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Uvodni slovo $éfredaktora

Patronem tohoto ¢éisla je symposium ODPADOVE
FORUM 2017. Predpokldddm, Ze vétsina étendfu tohoto
Casopisu symposium zna, takZze bych ani nemusel
pripominat, Ze plny jeho nézev je VYSLEDKY VYZKUMU A
VYVOJE PRO PRUMYSLOVOU A KOMUNALNI EKOLOGII.

Tradicnim medialnim partnerem symposia je WASTE
FORUM, proto prispévky prezentované na symposiu, které
doporuci vice ¢leni redakéni rady, jsou, samozrejmé
v pfipadé souhlasu autora, bezplatné uverejnény v nékterém
z nasledujicich c¢isel tohoto ¢asopisu.

Neni jiz novinkou, Ze stejné jako tento casopis,

v sy

i symposium rozSifilo svij odborny zabér na celou oblast prumyslové a komunalni ekologie, na
symposium tedy patfi i prispévky souvisejici s odpadnimi vodami a emisemi do ovzdusi.

Jiz nékolik jet porddéme symposium ODPADOVE FORUM spolu s konferenci APROCHEM
pod zastfesujicim ndzvem TYDEN VYZKUMU A INOVACI PRO PRAXI A ZIVOTNI PROSTREDI.
K uvedenym dvéma tradicnim odbornym setkanim pribyla od letoSka jesté konference
PRUMYSLOVA EKOLOGIE programové zastiténa dékanem Fakulty ochrany prostredi VSCHT
v Praze doc. Viadimirem Koc¢im. Tato konference se kona jednou za dva roky, proto v roce 2017
bude v programu TVIP 2017 chybét a miZeme se na ni tésit zase aZ v roce 2018.

VSechny dulezité informace k symposiu, resp. k TVIP 2017, najdete na konci tohoto Cisla

Ve vavzs

dnech 21. az 23. 3. 2017 v Hustopecich u Brna, termin pro pfihlasky pfispévku na symposium je
15. ledna a prihlasovaci formular najdete ZDE.

Na zdvér pfipominam, Ze nejblizsi redakc¢ni uzavérka WASTE FORUM je 8. ledna 2017,
dalsi pak 8. dubna pfistiho roku. A neskodi zopakovat, Ze je jiz opét mozné publikovat i v ¢eském

nebo slovenském jazyce a Ze tematicky zabér ¢asopisu se rozsifil z odpadi na celou oblast
prumyslové a komunalni ekologie.

Ondrej Prochazka

Editorial

The patron of this issue is a symposium “Results of research and development for
Industrial and Municipal Ecology ODPADOVE FORUM 2017”. The papers presented at the
symposium and recommended by the editorial board will be published here and free of charge.

As well as our journal, the symposium also expanded its professional engagement on the
whole area of industrial and municipal ecology. Along with APROCHEM conference, the
symposium is held during the WEEK OF RESEARCH AND INNOVATION FOR PRACTICE AND
ENVIRONMENT TVIP 2017 on April 21 — 23 2017 in Hustopece. All important information
concerning the symposium can be found at www.tvip.cz. Submission deadline is January 15,
2017. Registration form can be found HERE.

Lastly I would like to remind you that the next WASTE FORUM editorial deadlines are
January 8 and April 8, 2017.

Ondrej Prochazka
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Pro autory

Casopis vychazi pouze v elektronické podobé a &isla jsou zvefejfiovana na volné pristupnych
internetovych strankach www.WasteForum.cz.

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

Publikacni jazyk je Cestina, slovenstina a angli¢tina. Ve snaze, aby se ¢asopis WASTE FORUM
dostal do mezinarodnich databazi védeckych Casopisli, coz je nezbytny pfedpoklad, aby mohl ziskat
Casem i impakt-faktor, je preferovana angli¢tina. V tomto pfipadé je nezbytnou soucasti ¢lanku na konci
nazev, kontakty a abstrakt v ¢eském ¢&i slovenském jazyce, pfi€emz rozsah souhrnu neni shora nijak
omezen.

Uverejnéni prispévkl v Casopisu WASTE FORUM je v zasadé bezplatné. Nicméné abychom
pfijmové pokryli alespofi nezbytné externi naklady spojené s vydavanim ¢&asopisu (poplatky za
webhosting, softwarova podpora atd.), vybirame symbolicky poplatek za uvefejnéni podékovani
grantové agenture &i konstatovani, ze ¢lanek vznikl v ramci feSeni urcitého projektu. Tento poplatek Cini
200 K¢ za kazdou stranku u pfispévku v anglickém jazyce, u ostatnich je 500 K¢ za stranku.

Uzavérka dalsiho Cisla ¢asopisu WASTE FORUM je 8. ledna 2017, dalSi pak 8. dubna.

For authors

WASTE FORUM is an 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. Articles submitted must
include a abstract in Czech (Slovak) or English language, respectively.

Manuscripts for publication in the journal WASTE FORUM should be sent only in electronic form
to the e-mail address prochazka@cemc.cz or wasteforum@seznam.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. Due to the personal connection of the
editorial staff with the editors of the professional monthly journal ODPADOVE FORUM, authors
need to clearly state that their manuscripts are intended for publication in WASTE FORUM.

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.

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.

Publication of the articles is generally free. However, revenue to cover at least the necessary
external costs associated with the issuance of the magazine, we select a symbolic fee for the publication
of gratitude grant agency or a statement that the article was created as part of a project solution.. The
fee is 200 CZK per each new page for articles reviewed part of issue and CZK 500 for every new
page for contributions in the second part of the issue.

The deadline of the next issue is January 8, 2017, and for following one April 8, 2017.
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Verification of manufacturing of sintered fly ash aggregate
Vit CERNY, Magdaléna KOCIANOVA, Rostislav DROCHYTKA

Brno University of Technology, Faculty of Civil engineering, Veveri 95, 602 00
Brno, Czech Republic,

e-mail: cerny.v@fce.vutbr.cz, kocianova.m@fce.vutbr.cz, drochytka.r@fce.vutbr.cz

Summary

Nowadays are fly ashes from coal combustion as one of the most widely used secondary raw
materials. This materials presents new building materials. It is the subject of many research papers, and
the results show that this secondary energy product is able to fully substitute the primary components of
building products. It also improves the final properties of such products in many cases. Another field of
application is the production of artificial aggregate, which is based on the full use of sintered fly ash. The
only correction components are fuel or clay.? The article focuses on the results of laboratory verification
of the production of artificial aggregate from ashes.

Key words: Artificial aggregate, sintering, secondary raw material, fly ash, thermal power plant.

Introduction

The main characteristic of the technological process, during the produce of artificial aggregate from
sintered fly ash, is the use of combustible substances in the batch for the thermal process of self-firing.
The optimum quantity of such substances lies within the range of 7-11 % by weight. Milled coal is used
most frequently in all needed corrections.” Also have been verified alternatives in the form of coal
gangue, various types of silt, fly ash with over-limit loss on ignition and other similar materials. For
increase the fineness, plasticity and strength it is suitable to use various common correction of bentonite.
It can be use for both fresh pellets and the finished aggregate.

After the creation of an optimum mixture it is mixed with water. Then is the mix granulated on
granulation rollers or plates and placed on a sinter grate in the form of pellets. Subsequently, it is ignited
with natural gas and burnt at a maximum temperature of approx. 1200 °C with the help of its own heat
and ventilators. After sufficient firing and cooling is the batch is grinded and sorted into final fractions.

The fly ash is most suitable material for production of aggregate. Fly ash has a proportion of unburnt
coal (carbon) approximating 8 % by weight, low absorbability, which guarantees that self-firing will
proceed in an optimum manner."? The creation of aggregate with good grain quality also has specific
requirements with regards to the granulometry, microstructure and chemical composition of fly ash.

With regard to the minimum fineness requirements of fly ash, is filter fly ash particularly suitable for
this technique.

Experimental part
Raw materials

It was made the laboratory test in a muffle furnace and subsequent self-firing tests in a small vertical
furnace. Self-firing tests in a small vertical furnace are used for brown coal. During this process is fly ash
burning on high temperature (whose properties are listed in Table 1 and Table 2). Based on these two
tests was for the practical verification of the production of artificial aggregate chosen technical process in
a horizontal furnace. For the correction of combustible materials to 8 % by weight, 7 % of black coal dust
was used (92 % loss on ignition).
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Table 1: Basic properties of the selected brown coal ash

Loss on |Bulk density [kg:m~] Specific Chemical composition [%]
ignition surface .

[Y%weight ] Loose Tapped [m2kg] SiO, | AlLO; | Fe,O; | SO; | CaO
1.19 870 990 329 47.70 | 28.20 | 5.61 | 0.13 | 1.10

Table 2: Mineralogy of the selected brown coal ash [%]

Quartz | Mullite |Hematite | Maghemite | Magnetite Am:tra[l:)gheous
SiO, AlgSi,O43 Fe,O3 Fe,O3 Fe;O,4 -
7.0 39.3 1.2 15 0.1 39.5

Granulation

On the basis of tests, which was carried out to check the suitability of granulation equipment for use in
the pelletizing of the raw material mixture, it was decided that a granulation plate would be used. Unlike
granulation rollers, it produces a homogeneous, solid, resistant, round grain which does not break up
during handling. Granulation plates also provide higher breathability to the batch during burning. The
optimum setting for the tilt of plate is a 40° and a speed is of 30 rotations per minute (Figure 1). A slightly
moistened (10 % by weight of water) mixture of ash and fuel is added to the plate. This is subsequently
moistened by water in such a way that the maximum amount of 8-16 mm grains (Figure 2, selected as
the target grain size) is achieved.

Figure 1: Granulation plate in Figure 2: Grain from the granulation
operation at the optimum setting plate (already free of moisture)

Burning in a horizontal laboratory furnace

Verification of the designed technique was carried out under pilot conditions in a horizontal sinter
grate (Figure 3). This was a 3600 mm long and 400 mm wide grate which is capable of burning
a 400 mm high batch. Horizontal movement is provided by an electric motor which, thanks to the timing
of the movement steps, enables alterations to the final speed and thus mainly the period of ignition of the
batch. The burning is controlled by a set of vents which suck out flue gases. It is done by a ventilator of
sufficient dimensions. Simultaneously the ventilator brings new combustion air from the area above the
batch.
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In order to verify the technique used for the production of artificial porous aggregate was selected
brown coal high temperature ash as the basic raw material. The components with an admixture of 10 %
water by weight of the dry matter were mixed in a mixer with forced circulation.

The slightly moistened mixture was then granulated on the granulation plate. The total amount of
water which was present in admixture during wet granulation equalled 33.5 % of the weight of the
original dry matter. The pellets were placed on the horizontal sinter grate in a 40 cm layer. An ignition
layer of brown coal gangue (Figure 4, fr. 1-4 mm, 30 % loss on ignition) was spread on the surface of the
batch. Due to this was the ignition period lowered from the usual 5 minutes only for 3 minutes. Moreover,
its gradual burning lowers the impact of the thermal shock to the top layers of the batch after leaving the
area under the ignition head (Figure 5). The percentage of created waste is thus considerably
decreased.

Figure 3: Horizontal sinter grate

The ventilator was set so that the combustion air let into the batch was at optimum underpressure.
During the optimization it was found that low underpressure lowers the efficiency of ignition and burning.
Then It was found that the high pressure crushes fresh grains, lowers the breathability and thus prolongs
the firing and increases the quantity and size of sintered clusters.

Figure 4: Fresh batch with ignition layer
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Figure 5: Ignited batch

During the firing, were also recorded the emission values of harmful substances in the flue gases. For
evaluation of limit values of flue gases were used sintering grates which are used in the industry mainly
during the agglomeration of iron ores. These values are listed in the following Table 3.

Table 3: Limit weight concentrations of emissions?

Limit weight concentrations in [mg-m™] O, related [%]
SO, NO, CO VOC
400 400 6000 19
22500 = 250
— 20000 + 3 9
E 17500 - = F 200 o
E 15000 £
m - 150 5
£ 12500 - 2
2 10000 | g
& - 100 *
& 7500 - g
8 o000 - 50 S
(™
2500 - o v
[*5] =
0 — o "

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
The time course of firing [minutes]

Figure 6: CO emissions in flue gases
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g 2
—_ | [}
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a B2
E 150 - 100
() -]
o 100 @
) L 50 &

50 - E

0 — — — 0

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

The time course of firing [minutes]

Figure 7: SO, emissions in flue gases

The results showed an increase in CO emissions (Figure 6), which is quite a common phenomenon
during firing on a sinter grate. The average values for the whole firing fulfil legislative requirements.
However SO, emissions fulfil legislative requirements in every moment of the firing process (Figure 7). It
can be seen from the graphs that the highest emissions are produced at low flue gas temperatures. It is
thus obvious that all the heat is used up in the pre-heating and ignition of the lower layers. When the
temperature of the flue gases rises, the burning of the bottom layers is already coming to an end.

After the firing and cooling of the batch (with a drop in temperature under the grate to below 100°C)
was the aggregate poured onto a conveyor and sorted (Figure 8). Fractions over 16 mm (small, easy to
disintegrate sinter clusters) were crushed with a jaw crusher with a 16 mm outlet opening.

Figure 8: Evaluation of firing

Results and discussion

Critical parameters were determined for the samples made from artificial aggregate. Tests were
performed on aggregate fraction 1-4 mm, 4-8 mm and 8-16 mm. The 0-1 mm fraction was rejected as it
is composed mainly of unsintered ash. The results are shown in the following Table 4.
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Table 4: Results of the determination of the physico-mechanical parameters of the produced aggregate

Fraction| Density Bulk Density Water_ . Resistar!ce Void ratio
Loose | Tapped |absorbability|to crushing
[mm] [kgm™] | [kg-m™] | [kg-m”] [%] [MPa] [%]
1-4 830 570 650 65 1.35 31
4-8 1090 710 810 29 1.8 35
8-16 1170 610 740 20 4.0 48

The determined aggregate parameters show that the original 8-16 mm fractions achieve the best
results. They are uniform with closed porosity and consequently are both firm and less absorbent.* °
The 1-8 mm grains partially comprise contracted grains from the original 8-16 mm fraction and partially
grains which were created via the crushing of sintered clusters. They are often damaged, which gives
them lower strength but higher absorbability.* > ©

The results show that artificial aggregate can be made from 8-16 mm fraction with a resistance
against crushing of 4.0 MPa, a loose bulk density of 610 kg-m™ and a tapped bulk density of 740 kg-m™.

With regard to the influence of the produced aggregate on the environment, attention was paid to
ecotoxicity testing (results in Table 5 — Table 8).

Table 5: Determination of the acute lethal toxicity to freshwater fish (Poecilia reticulata) of substances’

Check Aggregate
Decree No. 294/2005 Coll. 0 0
Concentration of infusion (ml-I'™") 0 1000
l(\lllocg;t)allty of fish in 96 hrs (pcs)/ number of fish in the test 0/10 0/10
Mortality of fish in 96 hours (%) 0 0

Table 6: Test of inhibition of motility of Daphnia magna Straus — Test of acute toxicity’

Check Aggregate
Decree No. 294/2005 Coll. 0 0
Concentration of infusion (ml-1™") 0 1000
_Immoblllzatlon of daphnia in 48 hrs (pcs) / number of daphnia 0/20 1/60
in test (pcs)
Mortality of daphnia in 48 hrs (%) 0 1.7

Table 7: Test of growth inhibition of fresh water algae (Scenedesmus subspicatus)’

Check Aggregate
Decree No. 294/2005 Coll. <30 % <30 %
Concentration of infusion (ml-I™") 0 1000
Number of parallel determinations 3 3
@ inhibition/stimulation of algal growth (%) / -0.4

Table 8: Test of growth inhibition of white mustard root (Sinapis alba)’

Check Aggregate
Decree no. 294/2005 Coll. <30 % <30 %
Concentration of infusion (ml-1™") 0 1000
Number of parallel determinations per 30 seeds 3 3
@ inhibition/stimulation of root growth (%) / 2.7
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The ecotoxicity determination results show that the produced artificial aggregate complies with
environmental requirements. All of the findings fulfil the criteria set by the relevant legislation.

Conclusions

The contribution represents progress in the optimization of an artificial aggregate production
technique which fully utilizes the principle of self-firing. Thanks to the self burning process of aggregate
and the ignition layer on the surface of the batch, were achieved significant savings in terms of external
heat sources.

During the pilot production test, artificial aggregate was obtained whose 8-16 mm fraction has a
resistance to crushing of 4.0 MPa, a loose bulk density of 610 kg'm™ and a tapped bulk density of
740 kg'm™. It was proven, during the experiments, that when a higher dose of cement is used, along with
a lower water coefficient, a higher dose of superplasticizer, etc.?, can be achieved cubic strengths of up
to 56 MPa and density of 1840 kg-m™.
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Shrnuti

V soucCasné dobé jedny z nejvice vyuzivanych druhotnych surovin pro nové stavebni materialy jsou
bezesporu popilky ze spalovani uhli. Vysledky ukazuji, Ze vedlej§i energetické produkty nejen éasto
plnohodnotné nahrazuji primarni sloZzky, ale v mnoha pfipadech zlepSuji viastnosti stavebnich vyrobkd.
Jednou z oblasti je také vyroba umélého kameniva na bazi spékanych popilki. Tento zplsob vyuZiti je
zaloZen plné na popilcich. Jedinymi korek¢énimi sloZkami jsou palivo nebo i jil.

Prispévek predstavil pokrok v optimalizaci technologie vyroby umélého kameniva piné vyuZivajici
principu samovypalu. Diky viastnimu obsahu spalitelnych latek a zapalovaci vrstvé na povrchu vsazky
bylo dosaZeno vyznamnych uspor na externich zdrojich tepla. Pri ovéfovaci zkouSce vyroby bylo
ziskano umélé kamenivo, jehoZ frakce 8-16 mm dosahuje odolnosti proti drceni 4,0 MPa, sypné
objemové hmotnosti ve volné sypaném stavu 610 kg:-m> a v setfeseném stavu 740 kg-m>. Pri
posuzovani vlivu umélého kameniva na Zivotni prostredi z pohledu zkouSek ekotoxicity splnilo kamenivo
poZadavky legislativy.

Kli¢ova slova: Umélé kamenivo, spékani, druhotna surovina, popilek, tepelna elektrarna.
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Summary

The consumption of paper ceased to rapidly increase recently in the Czech Republic, as it opposed to
previous decades, nevertheless, the main area of paper usage is changing. It is a very important part
segment of handbills, flyers, brochures, newspapers and other printed materials which can be difficult to
reuse at the end of their lifetime. It is possible to recycle predominantly natural fibers with desirable
parameters by means of suitable technology of processing these cellulose materials.

This paper describes the possible utilization of these fibers as lightweight, natural fiber reinforcement
in composite materials. Specifically, it describes the results of work aimed at the development of thermal
insulating plasters containing recycled fibers. Experts from the Brno University of Technology, Faculty of
Civil Engineering have concerned themselves with the development of lightweight plasters for many
years.

Recycled fibers based on cellulose were used in mixtures of previously designed plasters, given the
still unsatisfactory results in terms of the mechanical properties of the materials. Their main function was
to improve the mechanical properties and prevent any shrinkage of the plasters and subsequent
formation of micro cracks. The aim of the research was to obtain lightweight plasters with good thermal
insulation and mechanical properties. It can be observed, based on evaluation of the research, that the
application of waste cellulose fibers in lightweight, thermal insulation plasters significantly improved the
workability of fresh mortars in comparison with the mortars of the same composition but without the
addition of reinforcing fibers. It was discovered, upon comparison of mechanical properties of the
reference mixture without fibers and mixtures containing cellulose fibers that the compressive strength
increases by up to 192 %, the flexural strength was found to be up to 150 % higher.

Key words: Newsprint, waste fibres, recycling, thermal insulating plasters, reinforcement fibers.

Introduction

The trend of recycling materials for their repeated industrial use is still topical not only in civil
engineering. Nowadays there is still an abundance of flyers, brochures, newspapers and other printed
materials, in spite of a slight decline in the consumption of paper and paper products in the Czech
Republic. These materials based on cellulose are to a large extent already recycled waste from the
timber industry, which, however, can be processed again and used in other industrial sectors, for
example in construction. It is possible to obtain recycled, cellulose-based fibers with those parameters by
suitable technological processing. These fibers can be utilized in civil engineering as lightweight, natural
fiber reinforcement in various types of composite materials.

The paper describes the results of research devoted to the development of lightweight, thermal
insulating plasters using recycled cellulosic fibers. It is often possible to encounter plasters, where
natural fibers were used, when reconstructing historical buildings and the like. In the past people often
used natural fibers to reinforce and improve the mechanical properties of coatings and other types of
construction materials. These natural fibres were replaced by synthetic fibers thanks to advances in
development, especially by steel, glass and polypropylene fibers®. The current trend of using "green
materials" leads to a return to the use of alternative, natural raw-material resources, which also include
natural or recycled fibers. Many experts throughout the world, such as Sawsen et al 2 Ashour et al®,
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Olivito et al*, Bella et al°, J. Claramunt et al°, S. R. Ferreira®, F. Pacheco-Torgal et al’, M. Ardanuy et al®
are researching the use of natural fibers in the building industry; for example fibers such as sisal,
coconut, flax, jute, hemp, bamboo, wood, palm fibers, straw.

The idea of plant fibers as reinforcement in cementitious materials, containing a large amount of
cellulose, was used first emerged in the 1940s, when these fibers replaced asbestos fibers®. These
fibers have many advantages, for example easy local availability, relatively low cost and easy recycling.
These fibers are biodegradable with zero carbon footprint. Many factors have influence on the efficiency
of fibers in the matrix of cement composites. The fibers and their properties may have a significant
influence, such as geometry of the fibers, ratio of dimensions, surface coarseness, distribution, dosage,
form (fiber, cellulose, crop-stems) and chemical composition®. Pulp is the most common and most
affordable form of fibers. Many researchers use pulp in their work; examples include pulp from sisal,
eucalyptus as well as some conifers, according to location and ease of cellulose accessibility. For these
reasons waste cellulosic fibers were chosen for the development of lightweight plaster mixtures, which
were obtained by recycling of printed matter. The aim of the research was to obtain lightweight plasters
with good thermal insulation and mechanical properties.

