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Uvodni slovo $éfredaktora
Vazeni ¢tenari,
jak nejspis vsichni vite, tento ¢asopis je od roku
2017 indexovan v databazi SCOPUS. Nebylo to
Jjednoduché, ale na druhy pokus se to podarilo. Hlavni
problém byl vtom, Zze mezi autory dominovali ti z Ceska

a Slovenska, a Ze se ¢asopis zabyva tématy lokalniho
vyznamu.

Tu druhou vytku se mi podafilo vyvratit pomoci
statistiky stahovani jednotlivych c¢isel, kdy (tehdy)
pFeviddali stahujici z USA, Ruska, Ciny a Ukrajiny. Cesi
a Slovaci byli az na patém i dalsich mistech.

To prvni byla pravda, z instituci sidlicich mimo CR
nebo SR bylo tehdy jen par spoluautori. V soucasnosti se situace trochu zlepSila.

V pruméru v kazdém cCisle ma ctvrtina ¢i pétina ¢lankud prvniho autora z instituci mimo
byvalé Ceskoslovensko. A to jesté édst prispévki neprojde pro nepfiznivy recenzni
posudky.

Pro casopis to nejspis je pozitivni posun, pro redakci jiz méné. S témito prispévky je
nesrovnatelné vice prdce, a protoZe se prevazné jedna o prispévky autort z chudych
rozvojovych zemi, je ekonomicky pfinos pro vydavatele minimalni. Presto tento trend
vitam a budu pokracovat ve snaze dostat ¢asopis do Databaze open-access casopisti
(DOAJ), stejné jako do WoS.

Presto se muzete ptat, proc¢ publikovat v ¢asopise WASTE FORUM, kdyZ nema
impakt-faktor? ProtoZe open-access ¢asopisu zamérenych na publikovani vysledku
aplikovaného vyzkumu na svété moc neni, ale hlavné: Pokud vas ¢lanek bez problémii
projde recenzi, bude publikovan do 10 tydni od redakéni uzavérky. A to je pro nékteré
FeSitele projektu vyznamné plus!

Editorial

Dear readers,

Wondering why to publish in the WASTE FORUM magazine, which is in SCOPUS but
does not have an impact factor? It's because:

1. The paper, if it is of good quality and passes the review, is published no later than
10 weeks after the editorial deadline;

2. The journal is Open access, which means that it can be accessed by your
colleagues from all over the world and we have verified that this is indeed the case.
Regularly, most downloads of all issues are from readers from the largest countries in
the world, here the USA, Russia, Ukraine and China.

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 Casopis urCeny pro publikovani plvodnich védeckych praci souvisejicich
s primyslovou a komunalni ekologii. Tj. nejen z vyzkumu v oblasti odpadu a recyklace, jak by mohl
naznacCovat nazev €asopisu, 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 apravy ve WORDu jsou uvedeny na www-strankach
Casopisu v sekci Pro_autory. Ve snaze dale rozSifovat okruh moznych recenzentl zadame autory, aby
soucasné s pfispévkem napsali tfi tipy na mozné recenzenty, samoziejmeé 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, pficemz
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.

Uzavérka nejblizsiho cisla ¢asopisu WASTE FORUM je 8. Fijna 2022, dalsi pak 8. ledna 2023.

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 October 8, 2022, more on January 8, 2023.
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Barbora VACHOVA, Stépéan VINTER, Vratislav BEDNARIK, Martina KOPOVA: Tin recovery and solidification of
sludge from mirror grinding

Tin recovery and solidification of sludge from mirror
grinding

Barbora VACHOVA, Stépdn VINTER, Vratislav BEDNARIK, Martina KOPOVA

Department of Environmental Protection Engineering, Tomas Bata University in
Zlin, Faculty of Technology, Vavreckova 5669, 760 01, Zlin, Czech Republic,
e-mail: vinter@utb.cz , bednarik@utb.cz

Abstract

This study aims on tin recovery and solidification of mirror-grinding sludge. To extract tin from sludge,
different hydroxide solutions (0.1 — 10M) are used. The sludge is also treated using the stabilization and
solidification technigue using ordinary Portland cement as a binder. Samples were evaluated using x-ray
fluorescence analysis, leaching tests and compressive strength in the case of solidified samples. The
results showed that nearly 57 % of tin was recovered as a precipitate in case of extraction in 10M
sodium hydroxide. The 50 % of ordinary Portland cement was the optimal content for the solidification of
sludge. The influence of active carbon addition into solidification mixtures was also evaluated. In
conclusion, the mirror-grinding sludge was suitable for tin recovery, and its solidification resulted in non-
hazardous waste.

Keywords: tin recovery, solidification, sludge, mirror grinding, x-ray fluorescence, compressive
strength, active carbon

1. Introduction

In 2019, the production of tin was 306,000 tonnes *. This source also indicates that at the end of
2019, tin reserves of about 15.4 million tons were calculated, which means that these reserves should be
sufficient for about 50 years. However, mining is expected to be more expensive in the future, and the
price of the metal will rise. For this reason, it is appropriate to consider recycling tin from wastes that
contain it, even in small quantities, such as sludge from mirror grinding. Although the content of tin in
some wastes is low, in tin ores, its content is even lower, ranging from 0.01 to 5%.*

The possibilities of tin regeneration from various materials are wide. Particular attention is paid to the
recovery of tin from printed circuits in electronics, where metallic tin is used in the form of alloys for
soldering. Tin can be recovered by pyrometallurgy, where the waste material is heated in a vacuum to
temperatures around 400 °C, for example, studies Zhou, 2010% and Park, 2015°. Tin can also be
regenerated from printed circuits using hydrometallurgical methods, in which tin is released from the
waste in the form of insoluble SnO, *°. In addition, hydrometallurgical methods possess high recovery
rates, up to 100% . Another suitable material for tin regeneration can be LCD displays, where tin is
used in colour-filters and thin-film transistors in the form of iridium-tin oxides (ITO). The ITO is first
regenerated from the display, for example, by dry methods such as grinding and separation . The tin
can then be obtained, for example, by super-critical water treatment ’ or by acid leaching °.

Some authors stabilized and solidified industrial sludges containing amphoteric elements such as
zinc, lead, and tin®**. One utilization of solidified industrial waste sludge from the production of mirrors
can be manufacturing building materials such as blocks or tiles **'*. Zinc-containing wastes are
stabilized mainly by the addition of phosphates **, and hydroxyapatite *°. However, other binders such as
fly ash, bauxite or red mud are very common in treatment, too 9.16 Lead-containing wastes are stabilized
mainly by the addition of cement '8 or hardened slag *°. The toxicity of tin and its common compounds
is low; therefore, tin is not among the parameters commonly observed in hazardous waste®.

The aim of this study is to obtain tin by extraction from mirror-grinding sludge and solidify this waste

using ordinary Portland cement. Similar types of wastes were treated using clay or lime with recycled
12,13
glass™™.
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2. Experimental part
2.1 Materials

The sample of waste was obtained from a factory that produces various types of glasses and mirrors.
The waste is collected from the cleaning of wastewater produced during the manufacturing process. The
amount of inorganic sludge is 30 tonnes annually. The preliminary analysis revealed that the amount of
tin in waste was 16 — 21% in dry mass. In this study, ordinary Portland cement (OPC) was used as
a binder with a specification CEM III/A 32,5 R, and it is produced by Turfia cement company (Slovak
Republic). The elemental characterization of all materials was carried out using X-ray fluorescence
(XRF).

2.2 Analytical methods

Dry matter content and loss on ignition were determined by heating to a constant weight at 105 or
1000 °C, respectively, in accordance with the European standard BS EN 15935:2021%'. The elemental
composition of the waste was characterized by XRF analysis using an energy dispersive ElvaX
spectrometer (Elvatech, Ukraine). The samples were measured as untreated powders in special sample
containers made from polypropylene with a diameter of 30 mm and a height of 20 mm.

2.3 Tin extraction procedure

The tin concentration in the leachates of untreated waste and test solids was determined using atomic
absorption spectroscopy (AAS). The instrument GBC 933 AA (GBC Scientific Equipment Australia) with
a graphite furnace for electrothermal atomization was used (GBC Scientific EqQuipment Australia), and
the settings were the following: pyrolysis temperature 800 °C and atomization temperature 2400 °C. The
calibration standards were prepared from a stock solution of 1 g/l in the range from 0 to 100 ug/L.

The regeneration of tin from the inorganic sludge involved the following steps:

* The amount of 10 g of wet inorganic sludge was leached in the 40 mL of solutions of potassium
hydroxide (0.1 — 5M) or sodium hydroxide (5-10M) for 24 hours.

* These suspensions were then filtered (50 um glass-fibre filter). The tin content in extracts was
determined by AAS.

* Tin was precipitated from 50 ml of extracts by neutralization using 5M hydrochloric acid.

*+ The obtained suspensions were centrifuged at 4600 RPM for 20 minutes and washed with
distilled water four times. The obtained precipitates were dried at 105 °C, and elemental
composition was measured using XRF.

2.4 Solidification using ordinary Portland cement

Wet sludge and cement binder were mixed in different ratios (see Table 1), and no additional water
was added to the mixture. In some cases, a small amount of activated carbon was added to sorb organic
compounds (samples 9-12). Then the mixtures were homogenized for 10 minutes using an overhead
stirrer in a plastic cup with a height of 80 and a base diameter of 70 mm. Then the mixtures were poured
into cylindrical plastic moulds (30 x 50 mm). To remove air bubbles from the mixtures, the mixtures were
shaken on the vibrating table for 5 minutes. The prepared samples were left at ambient conditions for
28 days without cover from day 7. After that, the compressive strength (CS) of solidified waste
specimens was measured according to European standard EN 196-1%. As a result, 12 samples were
prepared with different water to solid ratios.
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Table 1: Stabilization/solidification mixtures prepared using OPC

Binder/dry waste Water/solid Sorbent/dry waste

Mixture ratio ratio ratio

1 15:85 1.13 -

2 20:80 1.06 -

3 25:75 0.99 -

4 30:70 0.93 -

5 40:60 0.80 -

6 45:55 0.73 -

7 50:50 0.66 -

8 60:40 0.53 -

9 50:50 0.66 0.5:50

10 50:50 0.66 1:50

11 45:55 0.73 0.5:45

12 45:55 0.73 1:45

2.5 Leaching tests

In addition, the samples were leached in distilled water according to European standards 12457-4 at
the liquid to solid ratio of 10:1, using the vibration shaker at the shaking frequency of 120 rpm for 24
hours [16]. The leachates were filtered through the glass-fibre filter (paper glass microfiber type Z,
@ = 50 mm, pore size 5 ym, manufacturer Papirna Pernstejn Ltd., Czech Republic) and the following
parameters: tin concentration, pH, and conductivity were measured. Furthermore, the dissolved organic
carbon (DOC) was measured in selected samples, which were adjusted to pH =7 using 2M or 0.2M HCI.
Triplicate specimens were used at each ratio.

3. Results and discussion
3.1 Basic characterization of sludge

The basic analytical procedures were carried out to characterize essential parameters of dry sludge.
The dry mass analysis determined that the solid content in the sample was 43.4 %. Furthermore, the
value of a loss on ignition (LOI) of dried sludge at 1000 °C was 17 %. The XRF analysis of dry sludge
showed that the main elements were tin (Sn), silicon (Si), aluminium (Al), calcium (Ca), iron (Fe), sulphur
(S), and titanium (Ti), as is shown in Figure 1. As a result, the approximate composition of dry sludge
was evaluated, which is shown in Table 2. The tin content expressed as SnO, in the dry mass of sludge
was near 19%, which is much higher than the normal presence of tin in ores.
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Figure 1: XRF spectrum of dried sludge
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Table 2: The XRF analysis of dry sludge

Waste compaosition %wt.
Al,O3 20.25

SiO, 23.61

SO; 2.99

SnO, 18.78

CaO 7.39

TiO, 1.37

Fe,0s 8.60

LOl1000 17.01

3.2 Hydroxide leaching of sludge

Because tin is an amphoteric metal, it is favourable to extract it in an alkaline environment. Extraction
in an acid environment would release unwanted elements such as iron. Thus, the sludge was leached in
the different potassium hydroxide solutions (from 0.1 to 5M) to obtain the maximum tin amount.
Potassium hydroxide was used because it is a stronger base than sodium hydroxide. The tin
concentrations and weight of leached tin from the sludge are summarized in Table 3. From the results, it
is obvious that the tin concentration was the highest in the most concentrated potassium hydroxide
solution (5M). It was also confirmed by the amount of tin leached from 100 g waste, which was near
18 % in the 5M solution from 19 % as part of untreated waste. In fact, the tin concentration was the
highest of all leaching mediums tested.

Table 3: Tin concentrations in the different hydroxide leachates

Ckon [Mol/L] Csn [Mmg/L] %wt. Sn [%]
0.1 535 0.18
0.5 1363 0.45
1 3996 1.33
2 8998 3.00
5 53511 17.84

Sodium hydroxide is less expensive than potassium hydroxide for technical use, so the leaching
experiment was also repeated with sodium hydroxide. However, higher hydroxide concentrations had to
be used to obtain similar results (5-10M). The colour obviously changed from brown to grey in solutions
with the highest hydroxide concentrations after 24 hours of leaching, which might be caused by iron
leaching. Tin compounds were separated from solutions by precipitation by adding 5M hydrochloric acid.
The precipitates were dried out and weighted to estimate the recovery value of the process. Nearly 57 %
of tin contained in sludge was recovered by this procedure in 10M NaOH.

To evaluate the effectiveness of hydroxide leaching, a comparison of XRF spectra between an
untreated sample of waste and precipitate which emerged during leaching in 10M NaOH was carried out.
The aim was to observe if the tin is leachable in this medium. As a result, a decrease in tin and
aluminium counts rate was observed, as shown in Figure 2. It is obvious that mainly amphoteric metals
such as tin and aluminium were transferred from sludge to the precipitate in the alkaline solution. Iron,
sulphur, and titanium remained predominately in the sludge, which is favourable from the point of view of
tin recycling.
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Figure 2: The normalized (rhodium peak) XRF spectra of untreated sludge and precipitate

3.3 Stabilization and solidification using ordinary Portland cement

A different approach of treating tin sludge was solidification using ordinary Portland cement.
Generally, the tested solids showed grey or dark grey (the addition of active carbon) colour except for
the ratio (dry sludge to waste 40:60), in which the colour was white. The CS was measurable from the
ratio of 65:35. Other test solids containing a large percent of dry sludge were crushed immediately or
slowly crumbled during the time. Another common characteristic of test solids was the softness, which
was not required. The results of solidified sludge testing are shown in Table 4, which presents measured
values of tin concentration, pH, and dissolved carbon content. Samples 1-5 and 8 did not solidify
sufficiently, so they were not tested. The values were marginal, and, in some cases, the test solids have
broken themselves without using force.

In the case when the sample contained 45 % of cement, the CS was negligible. This effect was also
valid for all additions of activated carbon. The test solids which contain 50 % of cement showed low CS
value, which was not the goal of our study because the cement manufacturer declares that after 28 days
of curing, the minimal value of CS is 32.5 MPa according to the European norm 197-1%. Therefore, the
CS of test solids was significantly influenced by the addition of dry sludge to the mixtures, which was
characterized by strong adhesion.

As can be seen in Table 4, the negligible CS was measured for samples which contained 55 % of dry
sludge, 11, 12, and 6. The samples with a dry mass content of 50 % showed CS around 1.9. Moreover,
the addition of activated carbon to the mixture resulted in increasing the CS to 3.8 and 4.4 MPa for
mixtures 9 and 10. Furthermore, leaching tests were carried out according to chapter 1.5. All leachates
were pure and transparent. The tin concentration ranged from 16 pg/L to 70 pg/L with pH from 11.27 to
11.68, which is a significant decrease in tin leachability compared with untreated waste.
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Table 4: The measured values of tin concentration, pH, DOC, and CS for the selected samples

Mixture pH [1] Csn [Mg/1] DOC [mg/l] o [MPa]
6 11.68 16.9 4.67 -
7 11.38 70.4 4.74 1.9
9 11.66 32.0 3.84 3.8
10 11.55 43.4 5.08 4.4
11 11.61 18.6 4.64 -
12 11.27 17.3 4.22 -
sludge 3.7 95.0 - -

The addition of activated carbon seemed to be effective for the test solids with a content of 50 % dry
mass of sludge. The tin concentration without addition was only 70 pg/l, whereas the tin concentration
with addition decreased to 32 pg/L (0.5 grams) respective 43 ug/L (1 gram). The presence of activated
carbon also influenced the concentration of dissolved organic carbon in the samples. A decrease was
noticed. This phenomenon showed that the AC absorbed some amount of organic mass in the samples,
which was observable for sample 9%*%. Overall, the tin concentration was marginal for the samples
containing 45 % dry mass of sludge (17 pg/L), which significantly improved the binding of tin into
cementitious matric. Moreover, the DOC concentrations were around 4 mg/L in the prepared samples.
Due to the Czech law about waste (541/2020 Coll.) and decree 273/2021 Coll., the landfill limit for lla
leachate class is set to 80 mg/L?®?". This criterion was met by all prepared tested solids. This was also
valid for pH limit values (=6). In fact, no limit values for tin concentrations are presented in landfill
restrictions due to the low toxicity of tin and its compounds. The cementation procedure showed that the
enhanced fixation of pollutants was observed for the samples prepared with cement as a binder, which
also correlated with the pH of leachates.

4. Conclusions

The results showed that the sludge contained mainly compounds of Al, S, Si, Ti, Ca, Fe, and Sn. The
tin content was determined to be close to 19 % (%wt.) of the dry mass of sludge. The most effective
solution for the tin extraction from sludge was 5M KOH. It is easy to separate tin as a solid compound
from alkaline solution using neutralization by hydrochloric acid. The tin recovery was above 50 % of the
total tin content in the sludge.

The solidification using Portland cement proved as an acceptable option. The compressive strength
was only measurable for three tests of solidified solids with 50 % of Portland cement. The addition of
activated carbon showed the capability of organic mass absorption and CS improvement. Tin
concentrations were very low in the leachates of solidified samples (in the order of micrograms per litre).
The solidified sludge can be disposed of as non-hazardous waste.

List of symbols

XRF X-ray fluorescence

DOC Dissolved organic carbon

OPC Ordinary Portland cement

CSs Compressive strength

AAS Atomic absorption spectrometry
ITO iridium-tin oxides
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Recyklace a solidifikace cinu z odpadniho kalu z vyroby zrcadel
Barbora VACHOVA, Stépdn VINTER, Vratislav BEDNARIK, Martina KOPOVA

Ustav inZenyrstvi ochrany Zivotniho prostredi, Univerzita Tomé$e Bati, Fakulta technologicka,
Vavreckova 5669, 760 01 Zlin e-mail: vinter@utb.cz

Souhrn

Tato studie se zaméruje na ziskavani cinu a solidifikaci kalu ze zrcadlového brouSeni. K extrakci cinu
Z kalu se pouzivaji roztoky hydroxidi o rizné koncentraci (0,1 — 10M). Kal je déale upravovan technikou
stabilizace a solidifikace s pouzitim bézného portlandského cementu jako pojiva. Vzorky byly hodnoceny
pomoci rentgenové fluorescencni analyzy, vyluhovacich zkouSek a pevnosti v tlaku v prfipadé
solidifikovanych vzorku. Vysledky ukazaly, Ze v pripadé extrakce v 10M hydroxidu sodném bylo ziskano
témér 57 % cinu jako srazenina. Optimalni obsah pro solidifikaci kalu byl obsah 50 % cementu. Dale by/
hodnocen viiv pfidavku aktivniho uhli do solidifikacnich smési. Zavérem Ize fict, Ze kal ze zrcadlového
brouseni se ukazal jako vhodny pro ziskavani cinu a solidifikovany odpad Ize povaZovat za odpad, ktery
neni nebezpecény.

Klicova slova: recyklace, cin, solidifikace, rentgenova fluorescence, pevnost v tlaku, aktivované uhli
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Abstract

In developed countries in Europe, households, meaning consumers, are part of the links of the food
chain that contribute the most to overall food waste. This results in considerably adverse economic,
social, and also environmental impacts. The COVID-19 pandemic, which erupted at the beginning of
2020, brought with it unprecedented changes on a global scale that deepened concerns regarding
resources and led to an even greater effort to reduce food waste. Although the research that has already
been performed shows results that are not united in view of the real change to the amount of consumer
food waste caused by the pandemic, the results do agree that, during the pandemic, consumers began
to contemplate food waste more, at least tried to reduce the amount of food they wasted, and also
started to cook more at home.

This article looks at how the COVID-19 pandemic influenced the subjective stances and habits of
Czech households when handling and wasting food, as well as the actual changes seen in this area
during the pandemic. The results are based on an analysis and comparison of primary data (the Mann-
Whitney U test was used) achieved via two questionnaire surveys amongst Czech households, which
were held during the pandemic’s first (395 respondents) and second outbreaks (442 respondents).

In the subjective estimates of the amount of households’ food waste, a shift may be seen towards
higher estimates of the amount of food wasted. Before the pandemic, this estimate was set at
12.27 kg/person/year, however, it rose to 15.43 kg/person/year during the pandemic. Statistically
significant changes may also be found in the causes of food waste in households. Although food spoiling
and exceeded use-by and best before dates are still the main causes of food waste, we can track an
increase in the number of households that also throw out food because they purchase packages that are
too large and are unable to consume them in time. During the pandemic, more households started to
purchase food regularly, inspect the condition of their supplies before going shopping, and purchase
large packages of food. More households also admitted that, during the pandemic, it was more difficult
for them to plan when to prepare and consume at home so that nothing would be thrown away and that
shopping for food to prepare and consume immediately ended up costing more than before the
pandemic. In terms of the individual categories of food, this primarily resulted in a reduced frequency of
fruits and vegetables being thrown out, however, the opposite is true for meat products, home-cooked
meals, and ready-made meals brought home from restaurants. No statistically significant change was
observed for bakery products during either period, even though bakery products are similar to fruits and
vegetables in that they remain the most often wasted type of food.

Keywords: food waste, households, changes due to pandemic, subjective opinion

Introduction

The issue of food waste is a society-wide problem. Food waste occurs throughout the entire food
chain, and, unfortunately, households are largely involved“***. In developed countries, households
(consumers) are responsible for an estimated 53% of food waste®. Food waste is a phenomenon with
significant economic and, above all, social impacts; food waste also bears considerable environmental
demands®’. The most avoidable food waste is actually produced at the household level, i.e., food waste
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that is preventable and has the greatest potential in terms of the options available for its reduction and its
contribution to solving environmental problems®. Households are part of the links in the food chain with
the threats to increase waste®, even though the majority of people consider wasting food to be an
undesirable effect, and if they do end up wasting food, it makes them feel bad®. Therefore, learning the
subjective stances and opinions of households towards wasting food is important so that their behaviour
may be influenced towards desirable actions, meaning a reduction of food wasted at the household level,
i.e., the consumer level.

Behaviour related to wasting food is a relatively frequent topic for scientific articles. Multiple authors
focus on the question of whether a link exists between the properties of the food (influencing purchasing
decisions) and the behaviour related to wasting™. An intriguing discovery can then be seen in the fact
that, technically speaking, consumers can be divided into two groups (labelled by the authors as ‘homo
economicus’ and ‘homo moralis’). The behaviour of homo moralis (here one can refer to behavioural
theories emphasising the ‘altruistic motive’ of pro-environmental action) may be significantly impacted by
moral appeal and providing information on the negative effects of wasting™. For homo economicus
(appropriately fitting into behavioural theories emphasising the egoistic motive of action), however, this
strategy isn’t so unequivocally effective, but at the same time, no consistent association with waste may
be observed — the authors emphasise that disposable income presumably has a significant influence
here (if expenses for food are comparatively marginal overall, these actors consider them to be trivial
and they won't pay them more significant attention)™. Technically speaking, it also stands that
consumers who are better informed about food and nutritional values have less of a tendency to waste™.
The actual act of wasting doesn’t have to come from purely rational behaviour, as it's accompanied by
high economic costs of waste. For instance, in the UK, the household costs of waste make up approx.
15% of the costs for food"; in the USA, these costs are estimated to be over 900 USD per yearlz. In this
context, the discovery that the COVID-19 pandemic had a fundamental effect on households’ food waste
is quite interesting; households tried to waste food less™®.

In the Czech Republic, various surveys of consumers emerged that aimed to uncover the reasons for
food waste, the options for preventing waste, etc. These were studies founded on verifying consumers’
stances on various partial topics related to the issue of food waste; for instance, the study completed by
the agency IPSOS — PotravinyPomahaiji.cz*, or research from The Public Opinion Research Centre®,
etc.

Some authors monitored various case studies focused on food waste at the household level and
identified diverse factors that could impact the amount of food wasted'®. In particular, these factors
include the size and composition of the family (e.g., there is a difference between food waste according
to the number of family members; there is a larger amount of waste for families with children than for
those without; even the age of the children plays a role), household income (low-income households
waste less), the composition of the household according to age (younger members of the household
waste more than older ones), and culture*. According to some authors, purchasing habits are also an
important factor in wasting food when the intention to not waste serves as a significant predictor of
spending patterns; other significant factors include the perceived ability to influence the result (perceived
control)!’. Other authors then pursued the relation between the production of food waste and other
factors, such as the settlement pattern (countryside x city), type of home (single-apartment homes, multi-
apartment homes), and distance from the city where the separating receptacles for biowaste are
located™®. The results of the completed case studies displayed a higher rate of generated food waste in
cities than in villages and multi-apartment homes™.

Furthermore, research dealing with food waste at the household level also strives to discover what
type of food is wasted the most. The most significant source of food waste is foods that spoil quickly —
this most frequently refers to fresh fruits and vegetables, bakery products, dairy products, meat, and
fish'®. This waste then often relates to the consumer behaviour of the household. In the research on food
waste at the retail and consumer level, three basic groups of food were identified that frequently result in
the greatest losses: meat, vegetables, and dairy products™®.

The worldwide COVID-19 pandemic bore unprecedented turbulence to social and economic systems
all over the world and therefore it is possible to monitor resource concerns the same as it is possible to
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monitor the efforts to reduce waste'. The question is how are these changes displayed, especially in the
area of food waste, because the COVID-19 pandemic brought with it fundamental changes in consumer
behaviour. The authorial collective Aldaco et al. states that, according to the report of the Spanish
Ministry of Agriculture, the consumption of food has significantly increased across all categories®. The
pandemic has effectively offset a series of demand- and supply-side shocks that have enormously
disrupted food supply chains®. From the perspective of demand, the coronavirus crisis impacted the way
in which citizens purchase and consume food (panic buying at the start of the epidemic, subsequent fear
of shopping, and larger, one-time purchases), which lead many households to waste more food due to
a lack forethought, while other households reduced their food waste because of how they utilised food
due to concerns of making repeated purchases®. It was observed that the COVID-19 pandemic actually
positively influenced consumer behaviour, i.e., household behaviour, in many regards when managing
food, and it did so in such a way that consumers began contemplating food waste more, trying to waste
less, and also began cooking more at home?. Not all of the research, however, agrees on whether or
not consumers reduced or increased their subjective estimates in regard to the amount of food waste. It
can be observed in the research performed in Italy*®>, Mexico®, and New Zealand® that, during the
pandemic, consumers were of the opinion that they wasted food less. On the contrary, research
performed in Serbia, i.e., expanding to the Balkan countries, showed that consumers increased their
estimates of the amount of wasted food®®. There is even some research (e.g., in Portugal) that shows
that the majority of people believe that the volume of food waste in their household did not change during
the pandemic®’. A discrepancy can also be documented in the effect of the respondent’s age on the
change in their estimated amount of food waste during the pandemic. According to some, primarily
young people reduced their food waste as well as those who started to focus more on food management
in the household®, while according to others, older people, part-time workers, and people without
children wasted food less®.

However, an agreement can be observed in the change in the frequency of purchasing food, where,
generally speaking, there was a decrease in the frequency with which households shopped for food
during the pandemic®?*%, At the same time, the size of individual instances of purchasing food grew®.
Consumers also began purchasing food in local stores more often?”’. Additionally, households were
aware that their expenses for purchasing food increased®****. During the pandemic, changes were also
observed in the wasting of individual types of food. The wasting of bakery products grew the most, which
households threw out more often during the pandemic than before®**, as well as in greater amounts®.
As for fruits and vegetables, several studies claim that the frequency at which they were thrown out
decreased™, as did the amounts?’, even though they still remain amongst the types of food that are quite
frequently wasted. Some studies affirm, however, that an increase in food was observed in this
category*®. Other studies add dairy products®® as an important category that also belongs amongst the
most often wasted foods during the pandemic, and the category of leftovers from home-cooked meals is
also significant as its amount of food waste increased during the pandemic®.

Amongst the most often provided causes as to why food was wasted in households during the
pandemic was the amount of cooked food being too large*®!, expiration dates®®, and purchasing too much
food (poor food management), which the households are unable to consume, leaving the food to spoil*%.
Nevertheless, the pandemic had a positive impact on a number of aspects of consumer behaviour when
purchasing food. For instance, households started inspecting the condition of their supplies at home
more often before going shopping for food?**, they plan more what they are going to cook and purchase
what they need according to that plan®’, and make shopping lists more often, which they then adhere to
while shopping®”?°.

Materials and methods

With the aim of discovering the households’ (i.e., consumers’) subjective stances and opinions on
food waste, a collection of primary data was performed using the questionnaire survey method. The
guestionnaire surveys were held in two periods. The first survey took place at the end of 2019 and the
beginning of 2020, i.e., the period that preceded the eruption of the worldwide COVID-19 pandemic, and
the second survey took place throughout 2021, during which society-wide life had already been
significantly impacted by the measures related to the on-going COVID-19 pandemic. In accordance with
the goal of the Technology Agency of the Czech Republic project, within the bounds of which both
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questionnaire surveys were performed, the respondents were households from the city of Brno and its
surroundings. The surveys were always filled out by representatives of the household (i.e., consumers),
and their answers pertained to the entire household in which they live. The surveys included meritorious
questions focused on the stances, opinions, and behaviours of the household in relation to food waste,
as well as questions regarding the number of household members (economically active and non-active),
their average monthly income, their average expenses for purchasing food for immediate consumption
and preparation, and the type of residential area of which the household is a part (housing estate, rural,
villa).

In the following Table 1, the basic characteristics of the respondents from both questionnaire surveys
are given based on the identifying questions. The total number of respondents from the first survey,
whose results will hereinafter be referred to as “before the pandemic”, was 395 households (n;=395).
The total number of respondents from the second survey, whose results will hereinafter be referred to as
“during the pandemic”, was 442 households (n,=442).

Table 1: Basic characteristics of the respondents from both questionnaire surveys

Variable 1. questionnaire survey (n;=395) 2. questionnaire survey (n;=442)

Gender Absolute frequency Relative frequency Absolute frequency Relative frequency
Woman 299 75,7 % 344 77,8 %

Man 96 243 % 98 22,2 %

Age Absolute frequency Relative frequency Absolute frequency Relative frequency
18 — 29 years 191 48,4 % 241 54,5 %

30 — 49 years 150 38,0 % 160 36,2 %

50 — 64 years 40 10,1 % 33 7,5 %

65 and more years 14 3,5% 8 1,8%

Prevailing economic activity

Absolute frequency

Relative frequency

Absolute frequency

Relative frequency

Self-employed 22 5,6 % 25 57 %
Employee 230 58,2 % 178 40,3 %
Student 103 26,1 % 182 41,2 %
Maternity leave 16 4,1% 40 9,0%
Pensioner 12 3,0% 11 25%
Unemployed 5 13% 3 0,7%
Other 6 15% 3 0,7 %
Farmer 1 0,3% 0 0,0 %

Type of residential area

Absolute frequency

Relative frequency

Absolute frequency

Relative frequency

Housing estates 268 67,85 % 327 73,98 %
Family house — private villas 97 24,56 % 66 14,93 %
Family house — rural houses 30 7,59 % 49 11,09 %

Net monthly household income

Absolute frequency

Relative frequency

Absolute frequency

Relative frequency

Less than 30 000 CZK 108 27,3% 127 28,7 %
30 001 — 45 000 CzK 115 29,1% 106 24,0 %
45 001 - 60 000 CzK 82 20,8 % 103 23,3 %
60 001 — 75 000 CZK 37 9,4 % 56 12,7 %
More than 75 000 CZK 53 13,4 % 50 11,3%

The data received from the questionnaire surveys were evaluated using basic methods of descriptive
statistics (means, medians, modes, quartiles, and absolute and relative frequencies). To discover
changes in the households’ stances during the pandemic compared to the stances held by households
before the pandemic, the Mann-Whitney U test was implemented, which is suitable for assessing the
sameness/differentness of the medians for the two independent selections (they may be largely unequal)
and for ordinal data. Therefore, it is suitable if the normal distribution assumption is violated™®.
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The Mann-Whitney U test was implemented to assess the sameness/differences in the respondents’
answers to a range of questions (10-point scales) before (1* selection) and during the pandemic
(2" selection), and therefore, they helped to determine whether the discovered changes in the answers
can be considered statistically significant. Hy tells that the medians of both selections are the same. By
means of comparison, the alternative hypothesis H, tells that the medians of both selections are
different. The test is based on the test statistics U (1) for each of the two selections:

ny (Tl1+1)

Up =nn, + —XR;, U, :n1nz+w—sz (1)

where n; is the number of values in the first selection, n, is the number of values in the second
selection, R; is the sum of the ranks of the values in the first selection, and R, is the sum of the ranks of
the values in the second selection. If the minimum {U,, U,} is less or equal to the tabulated critical value
at the chosen significance level (a significance level of 5% was used), then H, can be rejected, and Ha**
accepted.

