Menu pro zménu (2015-2018): V ramci tohoto projektu zkoumalo celkem 550 ekoskol
v 9 zemich EU globalni potravinové systémy. Hledaly udrzitelna feSeni pfi vybéru potravin: jak
Ize volbou potravin chranit zivotni prostfedi, prosazovat lidska prava a pfispivat k vyssi kvalité
Zivota spoleénosti’®. Vice informaci na https://www.eatresponsibly.eu/cs.

3. Skute¢né zdrava skola (*2015): Celostatni projekt je zaméfen na kvalitni a udrzitelné Skolni
stravovani a vzdélavani o potravinach. Komplexné rozviji kulturu stravovani ve vsSech
ekologickych, ekonomickych, socialnich a zdravotnich souvislostech. Do programu se jiz zapojilo
pres 500 matefskych, zakladnich a stfednich Skol. Ugastnici mohou ziskat bronzové, stfibrné &i
zlaté medaile za spInéni kritérii programu (mj. je hodnoceno i zastoupeni biopotravin)®. Vice
informaci na https://www.skutecnezdravaskola.cz.

4, Zdrava skolni jidelna (*2014): Projekt s podporou SZU a MZCR se vénuje kvalité stravy,
zapojuje personal, pedagogy i rodiCe. Ma za cil inspirovat vedouci Skolnich jidelen ke zlepSeni
prace, konzultacim s vyzivovymi odborniky a motivovat k ziskani prestizniho certifikatu Zdrava
$kolni jidelna®??. Vice informaci na https://www.zdravaskolnijidelna.cz.

Cile a metodika

Hlavnim cilem prizkumu bylo detailné zanalyzovat, jak jsou cirkularni principy integrovany do
kazdodenniho provozu skolnich jidelen. Byla formulovana zakladni vyzkumna otazka: Jsou v Ceskych
Skolnich jidelnach aplikovany zasady cirkularniho gastroprovozu? Pro jeji zodpovézeni byl zvolen
dotaznikovy prizkum metodou CAWI. V platformé& Google Forms byl zpracovan e-dotaznik zaméreny na
rizné aspekty udrzitelného stravovaciho provozu. V 6 zakladnich tematickych okruzich bylo polozeno 49
vyzkumnych, 8 identifikatnich a 9 doplfujicich otazek. Detailnéji bylo hodnoceno 15 kliCovych
,Cirkularnich“ zasad vymezenych v literarni redersi, dale nepotravinovy odpad a gastroodpad. VétSina
otazek byla S$kalovana s mozZnosti pfipojeni komentafe. Obsah dotazniku byl komunikovan
s vybranymi zastupci Skolnich jidelen. Zasadni byla volba distribuce odkazu na dotaznik. Pavodnim
zamérem bylo individualni osloveni Skolnich jidelen, ale kontakty nebyly pfislusnymi spravnimi Ufady
z dlvodu GDPR poskytnuty. Odkaz na dotaznik byl nakonec zvefejnén na informacnim portalu pro
hromadné stravovani Jidelny.cz. Sbér dat probihal ¢erven-fijen 2023, do prlizkumu se aktivné zapojilo
66 respondentl/Skolnich jidelen. Pro analyzu dat byly vyuzity kontingenéni tabulky v programu Microsoft
Office Excel, k hodnoceni odpovédi slouzi zakladni deskriptivni statistika. Vzhledem k omezenému
poctu zapojenych respondentl nebyly realizovany vicerozmérné statistické analyzy a testovani hypotéz.
Ziskané vysledky byly dale interpretovany a prezentovany pomoci grafickych vystupl ve stejném
softwaru, v zavéru pak byly vyuzity pro formulaci zakladnich doporuceni.

Poznamka: slozita situace spojena s podfinancovanim nepedagogickych ¢&innosti ve Skolstvi
komplikuje spolupraci, v€etné sbéru dat. Jak Skolni jidelny v komentafich naznacovaly, v centru jejich
pozornosti jsou aktualné jina témata. Pro zaji$téni vétSiho poctu respondentl by byla nutna participace
zfizovatel(.
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Vysledky (prizkum zaméreny na vyuzivani cirkularnich principt ve skolnich
jidelnach)
CHARAKTERISTIKA RESPONDENTU

V ramci identifikaCnich otazek byl zkouman obecny profil Skolnich jidelen zahrnujici informace o jejich
zfizovateli, umisténi v jednotlivych krajich, typu stravovaciho zafizeni, poskytovanych sluzbach, kapacité
stravnikd a nabidce jidel.