Experiment

The experimental part of the research was divided into several stages. The first step was the design
of mixtures and then selection of suitable fibers. In this case, the purpose of using fibers was to modify
the properties of thermal insulation plasters based on lightweight aggregate from foam glass. The
mixture with the best ratio of thermal and mechanical properties was chosen that have been identified in
previous research'®. Three mixtures of lightweight, thermal insulation plasters were prepared then in the
laboratory conditions (relative humidity 50 %, temperature 23 °C). Selected tests were performed on
fresh mortars and afterwards test specimens of given dimensions were prepared, which were then
conditioned for 1 week in laboratory conditions. Next, the test specimens were demolded and left to age
in a laboratory environment. Hardened samples of plasters were subjected to more laboratory tests after
14 and 28 days at laboratory humidity of 50 %, and then in dry state.

Design of mixtures

A total of 3 test mixtures of lightweight, thermal insulation plasters were designed based on literary
survey and our prior research and experience. The first mixture was identified as the reference without
any dispersed reinforcement. The second mixture contained an addition of cellulosic fibers of the type
F-3000, the third mixture contained the same amount of cellulosic fibers as mixture 2, but of a different
type F-4000. Difference of fibers was in their length, fibers F-3000 had the length 3 mm and fibers
F-4000 had the length 4 mm. The composition of the reference mixture was as follows (10 kg): 5986 g of
lightweight aggregate based on expanded glass, 202 g of expanded perlite, 1273 g of limestone, 895 g
of lime hydrate, 675 g of CEM | 52.5R, 448 g of metakaolin, 298 g of fly ash, 223 g of chemical agents
for improving workability and increasing porosity and hydrophobizing additives. The second and third
mixture also contained 145.6 g of cellulose fibers, i.e. 1.5 %. Water was dosed so as to achieve fresh
mixture flow value of about 130 mm.

Cellulosic fibres

Cellulose fibers were obtained by the recycling of leaflets, brochures, newspapers and other printed
materials. The production of cellulosic fibers comprises the following production steps:

— Sorting feedstock, removing undesirable components (e.g. removing metal clips using a magnet).

— Crushing of feedstock, pneumatic separation and subsequent layering with a conveyor screw onto
a tensometric scale.

— Final processing in a turbine (pulping).

— Separation of excess air in a separator, transport of the final product by fanning it in a container.

— Pressing of the product in polyethylene bags and storage.
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The cellulose fibers had the following properties (see Table 1).

Table 1: Technical properties of cellulose fibers [own measurements data]

Property Value

Origin of fibers Waste newspapers

Length of fibers 3-4 mm according to type of fibers
Thickness of fibers 0.032 mm

Water vapour resistence factor 1-2

Thermal conductivity of a layer of | 0.038 W-m™-K*

cellulose fibers (60 mm)

Figure 1 below shows a picture of cellulose pulp. Figures 2 and 3 present microscope images of
cellulosic fibers of types F-3000 and F-4000, which were taken with a digital microscope with trinocular
head Levenhuk D670T 5.1M.

Figure 2: Microscope image of fibers Figure 3: Microscope image of fibers
F-3000 (magnification 80x) F-4000 (magnification 80x)
[own measurements data] [own measurements data]
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Production of test samples

Fresh mortars were prepared in a laboratory mixer in accordance with the design of the 3 test
mixtures, which were subjected to the first fresh-state laboratory tests (density, air content and
consistence-flow value). Subsequently, test specimens with the dimensions of 40 mm x 40 mm x 160
mm (18 units) were prepared for the determination of basic physical, mechanical and thermal insulation
properties of the hardened mortars after 14 and 28 days (density, compressive strength, flexural
strength, thermal conductivity) in dry state.

Results and discussion

All 3 mixtures were tested for the selected properties in fresh and hardened state. The following tests
were carried out on the fresh mortars:

— determination of bulk density (EN 1015-6),
— determination of air content (EN 1015-7),
— determination of consistence (by flow table) (EN 1015-3).
On hardened mortars were made determination of:
— bulk density (EN 1015-10),
— thermal conductivity by non-stationary method — hot wire method (EN 1SO 8894-1),
— mechanical properties — compressive strength and flexural strength (EN 1015-11).

Evaluation of the properties of fresh mortars

All test mixtures were prepared (from the view of water dosage) to have flow value about 130 mm in
the fresh state. Identical values of consistence were determined for all mixtures. Bulk density ranged
from 456 kg-m™ to 586 kg-m™. The lowest value of bulk density was determined for the reference mixture
(without fibers). By contrast, the highest value of bulk density was found in mixture 2, with an addition of
fibers F-3000. The bulk density of mixture 3 was 540 kg-m™. The reason for the higher bulk densities of
mixtures 2 and 3 was the use of cellulose-based dispersed reinforcement, which required a higher
amount of mixing water to provide the desired consistence values. The amount of air in the test mixtures
ranged from 30 % to 34 %. The reference mixture showed a value of 34 %, while mixture 3 contained
30 % of air.

Evaluation of the properties of hardened mortars

Hardened mortars of the thermal insulation plasters were subjected to the above-listed tests. The
determination of basic physical and mechanical properties was carried out after 14 and 28 days of
hardening in laboratory conditions. Finally, the test specimens were dried and tested for bulk density and
thermal conductivity in dry state.

Table 2 below gives an overview of the densities of the test mixtures throughout their aging under
laboratory conditions for 14 and 28 days and then in the dry state. The results hardened-state density
values show that mixtures with cellulose-based reinforcement had lower values than the reference
mixture. Mixture 2 showed the lowest value of density in the dry state, 352 kg-m™, i.e. 6.63 % lower
value compared to the reference mixture.

Table 2: Course of bulk density [own measurements data]

Mixture P14 [kg-m™] P25 [kg-m™] Pary [kg-m”]
Mixture 1 402 387 377
Mixture 2 364 356 352
Mixture 3 380 364 354

The determination of thermal conductivity by the non-stationary hot wire method has found that the
reference mixture had the best thermal insulation properties. No dependence was found between
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thermal conductivity and density. It must be emphasised that mixtures with reinforcing fibers based on
cellulose reached dry-state thermal conductivity of less than 0.075 W-m™-K*. The worst thermal
insulating properties were determined for mixture 2, where the average value of thermal conductivity in
the dry state reached 0.074 W-m™K™. Figure 4 below shows the progress of the values of thermal
conductivity.

Compressive strength f. and flexural strength f were determined on the test specimens after 14 and
28 days of aging. The average values of these properties are listed in Table 3 below. Based on the
measured values it can be assumed that cellulose fibers have a positive effect on mechanical properties.
The best values were found in mixture 2 with cellulosic fibers of the type F-3000, the compressive
strength after 28 days was 0.73 N-mm? and flexural strength was 0.55 N-mm?. A percentage
comparison — increase in mechanical properties after 28 days in mixtures 2 and 3 relative to the
reference mixture is shown in Table 4.

Table 3: Overview of mechanical properties [own measurements data]

Mixture | fc,1adays IN*MM?] | f1agays [IN-mm™?] | fe 280ays IN*mm?] | fagqays [N-mm?]
Mixture 1 0.17 0.15 0.25 0.22
Mixture 2 0.51 0.46 0.73 0.55
Mixture 3 0.39 0.36 0.61 0.52

Table 4: Percentage comparison of increasing of mechanical properties after 28 days (Mixture 2
and 3 in comparison with reference mixture 1) [own measurements data]

Mixture | Change- f;sdays [%0] | Change- faggays [%0]
Mixture 1 - -
Mixture 2 192 150
Mixture 3 144 136
0.090
_ ====Mixture 1
‘:'__c Mixture 2
‘TE 0.085 Mixture 3
=,
£ 0.080 N
2
2 \
3
0.075
5 ~~e. AN
u “\
E ‘-h"'-.._‘
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Figure 4: Overview of average values of thermal conductivity after 14 a 28 days of aging
in the dry state [own measurements data]
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Conclusion

It can be concluded that the cellulose fibers produced by the recycling of printed materials can find
their use in civil engineering. Research focused on the utilization of fibers in the development of thermal
insulating plasters showed a positive effect of fibers on mechanical properties, which significantly
increases the compressive strength and flexural strength compared to the reference mixture without
fibers. Mixture 2 achieved a 2.9 x higher 28-day compressive strength and 2.5 times higher 28-day
flexural strength compared to the reference mixture. Additionally, the workability and applicability of the
mixtures containing cellulose dispersed reinforcement improved as well. A problematic area is the higher
absorbability of the fibers, i.e. higher consumption of mixing water. In terms of thermal insulation
properties, the mixtures with fiber reinforcement saw no improvement, but it must be noted that the
achieved values were very good; the average values of thermal conductivity in dry state reached values
lower than 0.075 W-m™-K™.

List of symbols

bulk density

compressive strength

flexural strength

thermal conductivity

water vapour resistence factor

T > "0
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Novinovy papir, jako vstupni surovinovy zdroj pro vyrobu viaken,
vyuzitelnych nejen ve stavebnictvi

Jitka HROUDOVA, Jifi ZACH, Martin SEDLMAJER, Vitézslav NOVAK
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612 00 Brno
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Souhrn

Spotfeba papiru se v poslednich letech vramci CR pfestala razantné zvySovat, jako tomu bylo
v pfedchozich dekadach, nicméné se méni hlavni oblasti vyuZiti papiru. Velmi vyrazny je segment
reklamnich letakud, prospektl, novin a dalSich tiskovin, které Ize po skonéeni svého ucelu pomérné
obtizné znovu upotiebit. Vhodnou technologickou upravou téchto materiali na bazi celulozy je mozné
ziskat recyklovana, prevazné prfirodni vlakna s danymi parametry.

Prispévek popisuje mozné vyuZiti téchto viaken jako lehkou, prirodni, rozptylenou vyztuz do
kompozitnich stavebnich material(i. Konkrétné jsou popsany vysledky prace zamérené na vyvoj tepelné
izolaénich omitek obsahujicich recyklovana viakna na pfirodni bazi. Vyvojem lehkych omitek se
odbornici na Vysokém uceni technickém, Fakulté stavebni vénuji jiz radu let. Vzhledem ke stale
neuspokojujicim vysledkim v oblasti mechanickych viastnosti u vyvijenych materialt byly aplikovany do
Jiz navrZenych receptur omitkovin recyklovana vlakna na bazi celuldzy. Jejich hlavni funkci bylo zlepsit
mechanické viastnosti a zamezit pripadnému smrsténi omitek a naslednému vzniku mikrotrhlin. Cilem
praci bylo ziskat lehké omitkoviny s dobrymi tepelné izolacnimi a mechanickymi vlastnostmi.

Na zéakladé vyhodnoceni vyzkumnych praci Ize konstatovat, Ze pfi aplikaci odpadnich celulézovych
viaken do lehkych, tepelné izolacnich omitek do$lo k vyrazné lepSi zpracovatelnosti Cerstvych malt
Vv porovnani s maltami o stejném sloZeni, ale bez pfidavku vyztuznych viaken. Pfi porovnani dosazenych
mechanickych vlastnosti u referenéni receptury bez viaken a recepturami s celulézovymi viakny bylo
zjisténo vyrazné zvyseni pevnosti v tlaku, aZ o 192 %, u pevnosti v tahu za ohybu byla zjisténa hodnota
az o 150 % vy$si.

Klicova slova: Novinovy papir, odpadni viakna, recyklace, tepelné izolacni omitky, rozptylena vyztuZz.
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self-rising function, based on the reaction of hydrogen peroxide
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Summary

This paper is dedicated to the research in a field of lightweight building materials. In this case it is the
screed for floors with aggregate of recycled glass Liaver. The screed is aerated with reaction of
hydrogen peroxide with calcium hypochlorite. This reaction is very vigorous and only a small part of the
released oxygen is entrapped in the matrix of the screed. However, the samples are sufficiently aerated,
but the downside beside the course of the reaction and the large heat release are also the calcite
clusters formed in the matrix as a result of the reaction. If this method will be applied in the industry, it
must be largely modified and the reaction must be controlled.

Keywords: screed, aerated concrete, secondary raw material, recycled glass aggregate

Introduction

The main topic of this paper is the development of a new flooring material made of waste materials
and by products. The material should be based on foam concrete or non-autoclaved aerated concrete.
Because there was a need to develop a material which will combine both direct and indirect lightening,
the list of all possible aggregated was created. Those aggregates should make a replacement for the
usual non-lightweight natural aggregate. The chosen aggregates were optimized through economical
and other criterions. As the best aggregate for this type of material, the aggregate Liaver was chosen.
The reduced density of flooring material can improve overall acoustic and thermal conductivity
parameters of the construction. It can also benefit the construction with lower static load.

Aerating agents and aerated concrete

The most common aerating agent used in concrete production is aluminum powder. Other metal
powders, such as calcium, magnesium, zinc, barium and lithium can be used. It is also possible to use
other aerating or rising agents, such as hydrogen peroxide with calcium hypochlorite, carbonic diamide
(urea) with sodium hypochlorite and other reactions. The principle behind this method is rising of the
mixture with formation of pores within the matrix of the mixture combined with the release of gas. *

Screed aerated with the reaction of hydrogen peroxide and calcium hypochlorite

The ingredients mentioned above are known as a theoretical mixture for the production of aerated
concrete. In the industry, the most common material used is the aluminum powder. The reaction of
hydrogen peroxide with calcium hypochlorite is not largely used and it is described very little in the
literature with the mixing ratio completely missing. In these mixtures calcium hypochlorite with available
chlorine = 30 % and technical grade 30 % hydrogen peroxide were used.

For those reasons, the mixture had to be proposed experimentally. For purpose of this paper, only the
mixture containing aggregate made of recycled glass Liaver will be described. The amount of hydrogen
peroxide added to the mixture was increasing and the subsequent reaction was monitored.
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The proposal and testing of the mixtures

At first, the dry blend was created. This blend contained cement, calcium hypochlorite and aggregate.
Then the dry blend was mixed with water with a certain percentage of hydrogen peroxide. As a result a
vigorous reaction occurred and the major part pf the produced gas — atmospheric oxygen was coming
out of the blended mixture. Only a small part of the gas was entrapped in the matrix of the fresh mixture.
This also resulted in immediate improvement of consistency of the mixture as it considerably lightens
and becomes more plastic. The formulas A, B and C did not contain any Liaver, so those formulas were

left out of this paper.

A big disadvantage for this method was a large heat generation during the reaction and therefore
quick hardening of the mixture. This can be treated by addition of some hardening retarders.

Table 1: Implemented experimental formulas D

Implemented experimental formulas D
SAMPLE CEM CALCIUM AGGREGATE WATER HYDROGEN | LIAVER | LIAVER
Nr. 42,5 HYPOCHLORITE 0-4 mm PEROXIDE | 0-2mm | 2-4 mm
1 [g] [g] [g] [g] [g] [g] a]
2 260 260 400 400 45 260 120
3 260 260 300 400 45 80 180
4 260 260 300 400 45 100 100
5 260 260 140 400 45 130 130
Table 2: Implemented experimental formulas E with higher amount of cement
Implemented experimental formulas E
SAMPLE CEM CALCIUM AGGREGATE WATER HYDROGEN | LIAVER | LIAVER
Nr. 42,5 HYPOCHLORITE 0-4 mm PEROXIDE | 0-2mm | 2-4mm
1 la] la] la] [a] [a] [a] la]
2 360 120 540 420 40 90 90
3 360 120 540 420 40 180 -
4 360 120 540 420 40 - 180
5 360 120 360 420 40 260 100
6 360 120 360 420 40 100 260
7 360 120 648 420 40 72 -

Table 3: Implemented experimental formulas F with higher amount of calcium hypochlorite

Implemented experimental formulas F
SAMPLE CEM CALCIUM AGGREGATE WATER HYDROGEN | LIAVER | LIAVER
Nr. 42,5 HYPOCHLORITE 0-4 mm PEROXIDE | 0-2mm | 2-4 mm
1 (9] ] ] [9] [9] [9] [9]
2 120 360 540 420 70 90 90
3 120 360 540 420 70 180 -
4 120 360 540 420 70 - 180
5 120 360 360 420 70 260 100
6 120 360 360 420 70 100 260
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Results

Bulk density of fresh mixture

To determine the behavior of the pores in the fresh mixture, the bulk density of the fresh mixture was
measured. Since the fresh mixture was still reacting, all of the mixtures were measured in same time
interval. The figures below are only tentative, due to the unstable course of the reaction. The intensity of
the gas release may vary considering the time and any additional external factors. *

Table 4: Bulk density of fresh mixture

Bulk density of fresh mixture [kg.m'3]
Sample Mixture

nr. D E =
1 960 980 1160
2 1020 1160 1160
3 1080 940 1200
4 980 940 980
5 1240 820 920
6 800 1400
7 1280

Figure 1: The typical appearance of the fresh mixture in a mold

As it is visible from table 4, the impact of added hydrogen peroxide and calcium hypochlorite on the
bulk density of the fresh mixture was not linear. Even the amount of added lightweight aggregate Liaver
had little to none direct impact on the bulk density. It is safe to say, that the bulk density of the fresh
mixture is dependent mainly on the course of the reaction and the amount of oxygen entrapped in the
matrix.
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The results of physico-mechanical tests

Table 5: The results of physico-mechanical tests 3

Mixture Bulk. Compressive | Flexural | Surface
density | strength strength | hardness
[kg.m? | [N.mm7] [Nmm?] | [N.mm?]

D1 670 0,2 0,2 0,4

D2 700 1,5 0,7 3.7

D3 720 0,4 04 06

D4 570 0,2 0,3 0,4

D5 860 0,7 0,4 0,8

El 660 0,2 0,2 0,4

E2 750 0,9 0,6 1

E3 620 0,9 0,4 08

E4 680 2 0,8 16

E5 940 1,8 0,8 13

E6 670 18 08 14

E7 860 1 05 0.7

F1 800 0,4 03 06

F2 820 0,3 0,4 0,6

F3 820 0,3 0,3 04

F4 710 0,5 0,4 0,7

F5 680 0,7 05 0.7

F6 920 0,4 0,4 0,4

4 o
3,5
5‘3'
Ez,s
zZ
£
51,5-
& 4.
05
o ml
D1

Physico-mechanical properties

Sample

lﬂﬂmﬂmm h”hﬂﬂﬂﬂﬂm

W Compressive strength
M Flexural strength

D Surface hardness

Figure 2: The results of physico-mechanical tests
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As it could be predicted from the behavior of the fresh mixture, the results of physico-mechanical tests
on the hardened and cured samples were very diverse. At first sight, there is no visible pattern in the
results, but further exploration may show some interesting facts. The first interesting fact is that the
surface hardness of the group of samples D2 is much higher, than the surface hardness of the rest of the
samples and that it is even in disproportion to the compressive strength. This may be due to the
accumulation of harder aggregate on the side of the mold, where the surface hardness is measured.
This supposedly occurred due to the partly instable reaction.

In the group of samples with formula E, the samples E4, E5 and E6 stand out with higher
compressive and also flexural strength. The surface hardness is in the proportion to the compressive
strength. In those samples was a disproportion in the cement-calcium hypochlorite ratio (3:1). The higher
strength of the samples is because of the high amount of cement contained in them.

The last group of samples had an inverse cement-calcium hypochlorite ratio to the previous (1:3). It is
safe to state, that the higher amount of calcium hypochlorite had a negative impact on the compressive
strength. On the other hand, the flexural strength is in a big disproportion to the compressive strength
and in the case of samples F2, F3 an F6 is the same or even higher, than the compressive strength. This
was mainly because of the small amount of cement, but the calcium hypochlorite had an enhancing
effect on the flexural strength.

Figure 3: Typical appearance of hardened samples

During the 28-day aging period the samples were visually compact and coherent. The structure had
a typical gray color with white clusters of calcite. Due to the later evaluation of appearance and strength,
some samples were kept in a laboratory environment. After a year these samples gained white to yellow
color, they began to crumble and the break showed coarse pores almost to the bone structure. For the
microstructure analysis (XRD, SEM and DTA scanning) was chosen one sample, as the results of those
analysis were not predicted to vary.