For the graphical depiction of the discovered differences in the households’ stances towards food
waste and their behaviour before and during the pandemic, box plots were used based on the medians,
the upper and lower quatrtiles, and the maximum and minimum value of the monitored quantity.

Results

Learning the households’ subjective stances and opinions on food waste is important so that their
conduct may be influenced towards a desirable method of behaviour, which is to reduce the amount of
food waste at the household level, i.e., the consumer level. First, it is necessary to pay attention to how
much food consumers estimate that they waste, and compare their estimates to reality, meaning the true
amount of food waste.

Subjective estimate of food waste in the household

Figure 1 displays the subjective estimates of the average amount of food waste for one week in the
household before and during the pandemic. Before and during the pandemic, the fact remains that
households most often estimate their weekly amount of wasted food at 0.5 kg. Nevertheless, it can be
seen in Figure 1 that the number of households that throw out 0.5 kg of food per week decreased overall
during the pandemic (by 15 pp). Contrarily, the number of households that estimated that they throw out
between 0.5 kg and 1 kg of food grew (by 8 pp), as did the number of households that estimated that they
throw out more than 1 kg of food per week (by 7 pp). Thus, the shift is unequivocal: during the pandemic,
consumers began to admit more often that food waste in their households had actually come to be.

0% 10% 20% 30% 40% 50% 60%

Less than 50 g

51 -500 g
501-1000g |
1001-1500g weed

1501-2000g &<

2001-25009 ",

2501-3000g P 0,5% BEstimate of average food waste per week in a household
0,2% before pandemic (% of respondents)

3 000 g and more ](?g.,;f BEstimate of average food waste per week in a household
7 during pandemic (% of respondents)
Figure 1: Estimates of the food waste amount (per week/household) before and during pandemic
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Furthermore, this subjective estimate of food waste per week, per household, can be re-calculated to
the subjective estimate of food waste in kg per person, per year (for this re-calculation, the average
number of household members in the South Moravian Region in the years 2019 and 2021 was used in
accordance with the data from the Czech Statistical Office). Before the pandemic, this estimate was
12.27 kg/person/year. During the pandemic, however, the estimate increased to 15.43 kg/person/year.

In order to assess whether the consumers’ subjective estimate correlates to reality, i.e., whether the
consumers can estimate correctly how they are behaving, it was necessary to compare this data with the
real data on food waste at the consumer level. From the analysis of the mixed municipal waste, which
ran as part of the same Technology Agency of the Czech Republic project as the questionnaire surveys,
it was discovered that, on average, the inhabitants of Brno throw out 37.4 kg of food per person, per
year® (measured in 2019/2020), and in the following period, which had already seen society distinctly
impacted by the pandemic, the average rate was 33.3 kg of food per person, per year (measured in
2020/2021).* In addition, these numbers do not include food waste that the inhabitants of Brno can
liquidate in other ways (composting, feeding animals, etc.). Therefore, a definite discrepancy exists
between how consumers perceive their behaviour and how they actually behave. In the first monitored
period, their estimates accounted for approximately 1/3™ of reality. In 2021, the division between the
consumers’ estimate and reality shrunk, given that the consumers’ subjective estimate made up less
than half (46%) of the actual amount of food waste. Even though consumers continue to severely
underestimate their food waste, it can be stated that they’ve become more aware of it more often, which
is why their estimate saw a slight increase.

The fact that consumers prefer to view their behaviour in a good light is also shown by the evaluation
of the subjective perception of the amount of food waste in the household, which was valued on a scale
from 1 (the least) to 10 (the most). The results from both questionnaire surveys show that consumers
perceive food waste in their households to be low; the value chosen most often before the pandemic
(modus) was 2 out of 10. During the pandemic, a slight change was observed, however, only increasing
the value to 3 (modus), which still indicates a lower estimate of the amount of food waste in the
households. Nevertheless, the median evaluation remains at 3 for both periods, and the Mann-Whitney
U test (see Table 2) shows that a statistically significant change in the consumers’ perceived amount of
food waste in the household before and during the pandemic did not take place (Ho cannot be rejected).

Table 2: Mann-Whitney U test (A change in the perceived degree of household food waste)

Mann-Whitney U Test
Grouping variable: Period before the pandemic (1) and during the pandemic (2)
Marked tests are significant at the p < 0.05 level

5 5 ° ° < <
‘g(Cn ém < < 5E |2E
2o e o S S S @ S @
° = ° U 7 7 = =
— —~
~ 3 ~E 82 | &2
v% v% w wn
@ @ = =
e D

Variable

Perception of household food

waste degree 159713,5 190989,5 | 81503,5 -1,6585 | 0,0972 -1,6955 | 0,0899 395

B
N
N

Causes of food waste in the household (basic statistics)

Before and during the pandemic, consumers considered food spoiling when stored (1), food with an
expired ‘use-by’ date (2), or food with expired ‘best before’ date (3) to be amongst the most frequent
causes of food waste in households. On a 10-point scale, starting from 1 (the least frequent cause) to
10 (the most frequent cause), consumers rated the stated causes with an average value ranging from
3.9 to 6.6 (before the pandemic) and 4.5 to 6.1 (during the pandemic), i.e., frequent causes of food being

! A detailed description of the method used in the analysis of the mixed municipal waste for the purpose of
discovering the amount of food waste is further explained and described in the article “Kubi¢kova L., Vesela L.,
Kormarakova M.: Food Waste Behaviour at the Consumer Level: Pilot Study on Czech Private Households.
Sustainability 13(20), 11311 (2021). doi: 10.3390/su132011311.”
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thrown out in households. For more detailed results, see Table 3, where the individual causes are

ranked in descending order from the most frequent to the least frequent according to the mean achieved
in the period before the pandemic.

Table 3: Causes of food waste in the household (basic statistics)

1. questionnaire survey 2. questionnaire survey

Causes of household food waste (before pandemic) (during pandemic)
o Qo Qo - Qo
S [¢) [¢) =] D (]
The food spoils during storage. (1) 6,6 7 4 9 6,1 7 4 9
Exceeding the ‘use by’ date. (2) 4,3 3 1 7 51 5 2 8
Exceeding the ‘best before’ date. (3) 3,9 3 1 6 4,5 4 2 7
The purchased food is not of adequate quality. (4) 3,4 2 1 5 3,3 2 1 5
There is too much cooked food, it is impossible to consume it. (5) 3,2 2 1 4 3,6 3 1 5
It doesn't taste good to me. (6) 2,6 2 1 3 2,9 2 1 4
A large crop of our own production that we cannot process. (7) 2,3 1 1 3 2,2 1 1 3
| don't like the look of the food. (8) 2,3 1 1 3 2,3 1 1 3
A large package of purchased food. (9) 2,1 1 1 2 2,5 2 1 3
The product has a damaged packaging. (10) 2,1 1 1 2 2,1 1 1 3
The food spoils before | can get it home. (11) 1,6 1 1 1 2,0 1 1 2

Using the Mann-Whitney U test, further research was performed regarding which causes resulted in
a statistically significant change in the consumers’ evaluation during the pandemic compared to the
period before the pandemic. The results are depicted in Table 4. The highlighted tests are significant at
a 5% significance level, and for these causes, the Hy may be rejected.

Table 4: Mann-Whitney U test (Changes in evaluating the causes of food waste in the
household)

Mann-Whitney U Test
Grouping variable: Period before the pandemic (1) and during the pandemic (2)

Causes of household food waste Marked tests are significant at the p < 0.05 level
=Y e0 T T |8Z|58F
23 g 3 5 5 c5|<5
2. 22 S = 55|83
=3 =5 v 4 z il O
> ] 5 S
5 0 5| =
=1 =1 o a
The food spoils during storage. (1)) 172252,5 174275,5 77255,5 2,60 0,0094 2,61 0,0090 | 392 440
Exceeding the ‘use by’ date. (2) 148892,0 193486,0 73037,0 -3,54 0,0004 -3,58 0,0004 | 389 438
Exceeding the ‘best before’ date. (3) 149992,5 191558,5 74526,5 -3,05 | 0,0023 | -3,10 | 0,0020 | 388 438
gh‘:lii’;r?gase‘j food is not of adequate 165437,5 | 179427,5 | 832865 | 074 | 04577 | 076 |o0,4448 | 302 | 438

There is too much cooked food, it is

. ; ) 156500,0 188365,0 | 802550 | -1,61 | 0,076 | -1,65 | 0,0999 | 390 | 440
impossible to consume it. (5)

It doesn't taste good to me. (6) 155237,0 186314,0 79382,0 -1,64 | 0,010 | -1,71 | 0,0878 | 389 437

A large crop of our own production that we

158723,0 181177,0 | 83645,0 -0,27 | 0,7887 | -0,31 | 0,7588 | 387 | 437
cannot process. (7)

| don't like the look of the food. (8) 160456,0 181922,0 | 84990,0 -0,05 ] 0,9592 | -0,06 | 0,9554 | 388 | 439

A large package of purchased food. (9) 149872,5 191678,5 74406,5 -3,09 | 0,0020 | -3,33 | 0,0009 | 388 438

The product has a damaged packaging. (10) 157156,5 185221,5 80911,5 -1,25 10,2096 | -1,38 | 0,1672 | 390 437

The food spoils before | can get it home.

(11) 151054,5 191323,5 | 75588,5 -2,79 ] 0,0052 | -3,44 | 0,0006 | 388 | 439
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Therefore, it can be stated that statistically significant changes occurred during the pandemic only in
the causes of food spoiling when stored (1), expired ‘use-by’ dates (2), expired ‘best before’ date (3),
large packages of purchased food (9 ), and food spoiling even before it’'s stored (11). The changes are
shown graphically using box plots in Figure 2, which capture the medians, upper and lower quartiles, and
the maximum and minimum evaluation of the given cause in both periods, i.e., before and during the
pandemic.

Box plot by groups Box plot by groups
Variable: Exceeding the ‘best before’ date. Variable: Exceeding the ‘use by’ date.
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Figure 2: Changes in evaluating the causes of food waste in households during the pandemic

Generally speaking, it’s true that consumers are throwing out food less often during the pandemic due
to the food spoiling when stored (1) than before the pandemic. Food spoiling when stored, however, still
remains the main cause for consumers to waste food. Furthermore, it can be said that consumers are
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contrarily throwing out food due to expired ‘use-by’ dates (2) and expired ‘best before’ dates (3) more
often during the pandemic than before. Also, during the pandemic, consumers are throwing away food
more often because they purchased packages of food that are too large and are unable to consume
them in time (9), or because the food spoils sooner than they are able to bring them home, i.e., before
they are even stored (11). Nevertheless, it can still be said that this takes place less often, meaning both
causes are less significant. As for the other causes of food waste, no statistically significant changes
may be observed during the pandemic compared to before the pandemic.

Households’ characteristic behaviour in relation to food waste

A number of statements given in Table 5 were used to describe the behaviour of households when
purchasing and consuming food, as well as to learn their opinions regarding the issue of food waste.
Here respondents expressed their degree of agreement on a scale from 1 (I absolutely disagree) to
10 (I absolutely agree). The statements are arranged in the table in descending order according to the
average degree of agreement expressed in the 1% questionnaire survey (before the pandemic), starting
with what the consumers agree with most, to what they agree with least. For the following textual
comments, the 10-point scale was converted into a 5-point scale with the following indications:
1,2 = | absolutely disagree; 3,4 = | disagree; 5,6 = neutral view; 7,8 = | agree; 9,10 = | absolutely agree.

More than half of households affirmed that they go shopping for food regularly (54.7% before the
pandemic, 59.8% during the pandemic), inspect the condition of their supplies before going shopping
(66.3% before the pandemic, 72.8% during the pandemic), adhere to the shopping list they made in
advance (54.5% before the pandemic, 54.5% during the pandemic), do not see any challenges in
planning their purchases and preparing food so that nothing is wasted (55% before the pandemic, 47.2%
during the pandemic), and don’t give preference to purchasing large packages of food (51.6% before the
pandemic, 45.3% after the pandemic). In addition, nearly half of households affirm that they do not
consider the price an important factor when purchasing food (46.9% before the pandemic, 42.1% during
the pandemic) and do not utilise discounts or purchase food on sale (47.2% before the pandemic, 45.8%
during the pandemic). Even here an unequivocal discrepancy may be observed between how
consumers subjectively evaluate their behaviour and how they actually behave, and that’s because other
studies show the opposite, that the typical Czech consumer is quite sensitive to prices and gives
preference to shopping for items on sale®. Another important discovery is that more than 3/4™ of
consumers are aware of the severity and topicality of the issue of food waste and agree that the issue of
food waste is very topical (85.3% before the pandemic, 82.5% during the pandemic) and that food waste
represents a large threat for us in the future (77.5% before the pandemic, 75.8% during the pandemic).

Table 5: Households’ behaviour in relation to food waste (basic statistics)

1. questionnaire survey 2. questionnaire survey
Household behavior in relation to food waste (before pandemic) (during pandemic)
< < < < =l =2 < <
@ @ @ @ @ @ @ ()
[ o [ o Q o Q o
> ) > ) > o > o
5 5 =) 5
The issue of food waste is topical. (1) 8,3 9 8 10 8,2 9 8 10
Food waste is a big threat to us in the future. (2) 7,8 9 7 10 7,8 9 7 10
Before | go grocery shopping, | go through the food | have at home. (3) 7,1 8 5 9 7,4 8 6 10
| consume all the food | buy. (4) 6,5 7 5 8 6,3 7 4 8
| go grocery shopping regularly. (5) 6,2 7 3 9 6,7 7 5 9
| shop according to a pre-prepared list that | stick to. (6) 6,1 7 4 8 6,3 7 4 9
| shop less often and make larger purchases. (7) 51 5 2 7 51 5 2 8
Price is the most important factor for me when buying food. (8) 4,8 5 3 7 5,0 5 3 7
| take advantage of discounts and often buy foods that are on sale, even if | don't
need them at the moment. (9) 4,8 5 2 7 51 5 3 7
It is very difficult to plan shopping and food preparation so that nothing is
wasted. (10) 4,5 4 2 7 51
| prefer buying large packages of food, as they are cheaper per piece.(11) 4,4 4 2 6 4,9 5 3
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Also using the Mann-Whitney U test, it was discovered that, for several statemetnts, a statistically
significant change in the consumers’ evaluation came to be during the pandemic compared to the period
before the pandemic. The results are depicted in Table 6. The highlighted tests are significant at
a 5% significance level, therefore, for these statements, it is possible to reject H, and accept Ha
regarding the change in the period of the pandemic.

Table 6: Mann-Whitney U test (Changes in households’ behaviour in relation to food waste)

Mann-Whitney U Test

Household behavior in relation to Grouping variable: Period before the pandemic (1) and during the pandemic (2)
food waste Marked tests are significant at the p < 0.05 level
SE2 | 882 p Z |23E|353¢E
c x 3 c x 3 3 o se3]ls5e3
RN S 29 U z £ z c 2" o|g &
=5 N3 @ (0] — O] g @
The issue of food waste is topical. (1) 168518,0 180512,0 83051,0 1,10 0,272 1,14 0,252 394 441
Z?Sfew(“zs)te 's abig threat to us in the 164711,0 | 1834840 | 855810 | 030 | 0762 | 031 | 0758 | 302 | 442

Before | go grocery shopping, | go

through the food I have at home. (3) 153046,0 191819,0 77191,0 -2,49 0,013 -2,53 0,012 389 441

| consume all the food | buy. (4) 167569,5 181460,5 83557,5 0,95 0,344 0,96 0,339 393 442

I go grocery shopping regularly. (5) 153865,5 190999,5 78010,5 -2,25 0,024 -2,27 0,023 389 441

| shop according to a pre-prepared list

that | stick to. (6) 158762,0 186934,0 82907,0 -0,89 0,375 -0,89 0,372 389 442

| shop less often and make larger

161481,0 185047,0 | 85236,0 | -0,28 0,783 -0,28 0,782 390 442
purchases. (7)

Price is the most important factor for me

when buying food. (8) 157070,5 189457,5 80825,5 -1,55 0,121 -1,56 0,119 390 442

| take advantage of discounts and often
buy foods that are on sale, even if | don't | 155314,0 189551,0 79848,0 -1,71 0,087 -1,72 0,085 388 442
need them at the moment. (9)

It is very difficult to plan shopping
and food preparation so that nothing 153154,0 193374,0 76518,0 -2,80 0,005 -2,82 0,005 391 441
is wasted. (10)

| prefer buying large packages of

food, they are cheaper per item. (11) 155847,0 194019,0 | 78032,0 -2,59 0,009 -2,61 0,009 394 442

Thus, it can be stated that statistically significant changes arose during the pandemic but only for the
statements that households check the food that they have at home before going grocery shopping (3),
they go shopping regularly (5), it is difficult for them to plan purchases and food preparation in such
a way that nothing is wasted (10), and they give preference to purchasing large packages of food
because, in this way, they are cheaper per item (11). The changes are represented graphically using box
plots in Figure 3, which capture the medians, the upper and lower quartiles, and the maximum and
minimum value of the given statement both before and during the pandemic.

In general, during the pandemic, households are purchasing food regularly to a greater extent, they
are also more aware that it is difficult to plan the purchase and preparation of food in such a way that
nothing is wasted, furthermore, more households are checking what food they already have at home
before going shopping and are purchasing more large packages of food because they are cheaper per
item. On the other hand, during the pandemic, no statistically significant change was observed in the
evaluation of price as an important factor when purchasing food, despite the fact that households are
aware that they spend more money on purchasing food for immediate consumption and preparing food
during the pandemic.
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Box plot by groups Box plot by groups

Variable: Before | go grocery shopping, | go through the feod | have at home Variable: | go grocery shopping regularly.
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Figure 3: Changes in households’ behaviour in relation to food waste during the pandemic

A change in household expenses for purchasing food

Both before and during the pandemic, households most frequently paid 4,000 — 6,000 CZK per month
when purchasing food for immediate consumption and preparing food. In addition, before the pandemic,
38% of households spent more than 6,000 CZK per month on food, whereas, during the pandemic, this
number rose to more than 46% of the surveyed households (see Figure 4). This is unequivocal evidence
that households’ monthly expenses for purchasing food increased. To a certain extent, this may be
caused by larger purchases of food meant for cooking during periods when restaurants and canteens
were closed, as well as by the gradual increase in food prices.
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Figure 4: Average monthly household expenses on food purchases before and during
pandemic

Using the Mann-Whitney U test, it was investigated whether the difference in the amounts spent on
purchasing food before and during the pandemic can be considered statistically significant (see Table 7).
The result of the test is statistically significant at a 5% significance level. Therefore, there are clearly
differences in the amount of average monthly expenses when purchasing food for immediate
consumption and preparing food between the period before and during the pandemic. Both before and
during the pandemic, households most often spent between 4,000 — 6,000 CZK on food. Nevertheless,
during the pandemic, the number of households that spent more than 6,000 CZK on food per month
increased (by 8.5 p.b., by 22.4%) (see Figure 5).

Table 7: Mann-Whitney U test (A change in household expenses when purchasing food)

Mann-Whitney U Test
Grouping variable: Period before the pandemic (1) and during the pandemic (2)
Marked tests are significant at the p < 0.05 level
5w 50w o o <z < =z
c . o =R
EE S 3 5 ) 55 |53
52 52 u z 5 z ® 52 [5¢
k] S g2 |g<
- = — = [%2] 7]
(7)) (2]} ~ —~
E o
Variable
Average monthly household 155851,0 | 194852,0 | 776410 | -276 | 00057 | -2,83 | 00046 | 395 | 442
expenses on food purchase
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Figure 5: Changes in household expenses on food purchases during the pandemic

Wasting various categories of food

In addition to finding out the total amount of food the consumer wastes, it's also important to know
what the structure of wasted food is, i.e., which categories of food the consumer wastes most often or
the most. Due to the data collection method used, however, it was not possible to determine the exact
amount of food thrown away in individual categories (for this, it would be better to carry out diary surveys
in specific households, for example). Instead, how often households throw out individual categories of
food before and during the pandemic was discovered. The results are depicted in Table 8, where the
relative frequencies of individual responses are given. The value in each cell, therefore, expresses the
percentage of households that throw away a given category of food with a given frequency. Values
marked in bold represent the most frequently reported frequency of throwing away the given food
category. Thus, it is evident that households most often waste bakery products and fruit and
vegetables. Next, less often households waste dairy and meat products as well as home-cooked meals.
Very rarely do they throw out perishable food, ready-made meals brought home, and raw meat or fish.

Using the Mann-Whitney U test, it was investigated which categories of food display a statistically
significant difference between the frequency of food waste before and during the pandemic. The results
are depicted in Table 9. The highlighted tests are significant at a 5% significance level, and for these
categories of food, it is possible to reject Hy and accept Ha regarding the change in frequency of their
waste during the pandemic. Therefore, these differences are observed for fruits and vegetables, meat
products, home-cooked meals, and read-made meals brought home (from the restaurant, canteen, etc.).

During the pandemic, households report that they are throwing away fruit and vegetables less often
than before the pandemic. On the contrary, meat products and home-cooked meals are thrown away
slightly more often during the pandemic than before, although the most frequently reported value for
meat products is still ‘never’ (the modus during and before the pandemic). Households also throw away
meals that they bring home (from restaurants, etc.) more often than in the period before the pandemic.
This can be explained by the fact that people took home much more food to eat at a time when they
often worked from home and food services were closed when compared with the period before the
pandemic. However, even during the pandemic, the fact that most consumers never throw away this
food or throw it away very little (see Table 8) remains true.
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Table 8: Frequency of wasting various categories of food before and during the pandemic

Frequency of food waste before pandemic (1. questionnaire survey)

z QR Q - 3P 3 =N = sSw

@ ISE=a =2 o = o3 ® 3= ® 3 o

Food category = BE# L3 SiS So° ® p © D @ =
= ® D ~ T s SO w n N 0 3

"z | %= s E B !

BB D D = = S o

Fresh fruit 20,8% 19,3% 15,2% 25,9% 15,2% 3,6% 0,0%
Fresh vegetables 16,8% 19,1% 16,3% 27,3% 17,3% 3,1% 0,0%
Dairy products 26,1% 29,4% 15,0% 19,8% 9,6% 0,0% 0,0%
Meat products 41,5% 25,7% 13,0% 13,2% 6,1% 0,5% 0,0%
Meat and fish (raw) 65,3% 23,0% 5,8% 4,6% 0,8% 0,5% 0,0%
Bakery products 17,1% 14,3% 11,5% 17,4% 25,6% 12,3% 1,8%
Perishable foods 75,0% 20,4% 1,8% 2,3% 0,5% 0,0% 0,0%
Home-cooked meals (exclud. side dishes) 32,7% 25,8% 11,6% 15,7% 11,1% 2,3% 0,8%
Home-cooked side dishes 27,5% 21,6% 16,5% 15,8% 13,5% 4,3% 0,8%
Ready-made meals brought home 73,1% 17,3% 5,8% 2,3% 0,8% 0,3% 0,5%

Frequency of food waste during pandemic (2. questionnaire survey)

z QP Q- 3P 3 =N = sSow

Food category % §§§ §§ 33 %gi ﬁgg §§2
= DD o S o 5 3

"BE | B 3| 2 B3

Fresh fruit 25,3% 26,9% 14,9% 17,6% 12,0% 2,9% 0,2%
Fresh vegetables 23,5% 25,3% 14,7% 21,5% 12,0% 2,5% 0,5%
Dairy products 22,2% 25,6% 20,6% 19,9% 8,8% 2,7% 0,2%
Meat products 35,3% 26,5% 14,9% 12,2% 7,9% 2,7% 0,5%
Meat and fish (raw) 63,3% 21, 7% 8,6% 3,4% 1,4% 1,6% 0,0%
Bakery products 17,0% 15,2% 11,3% 14,1% 22,2% 17,7% 2,5%
Perishable foods 78,7% 15,6% 2,7% 1,8% 0,9% 0,2% 0,0%
Home-cooked meals (exclud. side dishes) 27,7% 25,2% 14,1% 14,7% 11,6% 5,9% 0,9%
Home-cooked side dishes 20,6% 23,8% 16,3% 14,5% 15,2% 8,8% 0,9%
Ready-made meals brought home 60,6% 21,0% 7,5% 5,2% 2,9% 1,6% 1,1%

In addition, it was discovered (surveyed in the period before the pandemic at the end of 2019 and the
beginning of 2020) that the most common choice of households for the disposal of all the listed
categories of food is to throw them in mixed municipal waste. For fresh fruit and vegetables,
households also often choose to compost these items (approx. 20% of households). Home-cooked
meals, as well as side dishes and dairy products, are also quite often thrown away as waste — into the
sewer system (approx. 11% of households choose this method for home-cooked meals, approx. 6% of
households do the same for home-cooked side dishes, and approx. 9% of households for dairy
products). On the contrary, households often dispose of bakery products by feeding them to animals
(approx. 27% of households); for other categories of food, only 5% of households choose feeding them
to animals as a method of food disposal. Throwing food into the organic bin seems to be a minority
choice for all categories of food so far; the most significant was observed in fresh fruit and vegetables
(1.5% and 1.8% of households, respectively).
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Table 9: Mann-Whitney U test (A change in the frequency of wasting various categories of food)

Mann-Whitney U Test
Frequency of waste in Grouping variable: Period before the pandemic (1) and during the pandemic (2)
different food categories Marked tests are significant at the p < 0.05 level
82 s8¢ b T |Es2Z|B5sE
c x3 c x 3 o o S 3 3 S o 3
S2¢ 529 u z S z c =g =I5
=5 = N ) @ Q@ Q @
Fresh fruit 175726,0 174140,0 | 76237,0 3,11 0,0019 3,18 0,0015 394 442
Fresh vegetables 176097,5 172097,5 | 74194,5 3,58 0,0003 3,66 0,0003 392 442
Dairy products 158466,5 191399,5 | 80651,5 -1,84 | 0,0654 -1,89 0,0589 394 442
Meat products 157157,5 191872,5 | 79736,5 -2,05 | 0,0408 -2,13 0,0331 393 442
Meat and fish (raw) 163023,0 187680,0 | 84813,0 -0,71 | 0,4773 -0,84 0,4032 395 442
Bakery products 160020,0 186508,0 83384,0 -0,82 0,4132 -0,83 0,4060 391 441
Perishable foods 166520,0 181675,0 83772,0 0,82 0,4102 1,12 0,2616 392 442
Home-prepared meals (exclud. | 1587080 | 1911380 | sos180 | -1,80 |o00501 | -1,94 | o0,0527 395 441
side dishes)
Home prepared side dishes 156018,5 193011,5 78597,5 -2,37 | 0,0177 -2,42 0,0156 393 442
Prepared meals brought home | 152708,0 197158,0 | 74893,0 | -3,49 | 0,0005 -4,18 0,0000 394 442

Conclusions

Consumer behaviour in relation to food changed during the pandemic, what was predicted by many
researchers. However, it’s interesting to look at how studies differ in their conclusions. While some point
to less food waste in households®*?*?*, others to increased food waste®. Therefore, this article focuses
on the Czech consumers and compares their stances on food waste, as well as their behaviour in food
handling before and during the pandemic. From the measurement of the real amount of food waste in
mixed municipal waste, it is clear that, during the lockdowns, this number decreased by 11%. So how
has household food management changed in this period, and does this new experience have an effect
on changing consumers’ stances?

We can state that over the years there has been a deepening of awareness of the issue of food
waste, and consumers are increasingly aware of the need to change their behaviour towards sustainable
consumption. In the subjective estimates of the amount of wasted food from consumers, the opposite
trend can be seen than what the real data from waste analyses show. In 2019, their estimate was
roughly 1/3™ of the reality. In 2021, the gap between the estimation and reality narrowed, as consumers'
subjective estimate accounted for less than half (46%) of the actual amount wasted, which can be
explained by the fact that consumers had more insight into the amount of their food supply during
pandemic, and thus, they spent most of their time at home and were more aware of food waste.
However, they still see themselves in a better light (almost half say that price is not the most important
factor and that they don’t shop sales).

During the pandemic, consumers more often indicate exceeding the ‘use-by’ or ‘best before’ date as
the most common cause. This can also be caused by a change in the frequency of shopping, although
the purchases are regular, but for a longer period. Consumers plan their purchases more, and they also
check their food stocks more, however, due to the limitation of frequency, they prefer large packages of
food. A statistically significant difference was also measured in people's perception of the difficulty of
planning and preparing food to avoid waste. This issue is becoming more and more pressing for
households, as household expenses on food purchases continues to rise. We can also observe
a smaller increase in discarded ready-made meals, although it is still the category of food that is wasted
the least, along with meat. This reinforces the idea that planning the right amount of food for a family
who eats at home is a difficult task. Therefore, it would be appropriate to lend a helping hand to
households in the form of assisting with planning the appropriate amount of food (per person, per day),
proper education regarding the storage of individual types of food, and by offering specific advice and
tips on how to process any surpluses.
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Zmény v postojich domacnosti k plytvani potravinami béhem pandemie
Covid-19
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Souhrn

Domacnosti, tedy spotfebitelé, patfi ve vyspélych zemich Evropy mezi ty &lanky potravinového
fetézce, které se nejvétsi mérou podileji na celkovém potravinovém odpadu. To ma za nasledek velké
ekonomické, spole¢enské a také environmentalni negativni dopady. Pandemie COVID-19, ktera vypukla
na zacatku roku 2020, prinesla bezprecedentni zmény v celosvétovém méritku, které prohloubily obavy
0 zdroje a vedly k jesté vétsi snaze o snizeni plytvani potravinami. Ackoliv vysledky jiz provedenych
vyzkumU nejsou jednotné v pohledu na realnou zménu v mnoZzstvi vyplytvanych potravin u spotfebitele
vlivem pandemie, shoduji se v tom, Ze spotfebitelé béhem pandemie zacali o plytvani potravinami vice
uvazovat, alespori se snaZili o sniZzeni plytvani potravinami a také zacali v domacnostech vice vafit.

Clanek se zabyvéa tim, jak pandemie Covid-19 ovlivnila subjektivni postoje a navyky &éeskych
domaéacnosti pfi nakladani a plytvani s potravinami a tim, k jakym skute¢nym zménam béhem pandemie
v této oblasti doSlo. Vysledky vychazeji z analyzy a porovnani primarnich dat (byl vyuzit Mann-
Whitneydv test) ziskanych prostfednictvim dvou dotaznikovych Setfeni mezi eskymi domacnostmi, jez
probéhla v obdobi pred vypuknutim pandemie (395 respondentt) a béhem pandemie (442 respondentu).

V subjektivnich odhadech mnoZzstvi vyplytvanych potravin domacnostmi je mozné zaznamenat zménu
smérem k vysSim odhadim mnoZstvi vyplytvanych potravin. Zatimco pred pandemii Cinil tento odhad
12,27 kg/osoba/rok, béhem pandemie se zvySil na 1543 kg/osoba/rok. Také u pficin plytvani
potravinami v domacnostech Ize nalézt statisticky vyznamné zmény. | presto, Ze stale plati
znehodnoceni potraviny béhem jejiho uskladnéni, pfekroéeni data pouzitelnosti i trvanlivosti k hlavnim
pfi¢inam vyhazovani potravin, miZeme vysledovat narust poctu domacnosti, které potraviny vyhazuji
také proto, Zze nakoupi prili§ velké baleni a nestihnou ho spotrebovat.

Béhem pandemie zacCalo vice domacnosti délat nakupy potravin pravidelné, zjistovat stav svych
zasob pfed samotnym nakupem a nakupovat velka baleni potravin. Také vice domacnosti pripousti, Ze
béhem pandemie je pro né obtiznéj§i naplanovat pfipravu a konzumaci jidel doma tak, aby se nic
nevyhodilo a Ze za nakup potravin pro pfimou spotiebu a pfipravu jidel vydavaji vice penéz nez pfed
pandemii. Z hlediska jednotlivych kategorii potravin doSlo hlavné u ovoce i zeleniny ke snizeni
frekvence, s jakou jsou v domacnostech vyhazovany, u masnych vyrobku, doma uvarenych pfiloh a
pfinesenych hotovych jidel z restauraci je to ale naopak. U peciva nebyla pozorovana Zadna statisticky
vyznamna zména v obou obdobich, i kdyZ pecivo spolu s ovocem a zeleninou stale zistava nejéastéji

plytvanym druhem potravin.

Kli¢ova slova: plytvani potravinami, domacnosti, zmény vlivem pandemie Covid-19, subjektivni postoje
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Summary

The paper deals with the time difference of printer cartridges production using the basic principles of
circular and linear economy in the context of climate change. The contribution determines the time
difference in the production of an average toner cartridge originating from the circular economy as part of
a national economy compared to the toner cartridge produced within the principles linear economy and
imported into the national economy.