Zfizovatelem respondentui/Skolnich jidelen jsou z 83 % obce, z 15 % kraje a zbyla 2 % tvofi soukromé
subjekty.

Respondenti zastupovali 9 krajd, nejvétsi zastoupeni mély kraje Kralovehradecky a Jihomoravsky
(oba 17 %).

Typové prevladaly provozy kombinujici vyvafovnu a vydejnu (74 %), v 21 % se jednalo o vyvafovny
a pouze v 5 % se jednalo pouze o vydejny.

88 % Skolnich jidelen zajistuje stravu pro ZS, 70 % pro MS, relativné malo respondentl zajistuje
stravu pro SS (20 %). 56 % poskytuje stravovaci sluzby pro vefejnost a 23 % stravovaci sluzby pro jiné
organizace.

Pro rozliSeni velikosti $kolni jidelny byl zvolen ukazatel poé&tu pfipravovanych ob&dd. Skolni jidelny
nejCastéji zajistuji obédy pro 100-500 stravnikl (48 % respondentu), nasleduji jidelny s po&tem stravniku
500-1000 (33 % respondent), 11 % jidelen ma kapacitu 1000-1500 jidel a 8 % ma naopak vyde;j jidel do
100 porci.

Z 50 % nabizeji Skolni jidelny 2 hlavni jidla, 42 % pak pouze 1 hlavni jidlo. Nabidka vice hlavnich jidel
je spiSe vyjimec¢na: 3 jidla nabizi pouze 6 % jidelen a 2 % pak 4 a vice hlavnich jidel.

Skolni jidelny pomérné &asto nabizi i dal$i dopliikové &innosti (kromé& piipravy ob&dl). Jedna se
zejmeéna o pfipravu svacin (61 %), snidani (14 %) a vecefi (11 %), ale také prodej potravin mimo systém
Skolniho stravovani (14 %), zajisténi pohosténi (rauty, oslavy...) (11 %), velmi omezené provozuji
prodejni automaty (3 %), nékteré jidelny poskytuji poradenstvi a vzdélavaci aktivity v oblasti spravné
vyzivy (5 %).

Hlavni sekce prizkumu byla vénovana hodnoceni provozu Skolnich jidelen z pohledu
udrzitelnosti/cirkularity. Zavér dotazniku se zaméfil na postoje a nazory respondent( tykajici se
pfipadnych zmén ve Skolnim stravovani a komunikaci aspekti udrZitelnosti ve stravovacich zarizenich.

OKRUH OTAZEK: UDRZITELNOST/CIRKULARITA PROVOZU SKOLNI JIDELNY
Znalost a posouzeni vyznamu pojmu UdrzZitelna/cirkularni gastronomie

Svou uroven znalosti o udrzitelné/cirkularni gastronomii oznacilo 44 % respondentd za primérnou
a 29 % za podprumérnou. Vynikajici a velmi dobré povédomi vykazalo 18 % a naopak zadné znalosti
9 % zastupcu  Skolnich jidelen. Obecné je Uroven znalosti vtéto oblasti znepokojiva:
pramérna/podpramérna.

VétSina respondentu v3ak povazuje zavadéni udrzitelnych principd v gastronomii za velmi vyznamnou
aktivitu s hlavnimi prekazkami v podobé financi, slozitych legislativnich predpisli, nedostate¢ného
povédomi o udrzitelnosti, omezené dostupnosti lokalnich produktl a nedostateéné podpory ze strany
zfizovatele i personalu.

Aplikace principut cirkularni gastronomie

Pro zhodnoceni miry aplikace sledovanych zasad byly vyuzZity propoc¢ty pramérnych hodnot (pfi
hodnoceni 1-5; 1 — vyznamné& vyuzivané, 5 — nevyuzivané). Respondenti nejCastéji aktivné praktikuji
tfidéni odpadu (priimérné hodnoceni 1,5), opravovani (1,9), pro Usporu vody vyuzivaji gastro mycky
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(1,8). Skolni jidelny také Gasto vyuZivaji sezénni (2,2), méné intenzivné pak lokalni (2,7) produkci a
zasazuji se o snizovani plytvani potravinami (2,4). Také se snazi snizit spotifebu energie tim, zZe
pouzivaji energeticky uUsporné zarovky (2,4) a elektrospotiebiCe vySSi energetické tfidy (2,5).
Kompostovani zatim neni bézné vyuzivano (3,5), realné nepraktikuje (nebo pouze nevyznamné) zhruba
polovina Skolnich jidelen.