Patronem tohoto &isla je symposium ODPADOVE FORUM 2017 (21. - 23. 3. 2017, Hustopece)
WASTE FORUM 2016, &islo 4, strana 190



Eva TUMOVA, Rostislav DROCHYTKA: Design of the composition of lightweight concrete floor with self-rising
function, based on the reaction of hydrogen peroxide with calcium hypochlorite using secondary raw materials

Counts

Cl vapno

QUartz, Atbit
Disulfane 17-hydratd

20000 —

10000 —

istobalite low; Albite

L Dichloromethane Disulfane 17-hydrate

Calcite; Cristobalite low; Albite

ACa\clt‘e;A%‘stteobahte low; Albite
Quartz; Calcite; Albite

Quartz;

Quartz; Albite
Quartz; Albite

e Quartz; Albite

10

Position [°2Theta] (Copper (Cu))

Figure 4: Results of XRD — analysis

Table 5: Assessment table for the XRD — analysis

Display Color Compound Name Chemical Formula Mineral Name
Blue Quartz SiO, Quartz

Lime Calcite CaCoO; Calcite

Gray Cristobalite low SiO, Cristobalite low
Maroon Albite NaAlSi;Og Albite

DTA analysis did not show anything special, the presence of free and bound water in CSH gel and the
content of calcite were confirmed. This was also verified with XRD-analysis, which showed also other
minerals such as quartz, cristobalite and albite probably originating from aggregate. On the images from
the electron microscope there is seen distorted structure, the cement paste that is not similar to any
other pictures, where, as the aerating agent the aluminum powder was used, or additives added. The
XRD analysis also confirmed that the white clusters in the matrix are indeed clusters of calcite. In
addition to large pores of 2-4 mm in size, in the matrix there were also created pores smaller in size from
150 to 350 microns. The pores formed by this reaction are much greater than it is in the pores formed by
reaction with aluminum powder.
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Figure 5: SEM of typical sample with corrupted structure

Figure 6: Structure of typical sample with the irregular structure

Conclusion

Although the use of the reaction of calcium hypochlorite with hydrogen peroxide was not suitable in
the conclusion for the floor screeds production because of the complexity of the mixture making, speed
of the reaction, inability to control the reaction, work safety (leads to the release of odor) and the inability
to repeat the results in a sufficiently stable degree, it was the most interesting part of the project. The
calcium hypochlorite reacts vigorously with hydrogen peroxide. In this reaction occurs, in addition to the
formation of pores, also the formation of calcite clusters, which cannot be dispersed to mix or otherwise
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prevented. The samples degraded over time and after about a year changed the color to white to yellow.
Also, the formation of pores was evident even after the hardening, as in the samples appeared very
interesting almost to bone structure. The odor from this screed is caused by chlorine gas and if used in
a construction, this would be a source of chlorine ion in the construction. Although floor screed produced
by the reaction of hydrogen peroxide with calcium hypochlorite is not suitable in this form for the
production of lightweight floors, the knowledge gained during this research may be used for further
research.
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Navrh slozeni lehéeného podlahového potéru se samonakyprovaci funkci
na bazi reakce peroxidu vodiku s chlornanem vapenatym s pouzitim
druhotnych surovin
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Souhrn

Tento prispévek je vénovan problematice lehéenych stavebnich material(. V tomto pripadé se jedna
0 podlahovy potér na bazi pérobetonu s plnivem z recyklovaného skla Liaver. Tento potér je vylehcen
pomoci reakce peroxidu vodiku s chlorovym vapnem. Tato reakce probiha velmi bourlivé a jen mala ¢ast
uvolnéného kysliku je zachycena v matrici potéru. | pfesto vSak jsou vzorky dostatecné vylehcené.
Kromé priabéhu rekce a velkého vyvinu tepla je dalsSi nevyhodou tvorba kalcitovych shlukd, které se
nedaji rozmichat, ani je jejich vzniku neda nijak zabranit. Pokud by méla byt tato metoda pouZita
v primyslu, musela by se dale modifikovat a reakce by musela probihat kontrolované.

Kli¢ova slova: potér, pérobeton, druhotné suroviny, plnivo z recyklovaného skla
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ucelové podpory programu ,Narodni program udrZitelnosti I"."
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Vyuziti alternativnich materialil pro modifikaci systému ETICS
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Souhrn

Zateplovaci systém ETICS se poprvé zadal vyuzivat Ceské republice az v roce 1993, kdy byl pouzit
pfiblizné na pal milionu metra ¢tvereénich zastavby. V sou¢asné dobé je jiz tento systém provadén na
vétsiné stavajicich i nové zkonstruovanych budov. Objem soucasné produkce tohoto vyrobku ¢&ini kolem
16 mil. m?, coZ radi Ceskou republiku na pfedni misto produkce na jednoho obyvatele v Evropé.

V soucasné dobé se obilna slama, zejména pSenicnéa a zitna, nékdy vyuZiva ke stavbé slaménych
domki pomoci slaménych baliku, jako tepelné-izolacni vypiné zdi dfevéné konstrukce. Také, ale méné
Casto, je balikova slama vyuZivana jako dodatecna tepelna izolace obytnych domku. Tento &lanek se
zabyva moznosti vyuZziti slamy jako tepelného izolantu.

Pojeni izolaénich desek ze slamy cementem se jevi jako vhodné diky dosaZenym fyzikalné-
mechanickym vlastnostem. Dal$i vyhodou tohoto pojiva je tzv. stabilizace organického plniva, tj.
zamezeni vzniku negativnich vlivi vlivem pravé pouZiti organického piniva, tedy slamy. Pri nasledném
pouziti v systému ETICS vytvari cement vhodny podklad pro prilnuti stérky a dalSich materialti, kdy riziko
praskani a odlu¢ovani povrchové Upravy je snizené mineralnim charakterem povrchu desek.

Klicova slova: ETICS, kontaktni zateplovaci systém, tepelna izolace, odpad, druhotné suroviny,
recyklace, zpracovani odpadu, slama

Uvod

Vyvoj izolaénich materialt v Ceské republice navazuje na vyvoj novych materialt a jejich pouziti ve
stavebnictvi v zahraniCi. V sou€asné dobé otevieného obchodu a pfistupu k informacim tento trend vede
k rychlym reakcim na novinky na zahrani¢nich trzich. Z tohoto divodu se da fici, ze rozdily mezi staty
jsou nepatrné a lisi se zejména v objemu pouzitych ur€itych druh( materialt v zavislosti na pozadavcich
vyplyvajicich napf. z technologické vyspélosti statu, z riznych klimatickych podminek a bohatstvi surovin
pro vyrobu tepelné& izoladnich materiald. *

Zateplovaci systém ETICS se poprvé zacdal vyuzivat Ceské republice az v roce 1993, kdy byl pouzit
pfiblizné na pul milionu metri &tvereCnych zastavby. V sou€asné dobé je jiz tento systém provadén na
vétsiné stavajicich i nové zkonstruovanych budov. Objem sougasné produkce tohoto vyrobku &ini kolem
16 mil. m?, coz fadi Ceskou republiku na pfedni misto produkce na jednoho obyvatele v Evropé. *

Trendy ve vyuzivani slamy se méni s Casem, pozadavky spotiebitelll a technickou vyspélosti.
V soucCasnosti se setkavame s ozivenim tradinich materiald, jako je napf. sldma ve spojeni s novymi
technologiemi vyroby stavebnich materiall. Zde se naskytaji nové pfilezitosti k zafazeni téchto
tradi¢nich materiald mezi plnohodnotné stavebni materialy. V sou€asné dobé se obilna slama, zejména
pSeni¢na a zitna, nékdy vyuziva ke stavbé slaménych domkld pomoci slaménych baliku, jako tepelné-
izolacni vyplii zdi dfevéné konstrukce. Také, ale méné Casto, je balikova slama vyuzivana jako
dodate¢na tepelna izolace obytnych domku. Tento Clanek se zabyva moznosti vyuziti slamy jako
tepelného izolantu. *
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Navrh skladby pro zatepleni obilnou slamou

Ulozeni:

* Konzolovita konstrukce

» Konzolovité pusobici deska I.NP

* Vlastni zaklad

Specifickym prvkem pfi navrhu zateplovaciho systému ze slamy je ulozeni na konstrukci schopnou
prenaset zatizeni od pusobeni gravitanich sil na slaméné baliky. Pfi navrhu vychazime z tloustky
tepelné izolace, ktera Cini pfiblizné 30 cm, kde tato tloustka je odvozena od zpusobu zpracovani
a tvarové stability izolantu. Na tuto konstrukci je mozno osadit a pfipevnit koliky, jejichz ucelem je
propichnuti prvni fady balik(, ¢imz dochazi k jejich stabilizaci.

Kotveni:

* Do dfevénych ramd

* Vazanim kovovym dratem o konstrukci stény

* Propichovanim (pomocné)

» Kombinace

Kotvici proces spocdiva v ukotveni slaménych balikl ke konstrukci tak, aby bylo zamezeno vzniku
nerovnosti vlivem bouleni a zabranéno sacim sildm vétru tuto konstrukci narusit. K tomuto ucéelu jsou
vhodné prvky pomocné jako dfevéné kuly, nebo vazaci drat, jejichz spojenim s ramovou konstrukci nebo
konstrukci obvodové stény se zabrani témto vliviim. Bez pouziti ramové konstrukce a slaméné izolace
vkladané na vazbu je moznost vyuzit rovnéZz pomocného kotveni propichovanim a vazani kovovym
dratem k obvodové sténé. Vazaci drat mize byt uvazan na kotvu s ockem, ktera je bud mechanicky
kladivem nebo na maltu pfipevnéna do obvodové stény.

Povrchova uprava:

* Hlinéna

* Vapenna

V pfipadé vybéru povrchové Upravy bylo rovnéz prihlédnuto k plvodu tepelného izolantu. Duvod
k nevhodnosti pouziti mineralni omitky je, Ze slama je tvofena z pfiblizné 45 % celuldzy, ktera by
zabranovala tuhnuti a tvrdnuti cementu v omitce. Oba druhy zvolené omitky se jiz v minulosti, ale
i v souCasné dobé, vyuzivaji pro stavbu slaméno-hlinénych domku, kde se kompatibilita mezi témito
materialy osvédcila. Jako vyztuzny prvek proti smr§tovacim silam v hlinénych omitkach mohou byt
pouzity rakosové rohoze, rabicové pletivo, jutova tkanina, ale také sklenéna vyztuzna sitovina. V pfipadé
hlinéné omitky se jedna minimalné o dvé vrstvy, kde prvni vrstva ma za ulohu vyrovnat povrch a dalsi
vrstvy slouzi k zahlazeni smrstovacich trhlinek predeSlych vrstev. U obou druht omitky se ale rovnéz
poé&ita s vrstvou nékolika centimetr(. *

2

) I Vﬂlt‘l"ni Omiﬂ.{a
H 7 — Obvodové zdivo
J| [L : — Drévény ram

— (Kovova kotva s ofkem)

: — Slaména tepelna izolace 300 mm
- — Jutové tkanina

— Odpadni hlinéna omitka 20 mm

gy

Obrazek 1: Navrh skladby KZS ETICS s tepelnou izolaci z obilné slamy
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Pozadavky na konstrukci:

* Pfesah stfechy

* Velikost okennich otvort

Tloustka izolaéni vrstvy v znané mife zplsobi vysunuti konstrukce do prostoru a vétsi prohloubeni
vytvofenych okennich otvord. Z tohoto prohloubeni vyplyva, Ze vliv na osvétleni bude nezanedbatelny
a je nutno pocitat pfi navrhu konstrukce s vét8imi okennimi otvory.

Tabulka 1: Vyhody a nevyhody navrhu KZS ETICS s tepelnou izolaci z obilné slamy

Vyhody Nevyhody

Po doslouzeni moznost biologické Degradace ve styku s vodou a vysokou

samodegradace nebo recyklace relativni vihkosti vzduchu

Prodysnost Vyuziti zejména ve vesnickém prostredi

Cena Relativné pracny proces montaze

Neni nutna podkladni vyrovnavajici vrstva Vliv na osvétleni obytného prostoru
Pojiva

Vybér vhodného pojiva zavisi zejména na teoretické kompatibilité material(l se slamou. DalSimi kritérii
jsou také kontakt samotnych pojicich materiald s externim prostfedim, tepelné-izolaéni vlastnosti,
biologicka odbouratelnost, pojici potencial, popfipadé cena, je-li obecné znama. Pro teoreticky vybér
vhodného pojiva byl sestaven vypis z katalogu odpadd Ministerstva zivotného prostfedi evidovanych
jako odpad ostatni a seznam souc¢asné znamych pojicich latek. Z obou seznamu byly nasledné vybrany
teoreticky vhodné materialy pro pojeni se slamou. DalSi selekce je odlvodnéna omezenou dostupnosti
nékterych materiall, a proto nemohly byt odzkouseny vSechny varianty.

Ze seznamu soucCasné znamych pojiv, byly na zakladé teoretického vybéru zvoleny nasledujici
materialy:

Cement

Vapno

Kaseinoveé lepidlo
Kaucukove lepidlo
Polyvinylacetatové lepidlo
Polyvinylétherové lepidlo
Polyesterové lepidlo

Lepidlo z chlorovaného PVC
Bikomponentni vlakna
Lepidlo z kukufi€¢ného Skrobu
Sojovy proteinovy izolat
Mycelium dfevokazné houby

Experimentalni ¢ast
Vybér konkrétnich surovin

Z vySe uvedenych pojiv byl jako pojivo pro experimenty se slamou zvolen cement, zejména kvuli jeho
dostupnosti a alkalickému charakteru. Protoze slama je relativné lehce degradabilni material, alkalické
prostfedi by ji teoreticky mohlo chranit pfed biologickou degradaci. Cement je v soucasnosti
nejpouzivanégjSi material ve stavebnictvi a zde plsobi také jako zastupce mineralnich pojiv. Cement,
ktery byl na vyrobu izolaénich desek pouzivan, vyrabi firma Ceskomoravsky cement, a.s. a jedna se
o cement CEM 1I/B-M (S-LL) 32,5 R dodany v 25kg pytli.

Jako plnivo byla pouZita slama Zitna (dale jen slama) zlatozluté barvy z okoli Slavkova, ktera byla
dopravena ve formé& baliki o rozmérech cca 400x500x800 mm a s objemovou hmotnosti cca
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130 kg.m™. Baliky obsahovaly slamu s délkami stébel cca od 30 —350 mm s kratkodobou nasakavosti pi
aplném ponofeni cca 490 % hmotnostnich (dle CSN EN ISO 15148) a vihkosti 12 % (dle CSN EN ISO
12570). Slama byla vyuzivana ve volné sypané formé, kde dosahovala objemové hmotnosti cca
20 kg.m™ dle CSN 72 7302.

Obrazek 2: llustrativni fotografie pouzité volné sypané slamy

Vytvareni slaméno-cementovych tepelné-izolacnich desek

Vzorky jednotlivych poméru plniva a pojiva byly michany ruéné v plastové vanic¢ce, z divodu pomérné
velkého objemu volné sypané slamy. Pfed namichanim smési bylo nutno dievéné formy opatfit balici
félii z divodu nasakavosti dfeva a mozného nasledného bobtnani, které by mohlo zpUsobit poruchy
formy.

Obrazek 3: Priprava cementového miéka, vyliti do plastové vani¢ky se slamou a nasledné
ruéni michani

PInéni forem se provadélo periodicky, a to tim zpisobem, Ze po viozeni urcitého mnozstvi se nejdrfive
vyplnily rohy formy a nasledné se pinil stfed, ktery byl ruéné stlacovan. Po vkladani dalSi vrstvy bylo
vynalozeno usili o propojeni jednotlivych vrstev mezi sebou rozruSenim primarni vrstvy a naslednym
zatlaGovanim obou vrstev do rohu a znovu do stfedu.
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Obrazek 4: PInéni formy smési slamy a cementového tmelu

Takto se proces opakoval az do naplnéni formy. Po naplnéni formy se na povrch viozila pfitlacna
deska a silou F = 800 N byl material stlacen a nasledné odtizen tak, aby se material mohl znovu
roztahnout a vytlacil pfitla¢nou desku na potfebnou tloustku 80 mm.

Obrazek 5: ZatéZzovani silou F = 800 N na pfitlacnou desku formy

Po zatladeni pfitlané desky se vysunou pojistné hiebiky a forma se tak stava uzavienou do doby
odformovani, coz bylo cca 24 hod kvuli zatvrdnuti cementu. Vzorky zraji 28 dni kvuli hydrataci cementu
a kvuli odpareni zbytkoveé vihkosti.
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Vysledky a diskuse
Charakteristika vlastnosti slaméno-cementovych desek

Po namichani vSech navrzenych smési se zjistovalo, které zvolené poméry cementu ke slamé jsou
schopny spojit tyto materidly a zda cementovy tmel dokaze obalit cela stébla slamy tak, aby vznikl
kompaktni material. Snahou bylo dosahnout co nejmensiho poméru cementu k slamé jak z divodu
ekonomického, tak z divodu ekologického.

U vzork( s niz8i davkou cementu (poméry 1:0,9 az 1:1,2) dochazelo k nedostateénému obaleni
jednotlivych stébel slamy cementovym tmelem, a navic dochazelo k plesnivéni materialu. Vzorky
poméru 1:1,2 se po odformovani zdaly byt kompaktni, ale po tfech dnech a odpareni urcitého mnozstvi
vody bylo pozorovano, ze povrchové vrstvy jsou nesoudrzné a stébla slamy se od sebe oddélovala.

Obrazek 6: Slaména deska pojena cementovym tmelem rozmérid 300x300x80 mm

V tabulce 2 jsou znazornény konkrétni vysledky méfeni fyzikalné-mechanickych vlastnosti na
slaméno-cementovych tepelné-izolaénich deskach vytvorenych v laboratornim prostiedi.

Tabulka 2: Vysledky méreni slaménych desek pojenych cementovym mlékem

. Hmotnostni Cena porizent Objemova SOUCII‘I’Itel Tepelny Napéti pfi Pevnost  Kratkodoba

Cislo . materialu tepelné 10% -
pomér 2 hmotnost X . odpor . Vvtahu nasakavost

vzorku S K:V na lm ka.m? vodivosti 2 Wt deformaci N P ka.m?

K [Ké.m] [kg.m™] [W.m™KY] [m°.K.W™] [N.mm?] [N.mm™] [kg.m™]

1 1:15:16 27 156 0,079 1,02 10 0 5,57

2 1:1,4:16 26 148 0,07 1,16 8 0 5,47

3 1:1,3:16 24 139 0,068 1,22 7 0 5,42

4 1:1,2:1,6 23 Vyfazen

5 1:11:1,6 21 Vyfazen

6 1:1,0:1,6 20 Vyfazen

7 1:09:16 18 Vyfazen

Objemové hmotnosti slamé&no-cementovych vzork(i se pohybuji v hodnotach od 139 az 156 kg.m™.
Témér rovnomeérny pokles hodnot objemovych hmotnosti je zplsobeny davkovanim cementu, ktery je
pfidavan v riznych hmotnostech pfi stalych davkach slamy a vody.

Z tabulky 2 je patrné splnéni pfedpokladu, Ze mezi davkou cementu a soucinitelem tepelné vodivosti
existuje zavislost. Spolu se snizovanim davky cementu se snizoval také soucinitel tepelné vodivosti. Je
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to zplasobeno tim, ze cement zvySuje objemovou hmotnost a pfimo ovliviiuje tepelny tok vedenim.
Nejniz&i hodnota tepelné vodivosti slaméno-cementovych desek dosahovala 0,068 W.m™.K* u poméru
1:1,3 (slama : cement). Tepelny odpor je pfepoctenou hodnotou soucinitele tepelné vodivosti a tloustky

vzorku. Nejlep$i hodnotu dosahoval pomér 1:1,3, a to konkrétné R=1,22 m?>. K.W™.

Ubyvajici mnozstvi cementu mélo za nasledek nejen zménu fyzikalnich, ale i mechanickych
vlastnosti. Zména mechanickych vlastnosti se projevila zejména u zkouSek napéti pfi 10% deformaci.
Nejlepsi hodnota napéti rovna 10 N.mm™ u slamé&no-cementovych desek byla zaznamenana u poméru

7 N.mm?2.

Na zmény mechanickych vlastnosti u zkousky tahem nemély hmotnostni davky cementu zadny vliv.
Tahové pevnosti téméF vSech vzork(l se pohybovaly v nulovych hodnotach. To bylo pravdépodobné
vytvaret pruzné spoje mezi materialy. To znamena, ze pfi jakémkoliv mirném délkovém posuvu dochazi
k destabilizaci spoje mezi stébly slamy a cementovym tmelem. Druhy faktor se tyka samotné technologie
pInéni homogenizovaného materialu (slama, cement, voda) do forem. To bylo provadéno po nékolika
vrstvach, u kterych byla snaha o jejich provazani mezi sebou. U nékterych slaméno-cementovych vzorki
totiz dochazelo k oddélovani vrstev v misté propojeni pfi pInéni forem, a to jiz pfi pouhém zatiZzeni
vlastni vahou.

Pojivovy efekt cementu se zmens$oval s jeho ubyvajicim mnozstvim ve vzorcich, a tim se také mirné
ménila jejich tloustka. Zménou tloustky vzork( je pak voda ve styku s mensim povrchem slamy, a tim je
dosazeno mensiho nasaknuti materialu. Nejmensi kratkodoba nasakavost byla naméfena pfi ¢asteCném
ponofeni u poméru 1:1,3 (S:C), kde byly dosazeny hodnoty Wp=5,42 kg.m™.

Zavéry
K vytvofeni optimalniho tepelného izolantu z alternativnich zdroja byla pouzita slama, jakozto primarni
material nesouci hlavni vlastnosti, ktery byl vybran v pfedchozich etapach vyzkumu na zakladé

optimalizacniho vypoctu. K tomuto materialu byla vybirana pojiva na zakladé teoretickeho vybéru
Z katalogu odpadd MZP (ze zakona o odpadech €. 185/2001 Sb.) a ze seznamu znamych pojicich latek.

Pojeni izolacnich desek ze slamy cementem se jevi jako vhodné diky dosazenym fyzikalné-
mechanickym vlastnostem. DalSi vyhodou tohoto pojiva je tzv. stabilizace organického plniva, tj.
zamezeni vzniku negativnich vlivii pouzitim organického plniva, tedy slamy. Pfi nasledném pouziti
v systému ETICS vytvafri cement vhodny podklad pro pfilnuti stérky a dalSich materialt, kdy riziko
praskani a odluSovani povrchové Gpravy je snizené pravé mineralnim charakterem povrchu desek. *

Mnozstvi cementu mélo zasadni vliv na vlastnosti slaménych desek. Pfi niz§im mnozstvi cementu
doSlo dokonce k rozpadu desek a k jejich plesnivéni jesté pfedtim, nez mohly byt po 28 dnech zjistény
jejich fyzikalné-mechanické vlastnosti. Z vysledkd zkousek vyplyva také fakt, Ze mezi davkou cementu
a sougdinitelem tepelné vodivosti existuje zavislost. Cim mensi byla davka cementu, tim niz&i byl

Hodnota soucinitele tepelné vodivosti u tohoto vzorku dosahovala 0,068 W.m™.K™*. Pevnost v tahu
dosahovala u vSech vzork( nulovych hodnot. Naopak pozitivné se projevilo zvySené mnozstvi cementu
u zkouSek napéti pfi 10% deformaci. Zde byla nejlepSi hodnota zaznamenana u vzorku s pomérem
slamy k cementu 1 : 1,5, a to 10 N.mm?,

Podékovani

Prispévek byl vytvofen v ramci feSeni projektu ¢. LO1408 "AdMaS UP — Pokrocilé stavebni materialy,
konstrukce a technologie” podporovaného Ministerstvem S$kolstvi, mladeZe a télovychovy v ramci
ucelové podpory programu ,Narodni program udrzitelnosti 1",
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Summary

The first use of the ETICS insulating system in the Czech Republic is dated to 1993, when it was used
to insulate about half a million square meters of housing. Currently this system has been implemented
on a large number of existing and newly constructed buildings. The volume of the current production is
about 16 million of square meters, which puts the Czech Republic at the forefront of production per
inhabitant in Europe.