The paper further presents an example of the application of the primary research objective by
providing an estimate of the number of domestic jobs created through the introduction of measures
preventing the import of disposable toner cartridges that do not allow for the renovation process.

The refurbishment of one unit of an average toner cartridge was found to contribute an extra 37
minutes of labour to the local economy. This finding is of key importance for modelling the benefits
yielded by the cartridge refurbishment industry with respect to domestic production and the generation of
local jobs. The obtained results are key to facilitating the development of studies related to the cartridge
refurbishment sector. The estimate of the number of domestic jobs created through the introduction of
measures preventing the import of disposable toner cartridges to the Czech Republic was found to have
the potential to generate more than 1,200 local jobs.

Keywords: circular economy, climate, climate change, environmental protection, employment,
greenhouse gases, import, linear economy, print cartridges, production, toner cartridges, vineyards,
waste, waste reduction, unemployment, wine.

Introduction

In 2016, 242 million tons of plastic waste was generated globally, corresponding to 12 percent of all
municipal solid waste. If the current waste management trajectory continues unchecked, the volume of
plastic waste production will exceed 400 million tonnes by 2050.

Plastic production and plastic waste processing are associated with the emission of greenhouse
gases, which contribute to the creation of the greenhouse effect. ©

The vast majority of the world's scientists admit that the increase in the Earth’s average surface
temperature and global warming due to human activity are real and will have a catastrophic impact on
the ecosystem and the environment unless there is a fundamental shift in consumption habits. ©® The
greenhouse effect represents a significant factor with respect to global warming. @

The effects of global warming can be seen not only within the global ecosystem, but also in individual
sub-sections and marginal parts of the ecosystem.

The major impacts of climate change can be seen in Agricultural Systems. The impacts of climate
change may not only be direct, but the impacts of climate change may be indirect, inter alia through
changes in human land use. For example, the area suitable for viticulture decreases 25% to 73% in
major wine producing regions by 2050. Human-induced climate change may cause establishment of

Patronem tohoto cisla je WASTen Centrum expertii — www.expert.wasten.cz

WASTE FORUM 2022, &islo 3, strana 1 79



Pavel HRDLICKA, Lucie SEVEROVA: The time difference of printer cartridge production in the circular and linear
economy in the context of climate change and employment policy

vineyards at higher elevations. Establishment of vineyards at higher elevations will increase impacts on
upland ecosystems. The establishment of vineyards at higher elevations thus can lead to a reduction in
natural vegetation and a reduction in species diversity. ® However, climate change, in the example of
wine production, is not only the impact caused by changes in wine production, but climate change also
has an impact on the quality of the wine itself. Climate change is altering the chemistry of wine. ©

In September 2020, the European Commission introduced a plan to reduce greenhouse gas
emissions in the European Union by at least 55% compared to 1990 by 2030. The overarching aim is to
make Europe climate neutral by the year of 2050. A part of the plan is to identify the necessary
legislative changes to be adopted over the course of 2021. ")

Members of the European Parliament wish to increase this target further, effectively reducing
greenhouse gas emissions within the European Union by at least 60% compared to 1990 by 2030, In
keeping with this proposal, all EU member states would have to be climate-neutral by 2050, which will
require negative emissions throughout the European Union thereafter. MEPs have called on the
European Commission to submit a specific proposal by 31 May 2023 on how to achieve climate
neutrality, including the setting of a 2040 checkpoint and the establishment of a new authority to address
climate change issues, namely the European Climate Change Council. ®

European Union industry produces approximately 20% of the EU's greenhouse gas emissions. The
current EU industry is dependent on the consumption of new materials. Of the total consumption of
European industry materials, only 12% of materials came from recycling. The European industry is linear
in that it does not utilize the given resources repeatedly. ) Resources in a linear economy are used for
the production of products which are subsequently treated as waste. * Transition to a circular economy
is an integral part of the transformation of the European Union's economy. ©

The origin and main characteristics of a circular economy

A circular economy is based on the principle of circularity. There are a number of identifiable basic
principles. Circularity is one of the fundamental components of nature. Natural resources essentially
circulate in a continuous loop with a varying number of intermediate steps and fluctuating frequency of
circulation.

The early form of circular economy was based on the reuse of manufactured articles and ongoing
repair cycles of manufactured tools and various items. The high level of circularity was mainly due to the
scarcity of different products, exclusively manual production and the related enormous complexity of
production. ™

Industrial manufacturing and automation brought about a rapid shift from circular to linear production.
In a linear economy, raw materials are obtained, collected and moved through the production cycle to be
subsequently transformed into final consumption products destined to be used and disposed of as
waste. In the linear economy system, value is created by the production and consumption of the
maximum amount of disposable products the market can utilize.

Raw

material . Production . Use . Disposal
collection

Chart 1: Basic principles of alinear economy
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The first attempts to move away from the concept of a linear economy date back to the 1970s. This
period sees the emergence of ecological movements that slowly gain in popularity and the advancement
of the 3R (Reduce-Reuse-Recycle) Concept. This concept is based on the promotion of the principles of
consumption reduction, product reuse and product recycling after use. “® The theoretical approach is
applied in practice, with particular emphasis on waste management rather than on waste prevention.
This leads to a substantial increase in the volume of recycling. In this phase, no link between input
requirements and output requirements can be said to exist. The emphasis is not placed on a closed
cycle, but rather on the recycling of consumed products. “” The use of salvage car components in
various forms of construction is a good example of this. "

In the next phase, the concept of assessing the overall impact of consumption on the environment is
introduced and developed, linking the input and output of production. At the same time, the model of
prevention of negative impacts of production on the environment is being promoted. “¥ The concept of
linking inputs and outputs initiates a gradual paradigm shift in thinking — elimination of the negative
effects of production and consumption on the natural environment does not necessarily have to
represent a threat to the economy. On the contrary, it may become an opportunity for economic
development and long-term economic stability. ¢

The current view of the circular economy regards it as a social and economic concept that is an
integral part of sustainable development. As part of the circular economy concept, the environmental
and social perspectives merge into one whole, bringing a solution to the sustainable concept of
consumption. 2

Basic principles of a circular economy

In a circular economy, the used materials are separated into two independent material cycles. The
first flow cycle is represented by substances of organic origin. These materials are readily degradable
and can be returned to the biosphere. The second cycle involves substances of synthetic origin. Within
a circular economy, these materials are input in a way that allows for the complete separation and
subsequent recycling of all products after their use. ) The circular economy focuses on methods of
industrial production that minimize negative environmental impacts and, at the same time, improve the
quality of human life by increasing production efficiency. ™ The basic principle of a circular economy lies
in the ability to reuse a product as a whole or its individual material components. *?

Each product must be designed so that its individual components can be separated, dismantled and
converted back into a source raw material from which a product of a quality comparable to the original
can be produced.

Such product design is part of ecodesign. Ecodesign can be defined as a process of product design
and development that emphasizes the minimization of the product's negative impacts on the
environment throughout the entire product life cycle while maintaining its required functionality, safety,
ergonomic performance, quality, aesthetics and cost adequacy. The life cycle of each product includes
all of its phases, namely processing, production, use and disposal. This entails all phases of raw material
acquisition and processing, including logistics, all phases of production, distribution to customers, use of
the product and the methods of its disposal after use. @
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Chart 2: The basic principle of a circular economy

The macroeconomic and social impacts of an applied circular economy

The Cambridge Econometrics, Trinomics, and ICF study, aimed at identifying the macroeconomic and
social impacts of circular economy policies in practice, divides the economy into a range of sectors. With
respect to the electronics and electronic equipment sector, it forecasts that the introduction of the circular
economy will have a positive impact on the total GDP of individual EU countries, projecting a growth
between 0.03% and 0.11% by 2030 compared to the initial level in 2017. The study also anticipates
a corresponding increase in employment within the sector, ranging from 0.01% to 0.03% by 2030. The
impacts of the growth in the level of employment have not been forecast for the entire economy. An
increase in the number of jobs is expected in segments related to recycling, renovation and repairs,
while jobs in the area of primary material acquisition are expected to decrease. The overall impact is
expected to increase slightly, with 700,000 new jobs created in all sectors. Cambridge Econometrics
expects a decline in the volume of imports to EU countries and a marginal decrease in consumer prices
in connection with the introduction of the circular economy. “® The Meyer B. et al. describes structural
changes related to the introduction of the circular economy. The importance of the electronics, electronic
and optical devices sector will gradually decline. While in 2009 the proportion of all time worked in EU
countries in the electronics, electronic and optical equipment sector was 1.6%, this number is expected
to decrease to 1.4% by 2030, with a further decline down to 1.2% thereafter. And whereas the share of
GDP of EU countries in 2009 amounted to 2.6%, it is projected to increase to 3.4% by 2030 and,
subsequently, up to 20 % by 2050. The average time of the actual use of consumer electronics in
households is expected to increase as the related demand for these goods will fall by around 5% to 15%.
At the same time, however, there is an expected increase in demand for repair services, including the
gradual upgrading of consumer electronics by way of repairs. The rise in demand for repair services is
expected to rise by up to 100% by 2050 compared to the reference year 2015. ®%

Scientific studies indicate a prevailing positive socio-economic impact achieved by the introduction of
the circular economy, accompanied by the transformation of individual sectors. The progressive loss of
jobs in sectors related to raw material extraction, land filling and waste disposal will be replaced by the
emergence of new jobs in the field of recycling, renovation and repair of products. We can expect
a discernible shift towards jobs with higher added value and greater demand on knowledge and skills.
From the perspective of EU countries, the prevailing conclusion is that there will be a partial slowdown in
imports of final consumer products and input raw materials accompanied by a significant boost in local
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production through recycling, renovation and repairs. The low-skilled workforce from third world countries
will be replaced by European production. This will contribute to and outweigh the economic downturn
caused by the reduction in the production of new final consumer products and will facilitate economic
growth and social stability in EU countries. #® % @7

However, according to Patricia van Loon, there is a notable lack of studies assessing specific
products and the real impact of their production within the circular economy, further diminishing
the credibility of environmental assessments quantifying the real impacts of circular production
and the real benefits of environmentally responsible consumer behaviour. The results of the
presented study show the urgent need to carry out additional studies that would properly assess the
future life cycle of specific circular products. ®® This lack tends to be more pronounced in post-
communist countries.

This study contributes to expanding the number of studies assessing the impacts of the
circular economy on specific products for the creation of local jobs, the development of domestic
production and global environmental savings with respect to resources and greenhouse gas emissions.

Subject of the research

The research focuses on toner cartridges, a printing consumable used in printers operating on the
principle of exposure to a photosensitive drum, generally referred to as laser printers. There are two
basic types of toner cartridges as seen from the perspective of a circular versus linear economy.
Refurbished toner cartridges are produced by refurbishing previously used toner cartridges. Only toner
cartridges that have no technological or legislative restrictions can be refurbished. Refurbished toner
cartridges are commonly produced in national economies. The second type are toner cartridges
imported from abroad (typically from China). These are products of the linear economy. As such, these
cartridges are not suitable for the refurbishment process and are disposed of as waste after their one-
time use. See the Definitions chapter below for a precise definition of toner cartridge types.

Objective

This paper aims to accurately determine the time difference in the production of an average toner
cartridge originating from the principles of circular economy as part of a national economy compared to
the toner cartridge produced within the principles of linear economy and imported into the national
economy.

The established time difference, representing the creation of a job position within the domestic
economy with respect to each used refurbished toner cartridge produced by the national manufacturer,
serves as the basic input for modelling the benefits of the refurbished toner cartridge industry for the
national economy.

The secondary goal is to present an example of the application of the primary research objective by
providing an estimate of the number of domestic jobs created through the introduction of measures
preventing the import of disposable toner cartridges that do not allow for the renovation process.

Research methodology

The average time allowance for all process steps unique to the production of a refurbished toner
cartridge within the national economy will be determined. The applicable values will be determined
based on direct experiment. The employed method involves measuring the time allowance for all
process steps unique to the refurbished toner cartridges required in all phases of production, extending
from the entry of the collected toner cartridge into the production facility to the exit of the refurbished
toner cartridge from the facility. Time allowances common to the production of refurbished toner
cartridges within the national economy and the import of toner cartridges originating from the linear
economy into the national economy will not be included.
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The research will be carried out at the leading toner cartridge refurbishing company in the Czech
Republic, KMP Birotechnik s.r.o. This manufacturer uses the maximum proportion of technologically
available machine production. Annual toner cartridge production capacity of the company is more than
500,000 units.

For each type of the toner cartridge, the experiment will be repeated for 3 passes (smy; sm,; smsz)
through the entire production cycle, determining the average production cycle time (system operation) for

the given cartridge type (sm).
3
1
sm = §Z sati

i=1

The average time allowance for the system steps involved in the refurbishment of all types of toner
cartridges included in the experiment will be determined in the next phase of the calculation using
a weighted average. The weight values will be identified based on the proportionate representation of the
cartridge type volume in the production of 30 types of toner cartridges with the highest production
volume (satt).

30 —=
iz S * Wy
30
Zi=1wi

The time allowance will be given in seconds. Overall, the time allowance will be determined for 90
units of production.

satt =

During the production, a number of production stages are completed simultaneously for multiple
cartridges. Where this is the case, the time allowance for the production stage including multiple
cartridge units (stg) will be determined for the entire volume (sg) and then divided by the number of
cartridges processed as part of the combined production stage. The (stg). value will be included in the
calculation as the input value of the time allowance for the production process of each cartridge type. In
order to maintain calculation uniformity and consistency, the methodology will be equally applied to
production stages involving a single cartridge (sg = 1).

sat = —
sg
The storage and shipping stage will not be included, as this process stage corresponds to the stage
wherein the toner cartridges are imported from the linear economy. Moreover, the calculation will not
include process stages related to the acquisition and storage of cartridge replacement parts, which
essentially correspond to the acquisition and storage of toner cartridges originating from the linear
economy.

The processing of toner cartridges once they enter the production facility involves production stages
which are not inherently consistent with the methodology established above (non-system operation).
This applies to the initial stage in the sorting of toner cartridges into units allocated for refurbishment and
units destined for disposal as waste. The time allowance required for the identification of one toner
cartridge to be refurbished will also be determined. For each type of the toner cartridge, the experiment
will be repeated for 3 passes (nmq;nm,;nms) through the entire production cycle, determining the
average production cycle time for the given cartridge type (nm).

3

_ 1

nm = §Z nat;
i=1

The average time allowance for the non-system stages related to all types of toner cartridges included
in the experiment will be determined in the next phase of the calculation using a weighted average of 30
types of toner cartridges with the highest production volume (natt).
Y32, A * wy

natt =
30
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The following step will be to establish the average time allowance for the production of a refurbished
toner cartridge with respect to supporting jobs (oatt). These are jobs related to technical, administrative
and organizational activities. Business, sales and management jobs will not be included. The reason
being is that similar jobs will be required even in cases where products originating from the linear
economy are imported. The total time allowance applicable to all technical - administrative jobs and the
average time allowance for one refurbished product will be determined. In addition, we will identify all
jobs involved in the development, testing and production of toner cartridges as well as all technical and
administrative jobs related to the production of refurbished toner cartridges (j). The total time allowance
for all related jobs(att) will be established as the product of the number of these jobs and the number of
working days in 2020 (wd) converted to seconds of work

att = j*wd * 8 %60 * 60

The average time allowance for the production of a refurbished toner cartridge in relation to support
jobs (oatt) will be determined as the ratio of the total time allowance for all related jobs (att) to the total
production of refurbished toner cartridges in 2020(tp)

att

oatt = —
tp

The total average time allowance for the production of one toner cartridge (oatt) will be determined
as the sum of the average time allowances for system operations (satt), the average time allowances
for non-system operations (natt) and the average time allowance for support time positions.

att = satt + natt + oatt

Research details
Definitions

A toner cartridge is the replaceable, consumable component of printing equipment using laser printing
technology, consisting of a container with toner powder that is transferred to paper via an
electrostatically charged drum unit, a wiper blade to wipe excess toner from the photosensitive drum,
and a waste hopper for excess powder storage.

The toner cartridge as defined above corresponds to conventional toner cartridges used in printing
and multifunction laser printers operated in small and medium-sized offices and homes. This type of
toner cartridge is not used in large copying machines with components that can be replaced separately.

An original (OEM) toner cartridge is a toner cartridge supplied under a trademark identical to the
trademark of the printer for which it has been designed.

A refurbished/remanufactured toner cartridge is an original toner cartridge that has been used at least
once and collected from the user, completely dismantled in a refurbishment facility to allow for separation
of the toner hopper, the photosensitive drum, the excess toner wiper blade and the waste hopper, full
removal of any residual toner powder, replacement of the photosensitive drum, reassembly of the
cartridge, and refilling of the unit with toner powder in a quantity equal to the quantity used in the same
type of a new original cartridge.

A compatible toner cartridge is a cartridge supplied under a trademark different from the trademark of
the printer for which it has been designed.

The quality standard of toner cartridges is represented by original (OEM) toner cartridges. If the toner
cartridges are properly refurbished in accordance with DIN 33870-1 and/or DIN 33870-2 standard, the
print quality and yield of the print cartridges fully correspond to the original (OEM) toner cartridge and
there is no negative impact on the life of the printers. DIN 33870-1 and DIN 33870-2 standards are
designed to guarantee the full similarity of refurbished toner cartridges with new original (OEM) toner
cartridges. In contrast, the quality of newly manufactured compatible toner cartridges is highly variable
and there is no way to verify the actual quality. There is no usable quality standard. Independent tests
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have shown that compatible toner cartridges may pose health risks to printer users, (due to the high
content of hazardous substances that they are such as Benzen, Styren, TVOC). (15)

Refurbishment process and automation options

The initial step in the refurbishment process is to collect used toner cartridges. Toner cartridge
remanufacturers (refurbishing facilities) operate their own collection systems or purchase collected toner
cartridges from used cartridge vendors. They obtain them through their own collection or purchase
systems directly from consumers or businesses. Independent collection systems are used as standard.

Cartridges are collected in paper boxes located in publicly accessible locations with a capacity of
approximately 100 cartridge units. Shipping companies transport the cartridges to the production plant
where they are first separated based on their type. This initial process stage involves both system and
non-system operations. Each collected toner cartridge is physically inspected and identified as original,
refurbished original or compatible. Compatible toner cartridges are placed in a container destined for
disposal. Original and previously refurbished original cartridges are identified as to their type and
existence in the production program. Cartridges listed and/or to be listed in the production program are
checked for their physical condition. All damage-free cartridges are then physically received, i.e.
physically placed in the respective storage box and listed in the warehouse system database. These
steps constitute system process activities. Non-system process activities are created by separating out
toner cartridges that cannot be refurbished. Process activities are completed once the cartridges are
separated out and handed over for disposal. This set of activities does not allow for a greater level of
automation and robotics due to current technology limitations.

The cartridges are stored until a request for the production of refurbished cartridges is received. The
technological prerequisite for a production request to be accommodated is a minimum of 50 cartridges in
stock. The cartridges are released from the warehouse and transported to the production facility. Robotic
automation of the stock-out and transport process would involve very high investment and operating
costs. The initial production phase consists of removing the OEM trademarks from the cartridges. This
production phase is skipped for previously remanufactured/refurbished toner cartridges of an identical
remanufacturer. However, this situation did not occur in the examined sample of cartridges. OEM
trademarks are removed using automated CNC machines and thermal robotic arms. Human labour is
only required to operate these machines. Under the patent law in force, failure to remove the OEM
trademarks from refurbished products constitutes an infringement of the OEM intellectual property.
Elimination of this process step is possible through an amendment to the patent law adding a different
interpretation applicable to refurbished products.

The next production step involves the complete disassembly of the toner cartridge, which is carried out
in special boxes fitted with an automated toner powder suction system. The disassembly is completed
using electric and air-operated tools. Given the variety of disassembly procedures for different types of
cartridges, this production phase cannot be automated any further. The complete disassembly and
removal of all residual toner powder is followed by the transfer of the units to the respective assembly
stations using transport trucks. This step can be automated if robotic trucks are used. The entire assembly
process is highly specific for each type of toner cartridge. Some toner cartridges of the same type undergo
technological modifications during the life cycle of their mechanical components, especially in terms of their
mounting methods. Identical types of toner cartridges may be compatible with multiple sets of replacement
parts, depending on their internal design. Accordingly, replacement part requests are submitted only after
the exact version of the cartridge type has been determined. Replaceable parts are released from the
warehouse and delivered using hand-operated pallet trucks. This phase can be readily automated using a
suitable warehouse automation system, including robotic trucks. Due to the considerable specificity of the
procedures applied to the cartridge assembly, further automation is not technologically feasible. The toner
cartridges are refilled in a semi-automatic process. The filling machine automatically determines the exact
dose and type of the toner powder based on the toner cartridge code. Operating personnel are only
required to move the cartridges to the filling head of the semi-automatic machine. This process can be
streamlined by a greater level of automation using a robotic arm. The transportation of products during
production can be facilitated by the use of a robotic truck.
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In the next phase of production, the print set is tested. Once the cartridge is manually inserted into the
printer, the print report starts automatically. The print set is then transferred to an optical print inspection
device. If the sample printout meets the quality requirements, the set is secured with transport tape to
prevent the toner powder from being released during shipment and the toner cartridge proceeds to the
packaging and storage phase. As these production steps are also performed for compatible toner
cartridges originating from the linear economy, they are not included in the calculation. In the monitored
sample, no toner cartridges were rejected due to non-compliance with print quality requirements.

Table 1: Direct process steps of atoner cartridge remanufacturer in units of seconds

System operations stg, | sgq, saty stg, | sg, sat, stgz  sgsz : sat3 sm
Separgtlon of cartridges suitable for o4 1 24 28 1 28 23 1 23 25
refurbishment

Cartridge listing in the storage system 19 1 19 14 1 14 12 1 12 15
Distribution of cartridges for storage 54 8 6,75 69 3 23 58 2 29 19,6
Cartridge placement in storage 5 1 5 6 1 6 6 1 6 5,67
Production request 14 1 14 13 1 13 18 1 18 15
Request acceptance and delivery for 1436 50 287 2743 100 27,4 1539 50 30,8 29
production

Removal of OEM trademarks 129 1, 129 132 1 132 . 117 1 117 = 126
Physical transfer during production . 323 50 646, @ 351 50 7,02, @ 318 50 6,36 | 6,61
Disassembly using a suction system 425 1. 425 398 1. 398 412 1. 412 412
Removal of residual toner powder by 12 1 12 13 1 13 9 1 9 113
suction

Rem_oval of waste toner powder by 14 1 14 17 1 17 13 1 13 147
suction

Transfer during production . 53 15,353, |« 66 15, 44 | 62 15 413 | 402
Installation of the drum and other 25 1 25 29 1 2 24 1 24 237
replacement components

Completion 761 1 761 783 1 783 830 1. 830 791
Chip replacement . 57 1, 57, 53 1, 53 = 68 1, 68 @ 593
Transfer during production . 73 50 146, 81 50 1,62, = 77 50 1,54, @ 1,54
Toner powder filling 45 1 45 39 1 39 42 1 42 42
Sealing 19 1 19 23 1 23 16 1 16 19,3
Transfer during production . 72 50 144, @ 8 50 1,74, 81 50 1,62 @ 16
Print set testing 19 1 19 23 1 23 15 1 15 19
Printout inspection 81 1 81 72 1 72 67 1 67 73,3
Transfer during production . 323 50 646, 312 50 624, @ 374 50 7,48, @ 6,73
satt 1721,395556
Non-system operations ntg, | ng,; nat, ntg, | ng, nat, ntg;  ng;  nats nm
Separ_atlon of cartridges that cannot be 75 1 75 128 1 128 82 1 8 95
refurbished

natt 1816,395556

Source: own research by the author
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This procedure was repeatedly carried out for 30 different types of toner cartridges. These 30 toner
cartridge types represent a representative sample of refurbished toner cartridge production. The internal
marking of the manufacturer of the refurbished toner cartridges will be used in the calculation model to
preserve the possibility of identification. The individual tables will be omitted. The following table shows
the satt and natt values for each cartridge type.

Table 2: Direct process steps of atoner cartridge remanufacturer for different toner cartridge
types in units of seconds

Type of toner

cartridges Mass kg sm am satt natt | satt + natt
H-T193 0,1287 1721,4 95 221,544 | 12,2265 233,77
H-T14 0,09867 1663,74 | 112,453 164,162 | 11,0957 | 175,257
SA-T75 0,0858 1792,57 89,53 153,803 | 7,68168| 161,485
H-T117 0,06864 1845,73 | 100,645 126,691 | 6,90828 | 133,599
H-T244 0,06006 1819,75| 103,632 109,294 | 6,22414| 115,519
H-T112 0,0429 1965,49 | 98,542 84,3197 | 4,22746| 88,5471
SA-T68 0,03861 1584,46 | 91,654 61,1761 | 3,53876| 64,7149
B-T56 0,03647 2374,57 | 103,154 86,5888 | 3,76151| 90,3503
H-T155 0,03432 1794,73| 94,653 61,5953 | 3,24849| 64,8438
C-T19 0,03346 1853,58 99,43 62,0247 | 3,32713| 65,3518
H-T235 0,03175 1792,73| 98,624 56,9122 | 3,13092| 60,0431
SA-T61 0,03003 1495,65| 103,333 44,9145 | 3,10309 | 48,0176
H-T171 0,02574 1735,84 | 96,542 44,6806 | 2,48499 | 47,1656
H-T172 0,02445 1932,66 | 91,533 47,2593 | 2,23826 | 49,4976
H-T249 0,0236 1864,45| 101,126 43,9918| 2,38607 | 46,3779
H-T6 0,02274 1423,74| 105,511 32,3716 | 2,39901| 34,7706
C-T20 0,02145 1854,54 | 101,654 39,7798 | 2,18048 | 41,9603
C-T22 0,01973 1953,53| 93,521 38,551 | 1,84555| 40,3965
SA-T44 0,01888 1396,54 | 98,653 26,361 | 1,86218| 28,2232
B-T86 0,01716 2634,62 | 96,234 45,2101 | 1,65138| 46,8615
C-T15 0,01673 1754,64 | 93,643 29,357 | 1,56674| 30,9237
H-T152 0,01587 1863,64 | 97,432 29,5816 | 1,54654 | 31,1282
H-T170 0,01544 1953,05| 102,453 30,163 | 1,58229| 31,7453
K-T66 0,01502 2952,63 | 104,453 44,3338 | 1,56836| 45,9022
SA-T42 0,01416 1643,61| 92,543 23,2686 | 1,31013| 24,5788
SA-T92 0,0133 1512,53| 97,533 20,1152 | 1,29709| 21,4122
B-T116 0,01287 2452,01| 99,115 31,5573 | 1,27561 32,833
C-T21 0,01201 1694,52 | 102,75 20,3546 | 1,23423| 21,5888
C-T27 0,01115 1821,64| 102,33 20,3186 | 1,14139 21,46
C-T40BX 0,0103 1791,05| 95,634 18,4407 | 0,98465| 19,4253
Checksum 1 Sum of lines 1818,72 | 99,0287 1917,75

Source: own research by the author

The average time allowance for the system stages in the refurbishment/remanufacturing of all types of
toner cartridges included in the experiment, determined based on the weighted average of 30 types of
toner cartridges with the highest production volume (satt), is 1818.72 seconds. The average time
allowance for the non-system stages in the refurbishment/remanufacturing of all types of toner cartridges
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included in the experiment, determined based on the weighted average of 30 types of toner cartridges
with the highest production volume (natt), is 99.0287 seconds.

The average time allowance for all process steps directly related to cartridge refurbishment (satt +
natt) is 1917.75 seconds. The refurbishment of a standard toner cartridge requires approximately
37 minutes of labour input. The time allowance includes support jobs related to technical,
administrative and organizational activities.

The support jobs are jobs that directly precede or follow the toner cartridge refurbishment process, as
well as jobs related to toner cartridge refurbishment. The first type of support job is associated with the
development and testing of new types of toner cartridges. Individual replacement parts of toner
cartridges, including toner powder, are purchased from external suppliers; their development does not
foster the creation of local jobs. The actual process of development of a new type of toner cartridge
essentially entails the design of a time-efficient method of OEM trademark removal, cartridge
disassembly, residual toner powder removal, replacement of consumable components, including their
acquisition from suppliers, cartridge assembly, cartridge refilling with the appropriate amount of toner
powder and subsequent testing of cartridge prototypes. Cartridge testing consists primarily of test
printing in accordance with ISO/IEC 19752 for black toner cartridges and ISO/IEC 19798 with respect to
colour toner cartridges. The aspects being checked during testing include the continuous print quality
and the guaranteed cartridge yield. Furthermore, the print quality is examined using a high-load image
method (large full-colour print areas). Any issues regarding the print quality are resolved in cooperation
with relevant external suppliers. No product goes into production until it is flawless.

Additional functions include technical and economic job positions. These are mainly jobs related to
machinery and production facility maintenance, as well as functions linked to labour force logistics, shift
management positions, administration and human resources, payroll accounting and information
technology.

The calculation of support jobs does not include jobs common to the processing of toner cartridges
from both linear and circular economies. This includes business functions and positions related to
company management.

Table 3: List of support jobs

Job position Number

Development of new cartridge types

Technical maintenance

Administration / human resources

Accounting / payroll

Shift management

P (W N W N

Information technology

Total number of support jobs 15
Source: own research by the author

The total number of jobs involved in the development, testing and production of toner cartridges as
well as all technical and administrative jobs related to the production of refurbished toner cartridges (j) is
15. There were 251 working days in 2020. The total time allowance for all related jobs(att) is the product
of the number of these jobs and the number of working days in 2020 (wd) converted to seconds of work

att = 15 % 251 % 8 * 60 * 60

att = 108432 000

The total number of identified job positions is 15. The total labour fund of support jobs involved in the
production of refurbished toner cartridges in 2020 amounted 30,120 working hours. The 2020 production
totalled 375,347 units of refurbished toner cartridges. The average time allowance for the production of
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a refurbished toner cartridge in relation to support jobs (oatt) has been determined as the ratio of the total
time allowance for all related jobs (att) to the total production of refurbished toner cartridges in 2020(tp).

108 432 000
375 347
oatt = 288,845

oatt =

The average time allowance for all process steps related to the production of one refurbished toner
cartridge is 289 seconds after rounding.

The total average time allowance for the production of one toner cartridge (oatt) has been
determined as the sum of the average time allowances for system operations (satt), the average time
allowances for non-system operations (natt) and the average time allowance for support time positions.

att = 1818,72 + 99,0287 + 288,845
att = 2206,5937 seconds = 36.78 minutes.

The total average time allowance for the production of one refurbished toner cartridge was
determined at 37 minutes after rounding to the next whole minute.

Results and discussion

The primary objective of this paper was to determine the time difference between the production of
a refurbished toner cartridge within the national economy (a local product of a circular economy) and the
import of a disposable toner cartridge (a product of a linear economy imported to the domestic market).

The difference in the time allowance for human labour in the automated process of producing an
average refurbished toner cartridge relative to the import of a disposable toner cartridge from abroad
was determined at 37 minutes. The average refurbished toner cartridge contributes 37 minutes of
national production to the national economy.

According to the Czech Toner Remanufacturer Association (Asociace renovatorl tonerd, z.s.),
approximately 4,000,000 compatible toner cartridges are imported to the Czech Republic each year. ¢
The full substitution of these cartridges for refurbished cartridges would create 1,221 additional jobs
under otherwise identical conditions?.

GAIA - the Global Alliance for Incinerator Alternatives — conducted an extensive study entitled Zero
Waste and Economic Recovery. The Job Creation Potential of Zero Waste Solutions, concluding that
every 10,000 tons of processed waste per year will create 404 additional jobs if the waste is processed
via repair and refurbishment, 115 jobs if it is recycled and 55 jobs in the case of remanufacturing, while
landfilling or incineration of an equal quantity of waste will create only 2 jobs. ¥ Considering that the
average weight of a compatible used toner cartridge is 907 grams ©?, a total of 2,971,331,605 tonnes of
waste would be processed if the toner cartridges were to be refurbished®. 10,000 tons of waste will
create 3,365 jobs” if toner cartridges are to be refurbished, which is 8.33 times more®. As shown, the
refurbishment input comprises a product with a relatively low weight and a large share of human labour
in the refurbishment process. Hence, the toner cartridge generates an extraordinary number of jobs.