Relativné malo jsou vyuzivany spofi¢e vody (3,6), nakupy ve vratnych obalech (3,7), nakup
bioprodukttd (4,0), darovani nevydaného jidla/nevyuzitych potravin (4,2 — koresponduje s pravnimi
omezenimi u Skolnich jidelen) a bezobalové nakupy (4,3). Nejniz8i uroven vyuZiti ma Cerpani energie
z obnovitelnych zdroju (4,6). Lze presto dohledat Skolni jidelny/Skolska zafizeni, které se této oblasti
vénuji. Napf. provozovatel $kolni jidelny v Chocni ma vypsany projekt na vyuziti fotovoltaickych panell a
tepelnych Eerpadel.

Pouzivame lokalni produkci

Pouzivame sezénni produkci

Pouzivame bio produkty

Minimalizujeme potravinové ztraty
Zachranujeme nevydané jidlo (darovani apod.)
Nakupujeme ve vratnych obalech

Nakupujeme bezobalové

Pouzivame gastro mycky pro vétsi isporu vody
Pouzivame spofice vody

Pouzivame Usporné zarovky

Pouzivame el. spotrebice vyssi energetické tridy

Cerpame energii z obnovitelnych zdrojt

Tridime odpady
Kompostujeme organické zbytky
Opravujeme

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

H]l m2 m3 m4 =5

Obrazek 1: Aplikace cirkularnich principt (n=66) (1 — vyznamné vyuzivame, 5 — nevyuzivame)

Zdroj: Vlastni zpracovani

Samostatné byla poloZzena otazka zaméfena na nabidku bezmasych jidel. | tento aspekt Ize spojit
s hodnocenim udrzitelnosti. Rostlinna strava ma nizsi ekologickou stopu spojenou zejména s menSi
emisi sklenikovych plyna. Z prizkumu vyplyva, Ze zastoupeni bezmasych jidel je ve sledovanych
Skolnich jidelnach nedostateCné. Kazdy den tuto alternativu nabizi pouze 9 % zafizeni. Pfevazuje
nabidka pouze 1 x tydné (56 % jidelen). 23 % jidelen uvedlo nabidku 2 x, 13 % 3 x a 8 % 4 x tydné.

Nepotravinovy odpad

Vysledky prizkumu nepotravinovych odpadu ve Skolnich jidelnach naznacuji, Ze nejvétsi zastoupeni
Vv jejich ramci maji papirové obaly (za vyznamné mnozstvi oznacilo 71 % jidelen). Nasleduji plastové
obaly a napojové kartony (vyznamné mnozstvi uvadi 45 resp. 34 % respondentt). Naopak nejméné
gasto byly jako vyznamné nepotravinové odpady oznadeny obaly sklen&né a kovové. Skolni jidelny
aktivné provadeji tfidéni odpadu, a v pfipadé pouziti vratnych oballl jsou pfevazujicimi typy prepravky a
bedynky.
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Gastroodpad

Obrazek 2 ukazuje, jak jsou jednotlivé faze provozu naro¢né na produkci gastroodpadu. Pro
podrobné vyhodnoceni jsou vyuzity primérné bodové hodnoty (pfi hodnoceni 1-5; 1 — vyznamné a 5 —
minimalni mnoZstvi produkce gastroodpadu). Z dat vyplyva, Ze nejméné naroény na vznik gastroodpadu
je preprava (hodnota 4,4) a nasleduje skladovani potravin (4,3) a nakup (3,9), nejvice gastroodpadu
vznika naopak z nedojedenych jidel na talifich (2,2) a z pfebytkl pfipravenych jidel (3,2).

Nakup (mnoZstvi Preprava (na Skladovani  Priprava pokrmu Vydej pokrmt Nedojedené jidlo
a kvalita) prvozovnu) (prebytky (zbytky na talii)
navareného jidla)

Obrazek 2: Narocnost jednotlivych fazi provozu na vznik gastroodpadu (n=66) (1 — vyznamné

mnozstvi, 5 — minimalni mnozZstvi gastroodpadu)
Zdroj: Vlastni zpracovani

Respondenti se snazi aktivné minimalizovat tvorbu gastroodpadu béhem pfipravy pokrm0 tim, ze
maximalné vyuzivaji dostupné suroviny.

Pokud jde o zplUsoby nakladani s gastroodpadem, je pro zhodnoceni opét vyuzito primérnych hodnot
(hodnoceni 1-5; 1 — velmi vyznamny a 5 — nevyznamny zpUsob nakladani). NejCastéji se vyuziva svoz
gastroodpadu (2,2) a také separovany svoz oleju a tukd (2,9). Méné Casto vyuzivané metody zahrnuji
odbér vedlejSich produktl na krmeni nebo vyrobu krmiv (3,7), kompostovani (3,8), svoz pro energetické
vyuziti (4,6) a svoz do kafilérii (4,6).