Currently, the cereal straw, particularly wheat and rye is sometimes used for building houses using
straw bales as a heat- insulating padding for wooden walls. Also, but less frequently, parcel straw used
as an additional thermal insulation of residential houses. This article deals with the possibilities of using
straw as a thermal insulator.

Bonding insulating boards from straw with cement seem to be appropriate because of the achieved
physico-mechanical properties. Another advantage of the cement is the stabilization of organic fillers to
prevent the negative effects due to the very use of organic filler, a straw. During subsequent use in an
ETICS, cement creates a suitable surface for the adhesion of mortar and other materials, where the risk
of cracking and separation of surface treatment is reduced due to the mineral character of the board
surface.

Keywords: ETICS, insulation system, insulation, waste, secondary raw materials, recycling, waste
straw
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Abstrakt

Vzhledem ke stale se zvySujici spotfebé plastovych material se jejich znovuvyuZiti stava velmi
aktualni otazkou. Recyklace vycisténého jednodruhového plastoveho odpadu je jednoducha, takoveé
produkty Ize pouzit jako surovinu nebo pfimés pfi vyrobé novych produktl. Problémem zistava
energeticka, ekonomicka i environmentalni naro¢nost pro tridéni, ¢isténi a pripadnou regranulaci odpad
na vhodnou vstupni surovinu. Tento problém je moZné vyfesit pomoci technologie, ktera bude schopna
Zpracovavat nevytridéné a vicedruhové odpadni termoplasty v déale vyuZitelné produkty.

Kli¢ova slova: recyklace, odpad, plastbeton, polymerbeton, termoplasty

Uvod

Asi od poloviny minulého stoleti se neustale zvySuje produkce plastl, v poslednich letech
predstavuje pramérny ro¢ni rust témér 9 %. Pro rok 2020 se predpoklada objem vyroby plastl na svété
ve vySi 400 miliond tun a pro rok 2050 vice nez 700 miliond tun. Z pohledu zivotnosti aplikaci plastl jde
z asi 40 % o dlouhodobé aplikace a 60 % o kratkodobé aplikace, nej¢astéji o obaly pro potraviny.

Pro udrzitelny rozvoj zpracovani, vyroby i spotfeby je potfebné efektivni feSeni vyuziti odpadl. Na
odpadni plasty je tfeba nahliZzet jako na surovinovy a energeticky zdroj. Kritéria, kdy se plast stava
odpadem, feSi Evropska komise jiz nékolik let prostfednictvim IPTS - Institut for Prospective
Technological Studies ve Spanélsku a prvni pracovni verze dokumentu byla diskutovana roku v roce
2012 ,End-of-Waste Criteria for Waste Plastic for Conversion — Technical Proposals®.

Soucasny systém nakladani s odpady vychazi ze zésad v hierarchii dle priorit: pfedchazeni vzniku
odpadu, opétovného pouziti vyrobkl, recyklaci a kompostovani, energetické vyuziti a skladkovani.
Odpad je proto stale Castéji povazovan za vyrobni prostfedek a event. zdroj energie. Této filosofii se
musi pfizpUsobit i plastikafsky pramysl, kdyz se podili na pInéni evropskych rozhodnuti k témto
problémdm:

o Waste Framwork Directive — 2008/98/EC s cili pro rok 2020 — vyuziti 50 % hmotnosti
komunalnich odpadd a 70 % odpadl ze stavebnictvi a demolic — tyka se vSech odpadnich
plastd. Do roku 2020 se ma recyklovat 70 % komunalnich odpadl a 80 % obald (60 % plastd).
Landfill Directive — 99/31/EC — snizovani biodegradabilnich odpadd na skladkach — tyka se
i bioplastu.

Waste Shipment Regulation — 1013/2006 — vyvoz a dovoz nebezpeénych odpadl v ramci EU.
Incineration Directive — 2000/76/EC — spalovani odpadu

End of Life Vehicles (ELV) — 2000/53/EC — plasty z autovraku

Packaging Directive — 94/62/EC — obalové plasty

Waste of Electric and Electronic Equipments (WEEE) — 2002/96/EC — aplikované plasty.
Nafizeni EP a Rady €. 1907/2006 — REACH — chemicky zakon.

Kvalitativni standardy CEN pro plastové recyklaty.

Omezeni skladkovani (zakaz) vyuZitelnych odpadu do roku 2024. [4]

o

O 0O O O O O O O

Z vy$e uvedeného vyplyva, Ze efektivni odstrafiovani odpadi na bazi termoplastl je v Ceské
republice nezbytné. Mnohostranné vyuziti plastl vytvari jednak znacny tlak na dostate¢né surovinové
zdroje a naopak po vyuziti vzniklé odpady vytvareji znacny kvantitativni a kvalitativni problém jak
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dlouhovéky material zneSkodnit, popfipadé opétovné vyuzit. Odpad z plastl Ize oznadit jako problémovy
z nékolika divodu:

o pfi volném skladkovani jsou mnohé témér neznicitelné,

o pod oznacenim plasty se skryva Siroky sortiment materiall, které jsou navic ¢asto vzajemné
kombinovany,

o mohou byt kombinovany s jinymi neplastovymi materialy,

o ruzné plasty jsou €asto vzajemné nekompatibilni, a tak ve smési jen problémové, pfipadné
vubec nezpracovatelné,

o pfi spalovani se produkuji exhalaty s vysokym obsahem HCI.

Plastovy odpad se muze dale zpracovavat nebo recyklovat v zavislosti na slozeni jak béznymi
plastikafskymi technologiemi, tak i specialnimi recyklaénimi technologiemi. Pouziti zakladnich vyrobnich
plastikafskych technologii se nejCastéji opira o vytlaCovani, vstfikovani, vyfukovani a lisovani, coz
vyzaduje Cisty jednodruhovy odpad znamého slozeni v dostateéné kvalité a pozadované kvantité.
Obecné plati zasada, &im je pozadovana vy$si kvalita vyrobku, tim by mél byt odpad Iépe upraven. Cim
vice se ma plastovy odpad pfibliZovat charakteristice plnohodnotné druhotné suroviny, tim vice se musi
odpad upravovat. Prfed vlastnim zpracovanim, recyklaci se musi plastovy odpad prevést do
zpracovatelné podoby, j. transformovat do vyuzitelné formy drté, aglomeratu, pfipadné regranulatu.

Zakladni rozdéleni plastu:

o Termoplasty — pfi zahfivani méknou, pfi opétovném ochlazeni tuhnou. NejznaméjSimi
termoplasty jsou polyethylentereftalat (PET), polypropylen (PP), polyethylen (PE),
polyvinilchlorid (PVC) a polyamid (PA).

o Reaktoplasty — plasty, které pfi zahfivani neméknou a maji zesitovanou strukturu
makromolekul. Mezi nejznaméjsi reaktoplasty patfi polyestery, epoxidové a fenolové
pryskyfice a polyuretan.

o Elastomery — maji elastické vlastnosti, diky kterym je lze snadno tvarovat, jejich
makromolekuly jsou prostorové zesitované podobné jako u reaktoplastl. Zastupci elastomeru
jsou kaucuk,polybutadien nebo polychloroprenovy kauc€uk. [1]

Obrazek 1: Fasadni profily 'vinyPlus' Obrazek 2: Lehky silni¢ni prah z PVC-recyklatu

ze 100% recyklovaného PVC pro bezpecnost silni¢ni dopravy
(Zdroj: VinylitFassadenGmbH, www.vinylit.de)  (Zdroj: KS Kunststoffe, www.ks-kunststofftechnik.eu)
[cit. 09/2016] [cit. 09/2016]
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Zpusob sbéru odpadnich plastd vychazi z nafizeni EU k odpadum z obalu, stavebnictvi, automobild,
elektroniky, pficemz ¢lenské staty mohou aplikovat vlastni pfistupy k plnéni cild s vyuzitim soukromych,
nebo statem subvencovanych firem. Pro nej¢astéji vyuzivany systém sbéru odpadnich plastu
z obalovych aplikaci je v CR vyuZivan systém Eko-Kom, ktery je na evropské urovni zastfesen
organizaci PRO EUROPE (www.pro-europe.org). Z oball, uvedenych v roce 2012 na tuzemsky trh ve
vySi 2,7 mil. tun, bylo 31 % nevratnych. Plasty se vyskytuji v drtivé vétSiné v nevratnych obalech a maji
23% podil, konkrétné 11 kg/osobu. Z tohoto mnozstvi se 65 % recykluje. Nevytfidéné obaly se stavaji
soucasti smésnych komunalnich odpadd, které tvofi 70 % veSkerych komunalnich odpada.

Z vy$e uvedeného vyplyva, Ze ekologicka likvidace odpadil na bazi termoplastt je v Ceské republice
nezbytna. Pokud jde o vyCistény jednodruhovy odpad, je mozné jej pomoci napfiklad regranulace pouzit
znovu pii vyrobé& novych produktt. Cisténi a tfidéni plastovych odpad( je naroéna zalezitost z hlediska
energetického i ekonomického. Pravé z téchto divodl je vhodné vytvofit technologii, ktera bude
zpracovavat i vicedruhovy znecisténi plastovy odpad.

Vyroba stavebnich dilct na bazi odpadnich termoplastt

Vzhledem k nemoznosti u¢elné zpracovavat vicedruhovy nevyc€istény odpad byla navrzena
a zkonstruovana technologicka linka pro vyrobu dilci z odpadnich termoplastt a vhodnych plniv.

Vyrobni linka sestava z nasledujicich soucasti:

drti¢ odpadnich termoplasta,

pasovy dopravnik drcenych termoplastu,

Snekovy dopravnik plniv,

plynovy hofak,

systém recirkulace spalin pro vyhfivani stén michacky,
susarna plniva,

michacka plniva a pojiva,

zavazeci stul,

lis pro finalni Upravu vyrobk.

O 0O O 0O O OO0 0 O

Postup vyroby dilcu:

1) drceni odpadnich termoplastl na frakci 2-10 mm,

2) doprava a navazeni nadrceného pojiva do nasypky €. 1,
3) doprava a navazeni plniva do nasypky &. 2,

4) otevieni nasypky plniv a pfesun plniva do susarny,

5) vysouseni plniva a jeho zahfati na urCenou teplotu,

6) odtah vodni pary,

7) pFesun plniva do michacky,

8) pFesun pojiva do michacky,

9) homogenizace pojiva a plniva (taveni pojiva pfedanim tepla od horkého plniva),
10) davkovani plastbetonové smési na zavazeci stll,

11) zavazeni lisovaci formy,

12) lisovani finalnich vyrobka,

13) chlazeni vyrobk( proudem chladného vzduchu,

14) dochlazovani vylisku,

15) paletizace vyrobka.
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Obrazek 3: Schéma usporadani technologické linky pro zpracovani odpadnich plastd pfi vyrobé
stavebnich dilct z polymerbetonu. [2]

Slozeni plastbetonové smési

Pfi prvnich ovéfovacich zkoudkach byl zvolen jako pojivo odpadni termoplast PET
(polyethylentereftalat). Plastovy odpad neprosel Ccisticim ani separovacim procesem, proto byly
zpracovany odpadni PET lahve v€etné vicek i etiket z PE (polyethylenu). Pfi zkouskach byla zjiSténa
teplota tani PET t,, per = 260°C a teplota tani PE t,, pg = 130°C. Polyetylén ma o polovinu nizsi teplotu
tani, ale jeho bod vzplanuti podle [3]) nastava az pfi 350°C. Proto jej Ize tavit s PET pfi teplotach asi
260°C. Objemova hmotnost drceného smigeného odpadu z PET a z PE je 230 kg/m®.

Jako plnivo bylo vyuzito drobné kamenivo frakce 0 — 4 mm zejména z divodu snadné dostupnosti
i znamého slozeni. Po ovéfeni vlastnosti a nastaveni provoznich parametr( vyrobni linky bude mozné
vyuZziti rdznych inertnich stavebnich recyklatu jako plniva v plastbetonové smési.
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Vysledky provoznich zkousek

Prvnimi experimentalnimi vyrobky byly zvoleny plosné dlazdice o rozméru 600 x 600 x 75 mm.
Vzhledem ke slozitéjSi manipulaci s témito vyrobky pfi experimentalnim ovéfovani funk&nosti
technologické vyrobni linky byla lisovaci forma upravena pro vyrobu menSich plosnych dlazdic
orozmérech 300 x 300 x 50 mm. Tyto dlazdice jsou vzhledem k menSim rozmérdm I|épe

manipulovatelné.

Na obrazku 5 je zobrazen prvni vyrobek s rozméry 600 x 600 x 75 mm. U tohoto vyrobku bylo
nedostate¢né ohfaté plnivo a nedoSlo k roztaveni termoplastického pojiva. Po tomto experimentu byl
proveden orientacni vypocet tepla potfebného k zahfati pojiva na teplotu tani, ktery ukazal nutnost
zahtati plniva na vysSi teplotu. Obrazek 6 zobrazuje dalSi vyrobek vétSiho rozméru, kdy doslo
k rovnomérnému promiSeni termoplastického pojiva, ale vzhledem k jeho nizkému mnozstvi nebylo
dosazeno optimalni konzistence plastbetonové smési, proto byl vyrobek nerovnomérné vylisovan.

Obrazky 7 a 8 zobrazuji vyrobky o rozmérech 300 x 300 x 50mm. U vyrobku na obrazku 7 je patrné,
Ze mnozstvi termoplastického pojiva nestai na dostatecné obaleni v8ech zrn kameniva, proto po
vylisovani byl vyrobek nesoudrZzny a rozpadl se. U vzorku na obrazku 8 bylo dosazeno optimalni
konzistence plastbetonové smési diky spravné teploté a dostateCnému mnoZstvi termoplastického
pojiva. Pohledova plocha vSech vyrobkl je ohraniCena nezadoucimi prerosty na hranach vyrobku
vzniklymi pfi lisovani, jez vznikaji pfi nedostateéného utésnéni plochy razniku lisu vuci vyrobni formé.
Vzhledem k vznikajicim prferostim byl raznik lisu upraven, abych ktomuto nezadoucimu déji
nedochazelo. Vzhled razniku byl upraven tak, aby na lisovanych dlazdicich byly zalisovany fazety, které
slouzi k zlepSeni pohledovych vlastnosti vyrobku. Na obrazku 9 je zobrazena dlazdice, ktera byla
vyrobena po upravé lisovaciho razniku.

Standartni barva plastbetonovych vyrobkl je hnéda, vznika smiSenim netfidéného plastového
odpadu o riznych barvach. V ramci vyzkumu byla provedena zkouska moznosti probarveni plastbetonu.
Na obrazku 10 je zobrazena dlazdice z plastbetonu probarveného pomoci inertnich pfirodnich pigment
Cervené barvy.

Obrazek 5: Vzhled prvnich vyrobku
s rozméry 600 x 600 x 75 mm
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Obrazek 7: Vzhled vyrobku s rozméry 300 Obrazek 8: Vzhled vyrobku s rozméry
x 300 x 50 mm 300 x 300 x 50 mm

w“ ; 4?‘;&\?3: g : ; R e e Ve le ;
Obrazek 9: VVzhled vyrobku s rozméry 300  Obrazek 10: Vzhled vyrobku s rozméry
x 300 x 50 mm s fazetami 300 x 300 x 50 mm s fazetami

a probarvenim

Zaver

Zpracovani vicedruhového odpadu na technologické lince pro vytvareni dlazebnich dilch je mozné,
ale bylo zjisténo, Ze je nezbytna optimalizace vyrobniho procesu tak, aby vysledny produkt vyhovoval
predepsanym pozadavkim dle platné technické legislativy. PFi vyrobé je nutné produkovat vyrobky se

stalymi vlastnostmi o vhodné zpracovatelnosti. Dale se ukazuje, Ze je nutné optimalizovat sloZeni
plastbetonové smési z hlediska zpracovatelnosti, uzitnych vlastnosti produktu i ekonomiky vyroby.

Z pohledu ekonomického a ekologického je Zadouci zpracovavat termoplasty, které jinak nenachazi
SirSiho vyuziti a dochazi k jejich skladkovani. Dale se nabizi vysoka variabilita pouzitelnych pliniv, kdy
bude mozné vyuZzit i jiné odpadni latky, které jsou inertni a bude mozné ovéfit jejich zakladni vlastnosti
a stabilitu.

Prostfednictvim recyklace plastl, ktera prfedstavuje strategii k opétovnému vyuzivani odpadu, rovnéz
Setfi pfirodni zdroje a souCasné omezuje zatéZovani Zzivotniho prostfedi Skodlivinami, s témito
novodobymi technologiemi umoziuje zajistit suroviny v pfipadé jejich nedostatku, snizeni nakladl pfi
stoupajicich cenach primarnich materiall a snizeni ekologické zatéze Zivotniho prostfedi produkovanymi
odpady.
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Obrazek 11: Foto prepravy odpadnich
obalovych plastii k recyklaci v Ciné

Zdroj: https://upload.wikimedia.org/
wikipedia/commons/6/67/Recycling_truck,
_China.JPG
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Abstract

Given the increasing consumption of plastic materials their reuse becomes a very topical issue.
Recycling the single-cleaned plastic waste is simple, these products can be used as raw material or
additive in the manufacture of new products. The problem remains the energy, economic and
environmental demands in sorting, cleaning and eventual regranulation of waste to a suitable feedstock.
This problem can be solved using technology that is able to handle multiple-type waste thermoplastics in
further useful products.

Keywords: recycling, waste, polymer concrete, thermoplastics
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Abstract

Material recovery of worn tire casings is an important element of waste management. Currently, the
used tires are being recovered in different ways through segmentation and with variable use. This paper
deals with technological process of the worn tire casing recovery as a structural element in ground
shaping. There are described two structural solutions, namely retaining wall and vegetation breeze
blocks which present the innovative solutions in environmental protection.

Key words: worn tire casings, environment, technological process, retaining wall

1. Introduction

Tire wear is a key issue in the tire development process and for tire customers®. It is very important
to realize the measurements for wear 2. Current state of material recovery of worn car wheels is focused
on their disassembly and use of metal component (disc), and the rubber rite casing for further
processing. The rubber component is then crushed to granules (mechanical grinding at ambient
temperature, cryogenic grinding, or the technology for rubber disintegration using exposure to ozone,
etc.), and then for the production of rubber products or as an additive component to various materials.
Material recovery of the rubber tire casing is possible also chemically (through chemical
depolymerisation, devulcanization to rubber crumbs, or the pyrolysis-based process of rubber waste) 3.
Tires which are not suitable for recovery are to be stored either in loose collection sites or they are
uncontrolled and can be also discarded in nature. Decomposition of such tire takes about 250 to 265
years, which is a serious environmental problem.* Waste dumping is often risky, as evidenced by the
recent fires in collection sites, as for example the last fire 30 km far from Madrid (May 2016). Tire
(product) life cycle (PLC) has the following stages:

Stage 1 — development and preparation (resources for production, raw materials, energy, etc.),
Stage 2 — production of tires,

Stage 3 — introduction and implementation to the market, use of the tire for its primary purpose,
Stage 4 — disposal of tires when it does not meet the required parameters and the decision on its
secondary use,

e Stage 5 —recovery of the whole tire of its part (worn casing) material recovery stages.

The aim of the proposed solution for material recovery is the use of the entire tire casing which can no
longer be retreated for the construction of supporting wall or for the vegetation breeze blocks.

2. Technical Solution of a Retaining Wall from Worn Tire Casings

A structure of the retaining wall consists of worn tire casings. The tire casings have a metal
solidification in the rubber material to increase their strength. This fact can be used in the so-called
permanent shuttering. Tire casings are all placed horizontally on a concrete foundation and are layered
on each other with lateral displacement in any further layer. Such displacement creates an oblique
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supporting wall. Each tire is fairly filled with drawn-gravel backfill. For the first layer it is recommended to
use tire trucks (of larger diameter), additional layers can be made of passenger car tires. Alternatively,
any same size of the tires can be also used. Sand-gravel backfill in the tire casing needs to be
compacted in each row, while showering from a side with gravel in each level of tires. Subsequently,
linking of the first layers of tire with a foundation is with protruding steel bars concreted in the foundation.
Concrete foundation has in front a reinforced break for preventing displacement of a structure from tire
casings filled with gravel. The longitudinal bracing of the retaining wall is provided by an angled steel
reinforcement in the shape of inverted U with anti-corrosion coating. These profiles are inserted between
the top two of each tire casings with an overlap to the lower layer of the tires. Horizontal bracing is
provided by the application of geo-grids which are inserted between the inverted U-profile and on the
backfill with gravel on the width of 1 meter. The geo-grid is geosynthetic surface elements intended for
the reinforcement of soil. They are geometrically flat polymeric structures consisting of regular open
network of integrally connected tensile elements. They can by placed in each second layer after
thorough compaction. Fraction of gravel used is important so as to extrude gravel through the geo-grid.
Recommended gravel fraction is up to 32 mm.

A height of the supporting structure of the wall depends on the soil pressure acting on the wall
structure, on the angle of soil friction, and on the diameter of the tire.