The European Commission has been heavily involved in promoting the principles of the circular
economy. An action plan for gradual implementation of the circular economy was adopted as early as in
2015. The plan included a separate plastic recycling strategy as part of a more circular economy and

labour seconds in 2020 251%8x60%60

2 . . .

import of disposable toner cartridges — = 4000000

p f disp ges/( P ) /( 2206,5937 )

labour seconds in 2020 . 251%8%60+60

3 — * weight of processed waste = —————— % 0.000907
att 2206.5937

4 10,000 tonnes of waste 10000

volume of waste processed by one job position in the case of cartridge refurbishment 2.971331605
5 indicatednumber of generated jobs 404

verified number of generated jobs 3365.494441
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solutions to various plastic recycling issues, especially with respect to plastics containing hazardous
substances ©®. One of the tools for achieving the set goals was the establishment of the European
Remanufacturing Council (Conseil Européen de Remanufacture), incorporating representatives of
leading European companies involved in product refurbishment and repair. ®” The relevant European
Union institutions have sanctioned the proposed agreement on the legislative conditions for a circular
economy package, a set of laws and measures designed to secure Europe's future based on resource
efficiency, two years after its introduction by the European Commission. A separate strategy for plastics
management was developed in conjunction with the approved agreement. ©® On 11 March 2020, the
European Commission adopted a new circular economy action plan to further expand the scope of the
original circular economy plan. The new Circular Economy Action Plan is one of the main building blocks
of the European Green Deal ®® 3", However, irrespective of the substantial increase in the requirements
for refurbishment and recycling capacity and the support voiced by many institutions, this new Circular
Economy Action Plan is still considered insufficient. The European Parliament is calling for much stricter
rules on consumption and recycling. ®® A number of climatic legal actions have been brought forward to
dispute the excessively low intermediate targets. In Germany, the Constitutional Court ruled that the
current wording of the Climate Protection Act of 12 December 2019, regulating national climate
protection targets and annual emissions up to 2030, is irreconcilable with fundamental human rights
because the current generation is allowed higher greenhouse gas emissions under more lenient
conditions, while next generations will be faced with many times higher costs associated with their
reduction and will be forced to suffer the consequences of the actions of the current generation. One of
the arguments put forward is the excessive generality and lack of specific tools to support the circular
economy in individual sectors. 9

With respect to cartridge refurbishment support, suitable tools may include the introduction of
mandatory minimum public procurement quotas. A similar measure was introduced in Italy in 2014, with
its scope extended to all types of public procurement in November 2019. In accordance with the
legislation on new minimum environmental criteria for toner and inkjet cartridges (nuovi criteri ambientali
minimi per le forniture di toner e cartucce a getto d’'inchiostro e per il noleggio o la locazione di stampanti
e di multifunzione), all above / below threshold procurement and directly awarded public contracts,
including in cases where printing is to be provided in the form of a service, must contain a 30% share of
refurbished cartridges, while the print yield and quality must be commensurate with the original print
cartridges. “? In 2021, France adopted a similar approach by enacting Regulation No. 2021-254 of
9 March 2021 on the mandatory inclusion of reused goods or recycled materials in public procurement
contracts. This regulation stipulates a minimum proportion of refurbished toner and ink cartridges in
public procurement contracts, expressed as the share of the total expenditures incurred by each
contracting authority in relation to toner and ink cartridges during one calendar year, namely 20%. “?

Introduction of the right to toner cartridge repair and/or a total ban on the production and import of
disposable toner cartridges represent additional measures that may be needed to secure the required
support.

On 25 November 2020, the European Parliament moved to address the right to repair by endorsing
a document calling on the European Commission to introduce a "consumer right to repair" under the
Ecodesign Directive. “? Professional refurbishment of a toner cartridge in accordance with the technical
standard DIN 33870 and its existing variants constitutes a repair. “?. The introduction of an effective and
enforceable right to repair, including compliance control mechanisms, would level the playing field
between toner refurbishers and producers of disposable compatible toner cartridges.

Given a sufficient political accord, a total ban on the production and import of disposable toner
cartridges — similar to the ban on a set of 10 disposable plastic products enacted by the EU Council on
21 May 2019 — can be readily enforced. EU member states have been given 2 years, from the date of
publication of the approved Directive in the Official Journal of the European Union, to amend their
national legislation. “Y The Czech government approved a government bill on the limitation of the
environmental impact of selected plastic products, incorporating the rules adopted by the EU Council into
the national legislation. “°
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Conclusions

The goal of the European Union, as defined in the European Green Deal strategy, is to transform the
community into a resource-efficient economy in a manner whereby economic growth is independent of
the amount of resources consumed. The existing European industry can be described as linear. In order
to achieve the set goals, a transition to a circular economy is a must. ©

Resources in a circular economy are used repeatedly. “® One of the principles of circular products is
a solution where the refurbishment process, using individual separable components of a given product,
generates refurbished products in a quality that is fully comparable to that of new products. The
refurbishment process fosters the development of domestic industries and generates local jobs. “°

The toner refurbishment industry is a good example of this. Individual EU member states already
have a functional print cartridge refurbishment industry. This paper aims to precisely determine the time
difference between the local production of refurbished toner cartridges and the import of toner cartridge
originating from the linear economy in terms of labour time and intensity.

The refurbishment of one unit of an average toner cartridge was found to contribute an extra 37
minutes of labour to the local economy. This finding is of key importance for modelling the benefits
yielded by the cartridge refurbishment industry with respect to domestic production and the generation of
local jobs. Patricia van Loon (and others) emphasizes the need for additional studies that would asses
specific circular products with a view to creating research models of the socio-economic impacts brought
about by the introduction of the circular economy. ® The obtained results are key to facilitating the
development of studies related to the cartridge refurbishment sector.

The secondary goal was a simplified application of the findings by providing an estimate of the
number of domestic jobs created through the introduction of measures preventing the import of
disposable toner cartridges to the Czech Republic, as an example of applying the research results. The
application was found to have the potential to generate more than 1,200 local jobs. The author is aware
of the considerable simplification involved in this model (the results have not been applied to the links to
the European single market, to consumer preferences transferring part of consumption to original toner
cartridges and to other factors affecting the results. Additionally, no analysis of multiplication effects on
other sectors of the national economy was conducted.). For such models, the primary result of the study
represents the baseline factor.

Additional options were also discussed, including the possibility of restricting or completely banning
the import of disposable toner cartridges to European Union countries through the introduction of the
"right to repair” or a regulation of the European Parliament and of the Council that would extend the list
of products banned from production in and import to EU countries. These tools were found to exist.
A separate study should be carried out to address the possibilities and ways of including toner cartridges
in these tools.

The EU's environmental policy is currently the Union's most progressive policy as its actual
implementation is becoming crucial for the entire block. “” The high pace of its development and the
possible adoption of unconventional solutions are prerequisite for introducing a total ban on the use of
disposable products, provided there is a compatible substitute, as is the case with toner cartridges. At
present, there is enormous room for the transition to a circular economy with only 9% of the world’s
production carried out based on the circular economy principle, i.e. as much as 91% of global production
relies on the linear economy.
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Casova diference lokalni produkce tiskovych kazet cirkularniho a linearniho
hospodarstvi v kontextu klimatickych zmén a politiky zaméstnanosti
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Summary

Prispévek se zabyva identifikaci ¢asového rozdilu vyroby napini do tiskaren s vyuZitim zakladnich
principu cirkularni a linearni ekonomiky v kontextu klimatickych zmén. Prispévek urcuje ¢asovy rozdil ve
vyrobé priimérné tonerové kazety pochazejici z obéhového hospodarstvi v ramci narodniho
hospodarstvi oproti tonerové kazeté vyrobené v ramci principu linearni ekonomiky a dovezené do
narodniho hospodarstvi.

Prispévek dale uvadi priklad aplikace primarniho vyzkumného cile poskytnutim odhadu poctu
domacich pracovnich mist vytvofenych zavedenim opatfeni zamezujicich dovozu jednorazovych
tonerovych kazet, které neumoZzriuji proces renovace.

Bylo zjisténo, Ze renovace jedné jednotky primérné tonerové kazety prispéla mistnimu hospodarstvi
0 37 minut prace navic. Toto zjisténi ma klicovy vyznam pro modelovani vyhod, které pfinasi pramysl
renovace kazet s ohledem na domaéaci vyrobu a vytvareni mistnich pracovnich mist. Ziskané vysledky
Jsou klicové pro usnadnéni vyvoje studii tykajicich se sektoru renovace kazet. Odhad poctu tuzemskych
pracovnich mist vytvofenych zavedenim opatfeni branicich dovozu jednorazovych tonerovych kazet do
CR mé potencial vytvorit vice nez 1200 mistnich pracovnich mist.

Kli¢ova slova: cirkularni ekonomika, dovoz, klima, linearni ekonomika, nezaméstnanost, odpad,
ochrana Zivotniho prostfedi, sklenikové plyny, sniZzovani mnoZzstvi odpadu, tiskové kazety, tonery, vinice,
vino, vyroba, zaméstnanost.
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Abstract

The poultry sector is a growing sector that generates a huge quantity of poultry litter (waste)
worldwide. This study examined the current status of the poultry activities, litter disposal procedures as
well as its effects on wheat production in the Haripur District (Pakistan). In view of this, a questionnaire
survey was conducted among 73 poultry concerns and 34 farmers. The respondents to the questionnaire
revealed that 82% of the poultry farms raised broilers, while the remaining 18 % were dealing with
layers. The poultry farmers used rice hull (94%) and sawdust (6%) as bedding material with an average
layer of 6 cm. A total of 802500 birds were raised, generating 618766 kg of poultry waste annually.
According to the survey, it was observed that poultry litter was used as fertilizer on agricultural land.
Among this waste, 84 % of farm owners sold poultry litter directly (raw litter) to the farmers, while the
other 16 % disposed of it (post-storage) in premises of their farms. This investigation concluded that
applying post-storage litter as fertilizer led to a 21 % increase in wheat production than raw litter
application while open storage produced an unpleasant smell, attraction of flies, released toxic gases
and reduction of essential nutrients It is therefore recommended to alter the method of litter storage and
its application to agricultural land, to make poultry waste a safe and effective fertilizer.

Key words: Broiler; Fertilizer; Layer; Poultry industry; Raw Litter.

1. Introduction

A robust growth of the poultry industry has been observed around the world. Poultry farming makes
a substantial contribution to economic growth and food production. In Pakistan, the poultry farming is
a major agro-based crop growing sector with annual growth rates of 8-10 % *. Globally, Pakistan is
placed 11" among poultry producers 2. During 2016-2017, poultry industries contribute approximately 1.4
% to the Gross Domestic Product (GDP), 31 % of total meat production, and also engaged 1.5 million
people as employment *.

Intensive poultry production generates waste in the form of poultry litter. Poultry litter produced in bulk
can pose negative impacts on our environment. Similarly, to meet the needs of the growing population,
the dependency on fertilizer is likely increase. The usage of the litter as a fertilizer is one of the options to
reduce this dependency *.

The literature revealed that poultry litter is the one of the vital source of nutrients which enhances the
agriculture production *°. Poultry litter is also considered as back bone to agriculture and plays
a dynamic role in the agriculture sector. Study conducted in Sindh province, Pakistan reported that
poultry sector contributes 14.4 % of the agriculture sector °. In Pakistan, Wheat is considered the most
valuable staple cereal that provides 3 % of the country’s GDP ’. Farmer also uses fertilizer to enhance
the production of crop. Currently, poultry litter as organic fertilizer is receiving more attention due to the
rising cost of inorganic fertilizers 8. According to the Crop Statistics Khyber Pakhtunkhwa 2018-19,
Wheat is grown on an area of 32507 hectares with the production of 63700 tonnes and 5345 tonnes of
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fertilizers was being used in Haripur (Pakistan) °. According to the report on Fertilizer, 20 % of the
farmers used organic fertilizer to wheat crop '°. However, we are still on the way to get maximum
production from the wheat crop due to different obstacles and challenges like inadequate and low quality
nutrients supply, under dose application, for the production of crop ™.

Poultry litter has detrimental potential harmful impacts on its direct application to agricultural land.
These include negative effects on production or growth of crop and metal polluted soil which may
become a part of the food chain. But proper management of litter may be beneficial to the farmers *.
Mostly farmers stored poultry litter in the open air before its application to the cropland. This is one of the
good options to utilize poultry litter but it is time-consuming and causing environmental pollution due to
loss of nitrogen and other nutrients and leaching of nitrate > **. However, there is need to alter the
method of litter disposal and utilization. The application of amended litter enhances the physico-chemical
properties of the soil *.

The main objective of this study was to quantify the huge waste generated by poultry farms,
investigate the disposal procedure of and the effect of poultry litter on a wheat crop as fertilizer in Haripur
district (Pakistan). In addition, to search out safe and environment friendly solution for effective
application of poultry litter as fertilizer.

2. Research Methodology

The methodology of the study is based on field visits, self-observation, interviews, and questionnaire
survey. The nature of the study was both qualitative and quantitative.

2.1. Field Visit. For assessment of poultry farming and collection of preliminary data, 3 field visits
were paid i.e. before the start of poultry activity, mid of the cycle and after completion of poultry cycle. To
know about the current status of poultry farms, 73 poultry farms (including both broilers and layers) were
visited and kept under observation for a complete cycle.

2.2. Questionnaire Survey. The questionnaire consisted of structured and unstructured questions
were administered to collect relative information. The questionnaire included various parameters as
information about farm area, bedding, humber of chicks, litter disposal and its utilization etc.

Figure 1: Sampling Size for Questionnaires
Determine Sample Size Determine Sample Size
Poultry farms Poultry Litter users
Confidence Confidence
Level: 95% 99% T 95% 99%
Confidence 10 Confidence 9.6
Interval: Interval:
Population: 299 Population: 50
Calculate Clear Calculate Clear

Sample Sample
size 73 size 34
needed: needed:

Source :Creative Research Svstems (wwiw.survevsystem.com)
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2.3. Sampling Procedure for Questionnaire. To determine sample size i.e. the number of
respondents required in a survey, an online sample calculator was used (Figure 1)™.

In the selected study area (Haripur, Pakistan) 299 poultry farms were reported by °. A sample size of
73 random respondents was selected according to the calculator. Among these 73, 50 poultry farms
concerned were connected with the production of wheat. A confidence level is the probability about the
value within a specific range. Thus, the sample size was 34 respondents that were associated with the
application of poultry litter. The confidence level was 95 % and 10 % margin error for both poultry farms
and farmers (Figure 1).

2.4. Determination of Litter Quantity. The poultry litter production was calculated by using
equation 1 as described by '°. According to their report; the calculation of poultry litter production is
based on the live weight of the birds. Furthermore, the value of 17.7 kg of manure for 1000 kg body
weights and 0.9 kg/bird live weight was reported for broilers and layers *°. The quantity of poultry litter
was measured in kg/day (dry weight).

Totalbirdsx live weight of bird x 17.7

Poultry litter production = To00 e (Equation 1)

2.5. Data analysis. The results obtained from questionnaire were subjected to simple descriptive
analysis on Microsoft Excel and presented in the simple frequency.

3. Results and Discussion

In view of the field observations, it was found that poultry houses were equipped with water
containers, feeders, ventilation systems, cooling fans, and heaters. The buildings of farm houses were
opened from the sides for cross ventilation. As a general practice, day-old chicks were brought to the
poultry farm. The chicks were very small, soft, and delicate and needed high temperature and more light
to search for food. The temperature was measured regularly and adjusted according to the condition of
the chicks by the operator. Over time, the temperature and light intensity decreased. The temperature of
poultry farms varies with the age of the chicks during the poultry cycle. Poultry farming is a very sensitive
business. The first few days were very critical and required extra attention.

3.1. Type and Production of chicks in the selected Poultry Farms. The findings of the
survey were presented in Table 1. A total of 73 visited poultry farms, 63 poultry farms were associated
with broilers activity, while 10 poultry farms were dealing with layers. A single flock produced a minimum
of 500 and a maximum of 4500 broilers. In layer farms, the production in a single flock was 400 to 3000
chicks’ minimum and maximum respectively (Table 1). In this survey, the type and production of poultry
farms revealed that mostly broiler farms with more production may be attributed to their short cycle, less
labor force, less attention and easy management than layer farms.

3.2. Mortality Rate and Flocks Composition. As summarized in Table 1, the average mortality
rate was calculated as an average of 6 % and 9 % for broiler and layer farms. Table 1 indicated flock
composition for broiler and layer separately across two seasons of the year. During winters, the poultry
cycle completes in 40-50 days while in summers; it takes 30-40 days for the broiler. The single flock of
layers was completed in 90-120 days in winter and 80-90 days in the summer. An average of 8 flocks
per year was raised for broilers and 3 for layers by the selected poultry farms (Table 1).

Different poultry farms showed different mortality rates. The mortality was found higher in the layers in
contrast to the broilers because of their delicate nature. These findings are in agreement with
observation in Khyber Pakhtunkhwa as revealed by the present study. Similarly, about 8.30 % of birds
were lost on every farm in Khyber Pakhtunkhwa ** and 10 % mortality in Mansehra *°.
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Table 1: Type, Production, Mortality and Flock Composition in the Selected Poultry Farms

No. of Mortalit Flock Completion Annual
S.No | Type No. choicﬁs Rgtea(%))/ . (days) floctlizl
Winter Summer

Min 500 4 40 30 7

1. Broiler 63 | Max 4500 7 45 40 9
Avg 1550 6 42 35 8

Min 400 6 90 80 1

2. Layer 10 | Max 3000 10 120 90 4
Avg 1500 9 105 85 3

The variation in the number of flocks was reported in the selected poultry farms. The broiler farmers
kept an average of five flocks per annum *®. This is at variance with the findings of ' who reported 4.97
flocks are kept per year in four districts of Khyber Pakhtunkhwa. This variance may be due to the reason
that the selected farms were small scale; duration between flocks was very less and also financially
affordable in case of loss.

In discussions with poultry concerns, it was observed that the poultry farming is depending on season.
During the extreme season of summer (July and August) and winter (December and January), selected
layer farms experienced a delay in farm activities. As a result, flocks of layers are being reduced as
compared to broilers annually. The recent observation goes in support of ** .They also reported that farm
activities suspended in extreme seasons.

3.3. Type and Thickness of Bedding Material. It was found that 95% of the broiler houses used
ricehull, while only 5% utilized sawdust as bedding material. 92% of the layer houses used ricehull, while
rest of 8% utilized sawdust as bedding material as given in Table 2.

Table 2: Type and Thickness of Bedding Material

Ricehull (cm) Sawdust (cm)
S.No | 'YPe of No of No of
farms Max | Min | Avg Max | Min |Avg
farms farms
1. Broiler 57 08 05 06 03 07 05 06
Layer 12 07 05 06 01 07 05 06

In response to a question related to bedding, poultry farm operators generally use ricehull and
sawdust as bedding materials in the selected area. the farmers told that sawdust and ricehull are better
for poultry farming as compared to wheat straw and other materials because of their fine texture.
Moreover, wheat straw is cheaper and more easily accessible but is hard. Sometimes small chicks
ingest this material, which may damage their digestive tracts. Therefore, wheat straw has not been
commonly used. The use of sawdust for bedding in Peshawar, Pakistan was also reported by *°. The
literature showed that the selection of suitable bedding material is an important aspect to avoid harmful
impacts of raw litter %°.

In response to a question about the thickness of bedding material, respondents showed that an
average of 06 cm layer of bedding material was used in each poultry farm (Table 2). The bedding
material was distributed evenly throughout the farm. A layer of 10-15 cm bedding material was reported
by 2. The bedding material was added from time to time in the poultry houses. The poultry farmer told
that with time, bedding material becomes hard and creates problems for chick’s movement. So, most of
the broiler farms added bedding material twice in each flock, whereas in layer farms bedding material
added after four weeks in the first month and after two weeks in the next three months.
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3.4. Litter Quantity. Findings from the results showed that at the end of each poultry cycle, a total
of 112,500 chicks (93,000 broilers and 19,500 layers) were raised per flock by selected poultry farms. In
addition, 4650 and 1365 dead broiler and layer were produced respectively (Table 3).

Table 3 revealed that at the end of each poultry cycle, total litter was 56297 kg in 60 broiler farms and
29511 kg in 13 layer farms. Therefore, the total poultry litter production would be 85808 kg from selected
farms. Based on these above findings, 60 broiler farms generated 533340 kg and 13 layer farms
generated 85426 kg of poultry litter in one year. Thus, total annual poultry litter production would be
618766 kg that was 0.02 kg/chick/day (Table 3).

The results from this study showed that layer farms generated a less amount of litter than broiler
farms. The reason may be the less production and late growth of layers as compared to broilers. These
finding was comparable to **. They assessed the waste generation was less in layers as compared to
the broilers. The similar finding was found by '’ that an average broiler litter production was about
0.02 kg/chick/day. In contrast to this study, 0.1 kg/chick/day of litter production was reported by .

Table 3: Production of Chicks and Generation of Poultry Litter in the Selected Poultry Farms

. Litter (kg)
Total No. of No. of Live No. of
S:No | Type | No. Chicks Chicks Days (dry

weight)

1 Broiler | 60 Flock 93000 88350 38 56297
Annual 744000 706800 360 533340

o) Layer 13 Flock 19500 18135 95 29511
Annual 58500 54405 275 85426

3. Total 73 Flock 112500 106485 133 85808
Annual 802500 761205 635 618766

3.5. Poultry Litter Disposal and Use. The responses of the respondents about poultry litter
disposal were tabulated in Table 4. A huge quantity of raw litter (84 %) was directly purchased by the
farmer only a little portion (16 %) was stored and then transported to agriculture land. The direct use of
raw litter is considered improper. The literature also reported the potential negative impacts of raw litter
after application on agricultural land and the environment *. The main reason found behind direct use
was the unconsciousness and unawareness of farmers.

Table 4: Comparative Status of Poultry Litter storage Procedures

S. No Poultry farm Litter disposal Storage Time (months)
Type No. | Store | Farm land Open dump Specific site
1. Broiler | 60 8 52 8 0 14
2. Layer 13 4 09 4 0 18
3. Total 73 12 61 12 0 14-18

In response to the questions about the storage time, it was revealed that broiler producers typically
store litter for 14 months while layer producers store litter for 18 months (Table 4). It was concluded that
broiler farms had a huge amount of litter because of space issues they sold out as soon as possible.
Whereas the amount of waste was less in layers and their next flock took time to complete, therefore
taking longer to store. These findings were in favor of ® that the farmer’s stored poultry litter openly for
8 — 12 months before applying it to the agriculture fields.

This study also investigated that there was not even a single farm with appropriate and planned
storage. 100 % of poultry litter is stored openly within the premises of farm areas. This finding is
consistent with previous report of 2. According to them, 90 % of the litter was stored openly that was
inappropriate and crucial for the environment. The possible effects of open storage of the poultry litter
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have been also reported by ?* °. The open-air storage leads to unpleasant smell, emission of toxic gases
and the loss of essential nutrients. The sustainable waste management needs proper storage and
treatment facilities to maintain the quality of litter for use as fertilizer and prevent potential environmental
hazards *.

3.6. Poultry Litter for Crop Production. The results presented in Table 5, the percentage
difference showed 35 % increase in the raw litter users than stored litter users. The typical application
rates were an average of 4448 kg/hectare for stored poultry litter users and 5436 kg/hectare for raw litter
users. 20 % less quantity of stored litter was applied as compared to raw litter. A 21 % increase in the
production of the crop was observed with the application of store litter (Table 5).

Table 5: Distributions of Respondents According to Type and Quantity of Litter Users For
Wheat Production

S. No Type of litter Users Quantity of litter (Kg) / Wheat production (Kg) /
hectare hectare

Min Max Avg Min Max Avg

1 Stored Litter User 14 3707 4942 4448 1977 2768 2372

2 Raw Litter User 20 4448 6176 5436 1483 1977 1927

3 Percent Difference | 35% 19% 22% 20% 29% 33% 21%

This study investigated that mostly farmer’s used raw litter for wheat crop production than stored litter.

They were with the view that raw litter is easily accessible for them as compared to stored litter. The
past literature revealed the potential effects for the crop related to raw litter application *. Poultry litter has
detrimental potential impacts on the environment but if litter is managed properly it may be an asset to
the farmers. The literature also realized that the farmers who depend on stored poultry litter get more
crop production than raw litter users. The higher production of wheat as observed in this survey is similar
to the findings of . Their research showed the importance of stored litter as environmental friendly for
increasing production of wheat.

4., Conclusions

Questionnaire survey concluded that majority of the poultry farms were associated with broilers
activities rather than layers. A slot was found in data related to the quantity of poultry litter. This study
revealed that 618766 kg of poultry litter was generated from 73 poultry houses throughout the year. After
the completion of each poultry flock, major portion (84%) of poultry litter directly goes to agriculture
sector, while remaining (16%) dumped openly in the farm area. These practices of poultry litter disposal
were found to be ineffective. Raw litter may have potential negative impacts on agricultural land and the
environment while open storage of poultry litter lead to an unpleasant smell, attraction of flies, released
toxic gases and reduction of essential nutrients. This study also revealed an increase in wheat
production after application of stored litter than raw litter. However, this productivity could also be
enhanced by practicing a more suitable method of poultry litter utilization. This will help in savings
resources and economy as well as reduce the waste and dependency on inorganic fertilizer in
a sustainable way.

5. Recommendations

The poultry farms needs to be monitored for disposal procedures. It is recommended to elaborate and
standardize methods to utilized raw litter and stored poultry litter. Therefore, it is important to encourage
the use of stored litter to enhance the wheat productivity and find a scientific way for the storage process
for protection and conservation of the nutrients and environment. It is therefore recommended to
promote awareness among poultry concerns and farmers in order to make poultry litter as safe and
effective fertilizer.
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Abstrakt

Odveétvi drabeze je rostoucim odvétvim, které celosvétové vytvari obrovské mnozZstvi drabezZiho trusu
(odpadu). Tato studie zkoumala soucasny stav ¢innosti dribeze, postupy likvidace podestylky a také jeji
ucinky na produkci pSenice v okrese Haripur (Pakistan). S ohledem na to bylo provedeno dotaznikové
Setfeni mezi 73 dribezarskymi podniky a 34 farmari. Respondenti dotazniku odhalili, Ze 82 % dribezich
farem chovalo brojlery, zbyvajicich 18 % se zabyvalo nosnicemi. DribeZzafi pouZivali jako podestylku
ryzové slupky (94 %) a piliny (6 %) s prumérnou vrstvou 6 cm. Celkem bylo chovano 802 500 ptaku,
ktefi roéné vyprodukovali 618 766 kg dribeziho odpadu. Podle priizkumu bylo zjisténo, Ze drubeZi
podestylka se pouzivala jako hnojivo na zemédélské pldé. Z tohoto odpadu 84 % majiteld farem
prodavalo driabezi podestylku pfimo (surova podestylka) farmafim a dalSich 16 % ji likvidovalo
(doskladnéni) v prostorach svych farem. Toto Setfeni dospélo k zavéru, Ze pouZiti steliva po uskladnéni
Jjako hnojiva vedlo k 21% narustu produkce pSenice neZ pouZiti surového steliva, zatimco oteviené
Skladovani produkovalo nepfijemny zapach, pfitahovalo mouchy, uvolfiovalo jedovaté plyny a
redukovalo zakladni Ziviny. Doporucuje se proto zménit zplisob skladovani steliva a jeho aplikaci na
zemédélskou pudu, aby se z driibeziho odpadu stalo bezpecné a ucinné hnaojivo.

Klicova slova: brojler; hnojivo; vrstva; dribezarsky pramysl; syrové stelivo
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Incinerators Comparing to Conventional Electric
Generators
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Abstract

Solid waste management is one of the main issues faced by national authorities, especially in the
countries and the cities with high population density. One of the most used waste treatment technologies
is the incineration, which is a thermal treatment that converts waste into ash, electricity and heat. The
use of waste incineration is controversial due to several opinions regarding the economic and the
environmental aspects. In this paper, the waste incineration technique is compared, in terms of
economic saving and greenhouse gases (GHG) emissions, to the conventional electric generators.

The results show the reduction in carbon dioxide (CO;) emissions and operating cost when replacing
conventional power generators by waste incinerators. The case study is applied to Lebanon. Due to the
integration of three waste incinerators of 1000 tons/day into the Lebanese electric grid, the reduced
operating cost is then 23.03 million $ per year and the reduced CO, emissions are 286200 tons per year.

Keywords: waste management, waste-to-energy, waste technologies, incineration, electricity

Introduction

The problem of municipal solid waste (MSW) management has become a major social problem®.
Waste disposal must reduce the harmful impact of the solid waste (SW) on the environment with
a reasonable cost. MSW incineration (MSWI) plays a role in the MSW management and in energy
recovery that can be used as power generator”.

Many researchers were interested in the study of the environmental and economic aspects of the
MSWI. Economopoulos et al. evaluated the construction and operating costs of various technological
operating schemes®. Murphy et al. did a comparison between four MSW technologies: incineration,
gasification, generation of biogas and utilization in a combined heat and power (CHP) plant, generation
of biogas and conversion to transport fuel by evaluating the technical, economic and environmental
aspects®. Tsai et al. calculated the mitigation of CO, emissions of the MSWI compared to fossil fuels,
and the economic gain resulting from selling electricity from MSWI to the electric utility service.
Liamsanguan et al. assess the environmental performance of energy from MSW incineration and
compare it to conventional power plants and suggest measures for improvement®. In’, the combustion of
coal and MSW in terms of fuel characteristics, combustion technology, emissions, and ash
utilization/disposal are compared. Chen et al. compared the thermodynamic and the economic
performances of a novel waste incineration power and a coal power plant®; the economic performance is
considered as the payback period of the system. Mayer et al. compared the environmental benefits and
the techno-economic aspects between the different waste-to-energy systems®. In'°, the authors studied
the case of the Lebanese waste if it is completely incinerated and compared the incinerators emissions
with respect to the international standards.

This work provides a novelty based on the comparison between the waste incinerators and the
conventional power generators in terms of economic and environmental aspects. The comparison is made by
a novel decision-making algorithm when substituting the conventional generators by waste incinerators. The
simulation of this latter compares the emissions of CO,, which is the main greenhouse gas (GHG), and the
operating costs of both systems on hourly basis. In section Il, the incineration as a waste-to-energy treatment
technique is discussed. In section Ill, the proposed comparative analysis algorithm is developed. Section IV
corresponds to a case study. In section V, the results will be discussed.
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Waste-to-Energy Treatment Technique: Incineration

MSW results from daily residential and commercial activity. If the waste is not properly handled and
treated, it will have a negative impact on the environment like air pollution and surface and ground water
pollution, as well as the soil and crops™.

Figure 1 represents the solid waste treatment hierarchy components. MSW incineration technology is
mostly used at an advanced level of the waste treatment after the recycling technologies.

Waste incineration is based on the burning of waste in the presence of oxygen at temperatures of
850°C and above, accompanied with heat and energy recovery and mechanisms to clean flue gas, and
can receive different types of waste'. Figure 2 represents the flowchart of the waste-to-energy (WtE)
incineration process. MSW incineration is characterized by the volume reduction up to 90% of the initial
incinerated volume'® in addition to the benefit of producing energy (electrical and thermal).

The waste is moved by a grate through the boiler where it will be combusted. The turbine is turned by
the steam pressure that is produced by the water heating in the boiler™.

Product Prevention
(Non-Waste)

Waste

Preparing for re-use

Recycling

. WIE "N\ Recovery
incineration

Disposal

Figure 3. Waste hierarchy for sustainable waste management'?

Air emissions

Generator

: Flue gas

: Combustion p

: Boiler treatment
@ : e - e

Bottom ash APC residue (Fly ash)

Figure 4. Flowchart of the waste incinerator™

The waste incineration facilities must be monitored and controlled to avoid pollution issues such as
dust and dioxins, knowing that the latest technologies meet the strict environmental standards especially
for the dioxins™. In fact, the incinerators air pollution control device (APCD) are able to remove two
categories of pollutants: particulate matter and acid gases. The particulate (dioxin, furan and mercury)
removal is done with fabric filters (baghouses) and electrostatic precipitators with dry powdered activated
carbon injection systems. Acid gases such as hydrochloric acid (HCI), sulfur dioxide (SO,) and nitrogen
oxides (NOx) removal is done with spray dryer absorbers with alkaline-reagent injection, dry-lime
injection systems and selective non-catalytic reduction®.
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Knowing that the main GHG, the CO,, corresponds to approximately 96.5% of the gases emitted by
the waste incineration™>*®, we will compare the CO, emissions of an MSWI to the conventional power
generators.

The operating cost of the MSWI is considered expensive®®, for this reason we will compare it to the
operating cost of the conventional generators.

Comparative Analysis Algorithm

To find the economic and environmental benefits of the incinerators comparing to the conventional
generators, it is better to use an algorithm that can calculate the emissions reduction and the economic
gain simultaneously.

The proposed algorithm is similar to that used in'’, but with some modifications related to the
integration of incinerators into the electric grid.

a) General description:

The developed algorithm is used to control the power output of conventional generators and
incinerators. It takes into account the electrical demand and the operation of the incinerators integrated
in the grid. Its period of operation is a default time and it can be changed by the operator. At the end of
each period, the algorithm calculates the operating cost and emissions and their reductions due to the
integration of incinerators in the power grid.

This algorithm, which is developed with MATLAB programming language, compares the hybrid case
(conventional generators + incinerators) with the conventional case (i.e. without incinerators) in order to
satisfy the electrical demand.

b) Inputs and outputs:

The input parameters to this algorithm are:

Hourly based electricity demand; Matrix representing conventional generators in ascending order of
importance with their operating cost ($/hour) and CO, emissions (kg/hour); Matrix representing incinerators in
ascending order of importance with their operating cost ($/hour) and CO, emissions (kg/hour).