Celkové se 41 % dotazovanych shoduje na tom, Ze jejich produkce gastroodpadu je pfiméfena
(s dodatkem, Ze urcity objem gastroodpadu bude vzdy existovat). Celkem 38 % respondenti oznacilo
objem gastroodpadu za velky/relativné velky; 32 % jidelen zaroven vidi jen omezeny prostor pro jeho
redukci, naopak vyznamnou moznost redukce uvedlo 6 % jidelen. Pouze 21 % subjektd zhodnotilo
objem svého gastroodpadu jako vyznamné/relativné maly diky snaze o jeho minimalizaci.

vvvvvv

a slupky.

Nevydané jidlo

Bylo sledovano, zda a jak intenzivné vyuZzivaji Skolni jidelny zakladni zplsoby nakladani se zbylym
jidlem/nevyuzitymi potravinami pfed dobou expirace. Z vysledkud vyplyva, Zze Skolni jidelny témér vibec
nepouzivaji prodej jidla prostfednictvim mobilnich aplikaci (pouze 3 %), darovani jidla neziskovym
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organizacim (5 %). Casté&ji nevydané jidlo daruji stravnikim nebo zaméstnanctim (v rizném rozsahu
39 % jidelen). Prodej se slevou pro zaméstnance uvedlo 24 % respondentl. Nejcastéji se bohuzel
nevydané jidlo stava soucasti bézného gastroodpadu, takto naklada s nevydanym jidlem s rdznou
intenzitou 77 % respondentd.

Pokud vyuzijeme pro porovnani primérné bodové hodnoty (hodnoceni intenzity vyuzivani
jednotlivych zpusobu nakladani 1-5; 1 — velmi ¢asto vyuzivané a 5 — nevyuzivané), Ize uvést nasledujici
poradi: velmi Casto je zbylé jidlo soulasti béZzného gastroodpadu (2,6), nasleduje darovani jidla
stravnikiim/zaméstnancim (3,9), jiz méné se vyuziva prodeje se slevou zaméstnancim (4,2) a témér
vubec se nevyuziva darovani jidla neziskovym organizacim (4,9) a prodej pfes mobilni aplikace (4,9).

Prodej se slevou zaméstnancim

Darovani jidla stravnikm/zaméstnancum
Darovani jidla (i nepouzitych potravin pred dobou
expirace) neziskovym organizacim

Prodej pres mobilni aplikace (napr.: Jidlov,
Nesnézeno, ...)

Soucdst bézného gastroodpadu

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

ml m2 m3 m4 &5

Obrazek 3. Zpusoby nakladani s nevydanym jidlem (n=66) (1 — velmi vyuZivané, 5 — nevyuZivané)

Zdroj: Vlastni zpracovani

Nedojedené jidlo

Dale byly zkoumany pfi¢iny nedojedeni jidla. NejCastéjSim divodem nedojedeni jidla je dle
respondentl neoblibenost konkrétniho pokrmu a také omezeny €as na konzumaci. Senzorické viastnosti
jidla a velikost porce byly naopak uvadény jako méné Casté duvody.

Pokud vyuZzijeme pro porovnani praimérné bodové hodnoty (hodnoceni 1-5; 1 — velmi vyznamna a 5 —
nevyznamna pfi€ina), Ize uvést nasledujici pofadi: 1. neoblibenost pokrmu (2,3), 2. omezeny ¢as na
konzumaci (3,1), 3. senzorické vlastnosti jidla (3,6), 4. velikost porce (3,8).

Tematické &islo ODPADY A VEDLEJSI PRODUKTY ZE A PRO STAVEBNICTVI
WASTE FORUM 2024, &islo 1, strana 68



Matéj LUKSCH and Hana DOLEZALOVA: Udrzitelné $kolni stravovéni: aplikace cirkulérnich principli v eskych
Skolnich jidelnach (prizkum 2023)

Omezeny c¢as na Neoblibenost pokrmu Senzorické vlastnosti Velikost porce
konzumaci pfipraveného jidla

3 m4 ©5

vrvae

Obrazek 4: Obecna pfi¢ina nedojedeni jidla (n=66) (1 — velmi vyznamné, 5 — nevyznamné)

Zdroj: Vlastni zpracovani

Velikost porce se nejCastéji odvozuje od platnych normativu, ale zhruba 52 % respondentu respektuje
prani stravnik(l a pfizplsobuje jim velikost porce. Jen 8 % jidelen nabizi ¢aste¢ny samoobsluzny provoz,
tj. moznost volit si individualné velikost porce.