The proposed structure with a layered (receding) placement of tire casings, with sand-gravel backfill
can be schematically seen in Figure 1. Such wall is suitable for the maximum height of the wall (from the
upper plane of the base h; depending on the disc diameter (inner diameter of the tire casing)): upto 2 m
height for the disc diameter 30.48 to 35.56 cm (calculation from “inch”), up to 2.5 m height for disc
diameter from 38.1 to 43.18 cm, the heights of over 2.5 meters for disc diameter of 43.18 cm. A structure
is suitable for the field soil with a friction angle ¢ according to the type of soil: for clay ¢ = 0 °, sandy soils
¢ =30 °, for gravel ¢ = 35 °. Slope of the retaining walls can be up to 1:10. For filling of tires, gravel with
a minimum density @ = 1800 kg.m™ is very suitable.

o552
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Figure 1: Schematic sectional view on a retaining wall made of worn tire casings °
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Figure 2: Schematic plan of the supporting wall made of worn tire casings °

Legend to Figures 1, 2:

1 — original terrain 2 — reinforced foundation

3 — worn truck tire casings 4 — worn truck tire casings

6 — longitudinal inserted steel
reinforcement

7 — gravel backfill 8 — geo-grids

reinforced foundation and its
dimension d;=150 mm

d, = external dimension of the tire casing d; = 1000 mm
h; = 300 mm h, =100 mm
h; = possible height of the retaining wall

5 — steel reinforcement

9 — backfill with original soill

3. Technical Solution of the Vegetation Breeze Blocks Made of Worn Tire Casings

A structure of vegetation breeze blocks consists of the worn tire casings. Tire casings have in the
rubber material a metal bracing to increasing their strength and it can be used in filling the hole with soll
or with growing medium, respectively, as so called permanent shuttering. Whole tire casings are placed
horizontally to the ground, on the large-mesh geotextile with holes, which will later allow overgrowth of
vegetation with terrain. The tires are stored side by side with each other and bonded with plastic cable
ties. If the tires are of the same size, they are connected by six points; with different tire sizes, the
number of connections can be different.

Each tire casing, the interior and the surrounding area is carefully filled with a growing medium.
Backfill height should not be less than the thickness of the tire (the upper edge horizontally placed tires).
If the tires are of the same thickness, a flat surface if formed. If the tires are of different thicknesses and
diameters it is necessary to backfill with soil according to the greatest thickness of the tire of obtain flat
ground. To stabilize the structure of vegetation breeze blocks on the slope from slipping, it is possible to
stabilize the edge tires with steel bars (rebars), through a perpendicular gripping into the ground.
Consequently, it is possible to plant shrubs or smaller trees in the middle of each tire, while the hole
allows root system to stabilize the terrain with new structure of vegetation breeze blocks. Grassed
vegetation breeze blocks will form a continuous green land, and thus a new biotype.
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Figure 4. Schematic view on the structure of vegetation breeze blocks 6
Legend to Figures 3, 4:

1 —terrain (dike)
2 — geotextile
3 —tire casings
4 — plastic cable ties
5 — steel reinforcement
6 — backfill of the growing medium
7 — vegetation

4. Conclusion

Structure of retaining wall made of worn tire casings is useful in the construction industry to stabilize
the terrain as an element forming the connection between the vertical (sloping) ground plane and
horizontal surface. This horizontal surface can be a road, parking lot, parking areas or a building plane.
The advantages of this solution lies in the fact that worn tire are being valued as a whole and provide
cover to fill with gravel, making use of available materials. In addition, except for the foundation, only dry
processes are used. The formed structure is water permeable and allows the drainage of rainwater
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through holes in tire joints from the ground, thus saving on additional solutions for drainage. The rounded
shapes of rubber tire casings, their deployment and the residual tire profile create a rugged surface
suitable for absorbing sound waves from, e.g. transport communications. Sloping retaining wall can be
directed in flat, but also in rounded lines and thus create various architectural compositions. Used filling
with gravel allows a vegetation growth in open parts of the tire casings.

The growth of vegetation is also allowed with the proposal of the so-called vegetation breeze
blocks made of worn tire casings. It is suitable for re-cultivation, for the surfaces of landfills or for the
reinforcement of dikes (being effloresced).

These recovery technologies for worn tire casings can contribute to the following areas:

e extension of the life cycle, at the structural-material recovery of waste,
e economic advantages (low cost solution)’,
e environmental protection.

The environmental safety of construction suggested solutions on the basis of worn tires is
dependent on the possible chemical reactions of tire with surrounding substance in undersoil. Under
favourable conditions (the soil is not polluted) should be not occur to the pollution of ground water.

The solutions are linked to the main objective of the reverse logistics — to provide a new use of
worn tire casings in a manner that is environmentally friendly and economically interesting.®®
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Abstrakt

Materialové zhodnocovanie opotrebovanych plastov pneumatik je délezZitym prvkom odpadového
hospodarstva. V sucasnosti sa opotrebované pneumatiky zhodnocuju réznymi spdésobmi, pricom
dochadza kich segmentacii a variabilite vyuZitia. PredloZzeny prispevok sa venuje technologickym
postupom pri vyuZiti celého opotrebovaného plasta pneumatiky ako konstrukéného prvku pri terénnych
upravach. Popisované su dve konstrukéné rieSenia, ato oporny mur a vegetacné tvarnice, ktoré
predstavuju inovativne rieSenia v ochrane Zivotného prostredia.

Krucové slova: opotrebované plaste pneumatik, zivotné prostredie, technologicky postup,oporna stena
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Abstract

The Czech Republic has approximately 2124 MWp of photovoltaic installed power capacity. The
estimated lifetime of the modules is 20-30 years. After the end of their lifetime and decommissioning, the
photovoltaic modules become hazardous waste. It is necessary to dispose of it in compliance with the
legislative requirements.

Due to the concern of the government and municipalities that the power plants owners and operators
will not disassembly their facilities properly at their own costs at the end of their lifetime, the government
has enacted a system for financing the disposal of power plants that were connected to the grid before
2013. The paper focuses on assessment of the current recycling fee analysing the recycling costs and
revenues from the secondary raw materials sales and reflection on its critical points of current state with
respect to the risks and real costs of the recycling system. Based on current market prices and their
prediction the optimal disposal is CZK 5.2-7.8/kg. The potential risks and uncertainties are included.

Key words: Recycling fee; PV modules; Environmental policy; Precautionary principle; Secondary
raw material, WEEE

1 Introduction

Support to renewable sources in the different EU countries has induced their massive utilisation in the
last ten years. The Czech Republic witnessed a so-called solar boom as a consequence of state support
to utilisation of energy from renewable sources, resulting in the establishment of the majority of
photovoltaic power plants currently in operation. However, similar situations existed in many European
countries at that time, and so the Europe-wide onset of these installations has led to the question what
happens with the photovoltaic modules (hereinafter, PV modules) after the end of their lifetime
(estimated as 20-40 years). Directive 2012/19/EU' on waste electrical and electronic equipment
(hereinafter, the Directive) included these modules among electrical waste and defined requirements for
handling them. The Directive gives photovoltaic power plant operators the option to take care of the
electrical waste from the modules independently, jointly or by transferring the responsibility to collective
systems. Czech legislation has restricted these options narrowly to mandatory contractual cooperation
with collective systems, and has even set the specific amount of the contribution to be levied. Among
nearby countries, Hungary is the only other country besides the Czech Republic to have introduced
a mandatory recycling contribution for photovoltaic power plant operators.

The transposition of the Directive in the form of an amendment to Act no. 185/2001 Coll. on Waste
imposes on photovoltaic power plant operator’s liability for financing the handling of waste from
decommissioned photovoltaic modules. Operators of power plants containing photovoltaic modules
introduced to the market before 1 January 2013 are liable for financing of processing, reuse and disposal
of electrical waste from the photovoltaic modules by means of a collective system selected for their
recollection. The collective systems are companies licensed by the Ministry of the Environment (MoE)
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and established for the purpose of joint performance of the statutory requirement to recycle photovoltaic
modules. Based on contracts, the collective systems have taken over the operators’ liability to ensure
proper handling of waste from photovoltaic modules. Directive 2012/19/EU*, the transposition of which
has led to the legislative amendment, specifies at least 70% recycling and 80% reuse of photovoltaic
modules, meaning that only 20 % of the material may be landfilled. Decree no. 178/2013 Coll.? deals
with electrical waste from photovoltaic modules in detail.

According to the explanatory memorandum for the legislative amendment, the purpose of the
recycling contribution is that “if an adequate amount of financial resources for disposal of this hazardous
waste was not ensured systemically, it would leave us with an unresolved environmental burden in future
at costs in the order of billions of CZK, which the State would have to finance”. Based on the
precautionary principle, therefore, the contribution amount should reflect all the possible costs
associated with complete recycling of decommissioned photovoltaic modules to prevent the undesired
situation where the operator of a power plant refuses to take care of its recycling after the end of its
lifetime and the State has to bear the costs. The current rate for calculating the minimum total amount of
the contribution is set at CZK 8.50/kg of module, and operators are sending it as periodic instalments to
bound accounts of collective systems. Given the current installed capacity in the Czech Republic, this
adds up to about CZK 1.87 billion to be progressively deposited in the collective system accounts. The
calculation of the amount for a specific operator applies a conversion coefficient between weight and
power output, which has been set by the Decree? to be 0.11 kg/Wp. This has been introduced due to
different weights of different types of modules. In the event of a difference between the contribution
levied and the actual amount, the collective systems shall settle with the operators by means of either
a return of overpayment or assessment of the outstanding amount to cover the costs expended.

The goal of the paper is to assess the current disposal. The amount of the contribution is subject to
sharp criticism by some collective systems, photovoltaic power plant operators and representatives of
recycling companies alike. The contribution is regarded as unnecessarily high. Determination of an
adequate amount of the contribution comes up against numerous risks and uncertainties associated
primarily with the large temporal inconsistency between the collection and utilisation of the fee, the non-
specific terminology of the legislation, the different composition of modules, and the difficulty or even
impossibility of predicting technological advances in future, which may significantly affect the costs and
revenues.

The paper consists of six chapters and is structured as follows. The next chapter focuses on
methodology description and PV modules composition. There is a data description in the third chapter
and also the calculation and analysis of each part of the recycling process with respect to costs and
revenues. Results and final discussion with conclusions are described at the end of the paper.

2 Methodology

When analysing the fee amount, we first need to define the basic categories of costs and revenues
associated with the recycling. In this sense, we need to consider — in addition to the costs of processing
the modules — the costs of disposal of hazardous substances, transport costs, administrative costs of
operating the collective systems, costs of operating collecting points for modules, as well as revenues
from sales of secondary raw materials recovered by processing decommissioned modules. Based on
this identification of costs, micro modelling of the cost and revenue components appears to be a suitable
approach, complemented with sensitivity analyses and consideration of component risks. The micro
models to determine the revenues are based on an extensive literature review of module compositions
and inclusion of basic statistic methods (determination of mod, median, weighted averages, etc., applied
to the module composition and yield rates of different processing technologies).

The composition of photovoltaic modules differs depending on the module type. Literature most
commonly divided the modules into crystalline (c-Si) and thin-film. Thin-film modules can be further
differentiated into amorphous silicon (a-Si), cadmium telluride (CdTe), CIS (containing copper, indium
and selenium) and CIGS (containing gallium in addition to CIS) types. Based on an analysis of prices of
raw materials on the world markets and interviews with representatives of different collective systems,
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we carried out an analysis of prices of the raw materials on markets and an expert estimate of the lower
and upper bound within which the price could lie. Based on this price interval, the different composition
of modules (lower and upper interval derived from studies and domestic consultations) and estimates of
proportions of yield rates of the different materials (again, lower and upper interval derived from studies
and domestic consultations), we then estimated the lower and upper bound of the selling price of
separated materials from 1 kg of photovoltaic module.

After that, we determined the problematic points of the existing system and the amounts of the
components for which the contribution is intended and should be intended. Since the greatest portion of
the modules will be recycled in between 20 and 40 years, it is very difficult to forecast the raw material
market trends and many other circumstances that may influence the situation (e.g., fundamental
changes in energy systems, technological changes that may replace raw materials that are highly prized
nowadays, geopolitical situation). In light of the above circumstances, the limits for the recycling
contribution will be determined below using a sensitivity analysis.

3 Data and Analysis of recycling costs and revenues

In the authors’ opinion, the existing system is set far below the optimum in terms of definitions of
rights and obligations of the parties involved (cash flows, guarantees for performance of statutory
obligations, etc.). The existing setting (i) does not treat photovoltaic power plants as a whole and thus
inadequately protects from risks for which the system has been drawn (it only focuses on photovoltaic
modules with respect to the Directive). The law lays down explicitly that there is an obligation to ensure
recycling of photovoltaic modules, not the entire power plants, which — in addition to the photovoltaic
modules — comprises notably a control unit, an inverter, connecting cabling, protective components,
connecting modules (so-called junction boxes) and other auxiliary power plant structure elements (such
as aluminium brackets and concrete shoes). These additional components of a photovoltaic power plant
are not covered by the regulation, and it is therefore not clear how the legislator envisages its disposal in
case the operator does not take care of it. (ii) It does not establish adequate guarantees of the collective
systems using the financial resources for the purpose targeted by the law, i.e., of the money being
available after the end of the lifetime; (iii) from the economic theory point of view, it establishes/promotes
an oligopolistic nature of the market in photovoltaic module recycling, which has led to the establishment
of internal competition, complicating the functioning of the market and creating considerable risks in
relation to achievement of the objectives for which the recycling fee has been introduced. The temporal
inconsistency between the collection of the contributions and their utilisation for recycling of the modules
makes room for a not-so-legal practice where part of the minimum contribution amount is returned to the
operators with the aim to offer better conditions than a competing collective system. These results in
arisk that this approach will eventually collect less money than factually required for disposing of the
modules, and the sufficient contribution amount will thus not be guaranteed.

Extensive reviews of international literature indicate that different studies considerably differ in their
calculations of costs of and revenues from processing of photovoltaic modules, by orders of magnitude.
The highest costs of processing are quoted by McDonald and Pearce*: CZK 47.71/kg of crystalline
module. The lowest costs are quoted by Friedrichs®: CZK 1.08/kg for module processing in Germany
(without stating an exact module type). The average costs are CZK 12/kg of module. Likewise, the
estimate of revenues from processing differs considerably across authors, from CZK 4.80/kg all the way
to CZK 63.59/kg. Readjusting the current fee is based on partial costs summary which are lowered by
revenues from secondary raw material sales. This approach is commonly used by e.g. Fthenakis®. Our
calculation of the contribution in the CR is based on the following cost categories (listed in Decree no.
178/2013): costs of recollection and handover for processing, costs of transporting 1 kg of electrical
waste, costs of processing using best available techniques (so-called module processing costs), costs of
administration and costs connected to collecting points. Naturally, the income from sales of secondary
raw materials (or recycling revenue) is another important variable.
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3.1 Income from sales of secondary raw materials

Our income analysis is based on projection of raw material prices based on projections by the World
Bank’, the International Monetary Fund®, Infomine® and the EIU Economic and Commodity Forecast'’.
The analysis works with an aluminium price of CZK 30-60/kg (mean of CZK 45/kg), a silver price of CZK
8-12 thousand/kg (mean of CZK 10 thousand/kg), a copper price of CZK 40-140/kg (mean of CZK
90/kg), a silicon price of CZK 300-600/kg (mean of CZK 45/kg), and a gallium price of CZK 2.4 — 34.4
thousand/kg (mean of CZK 20.4 thousand/kg). It must be noted that these are primary raw material
prices. Prices of secondary raw materials may differ more or less, depending chiefly on the raw material
purity but also on other factors. It follows from the analysis that there is a relatively consensual opinion
on the market that the price of secondary raw materials corresponds to approx. 70 % of the primary raw
material price. Therefore, we work with this figure below.

In terms of processing (recycling) of the panels, e.g., Vojadek et al.'! state that each category of
panels is characterised by containing different types and quantities of (frequently hazardous)
substances; thin-film panels are considered to be more environmentally hazardous. Lead is regarded as
the main hazardous substance in crystalline panels: it occurs in the panel from solder or soldering paste,
because there are very many soldered joints in this type of panel. Lead is highly toxic for the human
body, even at doses of micrograms™?. In addition, crystalline panels contain antimony and arsenic, both
highly toxic for the human body. The main hazardous substances in thin-film panels are cadmium,
indium and selenium, improving the absorption capacity of the panel. Some components (EVA, Tedlar)
appear nowadays as difficult to reuse, which is why their disposal may mean further extra costs of
transport, incineration or landfilling. The average yield rate of the module components (the mean yield
rate of 90.7 % for all the components) implies that less than 10 % of the modules cannot be reused.
Assuming that this portion will have to be incinerated (it has to be additionally assumed due to the
hazardous nature of some substances that approx. 50 % of these 10 % will be contaminated with them
and will have to be disposed of as hazardous waste), then the prices of incineration at CZK 10,000/t of
hazardous waste and CZK 1500/t of other waste®® imply an additional extra cost of CZK 0.58/kg of
module.

Based on the micro models, we calculated the approximate revenues from recycling 1 kg of silicon
module (income from sales of secondary raw materials) as the upper and lower bound of the content of
each component in the module, the average vyield rate and the lower and upper bound of the estimated
raw material price on the market. The minimum value of raw materials in 1 kg of module is then CZK
15.5, while the maximum price is CZK 43.8 for primary raw materials (see Table 1). The 70 % of the
aforesaid values for secondary raw materials would mean a range of CZK 10.9 — 37.2/kg of module.

Table 1: Possible revenues from 1 kg of silicon module™

Price. of raw |Price of raw
material per kg of | material per kg of
panel panel
(lower bound) (upper bound)
[CZK] [CZK]

Glass - 0.6

Aluminium 3.5 10.2

Silver 3.0 15.5

Copper 0.2 1.0

Silicon 8.8 16.5

TOTAL: 15.5 43.8

The lower estimate of the recycling revenues for 1 kg of thin-film module at the primary raw material
prices (70 % in the brackets refers to the assumed secondary raw material prices) is CZK 3.5 (CzK
2.45); the upper estimate is CZK 79 (CZK 55). The average revenue from 1 kg of module is CZK 15
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(CZK 12.6). Besides the average raw material price, this figure results from the yield rates of different
processing technologies and the average contents of the component sin the module, thus factually
reflecting an average PV module built based on statistical data. Again, include CZK 0.58/kg of module
for disposal of the module residue by incineration.

3.2 Net module processing costs

Assuming the module processing costs of approx. CZK 8-9/kg of module (based on consultations with
processing companies in the CR; costs quoted in international studies — see above — are considerably
higher, amounting up to CZK 42/kg of module, with a mean of CZK 12/kg), we can expect future net
costs of recycling complete unbroken photovoltaic modules with a favourable market development to be
rather zero (without reflecting the recollection, transport and administrative costs) or slightly negative.
This means that the income from sales of secondary raw materials might cover the costs of processing,
or even generate a profit for the processing companies. In a very optimistic scenario, we can even
expect modules to be repurchased (depending primarily on commodity prices). However, our analysis is
based on a rather conservative estimate, reflecting the current market situation, where the majority of
processing technologies are in the phase of pilot projects or test operation.

The consultation process abroad (data from a plant in Marienfeld (company Reiling) and the company
Agro Drisa) showed that German companies applying the so-called wet processing method to thin-film
modules charge costs of CZK 5/kg of module, and that the processing company charges CZK 1.35/kg of
complete module handed over at the Reiling plant, and CZK 2.16/kg of partially disassembled module
(with missing aluminium frame and/or cabling). If modules are not on pallets and their handling is
required, a surcharge of CZK 2.16/kg of module is required.

Attempting to calculate the net costs of module processing (that is, costs of technological processing
of a module after subtracting the expected income from sales of secondary raw materials), one has to
include potential risks. With respect to the potential risks and the fact that the recycling contribution being
assessed ought to cover the potential risks, it is justified to assume a reserve for unfavourable
development (in both technologies and secondary raw material markets), or for cases of incomplete or
broken modules (and the related costs of achieving the minimum reuse requirements) being delivered for
processing, amounting to approx. CZK 1-2.5/kg (matching the current prices of processing in Germany
as well). Said costs also better reflect the above risks associated with the hazardous substance content
in modules and possible contamination of other components during the module recycling. The German
market (the biggest and most advanced in Europe) serves as a support to this estimate and a certain
“price maker” with several years of experience of PV module recycling.

3.3 Transport costs

Transporting of photovoltaic modules from the photovoltaic power plant/collecting point to the
processing plant is an integral part of the total recycling costs. Our consultations in the CR and analysis
abroad showed that transport of decommissioned modules from larger photovoltaic power plants will be
provided by contractual hauliers of collective systems. For small-scale individual rooftop installations, the
owners will transport the modules to collecting points of the different collective systems, where they will
be collected and then transported to the processing plant, or the collective systems will transport them
individually. The same approach is chosen by processing companies in Germany, who offer transport
from large-scale installation and set up collecting points with exact rules for smaller installations, from
where the collected modules are transported.

According to a statement of the company SITA, modules can be transported on pallets, in pallet
cages or loosely in containers. To prevent damage to modules, some collective systems and module
processing companies require the use of pallet cages, which permit easier and safer transport of
modules. Consultations with collective systems indicated that module transport is currently provided by
external companies or the processing company directly.

Our study included a cost analysis based on approaching selected transport companies (twenty
transport companies of different sizes) and modelling of total costs. Based on price lists and information
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provided, the transport costs can be divided into costs of loading and unloading, the kilometre tariff,
a surcharge for motorway use, and VAT. The companies charged loading and unloading a vehicle (lorry)
with either CZK 400-700 per hour of work, or a price calculated based on pallet handling, amounting to
around CZK 100 per pallet. The kilometre tariff depends on the vehicle type. For vans with a maximum
capacity of 1.5 t, the rate is around CZK 12/km; for lorries with a capacity of up to 28 t, the rate is around
CZK 32/km. If the haulier applies a surcharge for using motorways, it is typically around CZK 4.50/km.
The VAT rate for waste transport is 21 %.