The output parameters of this algorithm are:

Generators matrix; Incinerators matrix; Electricity generated by the incinerators; Electric energy produced
by conventional generators; Total electric power supplied to the network; Total operating cost ($/hour);
Reduced operating cost due to the integration of incinerators ($/hour); Total CO, emissions (kg/hour);

Reduced CO, emissions due to the integration of incinerators (kg/hour).
c) Operating steps:

The operating steps of the algorithm are as follows:

- Data acquisition

- Selection of incinerators

- Selection of conventional generators

- Calculation of the total operating cost and emissions

- Calculation of the total operating costs and emissions in the conventional case (without
incinerators)

- Calculation of the reduced operating cost and reduced emissions due to the integration of
incinerators

- Display of the outputs

Figure 3 represents the flowchart of the operating steps of the proposed algorithm.
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Figure 5. Flowchart representing the operating steps of the algorithm

Case Study: The Lebanese Case

In order to apply this research, we chose the case of Lebanon which has a mismanagement of the SW
sector. Lebanon produced 2040000 tons of MSW in 2014 with a generation growth equal to 1.65% per year,
this means that in 2020 the waste production is around 6166 tons per day'®. Based on the Lebanese Council
of Ministers decision number 3 of August 27, 2019, three thermal disintegration facilities (incinerators) must
be constructed. Each incinerator must treat around 1000 tons per day of MSW.

The Lebanese MSW composition has a moisture content of 60%, an average chemical composition of
CeHg.39303.249N0.184S0.013 and a calorific value ranging between 7.4 MJ/kg and 97MJ/kg 10. We will
consider that the average calorific value is 8.55 MJ/kg. The incinerator is considered with 3 boilers as
in'® and operating 300 days per year. The boiler’s capacity must be equal to:

(Number of tons/day)*(365/300)/(3Boilers) =(1000tons/day)*(365/300)/3 = 405.56 tons/day.
Each boiler produces a power equal to:

(Boiler capacity in kg/day)*(Calorific value)/(1day/24hours)*(1hour/3600seconds)*(efficiency of the boiler)
= (405.56*1000kg) *(8.55MJ/kg)*(1/24) *(1/3600)*(80%) = 32.11 MW.

Thus each incinerator produces a power equal to (3*32.11 MW)= 96.3 MW.

A back-pressure turbine has around 26% of waste to electrical efficiencylo. Therefore, the electric
power produced by each incinerator is 25.04 MW. The thermal power will not be considered due to lack
of infrastructure in Lebanon, though it can increase the benefits of the incinerators.
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The operating cost of an incinerator is equal to 35.7 $/ton™. Each boiler's capacity is 405.56 tons;
thus, it is equal to 14480 $/day or 603 $/hour. Hence the operating cost of an incinerator is 1809 $/hour.

According to?°, we assumed that the emissions value of CO, is the highest value, which is equal to
130 g/kWh or 130 kg/MWh. Hence, the CO, emissions value per incinerator is 3250 kg/hour. The matrix
of the incinerators is given in Tablel.

Table 1: Incinerators matrix

Electric Power (MW) Operating cost ($/hour) CO, emissions (kg/hour)
25 1809 3250
25 1809 3250
25 1809 3250

Table 2: Conventional generators matrix (source: Electricité du Liban - EdL)

Operating cost CO; emissions
Plant name Power (MW) ($/hour) (kg/hour)

Zahrani | CCPP 469 53935 309540
Deir Ammar | CCPP 464 53360 306240
Zouk 1 Thermal Power Plant 607 80428 400620
Jieh 1 Thermal Power Plant 343 45448 226380
Zouk 2 ICE Power Plant 198 26235 130680
Jieh 2 ICE Power Plant 78 10335 51480
Additional power plant 75 8625 49500

The electric conventional generators are represented in Table2 with the corresponding operating cost
in $/hour and CO, emissions in kg/hour. The data of the generators is provided by the main electricity
producer in Lebanon, Electricité du Liban (EdL). The operating cost is calculated after calculating the
data provided with the fuel costs of each power plant from?. We considered the average values:
0.1325 $/kWh for Jiyeh and Zouk power plants and 0.115 $/kWh for Zahrani and Deir Ammar power
plants®. The additional power plant was added, in order to compare the conventional power production
with the power production including the integration of the incinerators. Its power is considered equal to
75 MW which is equal to the total power of the incinerators. The operating cost of the additional power
plant is considered as the lowest (0.115 $/kWh). The CO, emissions are equal to 660 kg/MWh.

Results and Discussions

The simulation of the algorithm is done when the electrical demand (load) is given. In order to have
a significant comparison, the demand must be chosen in a way to replace the additional power plant by
the three incinerators. It must be slightly less than the total power which is 2234 MW so that the
algorithm does not choose the additional power plant. For this reason, the electrical demand is
considered equal to 2233 MW.

Patronem tohoto cisla je WASTen Centrum expertii — www.expert.wasten.cz

WASTE FORUM 2022, islo 3, strana 209



Josef AL ASMAR: Economic and Environmental Benefits of Waste Incinerators Comparing to Conventional Electric
Generators

Load =
2233
Waste-to-Energy =
Conventional Generation =
Total Production =
2234
Generators =
469 NaN 3.0
464 NaN 3.
&07 NaN 4.
343 NaN 2.
198 NaN 1.:
78 NaN
15 NaN
Incinerators =
25 809 1809 31250 3250
2! 180¢ 180¢ 3250 3250
2 1809 1809 3250 3250
Fuel cost ($/hour)=
269740
Reduced cost (5/hour)=
3198
*02 emissions (kg/hour) =
1424540
Reduced C02 emissions (kg/hour)=
36750

Figure 4: Simulation's results

Figure 4 represents the results of the simulation. Knowing that the values 1 or O in the second
columns of each matrix represent the state of the generator (1=On, 0=0ff). The eighth column of the
generators matrix represents the state of the generators in the conventional case (i.e. without
incinerators). It is remarkable that the last value of the second column of the generators matrix is 0, and
that of the eighth column is 1. This means that the three incinerators have replaced the additional power
plant of capacity 75 MW.

The obtained reduced operating cost is 3198 $ per hour, and the reduced CO, emissions are
39750 kg (39.750 tons) per hour. In one day, the reduced operating cost is 76752 $ and the reduced
CO, emissions are 954 tons. We consider that the yearly operating hours are equal to 7200 hours
(300 days) due to the regular maintenance of the incinerators, thus the reduced operating cost is
23.026 million $ per year and the reduced CO, emissions are 286200 tons per year.

Conclusion

Waste incinerators, when used as power plants, have shown benefits in terms of operating cost and
GHG emissions comparing to the conventional power plants. They are considered as one of the most
efficient waste disposal technique due to their efficiency. However, the optimal mix of waste components
and their calorific values must be found in order to get the optimal economic and environmental
performances of the incinerator. In addition, many studies can be driven to find the benefits of all the
other WtE technologies.
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Ekonomické a ekologické prinosy spaloven odpadu ve srovnani
s konvenc¢nimi elektrickymi generatory

Josef AL ASMAR

TICKET Lab., Technicka fakulta, Antonine University, Hadat-Baabda, Libanon,
e-mail: joseph.asmar@ua.edu.lb

Abstrakt

Nakladani s pevnym odpadem je jednim z hlavnich problémd, kterym celi vnitrostatni organy,
zejména v zemich a méstech s vysokou hustotou obyvatelstva. Jednou z nejpouZivanéjSich technologii
Zpracovani odpadu je spalovani, cozZ je tepelné zpracovani, pfi kterem se odpad pfemériuje na popel,
elektrinu a teplo. VyuZiti spalovani odpadl je kontroverzni kvili nékterym nazorium na ekonomické a
ekologické aspekty.

V tomto ¢lanku je technika spalovani odpadu z hlediska ekonomickych uspor a emisi sklenikovych
plynt (GHG) porovnavana s konvenénimi elektrickymi generatory. Vysledky ukazuji snizeni emisi oxidu
uhli¢itého (CO,) a provoznich nakladu pfi zaméné konvencnich generator( energie za spalovny odpadu.
Pripadova studie je aplikovana na Libanon. Diky integraci tfi spaloven odpadu o vykonu 1000 tun/den do
libanonské elektrické sité jsou pak snizené provozni naklady 23,03 miliont $ ro¢né a snizené emise CO,
Jsou 286 200 tun rocné.

Klicova slova: odpadové hospodarstvi, energetické vyuZiti odpadu, emise oxidu uhli¢itého,
spalovani, elektrina
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Vyzvy pro nastaveni odpadniho toku bioplastu
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Souhrn

Clének je zaméren na vyznam bioplastt v riiznych odvétvich hospodafstvi a na moznosti a limity s jejich
nakladanim na konci jejich Zivotniho cyklu. Bioplasty nachazeji uplatnéni v biomedicine, zemédélstvi a
dalSich odvétvich. V soucasnosti se vSak nejcastéji o nich diskutuje ve vztahu k obalovému pramyslu, kde
nachazi uplatnéni cca 53% soucCasné produkce bioplasti. V ¢lanku jsou uvedeny vyhodné viastnosti
nejCastéji pouzivanych bioplastu, ale zaroven i limity jejich udrzZitelného pouzivani a sou¢asnych moznosti
jejich recyklace. Zavér ¢lanku prichazi s navrhy nastaveni odpadniho toku plasti a bioplastt, tak aby byla
mozna efektivni separace, ktera je klicovou podminkou pro jejich recyklaci.

Kli¢ova slova: biologicky odbouratelné plasty BOP, recyklace, separace, odpadni toky

Uvod

Pfesto, Ze o bioplastech zacina spoleCnost intenzivnéji diskutovat az v poslednich letech, tak ma
jejich vyvoj za sebou uz vice nez 100 let, nebot se na jejich vyvoji za¢alo pracovat jiz na konci 19.
stoleti. V té dobé byl poprvé syntetizovan biologicky rozlozitelny plast s nazvem Galalith z mlééného
proteinu Caseinu. V roce 1912 to byl celofan, ktery byl patentovan Svycarskym chemikem Jacquesem E.
Brandenbergerem. V roce 1925 byl poprvé syntetizovan bioplast PHB z bakterii. NejrozSifenéjsi bioplast
soudasnosti PLA byl poprvé syntetizovan v roce 1932,

Od 70. let dvacatého stoleti se vyvoj bioplastl rozjel intenzivnéji. V sou€asné dobé existuje pfiblizné
300 druhd bioplastlt. AvSak velka ¢ast aplikaci téchto bioplastd je provadéna mnohdy pouze
z marketingovych duvodu a jde proti podminkam udrzitelného nakladani s plasty a energii. Tim mame
na mysli pfedevS§im Casto zcela nevhodné aplikace v obalovém prumyslu. V roce 2019 se objem
produkce bioplastd pohyboval pfiblizné kolem 0,6 % z celkového objemu vyrabénych plastd a kazdym
rokem jeho objem narusta®.

Marketing firem zaméfreny na environmentalni dopady je asi nejvétSim ddvodem, pro€ v sou€asnosti
sly§ime &im dal vice o bioplastech. AvSak pod pojem bioplasty se fadi doopravdy velka skupina
materiall. Jejich puvod, slozeni i spravné vyuziti koncovy zakaznik neumi témér rozlisit. Mnohdy si tyto
souvislosti neuvédomuji ani samotné firmy, které toto zbozi ¢asto jenom nabizeji koncovym zakaznikim.
Z marketingu se pak stava greenwashing. Pokud jde o biologicky odbouratelné plasty (BOP), tak pouze
13 % z nich je vyrobeno vyhradné z biomasy, dalSich 75 % je slozeno ze smési bioplasti a fosilnich

skupinou je onéch 75 % bio-fosilnich smési obsahujicich 50 — 80 % fosilnich plastd °.

Termin biologicky odbouratelné plasty BOP je svym nazvem zavadéjici, protoze budi mylny dojem, ze
se tyto plasty v pfirodé snadno rozkladaji. Naopak vétSina z nich se v pfirodnich podminkach rozklada
problematicky, a to se tyka nejen onéch 75 % bio-fosilnich plastu, ale i asti produktd vyrabénych pouze
z biomasy. Takové plasty Casto nejsou vhodné pro kompostovani, ani pro anaerobni digesci
(zplynovani). Asi nejzasadnéjSim problémem BOP v soufasnosti je skuteCnost, Ze v podminkach
odpadového hospodarstvi komplikuji podminky pro recyklaci fosilnich plastd. Problém nastava ve chuvili,
kdy se BOP dostane do recyklacniho procesu s fosilnimi plasty. Napfiklad nejrozSifenéjSi bioplast
v obalovém pramyslu PLA je vizualnimi a fyzickymi vlastnostmi témér k nerozeznani od fosilnich plastu,
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jako je PET, PS nebo PP. OvSem kdyz se PLA dostane do recyklatniho procesu s PET, tak ho
nenavratné znehodnoti uz pfi mnozstvi 0,1 % z celkového objemu *.

To v8ak neznamena, zZe bioplasty jsou Spatné a fosilni plasty dobré. Vzdy zalezi na tom, jaky
material, na co a v jakych souvislostech pouzijeme. Asi nejdllezitéjSi soucasny poznatek v oblasti BOP
je to, ze jestli s nimi mame zachazet udrzitelng, tak bychom je uz vzhledem k jejich finanéni naroCnosti
na vyrobu méli recyklovat. Tyto potfeby nam pfinasi vyzvy v otdzkach nastaveni odpadniho toku
bioplastl. Zamérem tohoto ¢lanku je pfiblizit vyjime€né viastnosti nejrozsifenéjSich bioplastl, upozornit
na nutnost jejich recyklace a navrhnout moznosti nastaveni jejich odpadniho toku, respektive separace.

Davody pro pouzivani bioplastu

Nasleduijici tfi divody nas obvykle vedou k ivaham o pouzivani bioplastu:
1. Uspora fosilnich zdrojd
2. Nizké emise sklenikovych plyna
3. Méné plastového odpadu

Jak jsou tyto tfi dhvody opravnéné? O usporu fosilnich zdroji by se mohlo Caste¢né jednat, ovSem
pfipomenme si, Zze vyroba veskerych plasti predstavuje pfiblizné 5 — 7 % z globalni spotfeby ropy
v soucasnosti. Kdybychom chtéli mluvit doopravdy o Usporach fosilnich zdroju, asi bychom se méli zaméfit
na jina odvétvi pramyslu, predevsim palivarsky a energeticky. Navic v dobé, kdy jesté na mnoha mistech
svéta jsou problémy s nedostatkem potravin, tak péstovani kukufice, séji, nebo cukrové titiny za ucelem
vyroby bioplastli ve velkém také nedava smysl. Nastésti vSak existuji vyrobni postupy, kdy Ize bioplast
vyrabét jak ze zemédslského, tak Zivo&isného odpadu a na tyto by se mély vyrobci bioplastti zaméfit °.

Pokud jde o druhou vyhodu bioplastt, tedy snizeni emisi sklenikovych plynd, tak tam je zajimavy
potencial. Nezapominejme vSak, Ze v pfipadé vyroby bioplastu z primarnich zemédélskych surovin maze
dochazet k uvolfovani sklenikovych plynt samotnou zemédélskou vyrobou souvisejici s péstovanim
surovin potfebnych pro vyrobu bioplastll. Dale samotny rozklad BOP muze v pfirodé, nebo i na
skladkach vést k emisim methanu, coz je také sklenikovy plyn® . O zajimavy pfistup se v posledni dobé&
snazi Berlinsky start up ,Made of air®, ktery o svém bioplastu tvrdi, Ze je zaruCené ,carbon negative®.
Princip jeho vyroby spociva v tom, Ze je smési velkého podilu bio-sazi s bioplastem na bazi cukrové
titiny. Svoje saze nazyvaji bio-sazemi, protoZe jsou ziskavany pyrolyzou zemédeélské biomasy, &imz
vysvétluji ukladani atmosférického CO, do jejich plastu ’. Ovéem jak velkou uhlikovou stopu ma jejich
pyrolyza zemédélské biomasy startup neudava.

Pokud jde o tfeti vyhodu bioplastl, tedy ,méné plastového odpadu®, tak tato vyhoda plati pouze
u téch BOP, které jsou stoprocentné vyrobeny z biomasy. Pouze u nich mizeme mluvit o toxické a
ekotoxické nezavadnosti. Vzhledem k tomu, Zze vyrobci z marketingovych ddvodu oznaduji za bioplasty
veSkeré BOP, tak to znamena, Ze vice nez 75 % téchto materiall, které jsou bio-fosilnimi kompozity,
vytvari plastovy odpad ve formé mikroplastu, nejsou-li zpracovany energeticky v ZEVO.

Pokud chceme, aby se vySe uvedené tfi dlivody pro pouziti bioplastl naplnily, tak bychom se pfi jejich
aplikacich méli vyhybat bio-fosilnimu kompozitnimu sloZeni a v odpadnich tocich plastu najit zplsoby pro jejich
efektivni separaci. Efektivni separace BOP od fosilnich plastll je nutna ze dvou duvodl: Za prvé, aby nebyl
znehodnocen fosilni plast uréeny k recyklaci; za druhé proto, aby byla mozna recyklace samotného BOP.

Momentalné neni pochyb o nutnosti recyklace bioplastu, které nejsou biologicky odbouratelné a svym
chemickym slozenim jsou stejné jako jejich petrochemické protéjSky, jako jsou BioPET, BioPE a BioPP.
Prozatim v38ak neni Uplné jasny scénar pro BOP, u nichz se pfedpoklada biodegradace za jediny mozny
zpUsob konce jejich Zivotniho cyklu. Vzhledem k nutnosti ochrany primarnich zdroju je tfeba nastavit spravné
nakladani s odpady i z téchto materiald. V jejich pfipadé by méla byt cilem budto mechanické nebo chemicka
recyklace. Z diivodl, Ze termomechanické vlastnosti vétsiny BOP nejsou pfili§ vhodné pro mechanickou
recyklaci, tak by se primysl spojeny s bioplasty mél soustfedit hlavné na recyklaci chemickou.

KliCovy problém, ktery prozatim brani recyklaci BOP a navic mnohdy znehodnocuje recyklani snahy
i u konvenénich plastd, je jejich nevyfeSeny odpadni tok. NiZze v textu pfichazime se dvéma navrhy, jak
tento kliCovy problém fesit.
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Druhy bioplastii a moznosti jejich vyuziti

Velikost produkce bioplasttd (ale i konvenénich plastl) kazdoro¢né stoupa. V roce 2019 bylo
vyprodukovano 368 milion( tun plast . Z toho témé&F 40 % bylo pouZito na obaly, pfiblizné 20 % bylo
vyuzito ve stavebnictvi. Pokud jde o jednotlivé druhy plastd, tak nejvice bylo vyrobeno PE (pfiblizné
30 %) a PP (priblizné 20 %). Vzhledem k rustu produkce bioplastl je tfeba pocitat s tim, Zze tu budou
BOP koexistovat s fosilnimi plasty dlouha desetileti. Je proto nutné najit nejlepSi zplsoby konce
zivotniho cyklu pro vSechny nejpouzivanéjsi plasty a bioplasty.

V roce 2019 byla produkce bioplastt 2,11 milionu tun. To je asi 0,6 % celkové produkce plastd 2.
Vys8i cena BOP nez u konvencénich plastl a jejich obecné horsi termomechanické vlastnosti jsou
divodem tak nizkého podilu na trhu va& konvenénim plastdm °. S pouzivanim bioplastd jsou
v soucCasnosti spojeny nemalé problémy, které se projevuji pfedevSim v odpadovém hospodarstvi.
Z toho dlvodu bychom meéli sou¢asny maly podil bioplastli na trhu paradoxné spiSe kvitovat.

Kdyz zpramérujeme historicka Cisla tykajici se recyklace plastd od dob, kdy je spole¢nost zacala
vyuzivat, tak je vidét, Ze je pred spolecnosti jesté velky kus prace pro nastaveni spravnych procesui pro
nakladani s plasty. Cisla nam ukazuiji, Ze pouze 9 % plast(, které kdy byly vyrobeny, bylo recyklovano.
A z tohoto mnozstvi recyklovanych plastd bylo recyklovano pouze 10 % vicekrat nez jednou *°. To, Ze
spole€nost svoje zachazeni s plasty posledni roky pfehodnocuje, se projevilo tim, Ze od roku 2006 do
roku 2018 se objem recyklovaného plastu zdvojnasobil. Nicméné stale v roce 2018 skoncilo 25 %
produkce plastu na skladkach °. Souéasné predpoklady naznaduji, Zze v piirodé nebo na skladkach se
ocitne do roku 2050 12 miliard tun plastového odpadu. Do roku 2015 takto skondilo pfiblizné 5 miliard
tun. Odhaduje se, ze od roku 2010 do roku 2025 skon¢i v mofich 100 milion( tun plastového odpadu,
ktery tu bude postupné degradovat na mikroplasty .

Vzhledem k tomu, jak média upozornuji na problémy spojené s pouzivanim konvenénich plastl, tak
se zda pravé vyuzivani bioplastlt jako slibna alternativa, protoze pfiblizné polovinu z nich tvofi BOP a
vétsina z nich je vyrobena z obnovitelnych zdroju 2. BohuZel, ne v8echny priklady vyuZiti bioplastti
davaji smysl. V sou€asné dobé i z divodu, ze chybi legislativa na efektivni zachazeni z bioplastovym
odpadem, tak si dovolujeme Fici, Ze velka ¢ast aplikaci, pro které pouzivame bioplasty, je pro planetu
Zemi vétsi zatézi, nez kdyby byla vyrobena z konvenénich plastl. Tento problém se tyka predevSim
nemalé ¢asti aplikaci v obalovém pramyslu.

Zivotni cyklus plastii, nehledé na jejich pdvod (BIO x Fosilni) nebo jejich degradabilitu, mize byt
udrzitelny pouze tehdy, kdyZ konec jejich Zivotniho cyklu bude zahrnovat smysluplnou recyklaci *.
NejpreferovanéjSi zpusob recyklace, tedy mechanickou recyklaci spole¢nost posledni roky uspésné
aplikuje na ¢im dal vétSim podilu odpadu z konvené&nich plastl. Bohuzel pravé s masivnéjSim prichodem
bioplastli si spole¢nost celou situaci zkomplikovala. Jako zasadni problém muizeme popsat to, Ze
doposud nejsou nastavena globalné pravidla pro efektivni nastaveni odpadnich tokd plastd s bioplasty,
na jejichz konci by mély byt roztfidéné témér se 100 % efektivitou.

ProtoZe do skupiny bioplast spada Siroka Skala materiall s mnohdy odliSnymi termomechanickymi
vlastnostmi, vénujeme nasledujici text pfehledu téch nejpouzivanéjSich bioplastu a jejich tfidéni.

Zakladni rozdéleni bioplastti do 3 skupin:

1. Biologicky odbouratelné | 2. Biologicky odbouratelné | 3. Biologicky neodbouratelné nebo
plasty vyrobené plasty vyrobené jenom ¢asteéné odbouratelné plasty
z biologickych zdroju. z petrochemickych zdroju. s monomery na biologické bazi.
Napfiklad PLA, PHA, TPS a Napfiklad PBAT a PCL. Mnohdy je u téchto plastl ¢ast

PBS. Specialni kategorii | tato skupina bioplasta tvofi monomeru na biologické bazi a ¢ast
biologicky odbouratelnych ¢ast biologicky vstfebatelnych | monomerud na petrochemické bazi, ty
plastl jsou biologicky plastli vhodnych pro pouziti oznacujeme za heteropolymery.
vstfebatelné s pouzitim ve ve zdravotnictvi Napfiklad BioPE, BioPET, BioPP nebo
zdravotnictvi. BioPA.
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Syntéza biologicky odbouratelnych polymert mize byt provedena témito zplsoby:
1. Mechanicko-chemickou modifikaci pfirodniho polymeru, jako napfiklad celulézy nebo Skrobu.

2. Chemickou syntézou z monomeru vyrobeného biotechnologickou pfeménou obnovitelného
zdroje (napfiklad PLA z kyseliny mlécné vyrobené fermentaci cukru) nebo chemickym
zpracovanim z fosilnich zdroju (napfiklad PVA).

3. Bakterialni syntézou polymert z mikroorganismu (napfiklad PHB).

NejrozSirenéjsi bioplasty a jejich vlastnosti:

PLA - NejrozSifenéjSi bioplast soucasnosti je PLA. Lze ho vyrabét z cukrové trtiny, kukufice,
brambor a tapioky '*. Termomechanické vlastnosti jsou podobné PET, ale je kfehéi a neodolava
dlouhodobé vihku. Pouziva se hlavné v obalovych aplikacich na jednorazové kelimky, misky a lahve.
Také se pouziva na hygienické produkty, jednorazové pfibory a mul€ovaci folie v zemédélstvi. Existuje
také p&nové PLA, které se pouziva jako izolace, alternativni k pénovému polystyrénu *°.

PHAs - Biologicky odbouratelné alifatické polyestery. Lze je vyrabét z glukézy, sacharézy a
rostlinnych olejti pochazejicich ze &iroké $kaly surovin **. Nicméné z divodu pouZiti jiného udrzitelného
uhliku bylo uvazovano i o surovinach jako dfevéna Stépka, vyfezy lepenky a odpadni plastové lahve a
sacky '’. Pfi vyrob& PHA se pouzivaji bakterie. Ve velkém méFitku vyroby to zahrnuje prozatim drahé
fermentacni, izolaéni a Cdistici procesy. Proto se vétsdi vyuziti PHAs olekava, az se tyto procesy
zefektivni. Podobné jako PLA, tak i PHAs maji uplatnéni u jednorazovych obald, ale i v biomediciné.
Experimentuje se s jejich vyuZitim pro vyrobu bioabsorbovatelnych stehl, obvaz( na rany, tkanovych
podpor adestitek pro fixaci zlomenin®. Na rozdil od PLA je PHBV (PHAs) podstatné rychleji
biodegradovatelné.

celuléze. Komeréné dostupny Skrob se ziskava predevsim z p3enice, ryZe, kukufice, brambor a
jeCmenu. Plasty na bazi skrobu pfitahuji stale vétsi zajem, protoze se biologicky zcela odbouravaji, a to
relativné rychle. Termoplasticky Skrob (TPS) se opét hojné vyuzivd na obalové aplikace, napf.
vakuované tacky. Vyuziti ma i v zemédélstvi pro mulCovaci folie a kvétinaCe. Také se pouziva pro
hygienické a kosmetické vyrobky *°.

e

Plasty na bazi celulézy — Celuléza je nejhojnéjsi organicka sloucenina na zemi. Je produkovana
rostlinami jako strukturalni polymer. Celuléza je odolngjsi vuci hydrolyze diky silngjSim vodikovym
vazbam. Stejné jako Skrob, tak ani celul6za neni termoplasticky polymer, a proto musi byt vyrobné
upravovana. Biologicka odbouratelnost derivat z celulézy se méfi na stupnici (DS) v rozmezi 1-3. Cim
je &islo nizsi, tim se tyto derivaty rychleji rozkladaji *°.

Biologicky odbouratelné plasty z petrochemickych zdroji — Obecné syntetické polymery
nejsou biologicky odbouratelné. Jejich rozloZitelnost vSak lze docilit pfidanim nestabilni (amidové,
etherové nebo esterové) vazby. Potom mohou za jistych podminek podiéhat hydrolyze. Tyto plasty tvofi
relativné malou skupinu biologicky odbouratelnych plastl na fosilni bazi. Pouzivaji se hlavné ve smési
s BOP na biologické bazi pro zlep3eni jejich termomechanickych vlastnosti. NejvyznamnéjSimi polymery
z této skupiny jsou PBS, PCL, PVA a PBAT. PBS relativné pomalu degraduje a vyuziva se pro vyrobu
félii na baleni potravin, nakupni tasky, zemédélské mulCovaci folie, kvétinaCe a hygienické vyrobky.
PCL je semi-krystalicky polymer s vysokou houZevnatosti. Pomalu degraduje a diky tomu nasel
uplatnéni v biomediciné na aplikacich, které potfebuji pomalou bio-vstfebatelnost, jako jsou nékteré
druhy stehd a podpor v tkanovém inZenyrstvi *°. PVA je biologicky odbouratelny a bio-kompaktni
polymer. Je rozpustny ve vodé, ale zaroven je odolny vétSiné organickych rozpoustédel. Pouziva se na
vyrobu vicevrstvych oball diky své schopnosti vytvaret film, ktery funguje jako skvéla kyslikova bariéra.
Vyuziva se také na upravu vody, barviv, detergentl a dezinfekénich prostfedkl. Ma vyuziti i
v zemé&d8lstvi. PVA vlakna nachazeji uplatnéni v biomedicinské oblasti **. PBAT je biologicky
odbouratelny plast, ktery ma vynikajici houZevnatost a skvélou odolnost proti lomu. Zvlada vysoké
napéti pfi pretrzeni, ale ma nizkou pevnost v tahu. Vyrabéji se z ného kompostovatelné pytle na
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organicky odpad, mul&ovaci félie do zeméd8lstvi, ale i obalové félie a jednorazové nadobi #. Podobné
jako PCL, tak i PBAT se vyuziva pro zlep$eni mechanickych vlastnosti jinych bioplastl, jako jsou PLA a
PHAs, ale i pro zlep$eni vlastnosti konvenénich plast jako je polykarbonat ©.

Biologicky nedegradovatelné plasty na biologické bazi — Komeréné nejatraktivnéjsi
nedegradovatelné bioplasty jsou bio-protéjsky nejpouzivanéjSich fosilnich plastl, jako jsou PE, PP a
PET. Mnohdy se k jejich vyrobé pouZzivaji jak biologické suroviny, tak i petrochemické suroviny. V tom
pfipadé je pak nazyvame heteropolymery. Jejich vyhodou je, Ze maji menSi ekologickou stopu ve fazi
vyroby. BioPE je chemicky identicky se svym petrochemickym protéjskem PE. Diky tomu s nim lze i
spolecné recyklovat. Ve velkém se zacal BioPE vyrabét poprvé v roce 2010 brazilskou firmou ,Braskem®
a k jeho vyrobé se pouziva predevsim cukrova tftina. V dnesni dobé je 1 kg BioPE cca o 30% drazsi nez
jeho petrochemicky protéjSek. Udava se, ze ekologicka stopa BioPE je podstatné nizSi nez PE.
BioPP lIze ziskavat z biologickych zdrojii fermentaci glukosy a naslednymi postupy. O masivnéjsi vyrobu
BioPP se poprvé pokusila také Brazilska firma ,Braskem®. Vyrobni postupy BioPP jsou zatim méné
prozkoumané a postup, ktery pouziva firma ,Braskem® je stale jesté tajny. Nicméné podle Bioplastics
Europe se oCekava zvySeni jeho vyroby na 6-ti nasobek. BioPET a BioPTT patfi mezi heteropolymery.
To znamena, Ze pro jejich vyrobu jsou pouZity jak biologické, tak fosilni suroviny. BioPET obsahuje
piblizné 20 % uhliku biologického plivodu a BioPTT obsahuje pfiblizné 27 % biologického uhliku %3, Od
roku 2009 spole¢nost Coca-Cola aplikuje BioPET na c€ast portfolia svych produktll. Pfesto, ze PET je
obecné zafazen mezi nerozlozitelné plasty, tak existuji enzymy a bakterie, které ho rozlozit umi, ovSem
velice pomalu ?*. BioPA je vyrabén z kyselin pochazejicich z ricinového oleje. Lze ho vyrabét piné nebo
CasteCné z biologickych zdroji. Ma vynikajici mechanické vlastnosti jako houzevnatost, tvrdost a
odolnost proti odéru. V roce 2019 tvofil 12 % objemu celosvétové vyroby bioplastu.

PAF a PEF, polyestery na bazi 2,5 furandikarboxilatu — Na rozdil od ostatnich
nedegradovatelnych bioplastl, tyto nemaji svij petrochemicky protéjSek. Pfesto jsou mezi bioplasty
povazovany za ,spiciho obra“. PAF nabizi slibnou bio-odvozenou alternativu k fosilnimu PAT, zatimco
PEF nabizi pIné bio-odvozenou alternativu k PET %. Oba tyto bioplasty maji uplatnéni jak v obalovém,

Moznosti recyklace bioplastt

Skute¢né udrzitelny cyklus bioplastového odpadu muzeme zajistit pouze tak, Ze odstrafiovani jeho
odpadu bude zahrnovat recyklaci. Asi vSichni se shoduji na recyklaci biologicky neodbouratelnych
bioplastu, protoze jejich recyklace je mozna spolecné s jejich petrochemickymi protéjSky. AvSak existuje
mylné pfesvédCeni, Ze jediny konec Zivotniho cyklu BOP ma byt jejich kompostovani. Pfitom vétSina
BOP se velmi $patn& rozklada, dokonce i v kompostarnach, kde k tomu jsou idealni podminky 2.
Kompostovani nékdy nazyvame také ,organicka recyklace“. Ve skute¢nosti kompostovani BOP neni
vzdy idealni zpUsob recyklace.