Co se ty€e konkrétnich segmentl hlavniho jidla, je nej¢astéji nedojedenou ¢€asti polévka. Naopak
dezert zGstava na talifi jen minimalné.

Pravidelné nebo ob¢as provadi analyzu nedojedeného jidla 69 % respondent(l, kterou pak nasledné
vyuZzivaji k prevenci vzniku gastroodpadu. 31 % dotazovanych se této analyze nevénuje vibec, z toho
5 % jidelen ale vyuziti analyzy pfipravuje.

Skolni jidelny fesi nejéast&ji problém nedojedenych jidel upravou jidelni¢ku (sledovanim preferenci
stravnikll a vafenim oblibenych pokrmu), Upravou velikosti porci, vytvarenim novych receptur a dalSimi
inovativnimi pristupy.

OKRUH OTAZEK: ,,ZMENY VE SKOLNIiM STRAVOVANi“
Pripravované zmény ve Skolnim stravovani

Respondenti méli moznost uvest, jak nahlizi na pfipravované zmeny ve Skolnim stravovani (fesi mj.
projekt ,Mame to na talifi a neni nam to jedno* pod zastitou MZCR).

VétSina Skolnich jidelen (65 %) vnima zmény pozitivné, 12 % dotazovanych s nimi naopak
nesouhlasi, a to z nékolika davodl. Vedouci Skolnich jidelen vyjadfuji obavy ohledné jednosmérnych,
restriktivnich a nedostate¢né flexibilnich zmén. Zdudraznuji potfebu zohlednit realné podminky ve
Skolnich jidelnach. Zastupci jidelen navrhuji spiSe nastavit doporuceni a metodickou podporu nez
povinné zmény ve spotfebnim koSi a zdurazruji nutnost zkoumat preference déti a konzultovat zmény
s kucharkami a dalSim personalem ve Skolnich jidelnach.

Ke zmé&nam ve $kolnim stravovani je v posledni dobé& vedena $iroka diskuze, MZCR je povéfeno
pfipravou nové vyhlasky o Skolnim stravovani. Pfesto 14 % respondentl uvedlo, Ze nevi o zZadnych
pfipravovanych zménach a 9 % respondentll zmény ,nefesSi*.
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Jednou ze zmén, ktera se zvazuje, je zavedeni normativli pro vyuziti biopotravin pfi pfiprave jidel ve
Skolnich jidelnach (do roku 2027 zavést 5% podil biopotravin). Pouze 20 % jidelen se vyjadfilo k této
skutec€nosti vyslovené pozitivné. Nejcastgji (41 % respondentt) bylo uvadéno neutralni hodnoceni. 14 %
respondentd ,spise“ a 26 % ,zcela“ s timto normativem nesouhlasi. Vidi vyznamny problém v cené
biopotravin, jejich dostupnosti, spolehlivosti dodavatelll a nékdy téz v kvalité ¢i chuti biopotravin (nelisi
se df. od konvenénich potravin).

Moznost vyjadreni pfipominek a navrhi ke zménam v oblasti Skolniho stravovani

VétSina (61 %) Skolnich jidelen uvedla, Ze prakticky nema moznost vyjadfit svdj nazor na zmény
v oblasti Skolniho stravovani. Proto byl ponechan v prizkumu prostor k prezentaci. Zde je prehled
nejcastéjSich navrhi a pfipominek:

Plat a pracovni podminky: platy a pracovni podminky zaméstnancl ve Skolnich jidelnach jsou dle
respondentlt zasadnim problémem. Vedou zaroven k obtizim pfi ziskavani novych pracovniku.

Spotiebni kos: je nutnd udprava nebo zruSeni spotfebniho koSe, aby se zabranilo plytvani
potravinami a omezila se jednotvarnost jidelnicku.

Zdravé a pestré stravovani: doporuceno rozsSifeni celkové nabidky jidel, a také nap¥. zvySeni podilu
zeleninovych jidel. Bylo uvedeno i vétsi zastoupeni tradi¢ni ¢eské kuchyné a mistnich pokrmu. Zaznély
pfipominky, ze pfechod ke zdravéjSim pokrmim miize byt obtizny, protoze déti preferuji nezdravé
potraviny, které jsou ¢asto dostupné doma.