Our cost modelling assumed a reference distance of 200 km between the loading point and the
processing plant; half the route consists of toll road sections. This distance is based on the economic
balance of recycling plants, the operation and initial investment costs only pay back when larger
quantities of modules are processed. Although they are talks nowadays about many entities being
interested in operating recycling plants, their number will be proportionate to the number of
decommissioned modules. The lack of modules was one of the reasons why many recycling plants
focused solely on PV modules in Germany had to shut down. At present, the market only consists of
plants for which PV modules are a supplementary activity. The transport costs are quoted inclusive of
panel loading and unloading. The total costs of transporting 1 kg of module differ slightly depending on
the quantity and the vehicle type used. When transporting 10 t of modules (and more) on a lorry, the
costs are between CZK 0.98 and 2.07/kg, including VAT and the motorway surcharge. Higher transport
costs are associated with collecting points, which expect primarily accumulation of rooftop modules,
which will be fewer and probably more costly to transport. The costs may increase up to CZK 4/kg if the
lorries are less efficiently utilised.

Under a long-term contract between a collective system and a haulier, better terms can be arranged
than the list prices, which we used in our cost calculation. A sensitivity analysis was performed for the
costs for distances between 100 and 300 km and different rates of vehicle capacity utilisation and
transport methods. When transporting over 100 km, including loading and unloading, the costs per 10 t
of modules are between CZK 0.52 and 1.95/kg; for a distance of 300 km, they are between CZK 1.43
and 2.86/kg. If goods are loaded loosely in containers, the transport costs are between CZK 0.23/kg (100
km) and CZK 0.55/kg (300 km); according to processing companies and collective systems, however,
this method of transport is not suitable for photovoltaic modules, which is why our cost modelling
assumes modules being transported in pallet cages. The logistic cost results indicate that the number of
processing companies and their geographic distribution in the Czech Republic will have an influence on
the ultimate amount of transport costs, as will the utilisation of the transport capacity of the vehicle used.

The results of our own analysis more or less match the results from consultations with collective
systems, which currently charge between CZK 1.1 and 2.5/kg for transport. Some collective systems rely
on the transport costs being paid by the processing company. When registering in the MoE collective
system database, the collective systems quoted module transport prices between CZK 0.6 and 3.3/kg.

It follows from the essence that the transport costs have to be included in the contribution amount as
one of the activities associated with the recycling. With reference to the above, we incline to an amount
between CZK 1.7 and 2.1/kg of module, corresponding to the average transport costs. If the recycling
revenues increase, processing companies can be expected to offer module transport and loading at their
own expense. In such a case, any remaining financial resources will be returned to the photovoltaic plant
operators/owners.

3.4 Other costs

Another important item covered by collective systems from the recycling contribution is the
administrative costs, partly induced by statutory reporting obligations and partly comprising costs that the
collective systems include as such. The law does not exactly define the eligible components of this part
of the contribution. Among the collective systems approached, the administrative costs were CZK
0.09-0.45/kgl/year. Based on the data obtained, the administrative costs for the entire module lifetime can
be expected to be CZK 2-2.5/kg.

A non-negligible quantity of modules covered by the Decree is scattered throughout the Czech
Republic in the form of rooftop installations. Transport of these modules can hardly be expected to be
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provided by collective systems. Therefore, some of the collective systems have already set up collecting
points, typically in recycling yards or partner companies’ facilities, typically hauliers and selected
operators of photovoltaic power plants. Uncertainty problems arise when analysing the costs of collecting
the modules: here, too, it is difficult to estimate the future development of the collecting network, whether
it will expand or contract. Based on current information from the collective systems, we can assume
approximately CZK 0.5-0.7/kg for renting spaces in recycling yards and handling works.

4 Results

The total amount of the fee is based on the following cost categories: costs of recollection and
handover for processing, costs of transporting, module processing costs, costs of administration and
costs connected to collecting points. The processing costs in the table are regarded as “net” costs to
processing companies which are the total processing costs lowered by revenues. The structure of the
fee can be seen in table 2. Summing the component costs, the disposal was set at CZK 5.2-7.8/kg.

Table 2: Fee decomposition

minimum amount | maximum amount

cost category (CZK/kQ) (CZK/kQ)
net module processing costs | 1.0 2.5
transport costs 1.7 2.1
administration costs 2.0 2.5
costs of collection 0.5 0.7
TOTAL: 5.2 7.8

5 Discussion

The results of our micro models for estimating the revenues from recycling of photovoltaic modules
and costs of processing the modules are in accordance with results published in international studies.
The average revenues from recycling of 1 kg of module were estimated, based on the micro model, to be
CZK 12.6; the range is from CZK 2.45 to CZK 55 depending on the type of module and the current price
of separated module components on the secondary raw material market. International studies have
shown recycling revenues of CZK 4.80 — 63.69 per kg. According to Vojagek et al.', the average costs
of processing in the Czech Republic were determined by means of approaching existing processing
companies and pilot operations, and are CZK 8-9/kg (unfortunately, we only had a very limited data
source available); the average costs abroad are CZK 12/kg. The figure for the Czech Republic is thus
grounded solely in statements of processing companies, without the ability to follow time series, etc. The
module processing costs also have to include a certain reserve for covering various risks arising from the
necessity to arrange recycling up to decades after the recycling contributions have been collected.
Among others, these include:

® the risk of price fluctuations for raw materials offered on the secondary raw material market
(the price volatility is clearly illustrated by the development of aluminium and silver prices in
the recent years; see Fig. 1 and 2);
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Figure 1: Aluminium price trend on primary markets in 2002 — 2015°
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Figure 2: Silver price trend on primary markets in 2002-2015°
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the risk of increased module processing costs due to incomplete delivery (e.g., missing

valuable components such as the aluminium frame) with reference to compliance with
minimum material reusability according to the Directive, or broken modules;

(iii)

the risk of development of new recycling technologies. This is not a risk in the true sense, but

a risk for determining the contribution amount with reference to the extreme temporal
inconsistency between the calculation time and the contribution collection and its factual
utilisation for the stated purpose. Future technologies may significantly affect the module

processing costs.

There are other risks and uncertainties with the disposal process which have to be taken into account
while setting the fee. The variability of PV modules which restricts the batch processing, hazardous
material content in modules which can negatively influence the secondary raw material sales, the
legislative covers just modules recycling and the current fee doesn’t include the fund for the other facility

of the PV power plant (construction).
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There is also a range of uncertainties, such as involving the transport costs for secondary raw
material sales into the eligible costs of the disposal. Disposal fee payers were mostly big power plant
operators but the duty to pay the fee should include all power plants (also the small roof installations).

Although it might appear at the first superficial comparison of the recycling revenues and the module
processing costs that the total balance is zero, or even slightly positive, the total module disposal costs
have to include the above items comprising transport, administrative and collection costs.

6 Conclusion

Applying the precautionary principle, the total net costs of recycling decommissioned PV modules
were quantified to between CZK 5.2 and 7.8/kg (EUR 0.19-0.29/kg). The processing costs were
determined based on the module composition (component substances and their quantities in modules),
yield rates of existing technologies for processing decommissioned modules, and prices of primary and
secondary raw materials on markets. We also took into consideration the contents of hazardous
substances in PV modules and residual substances, which have to be treated as waste/hazardous
waste. To quantify the costs and contents of substances and determine the yield rates, we carried out
an extensive analysis of international literature and approached numerous entities dealing with the
processing both in the Czech Republic and abroad (notably in Germany, which is among the pioneers of
PV module recycling). Income from sales of secondary raw materials was then subtracted from the
processing costs, thus obtaining the net processing costs.

A non-negligible part of the total net costs is transport of modules and administrative costs,
comprising both resources for compliance with statutory reporting obligations and other costs included in
this category by collective systems (such as overheads, PR, etc.). The least item is the costs of
collection through collecting points, of importance primarily in connection with small-scale rooftop
installations.
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Souhrn

Ceské republika mé priblizné 2 124 MWp instalované kapacity z fotovoltaickych elektréren. Zivotnost
modult se odhaduje na 20 — 30 let. Po skonceni jejich Zivotnosti a vyrazeni z provozu se fotovoltaické
moduly stavaji nebezpeénym odpadem a je nezbytné je zlikvidovat v souladu s legislativhimi poZadavky.

Vzhledem k obavam viady a obci, Ze vlastnici a provozovatelé elektraren se po vyfazeni moduld
z provozu o tento druh odpadu spravné nepostaraji na své vlastni naklady, viada prijala systéem
financovani nakladani s odpady z fotovoltaickych elektraren, které byly uvedeny do provozu pred rokem
2013. Clanek se zaméfuje na zhodnoceni soudasné vyse recyklaéniho pfispévku se zahrnutim nékladi
recyklace a vynosu z prodeje druhotnych surovin a upozorfiuje na kritickd mista sou¢asného stavu
s ohledem na rizika a realné naklady recyklaéniho systému. Na zakladé aktualnich trznich cen a jejich
predikce je optimalni vySe pfispévku (s prihlédnutim k moznym rizikim a nejistotam) stanovena na 5,2 —
7,8 K&/kg.

Klicova slova: Recyklacni prispévek, fotovoltaické moduly, Environmentalni politika, Princip pfedbézné
opatrnosti, Druhotné suroviny, OEEZ
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Abstract

In developed countries, recycling of phosphorus (P) is an important issue as P is a strategic raw
material for agriculture and other production sectors. But, P is also causing environmental problems, for
example eutrophication of surface waters and change in nutrients balance. Using the methodology of
material flow analysis, main flows and stocks of P were quantified in the Czech Republic (CR) during
1961-2010. The P balance in the CR depends on the P import in mineral fertilizers (1 kg/(ca-yr)) and
food and feed (1.5 kg/(ca-yr)). Significant P losses to the CR environment represent an untapped
potential for recycling. For example, municipal sludge (0.4 kg/(ca-yr)) and bone meal (0.25 kg/(ca-yr))
could replace 70 % of P in applied mineral fertilizers. The CR recycling rate of P (68 % in livestock
production, 21 % in food production, 10 % in human consumption) is below the European (EU-27)
average. The present CR agricultural production still benefits from soil P reserves resulting from the
previous application of high doses of mineral fertilizers prior to the 1990s.

Key words: phosphorus cycle, material flow analysis, nutrient use efficiency, agricultural balance, consumer system.

Introduction

Phosphorus (P) is necessary for vital functions of all living organisms and, consequently, an essential
element for life on Earth. The use of phosphate fertilizers produced from sedimentary and igneous rocks is
one of the factors to increase high crop and livestock production that is needed for the growing world
population. At the same time, P is a finite resource with limited time availability. According to recent data,
there is no high risk that the mineable reserves of phosphate ore will be exhausted in the short time scale™.
However, other factors such as the world patchy occurrence of phosphate deposits, their location in
geopolitically unstable regions and increasing contamination of mined ore (especially by heavy metals — Cd,
U) affect the availability of phosphate fertilizers and cause the growth of their prices®. More than 90 % of the
world production of phosphate ores is in Morocco, China, USA, Russia and South Africa. Phosphate prices
also affects small recycling rate of P and strategic decisions of states rich in phosphorus.

In the past, wastes rich in nutrients, including P, were recycled in all sectors of the economy in closed or
nearly closed loops®. Urbanization has changed this status and the reuse of nutrients from wastes has
become economically unprofitable*”. Recent studies on P cycle in the anthroposphere made at the global
level®® indicate that this situation must be changed and the recycling of phosphorus in economic systems
must be restored. Therefore, the material P flows have been calculated in the framework of national
economies during the past few years, especially in Europe (Finland®, Sweden®, Austria’®, France), but also
elsewhere in the world (e.g., USA™, China'*'*, Japan', Thailand™). Recently, van Dijk et al.'” published a
comprehensive balance of P flows for all countries of the European Union (EU-27), including the Czech
Republic (CR). The study was based on data from year 2005 and used a unified methodology, allowing
comparisons of individual countries. Albeit large variation between the countries, generally the P use in the
EU-27 was characterized by relatively large dependency on imports, long-term accumulation in agricultural
soils, especially in west European countries, losses throughout entire society, especially by emissions to the
environment and sequestered waste, little recycling with the exception of manure, and low use efficiencies.

The aim of this article is to present the data of material flows of P in the CR in comparison with the
situation in the EU-27 in 2005'" and reconstruct the P balance in the CR back to history. We evaluate
major fluxes and stocks of P, its use and losses to surface waters and in wastes, and discuss the
potential for improving P recycling in various sectors of the CR economy.
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Methods

The framework for evaluation of P flows in the economy of the CR is based on the study of van Dijk et
al.'’. The method includes five economic sectors, which are crop production (CP), animal production
(AP), food processing (FP), non-food sector (NF) and human (including pets) consumers (HC) (Figure
1). The CP sector includes the production on arable land and grassland, including seed industry. The AP
sector includes cattle breeding, fish production, aquaculture and feed processing. The FP sector
includes processing of agricultural crops, milk and eggs, slaughtering of livestock, fish production, and
also catches of wild fish and animals. The NF sector includes the production of pulp and paper, forestry,
manufacturing of pet food and detergents. The HC sector includes the consumption of foods based on
plant and animal products and the use of non-food products such as fibres, tobacco, leather, fur, pet
food, detergents, wood and paper. The consumption in the HC sector is realized by households,
wholesale, retail, restaurant services, including catering, etc. The outputs from this sector include
municipal wastes, such as wastewaters, solid waste, bio- and green waste, pet waste, paper and wood.
Other non-municipal waste flows are included in the relevant sectors, such as the loss of stable manure
in the AP, liquid and solid industrial wastes, including meat and bone meal in the FP and the burning of
biomass for bio-energy in the NF. Altogether, the model describes 31 main flows (Figure 1) which are
composed of 96 sub-flows. Basic calculations of material flows were carried out according to van Dijk et
al.'” with using their detailed data for 2005. The individual P fluxes in the CR during the period of
available statistical data (1961 — 2010) were then based on annual statistics (Yearbooks of the Czech
Statistical Office) of cattle, pigs and poultry numbers, applied mineral P fertilizers, production of cereals,
grain and forage crops, amounts of consumed detergents, production of P by residents into wastewaters,
and P treatment efficiency of wastewater treatment plants.

Results and Discussion

Import, export, and losses of phosphorus

The balance of P flows in the European Union (EU-27; Table 1) shows that the import of P into the EU
in 2005 was 2,392 Gg, of which ~40 % remained accumulated in agricultural soils and the rest was lost
from the system through the solid and liquid wastes in the different sectors.

Table 1: Import, export and phosphorus losses in absolute amounts (Gg/yr) and as relative
proportions within sub-sectors in the EU-27 and in the Czech Republic in 2005; distinguishing
between the sectors of crop production (CP), animal production (AP), food processing (FP), non-
food production (NF) and consumption (HC) according to van Dijk et al.*’

EU-27 CR
Sector Qauntity of P [Gg/yr or %] Quantity of P [Gg/yr or %]
Import Export Loss Import Export Loss

CP 1399 (58 %) 4 (1 %) 84 (7 %) 9.8 (32 %) 0.1 (1 %) 1.6 (7 %)
AP 440 (18 %) 21 (9 %) 62 (5 %) 9.7 (32 %) 4.5 (28 %) 1.4 (6 %)
FP 338 (14 %) 216 (86 %) 339 (28 %) 6.2 (20 %) 11.2 (68 %) 2.5 (11 %)
NF 215 (9 %) 11 (4 %) 77 (6 %) 4.9 (16 %) 0.5 (3 %) 1.8 (8 %)
HC - - 655 (54 %) - - 15.9 (68 %)
total 2392 (100 %) | 252 (100 %) | 1217 (100 %) | 30.6 (100 %) 16.4 (100 %) 23.2 (100 %)

The EU was heavily dependent on P imported from abroad, mainly on imports of primary P (i.e., the
inorganic P from the mined phosphates, unlike the secondary P originating from the cycle of organic
matter in the biosphere), which represented 74 % of total imports. Sectors related to food production
(CP, AP and FP) were most important importers (91 % of total P import). The share of agricultural
sectors CP and AP in the total import was 76 %. The EU industry had a decisive share in the total
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imports of primary P (92 %). Agriculture and food sector were therefore a major driving force in the P
demand and created Europe's dependence on primary P.

Phosphorus input into the CR economic system was, unlike the EU, less than the output, mainly due
to significantly lower input P in the CP. On the contrary, a relatively high P output from the CR was
caused by P exports higher than the EU-27 average, especially in the FP sector (high export of plant-
based foods) and the AP sector (high export of feeds and live cattle). The relative size of total losses P in
the economic system of the CR does not differ much from the EU-27 average. Lower losses were in the
FP sector, while losses from HC sector (wastewaters, pet excreta) were about 20 % higher than the
European average.

Input: 2.99 Output: 3.87

Consumption (HC) “
Losses HC
(6%

Export N
, (0.05)
Non-food production (NF) >—<

Import NF \0_1_7/

Food processin
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Figure 1: Material flows and use of phosphorus in the Czech Republic in 2005 [kg/(ca-yr)]:
aggregated data at the food and non-food production—consumption—-waste chain showing
imports (blue), exports (purple), losses (red) and internal flows (black) between individual

sectors. The arrow thickness indicates the relative flow size; the negative balance of
-0.88 kg/(ca-yr) for CP represents net loss of P from agricultural soils (depletion)

Internal P flows among sectors

Largest exchanges of P within the economic system of the CR were between the sectors of crop and
livestock production (CP — AP). Their sizes were similar to the unidirectional flow from the CP into FP
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sector. The mass balance indicated that the CP sector was additionally supplied by internal P flux from
soil (Figure 1). This internal P flux was 9 Gg/yr in 2005, i.e. 0.88 kg/(ca-yr) or 2.1 kg/(ha-yr), and
represented a net P loss from the agricultural soil. Approximately 48 % of P output from the CP sector
was used for feed production in the AP sector (fodder crops, bulk feed), 51 % was transferred to the food
processing and only 0.1 % into the non-food production.

Phosphorus input into the HC sector in the EU-27 states through the food ranged from 0.92 to 1.36
kg/(ca-yr) while the value of 1.12 kg/(ca-yr) in the CR was at the level of lower quartile (Figure 2). The
ratio of P in plant and animal foods entering the HC sector was also variable and ranged from about 3 : 1
(Poland, Slovakia and Bulgaria) to 1.2 : 1 (Sweden, Luxembourg, the Netherlands). The NF sector
supplied the consumer sector with 0.61 kg/(ca'yr) of P in the CR, which was more than the EU-27
average (0.54 kg/(ca-yr)). This flow was dominated by pet food and detergents (18 and 12 %,
respectively, of the total P input to HC). The share of pet food in the CR was the highest among all the
EU-27 states, whereas the proportion of detergents was close to average.

24
2.0
M Forestry products
E E Household detergent
o 16 -
L % B Pet food
o
X~ - % % % Other utilization food
'C' 1.2 — =0
I [ o R o e Animal-based materials
° -1
=3 ~ .
£ 08 - M Plant-based materials
..g Inorganic food additives
Q.
£ 04 B Animal-based food products
a
M Plant-based food products
0.0
S &°§Q&,\°§’§§§ P LS T LT FLLELLE
FESF TTLFITETLCPLEILSI I LLSL Ve ¢
0 QOQ@ ét}'\o < NG & ¥ & \‘SQI %\(\Qg/_\g/@% P ¥ S
9 g IR
.&, ’\gJ N
N <

Figure 2: Phosphorus amounts in products supplied to the consumer sector (HC) in the EU-27
and its member states in 2005; sorted in descending order by total plant- and animal-based food
products quantity (according to van Dijk et al.'")

Losses of P

The CR inputs of P into the HC sector in foods and other products (1.66 kg/(ca-yr)) ended in several
waste streams, of which only a relatively small portion (~10 % of inputs) was recycled or reused. The
recycled materials included mainly sludge from municipal wastewater treatment plants and compost from
solid wastes in agricultural production, human food residues for animal feeding, and recycling of paper
and wood. The CR recycling of P was far below the EU-27 average (i.e., 21 %). Several countries (e.g.,
Denmark, Spain, France, UK) recycled > 30 % P from wastes. Wastes from the HC sector (41 %; Figure
3) were composed mainly of wastewaters and sludge from wastewater treatment plants (41 %). The P
discharge into surface waters in treated and untreated wastewaters was 0.64 g/ca/day. This value
corresponds with the average efficiency of P removal in the CR wastewater treatment plants around
2005. Large P losses also occurred in food wastes (28 %), pet food residues and excreta ending in
municipal solid waste or in gardens (27 %).

Other P was lost from its flows between other sectors: e.g., 0.25 kg/(ca-yr) P was lost from the FP
sector and 0.14 to 0.17 kg/(ca-yr) from the NF, AP and CP sectors (Figure 1). A total of 23.2 Gg (i.e.,
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2.26 kg/(ca-yr)) of P passed into the waste in the CR in 2005, which means that 76 % of the P entering
the system was lost.