Optimalnim zpusobem je recyklovat BOP tak, aby z nich mohly vzniknout opét bioplastové produkty.
To Ize zajistit mechanickou (primarni, nebo sekundarni) recyklaci a chemickou (terciarni) recyklaci. Jako
pfiklad primarni mechanické recyklace mizeme uvést vyrobu PLA napojovych kelimk( technologii
vakuovani, kdy je odpadni material vznikly ostfihem kelimkl vyuzit znovu k vyrobé polotovaru (félie). Z
tohoto polotovaru se ty samé kelimky opét vyrabéji. Nutno si uvédomit, Ze v takovém pfipadé muze byt
pomér recyklatu vic¢i panenskému PLA relativné maly. Sekundarni mechanicka recyklace probiha tak,
Ze recyklat se vyuziva na méné naro¢né aplikace, nez puvodni material slouzil.

Ackoli mechanicka recyklace je nejlevnéjsi zpusob recyklace, tak v pfipadé BOP je velmi Spatné
aplikovatelna. Protoze napfiklad PLA mlze byt mechanicky recyklovano pfi pfidani 70% panenského
PLA pouze $esti cykly *. Ostatni BOP na tom nejsou lépe. V poméru s fosilnim PE, ktery miize byt
recyklovan az padesati cykly je zfejmé, Ze mechanicka recyklace v pfipadé BOP neni Uplné idealni.
Proto v pfipadé BOP se jevi perspektivné pravé chemicka recyklace. Z chemicky recyklovaného
bioplastu se zpétné ziskavaji cenné monomery vyuZzitelné k opétovné vyrob& panenského bioplastu
nebo pro vyrobu jinych chemikalii. Jak pro sekundarni mechanickou, tak pro terciarni chemickou
recyklaci je nutné umét efektivné roztfidit jednotlivé druhy plastl, coz je prozatim kamen urazu pro
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konkurenceschopnost na trhu se sekundarnimi bioplasty. Navic celou situaci komplikuje CasteCné
vyuzivani vicevrstvych (kompozitnich) material(. Separaci jednotlivych druh( bioplasti Ize provadét
ruéné, nebo strojové. Pro strojovou separaci se vyuzivaji jak rozdily v hustoté jednotlivych material(, tak
optické systémy kratkého infraterveného zafeni (NIR) nebo rozpoustédla. Zminéné zplsoby vSak
nejsou dostateéné efektivni. Prozatim jediny efektivni zplsob separace pocita se zapojenim vyrobcu
plastovych oball, ktefi by pfi jejich vyrobé pouzivali technologii ,Digimarc barcode®, ¢imz by byl obal po
celém povrchu defacto neviditelnym zplisobem oznagen a umoznil by pfesnou strojovou separaci *’.

Chemicka (terciarni) recyklace — Chemickou recyklaci BOP Setfime predevsim primarni zdroje,
nez ze bychom se snazili pfedchazet vzniku odpadu. NejbéznéjSim zplsobem chemické recyklace jsou
rizné druhy solvolyzy. Solvolyza je technika depolymerizace plasti pomoci rozpoustédel ve spojeni
s teplem. Mezi zplsoby solvolyzy patfi hydrolyza, alkoholyza, glykolyza, metanolyza, acidolyza,
aminolyza a amonolyza. Zdanlivé tyto druhy recyklace nedavaji pro BOP smysl z hlediska moznosti
ukonceni zivotniho cyklu, ale davaji velky vyznam z hlediska ekonomického a ekologického. Napfiklad
ziskani kyseliny mlé¢né z PLA odpadu vyzaduje vyrazné& méné energie nez pfi jeji vyrobé fermentaci
biomasy. Udava se, Ze na vyrobu 1 kg kyseliny mlé€né z biomasy je potieba 55 MJ, zatimco hydrolyzou
z PLA odpadu to je pouze 14 MJ. Jako dalSi zajimavy zplsob chemické recyklace se jevi pyrolyza, ktera
umoziuje zpracovat nekvalitni, heterogenni, degradovany nebo kontaminovany plastovy odpad. Ta se
jevi vyhodné kjiz zminénym problémim se separaci jednotlivych druhlG bioplasti. Pyrolyza je
degradace plastového odpadu, diky jeho zahfati na 300 — 700 °C v bezkyslikaté atmosfére. Vysledkem
pyrolyzy jsou slozky ve tfech skupenstvich: plynném, tekutém a pevném. Mezi plynné patfi hoflavé latky,
které Ize béhem pyrolyzy opétovné pouzit jako zdroj tepla pro samotnou pyrolyzu. Mezi tekuté patfi oleje
a kondenzované pary. Tato dvé skupenstvi tvofi 97 — 99 % depolymerizovaného plastu. Zbylé 1 — 3 %
tvofi pevné skupenstvi ,saze®. Pro optimalni vysledek pyrolyzy je nutné pouzivat katalyzatory.
Zplynovani BOP by mohlo byt v budoucnu zajimavé napfiklad pro ziskavani vodiku. Je vSak otazka,
nakolik by to bylo zajimavé z pohledu budouciho objemu vodikové energetiky. Vice realnych zkusenosti
se zplynovanim BOP v sou¢asné dobé nemame.

Enzymaticka a mikrobialni recyklace — Toto je novy druh recyklace bioplastl, ktery je v ranych
fazich vyvoje a prozatim tvofi novy zpUsob. Neni zafazen do chemické recyklace. Pro tento zplsob
recyklace se vyuziva plasobeni enzym( a mikroorganismui k rozkladu BOP na monomery a jiné cenné
chemikalie. Timto zplsobem se zasadné liSi od kompostovani, které je pouhym ukon&enim zZivotniho
cyklu BOP. Nevyhodou enzymatické a mikrobialni recyklace je jeji Casova naro¢nost, ktera nejde urychlit
zvy$enim teploty z diivodd mozné degradace enzym( °.

Posledni moznosti degradace a odstranéni bioplastového odpadu

Na rozdil od pfedchozich zplsobl recyklace je cilem téchto poslednich moznosti pouhé odstranéni
odpadu. U konvencénich plastd patfi mezi tyto moznosti budto energetické vyuziti nebo skladkovani.
AvSak BOP maji moznost tzv. ,organické recyklace®. Tu lze provadét domacim nebo primyslovym
kompostovanim, anaerobni digesci nebo biodegradaci v zemédélské pudé. Rozdil mezi kompostovanim
a anaerobni digesci je zasadni v tom, Ze kompostovani probiha za pfitomnosti kysliku a vyslednymi
produkty jsou CO,, H,0, teplo, mineraly, biomasa a humus. Naproti tomu anaerobni digesce probiha bez
pfitomnosti kysliku a vyslednymi produkty je bioplyn, biomasa a digestat. Posledni dva produkty Ize
vyuzit ke hnojeni. To, co maji kompostovani a anaerobni digesce spolecného, je, Ze mohou probihat
budto za nizkych teplot cca 35 °C nebo v idealnim pfipadé za vySSich teplot 50 — 60 °C, €imz se cely
proces urychluje.

Jenze ne v8echny BOP jsou kompostovatelné. Pro BOP dava smysl i energetické vyuZiti neboli
kvartérni recyklace. PfestoZe energetické vyuZiti je v hierarchii nakladani s odpady nize nez klasicka
recyklace, tak je urCité vyhodnéjSi nez skladkovani bioplastového odpadu. Vyhfevnost bioplasti je
obdobna jako u fosilnich plastd ?®. Navic v sou¢asné dobé, kdy jesté nejsou vytvoreny efektivni zptsoby
separace bioplastu, tak vétSina tohoto odpadu (pfedevSim oball) ani lepSi, nez energetické vyuziti
nema.
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Navrhy pro efektivni nastaveni odpadniho toku plasti a bioplast

Na uvod této kapitoly si pojdme pfipomenout, co brani masivnéjsi recyklaci jak konvencénich plasta,
tak bioplastli. Davodem je, Ze pro efektivni recyklaci potfebujeme v prvni fadé ekonomicky efektivni
separaci jednotlivych druhd plasti blizici se 100% spolehlivosti. Pojdme se v této kapitole spole¢né
zamyslet, jestli technologie pro ekonomicky efektivni separaci jednotlivych druhG plastd ma jiz
spole¢nost k dispozici.

které se zminuje jako jedna z moznosti. Pokud jde o strojovou separaci, tak v souCasné dobé se
vyuzivaji principy zalozené na rozdilu hustoty jednotlivych materiali nebo optické systémy kratkého
infraderveného vidéni (NIR), rozpoustédla, nebo fluorescenéni barviva 2. Systém NIR vykazuje pFi
separaci PLA od PET az 97,5 % ucinnost. Coz je nedostateCné vzhledem k tomu, Ze recyklovany PET
muze byt znehodnocen PLA uz v koncentraci 0,1 % *. Navic systém NIR je i finanéné& znaéné& nakladny.

V souCasné dobé se vklada hodné nadéji také do systému zalozenych na konvoluéni neuronové siti
(CNN), jejichz zamérem je naucit pocitaé vidét a rozliSovat pfedméty obdobné jako to umi Clovék.
Z téchto systémuU je nejzmifovanéjsi algoritmus strojového vidéni nazyvany ,recycleye®. Nicméné ani
tento systém nevykazuje zdaleka 100 % spolehlivost #'.

2.0%, ktery je zalozeny na tom, ze uz samotni vyrobci oznacuji své plastové obaly technologii ,Digimarc
Barcode®, ktera je lidskému oku neviditelna. Tato technologie dovoluje doopravdy efektivni strojovou
separaci jednotlivych plastl, a to za pfedpokladu, Ze by byla pouzita globalné. Navic jako nadstavba pro
tuto technologii existuje mobilni aplikace ,Digimarc Mobile SDK", ktera umozriuje i koncovému zakaznikovi
naskenovat obal a ziskat veskeré relevantni informace tykajici se plastu, z kterého je obal vyroben %.
Kdyby byl tento systém pouZzivany v ramci projektu Holy Grail 2.0 vyuZit globalné, tak by bylo mozné sbér
BOP realizovat ve stejnych kontejnerech s konvenénimi plasty. Tim bychom se vyhnuli napisiim na
obalech z BOP, které oznamuiji ,Nevhazovat do plastu“. Napis je pro vétSinu koncovych zakaznik velmi
matouci, proto toto upozornéni mnohdy nerespektuji. To celé by mohlo byt podpofeno jesté barevnym
rozliSenim BOP a konvencnich plastu, jenom jako bezpec€nostni pojistka.

Co se ty€e barevného rozliSeni jako pojistky, mam tim na mysli, ze z konvencnich plastu jsou vhodné
k recyklaci (mimo downcyklace) pouze plasty bezbarvé Ciré nebo bilé. Zatimco vétsina BOP je vhodna
pouze k chemické recyklaci, tudiz pfi pouziti spravného pigmentu by jim zabarveni nemuselo vadit. To,
Ze v tomto sméru chybi ve vétsiné zemi legislativni pravidla, by se mé&lo zménit. Potom by nevznikaly tak
paradoxni situace, jako u jednoho slovenského vyrobce minerélnich vod (pGsobiciho i v Cechach), ktery
ma zaloZeny marketing na tom, Ze jeho lahve jsou vyrobeny ze 100% rPET, pfiemz tyto lahve jsou
barevné, a tudiz k nasledné opravdové recyklaci bezcenné.

Zaver

Primér historickych Cisel tykajicich se recyklace plastu je velmi nepfiznivy. V poslednich letech se to
nase spole¢nost snazi zménit. AvSak masivnéjSim nastupem bioplastll se cela situace jesté vice
komplikuje. Z toho dlvodu je nutné nastavit efektivni zplsoby separace jednotlivych druhd plasti tak,
abychom si nezkomplikovali svoji narUstajici snahu po recyklaci plastd. Navic je tento krok k nastaveni
efektivni separace plastu nutny i pro samotnou recyklaci bioplastld. O nutnosti recyklace bioplastl
bychom neméli mit pochyb uz vzhledem Kk jejich vy8Si cenové narocnosti na vyrobu nez u konvencnich
plastl. Tento ¢lanek ve svém zavéru pfichazi s moznymi zpusoby nastaveni odpadniho toku plastu a
bioplastu a jejich efektivni separace. Presto, Ze navrhované zpusoby nejsou v sou¢asnosti technologicky
nijak naro¢né, tak mohou fungovat pouze budou-li podpofeny mezinarodni legislativou, tedy globalné.
Protoze, jak bychom jinak mohli chtit v dneSnim globalizovaném svété, aby se nam bioplastovy odpad,
vyrobeny napfiklad v Asii €i Jizni Americe, podafrilo efektivné vytfidil v evropském odpadnim toku téchto
materialt? Pravdépodobné to jinak nepljde nez nastavit globalné platna pravidla.

Podékovani

Prispévek vznikl diky institucionéini podpore FA CVUT v Praze a VSCHT Praha
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Challenges for setting the waste flow of bioplastics
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Summary:

The article focuses on the importance of bioplastics in various sectors of the economy and on the
possibilities and limits of their management at the end of their life cycle. Bioplastics are used in
biomedicine, agriculture and other industries, but currently they are most often discussed in relation to
the packaging industry, where about 53% of current bioplastic production is used. The article presents
the advantageous properties of the most commonly used bioplastics, but also the limits of their
sustainable use and current possibilities for their recycling. The article concludes with proposals to set up
the waste stream of plastics and bioplastics so that effective separation is possible, which is a key
condition for their recycling.

Keywords: biodegradable plastics, recycling, separation, waste streams
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Souhrn

Ve vefejiném zajmu jsou provadény i rtzné terénni Cinnosti, coz se tyka rady pfirodovédeckych
disciplin. 'V environmentalnich oborech je pozorovani pfimo na misté, pfipadné odbéry vzorkd,
zakladnim nastrojem sbéru informaci, které se obvykle zpracovavaji do zaznami evidenénich databazi.
V pripadé projektu inventarizace kontaminovanych mist neni v Ceské republice prévo navstév lokalit a
sbér informaci na misté nijak specifikované zakonnymi prfedpisy. Naopak, terénni pracovnik musi
respektovat zakonné poZadavky, tykajici se ochrany majetku, soukromi i zpracovani osobnich udaju.

V projektu Narodnim inventarizace kontaminovanych mist (NIKM) bylo terénni ovéfovani poméru na
znamych nebo podezielych lokalitach jednou ze zakladnich metod aktualizace a doplnéni evidencni
databaze kontaminovanych mist. Do terénniho ovéfovani bylo zahrnuto cca 30 tis. lokalit. Projekt NIKM
byl dokonéen ke konci roku 2021. Nasledné jsme v prezentované pfipadové studii vyhodnotili rozsah a
druhy problému, které byly spojeny s navstévami lokalit a analyzovali divody pro jejich neprozkoumani
LN Situ®. Vzhledem k tomu, Ze zapis nenavstiveni a/nebo neprovedeni rekognoskace lokality na misté
neni mozno v Systému evidence kontaminovanych mist (SEKM) povinné vyplfiovat do samostatné
rubriky a neni ani pfedepsan nebo vyZadovan presny vyrok, ktery by mohl byt pouZzit jako vyhledavaci /
filtrovaci parametr, bylo pro analyzy databaze pouZzito fulltextové vyhledavani v tabulkovych exportech
ve formatu EXCEL, a to podle riiznych relevantnich vyrokd, slov a ¢asti slov. V projektu NIKM tvoril podil
317 pfipadd nenavstiveni lokality pouhych 1,1 % z celkového poctu schvalenych (hodnocenych a
vyloucenych) lokalit a podil 171 nenavstivenych hodnocenych lokalit z po¢tu hodnocenych lokalit je
1,7 %. Pocet 171 hodnocenych lokalit zaroveri predstavuje pouze 0,6 % ze v8ech schvalenych lokalit. To
Jsou hodnoty, které je mozno povaZovat za prijatelné z pohledu kvality zaznami celé databaze SEKM.

Klicova slova: inventarizace kontaminovanych mist, evidence kontaminovanych mist, databaze
kontaminovanych mist, prizkum in situ, nepovoleni vstupu na pozemek, nepovoleni fotodokumentace,
zaznam davodu nepovoleni vstupu
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1. Uvod

Rada subjekttl (a jejich zaméstnancd) ma za podminek stanovenych zakony pravo pristupu, resp.
vstupu na pozemky a do objektll a pravo dokumentace stavu relevantniho stanovenému ucelu. Obecny
ramec prav ob&ana a povinnosti statu je dan Ustavou Ceské republiky® (¢&l. 2, &l 7) a Listinou zakladnich
prav a svobod? (myj. ¢&l. 3, &l. 10, &l. 11, &l 12; ¢&l. 35). Pristup do krajiny je pravem stanovenym zakonem
o ochrané pfirody a krajiny® a pfistup do lest upravuje zakon o lesich®.

Okruh subjektd s pravem vstupu na pozemky a do objektu je Siroky a obecné je toto pravo verejnosti,
institucemi a spole¢nostmi respektovano a chapano. Pfikladem muazou byt prava policie, organ
inspekce (Statni inspekce Zivotniho prostFediS, obchodni, potravinarska, rostlinolékaiska, veterinarni,
hygienicka apod. inspekce), organd ochrany pfirody, dozorovych a kontrolni organti®, povolovacich
organu statni spravy, slozek integrovaného zachranného systém, urgentni I[ékarfské pomoci atd.

Jinak je tomu v pfipadech, kdy ve vefejném zajmu jsou provadény terénni Cinnosti nespecifikované
zakonnymi predpisy. Terénni prlizkumy a pozorovani na lokalitdch jsou zakladni naplni Fady oborq,
predevS§im pfirodovédeckych disciplin. V environmentalnich oborech je pozorovani pfimo na mistg,
pfipadné odbéry vzorku, zakladnim nastrojem sbéru informaci, které se obvykle zpracovavaji do
zaznamu evidenc¢nich databazi. Tak je tomu i v pfipadé evidence kontaminovanych mist — naplfiovani
databaze SEKM (Systém evidence kontaminovanych mist)”®, viastnéné a provozované Ministerstvem
zivotniho prostfedi. V evidencénich, resp. inventarizaénich projektech k problematice navstév lokalit a
sbéru informaci pro zaznamové databaze pfistupuje i povinnost respektovat zakonné pozadavky, tykajici
se ochrany soukromi a zpracovani osobnich tdajd (pfedevsim problematika tzv. GDPR)**.

V projektu Narodni inventarizace kontaminovanych mist (NIKM)**2 bylo terénni ov&fovani pomér( na
znamych nebo vytipovanych podezfelych lokalitach zakladni metodou aktualizace a doplnéni databaze
SEKM, resp. jeji aktualni verze SEKM3. Do terénniho ovéfovani bylo zahrnuto cca 30 tis. lokalit. Po
dokonceni projektu ke konci roku 2021 mizeme nyni vyhodnotit i mnozstvi problémd, které byly spojeny
s navstévami lokalit a davodu pro jejich neprozkoumani ,in situ” (coz automaticky neznamenalo, ze tyto
lokality byly z dalSiho hodnoceni vylou€eny). V NIKM a jeho metodice byly problémy v pfistupech na
lokality a podezfela mista pfedvidany a duvody nepfistupnosti lokalit pro pfimé pozorovani nebo
fotodokumentaci bylo mapérim uloZzeno zapisovat do zaznamu inventarizované lokality v SEKM3.
Mozné dlvody nenavstiveni kontaminovanych mist (KM) a potencialné kontaminovanych (PKM) in situ a
jejich zapis do zaznamd SEKM3 byly metodicky podchyceny v projektovych dokumentech Metodika

plodné inventarizace®, Manual plo$né inventarizace'* a v Pfiruéce mapéra™.

Problematika vstupl na pozemky a do objektl v problematice environmentalnich zatézi je v nékterych
statech, na rozdil od Ceské republiky, upravena specialnimi zakony nebo dal$imi predpisy. Ve
Slovenské republice, tj. v pravnim prostfedi statu s pfedpisy navazujicimi na pfedchozi pravni prostredi
nadeho spoleCného statu, je tato oblast upravena zakonem o nékterych opatfenich na Useku
environmentalnich zatézi'*. V tomto zakoné& je mj. upraveno pravo osoby vykonavaijici statni dozor pfi
vykonu cinnosti podle pfedmétného zakona vstupovat v nezbytné mife do nemovitosti, ve kterych se
nachazi environmentalni zatéz, nahlizet do provozni dokumentace a dokladu, provadét zjistovani, ve.
odbéru vzorkl, pofizovat fotodokumentaci a videodokumentaci tykajici se environmentalni zatéze a
pozadovat potfebné udaje a vysvétleni. Vstupy organu statni spravy na useku environmentalnich zatézi
na cizi pozemky jsou povazovany za opravnéné za podminky nezbytného rozsahu a nezbytného
potfebného &asu, a to na zakladé pfedchazejiciho oznameni vlastnikovi pozemku. Vlastnik, uZivatel
nebo spravce nemovitosti a jiné fyzické osoby jsou povinni strpét ¢innosti vykonavané ve vefejném
zajmu, pfiéemz maji pravo pozadat o pfiméfenou jednorazovou nahradu za omezeni uzivani
nemovitosti.
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2. Pripadova studie — analyza dlivodul nenavstiveni nékterych lokalit pro
rekognoskaci in situ v ramci projektu NIKM

Zaznamy hodnocenych i vylou€enych lokalit — indicii kontaminovanych mist ziskanych s podporou
metod dalkového prizkumu Zemé (DPZ), KM a PKM — byly prabézné ve dvouletém obdobi realizace
inventarizace zaznamenavany do databaze SEKM3. Pro zapis informaci o problémech se vstupy nebo
s fotodokumentaci lokalit neni v databazi SEKM3 vytvofena specialni povinné vyplfiovana rubrika nebo
Ciselnik a navazné na to neni vytvofen konkrétni parametr pro vyhledavani v SEKM3. Metodikou
projektu pozadované zapisy davodu nenavstiveni lokality ¢i odmitnuti vstupu a fotodokumentace (viz
nize kapitola 2.1) jsou zachyceny formou poznamek a komentara k popisu lokality nebo v rubrice Dalsi
dulezité informace k zajmovému uzemi. PocCty a divody odmitnuti rekognoskaci in situ byly v prubéhu
projektu sledovany jen orientacné, pficemz se ukazovalo, Zze jde o pomé&rné nemnohé pfipady. Po
ukonceni inventarizace, v ramci aktivit udrzitelnosti projektu, jsme pfistoupili k prezentované podrobné;jsi
analyze.

2.1. Metodické pokyny pro zapis a zdivodnéni nenavstiveni nebo neprovedeni
fotodokumentace kontaminovaného mista nebo podezielé lokality

Duvody nenavstiveni KM/PKM in situ a jejich zapis do zaznam( SEKMS3 jsou popsany a jako metodické
instrukce obsaZeny v projektovych dokumentech Metodika plo$né inventarizace (dale ,Metodika“)™,
Manual plo$né inventarizace (dale ,Manual‘)*® a v Pfiruéce mapéra &. 6 (dale ,Prirucka®) *°.

V ,Metodice“ je v popisu zakladni Cinnosti pfi vlastni terénni rekognoskaci navstivené lokality
stanovena povinnost pofizeni fotodokumentace (pokud nebude umoznéna, duvod musi byt
zaznamenan). V popisu &innosti externi kontroly se uvadi, Ze fotodokumentace predstavuje doklad
o tom, ze dodavatel lokalitu navstivil (pfedpoklada se povinna fotodokumentace mimo od{ivodnéné
pfipady - napf. arealy podnikd) a ze, pokud nebude provedena fotodokumentace, je nutny zapis do
poznamek s uvedenim ddvodu.

V ,Manualu“ se k povinnosti pofizeni fotodokumentace uvadéji dal§i podrobnosti, v€. vzorll poznamek
s objasnénim ddvod( odmitnuti vstupl nebo fotografovani - napf. ,Fotodokumentace nebyla povolena
majitelem pozemku®, ,Majitel (uzivatel) neposkytl informace, odepfen vstup na pozemek®, ,Maijitel
(uzivatel) pozadal, aby informace nebyly zvefejnény*.

V* Piiruéce*®® byly pro potfeby mapérii shrnuty a upfesnény instrukce pro pofizovani

fotodokumentace na inventarizovanych lokalitach v&. pouziti rdznych druhG zabérd pro rizné druhy
lokalit — indicii kontaminovanych mist a kontaminovanych mist — s uvedenim pfikladt fotodokumentace.

Pro pochopeni role rekognoskace (a fotodokumentace) lokalit in situ v ramci inventarizace
kontaminovanych mist je nutno vzit na védomi, Ze podle metodiky inventarizace neni nepfistupnost
lokality sama o sobé dostate¢nym divodem pro vylouceni lokality z posuzovani, resp. z hodnoceni.

V dal$im textu jsou zmitiovany kategorie priorit®, které v SEKM3 jsou také jednim z vyhledavacich
parametrd. Jsou rozliSovany tfi zakladni kategorie lokalit — lokality kontaminované (A), potencialné
kontaminované (P) anebo nekontaminované (N). Kazda z téchto tfi zakladnich kategorii je jesté
podrobnéji ¢lenéna. Lokality kategorie A1, nebo A2 Ci A3 jsou ty, u nichz kontaminace predstavuje
existujici a potvrzeny problém. U lokalit P1 az P4 je kontaminace problém potencialnim, tzn., Ze u nich
neni dostatek informaci pro definitivni zavéry. Lokality kategorie NO, N1, N2 nevyzaduji zadny zasah.

2.2. Podkladové analyzy obsahu SEKM3
2.2.1. Analyza vylouc¢enych lokalit

Analyza 1

Uvodni analyzu jsme provedli u souboru vylougenych lokalit obsaZenych v databazi SEKM3. Podklad
jsme ziskali exportem seznamu po vyhledani podle parametr(, v tomto pfipadé podle typu lokality —
,vylouena lokalita“. Soubor obsahoval 19 134 lokalit, z toho bylo 1 543 duplicitnich lokalit (stejné lokality
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vyskytujici se pod dvéma identifikaCnimi Cisly), ziskanymi fultextovym vyhledanim vyrazu ,duplicit®.
Nasledné byl analyzovan soubor 17 591 vylou€enych lokalit (po odstranéni duplicit).

Pro textové vyhledavani jsme pfipravili tezaurus hledanych vyroku, slov a vyraz(, které byly
vytipovany z typovych vyroki doporuCenych metodikou a ze zaznamd nékterych lokalit
nashromazdénych autorem v priibéhu validace vylu€ovani indicii v ramci projektu inventarizace. Takto
bylo identifikovano 257 bunék tabulky aplikace EXCEL, které byly postupné procteny a posouzeny
z pohledu relevance k tematice nepfistupnosti lokality nebo neprovedeni fotodokumentace na misté.
V tabulkach 1 a 2 jsou shrnuty vysledky vyhledavani.

Po vylouceni vécné nerelevantnich lokalit poklesl pocet lokalit na 146. Z Gvodniho podtu 17 591 lokalit
predstavuji identifikované nenavstivené i in situ nefotografované lokality 0,83 %.

Tabulka 1: Vyroky full textového vyhledavani v SEKM3, vylouc¢ené lokality, analyza 1

Vyrok / vyraz Pocet bun¢k Z toho relevantni ptipady
zékaz 83 7
nepiistupny 51 41
nebylo umoznéno 16 16
fotodokument 52 44
pofizeni fotodokumentace 12 12
fotit / vyfotit 9 6
foceni 2 2
nepiistupna lokalita 2 2
vstup zakazan 4 4
zékaz fotografovani 1 1
nebylo mozno 4 4
piistup neumoznén 2 2
nesouhlas 6 3
Policie / PCR 13 2
Celkem 257 146
% z 17 591 lokalit - 0,83

Pro pouziti v naslednych analyzach byl nasledné sestaven zuzeny seznam vyroku / vyraz( podle jejich
Cetnosti — viz tabulka 2. Uvedené vyroky se vSechny vztahuji k nemoznosti pofidit fotodokumentaci na misté.

Tabulka 2: Poradi vyroku / vyrazi podle poctu bunék, vyloucené lokality, analyza 1

Vyrok / vyraz Pocet bun¢k
fotodokument 44
nepiistupny 41
nebylo umoznéno 16
pofizeni fotodokumentace 12
zakaz

fotit / vyfotit
nebylo mozno
vstup zakazan
nesouhlas

piistup neumoZnén
foceni

nepfistupna lokalita
Policie / PCR
zakaz fotografovani
Celkem bunék

~

BIRININININIW| O

[y
(o2}

Vystupem analyzy 1 je tedy seznam 146 vylouéenych lokalit (0,83 % z celkového poctu 17 591
vylou€enych lokalit), na které nebyl mozny nebo nebyl umoznén pristup a pofizeni
fotodokumentace.
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V doplriku k vySe uvedené analyze byly v souboru 17 591 schvalenych vylou¢enych lokalit hledany
typizované vyroky (a jejich varianty) doporuc¢ené manualem ploSné inventarizace. Nebyl zaznamenan
ani jediny pripad pfesného pouziti téchto vyrok.

Prozkoumali jsme rovnéz distribuci vylou€enych lokalit bez rekognoskace in situ — pocty v jednotlivych
krajich — a to ve vazbé na tfi inventarizani tymy — subdodavatele ploSné inventarizace. Pocty vyloucenych
lokalit byly normalizovany jako podet na 100 km? plochy Gzemi. Cilem bylo zjistit, zda neni vyrazny
metodicky rozdil mezi jednotlivymi subdodavateli, ktery by se statisticky projevil v poctech lokalit, resp.
v hustotach — v poétech vylougenych lokalit na 100 km? daného Uzemi. Na obrdzku 1 je vyznadeno
rozdéleni uzemi CR do kraji a okresii podle jednotlivych subdodavatell — zde oznadenych jako
subdodavatel 1 (modré okresy), subdodavatel 2 — oranzové okresy a subdodavatel 3 — zelené okresy.

Obréazek 1: Rozdéleni uzemi CR mezi subdodavatele plo$né inventarizace
Subdodavatelé: 1 (modré okresy), 2 (oranZové okresy) a 3 (zelené okresy). Zdroj: Z. Szurmanova

Tabulka 3: Pocéty vylouéenych lokalit v jednotlivych krajich

Plocha |. Uze_mi ) Subdodavatel plo$né inventarizace v kraji nebo v jeho dominantni ¢asti Cel!(em
Kraj kraje |nvenianzovan(.e 1 2 3 Celda CR
v km?) 5”"‘3?::]‘;3‘9" Pocet | Pocet/100km? |  Poéet | Pocet/100km? | Podet | Pocet/100km? | Poet | Pocet/ 100 km?
HI. mésto Praha 496
Stedodesky kraj 10 920
Plzefisky kraj 7632
Zlinsky kraj 3963 33504 8508 254
Olomoucky kra 5035
Moravskoslezsky kraj 5458
Karlovarsky kraj 3030 775 25,6
Ustecky kraj 5339 1561 29,2
Liberecky kraj 3163 20 831 704 22,3 4696 22,5
Kralovéhradecky kraj 4743 709 14,9
Pardubicky kraj 4 556 047 20,8
JihoGesky kraj 9830 1037 10,5
Kraj Vlysogina 6796 23 655 1649 243 4387 18,5
Jihomoravsky kraj 7029 1701 24,2
Celkem 77990 77990 8508 254 4696 2254,33 4387 5,6 17591 22,6

%)

inventarizovana plocha CR (bez ploch vojenskych tjezdd) je 77 990 km2

V tabulce 3 jsou uvedeny pocty a hustoty pro vSechny 3 subdodavatele. Jejich pfistup k vylu€ovani je
statisticky podobny, zvlasté kdyz z vypoctu u dodavatele 1 vynechame atypické hodnoty pro Hlavni mésto
Prahu (HMP), kde na malé ploSe je vysoky vyskyt KM / PKM i vysoky pocet vylouCenych lokalit — 392,7
lokalit/100 km?. Upravena hodnota (bez HMP) 19,9 vylougenych lokalit na 100 km® u dodavatele 1 je
souméfitelna s hodnotami pro dal$i 2 subdodavatele (22,5 a 18,5 lokalit/100 km?).
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2.2.2. Analyza hodnocenych lokalit

V dal8i &asti analyzy jsme pracovali se souborem schvalenych lokalit. Zde je nutno zminit to, Ze
vyhledavaci a filtrovaci nastroje SEKM3 t€. neumozniuji pfimy export ,hodnocenych lokalit* (tj. lokalit
s vyhodnocenou prioritou a verifikovanym a validovanym obsahem zaznamu). Abychom takovy seznam
ziskali, je nutno od exportovaného seznamu (tabulky) ,schvalenych lokalit“ (schvalené lokality jsou jak
lokality hodnocené, tak lokality vyloucené) odecist ,lokality vyloucené® (ty jsou exportovatelné
vyhledavanim podle parametru ,typ lokality“, kde v Ciselniku jsou uvedeny).