Edukace a podpora pro pracovniky: vzdélavani by mélo zahrnovat jak technické dovednosti, tak
i samotny pfistup k vyzivé. Dulezité je zaroven i vzdélavani rodi€l a déti v oblasti stravovani a vyzivy.
Rodice by se méli podilet na vytvafeni zdravych stravovacich navykl u déti.

Modernizace: modernizace technického vybaveni a infrastruktury ve Skolnich jidelnach je dalSim
dilezitym faktorem, ktery by mohl pfispét ke zlepSeni kvality stravovani.

Potieba spoluprace a komunikace: spoluprace s pedagogy, rodi¢i a dalSimi zainteresovanymi
subjekty je klic¢ova pro uspéch zmén v oblasti Skolniho stravovani.

Individualni potfeby a situace: kazda Skolni jidelna muze mit své vlastni vyzvy a potfeby, které
souviseji s geografickou polohou, populaci a mistnimi faktory. Proto by méla byt zachovana flexibilita
v implementaci zmén.

OKRUH OTAZEK: ,,KOMUNIKACE UDRZITELNOSTI STRAVOVANi*

V této cCasti byla zkoumana komunikace udrzitelnosti pfipravovanych pokrmd. 38 % jidelen
nekomunikuje udrzitelnost pokrmu se stravniky, 33 % ano a 29 % tuto moznost zvaZuje. NejCastéji se
jedna o osobni dotazovani, spolupraci s pedagogy (vyuka, tfidni schuzky, pfednasky apod.), exkurze
a inovativni feSeni, jako je vytvareni anket a knih pfani, kde déti mohou pfispét napf. i svymi recepty.

OKRUH OTAZEK: ,,VZDELAVANi ZAMESTNANCU ZAMERENE NA UDRZITELNOST*

Skolni jidelny zpravidla nezajistuji svym zaméstnanctim daldi vzdélavani zaméfené na oblast
udrzitelnych trendd ve Skolnim stravovani (50 %). 38 % jidelen tuto praxi jiz realizuje a 12 % podobné
aktivity pfipravuje. Nejcastéji uvadénymi metodami vzdélavani byly workshopy, webinafe, seminare,
diskuze, porady a ucast na projektech (napf. projekt "Skute¢né zdrava Skola").
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Shrnuti vysledku

Klicovym tématem pruzkumu byla udrzitelnost Skolniho stravovani, konkrétné dodrzovani zakladnich
zasad cirkularni gastronomie.

| kdyZ u respondentl pfeviada spiSe primérna (44 %) az podprimérna (29 %) informovanost o této
problematice, je téma udrzitelnosti povazovano za dulezité.

Z doporu€enych zasad Skolni jidelny aktivné praktikuji tfidéni odpadu, opravuji rozbité véci,
minimalizuji spotfebu energie a snazi se vyuzivat sezéonni, méné pak lokalni produkci. Rezervy jsou
predevSim ve vyuzivani obnovitelnych zdroju energie, biopotravin, kompostovani, bezobalovych
nakupech a darovani pfebytku jidla. Mala je nabidka bezmasych jidel, kazdy den tuto alternativu nabizi
pouze 9 % jidelen.

Gastroodpad nejcastéji vznika z nedojedenych jidel a z pfebytkl pfipravenych jidel. Pro likvidaci se
bézné vyuziva svoz gastroodpadu a separovany svoz oleju a tuk(d. Méné cCasto se uplatiiuje
kompostovani, odbér vedlejSich produktl na krmeni nebo vyrobu krmiv, svoz do kafilérie nebo pro
energetické vyuziti. Respondenti nejcastéji uvadéli pfi hodnoceni objemu svého gastroodpadu tyto
modelové odpovédi: ,produkujeme pfiméfené mnozstvi gastroodpadu, urcity objem odpadu je
nevyhnutelny* (41 % respondentl), resp. ,objem odpadu povazujeme za relativné velky, urcity prostor
pro redukci existuje, ale je omezeny“ (32 % respondenta).

Pfi¢inou nedojedeni jidla je zejména neoblibenost pokrmu a omezeny ¢as na konzumaci. Velikost
porce ur€uji platné normativy, zhruba polovina dotazovanych (52 %) ji ale pfizplsobuje prani stravnika.
Pouze 8 % jidelen umoznuje volit si individualné velikost porce v ramci samoobsluzného vydeje stravy.
Skolni jidelny se snazi Fesit problém nedojedeného jidla sledovanim preferenci stravnik(i, upravou
jidelni¢ku, velikosti porci i novymi recepturami. K prevenci vzniku gastroodpadu muze vyznamné pfispét
analyza nedojedeného jidla, ale 31 % jidelen se ji vibec nevénuje.