P use efficiency

The way in which P is used and recycled in the system determines the efficiency of its utilization. The
P use efficiency (PUE) is generally calculated as a proportion of efficiently used P to total P input into the
system or sub-sectors:

126.1

24.5

Fraction of total loss [%]

Figure 3: Share of phosphorus amounts in solid and liquid waste flows from the consumption
(HC) sector (totalling 1.55 kg/(ca-yr)) for the Czech Republic in 2005. Data are arranged from left
to right by wastewaters (blue), food wastes (green), other non-food organic wastes (orange), pet

related wastes (red) and deceased humans (purple) (according to van Dijk et al.>)

PUEsector = OUtpUteﬁective / InpUttotaI x 100 %

The definition of effective output is arbitrary and depends on the level of system analysis, involved
flows and the objectives of the study. In this study, we consider two types of PUE (1 and 2) that differ in
the approach to assessing the effective output (Table 2). In PUE-1, the effective output is the total P
output from a sector minus P losses. Therefore it is expected that only the losses are not the effective
output. In PUE-2, only the upward flows of P and the sector export are included in the effective output,
and thus the downward flows are disregarded (see scheme of Figure 1). The difference between PUE-1

and PUE-2 thus represents recycling rate that indicates the percentage of recycled P of the sector P
input.
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Table 2: Phosphorus use efficiencies (PUE [%]) and phosphorus recycling rate [%] estimated per
sector for the EU-27 and the Czech Republic in 2005

) CP AP FP NF HC
Quantity
EU |CR |EU |[CR |EU |CR |EU |CR |EU |CR
PUE-1 (output flows minus losses) 70 118 |97 |97 |80 93 |76 |79 21 10
PUE-2 (upward output flows plus export) 70 118 |24 |28 |52 72 |76 |79 n.a. | n.a.
Recycling rate 0 0 73 | 68 |28 21 |0 0 21 10

n.a., not applicable

PUE in the CR sectors of CP, AP, FP and NF exceeded those in the EU-27 (Table 2), mainly because
the CP sector took more P from the CR soil than was the average rate of P fertilisation. In contrast, more
P was added to the soil than used for the crop on average in the EU-27. The effectiveness in the CP
sector was reduced by 4 % in the CR due to P loss from solil into surface water by erosion and leaching.
PUE-1 was 97 %, 93 %, 79 % and 10 % in the CR sectors of AP, FP, NF and HC, respectively. The CR
values of recycling rates (Table 2) were significantly lower than the EU-27 averages for all sectors; with
the most pronounced difference in the HC sector (10 versus 21 %).

Trends of the P balance in the Czech Republic during 1961 — 2010

The annual P input into the Czech economy increased from ~4 to ~8 kg/(ca-yr) between 1961 and the
late 1980s, respectively (Figure 4). Starting from the early 1990s, the P input began to rapidly decrease
and reached <3 kg/(ca-yr) after 2006. This trend resulted mostly from the changes in the application rate
of mineral P fertilizers to agricultural land. This flux increased till 1989 (to a value of 30-35 kg/(ca-yr))
and then decreased sharply to ~20 % of the maximum rate (i.e., to 5-8 kg/(ha-yr)). Another factor
contributing to lower P inputs to farmland resulted from drastic reduction of livestock numbers and lower
production of manure. Most of the decline in the P input to the CR economy after 2006 was associated
with the reduction of P in detergents for household use.
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Figure 4: Development of P inputs (a) and outputs (b) in individual economy sectors in the
Czech Republic during 1961 — 2010

The difference between the input and output flows of P represents the net P amount accumulated in the
agricultural soil (Figure 5). The soil P pool rapidly increased during the 1970s and 1980s, when almost
100 kg/ha of P accumulated in the agricultural soils. This stock was gradually depleted to ~55 kg/ha in
2010. At the current level of ratio between the P removal in crop and P input in fertilizers, the soil P pool
can support the CR agricultural production until about 2040. Unlike the high dynamics of P input into the
system, the production of food and the per capita P use remained relatively stable.
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Consequently, PUE of the entire system in the CR (i.e., the sum of P exports from all sectors divided
by the total P input) decreased until the end of the the 1980s (to ~35 %), but then increased, and has
been fluctuating between 50 and 60 % since the 1990s.

Potential for improving P recycling

The PUE can be increased only by a better management of nutrients. In each sector of the CR
economy, as well as the whole EU-27, there are many opportunities how to improve the efficiency of P
use by reducing its consumption or by increasing the efficiency of its recycling. For example, in the CP
sector, the PUE can be improved by optimising fertilisation against the plant P demands and by reducing
P losses from soil erosion and leaching. In the AP sector, the PUE can be increased by optimizing the
dosage of feed and the P content in the feed, while maximizing the P utilization for animals. In the FP
sector, there is a relatively large potential for the PUE increase, using technologies with limited losses of
raw materials; especially in the slaughter of farm animals (bones are currently mostly incinerated and the
ash is landfilled). In the NF sector, the PUE is relatively high. But even there, the efficiency can be
increased by P recycling, for example by using wood ash to produce fertilizers. In the HC sector, the
PUE is equal to the rate of recycling by definition. The PUE in this sector is significantly lower in CR than
in countries such as Denmark, Sweden, Germany, Austria, France and Spain, where the systems of
collection and separation of biowaste are widely implemented and used. Wastewater treatment and
processing of biodegradable solid waste, such as food waste and excreta of domestic animals, has
a high recycling potential. P from wastewaters can be recycled not only by direct application of stabilized
sewage sludge to agricultural soils, but also through the production of struvite for fertilizers, which can be
directly precipitated from wastewaters, or separated from ash after incineration of the sludge'®. The P
loss associated with municipal solid waste can be reduced by limiting food waste in the retail industry,
households, and catering services. Municipal waste may be used for producing high-quality compost,
suitable for use in agriculture, if the wastes are environmentally thoughtfully sorted.
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Figure 5: Development of the total input and total output of phosphorus in the Czech economy
and the cumulative P surplus in agricultural soils during the period from 1961 to 2010

Conclusions

The input of primary P by mineral fertilizers into the soil in the Czech Republic have undergone
considerable changes in the last half-century with a peak in the 1980s and a dramatic decline during the
1990s and 2000s. A similar increase and subsequent decline in mineral P fertilizer use was observed in
all central and eastern European post-communist countries. At the same time, many countries of
northern, western and southern Europe use unchanged high doses of mineral P fertilizers till today. As
a result of the decline in the use of mineral P fertilizers, in the countries of central and eastern Europe
the soil P balance become zero or negative after 1990. On the contrary, the countries of southern and
especially northern and western Europe have positive soil P balance, with continuing net P
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accumulation. The net inputs of secondary P are steadily increasing in the whole EU-27, mainly due to
increased imports of food and feed. In countries with high density of livestock (e.g., the Netherlands and
Belgium), application rate of mineral P fertilizers decreased in recent years but the P surplus in the soll
still increases, which is the result of considerable density of livestock and the consequent need for feed
imports.

The analysis of P flows in the Czech economy showed that the PUE in 2005 was 118 % in crop
production and 28 % in livestock production (or 97 % assuming P recycling from organic fertilizers). Per
1 kg of P in the manufactured food, about 3 kg of a primary P in the mineral P fertilizers were needed.
This relatively high ratio indicates a low efficiency in the chain of agricultural production — manufacturing
sector — consumer. The European average (1 : 4 for EU-27) is even less. In the CR, high P losses were
mainly in households and also in the food sector, due to a small proportion of P recycled from the food
residues and waste back into the food production chain. Instead, most of this P was lost in disposal sites
or by discharging into surface waters. The P losses from the CR economy in 2005 accounted for 76 % of
total P input, which is an alarming value compared to the EU-27 average of 51 %.

Numerous opportunities exist for the more efficient and effective P use, including reduction of P
losses from the system and more efficient P recycling from wastes. Withers et al.*® have suggested the
following five strategic guidelines for the sustainable use of P, which can increase PUE: (1) Alignment of
the P inputs to the system with production requirements; (2) minimizing P losses into water; (3) effective
recycling of P in biological materials; (4) P recovery from wastes; and (5) redefining the P use in the
society with a focus on optimizing nutrition and the whole food system.
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Trendy bilance a latkovych tokt fosforu v CR
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Biologické centrum Akademie véd Ceské republiky, v.v.i., Hydrobiologicky ustav,
Na Sédkéch 7, 370 05 Ceské Budéjovice, Ceské republika

e-mail: hejzlar@hbu.cas.cz

Souhrn

V posledni dobé se v rozvinutych zemich vola po zvySeni recyklace fosforu (P), ktery je strategickou
surovinou pro zemédélstvi i jiné produkéni sektory. Zaroveli je P také zdrojem vazZnych
environmentalnich problémd, napr. zpusobuje eutrofizaci povrchovych vod a naruSuje Zivinové
rovnovahy.

S pouzitim metodiky analyzy materidlovych tokt byla v rémci hospodafstvi CR provedena bilance
vstupt a vystupu P a byly vyhodnoceny diléi materialové toky P mezi jednotlivymi sektory. Vysledky
ukazuji, Ze hospodérstvi CR je zavislé na dovozu P prostfednictvim mineralnich hnojiv (1 kglos/rok),
potravin a krmiv (1,5 kg/os/rok) a soucasné se vyznacuje znacnymi ztratami P do prostfedi a nevyuzitym
potencialem jeho recyklace.

Napriklad komunalni kaly (0,4 kg/os/rok) a masokostni moucka (0,25 kg/os/rok) by mohly nahradit
70 % mnozZstvi aplikovanych mineréinich hnojiv. Mira recyklace P v CR (68 % v Zivo&i§né vyrobé, 21 %
v produkci potravin, 10 % v lidské spotfebé) je ve srovnani s EU-27 podprimérna. Zemédélska vyroba
v CR v soucasnosti dosud vyuZivé zésobu P v p(idé z mineralnich P hnojiv aplikovanych v minulosti pfed
rokem 1990.

Kli¢ova slova: cyklus fosforu, analyza materialovych tokd, ucinnost vyuZziti Zivin, zemédélska bilance,
spotfebitelsky systém.
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Souhrn

V nasi studii vyhodnocujeme pomoci dvoustupriové analyzy obalt dat (2SDEA) efektivnost vice nez
400 obci Jihomoravského kraje v oblasti nakladani s komunalnim odpadem s cilem identifikovat
potencialni faktory efektivnosti v této oblasti. V prvni fazi pouzivame model s jednim vstupem
reprezentovanym vydaji na odpadové hospodarstvi a nékolika vystupy, jmenovité se jedna o pocet
obyvatel, pocet bytu, velikost obsluhované plochy a podil tridéného odpadu na celkovém komunalnim
odpadu. Ve druhé fazi analyzy vysvétlujeme vypocCitana efektivnostni skére pomoci linearniho
regresniho modelu na vybranych charakteristikach obci s cilem urcit jejich vyznamnost vzhledem
k efektivnosti. Jako proménné se statisticky vyznamnym vlivem na efektivnost jsme identifikovali
existenci evidence sbérnych nadob, pritomnost sbérného dvora, existenci motivacniho programu pro
tridéni odpadu nebo velikost podilu obydli v bytovych domech.

Klicova slova: Efektivnost, odpadové hospodarstvi, dvoustupriova analyza obalt dat, DEA.

Uvod

Tato studie je zaméfena na hodnoceni efektivhosti odpadového hospodarstvi (OH), konkrétné
v oblasti komunalniho odpadu. Cilem studie je za pomoci kvantitativni analyzy dostupnych dat o obcich
a jejich OH identifikovat faktory, které mohou mit dopad na efektivnost obci v této oblasti. Efektivnost
pouzivame ve smyslu dosahovani co nejlepsiho poméru mezi vystupy a vstupy'. ZvySovani efektivnosti
pak z tohoto pohledu znaci snizovani nakladl pfi zachovani ne horSi urovné vystupu, resp. alternativné
zvySovani vystupu pfi nanejvys stejné urovni vstupd.

Ve vefejném sektoru je méfeni efektivnosti a jeji porovnavani mezi relevantnimi produk&nimi
jednotkami obzvlast potfebné, protoze fadu vystupll zde nelze snadno prevést na penézni hodnotu tak
jako v sektoru soukromém, kde Ize uspéSnost a smysluplnost méfit pomoci zisku. Vyznamny problém
pak nastava u sluzeb obecného hospodaiského zajmu (SGEI), které by v pfipadé jejich
nezabezpecovani vefejnym sektorem nebyly poskytovany vlibec, nebo jenom v nizké kvalité a rozsahu,
protoZe z pohledu soukromého sektoru obvykle nejsou dostateéné atraktivni?. U t&chto sluzeb dochazi k
urcité formé trzniho selhani. V navaznosti na jejich poskytovani pfedevsim vefejnym sektorem pak ale
logicky vyvstava otazka, zda jsou zdroje vynaloZzené na tyto &innosti vyuzivany efektivng®. Studie, které
se touto problematikou zabyvaji podrobnéji, pak vétSinou dochazeji k zavéru, ze vydaje vefejného
sektoru Ize snizovat a zaroveri zvySovat jeho efektivnost’. K tomu je v3ak potfebné tuto efektivnost
vhodné méfit.

Odpadové hospodarstvi pfedstavuje typicky pfiklad takové vefejné sluzby, u které vefejny sektor
v podobé obce funguje jako koordinacni organ s vhodnymi pravomocemi pro zabezpecleni této sluzby
pro celou obec, i kdyz za ur€itych podminek dokaze soukromy sektor tuto sluzbu ve vyhovujici kvalité
a cené zabezpedit i bez intervence vefejného sektoru®. Vlastni vykon &innosti spojenych s odpadovym
hospodarstvim pak v Ceském prostfedi obvykle vykonava kontrahovana externi spole¢nost specializujici
se na tuto oblast, coZ Ize vzhledem k rozsahu Cinnosti, které obec obvykle zabezpecuje, hodnotit jako
gisté pragmatickou volbu®. V zahrani¢nich studiich®’ nicméné nebyly ve smyslu vyslednych nakladd
identifikovany vyznamnéj$i rozdily mezi poskytovanim sluzby vefejnym nebo soukromym sektorem.
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Data

V praktické €asti jsme pouZili data za obce Jihomoravského kraje ziskana pro roky 2010-2012.
V Jihomoravském kraiji je vice nez 600 obci s celkovym pocétem obyvatel pfes 1,2 milionu. V dusledku
nedostupnosti nékterych udaja pro nékteré, obvykle velmi malé obce, napf. z divodu opomenuti jejich
vykazani do pfislusnych databazi, jsme vSak do naSeho vzorku zahrnuli udaje za 470 obci, pro které
jsme ziskali dostatek udaja. Jejich vybrané popisné statistiky uvadime v tabulce 1. Data byla ziskana
z Ceského statistického Gfadu, Ministerstva financi a databaze integrovaného systému odpadového
hospodarstvi (ISOH). Mimo uvedenych sociodemografickych udaja, které jsou bézné vyuzivany ve
studiich zaméfenych na faktory ovliviiujici produkci odpadu®, jsme ve vlastnim vyzkumu dale sesbirali
i nékteré udaje o OH v jednotlivych obcich, konkrétné pfitomnost sbérného dvora pro tfidéné odpady,
vyuzivani motivaéniho programu pro tfidéni odpadu, evidenci poétu nadob na odpad nebo zavedeni
oddéleného svozu tfidéného odpadu od jednotlivych domacnosti (typicky ve formé pytlového sbéru),
jejichz vliv na efektivnost OH jsme nasledné analyzovali.

Tabulka 1: Vybrané popisné statistiky pro vzorek 470 obci

PRUMER | MEDIAN E\?IA-nglL E\?ARIE'II'IL MIN. | MAX.
Pocet obyvatel 1083 587 305 1034 35 34078
Zastavéna plocha [ha] 16,9 11,7 7,2 18,3 1,5 281,8
Hustota osidleni [na ha zast. plochy] | 53,6 51,4 40,1 64,2 8,8 203,6
Pocet obydli 381 199 109 338 14 13813
Podil obydli v bytovych domech [%] | 8,2 4,9 0,0 10,2 0,0 |90,0
Naklady na OH per capita [KE] 610,9 555,0 456,5 685,1 66,0 | 12400
Podil tfidéného odpadu na celku [%] | 15,6 11,5 7,7 16,3 0,0 100,0

Zdroj: CSU, MF CR, ISOH

U ukazatelll rozlohy obce a hustoty osidleni uvadime hodnoty pfepoctené na 1 hektar z ddvodu
pouziti udaji o zastavéné ploSe. Hlavné v pfipadé malych obci povazujeme Udaj o zastavéné ploSe
relevantn&jsSi nez udaj o celkové rozloze — u porovnatelnych obci pak nedochazi ke zkresleni z ddvodu
existence rozsahlych nezastavénych ploch v katastrech obci, kde se odpad bézné negeneruje.

Z tabulky 1 je patrné, Ze se v naSem vzorku nachazeji obce od téch nejmensich aZz po obce
s nékolika desitkami tisic obyvatel. Nékolik nejvétSich obci v kraji nebylo do zkoumaného vzorku
zahrnuto, protoZze vzhledem k bézné velikosti obce v kraji predstavuji v podstaté extrémni hodnoty,
a systém OH se v téchto nejvétsich obcich v mnohém vyznamné odliSuje od zbytku vzorku.

V pfipadé minimalnich a maximalnich hodnot jsou u poslednich dvou ukazatell patrné nestandardni
hodnoty, coz je dle naSi zkuSenosti zpusobeno obvykle nepfesnostmi ve vykazovani danych udaji ze
strany obce v daném roce (napf. vedle vykazani tfidéného odpadu obec zapomene vykazat smésny
komunalni odpad (SKO), nebo mezi bézné vydaje na OH zahrne jednorazové kapitalové vydaje). Tyto
vyrazné odchylky od béznych hodnot se vSak vyskytuji fadové u jednotek obci, a proto jsou i tyto obce
zahrnuty do naSeho vzorku misto jejich selektivniho vyfazovani.

Do vyzkumu jsme zahrnuli obvyklé sociodemografické udaje spole¢né s obecnimi vydaji na nakladani
s odpady a podilem tfidéného odpadu. Udaj o celkovém mnozstvi generovaného komunalniho odpadu
jsme do vyzkumu nezahrnuli schvalné, protoZze vzhledem ke konstrukci indikatoru efektivnosti by
v takovém pfipadé k dosahovani vysoké efektivnosti vedla jak minimalizace nakladd pfi dané produkci
odpadu, tak i maximalizace produkovanych odpadl pfi danych nakladech, coz vnimame jako
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potencialné problematické. Jako alternativu jsme proto vyuZili indikator podilu tfidéného odpadu na
celkovém komunalnim odpadu, u kterého takové ,omezeni“ metody nehrozi a Ize se taky vyhnout
navadéni k normativnim zavérim o tom, jaky objem odpadu produkovaného obci je jeSté pfiméreny
a jaky uz ne. Dale jsme pouzili ¢tyfi binarni proménné pro vyjadfeni, zda v obci existuje sbérny dvur a
zda jsou zavedeny pytlovy sbér, evidence sbérnych nadob a systém pobidek pro oddéleny sbér
recyklovatelného odpadu. Primérna Cetnost sbéru komunalniho odpadu v naSem vzorku je o néco vice
nez dvakrat mési¢né, kde nizsi frekvence je v obcich slozenych pfedevdim z jednotlivych rodinnych
domd, zatimco v obcich s pfevahou bytovych domu probiha svoz odpadu v priméru alespon jednou
tydné. NejvyznamnéjSim zdrojem k pokryti vydaji na odpadové hospodarstvi je poplatek vybirany obci.
Pfesna vySe zavisi na rozhodnuti jednotlivych obci, obvykle &ini kolem 400-500 K& na osobu a rok. Vyse
poplatku muze byt diferencovana podle raznych sociodemografickych charakteristik, kromé toho se
nékteré obce snazi zvySovat Uroven tfidéni odpadu pomoci riznych motiva¢nich programa.

Metodika

Popularni metodu, ktera umoznuje hodnoceni efektivnosti v pfipadé multirozmérnych problém, kdy
porovnavame jednotky s mnoha heterogennimi veli€inami na strané vstupl a vystupl, pfedstavuje
analyza obald dat (dale jen DEA, z anglického Data Envelopment Analysis). Tato metoda poskytuje
vysledky v podobé jediné bezrozmérné hodnoty efektivnosti pro kazdou jednotku z posuzovaného
vzorku vzhledem k ostatnim jednotkam z daného vzorku. Zakladem metody DEA je neparametricky
odhad efektivnostni hranice zalozeny na matematickém programovani. Analyza oball dat byla poprvé
predstavena v roce 1978 Charnesem, Cooperem a Rhodesem®. V nasledujicich letech se postupy
analyzy dale zdokonalovaly a rozvijely, vyvoj technik DEA je dobfe zdokumentovan napf. v €lanku
Cooka a Seiforda®. Metoda poskytuje vysledna skére, ktera vyjadtuji, jak moc Ize zlep$it fungovani
jednotlivych jednotek (na strané vstupl nebo vystup(ll) v relativnim vyjadreni oproti jednotkam, které byly
identifikovany jako efektivni. Toto skore (finalni vysledek klasické jednostupriové DEA) nam nicméné
nefika nic dalsiho o tom, jak konkrétné Zadouciho zlep$eni dosahnout™. Logickym krokem je pak
rozSifeni metody o naslednou regresni analyzu vysvétlujici vypoctena efektivostni skére pomoci
relevantnich proménnych, které nebyly pfimo zahrnuty v modelu DEA, ale vzhledem k jejich relevanci
v oblasti odpadového hospodarstvi by mohly mit vliv na efektivnost jednotek.

Souhrnné je v literatufe™ tento postup oznadovan jako dvoustupfiova DEA (2SDEA). Prehled
pFistupll pouZivanych ve druhém stupni analyzy pfinasi napt. Hoff'*. Pfidani regrese ve druhé fazi tak
prekonava jedno ze zakladnich uskali v metodice DEA, a to pfedpoklad, ze vSechny jednotky ve vzorku
pusobi ve stejném prostfedi'*. Hlavni vyhodou 2SDEA pak je to, Ze pomaha identifikovat relevantni
faktory spojené s efektivnosti. V zavislosti na povaze téchto identifikovanych faktorl pak mohou
neefektivni jednotky (obce) pfijmout vhodna opatfeni ke zlepSeni, pokud je to v jejich mozZnostech.
Dvoustupriovy model DEA se stal v poslednich letech pfevladajicim pfistupem k hodnoceni
efektivnosti'®>. 2SDEA jiz byla mnohokrat pouZita i v oblasti nakladani s komunalnim odpadem a ze
zahrani&i jmenujme napfiklad studie ze Spanélska'®, Portugalska'’ nebo Belgie'® ™ *°. Nékolik studii
bylo provedeno i v Ceské republice®®?.