Analyza 2

Analyzu jsme zaméfili na schvalené lokality, a to na jejich dilCi exportovatelné seznamy. Ty totiz nelze
(patrné z davodu nadmérné velikosti) exportovat ze SEKM3 v celku, ale jen podle pfednastavenych
moznosti vybéru podle kategorii priorit. Vychozi soubor analyzy 2 byl sestaven vyhledanim podle
2 parametrl - ,schvaleno® a ,priorita mensi nez A1“. V tomto exportu ve formatu .xIxs bylo 15 943
schvalenych lokalit / zaznamu. V dalSim kroku byly ze seznamu schvalenych lokalit odstranény
vylou€ené lokality, a to jak ty, které mély zanesen typ ,Vyloucena Lokalita“, tak ty, které ve sloupci
,»DUvod vylouCeni“ mély uveden duvod vylou€eni. Zde je nutno pfiznat, Zze bylo nalezeno nékolik
neduslednosti v zapisech — u 12 vylou¢enych lokalit je sice zapsan dlvod vylou€eni, ale neni pfifazen
atribut ,Vylou€ena lokalita“ (je zapsan jiny typ lokality) a u 99 vyloucenych lokalit typu ,Vyloucena
lokalita“ neni uveden ve sloupci davod vylou€eni. Tyto nekorektné zapsané lokality byly rovnéz zahrnuty
mezi vyloucené lokality. Celkem bylo vykazano (v daném vybéru) 6 327 vylouc¢enych lokalit. Ty byly ze
seznamu schvalenych lokalit odstranény a soubor zbyvajicich 9 616 hodnocenych lokalit byl podroben
textové analyze podle pfipravenych vyrokd, slov i ¢asti slov.

Pro full textové vyhledavani byl seznam hledanych vyraz( (rozSifeny seznam pouzity v analyze 1)
postupné redukovan na vyroky, slova a ¢asti slov k pouziti v této €asti analyzy: ,zaka“, ,zakazan®,
Lnepfrist, ,fot*, ,nebylo umoznén®, foc*, ,vstup®, ,nebylo mozn®, ,pfistup®, ,nesouh®, ,polic* a ,nepovol®.

Ukazalo se, Zze nékteré redukované vyrazy jako ,foc“, ,mozn®, ,pFistup®, ,nepovol“ (viz prvni sloupec
tabulky 4) tvofi sou€ast slov nerelevantnich tématu vyhledavani a jsou pfilis poCetné pro prochazeni
textovych poli. V tabulce jsou tyto vyrazy uvedeny ve svétle Sedych fadcich. V dalSim kroku byly proto
konkretizovany — redukovany na vyrazy a slova a ¢asti slov uvedené v druhém sloupci tabulky 4, v niz
jsou také uvedeny pocty nalezenych bunék a vysledné pocty relevantnich vyrazl a slov a ¢asti slov.

Z 9 616 lokalit bylo identifikovano 208 bunék s relevantnimi vyroky. U Fady lokalit se nalezené
relevantni vyrazy vyskytovaly v popisu dvou i tfi rubrik zaznamu lokality, takZe v nasledném kroku byly
tyto multiplicity (podty v pfedposlednim sloupci tabulky) odeéteny, a tak dosazen vysledny pocet
relevantnich lokalit — 152, tj. coz je 1,58 % z 9 616 lokalit souboru hodnocenych lokalit s prioritou
mensi nez A1.
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Tabulka 4: Klicova vyhledavaci slova a ¢asti slov a pocty relevantnich bunék a lokalit v ramci
analyzy hodnocenych lokalit (priorita mensi nez A1)

vy e Konkretizované Z toho relevantnich Z toho vyskyt ve vice .
yrazy / slova / Casti . e . . . . P BT A Celkem relevantnich
slov vyrazy, slova a ¢asti Pocet bunék Pocet bunék vyrazd, slov a ¢asti rubrl!(ach zéznamu lokalit
slov slov lokality (duplicity ..)
zéka zéka 153 153 5 0 5
zakazan zakazan 42 42 6 4 2
nepfist neprist 150 150 52 5 47
fot 560 neanalyzovano
Foto_ 46 7 7 0
fotograf 51 164 17 6 1
fotodokument 67 19 9 10
mozn 1322 neanalyzovano
nebylo mozn 85 13 20 6 14
nebylo umoznén 28 8 1 7
foc foc 2 2 1 1 0
vstup_ vstup_ 126 126 53 12 41
pfistup 935 neanalyzovano
pfistup_ 582 582 12 1 11
nesouh nesouh 4 4 3 0 3
polic polic 73 73 2 2 0
nepovol 526 neanalyzovano
nepovolen 509 513 2 1 1
nepovolil 4 1 1 0
celkem 1922 208 56 152
% z 9 616 lokalit 19,99 2,16 0,58 1,58

Analyza 3

Vychozi soubor analyzy 3 byl sestaven vyhledanim podle 2 parametrd - ,,schvaleno” a ,priorita
vétsi nez P4“ (1j. kat. A3, A2, Al). V tomto exportu ve formatu .xlIxs bylo 491 schvalenych lokalit /
zaznamu. V dal$im kroku byly ze seznamu schvalenych lokalit odstranény vyloucené lokality (obdobné
jako v analyze 2). Vysledky analyzy 3 jsou uvedeny v tabulce 5. Spolu s vysledky analyzy 2 tak jsou
podchyceny vSechny hodnocené lokality (tj. KM vSech kategorii priorit).

Tabulka 5: Klicové vyhleddvaci vyrazy, slova a ¢asti slov pocty relevantnich bunék v ramci
analyzy hodnocenych lokalit (priorita vétsi nez P4)

¢ . Z toho relevantnich Z toho vyskyt ve vice q
PR Pocet bunék Pocet bunék vyrazd, slov a ¢asti rubrikéé’h zyéznamu Celien releyantnlch
slova . o lokalit
slov lokality (duplicity ..)
zéka 10 10 0 0 0
zakazan 1 1 0 0
nepfist 19 19 4 0 4
foto_ 1 1 0 1
fotograf 5 11 3 0 3
fotodokument 5 5 2 3
nebylo mozn 6 9 2 2 0
nebylo umoznén 3 3 1 2
foc 1 1 1 0 1
vstup_ 9 9 4 0 4
pfistup_ 16 16 1 0 1
nesouh 4 4 1 1 0
polic 2 2 0 0 0
nepovolen 10 10 0 0 0
nepovolil 0 0 0 0
celkem 92 92 25 6 19
% z 491 lokalit 18,74 18,74 5,1 1,22 3,87

Z 491 lokalit bylo identifikovano 25 bunék s relevantnimi vyroky. U Fady lokalit se nalezené relevantni
vyrazy vyskytovaly v popisu dvou i tfi rubrik zaznamu lokality, takZe v nasledném kroku byly tyto
multiplicity (poCty v pfedposlednim sloupci tabulky) odecteny, a tak dosazen vysledny pocet relevantnich
lokalit — 19, coz je 3,87 % z 491 lokalit souboru hodnocenych lokalit s prioritou vétsi nez P4.
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Analyza 4

V dalSim kroku byl k seznamu 152 schvalenych (hodnocenych) lokalit s “prioritou mensi nez A1“
pfidan seznam 19 hodnocenych lokalit s prioritou vétsi nez P4 (tj. kat. A3, A2, A1). Cely soubor
hodnocenych lokalit pak obsahuje 171 hodnocenych lokalit, u nichz nebyla provedena rekognoskace
in situ (resp. fotodokumentace). Tento pocet pfedstavuje 1,69 % ze v8ech hodnocenych lokalit
evidovanych v SEKM3.

Soubor 171 hodnocenych lokalit jsme nasledné zkoumali z hlediska typu lokality (viz tabulka 6
a obrazek 2), z hlediska zdrojového Ukolu (viz tabulka 7 a obrazek 3), podle kategorii priorit (viz
tabulka 8 a obrazek 4) a z hlediska lokalizace v krajich (viz tabulka 9 a obrazek 5).

Tabulka 6: Hodnocené lokality bez rekognoskace (171 KM), roztridéné podle typu lokality

Typ Pocet lokalit %
kontaminovany areal — primyslova & komeréni lokalita 61 357
skladka TKO 40 234
vyroba / skladovani/manipulace s ropnymi latkami 23 13,5
jiné 11 6,4
primyslovéa skladka 11 64
strelnice / vojenské vycvikové prostory 10 58
vyroba / skladovani / manipulace s nebezpeénymi latkami (mimo ropnych) 5 29
skladovani zivoci$nych odpadl v zemédélstvi 3 1,8
ukonéeny hlubinny / povrchovy dul 3 1,8
obchodni / logisticky areéal 2 1,2
havarie ropnych latek 1 0,6
odkalisté 1 0,6
Celkem lokality bez in situ rekognoskace 17 100,0
% z 10 193 hodnocenych lokalit kategorii A, P a N 1,69 % -

Roztfidéni podle typl lokalit mize pfispét k pochopeni duvodld nenavstiveni, resp. nepofizeni
fotodokumentace nékterych lokalit — viz tabulka 7 a obrazek 2. Mezi nejvyraznéji zastoupenymi typy jsou
.kontaminované arealy — primyslové ¢i komeréni lokality“ — 35,7 % podil, skladky TKO — 23,4 % podil
a mista s vyrobou / skladovanim / manipulaci s ropnymi latkami — cca 13,5 %. Jen tyto tfi typy lokalit
tvofi 72,5 % souboru nenavstivenych hodnocenych lokalit. U vétSiny uvedenych typl lokalit byva
pravidlem oploceni a uzamé&eni vstupu a u provozovanych areall i ostraha. Specifickym pfipadem jsou
skladky TKO, z nichz velky pocet je ilegalnich deponii bez zamezeného pfistupu. Skladky TKO tvofi cca
46 % ze v8ech 10193 hodnocenych lokalit. Podil nenavstivenych skladek TKO je 23,4 %, tedy cca
polovicni, tzn., Ze byly uspé&3néji rekognoskované in situ nez ostatni typy nenavstivenych lokalit.

Podily hlavnich typu lokalit na souboru 171
hodnocenych lokalit bez rekognoskace in situ

m kontaminovany areal -
prumyslova ¢i komeréni lokalita

m skladka TKO

vyroba/skladovani/manipulace
s ropnymi latkami

m ostatni typy

Obrazek 2: Podily typu lokalit na souboru 171 hodnocenych lokalit bez rekognoskace in situ
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Posouzeni z hlediska zdrojového ukolu (viz tabulka 7 a obrdazek 3) nam objasni, u kterych ukolu byly
nejvétsi problémy s pfistupy na lokality. Nepiekvapivé to je ukol NIKM2, ve kterém bylo zalozeno nebo
podstatné aktualizovano (ij. inventarizovano) obdobné vysoké procento - 74 % - z celkového poctu
10 193 inventarizovanych hodnocenych lokalit. Dfive zalozené a evidované lokality historicky starSich
ukolt MF/OERES/SA jsou obvykle vice prozkoumané a dokumentované a vstup na né& bud nebyl
nezbytny (tzv. zivé lokality se in situ nerekognoskovaly) nebo nepfedstavoval pro vlastniky i spravce
takovy problém, jako to bylo u fady lokalit nové evidovanych v projektu (ukolu) NIKM2.

Tabulka 7: Hodnocené lokality bez rekognoskace (171 KM), roztridéné podle ukolu

g . . Pocet lokalit bez % % podil KM na
Ualuiploren) v ein s rekognoskace slozeni SEKM3”
MF CR Ministerstvo financi CR 15 8,8 11,3
OERES Odbor environmentalnich rizik a ekologickych Skod MZP CR 20 1,7 131
SA Ekologické Skody po Sovétské armadé 4 2,3 15
NIKM2 Projekt narodni inventarizace kontaminovanych mist, 2. etapa 132 77,2 741
Celkem lokality bez in situ rekognoskace 171 100,0

Podily hlavnich zdrojovych ukoliina souboru
171 hodnocenych lokalit bez rekognoskace in situ
m NIKM2
m OERES
MF CR

uSA

Obrazek 3: Podily zdrojovych ukoli na souboru 171 hodnocenych lokalit bez rekognoskace

Z pohledu vyznamnosti chybéjici rekognoskace in situ (pfestoze dalSi informace a poznatky z okoli,
které zafazeni lokality mezi kontaminovana mista dostate¢né odUvodriuji) je pfinosné i vyhodnoceni
souboru pojednavanych hodnocenych lokalit podle jim pfidélené kategorie priority — potfeby a
naléhavosti pfijeti napravnych opatfeni. Tato data jsou vedena v tabulce 8 a v obrazku 4. Dominantni
podil — 80,7 % lokalit — je kategorie P, pficemz nejvice z podrobnych kategorii priorit spada do
podkategorie P4 (cca 65,5 % z celku). Oproti podilu KM kategorie A na databazi hodnocenych lokalit
SEKM3 ve vysi 4,9 % je podil nenavstivenych hodnocenych lokalit vy§Si — 11,1. To Ize vysvétlit tim, Ze
,2ivych® (pfevazné t¢. sanovanych) lokalit nebyl vstup vyzadovan a do zaznamu byla zanesena pouze
poznamka o nepfistupnosti lokality.
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Tabulka 8: SloZeni souboru hodnocenych lokalit bez in situ rekognoskace, roztfidénych podle
kategorie priority

L ; . 9 Pocet lokalit bez q % podil KM na
Kategorie priority Pocet lokalit % rekognoskace % slozeni SEKM3
A3 8 47
A2 4 2,3 19 11,1 49
A1 7 41
P4 112 65,5
P3 12 7,0
= 7 41 138 80,7 84,4
P1 7 41
N2 9 83
N1 4 2,3 14 82 10,7
NO 1 0,6
Celkem lokality bez in situ 171 100,0 171 100,0 100,0
rekognoskace

Hodnocené lokality bez in situ rekognoskace
v clenénipodle tfi zakladnich kategorii priorit

mA

mP

Obrazek 4: Hodnocené lokality bez in situ rekognoskace v ¢lenéni
podle tfi zakladnich kategorii priorit

Z hlediska lokalizace v krajich jsme analyzovali, v analogii k postupu v analyze 1, zda existuje
vyrazny metodicky rozdil mezi jednotlivymi subdodavateli, ktery by se statisticky projevil v poctech
hodnocenych lokalit, resp. v hustotach (v poétech vyloudenych lokalit na 100 km? daného uzemi).
Rozdéleni Uzemi CR do kraji a okrest podle jednotlivych subdodavatelli plo$né inventarizace je
uvedeno v obrazku 1.

V tabulce 9 jsou pro jednotlivé kraje uvedeny pocty a hustoty lokalit bez rekognoskace in situ pro
vSechny 3 subdodavatele. Mnozstvi nenavstivenych lokalit vyjadifené parametrem hustoty (pocet
hodnocenych lokalit na 100 km?) jsou u subdodavatelt 1 a 2 viceméné& podobné. U subdodavatele 3
v8ak mame 3,4 resp. 3,1krat nizSi hustotu nenavstivenych lokalit, nez je tomu u subdodavatell 1 a 2,
coz nejspiSe sveédCi o nasobné vétSim usili o ziskani povoleni vstupu na pozemky a do objektd pro ucely
rekognoskace a fotodokumentace.
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Tabulka 9: Po¢ty hodnocenych lokalit bez rekognoskace in situ v jednotlivych krajich

. Uze'mi ) Subdodavatel plosné inventariz'a'ce'v kraji nebo v jeho dominantni Celkem
. Plocha kraje mventarlzovan.e casti _
Kraj v km2) subdodavateli 1 2 3 Celd CR
v km Pocet FEA Pocet o Pocet o Pocet el
100 km? 100 km? 100 km?
HI. mésto Praha 496
StfedoCesky kraj 10920
Plzerisky kraj 7632
Zlinsky kraj 3963 33504 7 029
Olomoucky kra 5035
Moravskoslezsky kraj 5458
Karlovarsky kraj 3030 4 0,13
Ustecky kraj 5339 3 0,06
Liberecky kraj 3163 20 831 4 0,13 54 0,26
Kralovéhradecky kraj 4743 18 0,38
Pardubicky kraj 4 556 25 0,55
Jihogesky kraj 9830 1 0,11
Kraj Vlyso€ina 6796 23655 4 0,06 20 0,08
Jihomoravsky kraj 7029 5 0,07
Celke*m 77990 77990 97 0,29 54 0,26 20 0,03 17 0,22

inventarizovana plocha CR (bez ploch vojenskych Ujezdd) je 77 990 km?

3. Vysledky a diskuse analyz databaze SEKM3 zamérenych na
nenavstivené indicie, potencialné kontaminovana a kontaminovana mista

Vzhledem k tomu, Ze zapis nenavstiveni a/nebo neprovedeni rekognoskace lokality na misté se
v databazi SEKM3 povinné nevypliiuje do néjaké samostatné rubriky (jako je tomu v pfipadé
vylou€enych lokalit vypInéni rubriky Ddvod vylouceni lokality), a ani neni pfedepsan pfesny typizovany
vyrok, ktery by mohl po upravach databaze poslouZit jako vyhledavaci / filtrovaci parametr, pouZili jsme
pro nase analyzy fulltextové vyhledavani v exportech ve formatu .xIxs ze SEKM3, a to podle riiznych
relevantnich vyroku slov a ¢asti slov.

Dil¢imi analyzami 1, 2 a 3 byl prozkouman cely obsah databaze SEKM3 ve stavu schvalenych lokalit
k 30. 6. 2022. Schvalené lokality sestavaji z vyloucenych lokalit (viz analyza 1) a hodnocenych lokalit
(viz analyzy 2 a 3). Souhrn dat uvedenych analyz je uveden v tabulce 10.

Tabulka 10: Souhrn analyz 1, 2 a 3 zaméreny na vyhledani zaznamu — nenavstivenych indicii,
potencialné kontaminovanych a kontaminovanych mist - v databazi SEKM3

SEKM3 Pocet Pocet
Pocet Pocet lokalit % lokalit % Poznimka
Lokality kategorie Kritérium vyhledavani | zaznaml | zaznamd non in podil non in podil
situ situ
A3, A2, A1 Priorita vétSi nez P4, 491 19 387 | Analjza3
hodnocené lokality 10107 171 169
P4, P3, P2, P1, N2, N1, Priorita nizSi nez A1, ' .
) . 9616 152 1,58 Analyza 2
NO hodnocené lokality
Vylougené lokality Lylgl'i‘t’;a“ty’ wiougené | 47591 | 17501 6 | 083 146 083 | Analjza
Celkem Ll 27698 | 27698 | 37T | 144 | M7 | 1,14
schvaleno

Bylo zjisténo 317 schvalenych lokalit bez rekognoskace nebo fotodokumentace in situ (1,14 % ze
vSech schvalenych lokalit). Ztoho je pouze 171 lokalit hodnocenych, tj. pouze 0,62 % ze vSech
schvalenych lokalit.
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Celkovy pocet schvalenych lokalit — 27 698 — je niz8i, nez stav zjistitelny vyhledani v SEKM3 podle
stavu zaznamu ,schvaleno” (29 205 zaznam), nebot pfi nasich analyzach jsme jednotlivé soubory
ocistovali o duplicity, resp. multiplicity zaznamu.

Jak je jiz uvedeno vyse, podil in situ nenavstivenych / nefotodokumentovanych lokalit je 1,14 %
z celého souboru zaznamui schvalenych lokalit v SEKM3. NejvysSi podil na poctu lokalit dané
kategorie je u lokalit s kategorii priority A (3,87 %, jedna se vSak o pouhych 19 lokalit), stfedni je u lokalit
kategorie priority P a N a nejnizsi je u vylou€enych lokalit. 1,14 % zaznamu s chybéjici fotodokumentaci
nebo rekognoskaci in situ, tedy deficit jednoho z fady aspektl (a poznatkl) o lokalité podle autora
neznamena shizeni vérohodnosti obsahu databaze. Z pohledu podilu hodnocenych lokalit bez in situ
rekognoskace na celkovém poctu schvalenych lokalit jde o jesté nizSi podil (0,66 %) a predstavuje jesté
mensi ,nedostatek”, ostatné odstranitelny naslednymi aktivitami zhotovitele projektu NIKM 2 v pétileté
dobé udrzitelnosti vysledku projektu.

Vysledek je tfeba chapat z jednoho pohledu jako minimalni seznam, nebot dalSi pfipady se mozna
daji identifikovat i jinymi, nami doposud nepouzitymi kliCovymi slovy / vyrazy / slovy / ¢asti slov, z jiného
pohledu pak jako vétSi nez realita, nebot u nékterych lokalit je zmifovana nepfistupnost lokality
(oploceni, uzaméeni — coz mize byt brano jen jako popis technického zabezpeceni), coz ale neznamena
nenavstiveni nebo odmitnuti pfistupu (resp. nenavstiveni neni explicitné zminéno).

Analyzy se opiraji pfedevsim o pfipady, kdy povinna fotodokumentace byla explicitné majitelem nebo
provozovatelem lokality &i zafizeni odmitnuta (spolu s prohlidkou), nebo povolena jen prohlidka
s nepovolenim fotografovat (nékolik pfipadd). Podle metodiky NIKM jsou obvykle takové divody
poznamenany v komentafi rubriky Dalsi ddlezité informace k zajmovému tzemi. U fady zaznam in situ
nenavstivenych lokalit bohuzel chybi informace, zda a jak byl maijitel / provozovatel o vstup pozadan.
Metodika inventarizace povinnou administraci / dokumentaci (napf. v pracovnich denicich) takovych
Zadosti bohuzel nevyzaduje.

U nékolika dalSich lokalit je zmifiovana nepfistupnost z divodu husté vegetace, neprichodného nebo
nebezpecéného terénu (vé. poddolovanych mist). Tyto lokality byly v pfipadé konstatace vySSi miry rizika
do seznamu také pfidany. U 19 kontaminovanych mist kategorie priority A je snesena fada informaci
a udajl obvykle jiz dobfe prozkoumanych, anebo jiz sanovanych ¢&i rekultivovanych lokalit. Do naseho
seznamu byly tyto lokality zafazeny, nebot do zaznamu lokality byl viozen zapis o bézné nepfistupnosti
lokality a chybi komentaf o navstévé lokality vramci inventarizace. Duvody nepfistupnosti nebo
nepofizeni fotodokumentace jsou v pfehledu uvedeny v tabulce 11.

Tabulka 11: Pfehled kombinaci zaznamenané nepristupnosti nebo nepofizeni fotodokumentace
KM nebo PKM, nebo indicie KM zjisténe pomoci DPZ

Pofizena Maiitel/orovozovatel Majitel/provozovatel
Charakter pristupnosti lokality fotodokumentace| o P! odmitnul povolit
. pozadan o vstup
in situ vstup
Oplocené, zam¢ené, hlidané, provozované lokality, zahrady,
dvory, obydli a arealy bez pfistupu vefejnosti, se zakazem vstupu NE ? ?
Nebfistuong (stfelnice, voj. objekty, lomy .. )
epristupne Majitel/provozovatel nedal souhlas /zakazal vstup NE ANO ANO
a Majitel/provozovatel nedal souhlas /zakézal fotografovat NE ANO ANO
nenavstivene Majitel/provozovatel dal souhlas ke vstupu, ale zakazal
lokality Ievp pu. NE ANO NE
fotografovat
Lokalita je nepfistupna pro neprostupnou vegetaci NE
Lokalita nepfistupna pro nebezpeci Urazu, se zakazem vstupu NE

Patronem tohoto cisla je WASTen Centrum expertii — www.expert.wasten.cz
WASTE FORUM 2022, &islo 3, strana 23 3



Zdenék SUCHANEK: Problematika vstupti na pozemky a do objektt v rémci terénnich praci environmentéinich
projektu realizovanych ve verejném zajmu

TFi z mnohych situaci provadéni rekognoskaci in situ jsou nize ilustrovany v obrazcich 5,6 a 7.

o o 3 P

Obrazek 5: Omezeni pro rekognoskaci in situ —oploceni s tabuli “Soukromy pozemek, Vstup
zakazan“, Fotografie v databazi SEKM3, autor fotografie M. Vacek

Obrazek 6: Omezeni pro rkognoskaci in si - oploceny areal bez pritomnosti majitele nebo
provozovatele. Fotodokumentace z okoli. Autor fotografie R. Pavlik

Obrazek 7: Rekognoskace in situ — pristupna skladka. Fotodokumentace na misté.
Autor fotografie R. Pavlik
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4. Zavery

V pfipadé, Ze nejde o narok na vstup dany pravnimi pfedpisy, je tfeba v mapovacich, inventarizaénich
Ci evidencénich projektech se vzdy snazit o dohodu se subjektem, ktery ma chranéné pravo na
nepovoleni vstupd, prohlidky, fotografovani nebo zaznamenani osobnich udaju.

V projektech nebo &innostech, které rekognoskaci na misté potfebuji, je tfeba metodicky nastavit
podminky pro pfipady neumoznéni prohlidky ze strany vlastnik( nebo provozovatell, v€. pozadavku na
zaznamenani duvodu jejiho neprovedeni.

V projektech typu NIKM, kdy k evidenci podezielé nebo kontaminované lokality slouzi i dalSi indicie
(dokumentace, vyhodnoceni dalkovym prizkumem, pozorovani z okoli, resp. hranice lokality, informace
od verejné spravy nebo od vefejnosti), neni navstéva pfimo na lokalit¢ bezpodmine&né nutna. Tyto
pfipady vSak musi byt minimalizovany. Nenavstiveni lokality pfimo na misté neni dostateénym didvodem
pro vylouéeni podezielé nebo kontaminované lokality z celkového hodnoceni a evidence.

Z pohledu kvality dat evidencni databaze (v nasem pripadé SEKM3) nebo vystupu z inventarizacni
akce (v nasem pripadé NIKM) je tfeba pocéty a dlvody nenavstiveni lokalit pribézné sledovat
a vyhodnocovat. Z praktického hlediska provadéni inventarizani akce je snaha o slozité vyjednavani
pfistupu na lokalitu Casovou a logistickou brzdou plynulosti a ¢asového a uUzemniho postupu
inventarizace. V projektu NIKM byl podil oddvodnéného nenavstiveni lokality (317 pfipadl) pouhych
1,1 % z celkového poétu hodnocenych i vylouéenych lokalit a podil nenavstivenych lokalit (171)
z poc¢tu hodnocenych lokalit je 1,7 %. Poéet 171 hodnocenych lokalit zaroven predstavuje pouze
0,6 % ze v3ech schvalenych lokalit. To jsou hodnoty, které je mozno povazZovat za pfijatelné z pohledu
kvality celé databaze SEKM3.

Pocet 171 hodnocenych lokalit bude po pfipravovaném podrobném prostudovani zaznamu patrné
jesté nizsi. Pro zvySeni kvality a hodnovérnosti zaznamu je jednou z realnych moznosti provedeni
nasledného projektu revize takovych lokalit, s adresnym administrativhim oslovenim a pfesvédovanim
majitelt nebo spravcu dotéenych lokalit ¢i objektl. Uvedeni jejich lokalit v evidenci SEKM3 muze byt pro
mnohé znich podnétem pro strpéni prohlidky in situ zvlasté tam, kde =zafazeni potencialné
kontaminované lokality do evidence bylo u¢inéno z divod( pfedbézné opatrnosti a zasad in dubio pro
reo, resp. in dubio pro natura (presumpce pochybnosti dle § 13 zakona o Zivotnim prostiedi'’), tj.
v nasich pfipadech hodnocenych lokalit dani pfednosti nevylouc€eni lokality bez pozorovani na misté.

DalSim presvédCovacim argumentem pro umoznéni vstupl je moznost podat Zadost o dotaci na
pruzkum, resp. sanaci lokality. O pfidéleni dotace mlze Zadat jen majitel kontaminovaného pozemku
a/nebo objektu, evidovaného v databazi SEKM3 jako hodnocené kontaminované nebo potencialné
kontaminované misto, coz je logicky spojeno s umoznénim pfistupu odborné zpusobilych osob na
lokalitu za ucelem zpfesnéni podkladd k lokalité.

Podékovani

Dékuji Ceské informacni agenture Zivotniho prostfedi za umoznéni publikovéni tohoto pfispévku
vypracovaného za podpory z Dlouhodobé koncepce rozvoje vyzkumné organizace CENIA na obdobi
2018-2022.

Podkladové analyzy byly vypracovany vramci udrzovani vysledkt projektu 2. etapa Narodni
inventarizace kontaminovanych mist (NIKM 2, 2018-2021) spolufinancovaného z fondi Evropské unie —
z Fondu soudrznosti — z Operaéniho programu Zivotni prostfedi (oblast podpory 4.2. - Odstrariovani
starych ekologickych zatézi).
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Zdenék SUCHANEK: Problematika vstupti na pozemky a do objektt v rémci terénnich praci environmentélnich
projektu realizovanych ve verejném zajmu

The issue of access to land and buildings within field works of
environmental projects implemented in the public interest

Zdenék SUCHANEK

Czech Environmental Information Agency, Moskevska 63, 101 00 Praha 10, Czech Republic
e-mail: zdenek.suchanek@cenia.cz

Summary

Various field activities are also carried out in the public interest, which concerns a few natural science
disciplines. In environmental fields, on-site observation or sampling is the basic tool for collecting
information, which is usually processed into records of registration databases. In the case
of the contaminated site inventory project, the right to visit sites and collect information on site is not
specified by law in the Czech Republic. On the contrary, the field worker must respect the legal
requirements regarding the protection of property, privacy, and the processing of personal data. In the
National Inventory of Contaminated Sites (NIKM) project, a field verification of conditions at known or
suspected sites was one of the basic methods of updating and supplementing the registry database
of contaminated sites. About 30,000 locations were included in the field verification. The project NIKM
was completed by the end of 2021. Subsequently, in the presented case study, we evaluated the extent
and types of problems that were associated with site visits and analyzed the reasons for not examining
them "in situ". Since the entry of non-visiting and/or non-reconnaissance of the site cannot be completed
in a separate section in the Contaminated Sites Registration System (SEKM) and sice there is no
prescribed or required exact statement that could be used as a search / filtering parameter, a full-text
search in tabular exports in EXCEL format was used for database analyses, according to various
relevant statements, words, and parts of words. In the NIKM project, the share of 317 cases of non-
visiting the location was only 1.1% of the total number of approved (evaluated and excluded) locations,
and the share of 171 unvisited evaluated locations from the number of evaluated locations was 1.7%. At
the same time, the number of 171 evaluated locations represents only 0.6% of all approved locations.
These are values that can be considered acceptable from the point of view of the quality of the records
of the entire SEKM3 database.

Keywords: inventory of contaminated sites, registration of contaminated sites, database
of contaminated sites, in situ survey, denial of entry to land, not allowing photo documentation, record
of reason for denial of entry
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Souhrn

Obéhové hospodarstvi je soucasnym evropskym i svétovym fenoménem, ktery zviasté po pfijeti
obéhovych balick EU a zakona ¢. 541/2020 Sb. o odpadech nabyva stale vét§i pozornosti, a to
predevsim ve vztahu ke komunalnimu odpadu. Pro ten stanovuje specifické a ambiciézni dlouhodobé
cile, které jsou pravné zavazné. Obzvilast pro obce bude plnéni téchto cilt velmi obtizné, protoZe jejich
soucasna praxe v oblasti obéhového hospodarstvi je znaéné omezena, a to jak z hlediska mnoZstvi, tak
i struktury komunalniho odpadu. Cilem ¢&lanku je na zakladé analyzy CtyP vybranych meést
Jihomoravského kraje vyhodnotit jejich potencial ve vztahu k obéhovému hospodarstvi véetné
ekonomickych aspektl za rok 2019. Vysledky analyzy ukazuji, Ze ve vztahu k sou¢asnému nastaveni
cili zakona ¢&. 541/2020 Sb. o odpadech bude pinéni téchto cili znacné obtizné a bude mit dopad
na ekonomiku obci.

Klicova slova: obéhové hospodarstvi, komunalni odpad, ekonomika obci

Uvod

Obéhové hospodarstvi (Circular Economy, CE) je integralni soucasti konceptu udrzitelného rozvoje
a souCasnym evropskym i svétovym fenoménem. Zabyva se zpUsoby, jak zvySovat kvalitu Zivotniho
prostfedi a lidského Zivota pomoci zvySovani efektivity produkce a vyuzivani odpadu jako zdroju, a jak
nahradit stavajici tzv. linearni model, ve kterém je pouzity vyrobek/material po ukon€eni uzivani
odstranén, a to zejména skladkovanim'?. Linearni model nevyluduje, ale ani nepodporuje vyuZivani
odpadu jako zdroji. Naproti tomu, obéhové hospodarstvi ma pfinést zejména zasadni snizeni potfeby
odstranovat odpad diky schopnosti odpad vyuzit materialové nebo energeticky.

Odpadové hospodafstvi je na urovni Evropské unie (EU) feSeno jiz od 70. let’, v soudasnosti je
jednou z hlavnich ekonomickych polittk EU** a stalo se novym ekonomickym modelem®. Milnikem
pro nakladani s odpady v souladu s principy obé&hového hospodarstvi se stal rok 2015, kdy Evropska
komise (EK) predstavila baliek pro ob&hové hospodafstvi’. V roce 2018 byl doplnén o dalsi balicek®, na
ktery v roce 2020 navéazal novy akéni plan pro ob&hové hospodarstvi®. Tato legislativa obsahuje fadu
cili pro zemé EU a navazné také pro obce v oblasti nakladani a fizeni komunalniho odpadu (KO) (viz
Tabulka 1). Ty se tykaji pfedchazeni vzniku odpadl, omezeni skladkovani odpadl a recyklace odpadu
a obalovych materialQ.