Problematicky je také pomérné velky objem nevydaného jidla, ktery konéi jako odpad. Reseni souvisi
jak s prevenci vzniku prebytku jidla, tak i s efektivnéjSim zpusobem nakladani s nimi. To je ¢astecné
podminéno i Upravou legislativy (darovani jidel neziskovym organizacim, napf. potravinovym bankam
nebo prodej pfes mobilni aplikace).

Respondenti ke zvazovanym zménam ve Skolnim stravovani pfistupuji pfevazné pozitivné (65 %
respondentl), ale zaroven vyjadfuji obavy z pfili§ restriktivnich zmén, zdurazriuji potfebu realistickych
feSeni pro prostfedi Skolnich jidelen a preferuji spiSe formu doporuceni. VétSina Skolnich jidelen si
stéZuje na nedostateCnou moznost vyjadfit svij nazor ohledné zmén ve stravovani. Doporuceni
zmifovana respondenty zahrnuji kromé zvySeni platl a zlepSeni pracovnich podminek zaméstnanct
Upravu spotfebniho koSe, rozSifeni nabidky jidel smérem ke zdravéjSimu stravovani, modernizaci
vybaveni Skolnich jidelen a potfebu lepsSi komunikace a spoluprace s pedagogy, rodi€i i zfizovateli.

Dosud podcenovanymi pfistupy k posileni udrzitelnosti jsou pak komunikace udrzitelnosti se vSemi
ucastniky systému Skolniho stravovani (nerealizuje 38 % respondent(), a také vzdélavani zaméstnancu
zaméfené na udrzitelné/cirkularni postupy (nerealizuje 50 % respondentd). Pravé investice do dalSiho
vzdélavani v oblasti udrzitelné gastronomie mohou vyznamné podpofit souvisejici zmény.

Zaver
Realizovany pridzkum seznamuje s aktualni ,udrzitelnosti“ Ceského Skolniho stravovani, konkrétné do

jaké miry jsou zakladni udrzitelné/cirkularni principy integrovany do kazdodenniho provozu $kolnich
jidelen.

Vysledky pruzkumu potvrzuji, Ze zmény v této oblasti jsou nezbytné. Otazkou je jejich rozsah
a flexibilita. Pfipravuji se obecné zmény zaméfené na Skolni stravovani, dulezité je jejich zasazeni do
udrzitelného ramce. Zmény ve Skolnim stravovani musi odrazet potfeby déti, zaméstnancu, realné
moznosti konkrétnich jidelen, ale i zajmy celé spole€nosti, v&etné dopadu systému na Zivotni prostiedi.
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Hlavnimi vyzvami z pohledu udrzitelnosti jsou pro Ceské Skolni stravovani zejména: otevieni
prilezitosti pro mistni farmy a podniky; vyuzivani kvalitnich surovin; zvy$eni podilu organickych surovin;
respektovani sezénnosti pfi sestavovani jidelni¢ku; vétsi nabidka bezmasych jidel; dostate¢na pestrost a
vy$Si senzoricka hodnota pfipravovanych pokrm(; optimalizace vydeje; v ramci provozu vétSi Uspora
vody a energii, dle moznosti orientace na obnovitelné zdroje; nakupy ve vratnych obalech/bezobalové
nakupy; omezeni plytvani potravinami; efektivni nakladani s odpady, zejména s gastroodpadem;
zlepSeni informovanosti vSech ucastnikid Skolniho stravovani o potravinach a udrzitelnych aspektech
stravovani a posileni vzajemné komunikace.

Prazkum umoznil také generovat klicova témata pro extreni grantovy projekt: nevydané a nedojedené
jidlo v provozu Skolnich jidelen. Konkrétné prevence vzniku nevydaného jidla, redistribuce jiz vzniklého
prebytku jidla potfebnym (bez legislativni zmény s nutnou podporou zfizovatele), prevence nedojedeni
jidla a optimalizace nakladani s gastroodpadem.