Model

Pro prvni stupefi DEA analyzy jsme pouzili model BCC*. Tento model rozsituje zakladni model DEA
tim, Ze umoznuje variabilni vynosy z rozsahu. Uvedeny model vyZaduje specifikaci orientace na vstupy
nebo vystupy (dle zvolené orientace se odviji interpretace vysledného skoére bud jako potfebna redukce
vstupl nebo navysSeni vystupl). My jsme volili orientaci na vstupy, jelikoz v naSem pfipadé je vstup
pfedstavovan relativné regulovatelnymi naklady na odpadové hospodarstvi, kdeZzto na strané vystupu
uvazujeme mnohem rigidné;jsi veliiny (pocet obyvatel, velikost zastavéné plochy ¢i podil bytd). V dal§im
textu oznaCujeme jednotlivé obce i jako rozhodovani jednotky, dle standardni terminologie pouzivané
v literatufe zaméfené na analyzu obalu dat. Oznaéme pak pocet jednotek jako N a dale pouZijme
oznaceni x; pro vektor vstupu a y; pro vektor vystupl jednotky t, t = 1,..., N. Model pro jednotku
s pofadovym Cislem t je pak formulovan jako problém linearniho programovani:
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Minimalizovat 6 (1)

za omezeni

A =0, j=1,..,N
Jestlize definujeme x; :Zﬁ’ﬂxj A; = 8"x, pro optimalni 6*a 4;, j=1,..,N,pak hodnoty (x¢,y;)
vyjadfuji (vstupové orientovanou) projekci ptvodnich hodnot (x,y,) na efektivni hranici. Efektivnostni

skore pfisludné jednotky t je definovano jako 8. Pro druhou fazi analyzy jsme zvolili regresni metodu
nejmensich étverci (OLS), ktera je b&Zné pouzivana v 2SDEA studiich?®®. V nasem pripadé by se
mohlo jevit vhodnéjsi pouZiti Tobit modelu regrese, jelikoz vysledky efektivniho skére jako vysvétlované
proménné mohou nabyvat pouze hodnoty mezi 0 a 1. Nicméné existuji nazory, Ze pouziti Tobitu neni
spravné, nejsou-li spinény urgité specifické podminky** %, proto jsme zGstali u jednodussiho linearniho
modelu.

Vysledky

Tabulka 2 ukazuje vysledky prvniho stupné analyzy. Vidime, Zze vypoctena efektivnostni skére jsou
rozlozena témér dle normalniho rozdéleni, kdy primér a median se blizi hodnoté 50 % a dolni kvartil
hodnoté 25 %. Stoprocentni efektivnosti dosahlo v jednotlivych letech pouze 8-10 jednotek.

Tabulka 2: Hodnoty efektivnostnich skort vzorku 470 obci, 2010 — 2012

ROK | PRUMER | MINIMUM | DOLNi | MEDIAN | HORNI POCET EFEKTIVNICH OBCi
KVARTIL KVARTIL (SKORE=1,00)

2010 | 0,47 0,03 0,3 0,47 0,62 10

2011 | 0,43 0,04 0,26 0,41 0,58

2012 | 0,50 0,09 0,37 0,48 0,61

Zdroj: vlastni vypocty

Vysledky druhého stupné analyzy jsou shrnuty v tabulce 3. Na vypoctena efektivnostni skére byla
aplikovana OLS regrese s vyjmenovanymi charakteristikami jako vysvétlujicimi proménnymi. Uvedeny
jsou odhadnuté regresni koeficienty a jejich smérodatné odchylky. Pro vyznaceni statistické vyznamnosti
byla pouzita standardni notace (***pro koeficienty vyznamné na hladiné a=0,01, ** pro hladinu
vyznamnosti a=0,05 a * pro hladinu vyznamnosti a=0,1).
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Tabulka 3: Efekt vybranych charakteristik na vysledky efektivnosti

REGRESNI KOEFICIENT | SMERODATNA ODCHYLKA
Konstanta 0,4597*** 0,0089
evidence sbérnych nadob 0,0318*** 0,0109
pritomnost sbérného dvora v obci -0,0718*** 0,0132
zavedeni motivacniho programu 0,1024** 0,0514
podil bytd v bytovych domech 0,1520*** 0,0464
podil tfidéného odpadu 0,0566* 0,0303
pytlovy sbér tfidéného odpadu -0,0045 0,0158

Zdroj: viastni vypocty

Provedena regresni analyza identifikovala nékolik statisticky vyznamnych vysledku. Pozitivni vliv evidence
sbérnych nadob odpovida pozorované tendenci poklesu nakladu na jednoho obyvatele v obcich, kde zavedli
néjaky zplsob evidence, tj. obec ma presnou informaci o tom, kolik nadob je vyvazeno. Nékteré obecni urady
uvadeji, Ze pred tim nez zacaly evidovat poéet sbérnych nadob, poZadovaly po nich svozové spoleénosti platbu
za vice nadob, nez odpovidalo skute¢nosti. Tohle zjisténi maze tim padem slouzit jako pfiklad, kdy i prosté
zavedeni méfeni ve vefejném sektoru vede ke snizovani nakladl a tudiz i zvySovani efektivnosti. Negativni viiv
existence shérného dvora na efektivnostni skére Ize vysvétlit tim, ze provoz dvora je provazen vyznamnymi
naklady bez mozZnosti obce takto vysbirané tfidéné odpady prodavat na pfislusném trhu, i kdyz pozitivni u€inek
na zivotni prostfedi ve smyslu vétsi miry separace je nesporny.

Pozitivni ucinek motivaéniho programu pro zvySeni sbéru recyklovatelnych materialti Ize vysvétlit tim, ze
pobidky funguiji velmi dobife® a maji skuteény vliv na zménu chovani obyvatel v oblasti tfidéni odpadu, a to i
v pfipadech relativné nizkych pobidek. TFidici obyvatelé jsou obvykle odménéni néjakou slevou na ro¢nim
poplatku za odpady. VétSina obecnich ufadu, které vyuzivaji motivacni program, reportuje velmi silny viiv na
zvySovani mnozstvi separovaného odpadu spolu s poklesem produkce SKO. U motivacnich programa je vSak
vhodné poskytovat slevy nebo jina plnéni jenom do té miry, aby to obec v koneéném dusledku i se zapoctenim
dodateCnych nakladi na tfidény odpad nevySlo draz, nez bez takového programu, jinak to zryze
ekonomického pohledu muze postradat smysl. Na druhé strané vSak existuji i kritické nazory na vyuziti téchto
nastroju, v jejichz dusledku pak lidi tfidi odpad primarné jenom proto, Zze se jim to individualné ekonomicky
vyplaci a po sniZeni nebo ukon&eni poskytovani kompenzace ffidit prestavaji’’.

DalSim faktorem pozitivné ovliviiujicim efektivnost byl shledan podil bytid v bytovych domech. Jeho
pUsobeni souvisi s tim, Zze vétsSi podil bytd v bytovych domech umozniuje mensi pocet sbérnych mist s vyuzitim
vétSich nadob na odpad, coz je obvykle G€inn&jSi diky nizSim souvisejicim nakladim na sbér a svoz.
Ocekavatelné kladny vliv na efektivnost ma téz vyssi podil tfidéného odpadu, protoze ¢im vice odpadu se
vytfidi, tim méné se v obci vyprodukuje smésného odpadu, coz nasledné vede k nizSim nakladim na tento
odpad. Nicméné toto zjisténi nelze aplikovat pausalng, protoze, jak nam bylo fe€eno z nékolika obci, dodate¢né
naklady spojené s tfidénym odpadem muiZzou nakonec prevysit Uspory z mensiho mnozstvi SKO. V pfipadé
téchto obci je pak levnéjSi varianta odpad vibec neffidit a sbirat jenom SKO. Pokud jde o pytlovy sbér
tridénych odpadu, neidentifikovali jsme vyznamny vliv na efektivnost, ackoli mnoho zastupcl obecnich uradu
zminuje, Ze po jejich zavedeni se vyznamné zvysilo mnozstvi separovaného odpadu. Podobné jako u sbérnych
dvoru, zavedeni takového opatfeni pfinasi obci kromé zvySené miry tfidéni také dodatecné naklady. AvSak
opét pokud tyto naklady prevysSi uspory vzniklé v dusledku lepSiho tfidéni a mensi produkce SKO, na
vyslednou efektivnost obce to mize mit i negativni dopad.

Kromé zjisténi, ktera pfinesl model, jsme béhem sbéru dat v ramci rozhovor( s predstaviteli obci
identifikovali dalSi proménné, které by mohly mit zna¢ny vliv na efektivhost odpadového hospodafstvi.
VétSinou se jednalo o mékka data reprezentujici postoje a navyky lidi v oblasti nakladani s odpady,
chovani svozovych spolecnosti, uroveni hospodarské soutéze, pfistup obecnich ufadd a droven jejich
¢innosti v této oblasti a dalSi faktory, které je obtizné shromazdovat a kvantifikovat. Nicméné pro dalSi
vyzkum lze rozSifit analyzu o proménné vyjadfujici zemépisnou polohu ¢i geografické podminky nebo
tfeba i vékovou, pfipadné pfijmovou strukturu obyvatelstva.

Patronem tohoto &isla je symposium ODPADOVE FORUM 2017 (21. - 23. 3. 2017, Hustopece)
WASTE FORUM 2016, &islo 4, strana 238



Michal STRUK, Markéta MATULOVA: Efektivnost obci v oblasti odpadového hospodarstvi a jeji determinanty -
aplikace dvoustupriové analyzy obal( dat

Zaveéry

Zabyvali jsme se hodnocenim efektivnosti vybraného vzorku Ceskych obci v oblasti odpadového
hospodarstvi s cilem identifikovat potencialni faktory, které ovliviiuji efektivnost obci v této oblasti.
Pouzili jsme k tomu dvoustupriovou analyzu obalu dat, nebot se jedna o vhodnou metodu pro hodnoceni
efektivnosti v pfipadé vice raznych vystupl nebo vystup(, které nejdou snadno vyjadfit v penézni formé.
Ve druhém stupni analyzy jsme pomoci linearni regrese identifikovali nékolik faktora, které maji vliv na

efektivnost ve sledované oblasti. Tato identifikace je kliCova pro proces zlepSovani a mlze v budoucnu
slouzit jako zaklad potencialni benchmarkingové studie.

Vyrazny pozitivni efekt byl pozorovan u faktor(, jako je evidence sbérnych nadob nebo existence
motivacniho programu. Obce, kde tato opatfeni byla zavedena, mohou v urcitych pfipadech slouzit jako
pfiklad dobré praxe a jmenované praktiky mohou byt pfevzaty ostatnimi obcemi. DalSi faktory, které maiji
téZ pozitivni dopad na zvySeni ucinnosti nakladani s odpady, ale daji se obtizn& ménit, pfispivaji alespon
k lepSimu pochopeni, pro¢ nékteré obce jsou efektivnéjsi nez jiné. Znalost téchto faktoru (jako jsou tfeba
hustota populace ¢i struktura obydli) je dllezita pro zajisténi srovnatelnosti pfi vybéru partner v ramci
pfipadného benchmarkingového projektu.

A konec¢né, faktory jako existence sbérnych dvoru &i pytlovy sbér tfidénych odpadu, maji nepochybné
pozitivni dopad na Zivotni prostfedi z hlediska zvySeni tfidéného odpadu, ale jak se ukazalo, jsou take
spojeny s dodateCnymi naklady, coz je tfeba vzit v Uvahu pfi rozhodovani o jejich zavedeni v konkrétni
obci, aby pfinosy z daného opatfeni v konecném dusledku nebyly pfevySeny dodate¢nymi naklady.
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Summary

In this study we use Two-stage Data Envelopment Analysis (2SDEA) to evaluate the efficiency of
more than 400 Czech municipalities in the area of municipal solid waste management during the period
2010-2012 with the goal of identifying potential efficiency factors in this area. In the first stage we use
a model with one input represented by expenditures on solid waste management and multiple outputs,
namely population, number of dwellings, serviced area and percentage of separated waste. In the
second stage of the analysis we regress computed DEA efficiency scores on a set of municipal
operational characteristics in order to identify their relevance on the efficiency. As statistically significant
variables we have identified presence of trash bin evidence, presence of a civic amenity site, incentive
program for waste separation and share of dwellings in apartment houses.

Keywords: Efficiency, municipal solid waste management, two-stage DEA.
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dovolujeme si Vas srdeéné pozvat na daldi ro¢nik Tydne vyzkumu a inovaci pro praxi a zivotni
prostiedi — TVIP 2017, ktery probéhne ve dnech 21. — 23. bfezna 2017 v Hustopecich u Brna. TVIP
zastfeSuje tradicné dvé tematicky specializovana odborna setkani: konferenci APROCHEM
a symposium ODPADOVE FORUM.

APROCHEM 2017

Konference s dlouhou tradici se v souvislosti se zménou poradatele jiz pfed nékolika lety pfeorientovala
na rizikovy management. Tematicky pokryva jak Ffizeni primyslovych rizik, tak rizika pfi spravé
regioni, mést a obci. Dale zahrnuje sekci vénovanou novym materidlim a inovativnim
technologiim slouzicim ku prospéchu zivotniho prostiedi. LetosSni podtitul ,Pfipravme se na
budoucnost” chce podtrhnout vyznam vyzev vyplyvajicich ze zmén ve spolecnosti (,clever® technologie,
rozsSifeni energetického mixu o alternativni zdroje energie) v oblasti rizikového managementu.

RIZIKA MATERIALY

O Posuzovani a fizeni rizik O Inovativni postupy a technologie

O Prevence zavaznych pramyslovych havarii O Nové materialy a jejich aplikace

O ZkuSenosti z odstrafiovani nasledkd havarii (bio- a nanomaterialy

O Rizika pti nakladani s chemickymi latkami a O Inovativni technologie, inovace
pripravky technologickych procesu a jejich

O Rizika vyplyvajici z novych vyzev (zména klimatu, uplatnéni v praxi (napf. prechod
nastup chytrych technologii, vyuZziti spolecnosti na obéhové
alternativnich zdrojd energie a dopady hospodafrstvi)
geopolitickych zmén)

O BoOzp

ODPADOVE FORUM 2017

12. ro€nik symposia, jehoZ plny nazev je ,Vysledky vyzkumu a vyvoje pro prumyslovou a komunalni
ekologii”, pokraCuje ve svém rozSifeném zabéru na celou oblast primyslové a komunalni ekologie.
Znamena to, ze vedle pfispévku z oblasti odpadového hospodarstvi a sanaci ekologickych zatézi maji
zde prostor i témata souvisejici s vodnim hospodarstvim a emisemi Skodlivych latek do ovzdusi.

Symposium je uréeno:
O k prezentaci vysledkd (pfedevsim) aplikovaného vyzkumu z celé oblasti primyslové a komunalni
ekologie,
O pro zastupce podnikatelské sféry a vefejné spravy, aby se seznamili s vyzkumnymi tématy a
projekty s cilem eventualniho pfevzeti nebo rozvinuti dosazenych vysledkl v praxi,
O k seznameni predstaviteld vyzkumné obce s potfebami realného ,podnikového zivota“ a
pfipadnému navazani spoluprace.

ODPADY VODA ovzDUSi

O Systémové otazky O Cisténi primyslovych O Cisténi odpadnich plynG a
odpadového hospodarstvi odpadnich vod spalin

O Materidlové, biologické O Ziskavani cennych latek O Snizovani a méfeni emisi
a energetické vyuziti z odpadnich vod O Doprava a lokalni zdroje

O Nebezpecné odpady, O Recyklace vody O Kvalita ovzdusi a zdravotni
odstranovani odpadt O Nakladani s kaly, kapalné dopady znecisténi ovzdusi

O Sanace ekologickych zatézi odpady
a nasledkd havarii
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KLICOVE TERMINY CENY VLOZNEHO

Prihlasky prispévku 15. 1. 2017 PIné vlozné 3 750 Ké
Zaslani p'Inych textu 15. 2. 2017 Dvoudenni vlozné 3 250 Ké
do sborniku

Pfihlasky ucasti 1. 3. 2017 Jednodenni vlozné 2 750 Ké
Termin konani 21.-23. 3. 2017

OHLEDNUTI ZA POSLEDNIM ROCNIKEM

Pocet ucastnikl 200
Pocet prednasek 80
Pocet vyvések 16
Pocet vystavovatell 3

PRIHLASKY PRISPEVKU A PREZENTACE PREDNASEK

Prispévky na TVIP mohou mit povahu pfednasky v odborné sekci (15 min. pfednaska a 5 min. diskuse)
nebo vyvésky. Vyvésky mohou byt az do formatu AO na vysku, vétSi rozméry je tfeba konzultovat
s poradateli.

Termin pfihlasek prispévkd je 15. 1. 2017. Pfihlasky je mozné zasilat vyhradné prostfednictvim
elektronického formulafe na www.tvip.cz. Pofadatel potvrzuje pfijeti pfihlasky a vyhrazuje si pravo
kone¢ného rozhodnuti o pfijeti pfispévku, formé jeho prezentace a zafazeni do konkrétni sekce
a programu.

Po tomto uvedeném datu je mozZno pfihlasit pfispévek bud po vyzvé pfipravného vyboru, nebo do
naplnéni kapacity (sestaveni kone¢ného programu). Jednaci jazyk je Cestina a slovenstina. Zahraniéni
prednasejici (i posluchadi) jsou vitani, ale tlumoc€eni nezajiStujeme. Komeréni prezentace na konferenci
je mozna, vice na www.tvip.cz.

PLNE TEXTY PREDNASEK

Autory vSech prispévkl, prednasek i vyvések zadame o v€asné predani koneéného, graficky
upraveného plného textu prispévku v elektronické podobé v MS Word nejpozdéji do 15. 2. 2017.
Pozadavky na grafickou upravu textl do sborniku jsou uvedeny na internetovych strankach TVIP, kde je
rovnéz i vzorova Sablona pro psani textd. Sbornik TVIP je vydavan v elektronické formé na CD-ROM
s oznaCenim ISBN.

Prispévky, které budou odprezentovany a které doporudi redakéni rada WASTE FORUM
(www.wasteforum.cz), budou v pfipadé souhlasu autora v tomto elektronickém recenzovaném ¢asopisu
bezplatné uverejnény.

PRIHLASKY UCASTI

Termin pro pfihlasky ucasti (formulaf rovnéz na www.tvip.cz) je 1. 3. 2017. Autofi pfispévku se rovnéz
prihlasuji k ucasti (a plati viozné*), pfednasky nejsou honorované. Za neodprednasenou prednasku ¢i za
nevystaveny poster fakturujeme poplatek 1000 K¢ za zafazeni pfispévku do programu a uveiejnéni textu
ve sborniku.

* neplati pro odborné partnery
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DRUHY CIRKULAR A DALSIi INFORMACE

Druhy cirkulafr s pfedbéznym programem a upozornénim na pfihlasku uc€asti bude rozesilan poCatkem
unora. Aktualni informace ke konferenci TVIP naleznete na internetovych strankach www.tvip.cz.
Konkrétni dotazy a pfipominky adresujte bud na niZze uvedené garanty nebo na spoleénou adresu
tvip@cemc.cz.

ODBORNIi PARTNERI

OooooOooooooooooan

Akademie véd CR, Ustav chemickych procest

Asio, a.s.

Ceské vysoké uéeni technické v Praze, Ustav procesni a zpracovatelské techniky
Ekosystem s.r.o.

Momentive Specialty Chemicals, a.s.

RISCO Consulting

Univerzita Karlova v Praze, Ustav pro Zivotni prostredi

Univerzita Jana Evangelisty Purkyné v Usti nad Labem, Katedra technickych véd
Univerzita Mateja Bela v Banskej Bystrici, Katedra zivotného prostredia
Univerzita obrany

Univerzita Tomase Bati ve Zliné, Ustav inzenyrstvi ochrany Zivotniho prostfedi
Vysoké uceni technické v Brné, Centrum materialového vyzkumu

Vysoka Skola banska-Technicka univerzita Ostrava, Institut environmentalniho inzenyrstvi
Vyzkumny ustav bezpeénosti prace

Zilinska univerzita v Ziline, Fakulta bezpeénostného inZinierstva

ZASTITY

OoOooooo

Asociace malych a stfednich podniki a zivnostnikii CR

Generalni Feditel HZS CR - brig. gen. Ing. Drahoslav Ryba

Ministerstvo priamyslu a obchodu

Ministerstvo zivotniho prostredi

Ministerstvo Skolstvi, mladeze a télovychovy

MVDr. Pavel Bélobradek, Ph.D., MPA — mistopfedseda vlady pro védu, vyzkum a inovace

MEDIALNI PARTNERI

O BOZP Info — www.bozpinfo.cz O JOSRA —www.vubp.cz/josra
O CHEMMAGAZIN - O Treti Ruka — www.tretiruka.cz
www.chemagazin.cz O Waste Forum — www.wasteforum.cz
O Odpadové férum —
www.odpadoveforum.cz
O Odpady-portal SK —
www.odpady-portal.sk
PORADATEL KONTAKTY
Ceské ekologické manazerské O Ing. Vladimir Student, hlavni garant —
centrum, z.s. ’ studentv@cemc.cz
28. pluku 524/25, Praha 10, PSC 101 00 O Ing. Anna Nemergutova, organizacni a ekonomicky
www.tvip.cz, tvip@cemc.cz garant —nemergutova@cemc.cz
Tel.: (+420) 274 784 447 O Ing. Jifi Student, programovy garant AP —
|g:o: 45249741, DIC: CZ45249741 student@cemc.cz
Cislo uctu: 27534061/0100 O Ing. Ondfej Prochazka, CSc., programovy garant OF

— prochazka@cemc.cz
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