Pfechod na principy obéhoveho hospodarstvi, ktery vyzaduje transformaci linearné organizovaneho
systému Fizeni*', se v8ak ukazuje jako velmi nesnadny Ukol nejen pro celou CR, ale také pro obce, a to
pfedevSim z dlvodu slozitosti systému tokd zdroju, vazeb zu€astnénych aktért a specificnosti kazdého
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mista>'°. Hlavnimi pfekazkami implementace cirkularni ekonomiky napfi¢ EU mohou byt kulturni bariéry
jako nedostatek zajmu, uvédoméni spotiebiteld &i vahava firemni kultura®. Prozatim se také ukazuje, Ze
iniciativy vlad nebo regionalnich spravnich organi na makrodrovni pFevazuji nad samotnou
implementaci ob&hového hospodafstvi na mikrodrovni*®

Tabulka 1: Cile balickii obéhového hospodarstvi EU v oblasti nakladani s odpady

Rok Cil EU

2023 Oddéleny sbér biologického odpadu

2025 Oddéleny sbér textilu a nebezpeé&ného odpadu
55 % recyklace” KO
65 % recyklace veskerych obalovych odpadi™

2030 60 % recyklace KO
70 % recyklace veskerych obalovych odpadi™
Zakaz skladkovani odpadu vhodného k recyklaci

2035 65 % recyklace KO
Max. 10 % KO skladkovano

Poznamka: *Recyklaci smérnice o odpadech ¢. 98/2008 rozumi ,jakykoli zplsob vyuziti, jimz je odpad znovu zpracovan
na vyrobky, materidly nebo latky, at pro plivodni nebo pro jiné Gcely. Zahrnuje pfepracovani organickych
materialll, ale nezahrnuje energetické vyuziti a pfepracovani na materialy, které maji byt pouzity jako palivo nebo
jako zasypovy material®.
**S rozdélenim podle smérnice ((EU) 2018/852) na plast (50 %), papir a lepenka (75 %), sklo (70 %), Zelezné
kovy (70 %), hlinik (50 %) a dfevo (25 %).

***S rozdélenim podle smérnice ((EU) 2018/852) na plast (55 %), papir a lepenka (85 %), sklo (75 %), zelezné
kovy (80 %), hlinik (60 %) a dfevo (35 %).

Z tabulky 1 je ziejmé, Ze implementace evropskeé cirkularni legislativy bude pravdépodobné pro obce
problematicka, a to pfedevsim v dosahovani cilu recyklace a skladkovani KO. Navic zemé Visegradskeé
Ctyrky patfi z hlediska recyklace a vyuziti odpadu a plnéni cili obéhového hospodarstvi k zaostavajicim
zemim'. Je to déno nedostateénou infrastrukturou souvisejici s recyklaci KO a s energetickym vyuzZitim
odpadt (ZEVO) a nedostate¢né& rozvinutou informovanosti vefejnosti™. Ze studie v Ceské republice
(CR) vyplynulo, Ze navzdory snaham aplikovat nastroje politiky na Zivotni prostfedi, jakymi jsou napf.
propagacni a vzdélavaci kampané, se tyto ukazuji jako CasteCné vyCerpane, protoze miry recyklace
u jednotlivych toki odpadii jiz vyrazné nestoupaji*®. Jak ukazuje stav soudasné praxe v CR, mnoZstvi
a strukturu KO mohou obce ovlivnit pouze &asteénd, pfevazné rliznymi motivaénimi systemy17 18
Z tohoto divodu bude pro Ceské obce prfechod na obéhové hospodarstvi znaéné narocny, pFestoZe
nabizi také atraktivni ekonomické, socialni a environmentalni pfilezitosti. Na jedné strané Ize oCekavat
nékteré konkurencni vyhody posilujici regionalni udrzitelny rozvoj jako je vytvafeni novych pracovnich
mist &i pozitivni vliv na blahobyt obyvatel spojeny se zlepSenou kvalitou Zivotniho prostfedi, na druhou
stranu muzZe byt transformace spojena s pfechodnymi naklady™.

Balicky EU v oblasti obéhového hospodarstvi zasahly hlavni smérnice v odpadovém a obalovém
sektoru, konkrétné smérnici o odpadech, smérnici o skladkach odpadu a smérnici o obalech. Ty se v CR
promitly do zakona &. 541/2020 Sb. o odpadech® a zakona &. 545/2020 Sb. o obalech?'. Zvlasté pak
zakon ¢&. 541/2020 Sb. o odpadech (dale jen zakon) uklada obC|m v ramci obecniho systému (§ 59
zakona) jako plvodcum odpadu pro pfistich 3—13 let povinnosti souvisejici s tfidénim KO (zajisténim
procentniho podilu oddélené soustfedované recyklovatelné slozky KO), které budou pro obce znacné
naroCné na plnéni. Konkrétni cile nového zédkona o odpadech souvisejici s ob&éhovym hospodafstvim
a tfidénim KO shrnuje Tabulka 2.

PInéni t&chto cild bude naroéné z nékolika pohledl. Obce v CR sice mohou ovlivnit zptisob nakladani
s odpady (zpUsoby vyuziti nebo odstranéni odpadu), ale v mnoha pfipadech je pro né obtizné ovlivnit
miru skladkovani KO (zejména smésny KO a objemny KO) misto materialového ¢i energetického vyuziti.
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Druhy pohled ve vztahu vlivu obce na obé&hové hospodarstvi je nastaveni systému a pusobeni
na ob&any, které podporuje oddéleny sbér odpadu (tfidéni).

Tabulka 2: Cile nového zékona &. 541/2020 Sb. o odpadech CR o tfidéni odpadu

Rok Cil CR (dle navrhu nového zakona o odpadech)

2025 60 % oddélené soustfedovanych recyklovatelnych slozek komunalniho odpadu (vytfidéno
60 % z celkového KO)

2030 65 % oddélené soustfedovanych recyklovatelnych slozek KO

2035 70 % oddélené soustfedovanych recyklovatelnych slozek KO

To v8ak muzZe nemalou mérou ovlivnit naklady obci. Napfiklad vice tfidéni nebo odklon
od skladkovani maze pro obce znamenat vy$$i naklady spojené s nakupem nadob na tfidény sbér nebo
se zfizovanim novych sbérnych hnizd. VyS$Si naklady mohou byt také spojené s nakladnéjSim svozem
vytfidéného odpadu fakturovanym svozovymi spoleénostmi, které pfijmy od EKO-KOM obcim
nevykompenzuji. Navic skladkovani se pro obce mlze pofad jevit jako nejlevnéjsi a nejefektivngjsi
varianta z dlvodu nizSich cen (oproti jinym zafizenim typu zafizeni na energetické vyuziti odpadu,
mechanicko-biologicka uprava aj.). To v8e pak vede obce k obavam, Zze se pfechod na obé&hové
hospodarstvi negativné promitne do jejich rozpoctl, coz predpokladaji i materialy EU k bali¢ku
ob&hového hospodaistvi’™.

Cilem tohoto pfispévku je proto zhodnotit dopady pfechodu na obé&hové hospodarstvi na ekonomiku
obci a diskutovat mozné dopady na obce v CR na zakladé pripadovych studii &tyf mést Jihomoravského
kraje. Analyza je provedena pro rok 2019, pro ktery byla zpracovavana pro Jihomoravsky kraj v ramci
projektu TACR.

Metodika a data

Dopady pfechodu na ob&hové hospodarstvi jsou analyzovany prostfednictvim pfipadovych studii ¢tyf
obci Jihomoravského kraje, které vyuzivaji rizna feSeni z pohledu odpadového hospodarstvi. Jako obce
pro pfipadové studie byly vybrany: Znojmo, Mikulov, Kyjov a Boskovice. Tabulka 3 ukazuje porovnani
jejich charakteristik zejména z pohledu odpadového hospodarstvi.

Mésto Znojmo je specifické pro svou rozmanitost zastavby (od historického centra az
po zahradkarské kolonie na okraji mésta). Jeho svozova spole¢nost je zaloZzena na partnerstvi vefejného
a soukromého sektoru (Public Private Partnership, PPP), kdy ma obec ve svozové spole¢nosti 50%
podil. Svozova spoleénost provozuje skladku, kompostarnu a dotfidovaci linku na papir a plast. Mésto
Mikulov dlouhodobé pracuje s motivacnimi prvky jako je zapojeni do motivacnich systémua nakladani
s odpady ISNO/MESOH, poskytovani ulevy na poplatku (za tfidéni, efektivni vyuzivani nadob nebo
shizovani produkce) a dfive také vazeni jednotlivych nadob na odpad pfimo pfi sbéru. Jeho svozova
spole¢nost je ve vlastnictvi vice obci (tzv. meziobecni spoluprace) a provozuje pfekladisté a tfidici linku.
Mésto Kyjov je velmi uspésné v tfidéni KO, nékolikrat bylo oznaceno jako pfiklad dobré praxe a vyhralo
rdzna ocenéni v soutézich zaméfenych na separaci odpadu. Jeho svozova spole€nost je ve vefejném
vlastnictvi v meziobecni spolupraci. Svozova spole¢nost provozuje skladku odpadu, kompostarnu,
prekladisté a tfidici linku pro plasty. Boskovice maji od roku 2020 zavedeny motivacni systém. Jejich
svozova spoleCnost je soukromou nadnarodni spole€nosti s velkou svozovou oblasti, ktera provozuje
dvé kompostarny a recyklacni deponii dfeva a tfi logisticka centra s objemovou Upravou odpadu
(lisovani, drceni) a prekladistém.
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Pro zpracovani pfipadovych studii byla vyuZzita nasledujici metodika:

1. Sbér dat

e mnozstvi vybranych tok KO v obci a zplsobU nakladani s nimi,
e vydaje obce na nakladani s vybranymi toky KO — smésny komunalni odpad (SKO), odpady
na bazi plastd, odpady na bazi papiru, odpady na bazi skla, odpady na bazi bioodpadui
a ostatni oddélené sbirané slozky KO,
e pfijmy obce ve vztahu k obéhovému hospodarstvi.
2. ldentifikace mezer mezi sou€asnou a cilovou urovni KO a jeho slozenim, dle cili EU danych
v bali¢ku pro obéhové hospodafrstvi, a to nasledné
e vypocet miry tfidéni KO,

o vypocet podilu KO, ktery je odstranovan skladkovanim,
e vyvoj podilu oddélené soustfedovaneé recyklovatelné (vytfidéné) slozky KO.

3. Zhodnoceni ekonomickych aspektl pfechodu na obéhové hospodarstvi se zaméfenim
na ekonomické nastroje (poplatky a vydaje obci).

Tabulka 3: Srovnani vybranych obci v oblasti odpadového hospodarstvi (2019)

Obec Znojmo Kyjov Mikulov Boskovice
Pocet obyvatel* 33765 11185 7 455 11 681
Rozloha (km?) 65,93 29,88 45,33 27,83
Hustota osidleni (obyv./kmz) 512 374 164 419
Kategorie obce mésto mésto meésto mésto
Typ obce ORP ORP ORP ORP
Okres Znojmo Hodonin Breclav Blansko
Svozova spole€nost FCC Znojmo, s.r.0. EKOR, s.r.o. STKO, s.r.o. SUEZ CZ, a. s.
Znojmo (50 %), Dobrovolny spolek SUEZ
Vlastnictvi svozoveé spol. FCC obci 17 obci** .
. , Environment
Environment** Severovychod
Svozova oblast v JMK 54 214 79 211 29 590 106 766
(pocet obyvatel)
Forma vlastnictvi Mlxvspu’krome a Vefejna Vefejna Soukromé
verejné (PPP)
Provozovani skladky Ano Ano Ne Ne
Provozovani kompostarny Ano Ano Ne Ano
Provozovani tfidici linky Ano Ano Ano Ano
Provozovani prekladisté Ne Ano Ano Ano

Typ poplatku za KO

Mistni poplatek

Mistni poplatek

Mistni poplatek

Mistni poplatek

Poplatek za KO 400 K&+ 250 K& 600 K& (6;(??(5‘3***
Motivacni systém Ne Ne ISNO/MESOH MESQH#*****
Sbérny dvur/pocet Ano/2 Ano/1 Ano/1 Ano/1

Pocet sbérnych hnizd 141 89 72 53

Poznamka: *k 31. 12. 2019

*FECC Environment CEE GmbH - nadnarodni firma (49 %) a FCC Unanov, s.r.o. (1 %)

***Mikulov vlastni dominantni podil 40,1 %

***MESOH zaveden az od roku 2020

**xx%0d roku 2020

*rkkkk Od 1.1.2022 zvySen na 600 K& s planovanymi ulevami (nad 65 let — 300 K&, novorozenci do 1 roku 0 K&)
Zdroj: Autofi na zakladé dat z obci
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Vyzkum se zaméfenim na detailni analyzu nakladd a pfijmu na tfidéni vybranych slozek odpadu byl
proveden pro data za rok 2019. Hlavnim zdrojem vstupnich dat odpadového hospodarstvi byly udaje
vybranych mést (Znojmo, Mikulov, Kyjov, Boskovice), které maji ze zakona o odpadech povinnost
kazdoroCné podavat ro¢ni hladeni produkce a nakladani s odpady. Data o mnoZstvi KO jsou dostupna
v Informaénim systému odpadového hospodaistvi (ISOH), ktery provozuje Ceska informaéni agentura
zivotniho prostfedi (CENIA).

Pro analyzu nakladovych a vynosovych polozek byla pouzita data vydaji obci na odpadové
hospodafstvi z informacniho portalu MONITOR, ktery umoznuje volny pfistup k rozpoCtovym a ucetnim
informacim ze vS8ech urovni statni spravy a samospravy. Prezentované informace pochazeji
Z Integrovaného informacéniho systému Statni pokladny a jsou pravidelné aktualizovany. Tato data byla
doplnéna o udaje autorizované obalové spolec¢nosti (AOS) EKO-KOM, a. s., ktera od roku 2001
vyhodnocuje ekonomické udaje obci souvisejici s nakladanim s odpady.

Analyza potencialu OH se zaméfenim na produkci a vyuziti KO a plnéni cila
zakona o odpadech a dopady na ekonomiku obci

Prvni zkoumanou oblasti je potencial vybranych obci ve vztahu k ob&éhovému hospodafrstvi v kontextu
plnéni cill zakona o odpadech a bali¢ki ob&hového hospodarstvi EU. Dva cile obéhovych balicku
obsahuji povinnost oddélené soustifedovat sbér bioodpadu do roku 2023 a zaroven oddélené
soustfedovat textil a nebezpelny odpad do roku 2025. Tyto cile jsou ukotveny v Ceské legislativé a sbér
pouZitého textilu je zajiStovan ve vSech analyzovanych méstech jiz nékolik let. Je tedy mozné
konstatovat, ze dva ze stanovenych cilil EU do roku 2023 a 2025 spliuji vSechna analyzovana mésta jiz
nyni.

Mezi hlavni cile, které zasahnou do odpadového a nasledné obé&hového hospodarstvi obci, patfi
zvySeni podilu tfidéni odpadu (konkrétné 60 % oddélené soustfedovanych recyklovatelnych sloZzek
komunalniho odpadu v roce 2025) a omezeni skladkovani. Jaky je podil tfidéni KO vybranych obci
v porovnani s cili zakona o odpadech, a jestli tyto cile uz néktera z obci spliuje, popfipadé kolik procent
do splnéni cilt chybi, znazornuje graf 1.
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Graf 1: Porovnani oddélené soustred’ované recyklovatelné (vytridéné) slozky KO v roce 2019
v porovnani s cilem nového zakona o odpadech pro rok 2025
Zdroj: Autofri z evidence odpad( obce (vybrana mésta)

Graf 1 ukazuje, Ze bez zapocteni bioodpadu jsou na tom ze skupiny zkoumanych obci nejlépe
Boskovice s vice nez 25% podilem tfidéni KO pfed Mikulovem s téméf 24 %. To je ovSem ve vztahu
k cili pro rok 2025 (60 %) stale nedostatecné.

Pokud se podivame na naklady téchto obci (Tabulka 4), u Mikulova tento vysledek reflektuji relativné
vysoké naklady na tfidény odpad, u Boskovic je tento podil dosaZzen s nasobné niz§imi naklady. To
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naznacuje mnohem vyssi efektivnost v nastaveni systému tfidéni, resp. pfistupu obyvatel, nebo mozny
rozdil ve zplsobu evidovani, ktery by tento nepomér vysvétlil. V pfipadé Kyjova a Znojma je podil tfidéni
poloviéni — u Kyjova je to reflektovano v mnohem nizSich nakladech na tfidéni, ale ve Znojmé je tento
relativné nizky podil dosazen i pfes vynalozeni zna¢nych financnich prostfedku.

Po zahrnuti bioodpadu je na tom Znojmo stale nejhlGfe. Naopak, vyznamné si polepsil Kyjov,
u kterého je diky velkému mnozstvi sbiraného bioodpadu podil tfidéni nejvy$Si v ramci zkoumané
skupiny mést. Tomuto narlGstu vSak neodpovida objem vynaloZenych nakladu na tfidéni KO, ktery je
u Kyjova nejnizsi. V pfipadé Boskovic, Mikulova i Znojma pak zahrnuti bioodpadu vede k narlstu podilu
tfidéného odpadu o pfiblizné 20 %, tj. vysledny podil se prakticky zdvojnasobil. Navic zde neni zahrnuto
individualni domaci kompostovani, které neni nijak evidovano a mlze také vést k navySeni podilu tfidéni
KO. TFidéni bioodpadu z tohoto pohledu tvofi zasadni polozku pfi snaze o dosahovani stanovenych cilt
tfidéni KO. Nicméné se i tak ukazuje, ze cile stanovené zakonem o odpadech bude pro obce velmi
obtizné plnit. Proto je otazkou do diskuse, zda by neméla byt v ramci vypoctu procentniho podilu
zahrnuta také prevence. Pokud bychom pFedpokladali, Zze tvofi 10 az 20 %, jak potvrzuji nékteré
studie®®®, byly by jiz dané obce ke stanovenym cildm bliZe. Pfi zahrnuti prevence 15 %, jak doporuéuje
Willson a Velis?®, by Kyjov i Boskovice cil pro rok 2025 splnily a Mikulovu by chybéla jen necela 3 %.

Tabulka 4: Srovnani nakladi na systém OH (K¢/obyvatele, 2019)

Znojmo Mikulov Kyjov | Boskovice | JMK* CR
Naklady na SKO 627 512 245 510 502 547,5
ggg;%y na svoz trideéneho 241 432 21 95 125 220,3
Z toho svoz plastl 150 248 19 62 - -
Z toho svoz papiru 87 152 2 25 - -
Z toho svoz skla 4 32 0 8 - -
Naklady na BRKO 51 54 141 2 - 82,9
Naklady na sbérny dvar 293 254 10 19 - 132,6
Naklady na ¢erné skladky 1 26 0 1 - 10,7
Naklady na svoz
odpadk)gvych ko 124 8l 0 68 - |
Naklady celkem (K&/ob.) 1336,83 | 1531,41 559,04 774,45 820 1031,7

Poznamka: *dostupna data pouze za rok 2018

Zdroj: Autofi na zakladé informaci z dotazniku EKO-KOM a www.ekokom.cz

Z tabulky 4 dale vyplyva, Zze z pohledu nakladli na KO Ize zkoumana mésta rozdélit na dvé skupiny:
Znojmo a Mikulov s vysSimi naklady a Boskovice a Kyjov s relativné nizkymi naklady. V pfipadé Kyjova
a Boskovic jsou celkové naklady na obyvatele vyrazné niz$i nez primér Jihomoravského kraje i CR
a prakticky poloviéni nez vydaje obci ve druhé skupiné. U Boskovic je toto zpusobeno hlavné nizkymi
naklady na tfidény odpad, pficemz naklady na SKO jsou porovnatelné s Mikulovem a Znojmem.
U Kyjova jsou pak nizké celkové naklady na obyvatele zplsobené jak nizkymi naklady na SKO, tak
i prakticky marginalnimi naklady na tfidény odpad. Ve vysledku jsou pak celkové primérné naklady
na KO v Kyjové na urovni necelych 560 K& na obyvatele, coz je téméf srovnatelné s béznou vysi sazby
mistniho poplatku za odpad, které obce CR obvykle vybiraji. Tyto naklady jsou az nezvykle nizké, coz je
dano nizkymi uctovanymi naklady svozové spole€nosti a jejim hospodafenim. Dle vedeni svozoveé
spole€nosti EKOR, s.r.o. jsou vSak tyto naklady uétované méstu Kyjov na hranici efektivnosti
a spolecnost utrpéla za rok 2019 vyraznou ztratu.

Graf 2 ukazuje porovnani nakladu na jednotlivé slozky tfidéného sbéru na obyvatele v roce 2019
u vybranych mést. V oblasti nakladl na tfidény sbér je mezi zkoumanymi mésty u jednotlivych polozek
vidét znacny rozdil, pfi€emz nejvysSich nakladi dosahoval Mikulov. To se pak projevilo i v celkovych
nakladech a nasledné nutnosti mésta dotovat vice nez polovinu nakladl na OH. K tomu je ale nutno
dodat, Zze v Mikulové je zavedeny motivacni systém MESOH, diky kterému je zde velmi komfortni sit
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sbérnych hnizd, ktera je ale narocna na svoz. Tento motivacni systém ma sice pozitivni vliv na tfidéni
obyvatel, ale znamena i vy$$i naklady z duvodu vétSiho mnozstvi vytfidéného odpadu. Vyznamna
disproporce je vidét hlavné u nakladl na tfidéni skla, které byly mnohonasobné vys$Si nez u ostatnich
obci. Vytéznost vytfidéného skla na osobu byla oproti ostatnim méstim vice nez dvojnasobna. V roce
2019 wvytfidili ob&ané Mikulova 24 Kkg/obyvatele/rok, zatimco v Kyjové 12,5 kg/obyvatele/rok,
v Boskovicich 11,9 kg/obyvatele/rok a ve Znojmé 11,3 kg/obyvatele/rok. NizSi naklady na odpady na
bazi skla u ostatnich analyzovanych mést maji vSak logické zdlvodnéni, souvisejici s pfitomnosti
sklarny v Kyjové a recyklacniho zafizeni pro sklo v Kel€anech. Dale je zifejmé, Ze velci dodavatelé skla
jako je SUEZ CZ, a. s. &i skupina firem FCC (FCC Znojmo, s.r.0.) maji nesrovnatelngji vyhodnég;jsi
podminky oproti spole¢nosti STKO, spol. s r.o.
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Graf 2: Porovnani nakladu jednotlivych slozek tfidéného sbéru na jednoho obyvatele (Ké/obyv., 2019)
Zdroj: Autofi z dotazniku EKO-KOM (Znojmo, Mikulov, Kyjov, Boskovice)

U Znojma byly naklady druhé nejvyssi, a to opét primarné kvuli nakladim na papir a plast. Ty vznikly
kvlli svozu rozsahlé sité 140 sbérnych hnizd. V pfipadé nakladu na svoz skla se jedna o nevyznamné
Castky. Naklady na svoz bioodpadu byly srovnatelné s Mikulovem. U Boskovic byly pramérné naklady
na tfidény odpad relativné nizké, kdy se oproti Mikulovu nebo Znojmu jednalo o zlomkové ¢astky
u vSech zkoumanych slozek. MGze to byt dano tim, Zze spole¢nost SUEZ CZ, a. s. razi strategii
neprodrazovat svoje sluzby v oblasti svozu a podporovat obéhové hospodarstvi. Navic jeji sluzby
Zlevriuji zafizeni na tfidéni odpadu i zpracovani urcitych frakci, které ma ve svém vlastnictvi. SUEZ CZ,
a. s. tak preferuje levnéjsi feSeni u tfidéného odpadu oproti standardnim cenam u SKO.

V pfipadé Kyjova byly naklady na tfidény odpad extrémné nizké, konkrétné u papiru a plastu
prakticky nulové. Jedinou oblasti s vy§Simi primérnymi naklady je svoz bioodpadu, kde jsou tyto naklady
naopak nasobné vysSi oproti dalS$im analyzovanym méstim. Tyto relativné vysoké naklady ale
odpovidaji prdmérnému mnozstvi bioodpadu, ktery se v Kyjové vybira, aktery je v porovnani
s Mikulovem nebo Znojmem prakticky dvojnasobny, resp. ¢tyfnasobny oproti Boskovicim.

PFi porovnani bilance nakladu a pfijma v analyzovanych méstech jsou vysledky odliSné. Dalo by se
pfedpokladat, Ze nejlepSi bilanci bude mit mésto Kyjov s velmi nizkymi naklady. Praxe je vSak jina, viz
nasledujici tabulky 5 a 6, které ukazuji porovnani celkovych nakladi a vynosu za rok 2019 v K¢
a v K¢/obyvatele.
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Tabulka 5: Srovnani bilance nakladu a vynosu na systém OH u vybranych mést na (K¢, 2019)

Znojmo Mikulov Kyjov Boskovice CR
Vynosy celkem (K¢) 16 961 348 4878624 | 3905037 7822 274 -
Naklady celkem (K¢&) 45137994 | 11416694 | 6 252907 9 046 306 -
Rozdil V-N (K&) -28 176 645 -6 538 069 | -2 347 869 -1 224 031 -
Podil doplaceni obci 62,42 % 57,27 % 37,55 % 13,53 % 28 %

Zdroj: Autofi na zakladé informaci z dotazniku EKO-KOM

Tabulka 6: Srovnani bilance nakladt a vynosu na systém OH u vybranych mést na (Ké/obyvatele, 2019)

Znojmo Mikulov Kyjov Boskovice CR
Vynosy celkem (K&/obyv.) 502,34 654,41 349,13 669,66 725
Naklady celkem (K&/obyv.) 1 336,83 1531,41 559,04 774,45 1031,7
Rozdil V-N (K&/obyv.) -834,49 -877,00 -209,91 -104,79 -306,7

Zdroj: Autofi na zakladé informaci z dotazniku EKO-KOM

NejlepS$i bilanci nakladd a vynost mélo mésto Boskovice. Zde byl vSak v roce 2020 zaveden relativné
nakladny motivaéni systém MESOH, u kterého je pfedpoklad, Ze v nasledujicich letech systém OH
v Boskovicich znacné prodrazi. A i kdyz byl v Boskovicich zvySen i poplatek za KO, neni mozné
konstatovat, zda Boskovice tuto velmi dobrou bilanci mezi pfijmy a naklady udrzi.

Zajimava je situace u Kyjova, ktery mél i pfes velmi nizké naklady na systém OH bilanci horsi
a na systém OH doplacel témé&F 210 K& na obyvatele, coz je vSak stale méné nez pramér CR. To bylo
dano hlavné extrémné nizkym poplatkem za KO, ktery patfi k nejniz§im nejen v Jihomoravském kraiji, ale
i celé CR. Ve Znojmé& a Mikulové je bilance obdobna. U Znojma byla negativni bilance dana hlavné
relativné vysokymi naklady na systém OH, které ale vychazeji z charakteru mésta i nadstandardnich
sluzeb pro jeho obyvatele. U Mikulova byly didvodem predevsim vysoké naklady na svoz a Siroka sit
sbérnych hnizd. Mnoho obyvatel také dosahne na slevy a neplati mistni poplatek v piné vysi. Negativné
se zde rovnéz projevuje fakt, ze svozova spoleCnost nevlastni zafizeni na zpracovani odpadu
(kompostarna, aj.), coz pfinasi vyssi naklady na zpracovani odpadu.

Pokud sledujeme strukturu pfijm0 (Tabulka 7), vSechny z analyzovanych obci maji nizsi pFijmy
prijmy z poplatku za KO vy3$i nez pramér CR. PFijmy za tfidény sbér od autorizované spolegnosti EKO-
KOM jsou u vech obci vyrazné nizéi nez primér CR, coZ ukazuje na mezery a moznosti ve zvySovani
tridéni.

Tabulka 7: Srovnani pfijmu systému OH u vybranych mést na (K¢é/obyvatele, 2019)

Znojmo Mikulov Kyjov Boskovice CR
PFijmy z poplatku za KO 379,35 475,30 236,48 564,86 501,00
Ostatni pFijmy za KO 122,99 179,11 112,66 104,80 224,00
Celkem (K&/obyv.) 502,34 654,41 349,13 669,66 725, 00

Zdroj: Autofi na zakladé informaci z dotazniku EKO-KOM

Zaveéry a diskuse

Z vysledkd analyzy OH vybranych mést vyplyva, Ze hledat faktory, které ovliviiuji pfFijmovou
i vydajovou stranku rozpoctll a jak pfechod na obéhové hospodarstvi ovlivni rozpocty obci, je velmi
obtizné. Je to dano tim, ze obce tézko identifikuji konkrétni naklady pfimo na dané toky odpadu, a je
pro né téméf nemozné je vykazovat pfesné. Proto by ekonomice obci vyznamné pomohlo, pokud by
obce byly schopny pfifadit k jednotlivym tokim odpadu i finanéni castky.

Z pohledu plnéni cili zakona ¢&. 541/2020 Sb. o odpadech pro rok 2025, 2030 a 2035 se ukazuje, ze
obce maji velké mezery mezi sou€asnym stavem a cili zakona. Je zde pak nékolik moznosti, jak témto
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vyzvam cCelit. Jednou z nich je zapocitani prevence, které by v8ak muselo najit oporu ve zméné
legislativy a vypoCtu procenta tfidéni. Je otazkou, zda by se takova zména legislativy do terminu plnéni
prvniho cile zdkona o odpadech pro rok 2025 stihla schvalit. Nicméné zapocteni prevence ve vysi 15 %
by jiz obcim v pInéni cili zakona o odpadech mohlo pomoci. DalSi moznosti je motivovat ob&any
k vy§S§imu tfidéni. To vSak s sebou muze pfinaset i dodatecné naklady zatézujici rozpocty obci. Navic se
ukazuje, ze s vySSim tfidénim souvisi i vy§8i naklady na svoz, a to zvlasté u plastu, ktery s sebou nese
nejvétsi podil vymétu. Jako efektivni se ukazuje vySSi tfidéni bioodpadu, které mize vyrazné zvysit
procenta tfidéni a pfiblizit obce k pInéni cili zakona o odpadech.

U tfidéni je pak potfeba hledat faktory, které ho ovliviiuji. Patfi mezi né napfiklad rozdilné kampané
mezi rliznymi socio-demografickymi skupinami obyvatel***.To koresponduje s dal$imi studiemi, podle
kterych je pro implementaci nastroji0 na mistni Urovni potfeba uvaZovat také socio-demografické
aspekty®®. Podle Struka a Soukopové? je tfeba identifikovat, jak se rGizné skupiny obyvatel chovaiji
z hlediska produkce odpad(, jaké maji tendence k tfidéni odpadl, a na zakladé toho nastavit prevenci
a komunikaci efektivné. Soukopovéa a kol.?® ve vztahu k tomu povazuje jako Gginné vyuZivani rGznych
pristupl k hodnoceni nakladani s KO napfiklad podle demografické struktury za u¢elem dosazeni uspor
v oblasti vefejnych vydajl. To poskytuje nové moznosti fizeni sluzeb nakladani s komunalnim odpadem
v souladu s cili ob&hového hospodarstvi. Navic fada studii*®®® ukazuje, Zze pfechod na obé&hové
hospodarstvi Ize wusnadnit vladnimi politikami, infrastrukturou a technologickou dostupnosti,
informovanosti, spolupraci zGi&astnénych stran a integraci dodavatelského fetézce. Vilamova a kol.?° pak
vidi hlavni problémy vimplementaci stanovené legislativy obéhového hospodarstvi do praxe,
v nejednotnosti metodiky sbéru dat a v nedostatecné funk&nim motivaénim systému.

Jako kliCové se ukazuje provést dalSi vyzkum v oblasti zlepSeni prevence a recyklace vice zdroju.
Dulezité je identifikovat faktory, které tfidéni ovliviiuji a také nastroje (komunikacéni ¢i informacni), které
jsou pro zvySovani tfidéni nejefektivnéjSi. Pro obce je podstatné najit zplsoby ke snizeni nakladu tak,
aby byly co nejméné zatiZzeny jejich rozpocty. Nicméné zefektivnéni fungovani odpadového a obéhového
hospodarstvi, vytvofeni a implementace vlastni strategie prechodu na obéhové hospodarstvi, ktera by
pomohla obcim v plnéni cili stanovenych zakonem o odpadech, se pro obce ukazuji jako nevyhnutelné.

Podékovani

Prispévek byl podporen z projektu MUNI/A/1481/2021 Rizeni obci, mistni vefejné sluzby a faktory
jejich efektivnosti Masarykovy univerzity.
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Potential and economic aspects of the transition to the circular economy of
Czech municipalities - a case study of four municipalities in the South
Moravian Region
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Summary

The circular economy is a current European and global phenomenon, which, especially after the
adoption of EU circulation packages and Act No. 541/2020 Coll. on waste is gaining increasing attention,
especially in relation to municipal waste, for which it sets specific and ambitious long-term goals that are
legally binding. Especially for municipalities, achieving these goals will be very difficult, as their current
practice in the field of circular economy is very limited, both in terms of volume and structure of municipal
waste. Based on the analysis of four selected cities of the South Moravian Region, the paper evaluates
their potential in relation to the circular economy, including economic aspects for 2019, and shows that in
relation to the current objectives of Act No. 541/2020 Coll. on waste, meeting these targets will be very
difficult and will have an impact on the economy of municipalities.

Keywords: circular economy, municipal waste, economy of municipalities
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