Podékovani

Projekt vznikl v ramci grantového projektu GAJU 103/2023/S zaméfeného na zvySovani efektivity
systému prostfednictvim uplatriovani principt cirkularni ekonomiky. K distribuci dotazniku vyznamné
prispéla informacni platforma Jidelny.cz.
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Sustainable school meals: application of circular principles in Czech school
canteens (survey 2023)

Matéj LUKSCH and Hana DOLEZALOVA
University of South Bohemia in Ceské Budéjovice, Faculty of Economics, Studentska 13,

370 05 Ceské Budgjovice, Czech Republic, e-mail dolezal@ef.jcu.cz, lukscm01@ef.jcu.cz
Abstract

School meals should serve, in particular, to provide tasty, healthy food and to promote good eating
habits. At the same time, however, it can have a significant positive effect on the environment and the
community after the introduction of circular principles; the system serves around 2 million diners every
day in the Czech Republic alone. The purpose of the survey carried out as part of the Grant Project of
the University of South Bohemia GAJU 103/2023/S was to analyse how these principles are integrated
into the day-to-day operation of school canteens. The online questionnaire gradually addressed the level
of awareness of school canteen management about the very concept of sustainable gastronomy, the
assessment of its importance within the school environment and the extent of application of selected
circular principles. Attention has also been paid to communicating the sustainability of school meals with
all stakeholders and educating staff. The approach of school canteens to considered changes to the
school meals system has been monitored, and space has also been left for the presentation of their own
proposals and comments.

The main challenges for Czech school meals include: opening up opportunities for local farms and
businesses; using high-quality, organic raw materials as possible; respecting seasonality; greater variety
and higher sensory value of prepared dishes; optimising delivery; reducing food waste; efficient waste
management, especially gastro-waste; improving information of sustainable aspects of eating and
strengthening mutual communication.

Keywords: School canteens, sustainable school meals, principles of circular gastronomy, changes to
school meals.
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Ceské ekologické manazerské centrum, z.s. a
recenzovany ¢asopis WASTE FORUM

zvou na konferenci

ODPADY Z POTRAVINARSTVI,

aneb VEDLEJSi PRODUKTY A ODPADY ]
Z POTRAVINARSKEHO PRUMYSLU A ZEMEDELSTVi

12. - 13. 11. 2024, Hustopece

Pfedmé&tem konference jsou VEDLEJSIi PRODUKTY A ODPADY
Z POTRAVINARSKEHO PRUMYSLU A ZEMEDELSTVI, ale i z pfipravy pokrm(
v provozech vefejného stravovani, pfiemZz nas zajimaji pouze (!) materialy
biologického puvodu, tedy nikoli napfiklad obaly. Naopak nas zajima vyuziti Ci
recyklace procesnich vod.

Cilem konference je nejprve zmapovat produkci vedlejSich produktll a odpadu
v rliznych oblastech pfedmétného oboru a stav jejich vyuzivani. V druhé, ale pro nas
v prvni fadé chceme predstavit, co se dé&e u nas ve vyzkumu ohledné jejich
mozného nebo vyssiho zhodnoceni.

Jako aktivni uc€astniky zveme vyzkumniky a pedagogy z univerzit i akademické
a komeréni sféry, aby ostatnim predstavili, na ¢em pracuji, a to nejen své
nejCerstvéjsi, ale i starSi vysledky, kterymi pfispéli ke zhodnoceni dfive vibec nebo
malo vyuzivanych, a pfitom hodnotnych odpadl/vedlejSich produktl v této oblasti.
Soucasné zveme zastupce potravinarskych podnikd, aby nas seznamili s jejich
odpady/vedlejSimi produkty, které produkuji a jejichz vyuziti je podle jejich minéni
dosud nedostatecné.

Symposium je uréeno

e k prezentaci vysledki vyzkumu v pfedmétné oblasti formou srozumitelnou
a prinosnou Siroké odborné verejnosti,

e pro zastupce podnikatelské sféry, aby se seznamili s vyzkumnymi tématy
a projekty, na kterych se v CR a SR pracuje, s cilem eventualniho pfevzeti nebo
rozvinuti dosazenych vysledk( v praxi a k pfipadnému navazani spoluprace
S vyzkumnymi pracovisti,

e k seznameni predstavitell vyzkumné obce s potiebami praxe a pfipadnému
navazani spoluprace.

Konference se kona vramci TYDNE VYZKUMU A INOVACI PRO PRAXI
A ZIVOTNIi PROSTREDI (TVIP 2024) 12. — 14. 11. 2024. V ramci TVIP 2024 se
vedle této konference dale konaji symposium Vysledky vyzkumu a vyvoje pro
pramyslovou a komunalni ekologii ODPADOVE FORUM a konference
APROCHEM zamérena na rizikovy management. Vice k nim na www.tvip.cz.

Odbornym garantem konference je ¢asopis WASTE FORUM, jehoz Séfredaktor je
rovnéz programovym garantem konference. Vybrané pfispévky z konference
planujeme zafadit do tematického Cisla WASTE FORUM 2025,1.
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